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DESCRI PTI‘ON " OPTICAL PI CKUP DEVI CE USI NG HOLOGRAM PATTERN AND

HOLOGRAM PATTERN GENERATI NG METHOD 5 BACKGROUND OF THE | NVENTI % -
Field of the | WoSH3%8h The present invention rel at BSTHETRS
optical pickup device for reading data from and witing data into, a
recordi ng nmedi um such as an optical disk and a card, and" 10 nore
particularly to a nulti-beamoptical pickup device capabl e of form ng
i ght spots on a plurality of tracks BESCRIPTION recordi ng nediumat the
sanme tiire. 2. Description of the Related Art In one of the
met hods of readPPPICAL (RIEKYRNBEVIGE: USING HOLOGRAM: FATFEANOMNR, plurality of
tracks of a recordin such as _an optical disk, light is

medi um
emtted from anEOBPFRAY PATTERN GENERATING: METEMR focussed upon respective

tracks of the recording nmedium and light reflected fromthe tracks
S detected with respective photodetectors. Met hods of 20

form ng a plgur aghéxerduno @ft TaBChFrderIonl ustrated in Figs.
1. Field of the Invention
The present invention relates to an optical pickup
device for reading data from, and writing data into, a
recording medium such as an optical disk and a card, and
10 more particularly to a multi-beam optical pickup device
| capable of forming light spots on a plurality of tracks of
a recording medium at the same time.
2. Description of the Related Art
In one of the methods of reading at the same time data
15 recorded on a plurality of tracks of a recording medium
such as an optical disk, light is emitted from an optical
pickup device and focussed upon respective tracks of the
recording mediﬁm, and light reflected from the tracks is
detected with respective photodetectors. Methods of
20 forming a plurality of light spots as illustrated in F:!.g_.e_.__.
7 and 8 are known. Basics of these methods will be
described with reference to Figs. 7 and B in which elements
similar to those of the embodiments to be déscribed later
are represented by using identical reference numerals.

25 With the method illustrated in Fig. 7, a semiconductor



7 and 8 are known. Basi cs of these nethods will be descri bed wth

reference to Figs. 7 and 8 in which elenents simlar to those of the
enbodi ments to be described | ater are represented by (L;L?/l#}gjo&gpntical
reference nuweosda2994 25 Wth the nethod illustrated in Fig. 7, a

sem conduct or 1 | aser

array 60 having sem conductor |asers sanme in nunber as the nunber of
necessary light spots is used to emt light fromlight sources 61la,

61b, 61c, and Gé.%s%';: Eg'?ay 60 h*?‘ﬁ 3CgeQES$,9¢{uc 3% 13 WtesPa“%Fg%lns L’g'gg

illustrated in Fi | SRS gt 3r

Light emtted a¢ _tﬂé%&e&ea&f Imsshkyhhaﬂws oé&i raeé ks dagd to

di stinguish from"imgi nary" |aser |ight sources 12a, b, and 12c to
be | ater descri ddghtoffriohke 19giitC GodneESr 6185€61b, 61c,10ands 6idi dedthy a
diffraction grating 64 into a plurality 10 of light fluxes which serve as
those enitted freemichadiucton lasers.sdiktheshginetiend ildestragefl dndFég-t he

sem conduct or | aser arr sho in Fig. 7.
' 5 8, a single s (’icon uctor laser 1(9 is used. Light emitted

from a real laser light socurce 11 ("real" is used to
distinguish from "imaginary" laser light sources 12a, 12b,
and 12c to be later described) of the semiconductor laser
10 is divided by a diffraction grating 64 into a plurality
10 of light fluxes which serve as those emitted from the light
sources 6la, 61lb, 6lc, and 61d of the semiconductor laser
array 60 shown in Fig. 7.
The method illustrated in ¥Fig. 7 using' the
semiconductor array 60 is, however, associated with the
15 following problems: (a) since a plurality of semiconductor
lasers are assembled in one package or chip,- there is a
limit of reducing the size of the semiconductor 1laser
array; (b) the nuﬁber of connection terminals increases;
{c) it is difficult to make the array compact because a
20 surface area thereof is required to be as large as it
allows heat dissipatic.;n; and (d) manufacture yield and cost
are bad because it is necessary to use a plurality of
semiconductor lésers having uniform characteristics.
Although only a single semiconductor laser can be used

25 with the diffraction grating 64 and manufacture cost can be



The nethod il
60 i s, however,

| ustrated in Fig. 7 wusing the sem conductor array

associated with the 15 follow ng problens: (a) since a

plurality of ' uct or | asers are assenbled in one r
, SHs5iaB8d RAHA | oce

chip, there is
array; (b) the
difficult to nma
‘required to be

manuf act ure yi elldwenedcott is necessapydtbemounte the iddfivsetion gnatinge a

plurality of
Al t hough only a

limt of reducing the size of the sem

nunber of connection term nals increases; (c) it is
ke the array conpact because a 20 surface area thereof

as large as it al l ows heat dissipation; and (d)

sem conductor |asers having uniformcharacteristics.
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64 at the posit
order to nmake c
shown in Fig 9
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onpact the optic plI ckup devi
theSediFrfucitdor laser the diffraction grating is mounted,

the larger the angle 6 between the light beam incident upon
the diffraction grating 64 from the real laser light source
11 and the diffraction light beam emitted from the
diffraction grating 64 (81 > 02). Therefore, astigmatism
and coma of a light spot become large, which make the
diameters of light spots 25a, 25b, and 25c¢ larger and

increase jitters in a reproduced signal.

SUMMARY OF .‘I'HE iNVENTION
| It is an object of the present invention to solve the
above-described problems associated with a conventional
optical pickup device of the type that a plurality of light
spots are formed by utilizing diffraction of light emitted
from a single real laser light source.
An optical pickup device of this invention comprises:
(a) a single real laser light source; (b) a hologram member
for diffracting light emitted from the real laser light
source to form at least one imagihary lasexr light source;
and {(c) a light spot forming optical element for receiving

light from the hologram member and forming a plurality of

3

inthis case, as

'S



5 the sem conductor |aser the diffraction grating is nounted, . the

| arger the angle [err] between the |ight beamincident upon t he
diffraction grating 64 fromthe real laser |ight source 11 and the
diffracti on W@P42Mdam enitted fromthe diffracti on FACFHPE (81 >
[err]2). Therefore, astigmatism 10 and coma of a |ight spot becone | arge,
whi ch nake the di aneters of |ight spots 25a, 25b, and 25c | arger and
increase jitters in a reproduced signal. SUMVARY OF THE | NVENTI ON
15 |t | Bight obped oh ttracksesdntai eeeotding tmediime tIm the
above-descri bed probl ens associated with a conventi onal Btical

pi ckup devi ce eptided tniﬁém?héﬁvécw urelegmamy patitgrps of th?p&?% GFF f or med

b I diff f f I
Yoht sour ce. meRpet =S Ugresmifie |=?) DT UHESraEs 5P FRRL 1 GEbE el 2
R il ?3%%’?%%5‘1‘ 87, = Mg ook SN Eauscy geéﬁ%?g%?m

source t0 §Or Ny PdmdrRaStidNgn i %ﬁiaaxyphaﬁeﬁfrbmgmeswae laser 1lighkit(c) a
| ight spot formng optical elenent for receiving 25 light fromthe

hol ogr am nenbegowrek ftar thagrecodding medioh.

3 The light spot forming optical element includes not
only an optical element such as a lens having different
thicknesses at the central and peripheral areas but also an

10 optical element such as a Fresnel body of a plate type
having a uniform thickness. The recording medium includes
an optical disk as well as a card capable of data
read/write. The aberration includes astigmatism and coma.

Tracks of a recording medium on which a plurality of

15 light spots are formed may be discrete tracks or one
continuous track. Namely, the track of the recording
medium may be constituted of a plurality of concentrical’
tracks or it may be a spiral one track.

