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head 5 used for optical recording, reproducing or erasing for information
recordi ng nmedi a such as an optical disk. BACKGROUND ART Many reports have
been publ i glepfinsedst echni ques for detecting a tracking errger/ssogosals i n an
optical head. Push- 10 pull technique is well known as one of
representative techniques and it is used practically An optical head using
push-pul | technique is explained below. In the optical head, a |ight
emtted by a light source is condensed by an object lens to forma |ight 15
spot on a plane of an optical di sk PESCREREZOMN ng i nfornmati on on which a
continuous groove of information track is forned spirally. Two
phot osensitive areas are provided PPTICRLIERADa phot osensitive area of the
phot odetector with a division line. The photodetector is shown in Figs. 1 -
The present invention relates to an optical head
5 used for optical recording, reproducing or erasing for
information recording media such as an optical disk.
BACKGROUND ART
Many reports have been published on techniques for
detecting a tracking error signal in an optical head. Push-
10 pull technigque is well known as one of representative
techniques and it is used practically.
An optical head using push-pull technique is
explained below. In the optical head, a light emitted by a
light source is condensed by an object lens to form a 1igh£
15 spot on a plane of an optical disk for recording information
on which a continuous groove of information track is formed
spirally. Two photosensitive areas are provided by dividing
a photosensitive area of the photodetector with a division
line. The photodetector is shown in Figs. 1 - 3 at the left
20 side. The light reflected from the optical disk enters to
the photodetector. Two photo-detecting signals from the two
photosensitive areas are subjected to differential amplifica-
tion to generate a tracking error signal. Tracking control
is performed by controlling the position of the object lens
25 in response to the tracking error signal. When the light
spot is subjected to focus control, light intensity distribu-

tion of the reflected light is affected by diffraction at the
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20 side. The light reflected fromthe optical disk enters to the
phot odet ector. Two photo-detecting signals fromthe two photosensitive
areas are subjected to differential anplifica- tion to generate a tracking
error signal. Tracking control is performed by controlling the position of
the object W398 in response to the tracking error si JAHIP9O¥HMEN t he
light spot is subjected to focus control, light intensity distribu- tion of
the reflected light is affected by diffraction at the 1 WO 97/ 15923

PCT/ JP96/ 03141 conti nuous groove due to position shift of the |ight spot

Tight i nt ene ey areePPogerateofoenEs: ERLLEsR shint PE RfigudieB®,ePRter i bos
to interferepeanOtna gribbb! aCt£hid PHiokeal® Bhtdely wdsd A YselSleqlr ders
at the continuous grogve. Two aﬁgLegﬁ;reas In %lrcu}ar |§ht eamin Figs.
1 - 3 denot eannt eptee@NCedig€Rj ONBight Thatlenghity dQistribution of the '
reflected light is known to be ascribed to interference of
S diffracted light beams of Oth, +1st and -list orders at the
continuous groove. Two hatched areas in circular light beam
in Figs. 1 - 3 denote interference regions. The light
intensities in the two regions become asymmetrical according
to the position shift of the spot from the continuous groove,
10 and the differential signal is used as the tracking error
signal.
The above~-mentioned prior art optical head has a
simple structure to detect a tracking detection signal.
However, it has a problem that an offset of the tracking
15 detection signal is generated due to tracking movement of the
object lens to the information track or to the tilting of the
optical disk. This problem is explained below. Figs. 1 - 3
show positions of the light beam on the photodetector in
three cases and tracking error signals therefor. The
20 abscissa of graphs of tracking error signal in the three
cases illustrated at the right side in Figs. 1 - 3 denotes
relative position X’ of the center of the spot to the track.
The tracking erroxr signal shows a waveform schematically when
the light spot crosses tracks. Fig. 1 shows a case where the
25 object lens is located above the reference point (X = 0).
Because the light beam extends symmetrically relative to the

division line between the two photosensitive areas, the
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Intensities in the two regions becone asymmetrical according to the

A : . e 1 ‘ot ke
differential signal is used as the tracking error signal. The
above-nentioned prior art optical head has a sinple structure to detect a

tracki ng de}&ed4isesy si gnal. However, it has a probl emthat pafvywbhsai of the
tracking 15 detection signal is generated due to tracking novenent of the

object lens to the information track or to the tilting of the optical disk.
This problemis explained below. Figs. 1 - 3 show positions of the Iight
fbeam on the photodetector in three cases and tracking error signals

therefor. thacRing eriotisismalf changis eymidBriddldyivieh fbyBeEses. t he
three cases illustrated at the right side in Figs. 1 - 3 denotes relative

position X ©fi the otheer hahdi hénsposeconiheaseawher&hther abfjecy tensr
signal shows a waveform schematically when the |ight spot crosses tracks.
Fig. 1 shomsmaveﬁs%lm%dFEGCQQW (BpjHEcRireskion inothe crseh shewnhin

ol ative to FRE- GV sthR PRRCELEP.BENtPHo ) iMEE shEEBeLnoPRLEES, Ractn e
5 photodetector and the light beam distribution becomes
asymmetrical. Then, the tracking error signal has a positive
offset relative to the reference voltage. Tracking control
perfornance is deteriorated if a value of (A-B)/{(A+B) exceeds
20 3 where A and B denote the positive and negative maximunm
10 voltages of the tracking error signal.

Further, when an optical disk is tilted relative
to the photodetector along 6 direction, the 1light beanm
distribution becomes asymmetrical. Fig. 3 shows a case where
an optical disk is tilted in -6 direction. The position of

15 the light beam is also shifted on the photodetector in this
case and the light beam distribution becomes asymmetrical
relative to the division line. Then, the tracking error
signal has an offset. Therefore, if the optical disk is
tilted in +© direction and the object lens is shifted in +X%

20 direction, the offset of the tracking error signal increases
as a sum of the two causes. In an ordinary optical disk,
tolerance of offtrack is about 0.1 um where off-track denotes
a shift of position of zero tracking error signal relative to
the track center. Tracking control for an optical disk is

25 usually needed in a range of about 200 um of the shift of the
object lens and in a range of about 1° of tilt of the optical

disk. However, in the prior art push-pull optical head, if
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tracking error signal changes symetrically with no offset. On the other
hand, in a second case where the object |ens noves along X direction (or +X
direction in the case shown in Fig. 2), the position of the Iight beamis
shi fted onWOoH8/18923 phot odet ect gE=—amd=—tHe—=gH beam BEEIMIHBIA] on
becones asymmetrical. Then, the FH!SC&HE@' MSBBEE& gnal has a positive offset
relative to the reference voltdge. TR&E’kﬁﬁgDcont rbl performance is
deteriorated if a value of (A-B : 70- % where A and B denote
the positive and negative maxi num 10 vol tages of the tracking error

si gnal . Furtheis 189epmanndptilfalaldingk 6i direction i@ &.i5%¢ tbetislue of

phot odet ect or aI on [BS %Bdl rection, the |ight beam distribution becones
asynmmetri cal (& %? 35 L apg qRErtragk gﬁt Pclf #mskTherefpreqd the - [er r]
di rection. Jfl"? or;x% é%m@&&ﬂmeé’eam Is also shifted on the

o)

phot odet ect

Because the prior art optical head using push-pull

5 technique bhas the above-mentioned characteristics, an

apparatus for reproducing an optical disk with the prior art

optical head needs a means for carrying the optical head at

a fast speed precisely for fast search to an object informa-

tion track or for an optical disk having a large eccentricity

10 such as about 100 um. Then, though the optical head of

simple structure is installed, the optical disk reproducing

apparatus becomes sxpensive. Further, because the means for

carrying the optical head needs fast speed and high

precision, it is not easy to increase tolerance for external

15 shock and vibrations. Therefore, the optical head of push-

pull technique is difficult to be installed in a portable
optical disk reproducing apparatus.

The invention intends toc solve the problems, and

its object is to provide an optical head which has a simple

20 structure as the optical head of push-pull technique and

reduces an offset of tracking error signal due to shift of

the object lens and tilt of optical disk.

DIGCLOSURE OF THE INVENTION
In one aspect of the present invention, an optical
25 head comprises a light source which emits a light condensed

by an optical system. A focus controller controls the
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case and the |ight beamdistribution becomes asymetrical relative to the
an effset——~rherefore,
if the optical disk is tilted in +[err] direction and the object lens is
shifted in +X 20 direction, the offset of the tracking error signal
I ncreases ? y) of the two causes. In an ordinary opti petsbs@itar
tolerance of of track is about 0.1 [err]mwhere off-track denotes a shift
of position of zero tracking error signal relative to the track center.
Tracking control for an optical disk is 25 usual Iy needed in a range of
about 200 [err]mof the shift of the object lens and in a range of about
1[err] of tidptidal heyspemcalo disim HOweight ispotheopr iadr fhfopmatisnl |
optical head, if 3 Xis 100 [errlmand tilt along [err] direction is
0.5[err], theecotdingf medidh/ (A+B) pPhoBddetentingf f meansk has Oal2timst | m
Therefore the two val ues exceed the tolerances. Because the prior art
opti cal headdm;q,igarbugﬁmpupp.vidinq the light beams and at least one

light-shielding area arranged symmetrically to the first
s division line. The photodetecting means divides a 1light
reflected from the information detection medium to a
plurality of light beams and detecting the plurality of light
beams. An operator operates signals of the plurality of
1ight beams detected by the photodetecting means to supply a
10 tracking error signal. Then, a tracking controller controls
the optical system according to the tracking error signal to
make the light spot follow an information track formed on the
information recording medium. In the photodetecting means,
a first division line divides the light beam reflected from
15 the information recording medium into, for example, two, and
at least one light-shielding area is arranged symmetrically
to the first division line and shields a part of a region
{(preferably a region wherein first order diffraction light
beams reflected from the information recording medium overlap
20 with each other). Thus, the light beam is divided by the
first division line sxcept the regions covered by the light-
shielding area where the light intensity distribution is
affected largely by tilt of optical disk. Thus, the offset
of tracking error signal due to tilt of an optical disk is

25 decreased.



5 technique has the above-nentioned characteristics, an appar
for reproducing an optical disk with the prior art optical head needs
means for carrying the optical head at a fast speed precisely for fas
search to an object informa- tion track or for an optical disk having
| ar ge eccewoms?esongy 10 such as about 100 [err]m TherPCTYIRAFR41t he
optical head of sinple structure is installed, the optical disk repro
appar at us becones expensive. Further, because the nmeans for carrying

optical head needs fast speed and high precision, it is not easy to

i ncrease tol erance for external 15 shock and vi brations. Therefor
optical head of push- Bypﬁerébhm‘qnbelyléthfvcmﬁ:%h?tﬁ#ghﬁnqhuqaﬂans a

BT ocus. andSERAcIATRRL TR HOS LT RO o%is CHBs EAFREd T SaNPRed 0,

Pat ent 20

t racki ng error ou

satQse ?pulg §§§1$y'y¥ensgﬁﬁg aot al. I n order to nake the

t “sigha i'Veé ‘on side areas in a detector

the detector array has a plurality of detectors, and masks or open ar

are positioned at side are t he cent ncl udi ng regqi
wher e t he 0.1 1-{__ ) (V)q; Sal1 (4)<NAG)

10

i5

20

(1)
wherein D is diameter of light beam, NA is numerical aper-
ture, A is wavelength and d is a track pitch of the informa-
tion track. If a plurality of divided 1light beams is
detected by setting the width V as explained above, the
optical intensity can ba sufficient for deriving the tracking
error signal while the regions which are 1liable to be
affected by tilt of optical disk are shielded. Then, the
tracking error signal is not affected largely by tilt of
optical disk. Purther, if the light-shielding area extends
in parallel to moving direction of the object lens, even if
the reflected light beam is shifted due to movement of the
object lens, a similar advantage is realized.

