Th|s |nvent 0 an optlcal pi ckup devi ce enploying a

ght source for radiating a |ight beam
I\/bre partl cuI ar (P ¢ rel at es to an opt| cal pickup device configured for
shaping a |ight beamfor reduci ng the beam spot of the |ight beam radiated
fromthe jﬂ"@ﬂﬂ[ﬂmmwmm | aser device sd as to be converged on the recording
medi um B Up to now_ attenpts have been nade to el evate the
recor di ng densgdgg«of , for examDE Iﬁg di sc, used as a recording
medi um for a di sc-shaped recordi ng nedj um for the audlo information or the
picture information, by a (QBbF &R e ﬂ@d@?ﬂgcéppar atus used for

recordi ng data processed by th nput e m For elevating the density
of this sort of the recordi ng ﬁ@&&\ﬂﬁ Lel‘si/%]tc‘grdi ng track fornmed on the

recordi ng i um f,or gordlng Légforrrglon signal s If redyced in pi.tch, and
Ejgﬁsrt?;i%di unﬁtalrnzva%lFE??egc%{ tq;é alr?z;a;qg Oro%f)](;&lflagl Irig h&%p;eofr"dlcfgn
eploYing & s&imifend sl g™ EBAE5 iy A& SPUTGE
?egzﬁlreg ) &pl P (t:a:l? |cku dev:c Lr n%t‘rgedum )9 1,6 MAY
2002 2 ditepBE ¥ 20 ee"qlfflgh SdSm PTG X %ﬁv?nlﬁh e S af e, e
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light beam¢ %ah‘ig *Byeafxlli‘n'gﬁst F‘&PF‘P‘HEt ?[%hi‘sﬁ e’i“a’atlal%lédarf%'mgllch are

conponent to split the eaminto plaral 'ight beam portions
condengdn PPohltu OPsF C3h sdrSCde vite AV 3l b Clowp eew\fc@rgaa' L@ﬁs the
phot odet ector for detecting a return |ight beamreflected Tromthe opti cal
di sc and cdptdiaig fhedieinirn i ght beam by this photodetector to detect the
information signals recorded on the optical disc in order to reproduce the
information. The optical pickuBaxdugesunit Airght beamradiated fromthe
sem conductor | aser elenent to be converged and illum nated as fine-sized
beam spot olJphetphioowl, ditempts have been made to elevate the
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recording density of, for example, an optical disc, used as a
recording medium for a disc-shaped recording medium for the
audio information or the picture information, by a
recording/reproducing apparatus wused for recording data
processed by the computer system. For elevating the density
of this sort of the recording medium, the recording track
formed on the recording medium for recording information
signals is reduced in pitch, and the recording pit is also
reduced in size, for elevating the recording density per unit
area.

For recording and/or reproducing the information signals
for an optical disc improved in the recording density, it is

required to use an optical pickup device capable of reducing



The beam spot diameter of the |ight beamillum nated on an optica gdysC 2002
given by the wavel ength ~, of the |ight beam and the nunerical aperture NA
of an objective lens of the optical pickup device configured for condensing
the light beamon the optical disc. Specifically, the beam spot dianeter of
the Iight beamillum nated on the optical disc is given by ~, /NA
Therefore, if the wavelength ~, of the&light beamused is constant, it is
necessary to increase the nunerical aperture NA of the objective | ens used
for cogher ypettBezki At BeaMlight dWAY zd0andiMeesuhide, the apiiahil beam
radi ated froma sem conductor |aser elenent used as a |light source of the
opti caldigicckup device, there is produced a change in the radiation angle
between the TE direction (direction of the electrical field) and the T™M
direction (dilecbipyicafl phiekmgndieivdcld eiah) .ilThatinatinpear admveogeangl e
of the light beamradiated fromthe sem conductor |aser elenent is not

uni f or i gh¢nbgaan broman hepltighl -éns ¢ tengp boyst 2 asdh ok 6 hidnsc foorhasres | i ght
beamradi ated fromeach Iight emtting point to another. If the |ight beans
havi ng edieni endnt sr adi Bghons anglces ané shapsryadh dylight dig amt irael iladeg t o
forma_beam spot on the optical disc, the beam spot forned on the optical

di sc b&goridui selsieimpicoaldycsanpkais or ¢kemmntdrvetgeaptocal deempansinte but
is increased.in spot, diameter because the radiation angle of the [ight beam
radi at 4@ Spditetled ligt dneam nigh toi mtural nldg hlorbst &t P oot agverwdidicdy

t hese inconveniences, there is mpunted,a b shapi ng el epent on the |ight
pat h oﬁrt%@qnemn%énvnaahateatfﬁaﬁn hoC salEBnanst Of | IRECkUBl 51T or

enl ar gi.ng ,or , narr ow t | i ght bgam radi ated fromthe semi.condyctor | aser
ol emend i RS e R RBsRdeke Chy bEG SRISIGNg chrohe LADT diE Morieiyn
ananor phic | ens, i s usuakly enployed,.lf thi namor.phi.¢ lens, is pl.acged on a
i ver oBRd PR pehPortheSPRESKTbdine, ad &, AREFRGR: the Smmuizinalf

| aser nty, .t i ~ S - 4. i-

et gy by OB PR or 37 dB P ¢ CPEPERSH T R S
provid nmog phi eng nl e dight ;pat he,l i ol{y drat ed
by, fo?eﬁrﬁg, gﬂcoﬂ#mﬁ rtpfégs.di hat lﬁ&s, Iairglfqtlae%gpt ?gglrgpi C ﬁp tl(ye%/r?pe
enpl oyii A i a2 DSAOT PIeC ol ﬂs?ﬁbku&ﬁ@@&i@pltm& 11 gmmeuﬁeqafd)iratsdtﬂpl ng
the light beam it is necessary to provide a collimafor lens for

col I'i mfriong tthe | § ghii deadurcadiratlers exs el einvei getds  bieghd o heamnd ¢ d matohe

sem conduct or | aser elenent. Thus, not only can the optical path |ength
from t hélsemicateldca orfinzsen zeld bedmt spioiteoantireoo phi cal ahis ot be
reduced, but also it is difficult to reduce the size of the device, For
shapi ng t he Ehgpbearmt sipofediagpotef oo fithodighd dsramailldimd natigst © 1 s
proposed an optical, pi ckup, devic¢e in which cylindrical lepns js arranged
on t he btQREIC phiH S6f 16n1VEGND Shd b Ay s 6 e %t thém EBRAREBM aser

el enment _and_ jn which a plan-parallel .gl.ass.plate js arranged at pnre- set

angl o At A thE AL FHRr ISR Y b eREPE o ANSTT A Hhlsh LR hitAFs Ahiie

eam SSOrUiseh nRiFIGH dsortensdrtBItEe 8, FolidafeBPEL S olighe o
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opti ca?be@p%c uglgle\;?lceg \f\’,ﬁ%’r@%} té(laglp_hf or %?%hf‘g‘gﬂ;{’s Ffégorp%lgéngn ﬁot

opticalg i aetdeSlodNefl el 1 ghtIBedGASi fIMuminated on the optical disc is
given by A/NA. Therefore, if the wavelength A of the light
beam used is constant, it is necessary to increase the
numerical aperture NA of the objective lens used for

converging the light beam.



1 6 MAY 2002 s recording of information signals can be read out1§qf|g\e%ozy.
It is another, object of the present invention to provide an optical pickup
devi ce whereby the |light beamradi ated fromthe sem conductor |aser el enent
can be shaped w thout producing aberration in the |light beamto enable the
i ght beamto be converged wth a fine-sized beam spot on the optical disc.
It is yet another object of the. preséht invention to provide an optical

pi ckup device whereby the optical path length for the Iight beamfromthe
seni conduct oV elaaserh legneninr ada at i lightthe %ieglkm benadiaetad obfrenive 4 ens
converging the |light beamto illumnate the converged |ight beam on the
opti calsedhscomahubtoredased tel emabite uheddeas ce 1tghtf soo e r eduddt i n
size. An optical pickup device according to one aspect of the present

i nvent iognticddprp sek up sdicigriuctbereadsr predused as obhasgeeinedd § or
converging a.light bean radiated fromsaid sem ¢gonductor |aser el enent and
beam shasiiadipdansngleaetwietm theerlgindiggicitaam ped v oFton; gt m

radi ated from sai d_senjconductor | aser elenent, wherein sajd beam shapi ng
means id@iatdasadn fiedidlenandr thee, Tj\’lr aéilﬁﬁPﬁboﬁur(‘gb’ée%boﬁ h® og‘!]’a‘?n

S f acan BERRHE g 8lda Sobdiit dpedh f T AL BHR8oikn § H At di® ¢ RHBi o
provi ded a sem ongugt M Iasgé el enent , acP oﬂ)ecﬁive I_egs fort .16 I\/F«Y
2002 sP oMo 'Sl PSR pES AP boht Sat B EEmECERbGLL o dLe

oL et K R BRSO AP S SRR R4, BFE et
tho r adtaitng EEHALE WOk Xn QPALER, FEORTTEAoh! Ik AINiSY O el

surfaces, ap o opfd (ARl | FRLP! BB SAMRSHhaS BiFrEfdnd/ Wadherivd.