The aberration caused by the optical elements in an

20 optical path from the real laser light source to the
recording medium may be the aberration caused by all or
some of the optical elements. The hologram pattern of the
hologram member is determined so that diffraction light is

given an inverse aberration of an aberration to be caused

25 by optical elements in an optical path from the real laser



| ight spots on tracks of a recording medi um In the optical pickup
devi ce, hol ogram patterns of the hol ogram nmenber are determ ned so

that di ffractt@r}g)‘dggbt is given an i nverse aberration ogaﬂpgﬁda&r]rat i on
the

to be caused by optical 5 elenents in an optical path from real | aser
| i ght source to the recordi ng nedi um The |ight spot formng
optical elenent includes not only an optical elenent such as a | ens
havi ng different t hi cknesses at the central and peripheral areas but

also an 10 opthebd seyecR e therererdipgoandiumyFher halgram PayHeEn
havi ng a uni forirg tHggkansThgeé_g%gﬁréah 9 @%%%gggﬁ%laﬁé‘?paﬁé' cal

disk as well as™a card Capabl e”0 on

i ncl udes asti gnier$@t288 €0'Be caused by thHd Yptical @1LERERES BatTREEREN ON
which a plurality of 15 |ight spots are formed nmay be discrete tracks or

one cont iisu@usaseavhere thardiyhtt lspotr saktalhlé Neoxr alxtadiregd has
medi um may be constituted of a plurality of concentrical tracks or it
may be a s r alsogwe abexgRtion. In thise caisesr dheohodggray bgttemm ob%i cal

el enments in an _ 2Q oBticaI Bath fromthe real |aser |ight sourcg to the
designe so that a predetermined amount™ of intrinsic

aberration is positively left without completely cancelling

out, or a predetermined amount of aberration hawving an

inverse sign of the intrinsic aberration is intentionally

10 formed. Obviously, the effect of reducing an aberration of

a light spot on a recording medium is greater for the

hologram pattern of the hologram member which gives the

diffraction light the inverse aberration to be caused by

all the optical elements in the optical path from the real

15 laser light source to the recording medium, than the

hologram pattern which gives the inverse aberration to be
caused by some of the opticai elements.

The holegram pattern may be an amplitude hologram

pattern with bright and dark interference £ringes or a

20 phase hologram pattern with binary (stepped cross section)

or blazed (sawtooth cross section) grooves. The hologram

member generates at least one imaginary laser light source.

All of a plurality of imaginary laser light sources may be

generated on one side or both sides of the reél laser light

25 source. Although the light spot formed on a track of a



recordi ng medi um may be the aberration caused by all or sone of the

optical elenents. The hol ogram pattern of the hol ogram nenber is
determ ned so that diffraction light is gi ven an i nvers /f@%olrsﬁt i on
of an aberrat i WR%$e caused 25 by optical elenments in an (glb ical path
fromthe real |aser 4

| i ght source to the recordi ng nedium The hol ogram pattern I S not

al ways required to conpletely cancel out the aberration to be caused

by the optical efenmadisg befditvheis generally asedsf&owhzeading 43Emions fot

suitable for data read has 5 _ sone aberration. In this }fa%e tégefor
hol ogr am pat t er rtask by detecfing xeflested Jight:odbi May hfo et

intrinsic aberratiqgn_is positively left without conpletely cancelling
out, or-a predet® 8198 Bunt of aberration having an i nverse sign of

the intrinsic aberratghan jSrt{¢ 6N %grgé ldaustd by fHdBEticdh \dleushys ime

ef fect of reducing an aberration o a light spot on a recording;

medi umis great ein feptiddl path IFrlongrme peallelaset Lhghhokograsn tremt
whi ch gives the diffraction light the inverse aberration to be caused

by recording medium is partially or completely cancelled out

by the hologram pattern of the hologram member (although

complete cancellation is preferable, partial cancellation

is also applicable in practice). It is therefore possible

10 ¢o0 form a light spot on a track of a recording medium,

lwhich iight source has reduced aberration or no aberration.

A c_;olumn direction of hologram patterns of the

hologram member of the optical pickup device of this

invention is preferably aligned with the longer axis

15 direction of the far field pattern of the real laser light

source. The far field éattern is ellipsoidal and indicates

a cross sectional intensity distribution of light fluxes at

a position spaced apart by about 10 to 20 am from a

semiconductor laser emission point. A light spread angle

20 is larger in the longer axis direction than in the shorter

axis direction so that a light output having a more uniform

intensity can be obtained in the longer axis direction than

in the shorter axis direction. With the column direction

of the hologram patterns aligned with the 1longer axis

25 direction of the far field pattern, light can be applied at



all the ,optical elenents in the optical path fromthe real 15 |Ilaser |ight
source to the recording nedium than the hol ogram pattern which gives

the inverse aljgydoabdopn t o be caused by sone of the optpedlrsobsaENt S.
The hol ogram pattern nay be an anplitude hologram = pattern with bright
and dark interference fringes or a 20 phase hologrampattern with binary
(stepped cross section) or bl azed (sawt oot h cross section) grooves.

The hol ogramAlii s¥RY p{u?'gf]!ﬁ{ﬁttgs il et%st e1 %olrga |na tjtgégr |gﬁg

sour ce.. I nagi nary 1 aser Sources nay- be

generated on 0”&1&&!{3 end BPtaxéhQQSQQthﬁEnb%%aémhaﬁﬁﬁthE' Sbher %’éloﬁﬂﬂrce
Al t hough the light spot fornmed on a track

5 pattanisli ngtnﬂdwhﬁreSozgerrm’s&bey.euw&ofrw imagihaxy dlaseron a
track by detecting reflected light, it nay be used for writing data.
The aberration lbght sewmess havimg eptsimilay dedensity te thah oft thal path

fromthe real |aser |ight source to the
5 real laser light source, and to lower a difference between

intensities of light applied to the hologram patterns.
Since a plurality of light spots having a small intensity
difference can be applied to an optical disk, it is
possible to suppress a variation in data signals read from
10 the optical disk and photoelectrically converted. The
quality of a data signal can therefore be prevented from
being degraded. Since the hologram member is disposed, in
a state capable of receiving light of a2 uniform intensity,
at a position relatively remote from the real laser light
15 source, the angle & described with reference to Fig. 9 can
be made small so that astigmatism and coma of a 1light spot
can be reduced.
The hologram member of the optical pickup device of
‘this invention may be a phase hologram member. The
20 hologram pattern for diffraction light corresponding to
each imaginary laser light source is determined so that an
amount of diffraction light not forming a light spot is
reduced and the reduced light amount is used as light spot
forming diffraction light.
25 The diffraction light not forming a light spot has a



recording mediumis partially or conpletely cancelled out by the

"hol ogram pattern of the hol ogram nenber (although conplete - -
cancellation is preferable, partial cancellation is also applicable in
practice). |t WeS4@¥tefore possible 10 to forma |ight splFTVBRYWS ack of
a recordi ng nedi um whi ch I'ight source has reduced aberration or no
aberration. A colum direction of hologram patterns of the

hol ogram nenber of the optical pickup device of this i nvention is
preferably ali gfwthepit hoggumsiltenger €hd Slidit shdecionminyf diEedartibinel d
pattern of the real laser |ight source. The far field patternis

el li psoi dal andtighfi.cat@f the diffractdonsddghdnathe nlight tpratiagatibgti on of

light fluxes at a poiition stpaced,agart by about 10 to 20 cmfroma
seni conduct or | 4T thes 1ighth At IRTMinY oR delfgeat bgromes theger jn
ilcinh o that

3

the | onger axi i}%ﬂ@%&,&”f&ﬁﬁ}}# P%%ﬁq@aﬂﬁrnt Tight, he¥Shs géréégﬁt

a |'ight output I'ng~a nore u . ensi‘iy can . art in the
| onger axi sgdi rmgdyat&h?n outsidel b# NensShLRE %Fb% dorthbObptiehl the
o]

colum direction t he hol ogram patterns aligned wth the | onger

axis 25 direcdlenentf bebomésartie diffpactiom,lighghhotafodifirippl ilddhat

° spot. The phase hologram member can reduce the amount of
light propagating in a specific direction and direct the
reduced amount of light in a differemt direction.

10 Therefore, a light spot having a high light intensity can
be formed by reducing an amount of diffraction light not

- forming a light spot and using the reduced light amount as
the light spot forming diffraction light.
In +the optical pickup device of this invention, a

15 light spot on a recording medium formed by non-diffraction
light from the real laser light source is used for servo
operations. fﬁe hologram member has a hologram pattern
which provides a uniform light intensity of the serve light
spot in a whole light spot area.