In another aspect of the present invention, in the
photodetecting means, second and third division lines
perpendicular to the first division line further divide the
light beam besides the first division line. Then, the light
beam is divided into, for example, six to detect the light.
Further, at least one light-shielding area is arranged to

extend symmetrically to the first division line. Thus, the
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25 zeroth order diffraction beamoverlaps the first order beans.
pul-4-—system-gdees—hrot—sotve—the—above- nenttoned-—probl em
on the offset of the tracking error signal. The invention intends to solve
t he problens, and 4 AMENDED SHEET its object is to provide an optical
head whi ch yiggyesal Npl € structure as the optical head of poshprqsebis
t echni que and reduces an offset of tracking error signal due to shift of
the object lens and tilt of optical disk. 5 DI SCLOSURE OF THE | NVENTI ON
In one aspect of the present invention, an optical head conprises a |ight
source which emts a |light condensed by an optical system A focus
control | er cphotofletedking Imeans divides the light beam into regions

affected largely due to overlapping of zeroth and first order
diffraction light beams in the light reflected from the
information recording medium. Thus, the offset of tracking
5 error signal due to shift of the reflected beam can be
éorrected selectively. Preferably, the distance U between
the second and third division lines satisfies a following

relation:

o 8‘1 {3l (3 1\J \ka)

(2)

i0 wherein D is diameter of light beam, NA is numerical aper-
ture, A is wavelength and "d" is a track pitch of the
information track. Then, the photosensitive areas outside
the second and third division lines do not include all or
almost all the interference regions. Therefore, signals
15 which are affected 1little by tilt of optical disk and
corresponds to the shift of the reflected beams can be taken
out selectively. Thus, the offset due to shift of the

reflected beam can be corrected advantageously.
In a third aspect of the invention, the light-
20 shielding area comprises a first light-shielding portion
extending symmetrically from the first division line in two
directions, and second and third light-shielding portions

provided outside the boundaries of the first light-shielding
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WD 97/ 15923 PCT/ JP96/ 03141 opti cal
systemto forma |light spot on an information recordi ng nedi um A
phot odet ecti ng nmeans has a first division line dividing the |ight beans and
at | east one light-shielding area arranged symetrically to the first 5

di vi si on | iw@9715%% phot odet ecti ng neans divi des a |ight PETHRMWEIfrom t he
I nformati on detection nmediumto a plurality of |ight beans and detecting
the plurality of |ight beans. An operator operates signals of the
plurality of Iight beans detected by the photodetecting neans to supply a

10  tracki ignal .. Th t troll trols th
opt i cal - Syst BRFEIER IPRG B e, BF T iobr Srapn By RERELfins o

spot follow gpd uﬁ.ﬁo tigy Erf%h M LRERE Joly i%m
medium In the pho tectfng ans, gtgglrv?sllqoﬁ‘rne #f est Ne
li ght beam r efdfaeictdal r eFoM5S an tdgnmanprmkorisr eghigtaq, nﬁé&é&ﬁ' For, for -
exanple, two, and at |least one light-shielding area is arranged
symet ri cal | yidtectliegf trackingieimwr sigeainis shimiltés &opedqéaDid istargieon
(preferabl y a region wherein first order diffraction |ight
from the first division line. Thus, the offset of tracking
error signal due to shift of the light beam becomes small,
and the offset is decreased. Preferably, the distance
between the second and third 1light-shielding portions

satisfies a following relation:

3a\, W a
{3} 513

10 (3)
wvherein D is diameter of light beam and a is maximum shift of
light beam.
An advantage of the present invention is that the
optical head supplies a tracking error signal having small
15 offset due to shift of object lens along tracking direction.
An advantage of the present invention is that the
optical head supplies a tracking error signal having small

offset due to tilt of optical disk.

BRIEF DESCRIPTION OF THE DRARINGB
20 Fig. 1 is a diagram on position of the light beanm

on a photodetector and on tracking error signal in a case



beans reflected fromthe information recording nmediumoverlap 20 wth
each ot her) Thus the | iLght—beam-tsdiv-ded-bythefi+st —diH-stenr—-ine
except the regions covered by the light- shielding area where the |ight
intensity distribution is affected largely by tilt of optical disk. Thus,
t he OffSEtvgjyﬁﬁﬁ%gd ng error signal due to tilt of an optpsphpediofilizi S 25
decr eased. 97/ 15923

PCT/ JP96/ 03141 Preferably, the width V of the |ight-shielding area al ong
the sane direction as the first division line satisfies a follow ng
relation: [err] (1) 5 wherein Dis dianmeter of light beam NAis

nuneri cal apetierd ware odject] leaswhy el souttdd artd ad reSegehcackopit £dn aind he

informa- tion track. If a plurality of divided |ight beans is
an optical disk is not tilted;

Fig. 2 is a diagram on position of the light beam

on a photodetector and on tracking error signal in another
5 case where the object lens is shifted in +X direction;

Fig. 3 is a diagram on position of the light beam
on a photodetector and on tracking error signal in a further
case where the object lens is located at a reference position
and the optical disk is tilted in =6 direction;

10 Fig. 4 is a schematic sectional view of an optical
head according to a first embodiment of the invention;

Fig. 5 is a plan view of a photodetector according
to a first embodiment of the invention;

Fig. 6 is a diagram on position of the light beam

15 on a photodetector in a case where an object lens is located
at a reference position and an optical disk is not tilted;

Fig. 7 is a diagram on position of the light bean
on a photodetector in ancther case where the object lens is
shifted in +X direction;

20 Fig. 8 is a diagram on position of the light bean
on a photodetector in a further case where the object lenms is
located at a reference position and the optical disk is
tilted in -8 direction;

Fig. 9 is a graph of off-track of the optical head

25 in various conditions;

Fig. 10 is a graph of a value of (A-B)/(A+B) for

the optical head in various conditions;
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detected by setting the wdth V as expl ai ned above, the optical intensity
can be sufficient for deriving the tracking 10 error signal while the
regions which are liable to be affected by tilt of optical disk are
shi el ded. Then, the tracking error signal is not affected largely by tilt
of optical wWoskssRurther, if the light-shielding area ext HCTFPGOIpAr al | el
to noving direction of the object lens, even if 15 the reflected |ight
beamis shifted due to novenent of the object lens, a simlar advantage is
realized. In another aspect of the present invention, in the photodetecting

neans, second and third_divisjon.lines rpendi cular to the . first division
line further divide the®>% *%i Beaﬁf‘b sivd8Y tﬁé 3r °aﬁ°\ﬂre3r98 °Fi ne.

T "t ABPESl Fo s Wdkihq Yebodiibn @HTLAe Siopiti oo, (1 |1ON
symetrically to the fipgg, disd sijgn hi ngladhugiew h8£6 a photodetector ’
according to another example of the second embodiment of the
5 invention;
Fig. 13 is a plan view of a photodetector
according to a further example of the second embodiment of
the invention;
Fig. 14 is a schematic sectional view of an
10 optical head according to a third embodiment of the
invention;
Fig. 15 is a plan view of a photodetector
according to the third embodiment of the invention; and
Fig. 16 is a plan view of a photodetector

15 according to a modified example of the third embodiment of

the invention.

BESBT MODE POR CARRYING OUT THE INVENTION
Referring now to the drawings, wherein 1like
reference characters designate like or corresponding parts
20 throughout the views, preferred embodiments of the invention
are explained below in detail.
Embodiment 1
Fig. 4 shows an optical head according to a first
embodiment of the invention. 1In the optical head, an object
25 lens 5 opposes an optical disk 7 as an example of a medium

for recording information optically. A continuous groove as

10
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| v ' ' | ons—afHeected—targel y
due to overl apping of zeroth and first order diffraction |ight beans in the
light reflected fromthe info dium Thus, the offset of
tracki ng 5wo@isess Si gnal due |t SHERPREETHAS BEENeR | ect ed pepipososiar be
corrected selectively. Preferaply, FﬁgLGPEPance bet ween t he second and
third division lines satisfiesTa folTowmng relation: [err] (2) 10 wherein
Dis diameter of light beam NA is nunerical aper- ture, X is wavel ength
and "d" is a track pitch of the information track. Then, the photosensitive
areas outsi dentinfeomedidratdacki isl fhirmesi epirably alo thet ophdtaldiedisk, or
alnmost all the_ interference regions. Therefore, signals 15 which are
af fected |itand ¥he ttangent girecsioni ok Ehel TAGVEs donyerticahetanthis of the
reflected beggs can_be_ taken oyt selectjvel u t he of fset. due to

Thus,
shift of theSPeFY 2t B2BBON RaliPe torr t@étgﬁV%ﬁtégﬁ%ﬂ§?yshe object

lens 5 in X and Y directions under the control of a focus

5 controller 14 and a tracking controller 15, where Y direction
is parallel to the tracks and X direction is a direction
perpendicular to Y direction. Two half-mirrors 3 and 4 are
arranged between the object lens 5 and a photodetector 8
along the optical axis 1 of the optical head at an angle of

10 45° relative to the optical axis 1. A light source 2 is
located off the optical axis 1, laterally to the first half-
mirror 3. A light beam emitted by the light source 2 is
reflected by the half-mirror 3 to enter to the object lens 5.
The light beanm condensed by the optical system forms a light

15 spot on the optical disk 7. The light reflected from the
optical disk 7 propagates through the object lens $ and the
first and half-mirror 3 and is split by the second half-
mirror 4 into two light beams. One of the two light beams
reflected by the second half-mirror 4 enters into the focus

20 controller 14 as focus error signal. The focus controller 14
makes the light spot follow the information track formed on
the optical disk 7 by controlling the actuator 6 in response
to focus error signal to move the object lens 5 along 1Y
direction so that the light spot is formed on the plane on

25 which information is recorded. On the other hand, the other
of the two light beams transmitting the second half-mirror 4

enters into the photodetector 8. As will be explained later,

11 This Sheet Has Been Replaced
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In a third aspect of the invention, the light- 20 shi el ding area
conprises a first light-shielding portion extending symmetrically fromthe
first divisionline in tw directions, and second and third |ight-shielding
portions provided outside the boundaries of the first light-shielding 7
WD 97/ 15923V0 97715923 PCT/ JPOBFT39643Mbr t i on
(or peripheries of the light beam. By providing the second and third
| i ght-shielding portions, even if the beamreflected froman optical disk
is shifted, areas for detecting tracking error signal is limted to equal

t he of fset of tracking

drstance o o SR 4Ste aFh ek BB, ATONE. peaR e et L
e ooy LA 88 bnerbigndl L CRrlEh A" ccloep ARy U a1 10
plurality of the divided light beams. The output signals are '
supplied through differential amplifiers 10, 11 and 12 as a
5 calculation device to the tracking controller 15 as a means
for controlling tracking. 1In Fig. 4, the photodetector 8 is
also illustrated as a partial plan view as observed from the
optical axis for illustrating connection of the output
signals to the differential amplifiers 10 - 12. The tracking
10 controller 15 controls the actuator 6 to move the ocbject lens
$ in %X directions in order to guide the light spot to the
center of the continuous groove of information track in
response to tracking error signal.
Fig. 5 shows the photodetector 8 having a
15 plurality of divided photosensitive areas according to this
enmbodiment. The photodetector 8 has a rectangular
photosensitive area wider than a light beam 13 incident on
the photodetector 8. In the photosensitive area, in order to
divide the reflected light beam into a plurality of light
20 beams, a division line 9a is provided for bisecting the
reflected light beam in the vertical direction, and two
division lines 9b and 9¢ perpendicular to the division line
9a are further provided above and below symmetrically with
respect to the optical axis. The division line 9%a is set to
25 be parallel to a direction corresponding to the information

track optically. Further, a light-shielding area 8i is

provided between the division lines 9b and 9c, perpendicular

12



10 wherein D is diameter of light beamand a is maxi numshift of |ight

Jbheam An advantage of the- presert——hventi-or—+s—that- t he optd

supplies a tracking error signal having small 15 of fset due to shift of
object lens along tracking direction. An advantage of the present invention

i's that thgoyhseal head supplies a tracking error signal pefuseg@sisial |
offset due to tilt of optical disk. BRI EF DESCRI PTI ON OF THE DRAW NGS 20