are a thic ness and a refracti eilndex of the o !cal el enent, .
respectiyglys and TdSvers@RRreyi Qhed bpeotiafe obe f6t tBOIfr@NG ae hiRge

potmt- spot on the optical disc, the beam spot formed on the optical
disc becomes elliptically-shaped or is not converged to a
desired size but is increased in spot diameter because the
radiation angle of the light beam radiated from each light-
emitting point is not constant.
For overcoming these inconveniences, there is mounted
a beam shaping element on the light path of the light beam
radiated from the semiconductor laser element for enlarging
or narrowing the light beam radiated from the semiconductor
laser element in one direction.
As the beam shaping element, a lens termed an
anamorphic lens is usually employed. If this anamorphic lens

is placed on a divergent light path of the light beam radiated

from the semiconductor laser element, there is produced



1 6 MAY V02 6 Alternatively, the beam shaping elenent is flat-plqigih%Ped
and has a hologrampattern and a cylindrical lens unit on one of 1t Y2002

i ncident surface and the outgoing surface and on the other of the incident
surface and the outgoing surface, respectively. An optical pickup device
according to the present invention includes a sem conductor |aser el enent,
a collimator lens for collimating a Iréht beam radi ated fromthe

sem conductor | aser elenent, an objective |lens, for converging the ,
cdlirmﬁ@ﬁfrﬂbh@nir%WP héscéﬁﬁi&ﬁ%%?UJéﬂ@eéh@th§%n9§hﬁ9m%@ ﬁg§ﬁ§aéiﬁanged
on a dive%geﬁgﬁggjcal gath of a Iight beam radi ated frqm the sen conduct or
| aser difehir OT¢ gheCHAEATNet QeBROVAS s &RCCBHATROSP h s df 1 dRehi €and

h | . | ens.. W.th {.hi i cal pi.ckup deyice, a.b | i [
ar r angdd &k veehlt i Bakin Gt rbcarena i IAHEA (80 Dol btk of XPBRBLETHE beam
splitter parates the Iight beam radi at ecihf rom ihe em cogduct ?ﬁL. | aser
el ementc‘?f f‘ﬁ@rll AltSheamtiddci d8nt Wa e oBPLLEPYe PLASURY HEF ViBFect s

d advant . of t i ill.h t f th
ol | ow o ESeH T B 1BR, e R mAtFT H RS St thic T Em nte £FBE: HemeqTue
a0 (BB RAAIPEe oy PLRL B aPLo PP 8 3R SBALH BB ¢ e
16 M ' 1Fb 9431 t i
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of the beam c In an aperture of an objective |ens. is a

pl an vieyyhowngt arbﬁ‘K%”pl:ﬁ_nOf ti‘ié"()'&ﬁf?d@pa_tﬁ@fl@ fPéH%(i!hon f ohgampkapi ng
elenment. Fig.6a is a schematic side view show ng, on an XZ plane, how the

light beemitocdusas it He swean: bhwmpmng € erkot agonsitoiphioglansoptétabe

pi ckup device according to the present invention, and Fig.6b is a schematic
si de vieadukew ngbuonads¥Z igl ase,d hfvctula Itioght e ez ttlavessies td bkam
shapi ng_el ement constituting an optical pickup device according to the
presentdenvent.i on.

For shaping the shape of the beam spot formed on the
optical disc, there is proposed an optical pickup device in
which a cylindrical lens is arranged on the optical path of the
light beam radiated from the semiconductor laser element and
in which a plan-parallel glass plate is arranged at a pre-set
angle relative to the optical axis of the light beam. With this
optical pickup device, it is difficult to remove completely the
aberration in the beam spot of the light spot converged on the
optical disc.

Disclosure of The Invention
It is an object of the present invention to provide an

optical pickup device whereby the information signals

recorded on an optical disc designed for high density



Fig.7.ds a schematic side view show ng, on the XZ plane, how the |ight--beam
traverses the beam shapi ng el enent constituting an optical pickup WMAY 2002
according to the present invention. Fig.8a is a schematic side view

showi ng, on the XZ plane, how a |ight beamtraverses a beam shapi ng el enent
according to a nodification, and Fig.8b is a schematic side view show ng,
on the YZ plane, how a |ight beamtraverses the beam shapi ng el enent
according to the nodification. Fig.9a is a schematic side view show ng, on
the X2 1 6 MAY 2002 8 plane, how aslight beamtraverses a beam shapi ng
el ement accordi @g to a {?\ﬁ“ | | anot her nodifi ca_taiﬁig)ﬂr;\/,0 and Fig.8b is a
schematic i€ Vel EnBWicAg 2 OA" then 42 phRE ! YU CogRtChBam traver ses
the beam shapi ngt ek eaReith AC685 NG rt@ ot Birss adii fi €atiodN 0 B Hyida IS 2
schematic side view show ng, on the XZ plane, how a |ight beamtraverses a
beam shapi & €IPé et P bt gieﬁgw o hyearte bainidieh birg e € th cratdie g d dnanFi g. 1 Ob i s
a schematic,sid I 1.ng,.on the YZ pl ane,, how.a |i,ght.beamtraverses
a beam shaptlhfleg g?%ﬁgérglv?ﬁng}éﬂcﬂrlcﬁsﬁé (PSS R5E £ P EarlER e O ‘6?‘?‘1"“5 a plan

vi ew show ngrddiecisigatab eatatibe linghic Heght dredhetd easabRerther gggur f ace of an
obj ective |ens aEd g signal recording syrface of an optical disc. Fig. |2
is a plan WeW shBuw’fg *PHECEBEE eWaEh thefIpF gz eHedfedh 1R I9@ndhgperture
surface of @?ti@ﬁl idgak. pi ckup devi ce not havi ng a beam shapi ng el enent and
on the signal recording surface of the optical disc. Fig. 13 is a schematic
side view for i[Yust real mpetherspibdercatt ather rptdssmtpindentidnorfot he Xz

pl ane by t HiQght he - L v er.Si . be ing element., Fig. 14 is a
schemati c EI?r e 'vi ev?/ fﬁpt?f@ug{lr%gpgnggtgh% %g??‘% 9‘5 et téffﬂo aptgo_ﬂuced on
the YZ pl anengtht Horl i thst Beam breawer fiong the bearicshdpicngr eleywnt. Fig. 15
is a side view show ng. on the YZ P'ﬁ”e an L.

clemént radiating the Iight beam to an objective lens

converging the light beam to illuminate the converged light

beam on the optical disc can be reduced to enable the device

itself to be reduced in size.

An optical pickup device according to one aspect of the
present invention comprises a semiconductor laser element, an
objective lens for converging a light bean radiated from said
semiconductor laser element and beam shaping means arranged in
a divergent optical path of a light beam radiated from said
semiconductor laser element, wherein said beam shaping means
includes an incident surface, a radiating surface and a hologram
pattern provided on at least one of the incident surface and the

outgoing surface.

According to a second aspect of the present invention, there

is provided a semiconductor laser element, an objective lens for



t'~ 6,MAY 9 exanpl e of using a beam shapi ng el ement having both surfaces as
col umar | enses and having coincident radii of curvature of the Lpghﬂﬁn@U
surface and the radiating surface. Fig. 16 is a side view show ng h 42
pl ane an exanpl e of using a beam shaping el enent having both surfaces as
columar | enses and adapted for freeing the |light beamtraversing the

el emrent of aberration. Fig.l7a is a schematic side view showi ng, on the XZ
pl ane, an exanpl e of using a beam shaping elenent in the formof a
cylindrical lens at |east one surface of which is a non-spherical surface
in the YZ plane, and Fig.|7b is a sche ic side view showi ng, on the YZ

pl ane, an exanple of using a beam shaping elenent in the formof a
cylindrical lens at |east one surface of which is a non-spherical surface
in the XZ plane. Fig.l8a is a schematic side view show ng, on the XZ pl ane,
an exanpl e of using a beam shaping elenment in the formof a cylindrical

| ens both surfaces of which are nonspherical surfaces in the YZ plane, and
Fig.1 7convargehgmatliglai Bean ewdihoad nfroransai@ &mitarriu@tbreiaget e of
using a beam shaping element in the formof a cylindrical |ens both

sur f acesleahentti cindr dewm- sphaping mwedmcearranpgbd X plaandiveegendode For
Carrying Qut the Invention An optical pickup device according to the

pr esentoptivarlt pathi o fher tiglaf therarax phdiated Wtdnr shedesemicondrctot 6 MAY
200Z 10 drawi ngs. The optical pickup device 1 includes, as a |ight source,
a seni d@s@ictcdements whegenn 3aidsbsasanshaping \memns savdladeiuanr | aser
element 2 radiates a Iigﬁt beam as a diyvergent |ight beamradi ated at a

pr e- setOPH&GA PLEMERY e theoH el @R SuLfigicsn %@at.herﬁéldg@ttllégl SPrEae® device

1, havin tBe em copduct or | aser el enent ? i ncl,udes beam shapi n
el eme*_nt0 w lf)ﬁaﬂ{g_ qn[rpg?i as QOE‘_GISP:TW&ISF‘ |%§Iﬁl%ﬂ&ain8% et \Pen(gens 7,
in thi fwg{l?ﬁres?1‘8%{}%&%&@&%&%&?5 {est he sem conductor | aser elenent 2

radi at

s =t(1l-1/n)

where t, n are a thickness and a refractive index of the optical
element, respectively, and s is a separation between an object

point and an image point.



The beam shaping elenent 3 is arranged on an optical path of the divergent

| ight radiated fromthe sem conductor |aser elenent 2, because Hgﬁwpe%&L
shaping el enment is arranged between the sem conductor | aser el d 2 d
the beamsplitter 4. The Iight beamradiated fromthe sem conductor |aser
element 2 is transmtted through the ggan1shaping elenment 3 to fall on the
beam splitter 4. The light beamtransnrtted through the beamsplitter 4 is
collimated by a collimtor lens 5 to fall on the objective lens 7 so as to
be ther eby C%M@Fgéél‘éﬁéml[t % N 88 of ha pinghak leBtondi ng iﬁaﬁaeéas@- of an
optical disc 6. The light beamillum nated on the signal .recoyding syrface
6a of tHkapsdi anddhas 8 hoTpgmam p@thgTAnANG, anaw?ﬂ%remﬁv{%@zumt

recordi{gg surfacg q]a to fa(ilil on the ob%ective | ens 7. The ret_grn l'i ght beam
from t R oBfgcty et enkn ¢1 4 & ity sidrhiad e B Ar 6BGh Ot Ob} 8B Pyéarénd I and
the col |l ingtor ns 5_.and subsequent | alls on the beamsplitter .4 so that
1 has G1 b0 LR TaR folbe AT SO oS bEF AR EoRAG £ hEnDId B D Rt BAC Ene
beamsplitter 4. 'll'he beamsplitter 4 permts the |light beamradiated from
the seficHhBEELBF 1Y aser el ement 2 to be transnitted therethrough, while
bendi ng the @ptical,.axi;s of: i .heam_ refl ected by t [

recordi ng su‘g acé)ak%td%l t%écgg‘ﬁ)caﬁqg&ilgg 6a8§°9‘edfml'§us%/ot&}%eg&aés%ﬂl{ter 4
oper at P l.e : r.at.i | i e f. by
the sertsonnile B G aR T el Qo RERYRY PRskP Sl En ecf BARTRELEF ool
recordi ur e : tigal ydi 6 r i dd ght f t he
opti calmﬁ}ic E??hagﬁ’ﬁgﬁﬁﬁﬁﬁi cgl zlagggqber?te 90 b?ta;qllerbtla:(ght fg@@rigl?gg