20 The servo operations are typically a tracking servo
and include other operations such as a focus servo. -
light spot on a recording medium formed by nonrdiffraction
light from the real laser light source is used not only for

dedicated sexrvo operations but also for a combination with

25 data read and the like, the latter being commonly used.



a simlak intensity both to the hol ogram pattern at the di stal end of

t he hol ogram nenber and to the ot her hol ogram patterns. It is
therefore possiybbgsbey formimagi nary | aser light sour ceghayddaés; a
simlar intensity to that of the 5 real laser |ight source, And 0 ﬂomer a
di fference between intensities of light applied to the hol ogram
patterns. Since a plurality of light spots having a small intensity
di fference can be applied to optical ,disk, /it _is possible to
suppress a vari ati on'BT‘?] T g?%‘hﬁﬁ?#eﬁﬂ Zegriredto haye pgmall afglkt and

hot oel ect ri cal L W t |
phot oel ect | cal e CORIES (Giinge L0 whon L) oOke Bl HUORL OB

therefore be preventedfrom ng degra
i s disposed, inilike. amswabersapahlighel speeConi A0 ddcabliing Redink OR4R

intensity, at a position relatively renote fromtihée real laser |ight
15 source, thegemstallwera Llighscinbenisify Ihighf atethe d¢entdal spotasarea be
made snmall so that astignmati smand coma of a |ight spot can be

reduced. 5 and low aorbgrasrirharal spotheremt i Surhp? ddghtdepptelnf
this invention na The 20. hol ggram pattern

b hase, hol
for diffraction®® gﬁff%‘%?ﬁvgeiﬁfo%ﬁiﬁ%r?%?r% Pirgé‘acﬁ_?Pﬁagi hieht| fxem Pp“ght
source is deterpgLipoy S0t NG source ¥ERHELpdHaidlyl o?theCBetd 1 SRS

formng a light spot Is
source passes through the hologram member without

diffraction. If this light is passed through a hologram

10 pattern which reduces the light intensity at the central
spot area and provides a uniform light intensity of the
light spot on a recording medium in a whole spot area, then

a light spot suitable for servo operations can be formed.

An optical pickup device of this invention comprises:

15 (a) a single real laser light source; and (b) a light spot
forming optical element for receiving light from the real
laser light soﬁrce via a hologram member and forming a
servo light spot on a recording medium. The hologram
member has a hologram pattern which provides a uniform

20 intensity of the servo light spot in a whole servo light

spot area.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagram showing the configuration of an
25 optical pickup device.



reduced and the reduced Iight amount is used as |ight spot form ng

diffraction light. 25 The diffraction light not formng a 1ight “spot
has a 7 concept opposite
to the light sW8P"#8Ping diffraction i ght. of the difET/IRo2AAS2
light, the |ight propagating toward the light spot form ng optical

el emrent becones the | ight spot formng diffraction |ight, whereas of

the |ight 5 propagating outside of the light spot form ng optical

el ement becones the d@ipiracisoan!| enyhirged vidiiTishowangi §hportion &HOthe The
phase hol ogram nenber can reduce the anmount of | i ght propagating in a
speci fic directiertigad piekun devdce shown dduFdd. hnfromt a skmibopddctom a
di f f.erent dire%Fion. 10 Therefore,_a light spot having a high Iight
intensity can T2585ctPof RALGEFaPBA8MIR: an amount of diffraction |ight not

.o ot PoLFHRE ¥ e BEnbSbE od il RGPS, opepb B 0",
this inventi®n, rblogram pattern. '

Fig. 4 4is a diagram illustrating a method of
determining each diffraction hologram pattern using optical
elements.

Fig. 5 is a diagram illustrating a method of forming

10 a plurality of light sources having characteristics
coincident with the real light source, by using a pin hole
member in place of half-mirrors shown in Fig. 4.

Figs. 6A to 6C are graphs and a diagram illustrating
a method of improving tracking servo light spots.

15 Fig. 7 is a diagram showing the configuration of a
conventional optical pickup device which forms a plurality
of light spots by using a semiconductor laser array.

Fig. 8 is a diagram showing the configuration of a
conventional optical pickup device which forms a plurality

20 of light spots by using a single semiconductor laser.

Fig. 9 is diagram showing an angle 6 between the light
beam incident upon a diffraction grating from a real light
source and the diffraction light beam emitted from the
diffraction gratiﬁg disposed at a position spéced by some

25 distance from a semiconductor laser of the optical pickup

10



15 | i ght spot on a recording nmedium fornmed by non-diffraction | i ght
fromthe real |aser |ight source is used for servo operations. The
hol ogr am nenbeswovasaz984 hol ogram pattern whi ch provi des gcayyeésmoss:! | ght
intensity of the serve |ight spot in a whole light spot area. 20
The servo operations are typically a tracking servo and incl ude ot her
operations such as a focus servo. A | i ght spot on a recording nedi um
formed by non-di ti j ghtg fromthe real | aser light source is
used not only foéé‘;iac(é sg‘ggf'c%?e%ig‘erav'o operations but also for a
conmbination wwth 25 data read and the like, the latter being comonly

used. 8 The serve
i ght spot is raREATIED! DESCREPEIGNT@F THEJPREFERRED i EMBODIMENTS hange even
when it has a tracking shift or the i ke. However, a light spot on a

recor di ng medi um has Embodimgnt®reof| ghe ifnyeation onisil \behidgsanribefe widht r al
spot area 5 and | ow at the l5)erir£)heral E‘Bm area. Such a |ight spot is
not effectiv® fdreharenss ¥8 Frgf , ghirsvings he real |aser

light source correspgiding 4@ %h%i%%!}:m Lshgalng the configuration of an

optical pickup device 20, and Fig. 2 is an enlarged view of
a portion of the optical pickup device 20 shown in Fig. 1
from a semiconductor laser 10 to a hologram module 13. The
10 optical pickup device 20 has an optical path in a range
from the semiconductor laser 10 to an objective lens 19.
The semiconductor laser 10 has a single laser chip. Light
from a single real laser light source 11 ("real" is used to
distinguish from "imaginary" laser light sources 1Za, 12b,
15 and 1l2c) of the semiconductor laser 10 is radiated toward
a hologram module 13. The holdgram module 13 has one non-
diffraction hologram pattern 14 and <three diffraction
hologram patterns l5a, 15b, and 15c. Light from the real
laser light source 1l transmits through the non-diffraction
20 hologram pattern 14 without diffraction, and light from the
real laser light source 1l is diffracted by the diffraction
hologram patterns 15a, 15b, and 15c and advances toward a
collimator lens 18. A diffraction light flux from each
diffraction hologram patterm 15a, 15b, 15c is coincident

25 with a light flux radiated from a corresponding one of the

11



source passes through the hol ogram member without diffraction. If
this light is passed through a hologram 10 pattern which reduces the’

| i ght intensiy, he central spot area and provides m | i ght
i ntensity of t%”%”& i ght spot on a recording mediumin P&M@%’pot

area, then a Ilght spot suitable for servo operations can be forned.
An optical pickup device of this invention conprises: 15 (a) a single
real laser light squrce;_and (b) a |ight spot form ng optical el enent

for receiving ITIRAFRErELaser rlé'z%ht sourcegchkia 1ghy WY 2 & SOHFbgr am
renber and O R son or 5 Vih AL SRYnRRR AR LR AN
L R LRSS e 014 o peron SECRET
configuration Qforﬂ-ﬂlftiacﬂmn @id giffraction Glogram patterns 14, 15a,
2 5 15b, and 15c. The real and imaginary laser light sources
11, 12a, 12b are disposed at an equal interval. In Fig. 1
although the non-diffraction and diffraction hologram
patterns 14, 15a, 15b, and 15c are disposed on the hologram
module 13 on the side of the semiconductor laser 10, they
10 may be disposed on the hologram module on the opposite side
of the semiconductor laser 10. Also in Fig. 1, although
the non-diffraction and diffraction hologram patterns 14,
15a, 15b, and 15¢c are disposed separately in the column
direction, they'may be disposed partially overlapped in the
15 column direction. Light emitted from the hologram module
13 passes through the collimator lens 18 to be transformed
into parallel 1light fluxes which advance toward. the
objective lens 19. Light output from the objective lens 19
forms light spots 24, 25a, 25b, and 25c on respective
20 tracks of an optical disk 23, as images of the real and
imaginary iaser light sources 11, 12a, 12b, and 12c¢. The
tracks formed with the light spots 24, 25a, 25b, and 25c
are sequentially positioned in a radial direction of the

optical disk 23. Each reflected light spot of the light
25 spots 24, 25a, 25b, and 25c propagates -through the