Fig. 1 is a diagramon position of the Iight beam on a photodetector and on
tracking error signal in a case WO 97/ 15923
PCT/ JP96/ 03141 where an object lens is |located at a reference position and
an optical diskthe division cling 9a.2 They Highd—shisddingi area &L tise | i ght
beam on & PR oot o ran2td 8185 22K 081 61" 8 MG VAL A YA 52 e
shield a part of a region where Oth, +1lst and ~1st order
diffraction light beams in the light beam reflected from the
s information track overlap with each other. Thus, the three
division lines 9a, 9b and 9c and the light-shielding area 8i
divide the photosensitive area of the photodetector 8 into
eight divided areas 8a, 8b, 8c, 8d, 8e, Bf, 8g and 8h. It is
to be noted that the areas 8c and 8e are not necessarily a
10 single connected area, and it may comprises two or more
subareas in correspondence to the shape of the 1light-
shielding area 8i. In the example shown in Fig. 5, the areas
8c and 8e are separated. This holds also for the fourth area
8a, 8f.
15 Thus, the reflected light beam from the optical
disk is divided into six regione by the first, second and
third division lines %a, 9b and 9c except the light-shielding
area 8i. If the photosensitive area is observed vertically
with respect to the first division line 9a, the top left side
20 comprises a first area Ba, the top right side comprises a
second area 8b, the central left side comprises a third area
8c, 8e, the central right side comprises a fourth area 84,
8f, the bottom left side comprises a fifth area 8g and the
bottom right side comprises a sixth area 8h. Then, the
25 reflected beam incident on the six areas are operated as

follows: A difference of a sum of detection signals of light

beans on the first and the fifth areas 8a, 8g from another

13



5 case where the object lens is shifted in +X direction; Fig. 3 is a
di agram on position of the light beam on a photodetector and on tracking
error signal in a further case where the object lens is |ocated at a
reference position and the optical disk is tilted in -[err] direction; 10
Fig. 4 is wosvhematic sectional view of an optical head aRPCOIRMI40 a
first enbodi nent of the invention; Fig. 5 is a plan view of a photodetector
according to a first enbodi nent of the invention; Fig. 6 is a diagram on
position of the |ight beam 15 on a photodetector in a case where an
object lens is located at a reference position and an optical disk is not
tilted; Fig.suhiofa thoesg annortheossecond ofanghesixtiht abeas dba 8h is

phot odet ector in anot her case where the object lens is shifted in +X
direction; Xplculated. Further, gaj diffgrepfanPbnap®m ofh deteqkion ght

SRR L RIS A g R
Fig. 9is a granik @hodkl oh' &k MAluddif a2l 88! §83L calculated. Then,
5 a differential signal of the two differences is calculated as
tracking error signal.

The operation is explained further according to
the connections shown in Fig. 4. The first and fifth areas
8a, 8g are connected to - terminal, while the second and

10 sixth areas 8b, 8h are connected to + terminal of the
differential amplifier 10. Further, the two areas 8c, Be of
the third area is connected to - terminal, while the two
areas 84, 8f of the fourth area are connected to + terminal
of the differential amplifier 11. The output signals of the

15 two differential amplifiers 10 and 11 are connected to + and
~ terminals of the third differential amplifier 12, and an
output signal (or tracking error signal)} of the amplifier 12
is supplied to the tracking controller 15. Therefore, by
using the connections shown in Fig. 4, a signal TE in

20 proportional to the error tracking signal is obtained as

follows:

TE=G1({8a+8g-8b-8h) -G2({8c+8e-8d-81),

(5)
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25 in various conditions; Fig. 10 is a graph of a value of (A-B)/(A+B)
for the gptical-head-i n-—v&H-eu-s—e-eﬁd-l—H-eﬁ-s-h—S———V\B@?/ 15923
PCT/ JP96/ 03141 Fig. 11 is a plan view of a photodetector according to a
second enbodi nent of the invention; Fig. 12 is a plan view of a
phot odet eChypb o fEe5Y di ng to anot her exarrpl e of the second eghgtesiat of the
5 i nvention; Fig. 13 is a plan view of a photodetector according to a
further exanple of the second enbodi nent of the invention; Fig. 14 is a
schematic sectional view of an 10 optical head accor di ng to athird
enbodi rent of the invention; Fig. 15 is a plan view of a photodetector
where 8a - 8h denote detection signals of the corresponding

areas and Gl and G2 denotes gains of the first and second
differential amplifiers 10 and 11. That is, a sum of signals
of the areas 8a and 8g is subtracted from a sum of signals of
5 the areas 8b and 8h, and the difference is amplified by the

differential amplifier 10 of gain G1, while a sum of signals
of the areas 8c and 8e is subtracted from a sum of signals of
the areas 84 and 8f and the difference is amplified by the
differential amplifier 11 of gain G2. Then, the third

10 differential amplifier 12 amplifies the signal TE to supply
the error detection signal.

Figs. 6 - 8 shows light beams on the photodetector
8 in three cases. Fig. 6 shows a case where an object lens
5 is located at a reference position and an optical disk 7 is

15 not tilted, Fig. 7 shows another case where the object lens
5 is shiftea in +X direction, Fig. 8 shows a further case
where the object lens is located at a reference position and
the optical disk 7 is tilted in - direction. In Figs. 6 -
8, two hatched areas 13a, 13b shows regions where 0th, +1st

20 and -1st order diffraction light beams overlap with each
other.

In the case shown in Fig. 6, the light beanm is
locates symmetrically with respect to the first division line
9a. Therefore, the differential amplifier 12 outputs the

25 tracking error signal with no offset. On the othar hand, in
the case shown in Fig. 7, the symmetry is broken by shifting

the light beam in the right direction. Then, the areas of

1s



according to the third enbodi nent of the invention; and Fig. 16 is a plan
vi ew of a phot odetector 15 accordlng to a nDdlfled exanple of the third
enbodi nent of the invention. NG OUT THE | NVENTI ON
Referring now to the draw ngs, ence characters designate
| i ke or corwespmezs ng parts 20 i ews, pr @CEAPEN3141

enbodi nents of the invention are=¢ et wili n detall Enbodi nent 1
Fig. 4 shows an optical head accordlng to a flrst enbodi ment of the

i nvention. In the optical head, an object 25 | ens 5 opposes an opti cal
di sk 7 as arthexdighd dfeam rsdi oo udedr doortdien grieasoBkat itsh, @ft iaad (8h A
conti nuous groove as 10 an information track is fornmed spirally on the

optical diskkncxe@sefe Vhhlerthe)ilight bRags 13 fnqlusies insther areas 8d/ thi s

8c 8g and 8i decreases. Because the change in light beam
distribution appears in the interference regions 13a and 13b,
5 a difference in optical intensity between the areas 8c, 8e
and 8d, 8f which includes the interference regions 13a, 13b
mainly becomes a problem. In the areas, besldes the differ-
ence in optical intensity of the interference regions 13a,
13b, an area of incident light of 0th order is changed with
10 shift of the light beam 13, and this causes an offset. On
the other hand, the areas 8a, 8b, 8g and 8h receives mainly
the o0th order light, and they are affected by shift of the
light beam. Therefore, if the gains €61 and G2 of the
differential amplifiers 10 and 11 are set to have appropriate
15 values, the offset due to shift of light beam can be
corrected selectively by the operation of the above-mentioned

signal TE in proportional to the tracking error signal:

TE=G1{8a+8g-8b-8h) -G2{8c+8e-8d-8f),

(5)
where 8a -~ 8h denote detection signals of the corresponding
20 areas.
In the case shown in Fig. 8 where the optical disk
7 is tilted, regions 13¢ and 13d where light intensity

difference appears are generated in the interference req:.ons

Sheet Has Been
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sheet of paper in Fig. 4. An actuator 6 noves the object lens 5in X and Y
directions u | | er 1l4—and—atracking
controller 15, where Y direction is perpendicular to the disk surface and X
direction is parallel with the disk surface and perpendicular to the
tracks. Twedwhksmgirrors 3 and 4 are arranged between thepobjreétsthens 5 and
a photodetector 8 along the optical axis 1 10 of the optical head at an
angl e of 45[err] relative to the optical axis 1. Alight source 2 is

| ocated off the optical axis 1, laterally to the first half-mirror 3. A
1ight beamemtted by the Iight source 2 is reflected by the half-mrror 3
to enter to tha am) d3b.| chewéverih&hesghrepions ddcdandciidaresshieided
optical systemforns, a Iig&t spot on the optical disk 7. The Iight
reflected frBh the 3pohEzfrinlding Fegions: &2 -t nIOGFRTPRE  obPR¥: 2FERSt 5 and
the first ang, f-mrror_3.and is split. he C half-mrror 4 into
two |ight begﬁggiﬁn?}‘& WAcking | EXRAT bé&‘%“ of | SRR Y tPRCANEE, NG 1
20 mrror L | t OGUS nthalh 1 S r L gnal
The focus co%??§F|§é§?%£ﬁ§ie§§?%e |gﬁ€ ggot ?%FIéﬂ?tﬁégggig?né${oﬁﬁ?rack
formed @n therapkisngl dfréétio®y they affect little the tracking error

signal even if the object lens 5 is shifted.