Fill m 43 O itchen 888P0IPLAE B e Fe micit ,5 a®N 08} ARG e ARAKYECE 0 VY ETh g

pl anepol ari zes this |ight beam The 1ight Bbeam pl ane-polarized by the
opticaltledaly@Hrindated i higiWentfreima (het cgletehi@tod Viaiebyanll i Beam
detected. The photodetector 9 is designed as, for exanple, a four-segnent
det ect whapnd gdeh eans tahe angreidi og ar dow ebgzant op detadcpiadh ot pulsght t he
detector segments. Meanwhile, the |ight beamradiated by the sem conductor
| aser e eaemtradl usted ifir atrhi th ops ¢ walc qui d kg odel/a ser le bamidu t © wiaf legbtice in
spreading of the radiation angles 61 and 8// in the TE direction_(direction
of the Rathtrbedweral dfhgndsiennipanduater M las 002 lexmiem tt ha ol dthect i on
(direction of the H&gnetic field), such that it is radiated in the form of
an el | i9R15maser: helghj ective lens 7, as shown in Fig.2. Specifically, the

| ight beamig,radiated b .radiatiagn angle 8 to undergo spreadj ng i.n the-
Y-directi on,%ﬁ} e%%‘éf‘nggpgh?ﬁ ed WK WP, A F ¥ Cn azthqJee%W/ FB%E{J%‘?Q&S

spr eadi I -direction, l.t  of i t | Jght i pt-ensi of
the 11 gher +igeat b ) B BE pERB LEBP haCe) Ul ERL 4IPS 188 5 ATHEERERY Wi o
a Gaussy L st rpPut e InC i i i

und_ergple%llsi f;tgrgelrjlttgi%(ﬁq gé)?fegg:llﬁggﬁlaéﬂgeighgngi%ﬁgiﬁ%%ﬁg%sdlﬁ?q (t)ﬁ'?)kr?le _
radi at i dfle ag@hei b RH uldt® S eaise@ndiehPé nk ased meltAREN g Bt Welalint figec s@E@adi ng
in the Y-direction being larger than that in the X-direction. O this |ight
beam t¥wiga pdrd o) devivg lend.ght intensity not |ess than 1/e2 representing
the | owest point usable as a spot is incident at a |l ens aperture 7a of the
obj ective | e@sher asbgbhows iamdi gd4antbaigesorofi nha ppetseart tineveptical
disc 6. The beam shaping el enent 3, arranged on the divergent |ight path of
t he |i gwtlbdxere pale amed eag piher et dirgamt th € ool lforwanghd esemipdaduct or | aser
el ement 2, shapes the light beamradiated from_the sem conductor | aser

el ement 2 such that tHriefid epesnpibenag &dhon Drewdingsal recording surface

6a of the optical disc 6.s converged to high precisiqgn by the objective
lens 7 to foFr’rgalbéémaspﬁitd%theWrtﬁél%Wlé\Ba?nsﬁa‘p?é.nple of an optical

pickup device according to the present invention.

Fig.2 shows the state of a light beam radiated from the



The beam shaping elenent 3 forns a hol ogram pattern 10 9 6 MAY 2002 13 on
an incident surface 3a on which the light beamradiated fromthe

sem conductor |aser elenent 2 is incident and a radiating surfacé] %M%%?Pﬁ
which the light beamis radiated. The hol ogram pattern 10 is fornmed so as
to be symmetrical in both the Y and X directions in the XY plane which is
the surface perpendicular to the Z-di réction of the | i ght beam radi at ed
fromthe sem conductor |aser elenent 2, as shown in Fig.S. Preferably, the
hol ogr ae weatctosr hutd oirsl a siet i eleomfemdm t he i nci dent surface 3a or the

radi ating surface 3b by a preset angle to formgrooves of a |l attice having
a snoot h pl ahag. Surllasdrag swhg ot imitensidy s Trblxetd ennin tihe & f fatedt i on
efficiency of the first-order light of the light beaming¢ident on the beam
shapi ngYelddf&mt 190y t 1P § he th€am sheabing ke ament 13 dts dg i€ Mol ok am
pattern 10 .forngd on both the incident surface 3a and the radiating surface
3b of themicRdB&dRr 12Se5 leBiedile not only to shape the |ight beam but

al so to renmoye astigmatic aberyation of the light beamradiated frgmthe

seni conduct of 18a elfﬂél%teszt{l?hét%%%rﬁéﬁikﬁ ﬂggi‘lteﬁ@ﬁth?oﬁ Ihﬁeahb“

hol ogram patteén 10 %orrre on fach of the incident surface 3a and the
BEe3pf amahice

radi ati Y &BFf HeC i€ght- beam i nci dent from the inci dent

f 3 i . X-di i on, h in Fig.6a.__Th ! he light b
SR 3,2 e s T e BT Sl e Mg oo
t i t I di diated f th
NS BSOS 4D D RSIBP g R gleptle o v 20 2o Tormhe
el dont syt bors 38 kel a0t kA bk fge e

shapi ngh ghemaiie P'llighqneb?:!d'iﬁ aGq aQfe MU £ Rl T ib%saﬁlhesH@p%lrgameR@trﬁ@h@ 10.
Meanwhi l e, the |ight beamis not spread by this beam shaping elenment 3 in

the YZ pbanaitasisponn dptit gl Ghickapvidewiek hke ciididgcatd eheefpiebeney,
only one of the incident surface 3a on which falls the |ight beam radi ated
from thensemittomduatnad Fage6bel épeat seheandtibesiddi atieng shofwaneg 3bon
radiating this |ight beam may be provided with the hol ogram pattern 10.
Pref er abl Y, Zt pdameambstrapithe dligrtemtb Saorf tirkiwe ppescahepibodam dhdpgeng is
designed_so that, with the thickness t.in the XZ plane and the refractive
i ndex nebemat [weams sHapiing Arepdnti Rl piekdepdeavien scperddas 48 bbpect
point A and an inage point Bis given by S =1t(1-1/n) ...(1) By designing
t he beaﬁfgﬁﬁﬁ‘itnb“&%é‘ﬁéﬁtn% in this manner, the |ight beam can be correctly

|limated aft ing..through the collimtor l.ens S. Lt | ted that
he col | mat b B 2nes o 1 e laas 18 ecBi p MR W il e th Lt f R Rus o

the 11ofjt, DeqR O 9§Y5SY b2aHE 114 PLANEs DY nide tisAR SERRIG & @TRM et
constituting an optical pickup device according to the present
invention.

Fig.8a is a schematic side view showing, on the XZ
plane, how a light beam traverses a beam shaping element
according to a modification, and Fig.8b is a schematic side
view showing, on the YZ plane, how a light beam traverses
the beam shaping element according to the modification.

Fig.9a is a schematic side view showing, on the XZ



1 6 MAY 2002 15 On the other hand, the beam shaping elenent 3 is preferably
designed so as to satisfy the condition shown in the above equat1 6mMAYLpgsand
so as not to produce the spherical aberration of the Iight beamtransnmtted
t hrough the collimtor lens 5. Since the collimator lens 5 is formed so as
to correct the spherical aberration for the XZ plane, the beam shaping
element 3 is forned so that the radiat®d | i ght beam under goes spheri cal
aberration to be corrected by the collimator lens 5 even in the XZ-pl ane.
The optptanepi blagy deviightl %cam dédavetrheshe beamnshapiary eg esdamaent
according to a nodification is explained. For renoving the astigmatic
aberratdonordiae te prowitdbl aneyphierdrmeslifiiesdiomi,t amsd o ighd i te af the
i ncident surface 3a of the beam shaping el epent 3 shown in Fig.8.  The

hol ogr an¢ hamatic 19ide VoeMed bawHeEsi @B bhet nelr adiadt§ ngh ¥ facki ghtof

t he beam shapi ng el enent /3. Meanwhi|e, the cylindrical lens unit 13 is
formed REAFhet IR VRIERS Bddm BAAH ng aipdfht c Lo BEBG §6098 Gk | A 5BESF r om
the side of. t.he i.3a towards the radiating surface 3b of the beam shaping

el emrent™® 1%?% 18Thg a cylindrical recess in the incident surface 3a.

ol amont 5 SHBAA: L 15 LopPBATRAIRE. SRAR TAAW ISP O, pPAnd N &t the
o corbl €85, "FAR; ‘SRt 88T 0% SARSRR dobehnLghandlt LERFRET 02
ot spriGaony e Blam Yito TOLREhl of itiBH169 . Pl AR,

ot or v TCARRCEE e VFen] Thos ikl 37 (Ee B2 MLAeh A%y 8 iR RO ™

surfacepdadn anda9e s radid A0 SWAPiGEy 3R 1€fm R REGED $ARRAIGN0t ¢! eHEBL 3,
as shown in Figs.9a and 9b. This cylindrical lens unit 23 is forned as-one

with the debfcdERmg el enent 3 by forming a cylindrical protrusion on the
radi ati ng surface 3b of the beam shaping element 3. Simlarly to the beam
shapi ng el enBig. $Hows arpFg.\§ e whehheaimghthengt ®ferehth? dhght beafhg. 9
spreads the light beamin the XZ plane to emt the spread |ight beam from
the raddntihg bemtazpedbprioy suhd alciegiotf baambijrartitviee lsarsi aorbliact sk ghader

el enent 2 being transmtted throu%h t he. beam shaping el enent 3, as shown in
Fi gs. 9ar apardan gHswdface ofeani grttipadrdisc not spread by the beam shaping

element 3 in_the YZ plane, as shown in Fig.8b. Mreover, .t he beam shapi ng
el enent 3 na‘y*lselz?oﬁ& prRied Bye¥ HAoyia 53& state ot g di ghtabédhaped
first optical elenent having the.hol ogrampattern 10,. and a lindric
L ens. 39585 T esdEga RE T LBl € ot BRERES 24 aribut 116 H gbi Shp” Y1 Shen Bl ¢
and secpndi o i£a) o SLEnBALY ;A1 JIUABA I MIRPEDHCPRLY 9 R (UWHaihR T S
case, the holfogram plate

surface of the optical disc.

Fig.13 is a schematic side view for illustrating the
spherical aberration produced on the XZ plane by the light
beam traversing the beam shaping element.

Fig.14 is a schematic side view for illustrating the
spherical aberration produced on the YZ plane by the light
beam traversing the beam shaping element.