12



Fig. 2 is an enlarged view showi ng a portion of the optical pickup
device shown in Fig. 1 froma sem conduct or | aser to a hol ogram

nodul e. wooog2edai 0. 3 i s a schematic di agram show ng a ghifphdigekiion 5
hol ogram pattern. Fig. 4 is a diagram illustrating a

met hod of determ ni ng each diffraction hol ogram pattern using

opti cal el enent s. Fig. 5 is adiagramillustratinga

met hod of form a | u | sour, havin

characteristi cggge"%gv%of'ﬁ% aﬂ\ﬁ{tﬁ { :'1°F‘§ht:l sd‘d‘rcaé é’bge%%%"ng a pin
hol e menebokied! 36 e NoldonThng' Qf hsth% | foddiftks 4via a beam

Figs. 6A to 6C are graphs and a diagramill ustrating a net hod of

i nprovi_ng traclgsplgtserVvenbtghomfipt o alphotodetEttor 7 (h6ta shiokgd arBeshow ng
the configuration of a conventional optical pickup device which forns
a plurality  thereby|¥egd dafet onbgackitrack.seni conduct or laser array.

Fig. 8 is a diagram show ng_the configuration of convent i onal

optical pi &up devi Teewfadhlpeerslighll sparee }1 38 dfcﬁPqﬁe&hF"sE‘& ¢ using
o 1oL e O o8 Wicgeron, of a1 S 450 LA Y iheR] e
a real light  coinSRHELE AW HRE H1lbhagldddtilohbE é%%aﬂbﬁﬂaifﬁdaéﬁ%@ the
and diffraction hologram patterns 14, 15a, 15b, and 15¢ of
the hologram module 13. The far field pattern of the real
10 laser light source 1l is ellipsoidal. The light intensity
of the far field pattern maintaing a predetermined value or
higher in a longer span along the longer axis direction of
the ellipsoid. Therefore, with the longer axis direction
set as described above, the 1light intensity of the
15 imaginary laser light sources 12a, 12b, and 12c can be made
uniform along the 1longer axis direction. The non-
diffraction and diffraction hologram patterns 14, 15a, 15b,
and 15c may be an amplitude hologram pattern with bright
and dark interference fringes or a phase hologram pattern

20 with binary or blazed grooves formed on glass or the like.

Light from the real laser light source 11 receives
astigmatism and coma because of diffraction at the hologram
module 13 and deflection at the 'collimator lens 18 and

25 objective lens 19 so that the qualities of the optical

13



diffraction grating disposed at a position spaced by sone 25 distance
froma sem conductor |aser of the optical pickup

10

described with
is a diagrams

and Fig. 2 is an enlarged view of
devi ce 20 shownsPﬁtﬁlﬁg

nodul e 13. The

fromthe sem co

sen conduct or
real laser lig

THE PREFERREDW&%E

Enbodi ments of the i nv&ht WA

5 reference to the acconpanyi ng draw ngs.

how ng the configuration of an optical pickup device 20,
. portion of the optical pickup
a, 25b, angd &ﬁ%"&eﬂﬁ: ORr&ieabdisks23 axe doweredi ogr am

MY TS R N N

| 338" 158 BAS dadi NG enb@Seht d§:ﬁ!n% 1:5f0! flukes kb ”}fi‘eéé'

ht source 11 ("real™ is use di strngul s rom

"imagi nary" | aspatiteghs sats cefiviena, idvérse 1abegpdtid) of #Hhe total

sem conduct or
5

10

15

| aser 10 is radi ated toward
astigmatism and coma in the optical path from the real

laser light source 11 to the light spots 25a, 25b, and 25c.
This inverse aberration is superposed upon the intrinsic
total astigmatism and coma to thereby reduce or make zero
the aberration of the optical spots 25a, 25b, and 25c
(although zero aberration is most preferable, reduction
only may be applied practicéily) . The inverse aberration
may be an aberration of astigmatism and comma caused by
diffraction only, which is the significant factor of
aberration, instead of the inverse aberration of the total
astigmatism and coma in the optical path from the real
laser light souxrce 11 to the light spots 25a, 25b, and 25c.

In this case, the astigmatism and coma of the optical spots

' 25a, 25b, and 25c are cancelled out partially with respect

20

25

to the aberration caused by diffraction only.

Fig. 3 4is a schematic diagram of each of the
diffraction hologram patterns 15a, 15b, and 15c. A
diffraction grating pattern 65 of the diffraction grating
64 of the conventional optical pickup device shown in Fig.
8 is a pattern constituted of a plurality of parallel

straight lines, because diffraction only is considered for

14

ice shown in Fig. 8. DETAI LED DES%E%PTICN OF

| be
Fi g.

ngl e
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a hol ogram nodul e 13. The hol ogram nodul e 13 has one non-

hol ogram pattern 14 and three diffraction hol ogram patterns 15a,

and 15c. Li gh{yddsfabgelhe real | aser |ight source 11 traw&%&@%&

the non-diffraction 20 hologrampattern 14 without diffra

fromthe

hol ogram patterns 15a, 15b, and 15c and advances toward a

| ens 18.

correspondi ng
I magi nary | ase

real laser light source 11 is diffracted by the diffrac

diffraction

15b,
ough

| i ght
tion

collinator -

A diffraction,light flux fromeach di ffraction hol ogram

pattern 15a, 15fARcR3daitiopRf,tofah:abexrratjom, JIn jogmtrestyx each sfothe

11 .
Uit edackifn nologzam pafterns 199, 15, AR iS¢ Provifing

raction an

of the real anddym&nRAE FERSSELdd Qéunch%i%c%dllbeudﬁjfo&?@ancﬁaaafm

is paralle
di ffracti on holfigrctopaises matittrnlBonstituted 2% cifded STineslia peate and
I maginary |aser |ight sources 11, 12a, 12b are disposed at an equal
interval . I% FiqQf parallel sigaighigAinme.non-diffraction and diffraction

hol ogr am

10

15

20

25

to a colum direction of the non-

attern 4. 15a, 15b, and 15c are di sposed on the hol
P gietﬁo&s o% 6&e;'(:er:m:'.ni.ng a hologram ppattern’ will be

described, which pattern gives, the diffraction light
output from each of the diffraction hologram patterns 15a,
15b, and 15c¢, the inverse aberration of +the total
aberration in the optical path from the real laser light
source 11 to each of the light spots 25a, 25b, and 25¢c, in
order to remove the astigmatism and coma of each of the
light spots 25a, 25b, and 25c. With a first method, a
hologram pattern is determined by placing a photosensitive
film on the hologram module 13 and recording interference
fringes theréon by applying light from the real laser light
source 11 and light sources placed at positions of the
imaginary laser light sources, the light sources having the
same waveléngth as that of the real laser light source 11.
The hologram pattern determined by this method does not
theoretically form aberration (astigmatism and coma) of
diffraction. A second method uses computer analysis
software. Such computer analysis software is already sold
and known. For example, software "code V" of Optical

Research Associates in USA provides a formula (coefficients

15
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tion
12c
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modul e 13 on the side of the sem conductor |aser 10, they 10 may be

di sposed on the hol ogram nodul e on the opposite side - of the

sem conductor |aser 10. Also in Fig. 1, although the_non-diffraction
and di f fract "9%B8gr am patterns 14, 15a, 15b, and PSTIEPAYGt sposed
separately in the colum direction, they may be disposed partially

overl apped in the 15 colum direction. Light emtted fromthe hol ogram

nodul e

13 passes through the collimator lens 18 to be transfor

med

into parallel bfght pblynemial)i ehiclyveatculates ¢ thedogram patftexni $@r| ens
19. Li'ght output fromthe objective |ens 19 forns Iight sEots
25a, 25b, and PSe dhghtspewrgese (ipg the ahove sxamplen the) Tephilaser

i mages of the

and 12c.