Fig. 9 shows results of numerical calculation on
the off-track in various conditions for comparing the
photodetector of the embodiment with the prior art

10 photodetector of push-pull technigque. The off-track is a
shift of position of zero tracking error signal relative to
the track center when the optical head is shifted from the
track center. Further, Fig. 10 shows results of numerical

calculation on the value of

(A-B)/(A+B),

15 (4)
in various conditions, where A and B are positive and neg-
ative maximum voltages of the tracking error signal. The
abscissa in Figs. 9 and 10 show four conditions as a combina-
tion of shift of 0.33 mm of the object lens 5 in radial
20 direction and tilt of 1* of the optical disk 7. 1In Figs. 9
and 10, "OL shift” denotes shift of the object lens 5, "tilt"

denotes tilt of the optical disk 7, "invention” denotes an

17



controlling the actuator 6 in response to focus error signal to nove the
object lens 5 along Y direction so that the 25 light spot is fornmed on
the plane on which information is recorded. On the other hand, the other of
the two |ight beans transmtting the second half-mrror 4 enters into the
phot odet ectwo 9815928 wi || be expl ained | ater, WO 97/ 159 ZXT/IP96/03141
PCT/JP96/ 03141 the photodetector 8 divides the |ight beam and outputs a
plurality of photosensitive areas in correspondence to a plurality of the
di vided |ight beanms. The output signals are supplied through differential
anplifiers 10, 11 and 12 as a 5 calcul ation deV|ce to the trackin

control |l er 1BP§§°31nESﬁ§ PSrtBSnFPBP¢¥WEP¥rQR§urﬁf |9enates an FW&lcgl

hot odet ect | t | [ b df
Phe opti ol BeRg proptfot At AMIETAY 2eBRBLEBE- P o it s gnal o to the
differential a”p|'f'erScchulﬁgioﬂhEoﬁéﬁﬁﬁ&ﬁﬂ dPe asCeBLiOWEST HRgeaNtrols”

the actuator 6 to nove the object |ens
pitch and depth of the continuous groove of information track

5 on the aoptical head jis 1.1 um, 100 nm and 1.5 um, focal
length of the cbject lens 5 is 4 mm, numerical aperture is
0.45, and wavelength of light source 1 is 780 nm. The light
beam 13 is divided as follows: U/D = 0.82, V/D = 0.21, W/D
= 0.79, gain ratio G2/Gl = 2.8. It is found that both the
10 off-track and the value of Eq. (5) of the optical head of the
embodiment are much lower than the counterparts of the prior
art optical head. In other words, for a practical
combination of shift of 0.33 mm and tilt of 1°, the results
satisfy the conditions of off-track of 0.1 um or less and the

1s value of Eq. (5) of 20 % or less with a sufficient margin.
In this embodiment, by providing the 1light-
shielding region 81 to cover the regions 13c, 134 affected by
the tilt of the optical disk 7, the effect of the tilt is
suppressed. Further, the reflected beam is divided by the
20 second and third division lines 9b and 9c. Therefore, the
offset of the tracking error signal due to shift of the
reflected beam 13 can be corrected by operating the signals
of the areas 8a, 8b, Bg and 8h multiplied with a specified
coefficient with the signals of the areas 8c, 8d, 8e and 8f.
25 Preferably, the second and third division lines

5b and 9c are set as described below. The distance U between

18



5in X directions in order to guide the light spot to the center of the
continuous. groove—ofi-nlorrat-ef—track—+A—fespense—t o tracking—error——
signal. Fig. 5 shows the photodetector 8 having a 15 plurality of

di vi ded photosensitive areas according to this enbodi nent. The

phot odet ect\@h o78s521@as a rectangul ar photosensitive area pdrfs@vsdspan a
light beam 13 incident on the photodetector 8. In the photosensitive area,
in order to divide the reflected |light beaminto a plurality of |ight 20
beanms, a division line 9a is provided for bisecting the reflected Iight
beamin the vertical direction, and two division lines 9b and 9c

per pendi cul archied gdtrordl Vard othirdieddeision f Mihéer 9pr anddat aboveetneobel ow
symmetrically with respect to the optical axis. The division line 9a is set
to 25 be pmatlisfy tbeafdliiewingprequationsonding to the information track
optically. Further, a light-shielding area 8i is provided between the
division lines 9b and 9c, perpendicular 12

ookl B ek

(2)

wherein D is diameter of the beam, NA is numerical aperture,

5 A is wavelength and 4 is pitch of information tracks. This
condition of Eq. (2) on the second and third division lines

9b and 9c is determined so that the interference regions 13a,

13b (refer to Figs., 6 - 8) in the reflected beam 13 is not
included or nearly included in the first, second, fifth and

10 sixth areas 8a, 8b, 8g and 8h along the direction parallel to
the division line 9a or track. Therefore, only the signal in
correspondence to the shift of the reflected beam can be
taken out selectively, and this is advantageous for
correcting the offset of the error correction signal. If the

15 distance U between the second and third division lines 8b and
9c is set to be wider than the range shown in Eq. (2), the
signal used for correction becomes smaller. On the other

hand, if the distance U between the second and third division
lines 3b and 9c is set to be narrower than the range shown in

20 Eq. (2), the interference regions 13a, 13b in the reflected
beam 13 affects largely to the signal used for correction,

and this deteriorates the guality of tracking error signal.

19



WO 97/ 15923 PCT/ JP96/

03141 to the

division line 9a. The light-shielding area 8i is arranged symmetrically
relative to the division line 9a to shield a part of a region where 0Oth,
+1st and -1st order diffraction light beans in the |ight beamreflected
fromthe S5wo9wse3mati on track overlap with each other. TRGEIPYRRI4hree

division lines 9a, 9b and 9c and the |ight-shielding area
phot osensitive area of the photodetector 8 into eight divi

8i divide the
ded areas 8a, 8b,

8c, 8d, 8e, 8f, 8g and 8h. It is to be noted that the areas 8c and 8e are
not necessarily a 10 single connected, area, ,and it qg%%cqnprises two or

abdYy othe lightsshielding 2

nore subareas in corre

BisipepBEMRE area

ol ds. al S0 (FSTHPRDRRYA, Rl a9, B Be i AR eIt oS RRRE EF) o0 g
noi ds- al 50 | rffvar ed"8dY A7, Y 5T THe HidEnamie B rE ect ed
Seoond and (WaR dret BankaNeigs o thdTfret a1 B1oR o shiet 10

area 8i. |f tdesdEMsaiNd foldoifgd e§uabisived vertically

o3l (B {ikal

5 (1)

wherein D is diameter of the beam, NA is numerical aperture,

A is wavelength and 4 is pitch of information tracks. The

condition of Eg. (1) on the light-shielding area 8i is

determined so that the regions 13c and 13d which are liable

10 to be affected by tilt of optical disk 7 are shielded while

a guantity of signal light for obtaining the tracking error

signal can be secured sufficiently. Therefore, by providing

the light-shielding area having the width of Eq. (1), the

tracking error signal is affected less by the tilt of the

15 optical disk 7. If the width V of the light-shielding area

8i is wider than the range shown in Eq. (1), the quantity of

signal light used for correction becomes smaller. On the

other hand, if the width V of the light-shielding area 8i is

narrower than the range shown in Eq. (1), the interference

20 regions 13c, 134 in the interference regions 13a,

13b affect

largely to the signal used for correction, and this deterio-

rates the quality of tracking error signal. 1In a different

way, the light-shielding area 8i is set to be parallel to the

20



with respect to the first division line 9a, the top left side 20

canprises a first area-8a,—thetop—+ghi—s+de—eonpri sesa -seeond—area 8b,

the central left side conprises a third area 8c, 8e, the central right side
conprises a fourth area 8d, 8f, the bottomleft side conprises a fifth area
8g and the ypt@msr i ght side conprises a sixth area 8h.  pbgipssiodar 25
reflected beamincident on the six areas are operated as follows: A

di fference of a sum of detection signals of Iight beans on the first and
the fifth areas 8a, 8g from another 13 WO 97/ 15923

T arSeLo K NP A o i A el 0 Oty flndr
R o A o o i et
di ff erences dife aa) alensRA£8Sof I BAE | 6l et Qlend gnal .
In this embodiment, the light-shielding area 8i
5 is rectangular. However, it may comprise two trapezoid_s put
together to form a substantially same size or it may be
curved, as far as the substantially the same area is formed.
Further, it may comprise a plurality of separated areas.
Enbodinent 2 |

10 Fig. 11 shows division of light beam 13 of a
photodetector 108 according to a second embodiment of the
invention. This embodiment is different from the first
embodiment only in the division of light beam 13. The
structure except this point and the operation of the optical

15 head are similar to the counterparts of the first embodiment,
and they are not explained here. The photodetector 108 shown
in Fig. 11 is different in that areas for shielding the
peripheries of the light beam are provided between second and
third division lines 109b and 10%8c.

20 In a rectangular photosensitive area of the
photodetector 108, similarly to the photodetector 8 of the
first embodiment, a division line 109a is provided for
bisecting the light beam in the vertical direction, and two
division lines 109b and 109c¢c perpendicular to the division

25 line 109a are provided symmetrically above and below with
respect to the optical axis. The division line 109a is set

to be parallel to a direction corresponding to the

21



The operation is explained further according to the connections shown in
Fig. 4. The first and fifth areas 8a, 8g are connected to - termnal, while

the seconq and 10_ _ si xth areas 8b, 8h are connected to + ternina! of the
differential anmplifier 10. FUF7 --HE*LEP areas 8c, Be of the third area

i S connect eWO®Y15923 er m nal , Freas=-8d, 8f of ROTIPIAI4Ih ar ea

are connected to + term nal of 11 Y SrEEN fanpl i fier 11. The out put
signals of the 15 two diff H .umLﬁuﬁQW-ers 10 and 11 are connected to
+ and - terminals of the third differentiar-—anmptifier 12, and an out put

O RBRge SO O Ny SRS APl g2 Lo BB S tg the

b el FEthadho. eBEE R0 08t Brkd S inelt SHH PAVILERE, b

109b and 109c, perpendicular to the division line 1092, to

shield the light beam, and further to divide the light beanm.

5 The first light-shielding area 108j is arranged symmetrically

relative to the division line 109a to shield the region 13c

and 134 in the interfsrence regions 13a and 13b. Further,

second and third areas 108k and 1081 are provided to shield

the peripheries of the light beam 13 between the second and

10 third division lines 109b and 109c. The second and third

light-shielding areas 108k and 1081 are arranged

symmetrically with respect to the first division line 109a.

Then, the three division lines 10%9a, 109b and 10%c and the

light-shielding areas 108j, 108k and 1081 divide the

is photosensitive area of the photodetector 108 into eight

divided areas 108a, 108b, 108c, 108d, 108e, 108f, 108g and

108h. By providing the second and third light-shielding

areas 1083 and 108k, the areas for detecting tracking error

signal are limited within an equal distance from the first

20 division line 109a at the left and right sides. Then, the

correction coefficient G1/G2 in Bg. (5) can be decreased.

When the correction coefficient G1/G2 is small, tolerance for

a shift from the optimum value becomes large, and the
correction coefficient can be set easily.

25 Preferably, if "a" is maximum shift of the light

beam 13 in one side, a width W between inner boundaries of

This Sheet Has Been RTlaced
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WD 97/ 15923 PCT/ JP96/ 03141 where 8a -
8h _denote detection sighal-s—ef—the—eorrespondrng—areas and—Gt—and—G2
denotes gains of the first and second differential anplifiers 10 and 11.
That is, a sumof signals of the areas 8a and 8g is subtracted froma sum
of signals |be9sens he areas 8b and 8h, and the difference rcImogddti ed by
the differential anplifier 10 of gain GL, while a sumof signals of the
areas 8c and 8e is subtracted froma sumof signals of the areas 8d and 8f
and the difference is anplified by the dif ferential anplifier 12 of gain
&. Then, the third 10 differential anplifier 12 anplifies the signal TE
to supply ththersegonikiand third dight-shiglding agreasordeki and be8Asi®n the
phot odetector 8 in threge cases. Fi g. .6 shows a case where an object lens 5
i s located afeh FRIEACIRLY JI& EPIACHRTI BT IYY disk 7 is 15 not
tilted, Fig. 7 shows another case where the object lens 5 is shifted in +X
direction, Fig. 8 shows a further cag recghe object lens is |located at
a reference position and the optiéaréogge(’#‘(};y‘tilted in -[err] direction.
In.Figs. 6 -