Fig.15 is a side view showing on the YZ plane an



1 6 MAY 2002 17 11 is arranged on the side of the beam shaping el enent 3 on
which falls the |light beamradi ated by the sem conductor | aser eigment 2,
while the cylindrical lens 33 is arranged on the |ight beam radit iMﬁYMe
of the beam shaping el enent 3. The hologram plate 11 has the hol ogram
pattern formed for facing the incident surface 3a, while the cylindrical
lens 33 is arranged with the cylindricgl surface facing the |ight beam
radiating surface, Simlarly to the beam shapi ng el enent shown in Fig. 6,
the beadXamplep blusigng B bshotin sha Hing |ele Bendaba vineg b gl Yeshaceast he
XZ plane to emt the spread light beamfromthe radiating surface 3b, by
the |ight %@iﬁmném ﬂﬁ@@émadb&dh@wdrng #SQH g1 g 9aHt rzlciﬂeli o tGwsat R ed

t hrough t.he beam,shapi ng ement 3, .as shown in Figs.lOa. However, the

i ght b%ﬁr@ieslﬁaﬂdsembéalrgjy%@ dMeshagilagiBeesBhfagein the Yz plane, as
shown in Fi gBle The collimtor |lens 5 collimates tti\e Iiﬂ?t t[ansm'tted

t hrough t he be&nt 8habt nd efLfEnt VEE WnaS AW HRE&m QB! ither YL dlings an

col | i mat or teps 5.falls th% divergent.lig beam adiatec\éfE mth

Som contbebhlf L6 g AR ihe Dlemattt oa Y i hat By ehzces
|1 mat I 5 to. b di gt t ds .t he.objegtive. | 7. .Th

obj ect 46 PalimRadn Enals Ra b et PO EnchF B8 fhbubiefhobEanl ™

col l'i gs%qdr‘ﬁ%ﬁeéﬁlogjttehg? ;tevgerﬁleglr}abfragﬁgwhpgoﬁurface 6a of the recording

medi u ( ens 7, T ~t AY 2002 18 which falls the
l'i ght beam cphglf T‘\?’M.La]e?i g;ga; ?)r%rlrle%ﬂhlalt%t %rid!eenﬁ[é:‘w c&pgw&gguﬁ e l{jpdht am so

that a beam sp on the signal recording ace ba of the
recor di gy fRdi YR 6e x KR pPRt iRl u LY 26Tb Sa mPNs MAG A of 3 1 Smlcift | gt n Beam
reflect%daby’the s?énal pr ecor di%g s%rf%ace %a of the ﬁfecor dlinng rredrlgum 6 and

transm£d e g Uy 1ied Pid #Et o@s | gnsSlefas CA A e MBuPFak@ns 5 vaAdc hhesbgam
splitter 4, plane-polarizes this light beam The |ight beamtransmtted

t hr oughn blni-3 pdpé ¥ cah | anainfzrye 8ins flnei deAt phahbe phwdodeigct Pb~%s Wath

t he above-described optical pickup device 1, the |ight beam having the

i nt ensi $yhdinsatidbwtiidm vaie wheoho wnnEi, go8 tlses¥ ¥ P amet hensewmiaanpdecodr

| aser element 2 and transmtted through the above-described optical

el enentéstngas tloe b cohagrigeg] ohenrenti gmakheedownng Eua f aydisdriétatdhe
recording nediume6. O the |ight beamypadjated fromthe sem conducfor |aser
el enentl@nsab kembriome srrfAs el ioghtw beeh 1h 2 neon-dinlerl ol istshi esd
nore si niglig{:J zl§ than the |ight beam conponent in the X-direction. In the
opti cal it %E e ilﬁgel havi ng the beam shapi ng el enent 3, the |ight beam

by passing CRAEI T8 Boatn ¢ Argun  Re Bl TRER s Brt ey “o® fe 30 70
i ghe bR Al ¥ B ATP LS OB, EMEGH PARE! Pl aplrig Cel PRECTL da JLRETE,
form of a cylindrical lens both surfaces of which are non-
spherical surfaces in the YZ plane, and Fig.17b is a schematic
side view showing, on the YZ plane, an example of using a
beam shaping element in the form of a cylindrical lens both
surfaces of which are non-spherical surfaces in the XZ plane.
Best Mode For Carrying Out the Invention
An optical pickup device according to the present

invention is hereinafter explained with reference to the



1 6 MAY 2002 19 surface 7a of the objective lens 7 than the dianmeter of the
pupil of the aperture 7a, |If the light beamL is converged on the ‘Fb%ﬁjz
recordi ng surface 6a of the recording nmedium6, the beam spot S as shown QO%

Fig.ll is fornmed. This beam spot S has approximately the sane shape as a
diffraction limt beam spot 12 determ ned by the wavel ength of the |ight
beam radi ated fromthe sem conductor |aser elenent 2 and the nuneri cal

aperture of the objective lens 7. Conversely, with an optical pickup device
not havFlrﬁQWhlégébove-descri bed beam shapi ng el enent, the size of the |light

beam corresp% ding to the ln}(ensié{y of ttie,li?ht beam L nqt | ess than 1/e2
as shown in ﬂg@ PP tegAlbpickugr devyprrilcaARclyfechadidty 4 A18Hd FORIt i on
than that in the X-direction on the XY plane on the | ens apertyre sutface.
If the Ri gIRMALHHAQuicd odprlase i ne teme hander a5orsdt QWghi ¥R c i@} in FRE

Ydi rection than d'nn %he )1(-di rection, the li%glt' beam L ils H?t bl nci dent in the
X- di rect EMI P ATYHRCEBENIAS SFu R he B Hthe? | dRdiatest (3 e 1180t PGHB | 3§h@ beam

C, Encs SIS ALY USRI R % W PERSeR] B ol PRI TSRELEL
Fig. 12, .Th db he light b L i f [1iptical
slhgpe i %nc8§tcﬁzg&f$ﬁz?f%%o¥ pgm t%et t (rauel gi f'ch:;n i n!t ani t)a/mdiest Ir Pt)luf?on of
the diff t it . 1 t i . Y .

wver engt e —18¢ " bR AT BiRAe [ 8 Savid £ Y SERRI A B et

el ement lgsg?detlgﬁ%é‘ﬂﬁﬁﬁi C?hc@ﬂ‘%fqﬁ‘é”& Qégmestggipgyg’[ VA d A% 13 | fa )8 HEAm

spot forned on't signal recording surface he recordiig nmediumis

el lipti §g!l|ii’§é‘1aﬂﬁ,dga A IRRPM SPAled $ 3 %ﬂ&aéﬁdoibgg%itﬁe TBHS. 7W {h (e
optical pickup device 1, a light spot of approxifrately true circular shape

can be baided | loakiapnefrdink f et sfidem bfatt©r mRAni 6 otftBuptoer larder
device, even if the light beamis elliptically-shaped and has an intensity
di stribeteomeas Z2hawdianfg ¢h lighaddeanon, a beam spot can be formed on
t he signal recording surface 6a of the recording nmedium®6 wth reduced

| i ght beam afdheaticam Mhrepieg, ediementhd bsarmtapgad erment @Gplical
arranged in the divergent |light path, the device itself can be reduced in
si ze. Spridd t0E thghdiveapemh belhapedibie dnérom titbe opeintit o Bdarein s,

t here ii no necessity of shaping the |ight beam using a conventional
ananor phP& STehSC M eME % eBed HYS € Heh € Jb% 2 A SHAR Heg ot 6f AHeaBEtal

pi ckup device 1 is, expl ai ned. eci ficall t he bea hapi lement 3 is
ot 1| nDEdaV £ 6Tk hEh B VG T BoGOdntiath Hent M GREc « RE ShofBEr df Bt t or
10 is fg\%}rﬁg 9{1 At | east one of the incident surface 3a and the radiating
surface o? he beam shaping elenent 3. That is, the beam shapi ng el enent

may be formedrRs-99ght beam radiated from the semiconductor laser
element 2 is transmitted through the beam shaping element 3
to fall on the beam splitter 4. The light beam transmitted
through the beam splitter 4 is collimated by a collimator lens
5 to fall on the objective lens 7 so as to be thereby
converged and illuminated on a signal recording surface 6a

of an optical disc 6.
The light beam illuminated on the signal recording

surface 6a of the optical disc 6 is reflected by the signal



7 6 MAY 2002 21 with a first cylindrical lens unit 43 and a second
cylindrical lens unit 53 on the incident surface 3a and the radi atg Mhy 207
surface3b of the |light beamradi ated fromthe sem conductor |aser el enent

2, as shown in Figs. I3 and 14. The beam shapi ng el ement 3, thus having the
non-spherical first and second cyIindrlcaI | ens units 43, 53 on both sides
of the incident surface 3a and the ra |at|ng surface 3b of the Ilght beam

ol ogr A GRTG Ll Be.s WELHRRI 1 ¢ 1A s ByitRiard B4t o Eve. Tams "33 19f or med
for bein sonL nbg ﬁ) fromghe i ideni} surtf.ace13a t owar.ds .t he radhél%éng
surfacer hré’pe 18 Ieg‘,mt qllpr ‘?:y? gﬁl‘:l EYAF &S u t‘sd§rlaéllslfrﬂtl : 4

C 3
gioﬁ“i iﬁuéﬁ[t?ﬁ ﬁJ?ﬁz?gﬁﬁ.lﬁé’ﬁtzuppéicet% BBadifatays rd°fi"aclé3f B9 e
5315 rorped GBED e ol %%ﬁﬂgs% ReReCn e YR ROR e g8 U
Lo SIOBRICALALERETh BT, DB B CHOLER A LORIRECAR, bIB VNI rEToRE the

beam shapi ng el enent In the abo e- descr odi e lens

oper atip@a s 2FER1dgd 4 1 T?%t ¥ EFIlna fidt EP%%@PI& P! meegggﬁﬂtb

i ncreasi ng the spreading o eam whi st t e |lens ation |s not

accorded 4y i Yizrdjinr e('ih'eonseﬁié’{)ﬂ%tdé’%b’ lfa*!:%ﬂ eRYeREMAL I N PEY bE
accorded in the YZ plane for increasing the beam spreading in the YZ pl ane,

W thouttrams @ iMAYd2PPY r é2h 26 e REhiNe UemdiRkl egt dptidgl & i aFethas
shown in Figs. 13 and 14. That is, the beam shaping elenent 3 is designed

so as tldghayvd ddm Iremseepedablyonhbn $ien X¥ 1@ ceoned BlgWou t fla Ee g6 al 8 fatlleso as
not to have the lens operation in the YZ plane shown in Fig. |4. If the

beam shaptigakl ¢imeat 63bhasd @ °t hifdknessthie lae phans phrtdklreld plpeeateshaa
thickness equal tot is equivalently arranged in the XZ plane. Meanwhile,
the coldnmapdichdnel ementiefo yneeipaoatongeth et higbpHee aoal r afleratatd dmy
generated by the beam shaping elenent 3 in the XZ plane, T-hus, the lig

beam whilth Bai¢ansisetotrhdassr| iedgude niters Erom ttﬁbe Xkl&hhnéefkeﬂ@éd of
aberrat | nevnlf the, light beamis subjected. to spherical  aberyation by
bei ng ﬁroikﬂ%‘%hé%féh‘f#k‘hépﬁ%bfs%?énéﬁtoﬁ the ogfigiad SRt ed t hat

t he coIIirrat Ien ?xtst' nedt corr ct thﬁ“o@a rlcal Berratlo

gener at ed by Spg ezf”ﬁs 185 00t BA VARG 1

arrang e €1Co0 tor,. lens. .5 a t

shown |%pg%x\f Qﬁ;}@t kll)e é& aneby ﬂ@ |?§ﬂt Q%IQ ?g\i}zgsﬁlﬁg Eiefgggm giﬁapl ng

el ementy, 3,33 Eg?lﬁ%‘ Vg ef'"htllﬁe%& p@ﬁab?‘%k Flla%lﬂah%ﬁz_r n O ng;gPQH gt due