The

155k fimce 14 ARGOU (17 (HB PR or LB apttes e,

are sequenti al i?gé"’?%n&"m In {ﬁgi%ﬁrﬁ%wfh ObotNGtheoretiedlif

23. Each refleC

and 25c

i
t spot o spots 24, 25a, 2

24,

as

12D,
and 25c
al di sk
5b,

B Op2eahisy dberebfion l(a8tigmatism and coma) of diffraction is 12

10

15

20

25

determined in accordance with the obtained polynomial. If
aberration of the collimator lens 18 and objective lens 19
is to be taken into consideration by using this software,
data of the collimator lens 1B and objective lens 19, such
as radius of curvature, lens .fthickne.ss, and aspherical
coefficient, is entered to simulate the optical
configuration of the optical pickup device. With this
simulation, a formula is obtained which is representative
of a hologram pattern to be formed on the hologram module
13 by light fluxes from the real laser light source 1l and
light sources having no aberration and placed at positions
of the light spots 25a, 25b, and 25c on the optical disk
23. A hologram pattern determined from this formula can
remove both aberration of the collimator lens 18 and
objective lens 19 and aberration of diffraction.

Fig. 4 is a schematic diagram illustrating a method of
determining each of the diffraction hologram patterms 15a,
15b, and 15c by using optical elements. A half-mirror 35a
is placed at an intermediate position of an optical path

from the real laser light source 11 to the non-diffraction

16



objective lens 19 and collinmator lens 18 in a direction opposite to

the incomng I'ight and reaches via a beam splitter (not shown) to a
phot odet ector»(not shovvn to t hereby read data on each track. 5

The real |ase™?P§#¥source 11 is di sposed so that the BQIHTAY/0053Y; o
direction of its far field pattern becones coi ncident wth the colum
direction of the non-diffraction and diffraction hol ogram patterns 14,
15a, 15b, and 15c of t he hol ogram nodul e 13. The far field pattern of
the real 10 |shygdangipatterncekq |lte spartiallei daklect hEidhiydounsaedsity
of the far field pattern maintains a predeterm ned val ue or hi gher in

a | onger span nigzorsnglb. a¥¥e. di + anel @dsof placed tafe interpedigte

Ther ef or e, W|ththe Ionger axis direction et as, _descri bove, the

light intensitPUtitigns” pf 'ﬁéﬁi RaLD of Q’li\e W&EgeEZSEQEgb *8nd 12¢
can be made i_f{9! n non-
diffraction and c#?’far ]%Q]QO %’ir‘] pafc{l%r ns @% Tséya%ggba h°l°§1r-g'815

may be an agpl 'ﬁé‘ﬁ&ﬁ%' ogs@m m;t,.ew Wolah &Fddihlit the 2PEsf@i41 | Qkghker ence
fringes or a phase hologrampattern 20 wth binary or blazed grooves

formed on gl assdawnsiard.| | KFhe lowermost ohegHinoftr Ghowing roeetal thesbalkight

source 11 receives astignati sm and coma because of di ffrqct ion at the
hol ogr am rmeknpars] 35and38k+ | 3%¢. on dis mrplaced i bwmtarfuldnirgognto
' reflect 1light without <transmit it downward. In this

manner, a plurality of imaginary laser light sources 12a,
10 12b, and 12c¢ having the characteristics. coincident with the
real laser light source 11 can be formed. Interference
fringes to be formed at the position of the diffraction
holog:;am pattern 15a by light fluxes from the real laser
light source 11 and imaginary laser light source 12a are
i5 usgd as the diffraction hologram pattern 15a. For example,
in order to record the diffraction hologram pattern 15a,
photosensitive material is éoate‘d on the hologram module 13
.and exposed with the interference fringe pattern. The
diffraction hologram pattern thus obtained can cancel out

20 and make gero the astigmatism and coma of diffraction.
Fig. 5 illustrates another method of forming a
plurality of light sources having the characteristics
coincident with those of the real laser light source, by
using a pin hole member 50 in place of the half-mirrors
25 35a, 35b, and 35c shown in Fig. 4. Light emitted from the

17



25 objective lens 19 so that the qualities of the optical ]

13 spots 25a, 25b, and 25c on the optical disk 23 are

| ower ed. To avoid this, the diffraction hol ogrampatterns 15a, 15b,
and 15c are m3@*4°that outgoing light fluxes fromthese FPCTAPRAP&L, g
are given inverse aberration of the total 5 astigmati smand conma in the

optical path fromthe real | aser |ight source 11 to the light spots
25a, 25b, and 25c. This inverse aberration is superposed upon the
intrinsic real dlasest ldghti soueesl Xonks ttranséorbedrieylux ecallimakerzer o

the aberration of the optical spots 25a, 25b, and 25c 10 _(although zero
aberration is nRs A7efvtaparalled tight fluxes which axre pprhinf toqthe

ti || . The i b ti b b ti
Bt grat | s ancP ey RIS, AeBe 1" and"outpyy A28k Bfn dpeRidc AR bre
si gni ficant fa%&a fAld. nighfOS Poml 83 Ekﬁrp_fhotllgeih ﬂﬁ%ﬁh@r%@tlfn

of the total astigmatismand coma 1n the optical path fromthe rea
| aser |ight ssoutise 1ibhitOohteut ifddn €he!imatfinargShas@ndighe. source. | Byt his

case, the astigmati smand coma of the optical spots _

using light output from each pin hole, a diffraction

hologram pattern of the hologram module 13 is determined.
Figs. 6A to 6C are graphiis and a diagram illustrating.
a method of improving tracking servo light spots. Light
1o transmitted through the non-diffraction hologram pattern 14
shown in Fig. 2 is used for reading data on a track of the
optical disk as well as for tracking servo. 2 light spot
24 as a tracking servo light spot is required to have a
uniform intensity over the whole area of the spot.
15 However, as shown in Fig. 6A, the intensity distribution of
light incident upon the non-diffraction hologram pattern 14
of the hologram module 13 from the real laser light source
11 has a mountain shape with an apex at its center. This
intensity distribution can be improved by using a phase
20 hologram pattern. Namely, the deeper the grocove of a phase
hologram pattern, the more the amount of non-diffraction
light (O-th order light) can be reduced and the more the
diffraction light amount can be increased by using the
reduced amount of non-diffraction light as the diffraction

25 1light. Further, the more the width of a valley (groove) is

18



25a, 25b, and. 25c are cancelled out partially with respect to the

aberration caused by diffraction only. 20 Fig. 3 is a schemtic
diagram of ea6duzefdf the di ffraction hol ogram patt ghgpsbpasas 150
and 15c. A diffraction grating pattern 65 of the diffraction
grating 64 of the conventional optical pickup device shown in Fig.