(3)

wherein D is diameter of the light beam. Then, the light-
5 shielding areas 108k and 1081 cover areas not affected
largely by the shift of the light beam. If the width W
between the second and third light-shielding areas 108k and
1081 is set to be wider than the range shown in Eq. {3), the
signal used for correction includes signals not affected by
10 the shift of the light beam. On the other hand, if the width
W is set to be narrower than the range shown in Eg. (3), the
signal used for correction becomes smaller, and this deterio-

rates the quality of tracking error signal.
Similarly to the first embodiment mentioned above,
15 the width V of the light~shielding area 1083 along the same
direction as the first division line 109a is set to satisfy

the following eguation:

o- |23kl 3o 2Kkl

(1}
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8, two hatched areas 13a, 13b shows regi ons where Oth, +1st 20 and - 1st
order diffraction |light beans overlap with each other. In the case shown in
Fig. 6, the light beamis |ocates symretrically with respect to the first
division line 9a. Therefore, the differential anplifier 12 outputs the 25
tracki ng e™@P7/¥PBnal with no offset. On the other hand, PCRUPIO3tdse shown
in Fig. 7, the symmetry is broken by shifting the |ight beamin the right
direction. Then, the areas of 15 the light beam 13 included in the areas
8b, 8d, 8f and 8h increases, while the |light beam 13 included in the areas

Ceencs oo Rl S meBRE M SRR 1 Ailisgiit S
optical intersibywhobYERgth endrEass §oitde &Ewhr&%m%fuwhl E}.Elah QE! udgget he
interference regions 13a, 13b mainly beconmes a problem e areas,
besi des the dohfittion of Eq. (1) on the light-shielding area 1083 is
determined so that the regions 13c and 13d which are liable
5 to be affected by tilt of optical disk 7 are shielded while
a guantity of signal light for obtaining the tracking error
signal can be secured sufficiently.
In this embodiment, the second and third light-
shielding areas 108k and 1081 have linear boundaries and
10 continuous to the first one 108j. However, they may be
curved as far as a substantially same area is formed.
Further, each of them may comprise a plurality of separated
areas.
Fig. 12 shows division of 1light beam of a
1s photodetector accofding to another example of the second
embodiment. Similar to the example shown in Fig. 11, second
and third light-shielding areas 108k’ and 1081’ are provided
besides the first one 108j in order to shield the peripheries
of the light beam between second and third division lines
20 109b and 103c. However, the second and third light-shielding
areas 108k’ and 1081’ are not continuous to the first one
108j. In this example, the reflected light beam is divided
into six. Because the peripheral areas of the light beam are
shielded, the offset of the signal due to shift of light beam
25 can be decreased, and the correction coefficient G17G2 in Eg.

{5) can be set easily.
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ence in optical intensity of the interference regions 13a, 13b, an area of
lncident 1ight of Oth order—i-s—changed—wth~3+0——shift of —thetTght beam
13, and this causes an offset. On the other hand, the areas 8a, 8b, 8g and
8h receives mainly the Oth order light, and they are affected by shift of
the light Reapnsess Therefore, if the gains Gl and & of ther/pwétasenti al
anplifiers 10 and 11 are set to have appropriate 15 val ues, the offset
due to shift of [light beam can be corrected selectively by the
operation of the above-nentioned signal TE in proportional to the tracking
error signal: TE=Gl (8a+8g-8bh-8h) -& (8c+8e-8d-8f), (4) where 8a - 8h
denot e detection signalBigf tibe sbowespbndisign?20of higlds. bleamt hefcase
shown in Fig. 8 where the optical disk 7 is tilted, regions 13c and 13d
where |ight phetodetectay ragcorddngpfeaps furthgenexarele | af t Hae s2epndr ence
regi ons

embodiment. Similar to the example shown in Fig. 11, second

and third light-shielding areas 108k" and.losl" are provided

5 besides the first one 108j in order to shield the peripheries

of the light beanm between'second and third division lines

109b and 109c. The second and third light-shielding areas

108k" and 1081" are continuous to the first one 108j, but the

width thereof is not constant. The width increased from the

10 width of the first light-shielding area 1083 at the inner

side to the distance between the second and third boundaries

109b and 109¢ of the light-receiving area. Similarly to the

above example, because the peripheral areas of the light beam

are shielded, the offset of the signal due to shift of light

15 beam can be decreased,; and the correction coefficient G1/G2
in Eq. (5) can be set easily.

Embodiment 3

Fig. 14 shows an optical head according to a thirad

embodiment of the invention and Fig. 15 shows division of

20 light beam 13 of a photodetector 208 according to the third

embodiment. This embodiment is AQifferent from the first

embodiment only in the division of light beam 13 and the

operation of signals. The structure except this point and

the aoperation of the optical head are similar to the

25 counterparts of the first embodiment, and they are not

explained here. The photodetector 208 shown in Pigs. 14 and

15 is different in that division of reflected beam is simple.

25



WO 97/ 15923

PCT/ JP96/ 03141 13a

13b. However, these regions 13c and 13d are shielded by the |ight-sh

regi ons 8i.

Therefore, they affect little the tracking error signal.

Further, because the light-shielding area 8i is provided in parallel
5 trackiw@aisgdtion, they affect little the tracking eP Pl
If the object lens 5 is shifted. Fig. 9 shows results of nunerical

"cal cul ation

on the off-track in various conditions for conparing the

phot odet ect or of the enbodinent with the prior art 10 phot odet ect or
-push-pul I techni que.

ol ative (i Ro EPEERTRRE, RikkhePhatERre  AroRaBt ARl Lo

error signa
fromthe tr
cal cul ati on

%ﬁﬂdg’@éctd:ﬂ e ’sj)'ﬂi?a{%gB;i?O‘%ger BhbtbSeCLctbii®s | 62 the

on the value of (A-B

(4) in variofisr®ndnbodisenthere AisxidiBnarBindskbbvei@nGrakGdedl | #6r
maxi mum vol tages of the tracking error signal. The abscissa in Figs.
10 show f ourbiseckinonthesligbbnbeam- in the vertical direction. The

5

10

15

20

25

division line 209 is set to be parallel to a direction
corresponding to the information track optically. Further,
at least one light-shielding area 208e perpendicular to the
division line 209a is arranged symmetrically relative to the
division line 209 to shield the regions 13c and 13d toc be
affected by tilt of the optical disk 7 in the interference
regions 13a and 13b where zeroth, +1st and -1st order
diffraction light beams overlap with each other. Thus, the
photosensitive area of the photodetector 208 is divided by
the division line 209 and the light-shielding area 208e is
further provided perpendicularly to the division line 209 to
form four photosensitive areas 208a, 208b, 208c and 208d.

Because the regions 13c and 13d are covered by the
light-shielding area 208e, the offset due to tilt of the
optical disk 7 can be reduced. Then, the optical head can
control tracking stably in a condition where the shift of
light beam is small so that the offset is mainly caused by
the tilt of the optical disk 7.

It is to be noted that the area 208a and 208c are
not necessarily separated, or it may comprises two or more
subareas in correspondence to the shape of the light-
shielding area 208e. In the example shown in Fig. 15, the

areas 208a and 208c are separated. This holds also for the

26
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tion of shift of 0.33 mmof the object lens 5 in radial 20 direction and
tilt of 1[err] of the opiticatwdisk—"t—tA—Fgs—9—and 10, “EB—shrft™denotes

shlft of the object lens 5, "tilt" denotes tilt of the optical disk 7,
"invention" denotes an 17 WD 97/ 15923

PCT/ JP96/ O3d44aRk4 | cal head of the embodi ment and "PP" depaysrseestatopt i cal

head of prrior art push-pul | technique. Calculation conditions are as

follows: Wdth, pitch and depth of the continuous groove of infornmation

track 5 on the optical head is 1.1 [err]m 100 nmand 1.5 [err]m focal

| ength of the object lens 5is 4 nm nunerical aperture is 0.45, and

wavel engt h afeddrghtreauz@sd,l 208d78(XmrtheThoperatyivn fasigBals detectssdl as

follows: UD=10.82, VVD=0.21, WD=0.79, gainratio &/GL = 2.8. It is

found that Bt htheeargas,ofthe reWk angashdajsaldr of B&. f%\rﬁtoﬁrﬁﬁe ot i cal

head of the enbodi nt. are nuch, | mer t an the count er o th rior
connected to - termina wh two areas %ﬁ J%I%

second area are connected to + terminal of the differential

-1 amplifier 210. The output signal of the differential

amplifiers 210 is supplied as tracking error signal to the
tracking controller 15.

Preferably, the light-shielding area 208e is set

as described below, similarly to the first embodiment. The

10 width V of the light-shielding area 208e along the same

direction as the division line 209 is set to satisfy the

following equation:

o (BN {2~k

(1)
wherein D is diémeter of the beam, NA is numerical aperture,
15 A is wavelength and 4 is pitch of information tracks. The
condition of Eg. (1) on the light-shielding area 208e is
determined so that the regions 13c and 13d which are liable
to be affected by tilt of optical disk 7 are shielded while
a quantity of signal light for obtaining the tracking error
20 signal can be secured sufficiently. Therefore, by providing
the light-shielding area having the width of Egq. (1), the
tracking error signal is affected less by the tilt of the
optical disk 7.
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art optical head. In other words, for a practical conbination of
shift of 0.33 mmand tilt of 1[err], the results satisfy the conditions of
off-track of 0.1 [err]mor less and the 15 val ue of Eq. (5) of 20 % or
less with a sufficient margin. In this enbodi nent, by providing the |ight-
shi el di ng W®?8828i to cover the regions 13c, 13d affecteﬂcﬂyggﬁﬂ‘{llt of
the optical disk 7, the effect of the tilt is suppressed. Further, the
‘reflected beamis divided by the 20 second and third division lines 9b
and 9c. Therefore, the offset of the tracking error signal due to shift of

the reflected beam 13 aan i retecdhad lahseaeaab'fnﬁnéhh§ hE08H fe i irig)
areas 8a, 8b, 8g and 8h nultiplied with a specified coefficient vmth the

si gnal s of témeesmr2eas,8the Sligite-striklding?8rea may comprisePthfies adteas t he
second and third division lines 9b and 9c are set as described bel ow. The _
di stance U &8s wipnthe \ggegmlfggg@diment In this case, the width w

PCT/ JP96/ 03141 t he second % d di vi |on | i nes, 9b gn 9c i s ,set to
between inner boun es © second ird light-

5 shielding areas is set preferably to satisfy Eq. (3).
Fig. 16 shows division of light beam of a
photodetector in a modified example of the third embodiment.
Two light-shielding areas 208i’ and 208i" are provided at two
side of the division line 209 symmetrically to the division
10 line 209, but they are separated from each other in contrast
to the example shown in Fig. 15. The light-shielding areas
208i’ and 208i" are provided to shield areas affected largely
by tilt of optical disk 7 in the overlapping areas 13a and
13b. Then, the offset of tracking error signal due to tilt
15 of optical disk can be decreased. It is to be noted that the
light-shielding areas 8i and 1081 in the examples of the
first and second embodiments may also consist of a plurality
of parts, similarly to that shown in Fig. 16.
In the above~mentioned embodiments, the reflected
20 beam is divided to a plurality of 1light beams in the
photodstector 8, 108, 208. However, an optical head
according to the invention may comprise an optical component
which splits a light beam provided in the optical path,
instead of the photodetector. For example, the optical
25 component may be a diffraction element having a grating
divided into a plurality of parts, or an element comprising

a plurality of prisms provided on a plane.
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satisfy the follow ng equation: [err] wherein Dis diameter of the beam NA

is nunerical apertuwre 5 Fer+t—t-s—neretength—and—d i s pitchof
information tracks. This condition of Eq. (2) on the second and third
division lines 9b and 9c is determ ned so that the interference regions
13a, 13b (uRfPnsée Figs. 6 - 8) in the reflected beam 13 peruméndiac! uded or
hearly included in the first, second, fifth and 10 sixth areas 8a, 8b, 8g
and 8h along the direction parallel to the division |ine 9a or track.
Therefore, only the signal in correspondence to the shift of the reflected
beam can be taken out selectively, and this is advantageous for correcting
the offset of the errorImorrehei ormsoveralentiibnele 1embodisentse U tie ween
the second and third division lines 9b and 9¢ is set to be wider than the
range shown imteemagion tmackspfnehe pRidoRdr disk  RMRGIBaf e BoRBRLARMPREr . On

the other hand, if t di st ang ##f) A n_the_second. and third giv' i on
lines 9b andg§é°Y§’s. WY S ﬁgr i&ﬁfgﬁéaﬁ"Fﬁéiréﬁé§§ an 26 ié&m (2),
the i “tefferﬁfﬁeaga%?'eﬂé J&%c%&ﬁﬁ | dbrit¥o116t! of8 eHlalEa Rl Safblbf Eat@r 9¢1 Y
to-the signal use or correction,

5 characteristic of low-pass filter, tracking error signal of
small offset can be obtained also for an information track
comprising a pit array.