_tO a pre set aberration of anpar ate nponent a
is the gbshangesbeheen ghie v egiat Mige PAigH t /b@imt hg 1hinghip @mm bie

poi nt of intersection of a |line of extension of an outer cont our
the optical analyzer 8, is incident on a photodetector 9
whereby it is detected. The photodetector 9 is designed as,
for example, a four-segment detector, and detects the focusing

error based on detection outputs of the detector segments.
Meanwhile, the light beam radiated by the semiconductor
laser element 2 used in this optical pickup device 1 exhibits

difference in spreading of the radiation angles 0. and 6// in

the TE direction (direction of the electrical field) and in that



1 6 MAY 2002 23 ' line of the light beam which has traversed the
plan-parallel plate in the XZ plane and the optical axis. On thel@they g
hand, this beam shaping el ement 3 increases the spreading of the |ight beam
in the YZ plane, due to the |l ens operation of the lens 3, as shown in Fig.

| 4. The |ight beam whi ch has traversedléhe collimator lens 5 needs to be
free of spherical aberration in the YZplane as well. As a condition in

nceds 1 bt bahSqUBNt {B1ERCEIObr (AIEFPEEBRe Alo iforPABRACHE [HEblars phRal | ol
PetvoentBAE dbj oid A R andi UL E nift Roi A 01 { i iR oy Eichlss Ch ot

ol mont OBISCH V& 6 hont 14 5r hBPE nER| PRt ZhoaPier Hd o el (R daBmight
above. R £ S R (oA igul Al ¢ R Fp b dille soiehafie

the ri ot BB ER i o 4701 675 BRCPEAH R B4 RNy A B e, T
beam ohah niCelbhan £y 4L EAing, I e A ARUAHP, 8 AUFSSHT oF%ror
exanpl ewﬁ{@ﬁxgeﬁ%Shﬁ%}ﬁ‘B Ei'r?t@ﬂ‘éihtj | % r?&?;?ﬂ‘?%h% NPPERREE Hoab

. ) ; the
cylindrica ns. In this case, t | i ght I ch has traversgd the beam

shapi ngsehe®oh dy @6l t P85 ep! kileRi eht! @NSio d$stAY PESd Wrifh SHPIG ge3ed
spherical aberration in the YZ plane and in the XZ plane. In place of at

| east odg¢sefilihieioAcicdente i fasguIathndotptd caddadtiisng THE S ddgdr dfe 4 e
beam shapi ng el enent 3 bei ng non-spherical in the YZ plane as descri bed
above, hatdet fe eisnal iddreir equrifadc g pIee aditn ghénr alieatX ngasd f ¥ed i3k caf onlze
beam shapi ng el enent 3 may be spherical. Wth the beam shaping el enent 3,
havi ng doteh sarftlres masdidd ephamighd $ur bdcethe i tseimidesidabtert Hats emot
only the condition of the equation { 1) is net, but also that the center of
cur vat ukdedtenhe2; nwiibntheus pace dda g d rcdieciViedi r okt ho nhhe iorg deager
radi ati ng surface .3b at the sane point as shown in Fig.lS In addition,
Wit h thégaélaﬁ]hsafaginnﬁbq e}ieﬁhlrg,ctsﬂaquﬂ] thig, |15ghma£ieragnr, hehenhPOtaed t in
the Z-direction, refracti i ndex n and the.separathbon S between the,objet
h bt Y g b

o1 nt AMATE Thoti hRBETponKEnE] (¥na Moo G R of £y 168 g h

IS TS Mol b¥) o RETP HEA TSP TaIURIFD 1, Fobh' TRLRighanss® 12

Poner ek S b el 4 o peeaayana poesgds ush e et o

center gbd:turo\&gtm@ Qbﬁ@glim:ggegt_ surface to be

The beam shaping element 3, arranged on the divergent

light path of the light beam radiated as the divergent light
from the semiconductor laser element 2, shapes the light beam
radiated from the semiconductor laser element 2 such that the
light beam radiated on the signal recording surface 6a of thue
optical disc 6 is converged to high precision by the objective
lens 7 to form a beam spot of a true circular shape.

The beam shaping element 3 forms a hologram pattern 10



16 MY ?20(J? 2 r.,. , t t "y. 25 coincident in the XZ direction with that
of the radiating surface. For minimzing the spherical aberration]t NMay 2
separation between the center position of the incident surface and that of
the radiating surface of the beam shaping elenment 3 is preferably not

| arger than 3% of the lens thickness t. Meanwhile, if an object point F and
an imge point G of the optical systerfPare aplanatic points of the incident
surface 3a and the center of curvature of the radiating surface 3b is

coi nci demt awi tilm aikke mpl smafacepdiaten whei bbathshdpghd blesamntr adliraderdesent s
a lens free of aberration, as shown in Fig. |6. However, the collinator

| ens 5 fromwHilch samiscohdudignt baser halemye it aver s&dinnedisaetm sndpihg
element 3, is designed as _having spherical aberration caused by_ the beam
shapi ng asl iatdmeg Swefaeng 30t hifslemaswhickhthef brghttheam ghy tidig tadvi ng
traversed the collimator lens 5, is subjected to spherical aberration on
traver sk g hed oda mppiaditerand 05 isefepmed (5@ a5 ot b maRietgie phvidt sed

t he beam shapjng elenment _3 is free of aberyatiopn, Thus, the beam shaping

el onpntd GLBHORA % AN Ko %reo%%ucg%dl%otﬁﬁat?(&hd) 2Rt %Ea&ﬁlpdsss e

ST R A S B

non Zgﬁ&gq%ﬁ; &t g%;ms ;ﬁé%ikiﬁr‘{%‘gfiﬁé:afé’rﬁ eifmsei i %ﬁgsgﬂgl;am i
lh::}gi R?f%‘r ';ax?g? f}?ﬁ . JfHe E@?gﬁa}é%égﬁ%elpeﬁleﬁﬁr?l f%g?gs?%g‘i %yfl §§§iec$lz
bl ane. GG LTS PIOR A R R I Fa PRLSO TS B ERE T8

3 has %é@'atdfié%iMﬁna trQ)rQ\PéSaBPrQXIimtigt?yhé'VTf’n%gJ E‘sfrﬁ%%tiﬁf?lid}g&i‘ of

approxi matel y” 1. 86, a separation between the radiati surface 3b and the

i nci denfy Sl § @Ceby awaly agPr 81aFanG Y D M o Atk UA gOft heir § F £ e Bifo i he
i nci dent surface a of approximately 2 mm a radius of curvature of the

radi at ieffisukireee S ohe- &bps 00 nde el M gh O 7 fmelendl ig i hitckasssidciadent
approximately 3 mm At this tinme, the separation S between an object H and
an i magenpdihng |bd amFi ghlaghini g admpmxentat 2l y WisB57then b@na mhe sbtapen gand,
an of fset conponent a caused by the aberration in case the beam shapi ng
el enenteEme ntedar Hew iag 4 hyet drp g vé e |p Pt tatten 10 Fqume/d. @s)both F867mm
as found fromthe eguati on (1). Thus, wi.th the present beam shapi ng el enent
3, the Gepitant onusipetndeh athé bhpekadiatht gHsadd aofe Ihapd poenirghts of
the sane value as the offset conpopnent a caused by.th erratjon oper to
Lhe pi APpAR b IR S| Hheres br &8 1¥nto ot EaBs: thexH EibrbRg ol BREAI S0
satisfies (he above uation (L) nat .only i | ane t also ingthe
% praid 19mEVRoasiTEMATT th e RN AR abrE e Bia bl a1 AF et T on
bet weenptdig £RE! €& nfilo SHEVAHL18E ot el d AT FED!
The beam shaping element 3, having the hologram pattern

10 formed on each of the incident surface 3a and the

radiating surface 3b, spreads the light beam incident from the

incident surface 3a in the X-direction, as shown in Fig.6a.

That is, the light beam incident from the incident surface 3a

is enlarged in diameter when transmitted through the beam

shaping element 3, and is radiated form the radiating surface



1 6 MAY 2002 27 surface 3a and that of the radiating surface 3b,in the YZ
plane is approximately |.98 nmwhich is of the order of 66% of th& MAY 2002
thickness t. The |ight beam having traversed the beam shapi ng el enent 3 and
the collimator lens 5 has the wavefront aberration of approximtely 0.11 ~,
and t hus undergoes spherical aberration. If the beam shaping elenent 3 is
of a non-spherical shape, w thout chantfi ng the curvature of the radiating
surface 3b, the beam shaping el enent 3 has the wavefront aberration of

appr oxi 3rht eTh e0:toSant fsusa prap| € hgmremitic,i eradn afid bspherd ioheé nabenr fa cen.
The beam shapi 2& el enent 3 can be desi gned bK'setti ng four of six

condi t i dAsandakbley rawdd atuntg snirdacicord ¥ af ovhiebf cacrioe tndelplogramati on
bet ween the object point and the incident surface 3a, radius of curvature
of the paAtteent 19urfiacbigher nadidid fen cdupnacdiecvencye theam athagbswrmace
3b and the thickness t, as described above. Wth this beam shapi ng el enent
3, the shapias orelgmwsart t ontlie OBGersetR¢e gref basicdn Ba1gdest othee- set
val ue by having at | east ogne of the ani dent surface 3a and the radiating
sur f acehghoggaradpradtarnoddsphbe paay hile s dbe Inghénbsament nat vipedadot h

t he inc{)dené.su&face 3a and the radiatin suEf a&e 3b_of the beam shapi ng

el ement 0¥ £Bp5 Beamsphapiag qledngpdd 3cdni bhei A Péalss A SHOWR phane,
as sho in ll:)ig. | 8, is hereinafter explained. 1 6 MAY 2012 28 If the
beam sh bgng elenment 3 is a cylindrical lens, having its both surfaces

herical l y-sh d._j | h Ny Lgs.18a, 18b, th
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surface 3b radiating this light beam may be provided with the
hologram pattern 10,

Preferably, the beam shaping element 3 of this optical
pickup device 1 is designed so that, with the thickness ¢ in
the XZ plane and the refractive index » of the beam shaping
element 3, the separation S between an object point A and an
image point B is given by

S =1t(1-1/n)

(1)