8 is a pattern constituted of a plurality of parallel 25 straight |ines,
because diffractjon only.is_considered.for

14 . _ wade _ecqéﬁg'e Itl°att?‘8 n"%gaf ot % 2 b Ao .grPﬁv%bhtFé% t7°%ach of
the di 11 56 LnRnROL LW AH RAGEE" ¥giOTan' B rafiflatdond! Qe Bk
both the diffraction function and aberration cancellation function is

a pattern consghid d@igdrabtion \Eghiti BRASunt dinee inér&dsd@ byl ueingtitai ght
| i nes. Met hods of determ ning a hologrampattern will be
descri bed, whizgdysed empugt \as thehdififfdgtion daght ghtAs shownoin Jkg-f r om
each of the diffraction hagl ogram patterns 15a, 15b, .and 15c, the

i nverse ab®rr f8Bonthe gepth ¢f| the groove 54 is made smaller at the

position remoter from the optical axis. center to thereby
reduce the amount of O-th order light and direct the
reduced amount of light +toward different directions.
Instead of adjusting the depths of groves 54, the depths of
10 grooves 54 may be made equal and the ratio of each non-
groove width to a total width of each pair of adjacent
groove 54 and non-groove is set as al > a2 > a3 > ad > a5
>ab »>,..., > an, where al, a2, a3, a4, a5, ab6,..., an are
ratios at positions from a near position to the optical
15 axis center to a far position therefrom in this order. 1In
the above manners, as shown in Fig. 6C, the light intensity
distribution can be made uniform in some range about the
optical axis center in a radial direction. By using the
diffraction hologram pattern 14 having grooves 54 such as
20 shown in Fig. 6B, fhe iﬁtensity distribution of incident
light can be made flat. If a tracking servo signal is
generated from reflected light of a light spot formed by
such uniform intensity light, this tracking servo signal is
stable even if the objective lens is subject to a tracking

25 shift.
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10 aberration in the optical path fromthe real |aser Iight _ source
11 to each of the |ight spots 25a, 25b, and 25c, in order to renobve

the astigmati sm and coma of each of the | i ght spots 25a, 25b, and
25c. Wth a fV¥P¥##4HRt hod, a hol ogram pattern is det erRATHEM9EA

pl aci ng a photosensitive 15 filmon the hol ogram nodul e 13 and recording
I nterference fringes thereon by applying light fromthe real |aser

| i ght source 11 and |ight sources placed at positions of the

i magi nary | aser |i ghfhecimagimaryhdasenidghsuseuncesaliag k2be and 12csafie

wavel ength as that of the_real laser |ight source 11. . 20 _The _hgl ogram
pattern determ ﬁi“& Rpticed pirkye dewlcs,#0 shown dp, Figs: 1) ppds rﬁfg'e

b : : : d F. iff i hod
ses conput er  afBneed B°aRET g staa or it KAEL, ey O iCRRNSRC''C

uses conputer an . conputer analys ware 1S

al ready sold 11. ANFhd¥RM). thefOhaf*BEPHEspSHd VB DothOdGaks 8E Ehki cal
25 Research Associates in USA provides a fornmula (coefficients

15 5 readf laspel 1hght asdunde Al .calmulthiescasépl tigy dmagdhbeyn f or
two |light sources (in the above exanple, the real |aser
laser light sources 12a, 12b, and 12¢ are disposed on both
sides of the real laser light source 11 generally in
symmetry with the real laser light source 11; Further,
although the non-diffraction and diffraction hologram
16 patterns 14, 15a, 15b, and 15c of the optical pickup device
20 shown in Figs. 1 and 2 'z-are disposed on the hologram
module 13 only on the side of the semiconductor laser 10,
they may be disposed on the hologram module 13 only on the
side of the collimator lens 18, or on both sides of the
15 hologram module 13 (diffraction hologram pattern 15a on the
semiconductor laser 10 side, diffraction hologram pattern
15b on +the collimator lens 18 side, and so on).
Furthermore, although the diffraétion hologram patterns
15a, 15b, and 15c of the hologram module 13 of the optical
20 pickup 20 shown in Figs. 1 and 2 are disposed spaced apart
in the column direction, they may be disposed partially
overlapped in the column direction.
The optical pickup device of this invention has a
hologram member which at least reduces aberration caused by

25 optical elements in an optical path from the real laser

20



l'ight source 11 and one of the inmmginary |ight sources 12a, 12b, and
12c). A hol ogram pattern not theoretically 5 form ng aberration
(astigmatism ) of diffraction is determned in %@% e wth
t he obt ai ned po yggﬁgal. | f aberration of the coIIinatggﬁﬁgﬁs and
obj ective lens 19 is to be taken into consideration by using this

sof t war e, data of the collimator |ens 18 and objective lens 19, such

10 as radius Qf curvature, | ens thickpess, and aspherijc

coefficient, 3§9g§nF8P€83 t8 asFﬁﬁPﬁég“gtﬂﬁéanmniﬁ °ré}“91¥0nﬁﬁgﬁﬁhtion
of the optical pi [ ' ' ' j Qn, (Yl 1 S

obt ai ned whi chpiglssglikgg?gg%nétbgﬁ \a/‘ew&thf:{(}lffgfh%f%%lrza %Pgr%aﬁ%&mﬁ%‘x%r med on
the hol ogram mpdidliGm, léhe DA gt khebE HadvinRs af 1960t rtedalitiyosed dhaphl
source "11 and | i ght sources having no aberration and placed at—~

posi tions sudftable fox)ldatapetad2onite Wf thedr@Serding meddpwi cal di sk
23. A hologrampattern determined; fromthis formula can renove bot h
aberration%f the cBhei eptiral epickep aflgvice ofpjthisi iaveekion ohasda
aberration of diffraction. i 4 is a_tscherratic di agr

F
illustrating abedPHAGE®™ member “’Ei%‘flbrﬂf‘_?ﬁ Sedt YT e IRtersatY| B%mﬁ‘pl ogr am
patterns 15a, 44 bt Q?Qt ang 5&!59%*@&9@9:3&5‘3% ekﬁ@&f%ﬁ: A Tl 1T or
a at e an opt

35a is plrace t an 1nterned position o _ al path 25
fromthe real |asetali 8hba SOz the! pebindiY didehl.achb@brdingly, it

is possible to form a light spot on a recording medium, the
10 light spot having a small change in the light intensity and

being suitable for servo operatiomns.
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16 hol ogram pattern 14, to partially reflect |ight downward.
Half-mrrors 35b, 35c,... are al'so placed at internedi ate posi tions of

an optical pa%é}f4z§9§'e refl ect ed ”‘mmmﬂm' ull mFrt al 1y rgélfRéndsiioht

toward the diffraction hol ogram 15b,... and transmt the
resi dual |ight downward. The*| owermodt dne (not shovvn) of the half-
mrrors 35a, 35b, 35c,... is replaced by a full mrror to refl ect
light without transmt it downward. In this manner, a plurality of

i magi nary |aser |ight sources 12a, 10 ™8 and 12c having the

characteri StIC%_ CO'AQbeQ%P&aif""ﬁ ,‘;‘gedev ce rm%ggﬁgt%{l@t source 11 can be

formed. Interference e for e position of the

diffraction hoboggm@a,_téﬁr Nagél DigHt gbhrEbukes) fromthe real |aser
i ght source 11 and inmaginary |aser |light source 12a are 15 wused as the

di ffracti on hol ogr am paibgram embeFor(13) afipt adiffractingoliight temitgedrd t he
diffraction hol ogram pattern 15a, phot osensitive material is coated on

t he hol ogr afn nofRAm sadd real &ﬁaeﬁxlg?tﬂ%’é?dsﬂﬁ'¥¢ﬁ (34 )i he fora apckedst gge

rn. The
patte imaginary laser light source; and

a light spot forming optical element (19) for
receiving light from said ‘hologram member (13) and forming
a plurality of light spots (24, 25a~25¢c) on tracks of a

10 recording medium (23), _
wherein hologram patterns (15a-15c) of said hologram
member (13) are determined so that diffraction light is
given an inverse aberration of an aberration to be caused
by optical elements (13, 18, 19) in an optical path from
15 said f:eal laser light source (11) to the recording medium

(23).

2. Bn optical pickup device according to claim 1, wherein
a column direction of the hologram patterns (15a-15¢) of
20 said hologram member (13) is aligned with a longer axis
direction of a far field pattern of said real laser light

source (11).

3. An optical pickup device according to claim 1 or 2,

25 wherein said hologram member (13) is a phase -hologram

22



di ffraction hol ogram pattern thus_obtained can cancel out 20 and nake
zero the astigmati smand coma of diffraction. Fig. 5 illustrates

anot her nmethod of fornming a pﬂHm, m,lm m”m'ltr sources having the
char act eri stwo®9/42994 coi nci dent wit eal | asectispegpéour ce,
by ~using a pin hole nenber 50 in pI ce’of the half-mirrors 25 35a,
35b, and 35c¢c shown in Fig. 4. Light emtted fromthe

17 real | aser ht source 11 is transforned PZ a col | imator
frract

lens 47 into PeRBRFeisnd dhe hpldgten Hatberhe (48ar 190 (95 £ hol o

menber 50 and holiesy E%? b, 44 ght
out put from eaB#QH%m%Oﬁ;Q Pésdqeqw val e 'n[aﬂr 1§§%ﬁelﬁmﬁt go ut rom t he
i magi nary | asmcbl Qi ErenedY so thdtSi 88 Lh8BhsOLY PUE h&m—saﬁfbxpl n
hole, a diffraction hol ogram pattern of the hol'ogram nodule 13 is

determned. light notFuged fur tDidHE apoigrfvratads fsdreguesd idndisdrating
a nethod of inproving tracking servo light spots.. Light 10 -transmtted
t hrough t Be noAduced r aseownh obH| bighdmisatused) ak diffraghbom ikt gfon s

used for readin data on_a track of the
gh spot formation.