Although the present invention has been fully

described in connection with the preferred embodiments

10 thereof with reference to the accompanying drawings, it is to
be noted that various changes and modifications are apparent

to those skilled in the art. Such changes and modifications

are to be understood as included within the scope of the

present invention as defined by the appended claims unless

15 they depart therefrom.
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and this deteriorates the quality of tracking error signal. 19 WO
97/ 15923 REEE E/ 03141 Preferably,

the light-shielding area 8i is set § The width V of the

| ight-shielding area 8i along the s§ first division line
9a is set wosHIs#Sfy the foll owi ng ggu » PCT/JP96/03141

(1) wherein D-is—draneter—of-the- beam NA |s nunmeri cal aperture, X is

wavel ength and d_is pitch of information tracks. The condition of Egq. (1)
on the Iight-shi mm s determned so that the regions 13c and
13d which are | affected by tilt of optical disk 7 are

shi el ded while a quantity of signal |FEMM¥8or obtaining the tracking error

signal can he secured suffi ¢ien her ef or & by providing the
li ght-shiel ding area h liﬁﬁav\i\(ﬁ?% SRRSOt he

a light source;

an optical system which condenses a light emitted

5 from said light source;

a focus controller for controlling said optical
system to form a light spot on an information recording
medium;

a photodetecting means for dividing a light beam

10 reflected from the information recording medium to a
plurality of light beams and detecting the plurality of light
beans;

an operator which operates signals of the
plurality of light beams detected by said photodetecting

15 means to supply a tracking error signal; ang

a tracking controller for controlling said optical
system according to the tracking error signal to make the
light spot follow an information track formed on the
information recording medium;

20 wherein said photodetecting means detects the
plurality of light beams divided by a first division line
corresponding to a direction of information track and at
least one light-shielding area arranged symmetrically to the
first division line.

25 2. The optical head according to claim 1, wherein

said photodetecting means comprises a photodetector having a

A

plurality of photodetecting areas.



tracking error signal is affected less by the tilt of the 15 opti cal
disk 7 i the width V of L e aai ey =aanc s a 8i—t+s—wider—ttramtte

range shown in Eq. (1), the qﬁ. ght used for correction
becormes smaller. On the other H / of the |ight-shielding

area 8i | r than the r I 1), t he pcrisesdidtance 20
Swﬂ@ffgég%

regions 13c, In the interference regi ons 2 —13b affect largely to the
signal used for correction, and this deterio- rates the quality of tracking
error signal. In a different way, the light-shielding area 8i is set to be

parallel to the 20 WO 97/ 15923 ) .
PCT/ JP96/ 03B41 shifti nghei optirah beadhacsprding| tasclaimnhdn, wheredn ar

advant age i s qhtained even. i f the reflected beam 13 i? nnxed due to.the
shift of th&2dfj &otaddetestipg means, GHPTARAS M OPEIRRLS HWRANGTtar ea 8i

5. is rectangl Hividieehle FdelBbted gt bdih (£4PEZOh U Rty of
light beams.

5 4. The optical head according to one of claims 1 -~

3, wherein said light-shielding area is rectangular.
5. The optical head according to one of claims 1 -
3, wherein said light-shielding area has a shape shielding a
part of the reflected light beam wherein zeroth and first

10 order diffraction light beams diffracted from the information
tracks overlap with each other.
6. The optical head according to one of claims 1 -~
5, whereiln said photodetecting means receives two light beams
divided by the first division line and the light-shielding

15 area.
7. The optical head according to one of claims 1 -
5, wherein said photodetecting means receives four 1light
beams divided by the first division line and the 1light-
shielding area.

20 8. The optical head according to one of claims 1 -
7, wherein a width V of said light-shielding area along the
same direction as said first division line satisfies a

following relation:

o-{x{khal 3 fi

mm i



together to forma substantially sanme size or
the substantially the sane area is f
plurality of separated areas. Epheek
di vision of |ight beam 13 of a‘¢

enmbodi ment W3 I/ nvent i on. di f f er eRETARSS@B3Mhe fir st
enbodi nent only in the division - ght bean1 13. The structure except

‘this point and the operation of the optical 15 head are simlar to the
counterparts of the first enbodi nent, and they are not expl ai ned here. The

-phot odet ect S [ ' 11 i LEf t 0, | el di ng
t he periphe??%s 0 ?ﬁe id%ﬁ; §§n§§r§igﬁgv?é§ﬁ be m%%ﬁﬁggéoig?%iéP$¥1

di vision |inagel09R agl ua%leaeth and a is d NEPRERCUAL 2br the

phot osensitive area of the photodetector 108, simlarly to the

phot odet ect cinfbrafattion trask.enbodi nent, a division line 109a is provided
for bisecting the light beamin the vertlcal direction, and two division
lines 109b &hd 109c perThendptical headhacdbrdingrtosone of nelalingn lare

prOV|ded symmetrical ly abqve apnd bel ow with
8, wherein said at least one light-shielding area comprises

|t y be curved, as far as
It may conprise a
Fig. 11 shows

Afccording to a second

a first light-shielding portion at two sides of the first
division line, and second and third light-shielding areas
provided at outer sides of the first light-shielding portion
with respect to the first division line.

10 10, The optical head according to claim 9 wherein a
distance W between inner boundaries of said second and third

light-shielding portions satisfies a following relation:

3a w a
1‘(3)‘3‘1‘('5)'

wherein "a" is maximum shift of light beam and D is diameter
of light beam.

15 11. The optical head according to one of claims 1 -~
5 and, wherein said photodetecting means receives the light
beams divided further by second and third division 1lines
crossing said first division line, and said light-ghielding
area is arranged between said second and third division

20 lines.

12. The optical head according to claim 11, wherein

said photodetecting means receives six light beams divided by

R “\“\ 2z '”“; Sheet H aced
L i



respect to t he optlcal axis. The leISIOﬂ I|ne 109a S set to be paraIIeI
- o , y.

Further ‘a flrst Ilght- shleldlng area 108| S prOV|ded betmeen the
M

di vision lines 109b and 109c,
shi el d t he ywphetsoeam and fur
light-shielding area 108 is ajtra y relative to the
division line 109a to shield the reglon ¥+3d in the interference
regions 13a and 13b. Further, second and th|rd areas 108k and 1081 are
provided to shield the perlpherles of the light beam 13 between the second
and 10 t hthe diivssi oseconds ahdokhind ddyisiomhdinesoandatbet Right-

| i ght -shi el di ng ar eas 108k and 1081 are arranged symetrically
with respect shdeif&ngaxeadj vi sion |ine 109a Then the three di vi si on

|Ines 1092 109 and 109¢ and, Lher 4Gl -SSP o 45,400k, BRBKeERT 1081

e division line 109a, to
I ght beawr/sboerozrsihe first

said photodetecting means receives eight light beams divided
5 by the first, second and third division lines and the light-

shielding area.

14. The coptical head according to one of claims 11 -

13, wherein a distance U between said second and third

division lines satisfies a following relation:

S0 PR SRT P P

10 wherein P is diameter of light beam, NA is numerical
aperture, A is wavelength and d is a track pitch of the
information track.

15, The optical head according to one of claims 11 -
14, wherein said at least one light-shielding area comprises

15 a first light-shielding portion at two sides of the first
division line, and second and third light-shielding areas
provided at outer sides of the first light-shielding portion
with respect to the first division line.

16. The optical head according to claim 15 wherein a

20 distance U between the second and third 1light-shielding

portions satisfies a following relation:

i — {110

a3



15 phot osensitive area of the photodetector 108 into eight divided
areas 108a, 108b, 108c, 108d, 108e, 108f, 108g and 108h. By providing the
second and third light-shielding areas 108k and 1081, the areas for

detecting tracking error signal T1.Td WLLOT T an equal di stance from
the first 2‘@097"8(?3% sion line l%g‘éﬁ@t% égfﬂdlri ght diateesénstdien, the
Eg___(

correction coefficient Gl/ & iniEq e_dedreased. VWhen the
correction coefficient GI/&Q is small, tolerance for a shift fromthe
opti mum val ue beconmes | arge, and the correction coefficient can be set
easily. 25 Preferably, if "a" is maximumshift of the |ight

beam 13 in one side, a wdth W bet i gner, boundari es of 22 WO
97/ 15923 l\iﬁ-fé}g-u-(i)?CT/JP%/ 03141 the second and
third Iight-shielding areas 108k and™X g7 is et to satisfy the follow ng
equation: [err]

wherein D is diameter of light beam and "a" is maximum shift

of light bean.

A

L,

I
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wherein D is dianmeter of the [ight beam Then, the light- 5 shi el di ng
areas 108k and 1081 couver_areas—het—atfecteetargety- by—the shift—of—the
light beam |f the width Wbetween the second and third |ight-shielding
areas 108k and 1081 is set to be wi der than the range shown in Eq. (3), the
si gnal useqvggﬁlsggrrect I on includes signals not affected pyrddesosishe shift
of the Iight beam On the other hand, if the wwdth Wis set to be narrower
than the range shown in Eq. (3), the signal used for correction becones
smal ler, and this deterio- rates the quality of tracking error signal.
simlarly to the first enbodi mrent nentioned above, 15 the width V of the
| i ght-shielding area 108] along the sanme direction as the first division
line 109a is set to satisfy the following equation: [err] 23 WO 97/ 15923
PCT/ JP96/ 03141

Fig.1

Tracking error signal

y UV\\J g
Track ~ | I'"i'_! [

Fig.2

Tracking error signal

Fig.3

Tracking error signal

off-track

VAN .
AVAVE

Track -1 l—-{'—-‘ N

Track center

®
9
:
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wherein Dis dianeter of the beam NA is nunerica
+8 pi t eh—ef—trterrai+on—t+acks—Ihe—condi t on- ofEq.

warv-eh-engt-h—anrd—d—i
on the light-shielding area 108

aperture, Xis

(1)

is determ ned so that the regions 13c and

13d which are liable 5

shi el ded whwiom7asspsantity of signal
si gnal

can be secured sufficiently.

to be affected by tilt of optical disk 7 are
| ight for obtaining thgf gp error
In this enbodi nent, the second and

third light- shielding areas 108k and 1081 have |i near boundaries and 10

continuous to the first one 108j.

’ However ,
substantially sane area is fornmed. Further,

they may be curved as far as a
each of them may conprise a

plurality of separated areas.

Fig. 12 shows division of

| i ght beam of a 15

phot odet ect or accordi ng to another exanple of the second enbodi nent.