By designing the beam shaping element 3 in this manner,
the light beam can be correctly collimated after passing
through the collimator lens 5. It is noted that the collimator
lens 5 is designed to correct the spherical aberration of the
light beam produced in the YZ plane by the beam shaping

element 3.



approximately 1.7, approximately |.86, approximtely 2 nmm appr O)fi n&%elzﬁ
0.6 mm approximately 1.78 nmm and approximately 2 mm respectivel >[?‘ Y BRi s
case, the separation S between the object point Hand the imge point | in
Fig.18b is approximately 0.5543 mm On the other hand, the offset conponent
a due to the aberration proper to a plan-parallel plate when the beam
shaping elenent 3 in Fig.18a is regardéd as being a plan-parallel plate in
the XZ plane is of the order of 3X(1-1/1.86) = 0.5543 mm as found fromthe
equation (1)OnThehef ooehew thatid s bkambbap ngledpimpt 8lethensedar asion S
bet ween the object point H and the image point | is equal in magnitude to
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optical pickup device o] ent ‘invention 1s arranged upstream of
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t he divergent "optical path upstreamof the collimtor |ens

above- deggr irkefl o&/ihAL fRO astienPRticadbBrEktiv Alevikerd has pireviEad a
shaping elenent 3 and the collirmator | ens 5. However, the optical pickup
devi ce gnyimtsdcadtldespaaiided wint bheheidel bifneierineideht surface 3a
of the beam shaping element 3 shown in Fig.8. The hologram
pattern 10 is formed on the side of the radiating surface 3b
of the beam shaping element 3. Meanwhile, the cylindrical
lens unit 13 is formed as-one with the beam shaping element
3 so as to be swollen out from the side of the i3a towards the
radiating surface 3b of the beam shaping element 3, by
forming a cylindrical recess in the incident surface 3a.
Similarly to the beam shaping element shown in Fig.6,
the beam shaping element 3 shown in Fig.8 spreads the light
beam in the XZ plane to emit the spread light beam from the
radiating surface 3b, by the light beam from the

semiconductor laser element 2 being transmitted through the



Al t hough the above-described optical pickup device 1 is ~ s ~,aY zooz 30
of the type of directing the |ight beam having traversed the col|li{mtsay 2002
lens 5 to the objective lens 7, with the aperture dianeter of the |ight
beam having traversed the collimator lens 5 as the opening pupil dianeter,

t he aperture determ ning the opening pupil of the |ight beam having
traversed the collimator I ens 5 nmay, 0 course, be arranged upstream of the
obj ective lens 7. Al though the above-described optical pickup device 1 is
of the hgpm oshaping g¢ hgmaret | 3 ghasbehmwn tine Eigndn.r Etomt ngrsuthace 6a
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with the beam shaping element 3 by forming a cylindrical
protrusion on the radiating surface 3b of the beam shaping
element 3.

Similarly to the beam shaping element shown in Fig.5,
the beam shaping element 3 shown in Fig.9 spreads the light
beam in the XZ plane to emit the spread light beam from the
radiating surface 3b, by the light beam from the
semiconductor laser element 2 being transmitted through the
beam shaping element 3, as shown in Figs.%9a and 9b.
However, the light beam is not spread by the beam shaping
element 3 in the YZ plane, as shown in Fig.8b.

Moreover, the beam shaping element 3 may be constituted
by a hologram plate 11 as a flat plate-shaped first optical
element having the hologram pattern 10, and a cylindrical lens
33 as a second optical element, as shown in Figs.10a, 10b.

The first and second optical elements are formed

independently of each other. In this case, the hologram plate



1 6 MAY 2002 32 Clains 1. An optical pickup device conprising: a
sem conduct or | aser elenent; an objective lens for converging a Ii‘gﬁhtMAlXe%gqg
radi ated from said sem conductor | aser el enent; and beam shapi hg neans
arranged in a divergent optical path of a |light beamradiated from said
sem conductor | aser el enment, wherein said beam shapi ng neans i ncl udes an
i nci dent surface, an radiating surfacd’and a hol ogram pattern provi ded on
at | east one of the incident surface and the out&;)i ng surface. 2. The
opti call bikckwridavged an rtded tsadl ¢ ro £1tdi én e anersh apsaigd eleimgndm3pant er n
has a pattern of extending substantially parallel to the |ong axis
di rect ivwhigth frdlsithe lbght baamtrad fated dwy d heesieanheoaductaseka s enent .
3. The aptical pickup .device as recited jn claim2 wherein said hol Qgram
pat t er ¢ licqngidz o 1h ihexit ficzi gl kh@r b6 2§ rkect s od3efifi ditdaagof e the
first-qrder Light. 4 . The optical pickup device as recited in glajm1l
wher ei ﬁlgilitdlbt?@a% $Additgngeshd ¢ ofathea St @ﬁgmdaeﬁj drmeat S-ofdt ¢ he
incident surface apd the. radiating, syrface of ich are both.provided with
ol 0gr a9 BREF Bfhb 5te rheligp: (ka1 h pil T3 ebetbeEa Fotmed 167 dasia
wher ei ghsai d be?m shagi ng rreanz is.a f.h)at -t%at e-ihaﬁed 0 tilcal 13 6. M AY
2002 330G &AL eihe PHATA&H 2drf RBILE (hE r GHTERATGC RN, 150 of 3anih i s
provided with the hol ogram paitern and th i ating synrfac r. th
et dedr i fade i thn b | LGRS VECAEE, R RARE 4 ¢ hiellf fEam
radiating surface.
Similarly to the beam shaping element shown in Fig.6,
the beam shaping element 3 shown in Fig.10 spreads the light
beam in the XZ plane to emit the spread light beam from the
radiating surface 3b, by the light beam from the
semiconductor laser element 2 being transmitted through the
beam shaping element 3, as shown in Figs.10a. However, the
light beam is not spread by the beam shaping element 3 in the
YZ plane, as shown in Fig.10b.
The collimator lens 5 collimates the light transmitted
through the beam shaping element 3 and the beam splitter 4.
On this collimator lens 5 falls the divergent light beam
radiated from the semiconductor laser element 2. The light
beam is collimated by the collimator lens 5 so as to be
radiated towards the objective lens 7.
The objective lens 7 converges the light beam transmitted
through the collimator lens 5 to the signal recording surface

6a of the recording medium 6. This objective lens 7, on



6 . The optical pickup device as recited in claim3 wherein said optical

el enent satisfies s = t(1-1/n) where t, n are a thickness and a ref& Mavi 28
i ndex of the optical elenent, respectively, and s is a separation between
an objet point and an inmage point. 7 . The optical pickup device as recited
in claiml wherein said beam shapi ng neans includes a fl at-pl at e-shaped
first optical element having said hol olér am pattern‘on its incident surface
and a second optical elenment having a cylindrical lens unit on its
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collimator lens 5 and the beam splitter 4, plane-polarizes this
light beam. The light beam transmitted through this optical
analyzer 8 is incident on the photodetector 9.

With the above-described optical pickup device 1, the
light beam having the intensity distribution as shown in Fig.3
is sent from the semiconductor laser element 2 and
transmitted through the above-described optical elements so
as to be converged on the signal recording surface 6a of the
recording medium 6. Of the light beam radiated from the
semiconductor laser element 2, the component of the light
beam in the Y-direction is spread more significantly than the
light beam component in the X-direction. In the optical
pickup device 1 having the beam shaping element 3, the light
beam exhibits significant spreading in the X-direction in the
XZ plane, so that, by passing the light beam through the beam
shaping element 3, as shown in Fig.11, the size of the light
beam corresponding to the intensity of the light beam L

equal to 1/e* can be made larger in size on the lens aperture



beam shapi ng means arranged in a divergent optical path of a |ight beam
radi ated fromsaid sem conductor |aser elenent, wh ar ai n safé MW&ap02
shapi ng neans includes an optical elenment the incident surface and the

radi ati ng surface of which are fornmed as spherical surfaces having a

coi nci dent center of curvature and wherein said optical elenent satisfies s
= t(1-1/n) where t, n are a thickness &nd a refractive index of the optical
el enent, respectively, and s is a separation between an objet point and an
i mge mainfac&07.a Anf oplté cabjgicthkve dewiscel coimpni shreg:d a mertiecorodiicttoe

| aser el enent; an objective |lens for converging a |light beamradiated from
sai d sgmupohcduftthre hpsartugieeant ; and beam shapi ng neans arranged in a

di vergent optical path of a light beamradiated fromsaid sem conduct or
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of whi it afeceorbedods thgharicardugs arediam Whetbien Bapi oppiodald et &nent
satisfies s = t(1-1/n) where.t, n are a thicknpess and a refractive index of
the opt§kawm ediint Figshbct el foramads i dhisephesimon sieheed arhddj et
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aperture of the objective lens 7.

Conversely, with an optical pickup device not having the
above-described beam shaping element, the size of the light
beam corresponding to the intensity of the light beam L not
less than 1/e? as shown in Fig.12 exhibits more significant
spreading in the Y-direction than that in the X-direction on
the XY plane on the lens aperture surface. If the light beam
L is spread in this manner more significantly in the Y-
direction than in the X-direction, the light beam L is not
incident in the X-direction in the opening pupil of the lens
aperture 11,

If the light beam L is condensed on the signal recording
surface 6a of the recording medium 6, there is formed a beam
spot S having intensity distribution as shown in Fig.12. The
beam spot S formed by the light beam L is of an elliptical
shape in contradistinction from the true circular intensity

distribution of the diffraction limit beam spot 12 determined



fromsaid collimtor |ens; and beam shapi ng neans arranged on a divergent
optical path of a light beamradiated from said sem conductor | a$érmay egent
on a light path between said sem conductor |aser elenment and the collimator
| ens. 12. The optical pickup device as recited in claim21l further
conprising: a beamsplitter arranged between said beam shapi ng neans and
said collimator lens for separating a.$49ht beam radi ated fromthe

sem conductor | aser elenment froman incident |ight beamvia said objective
lens. by aéhwa Awovedengths A Tk bhei dighdi ckepmievaddase drefiesd thhecl ai m
11 wherein said_beam shapi ng neans includes an incident surface, an
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a cylindrical lens unit on its radiating surface.
medium 6 with reduced light beam aberration.
Moreover, since the beam shaping element 3 is arranged
in the divergent light path, the device itself can be reduced
in size. Since the light beam can be shaped by one or two
optical elements, there is no necessity of shaping the light
beam using a conventional anamorphic lens, thus reducing the
cost.
A further example of the optical pickup devicel is
explained.
Specifically, the beam shaping element 3 is not limited
to the above-described embodiment in which the hologram
pattern 10 is formed on at least one of the incident surface