4. BAn optical pickup device according to any one of claim
1, wherein ﬁ lighp spot (24) on the recording medium (23)
10 formed by non-diffraction light from said real laser light
séurce (11) is used for servo operations, and said hologram
member (13) has a hologram pattern (14) which provides a
uniform intensity of the servo light spot (24) in a whole
light spot area.
15
5. Bn optical pickup device comprising:
a single real laser light source (11); and
a light spot forming optical element (19) for
receiving light from said real laser light source (11) via
20 2 hologram member (13) and forming‘a serve light spot on a
recording medium (23),
wherein the hologram member (13) has a hologram
pattern (14) which provides a uniform intensity of the
servo light spot in a whole servo light spot area.

25
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optical disk as well as for tracking servo. A light spot 24 .as a

e whore ot eqatbonge opot - 16 rov Il IRHEFILIN, *= & E"é',,;,;;é;zf $

intensity distribution of |i ght " i nci denf' upor’ t he non-
hol ogram pattern 14 of the hol ogram nodule 13 fromthe real |aser
| i ght source 11 has a nountain shape with an apex at its center. This

intensity distribution can be inproved by usi ng a phase 20  hol ogr,am
paliern. narel . 1A seER: giegp owcs sk > gty R, |
e nore the anpun non-diffraction AN - or | can be
reduced and the ﬁoing?%am P"ﬂ:t(ﬁ’"fl f %‘sac !ﬂﬁlﬁﬁﬂgea%ﬁ?ﬁragaﬁagé%g’%%‘seq by
using the mﬁu%etﬂﬁanauﬁ @Lt&%g%fcu «'ﬁ&hggfl bghL Bhad exiugwgzraanct i on

25 light. Further, e nore the wdth of a v ey (groove

made equal to ipatterfitbith Hidary ofNBLafEd Qedbvekhe nore t he anount of
O-th order light can be reduced and the nore the diffraction |ight
anmount can %e i ncreased by using the reduced anount as the diffraction

light. As shown in Fig. 5 6B, the depth of .the groove, 54 is nade
smal ler at the7- &n ptical pickup device according to claim 1, wherein

the hologram pattern is recorded on the hologram member on

a side of said real laser J_.igh;i‘: source.

8. 2n optical pickup devic;e according to claim 1, wherein
10 the hologram pattern is reco_rded on the hologram pattern on

an opposite side of said real laser light source.

9. B&Bn optical pickup device according to claim 1, wherein
the hologram patterns are disposed at a predetermined
15 . interval in a column direction of said real laser light

source and the imaginary laser light source.

10. BAn optical pickup device according to claim 1, wherein
the hologram patterns are disposed partially overlapped in
20 a column direction of said real laser light source and the

imaginary laser light source.

11. an optical pickup device according to claim 3, wherein
‘+the hologram pattern for diffraction has curved patterns.

25
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position.renmoter fromthe optical—ast——genLeL_La_Lhereby reduce the

amount of O-th order light and dlrec educed anount of |ight
toward differe tions. E ng t he d roves
W A5 Bﬂﬂm H SpAidofers

54, the depths o grooves 54 and the r each
non- groove width to a total width of each pai r of adjacent

groove 54 and non-groove is set as al > a2 > a3 > a4 > ab > a6 >, ,
> an, where al, a2, a3, a4, a5 rati os at p03|t|ons

froma near posik3-onBp d’l’t%aépﬂ%’&}? dfgiceaéﬁ’@r@éﬁﬂep iador 4, whanein,

her ef h d howi. 6C,
the 11 gnt. | nt endiey BI0GTARCPPFRT oF o ot BEE RRRE Mok REATAEY, e,

about the %o%ts AH4S a0 HrBlunikN o MAYLY i O - aﬁwm tihe

di ffraction hol ogram pattern 14 having grooves 54 such as shown in
Fig. 6B, the intaajustyddistidddodante Obith@epths of the |gr§bire§a(54b)9. made

flat. If a tracking servo signal is generated fromreflected |ight
of a light spot forned by such uniformintensity light, this tracking
servo signal is stable_even if the objective lens._.is subj ct to a
tracking 25 sHi%-t Bn optical pickup device according to olgim 4, erein
the hologram pattern for diffraction has a plurality of
grooves (54) and an amount of light not to be diffracted is
adjusted in accordance with a ratio of a groove width to a

1¢ non-groove width.

14. BAn optical pickup device according to claim 1, wherein
said real laser light source is a semiconductor laser (10)
having a single laser chip integrated therein.

i5
15. BAn optical pickup device according to claim 1, wherein
each of the holograh patterns gives the diffraction light

a different aberration.

20 16. An optical pickup device according to claim 1, wherein
each of the hologram patterns gives the diffraction light

a same aberration.

17. A method of forming a plurality of imaginary laser
25 1light sources (12a, 12b, 12c....) by forming diffraction

25



The imaginary | aser |ight sotrees-12a, 12b, and 12c of the optical
pi ckup device 20 shown in Fig and 2 are —— di sposed on only one Side

of the real |gase | ght sourc i ”m ad, they may be di sposed on
bot h sides of @f%Jé,,éA,g real Ia%’!‘“] Il{ ,Ilslmngmll In this CSEEI:’”?’ﬁ 21

| magi nary | aser |ight sources I2al 12b,» and 12c are di sposed on both
sides of the real laser light source 11 generally in symmetry with the
real laser |ight source 11. Further, al t hough the non-diffraction and
di ffraction holhsjiogranipatirrnse onsalholagram peibexn by 1&dngf light dinomcal

pi ckup device ., 20 shown in Figs. 1 apd 2 are_disposed on the hol ogram
modul e 13 only cl?ﬂ:"f’ﬁ‘g ?Fﬁ‘ée‘b‘fs’t iy s@ﬁf‘hﬁ%cﬁﬂﬂpﬁi‘s{iﬁge&ﬁﬁte"s °fthey may be

di sposed on the hol agggg%{ggéjtgt ﬁfeiﬁfg%ﬁi R Emen P?a?gi%ﬁ][&a_ Qlahi mat or

| ens 18, or on both si ol 'ogram nodu ct1on

hol ogram patt ergathoagfdint Re real 8BeEONAYHHONsdBRR 19151 4 4 fdanaction
hol ogram pattern 15b on the collimtor lens 18 side, and so on).

Furt hernores aldifsaghtibe hdiograli opattémyr 404pat tehens first Idmtich3b, and
15c of the hol ogram nodule 13 of the optical 20 pickup 20 shown in Figs.
1 and 2 are di $lerentspactipbhnmeflecting demnusgidyddghitr Exon okhe ed)k nay be
di sposed parti allals)ér light source;
disposing n (n is a posit?ive integer) optical elements
(35b, 35¢c...) in an optical path of the partially reflected
10 light, the n optical elemm;cs partially reflecting the
:;artially reflected light to;aard the hclogram member and
reflécting downward residual light; and .
disposing an optical élement for reflecting the
resicdual light toward the hologram member.
15
18. 2 method according to claim 17, wherein the first and

n optical elements are half-mirrors, and +the optical

element at said last step is a full mirror.