Simlar to the exanple shown

in Fig. 11,

second and third |ight-shielding

areas 108k' and 10 are provided be5|des the first one 108] in order to
shield the perlphqﬁf the Iight beam between second and third division
i nes 20 109b an b c. However, the second and third |ight-shielding
Track direction
T~ + A+
7~J I Y I 8
5 — X+
s~
[ ]
3 2
el |
4 — -
_ _ Focus
controller
| (
i 14
i 9a
8< :i8c(8d:
gb\ 8a SbL
L 8¢
11
P
gq 8e)sf
o 13 8h Al 2
Tracking
G1 - controller
»” 2
15
10
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areas 108k' and 1081' are not continuous to the first one 108j. In this

peri pheral areas of the Iight beam are shielded, the offset of the signal
due to shift of Iight beam 25 can be decreased, and the correction
coefficient vaig@>923n Egq. (5) can be set easily. 24 VO 9§t 3141

PCT/ JP96/ 03141 Fig. 13 shows division of |Iight beam of a photodetector
according to a further exanple of the second enbodinent. Simlar to the
exanpl e shown in Fig. 11, second and third |ight-shielding areas 108k" and
108" are provided 5 besides the first one 108 in order to shield the
peri pheries of the |ight beam between second and third division |ines 109b
and 109c. The second and third light-shielding areas 108k" and 108l " are
continuous to the first one 108j, but the width thereof is not constant.
The width increased fromthe

Fig.5

8

9a
8a
\ 2 )13 8

A
8i ~y
D aviive N

S N
yi \ O¢
) (
8g 8h
Fig.11
108a
108 1982 )13 108p
s
108e P17 ] o9
544 108d
108k~ // ~—108
108e— N7 ~108f
ra ) 109¢c

. (
10539 1081 108h
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10___width of the f irst light-shielding area 108j at the inner side to the

di st ance bet ween T hée Second anmdtihiTrtbotrdar+es

light-receiving area. Simlarly to the above exanpl e,
areas of the |light beam are shiel ded,

peri pher al
beam can be decreased, and the c

due to shift “SIS¥At 15

coefficient G/ & in Eq.
an optical

15 shows division of 20

the third enbodi nent.
enbodi nent only in the division of

si gnal s.

head are simlar to
are ‘not expl ai ned
di fferent

he 25

Fig.7

Fig.8

Thi s enbodi ment

e phot odet ect

in that di v’gfg of r%‘lectedo{%

100h and 109c _of the

because t he

the of fset of the signa

8a 9a
\ \‘ \ /Bb 13b
{
8i ’/A T~—8d
Be—1" ~+—8f
133/ 5 )] \90
{
8g 8h
8 8a'ga s
\ \ \ ;o 13b
8 L.\r//Qb
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{
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8
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\ 1‘ /8b 13b
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1 13d
8e —1 4 Bf
13 L \
C V4 ) {) O¢
13a 89 8h
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(5) can be set easily. Enbodi nent
head according to a third enbodi nent of the invention and Fig.

| i ght beam 13 of a photodetector 208 according to
Is different fromthe first

| i ght beam 13 and t he operation of

The structure except this point and the operation of the optical
counterparts of the first enbodi nent,
208 shown in Figs.
amis sinple.

25

%ééﬁéahﬁglshoms

and t hey

14 and 15 is



WD 97/ 15923 PCT/ JP96/ 03141 In a

- 208 —stmtarty-to the
phot odet ector 8 of the first enbodinment, a division line 209 is provided
for bisecting the light beamin the vertical direction. The 5 di vi si on
line 209 iswpRbndees be parallel to a direction correspondi na1ispeéssed:
information track optically. Further, at |east one light-shielding area
208e perpendicular to the division line 209a is arranged symetrically
relative to the division line 209 to shield the regions 13c and 13d to be
10 affected by tilt of the optical disk 7 in the interference regions
13a and 13b where zeroth, +1st and -1st order diffraction |ight beans
overlap with each other. Thus, the photosensitive area of the photodetector
208 is divided by the division line 209 and the |ight-shielding area 208e
s 15 further yld perpendicularly to the division line 209 to form
four photosen5|t| 355 208a, 208b, 208c and 208d. Because the regions
13c and 13d are cov by the

OL shift 0.33mm
Titt —1° \

OL shitt 0.33mm
Tit 1°

OL shift 0.0 mm
Tit 17

OL shift 0.33mm
Tit 0

B invention
PP

0 0.05 0.1 0.15 0.2
Oft-track { pem)

Fig.10

OL shift 0.33mm 2227
Titt —1° EOEOOEErhEhHEHhHhHEES
OL shift 0.33mm 2222272
Tikt 1° A
OL Shift 0.0 mm f/// P H
it 1° SODIDsss g‘;"m“’“
OL shift 0.33mm g i
Tit © A N T AN RN B AN N3N

o 5 10 15 20 25 30
Value of Eq. (4)
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l'i ght-shielding area 208e, the offset due to ti

| i ght beamis snal
di sk 7

condition where the shift of
mai nly caused by the tilt of the optical

It of the optical disk 7 can
} N a

so that the offset is

It is to be noted that the

area 208a agpdoridss are not necessarily separated, or it NgperEpegABIHES t WO

or nore 25 subareas in correspondence to the
shi el ding area 208e.
208c are separated. This holds also for the 26

PCT/ JP96/ 03141 second area 208b, 208d. In the o
in the areas, the two areas 8a, 8c of a first a
termnal, while the two areas 8b, 8d of a secon

termnal of the differential 5 anplifier 210.

di fferenti al
Fig.12

In the exanple shown in Fig. 15,

shape of the [|ight-

t he areas 208a and
WO 97/ 15923

peration of signals detected

rea i s connected to -

d area are connected to +
The out put signal of the

108a
108a
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Pl 109b
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Fig.13
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anplifiers 210 is supplied as tracking error signal to the tracking
comtrotter—i5—Prefera - f } } } .
described below, simlarly to the first enbodinment. The 10 wdth V of the
| i ght-shielding area 208e along the sane direction as the division |line 209
is set to sWORAP2he fol | ow ng equation: [err] wherein D pSfogddiker of
the beam NA is nunerical aperture, 15 [err] is wavelength and d is pitch
of information tracks. The condition of Eg. (1) on the |ight-shielding
area 208e is determned so that the regions 13c and 13d which are liable to
be affected by tilt of optical disk 7 are shielded while a quantity of
signal light for obtaining the tracking error 20 signal can be secured
sufficiently. Therefore, by providing the |ight-shielding area having the
width of Eq. (1), the tracking error signal is affected less by the tilt of

the optical disk H§Z14

Track direction

1
3 2
% ‘j
4 : —
e ___ | Focus
| controller
14
208
20&:i } 2i o08d aio
13 T Tracking
controller

(
15
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WD 97/ 15923 PCT/ JP96/ 03141 It is
moted—that—tnstead—of—the—++ght=—shretdir-nrg—area—268¢c,—t he—t+ght—shit-elding
area nmay conprise three areas as in the second enbodinment. In this case,
the wi dth Wbetween inner boundaries of the second and third light- 5
shi el di ng ameemnsw3set preferably to satisfy Eq. (3). Fig.péfnsbons:
division of light beam of a photodetector in a nodified exanple of the
third enbodi nent. Two |ight-shielding areas 208i' and 208i" are provi ded at
two side of the division Iine 209 symetrically to the division 10 l'i ne
209, but they are separated fromeach other in contrast to the exanple
shown in Fig. 15. The light-shielding areas 208i and 208i" are provided to
shield areas affected largely by tilt of optical disk 7 in the overl apping
areas 13a and 13b. Then, the offset of tracking error signal due to tilt 15
of optical disk can be decreased. It is to be noted that the
light-shielding areas 8 and 108i in the exanples of the first and second
enbodi ments nay al so consist of a plurality

Fig.15

208 209
\ 2082 208b
{

} 7/

\b/(
208e—~5777 777
208c —1 \L}/ — 208d

L

Fig.16

13
209
2o€a 208D
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208§ — __o08i"
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of parts, simlarly to that shown in Fig. lgEPLACENﬁﬁDLS ET nti oned

enbodi nents, the reflected 20 beamis d|V|ded to aﬂglur lijty of Iight
beans in the photodetector 8 108, 208. optli gal head
according to the invention nay conprise an o ical conponernt {which splits a
| i ght bean1provided in the optical path, |nstéaa of the phot detector.

navi ng & or Atk niP Lo b R AL 6, e e

3 °§‘1cﬁ°ar?e|$11?€nt"/ e of

i Si 8 7/ 159
E‘é—rrr?é Léia?gﬁi‘ﬁ Wﬁ:)"%%é%si? ﬁﬁé%ﬁ ﬂrwm%d?hi%t%’?' Qf%; it fon
trac (0] t he &pél‘(,‘ u 88%[&@%%%11%9 %&%OUS grooye. HOV\BVGI’, | t he

differenti al anpll Iers he tracking controller 15 have

an appropriate 5  charaghgpishih®hpdiQ¥ RBESoHELLST nddAMUd 1M BLERLpRGNal

of
5 technique has the above-mentioned characteristics, an

apparatus for reproducing an optical disk with the prior art

optical head needs a means for carrying the optical head at

a fast speed precisely for fast search to an object informa-

tion track or for an optical disk having a large eccentricity

10 such as about 100 um. Then, though the optical head of

simple structure is installed, the optical disk reproducing

apparatus becomes-expensive. Further, because the meané for

carrying the optical head needs fast speed and high

precision, it is not easy to increase tolerance for external

15 shock and vibrations. Therefore, the optical head of push-

pull technique is difficult to be installed in a portable
optical disk reproducing apparatus.

A push-pull system is used in a focus and tracking

error detector apparatus described in United States Patent

20 No. 5,113,386 by Whitehead et al. In order to make the

tracking error output signal insensitive on side areas in a

detector array, the detector array has a plurality of

detectors, and masks or open areas are positioned at side

areas outside the central areas including regions where the

25 zeroth order diffraction beam overlaps the first order beams.

However, this push-pull system does not solve the above-

mentioned problem on the offset of the tracking error signal.

The invention intends to solve the problems, and
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smal | offset can be obtained also for an information track corrprisi ng a pit
array. Al though the present invention has been fully described in-
connection with the preferred enbodi nents 10 thereof with reference to

t he acconpanying drawings, it is to be noted that various changes and
nodi fications are apparent to those skilled in the art. Such changes and
nodi fications are to be understood as included within the scope of the
present i nvehﬂ'—isoﬁbé§cd:eﬂ-|snéd’ B otviideapie eipdd callainprdi s s 4 I"FeV“EiJe‘?)art
t herefrom 29 An optical head conprisin

source (2); &ﬁrb‘ﬁ‘ﬁué'él ﬁsf-ﬁﬁn WwetdradonRa e T aH"i‘ﬁhTP‘éHtFéghﬂlSHiesaﬁ’Hi

| i ght source; a focus co oIIer 1 for controllin aid 5 opt. cal
sygtem to foFﬁ"fiéi FSg 7 (F#ﬁ*ﬁql%’ﬁr?ﬁcﬁﬁgﬁﬁz REgi &} Sg’lfct of

phot odet ectipg e 3%c%292%sfgadd%33%tB%goptlcal disk.