3a and the radiating surface 3b of the beam shaping element

3. That is, the beam shaping element may be formed as-one



1 6 MAY 2002 37 19 , The optical pickup device as recited in claim1l
wher ei n sai d beam shapi ng means includes an optical elenment the ind #antyg
surface and the radi ating surface of which are fornmed as non-spheri cal
surfaces and wherein said optical element satisfies s = t(1-1/n)where t, n
are a thickness and a refractive index of theoptical elenment, respectively,
and s is aseparation betweenan objet pdint and an i nage point.20 . The
optical pickup device as recitedin claim~~, whereinsaid beam shapi hg neans
i ncl udewiahopt feadt & ehiend rihel e deninstrd Aicendnd ske omdi ayilig dsuchdceof
whi ch are fornmedas spherical surfaces having a coincidentcenter of

cur vat ureasd whietr ef 3 sand thpet i iont i dé atestu datdesf Bassandt (thel/ nydheteng, n
are a thickness and a refractive index of theoptical elenent, respectively,
and s isuafapaddtioh thet wagtun obj st xmdiﬁt@chdtpmm rthige sEannc.oalduTher
optical pickup device as recitedin claim1ll whereinsaid beam shapi ng nmeans
i ncl udeba a@optelean egiten2nt ashes hoivdantinsuFfigse landankke dddi alibrey b@afmceof
whi ch are faornmedas spherical surfaces and wherein said optical

el enent shapdmigsetement- 3, nthuserkeaving dhee anom-sipleesi eall fivss rardi ve
index of the optical elenment, respectively, and s is a separation_befween
an obj etepoinft &d1AMANIgede 15dt ht U nkE dﬁ%:t ande Gbt heth t Redesntef sthe
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R A { @O RIS WA Y b AT BT B a ik SMefebipg & aCCSSiY oF © 7
ol calcaf i 631 RSB R E BERThTosSs ) 0 FaSilitiscopomos
faj C E-iU]- C é] caj %%F (R: a Vggﬂ‘gﬁ;gﬁ ;fllcr;ﬂ: ;r]%}:fg?icchacg a ?gﬂjﬁlﬂﬁg% ﬁ%ﬁﬁb&&%@%i?] (J:r

71 *apge. FQK' 11 f t i t 3a t d
k>kpppr =vJv qu&o]S)dN]oca]ega]oc%f cal]-c():g] ca eca}%gl ga ce?]ucra acca ca]aca]ocvgl (r:alSJ] cajc

a] ca] cajgal Q%]dfi%]tﬁn}} ca ££d 683 Al C%g@]&@l@alpﬁg JYWMeVWrst cylindrical
z{{{{] 14A, rknf ht {} ?A} xr ngb] W gb] XU] c$a] ca] calU]c a]c al]c

ia] ciaU] ]che} saViiadlcaV] ¢a] fai saddad cabhan|wiiicadlca] bahea] chh pdhealdleahealtcal ca

ca] cal ca
ALQ +0eZNibn0| fw mhnamvt)] i calydahdalicalld yakda pad capcal ket oaltc g @efical cahca)l ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c$al 0=@-o| UsB{ vgl gh] XU] ca] ca]
ca] ca] chh ea]ideq ichg B &Viscu]faL & aPda] cbd dadth] ga]dbniaes 84] cafc ?&] &ad] ca] ¢
I $N[ af | gb] X . .

2] Cal Cabf @) B8/ e AFaPon R GLVI ) CBah da] nf o a1oied B avFa4t Kagq Obed

lens unit 53 is formed as-one with the beam shaping element
3 by forming a cylindrically-shaped swollen-out portion on
the radiating surface3b of the beam shaping element 3.

In the above-described embodiment, the lens operation is
accorded in the XZ plane to the beam shaping element 3 for
increasing the spreading of the light beam whilst the lens
operation is not accorded in the YZ direction. Alternatively,
the lens operation may be accorded in the YZ plane for

increasing the beam spreading in the YZ plane, without
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according the lens effect in the XZ plane, as shown in Figs.13
and 14.

That is, the beam shaping element 3 is designed so as to
have the lens operation in the XZ plane shown in Fig.13 and
so as not to have the lens operation in the YZ plane shown in
Fig.14. If the beam shaping element 3 has a thickness 7, a
plan-parallel plate with a thickness equal to 7 is equivalently
arranged in the XZ plane. Meanwhile, the collimator lens 5 is
designed to correct the spherical aberration generated by the
beam shaping element 3 in the XZ plane. Thus, the light beam
which has traversed the collimator lens 5 in the XZ plane is
freed of aberration even if the light beam is subjected to
spherical aberration by being passed through the beam shaping
element 3.

It should be noted that the collimator lens 5 is designed
to correct the spherical aberration generated by the beam
splitter 4 as well if such beam splitter 4 is arranged between
the collimator lens 5 and the beam shaping element 3 as
shown in Fig.1.

In the XZ plane, the light beam traversing the beam
shaping element 3 as the equivalent plan-parallel plate has an
offset component due to a pre-set aberration of the plan-
parallel plate. This offset component a 1is the distance

between the radiating point A of the light beam and the point

B of intersection of a line of extension of an outer contour
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line of the light beam which has traversed the plan-parallel
plate in the XZ plane and the optical axis.

On the other hand, this beam shaping element 3 increases
the spreading of the light beam in the YZ plane, due to the
lens operation of the lens 3, as shown in Fig.14. The light
beam which has traversed the collimator lens 5 needs to be
free of spherical aberration in the YZ plane as well. As a
condition in this case, the separation S between the object
point A and an image point D needs to be equal to an error
ascribable to aberration of the plan-parallel plate in the
above-mentioned XZ plane, that is an offset component a
between the object point A and the image point D, for the
thickness ¢ of the beam shaping element 3. If the refractive
index of the beam shaping element 3 is »n, the condition for
the light beam to be a collimated light beam after traversing
the collimator lens 5
1s

S =1t(1-1/n)

(1)
as above. That is, if the separation S between the object
point A and the image point D is equal to the offset
component g ascribable to aberration, the light beam is
collimated after traversing the collimator lens 5. In the YZ

plane, the incident surface 3a and/or the radiating surface 3b

of the beam shaping element 3 is preferably non-spherical.
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has traversed the beam shaping element 3 and the collimator
lens 5 is radiated with suppressed spherical aberration in the
YZ plane and in the XZ plane.
In place of at least one of the incident surface 3a and
the radiating surface3b of the beam shaping element 3 being
non-spherical in the YZ plane as described above, both the
incident surface 3a and the radiating surface 3b of the beam
shaping element 3 may be spherical. With the beam shaping
element 3, having both surfaces as the spherical surfaces, it
is desirable that not only the condition of the equation (1) is
met, but also that the center of curvature of the incident
surface 3a is coincident with that of the radiating surface 3b
at the same point E, as shown in Fig.15. In addition, with
the beam shaping element 3, shown in Fig.15, having the
thickness ¢ in the Z-direction, refractive index »n and the
separation S between the objet point A and the image point B,
the above equation (1) is desirably met. This enables the light
beam having passed through the collimator lens 5 to be
collimated light free of aberration.
Moreover, in order to minimize the spherical aberration
of the light beam having passed through the collimator lens

5, not only is the above equation (1) to be satisfied, but also

is the center of curvature of the incident surface to be



10tt 10tt!#10% t& ()-m 4J5_5n6_78@A9} [ 9+5
10:: Lf#10% : & () - $! F#10% : & ()-$! F#10% : & ()-$! F#10% : & () - $F #1094, 6UAY 2802
#10% & () - AOBOCOPISY: a<A>gE5 10::!flyl #109& () - (yl
#10%8 () - (Y#109&' () - 10%& () - &S10%& ()- 10::
10: : A>62778292G?J?&CDUVA0: | #1090WVE () -. #109VE () -., 10%VE () - % 109%VE ()- 10
10 10!yl #10%& () - ( DDDEEEE2I JuV40: ! y#269%& ()-m y#10%' ()-m 10%
& ()-&10%& ()- 10W 10W _ , .
coincident in the XZ direction with that of the radiating
surface. For minimizing the spherical aberration, the
separation between the center position of the incident surface
and that of the radiating surface of the beam shaping element
3 is preferably not larger than 3% of the lens thickness 7.
Meanwhile, if an object point F and an image point G of
the optical system are aplanatic points of the incident surface
3a and the center of curvature of the radiating surface 3b is
coincident with the aplanatic points, the beam shaping
element 3 represents a lens free of aberration, as shown in
Fig.16. However, the collimator lens 5, on which falls the
light beam having traversed the beam shaping element 3, is
designed as having spherical aberration caused by the beam
shaping element 3 having a thickness ¢. Therefore, the light
beam, having traversed the collimator lens 5, is subjected to
spherical aberration on traversing the collimator lens 5, even
if the light beam having traversed the beam shaping element
3 is free of aberration. Thus, the beam shaping element 3
shown in Fig.16 is designed so that the light beam passed
therethrough undergoes pre-set spherical aberration associated
with the thickness ¢.
An embodiment in which the incident surface 3a or the
radiating surface 3b of the beam shaping element 3 represents

a non-spherical cylindrical lens or the incident surface 3a and

the radiating surface3b represent non-spherical cylindrical
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having the radiating surface 3b as a cylindrical portion 53 in
the YZ plane, as shown in Figs.17a and 17b. In this case, the
beam shaping element 3 has a multiplication factor of
approximately 1.7, a refractive index of approximately 1.86,
a separation between the radiating surface 3b and the incident
surface 3a of approximately 2 mm, a radius of curvature of
the incident surface 3a of approximately 2 mm, a radius of
curvature of the radiating surface 3b of approximately 6.07
mm and a thickness ¢ of approximately 3 mm. At this time,
the separation S between an object H and an image point I in
Fig.17b is approximately 1.3857 mm.

On the other hand, an offset component a caused by the
aberration in case the beam shaping element 3 is regarded as
a plan-parallel plate is 3x(1-1/1.86) = 1.3857mm, as found
from the equation (1). Thus, with the present beam shaping
element 3, the separation S between the object point H and
the image point I is of the same value as the offset
component a caused by the aberration proper to the plan-
parallel plate. Therefore, the present beam shaping element 3
satisfies the above equation (1) not only in the YZ plane but
also in the XZ plane.

It is noted that, with the beam shaping element 3, the

separation between the center of curvature of the incident

)T
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surface 3a and that of the radiating surface 3b in the YZ
plane is approximately 1.98 mm which is of the order of 66%
of the thickness ¢.

The light beam having traversed the beam shaping
element 3 and the collimator lens 5 has the wavefront
aberration of approximately 0.11 A and thus undergoes
spherical aberration. If the beam shaping element 3 is of a
non-spherical shape, without changing the curvature of the
radiating surface 3b, the beam shaping element 3 has the
wavefront aberration of approximately 0.03A thus enabling
reduction in the spherical aberration.