20 19. A method of forming a plurality of imaginary laser
light sources (12a, 12b, 12c....) by forming diffraction
hologram patterns on a hologram member by using light
emitted from pin holes, the method comprising the steps of:

transforming light from a real laser light source (11)

25 into parallel light by a collimator lens (47); and

26



overl apped in the colum direction—————___ The optical pickup device of
this invention has a hologr whi ch at | east reduces aberration
caused by 25 optical elenents IE"EHEEW Wumﬂh fromthe real |aser

20 - WO 99424988 ght source t dium Accperiimgbos21 it iS
possible to forma plurality of |ight spots on & recordi ng medi um
the light spots having a |ight |ntenS|ty and shape suitable for data
read/ wite of the recording medi um The optical pickup device of

this invention has %qisgosinelg%vﬁ@%ems RO £l W0Wiedes BndpbiP HB1e

intensity of a ht spot othérw se Towers iIts intensity from
t he cent r {51-61d) ONAr &n tdifriRALi PAEK Adf AhRApafELTEMilAghE. it is
possible to forma light spot on a recording nedlun1 the 10 | i ght spot
having a small change in the light intensity and ~being suitable for

servo operations. _ :

27



21 CLAI M5 1. An optical

pi ckup device (20) conprising: a single real laser light source
(11); a_ hol ogram nmenber (13) for diffracting light emtted 5
fromsaid reawpgg{g?% i ght source (11) to form at | east onercr’m%opf&bi nary
| aser |ight source; and a light spot formng optical elenent
(19) for :
n <
ﬁﬁl&\ i ifa
1N
b2
®
b o
S

FIG.

1/8



receiving light fromsaid hol ogram nmenber (13) and form ng a plurality
of light spots (24, 25a-25c) on tracks of a 10 recording nedium (23),

wher ei n hol ogr rns (15a-15c) of said hol ogram me are
o] e

determ ned so fraction light is gi ven an inverse on of
an aberration to be caused by optical elements (13, 18, 19) in an
optical path from 15 said real laser light source (11) to the recording
medi um (23). 2. An optical pickup device according to claim
1, wherein a colum direction of the hologram patterns (15a-15c) of
20 said hol ogram nenber (13) is aligned with a |onger axis direction
of a far field pattern of said real |aser |ight source (11). 3.

An optical pickup device according to claim1 or 2, 25 wherein said
hol ogram nenber (13) is a phase hol ogram
22

FIG. 2

10
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menber, and the hol ogram pattern (15a-15c) for diffraction

corresponding to each imaginary |aser |ight source (1l2a- 12c) is
determ ned so /a264) intensity of diffraction | i ght not used for
light spot formafion is reduced and a 5 reduced anount of BQIZRPIN0&§21,sed
as diffraction light for i ght spot formation. 4. An optica
pi ckup device according to any one of claim 1, wherein a light spot
(24) on the recording nmedium (23) 10 formed by non-diffraction |ight
fromsaid real |aser |ight source (11) is used for servo operations,
and sai d hol ogram menber (13) has a hol ogram pattern (14) which
provi des a uniformintensity of the servo |ight spot (24) in a whole
| ight spot area. 15 5. An optical pickup device conprising:
a single real laser light source (11); and a light spot formng
optical elenment (19) for receiy i ghtf rom said real |aser |ight
source (11) via 20 a hol ogram nenbdr ¥y a formng a servo light spot
on a recordi ng nmedi um (23), wherei n the hol ogram nenber
(13) has a hol ogram pattern G*ﬁT‘“hLQﬂ_BLQXLﬂeS a uniformintensity
of * t he '

LN

—

35a
11
: .
123 \_,}
35b
12b "/ g / o
35¢
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servo light spot in a whole servo |ight spot area. 25 _

23 ) 6. An optical pickup device according to claim1,
wherein t he h grampattern is an anplitude hol ogram i th
bri ght and darWoi”?(fnger ence fringes or a phase hol ogram Bﬁ%ﬁg}tﬂ%érﬂn with
bi nary or blazed grooves. 5 7. An optical pickup device according to
claim1, wherein  the hologrampattern is recorded on the hol ogram
menber on a side of said real laser light source. 8. An opti cal
pi ckup device according to claim1l, wherein 10 the hologrampattern is
recorded on the hol ogram pattern on an opposite side of said real

| aser |ight source. 9. An optical pickup device according to claim
1, wherein t he hol ogram patterns are di sposed at a predeterm ned 15
interval in a colum direction of said real |aser |ight source and
the imagi nary | aser |ight source.

FIG. 5

47

Sla—-

51b

51¢m@:__,
51dwﬁ__.
;l

11
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10. An optical pickup device according to claim1, wherein t he
hol ogram patterns are di sposed partially overlapped in 20 a cofum

direction of said real |aser |ight source and the i magi nary | aser
li ght source. WO9%4294 11 aAn optical pickup device according"?%ﬂ%ﬂﬁﬁﬂ13,

wherein the hol ogram pattern for diffraction has curved patterns. 25
24 12. An optical pickup device according to claim 4,
wherein the hol ogram pattern for diffraction has a plurality of
grooves and an amount of light not to be diffracted is adjusted in
accordance wth depths of the grooves (54). 5 13. An optical pickup
devi ce according to claim4, wherein t he hol ogram pattern for
diffraction has a plurality of grooves (54) and an anount of |ight
not to be diffracted is ' -

INTENSITY

LIGHT

FIG. 6C

FIG. 6B

14

LIGHT
INTENSITY

FIG. 6A

OPTICAL

AXIS
CENTER
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adj usted in accordance with a ratio of a groove width to a 10 non-groove
wi dt h. "14. An optical pickup device according to claim1, wherein
said real laser light source is a sem conductor |aser (10) havi.ng a
single | aser cWPI%HPbgrated therein. 15 .  15. An opti cEFTEPY¥YY

devi ce according to claim1, wherein each of the hol ogram patterns
gives the diffraction |ight a different aberration. 20 16. An
optical pickup device according to claim1, wherein each of the

hol ogram patterns gives the diffraction |ight a sane aberration.

17. A méthod of formng a plurality of imaginary |aser 25 | i ght sources
(12a, 12b, 12c .... ) by forming diffraction - _

25 hol ogram patterns on a hol ogram menber by using |ight
from

Q o &

SRR

N\ LS
\\1\;\'

‘\i‘

19

18

FIG. 7
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optical elenents, the nmethod conprising the steps of: di sposing a
first optical elenent (35a) in an optical path froma real l|aser [ight
source (11) to a non- 5 diffraction hol ogrampattern (14), the first
opti cal WoeM#23%4 partial ly reflecting downward |ight fFERFTREAEE,)

| aser |ight source; disposing n (n is a positive integer) optica
el enent s (35b, 35¢c...) in an optical path of the partially reflected
10 light, the n optical elements partially reflecting the partially
reflected light toward the hol ogram nenber and reflecting downward
residuatl light; and di sposing an optical elenent for reflecting

t he residual |ight toward the hol ogram nenber. 15 18. A nethod
according to claim17, wherein the first and n optical elenents are
half-mrrors, and the optical ‘eTenent at said |ast step is a ful
mrror. 20 19. A nethod of formng a plurality of imaginary |aser

| i ght sources (12a, 12b, 12c....) by formng diffraction hol ogr am
patterns on a hol ogram nmenber by using I@hﬁ § <scmtted from pin holes,
t he nethod conprising the steps of: N HrjgpStornmng light froma
real |aser light source (11) 25 iqgg\Qi ;hl%b i by a collimtor |ens

(47); and

p; 74

19

18

FIG. 8
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26 . . di sposing a nenber (50) having at |east one pin hole
(51a-51d) in an optical path of the parallel |ight.
WO 99/42994 PCT/TP99/00621

I
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(57) Abstract
Astigmatism and coma are suppressed in an optical 13
pickup device of the type that light from a single real laser light 10
source (1t) is diffracted and divided by a hologram module 14
(13) into a plurality of light spots which are focussed npon 11 /
a plurality of tracks of an optical disk to read data on the \ '
tracks at the same time. A non-diffraction hologram pattern ==
(14) and diffraction hologram patterns (153, 15b, 1Sc) of the
hologram module (13) are determined so that light difftacted S =
by the hologram module is given inverse aberration of that to | \ 3 ___/153
be caused by optical elements in an optical path from the real 122 A2 -
laser light source (11) to the optical disk. Anofher hologram =
pattern (14) provides a uniform intensity of a light spot formed ) = r___
of a laser light by an optical element. 12l .= ——15b
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