The beam shaping element 3 can be designed by setting
four of six conditions, namely the multiplication factor,
refractive index, separation between the object point and the
incident surface 3a, radius of curvature of the i1ncident
surface 3a, radius of curvature of the radiating surface 3b and
the thickness ¢, as described above. With this beam shaping
element 3, the aberration proper to the traversing light beam
can be set to pre-set value by having at least one of the
incident surface 3a and the radiating surface 3b formed as a
non-spherical surface.

An embodiment in which both the incident surface 3a and
the radiating surface 3b of the beam shaping element 3

represent spherically-shaped cylindrical lenses in the YZ

plane, as shown in Fig.18, is hereinafter explained.
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If the beam shaping element 3 is a cylindrical lens,
having its both surfaces spherically-shaped in the YZ plane,
as shown in Figs.18a, 18b, the multiplication factor,
refractive index, separation between the object point (light-
emitting point) H and the incident surface 3a, radius of
curvature of the incident surface 3a, radius of curvature of
the radiating surface 3b and the thickness ¢, are
approximately 1.7, approximately 1.86, approximately 2 mm,
approximately 0.6 mm, approximately 1.78 mm and
approximately 2 mm, respectively. In this case, the separation
S between the object point H and the image point I in Fig.18b
is approximately 0.5543 mm. On the other hand, the offset
component a due to the aberration proper to a plan-parallel
plate when the beam shaping element 3 in Fig.18a is regarded
as being a plan-parallel plate in the XZ plane is of the order
of 3X(1-1/1.86) = 0.5543 mm, as found from the equation (1).
Therefore, with this beam shaping element 3, the separation
S between the object point H and the image point I is equal
in magnitude to the offset component a ascribable to
aberration. Therefore, this beam shaping element 3 satisfies
the above equation (1) both in the YZ plane and in the XZ
plane.
It is noted that, with this beam shaping element 3, the

separation between the center of curvature of the incident

surface 3a and that of the radiating surface 3b is
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approximately 0.02 mm which is of the order of 1.7% of the
thickness ¢.

The light beam having traversed the beam shaping
element 3 and the collimator lens 5 is of the wavefront
aberration of approximately 0.002 A which is of a magnitude
smaller than the light beam having traversed the beam shaping
element 3 of the first embodiment.

The beam shaping element 3 can be designed so as to
have the aberration smaller than that of the above-described
embodiment of the beam shaping element 3 by setting three of
six conditions, namely the multiplication factor, refractive
index, separation between the object point and the incident
surface 3a, radius of curvature of the incident surface 3a,
radius of curvature of the radiating surface 3b and the
thickness ¢, as described above.

Although the beam shaping element in the optical pickup
device 1 of the present invention is arranged upstream of the
beam splitter 4 as described above, it may, of course, be
arranged in the divergent optical path wupstream of the
collimator lens 5.

In the above-described embodiment, the optical pickup
device 1 has the beam shaping element 3 and the collimator
lens 5. However, the optical pickup device may also not be
provided with the collimator lens 5.

Although the above-described optical pickup device 1 is
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of the type of directing the light beam having traversed the
collimator lens 5 to the objective lens 7, with the aperture
diameter of the light beam having traversed the collimator
lens 5 as the opening pupil diameter, the aperture determining
the opening pupil of the light beam having traversed the
collimator lens 5 may, of course, be arranged upstream of the
objective lens 7.

Although the above-described optical pickup device 1 is
of the type of converging the light beam on the signal
recording surface 6a of the optical disc 6, the present
invention may, of course, be applied to an optical pickup
device adapted for recording/reproducing signals by
converging the light beam on a tape-shaped or card-shaped
recording medium.

Industrial Applicability

With the optical pickup device according to the present
invention, as described above, the incident light beam can be
shaped since the beam shaping element for shaping the light
beam is arranged on the divergent optical path of the light
beam. Therefore, with the present optical pickup device, the
beam spot converged on the signal recording surface of the
recording medium is not elliptically-shaped but is of the
substantially true circular shape for recording/reproducing
information signals to high density. In addition, with the

present optical pickup device, the optical path length can be
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shortened to reduce the size of the device since the beam can
be shaped solely on arranging the beam shaping element on

the divergent optical path,.



10RR-. / 0=@-uV7 1 10!yz#109%& ()- THL0%& ()- 109%& ()-$10% ()- 10" 10"
10" "1 9$#10% & ()-5b@1 10'!}3Y 109MAhA& ()- (MLOY ()- 109%& () - $&LOYE () -

10 10 1010%&' ()- 5C }*?b@1 10!3Y 10%& ()- 16 MAY 2002
32
Claims
1. An optical pickup device comprising:

a semiconductor laser element;

an objective lens for converging a light beam radiated
from said semiconductor laser element; and

beam shaping means arranged in a divergent optical path
of a light beam radiated from said semiconductor laser

element,

wherein

said beam shaping means includes an incident surface, an
radiating surface and a hologram pattern provided on at least
one of the incident surface and the outgoing surface.

2. The optical pickup device as recited in claim 1 wherein
said hologram pattern has a pattern of extending substantially
parallel to the long axis direction of the light beam radiated
from said semiconductor laser element.

3. The optical pickup device as recited in claim 2 wherein
said hologram pattern is blazed for maximizing the diffraction
efficiency of the first-order light.

4, The optical pickup device as recited in claim 1 wherein
said beam shaping means is a flat-plate-shaped optical
element the incident surface and the radiating surface of
which are both provided with hologram patterns.

5. The optical pickup device as recited in claim 1 wherein

said beam shaping means is a flat-plate-shaped optical
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element the incident surface or the radiating surface of which
is provided with the hologram pattern and the radiating
surface or the incident surface of which is provided with a
cylindrical lens unit.
6. The optical pickup device as recited in claim 3 wherein
said optical element satisfies

s =t(l-1/n)
where ¢, n are a thickness and a refractive index of the
optical element, respectively, and s is a separation between
an objet point and an imaée point.
7. The optical pickup device as recited in claim 1 wherein
said beam shaping means includes a flat-plate-shaped first
optical element having said hologram pattern on its incident

surface and a second optical element having a cylindrical lens

unit on its radiating surface.
8. An optical pickup device comprising:
a semiconductor laser element;

an objective lens for converging a light beam radiated from said

semiconductor laser element; and
beam shaping means arranged in a divergent optical path of a light beam
radiated from said semiconductor laser element,

wherein

said beam shaping means includes an optical element the
incident surface and the radiating surface of which are formed
as non-spherical surfaces and wherein said optical element

satisfies
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s =t(1l-1/n)
where ¢, n are a thickness and a refractive index of the
optical element, respectively, and s is a separation between
an objet point and an image point.

9. An optical pickup device comprising:
a semiconductor laser element;
an objective lens for converging a light beam radiated from said

semiconductor laser element; and

beam shaping means arranged in a divergent optical path of a light beam

radiated from said semiconductor laser element, wherein

said beam shaping means includes an optical element the
incident surface and the radiating surface of which are formed
as spherical surfaces having a coincident center of curvature
and wherein said optical element satisfies

s = t(1-1/n)
where ¢, n are a thickness and a refractive index of the
optical element, respectively, and s is a separation between
an objet point and an image point.
10. An optical pickup device comprising:

a semiconductor laser element;

an objective lens for converging a light beam radiated from said
semiconductor laser element; and

beam shaping means arranged in a divergent optical path of a light beam

radiated from said semiconductor laser element, wherein
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said beam shaping means includes an optical element the
incident surface and the radiating surface of which are formed
as spherical surfaces and wherein said optical element
satisfies

s = t(1-1/n)
where 7, n are a thickness and a refractive index of the
optical element, respectively, and s is a separation between
an objet point and an image point, the distance between the
centers of curvature of the incident and radiating surfaces
being not larger than 3% of ;he thickness of the optical
element. '
11. An optical pickup device comprising:

a semiconductor laser element;

a collimator lens for collimating a light beam radiated
from said semiconductor laser element;

an objective lens for converging the collimated light
from said collimator lens; and

beam shaping means arranged on a divergent optical path
of a light beam radiated from said semiconductor laser
element on a light path between said semiconductor laser
element and the collimator lens.
12. The optical pickup device as recited in claim 11 further
comprising:

a beam splitter arranged between said beam shaping
means and said collimator lens for separating a light beam
radiated from the semiconductor laser element from an

incident light beam via said objective lens.
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radiating surface and a hologram pattern provided on at least
one of the incident surface and the radiating surface.

14. The optical pickup device as recited in claim 13 wherein

said hologram pattern is blazed for maximizing the diffraction

efficiency of the first-order light.

15, The optical pickup device as recited in claim 13 wherein
said beam shaping means is a flat-plate-shaped optical
element the incident surface and the radiating surface of
which are both provided with hologram patterns.

16 . The optical pickup device as recited in claim 13 wherein
said beam shaping means is a flat-plate-shaped optical
element the incident surface or the radiating surface of which
is provided with the hologram pattern and the radiating
surface or the incident surface of which is provided with a
cylindrical lens unit.
17, The optical pickup device as recited in claim 15 wherein
said optical element satisfies

s = t(1-1/n)
where ¢, n are a thickness and a refractive index of the
optical element, respectively, and s is a separation between
an objet point and an image point.
18, The optical pickup device as recited 'rn-claim 13 wherein
said beam shaping means includes a flat-plate-shaped first
optical element having on its incident surface said hologram
pattern and a second optical element having a cylindrical lens

unit on its radiating surface.
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The optical pickup device as recited in claim 11 wherein

said beam shaping means includes an optical element the
incident surface and the radiating surface of which are formed

as non-spherical surfaces and wherein said optical element

satisfies

s =t(1-1/n)
where ¢, n are a thickness and a refractive index of the
optical element, respectively, and s is a separation between
an objet point and an image point.
20 . The optical pickup device as recited in claim 11. wherein
said beam shaping means includes an optical element the
incident surface and the radiating surface of which are formed
as spherical surfaces having a coincident center of curvature
and wherein said optical element satisfies

s = t(1-1/n)
where ¢, n are a thickness and a refractive index of the
optical element, respectively, and s is a separation between
an objet point and an image point.
21. The optical pickup device as recited in claim 11 wherein
said beam shaping means includes an optical element the
incident surface and the radiating surface of which are formed

as spherical surfaces and wherein said optical element

satisfies

s =t(l-1/n)
where ¢, n are a thickness and a refractive index of the
optical element, respectively, and s is a separation between
an objet point and an image point, the distance between the
centers of curvature of the incident and radiating surfaces

being not larger than 3% of the thickness of the optical

element.