5 DISCLOSURE OF THE INVENTION
In one aspect of the present invention, an optical
head comprises a light source which emits a light condensed

by an optical system. A focus controller controls the

REPLACEMENT SHERT
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a plurality of light beam portions in a light [bdam (13) refle¢ted fromthe
i nformation recording nedium a processing negny wRogEPM7at ¢s|si gnal s of
the plurality of |ight beam 10 portions detjegted by said photodetecting
means to supply a tracking error signal; and g t! ' | fer (15) for
controlling said optical systemaccording to tjhe tracking errorjsignal to
make the |light spot follow an information track __tormed on tThe .

i nformation 27 d@&CFMiFionedrank 15 forepdrseitaigdonntheerhiEal &by,
between the plurality of |ight beam portions to be detected by said )
phot odet ect i AFERT GANIFG FoF SRF 187 i9fstthd \FRIvie H%e"?‘?"@@%/a%x?%nﬁi‘hﬁ

al ong a direchion of infornatioPiéra k and that at | east one

i ght - shi el dFR§Sh &F BRRE 0819 2081 " AT LATFARGEdC280VeSs iltfet PP LT T y

| L t ending.t h.Quah . f | ight b d
o 010 @ sccong e et endhtoy! MiQUER 60 e el Dby 181000
accordigg togg @:H@ljj.’er""ggr§1‘u§'pﬁsQ:'r%cﬁl'l%ﬂ’?‘ék%%%‘l’i%ﬂr%?SwﬁQgQrs'{ Stf%béé%tion

phot odef'ect or having a ural 1ty of photosensitive areas

208b). 3. s perPn@PLifd BEALALCAILRNGILe LA Thd WNEESLBtion is

parallel with the disk surface and perpendicular to the

tracks. Two half-mirrors 3 and 4 are arranged between the
object lens 5 and a photodetector 8 along the optical axis 1
10 of the optical head at an angle of 45° relative to the
optical axis 1. A light source 2 is.located off the optical
axis 1, laterally to the first half-mirror 3. A light beam
emitted by the light source 2 is reflected by the half-mirror
3 to enter to the object lens 5. The light beam condensed by
15 the optical system forms a light spot on the optical disk 7.
The 1light reflected from the optical disk 7 propagates
through the object lens 5 and the first and half-mirror 3 and
is split by the second half-mirror 4 into two light beams.
One of the two light beams reflected by the second half-
20 mirror 4 enters into the focus controller 14 as focus error
signal. The focus controller 14 makes the light spot follow
the information track formed on the optical disk 7 Dby
controlling the actuator 6 in response to focus error signal
to mave the object lens 5 along xY direction so that the
25 light spot is formed on the plane on which information is
recorded. On the other hand, the other of the ;wo light
beams transmitting the second half-mirror 4 enters into the

photodetector 8. As will be explained later,

11
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sai d phot odetecting neans conprises a diffraction el enent having a grating
divided into a plurality of parts, wherein 30 said diffraction el enent

divides the light beamto the plurality of |ight beam portions. 4.
The optical head according to claim1, wherein said photodetecting nmeans

conprises an elenment conprising a 5 plurality of prisns provided on a

lane for dipgedi L, ghi 3b he ppluyal d tye Of g i gy b Ig0ns.
E ane for laﬁéh{ﬁﬁﬁim%ééﬁ 13beam Aok %npéﬂéiéf%ﬁ%iﬁélggéf §§$h%y $f2Zid

The i cal head according to one o erei

at |east onardr@aseshi ahdilag cabea; ghi’ 8E5ANNY! Bfc1dfed i he
optical head according to one of cllgai m 1 - 5 V\(/'r:lere?n Jéaitci“'}atauieéﬂassts-gdne

| i ght - shi el dic)g gy emdiasg adshenas s el gbddude PBRE CA33qe13R) lﬁ%htth%ela. ht
beam wherein zeroth and first order diffraction |ight geans diffracted from
t he i nf or matliien rtiback caveppapry ih ¥rChindbh€erence regions 13a and 13b,

5 a difference in optical intensity between the areas 8c, 8e
and 8d, 8f which includes the interference regions l1l3a, 13b
mainly becomes a problem. In the areas, besides the differ-
ence in optical intensity of the interference regions 13a,
13b, an area of incident light of 0th order is changed with

10 shift of the light beam 13, and this causes an offset. On
the other hand, the areas 8a, 8b, 8g and 8h receives mainly
the 0th order light, and they are affected by shift of the
light beam. Therefore, if the gains Gl and G2 of the
differential amplifiers 10 and 11 are set to have appropriate

15 values, the offset due to shift of light beam can be

corrected selectively by the operation of the above-mentioned

signal TE in proportional to the tracking error signal:

TE=G1(8a+8g-8b-8Ah) -G2(8c+8e-8d-8f),

(4)
where 8a - 8h denote detection signals of the corresponding

20 areas.
In the case shown in Fig. 8 where the optical disk
7 is tilted, regions 13c and 13d where light intensity

difference appears are generated in the interference regions
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15 7.

The optical head according to one of clainms 1 - 6,

wherein said photodetecting neans receives two |ight beam portions def i ned

by the first di
(208i', 208i")
as not to 20

vision line (209) and said at |east one |ight-shielding area
extends perpendicularly to the first division line (209) so
di vi de each of two areas divided by the first division l'ine

i nto two.

wher ei n sald
by the first
i ght-shield

ti.cal head accordlggqto one of clains 1,-

Jp%%%?éle{‘. nglp?‘@&ns"}?r ; Me&s fou
hieaflly’ aPp5888) 28 a%?&&&%%wm%aﬁv’lﬁaovh&wr—ﬁst

division |line

8, mherelnaa%@%?havdo%oggrdggfggééggh6%§al OW§%§%éﬁa§g§1ne gbgﬁ aFSné

the sane dir
relation:

5

10

15

20

25

eé:l%lgf'd ABhe ai:%ﬂﬂ rbsetanm,I \én | %erth%% ?:%t Id%.t\lll%% %hfemlll%thgeam.

The first light-shielding area 1083 is arranged symmetrically
relative to the division line 109a to shield the region 13c
and 13d in the interference regions 13a and 13b. Further,
second and third areas 108k and 1081 are provided to shield
the peripheries of the light beam 13 between the second and
third division lines 109b and 109c. The second and third
light-shielding areas 108k and 1081 are arr;nged
symmetrically with respect to the first division line 109%9a.
Then, the three division lines 109a, 109b and 109c and the
light-shielding areas 1087j, 108k and 1081 divide the
photosensitive area of the photodetector 108 into eight
divided areas 108a, 108b, 108c, 1084, 108e, 108f, 108g and
108h. By providing the second and third light-shielding
areas 108k and 1081, the areas for detecting tracking error
signal are limited within an equal distance from the first
division line 109a at the left and right sides. Then, the
correction coefficient G1/G2 in Eg. (5) can be decreased.
When the correction coefficient G1/G2 is small, tolerance for
a shift from the optimum value becomes 1large, and the
correction coefficient can be set easily.

Preferably, if "a" is maximum shift of the light

beam 13 in one side, a width W between inner boundaries of

REPLACEMENT SHEET
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[err] wherein | i '
li ght beam por t|REFEACEMENT StiEED
nunerical aperit yreg=or—sSard qaptii cal system [err] is wavelength and d is
a track pitch
according to on
area conpri ses

two sides of th
shi el ding porti omsTORK op@8Ea1lA8ky, cb@BLisiha8Ks QMK ;
outer sides of the first Iirght-shielding portion with respect to the first

by said 5 -phot odet ecti ng neans,” NA

hgo SEProgi gn jtrack. 10. The optical head

Ot Sff-5t +igFt-sh' hgh@d portion (108j) extending in
first division Iji ne Fgg)?gand second and third |ight-
= )sdxd degly at

di vision |idre.odbical ldystem whicHheorapdnasd dehiglecanilt tgH t Oram addnd 0

wherein a di stance W between inner
| i ght - shi elldigigt peotroms satbshiesoatiolllew rdénelfatd aonfmyr]intheseid "a"
I's maxi mum shift of light beamin a plane where the plurality of |ight beam
porti ons arapilistakt eysthemsatd 2rm phol bgktecipaty mwe@ansgnanich v nms icret er

boundari es of said second and third

of light beamin the

10

15

20
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recording medium; a photodetecting means (208) for detecting
a plurality of light beam portions in a light beam (13)
reflected from the information recording medium; a processing
means which operates signals of the plurality of light beam
portions detected by said photodetecting means to supply a
tracking error signal; and a tracking contreoller (15) for
controlling said optical system according to the trackiﬁg
error signal to make the light spot follow an information
track formed on the information recording medium;
characterized in that a boundary between the plurality of
light beam portions to be detected by said photodetecting
means 1is defined by a first division line (209) extending
along a direction of information track and that at least one
light-~shielding area (208e, 208i‘, 208i") 1is arranged
symmetrically along a second line extending through a center
of the light beam (13) and being perpendicular to the first
division line.

2. The optical head according to claim 1, wherein
said photodetecting means comprises a photodetector having a
plurality of photosensitive areas (208a, 208b).

3. The optical head according to claim 1, wherein
said photodetecting means comprises a diffraction element

having a grating divided into a plurality of parts, wherein

ght beamin a plane where the plurality of

f°clarms 1 - 19,{ wherein said at | east one |ight-shielding



rrl
Tl

TR TR TP ey Yysvars |
REPLACEMENT

Ihu%t gcan%p§§. ohs detected 12.

Df | - b, twherein said
Iidﬁ%%%gﬁﬁﬁgor i bns def i ned by said first
hird divisionil|nes (9b, 9c) crossing
said first 5 division line, and said at |east ong light-shielding area is

arranged begg\@gn ﬁgﬂ&%qﬁi g@g ht1:3'beam to T&(lae

3 N
optical head according to arm 1 , Wher 1 saié“%lfﬁgast one

|'i ght-shiel di pga ff €8 SEMPLESESH&ad | St {dght-shiel ding portion (108j) at
two sides o _%h% fi?st 10 § div?si%n T%ne_(loga), and second and third
l'i ght - shi el gi ng porti ofgie( la%%lica@%@adormé&'f@i PHl 81 a5kd8S, afndfeifirst
l'i ght-shielding portion with respect to the first division line. 14.
The opti cal sip@dpReeodeta@r {8y Ghadig lbmyes &4 Nard Se1eméndi ééﬁ;ls@fsﬁdaeé ween
said second and third division lines satisfies a follow ng relation:

5 plurality of prisms provided on a plane for dividing the

pl ane including the plurality of
The optical head according to on
phot odet ecti ng nmeans receives th
division line (9a) and second an

light beam to the plurality of light beam portions.

5. The optical head according to one of claims 1 -
4, wherein said at least one 1light-shielding area 1is
rectangular.

10 6. The optical head according to one of claims 1 -
5, wherein said at least one light-shielding area has a shape
shielding a part (13a, 13b) of the light beam wherein zeroih
and first order diffraction light beams diffracted from the
information track overlap with each other.

15 7. The optical head according to one of clgims 1 -
6, wherein said photodetecting means receives two light beam
portions defined by the first division line (209) and said at
least one light-shielding area (208i’, 208i") extends

perpendicularly to the first division line (209) so as not to

20 divide each of two areas divided by the first division line
into two,
8. The optical head according to one of claims 1 -

6, wherein said photodetecting means receives four light beam

portions defined by the first division line (209) and said at
25 least one light-shielding area (208e) extending

perpendicularly to the first division line.

9. The optical head according to one of claims 1 -

8, wherein a width V of said at least one light-shielding

31
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[err] wherein Dis dianmeter of light beamin a plane where the plurality of
| i ght beam portions are detected by said photodetecting neans; NA is:

numeri cal

aperture of said 20 optical system [err] is wavel ength and

dis atrack pitch of the information track. 15. The optical head
according to claim 14 wherein a distance U between the second and third

[ GhL ShT ) g, perhonensathall 81 AckollOU IO LEA L R0, B3 s o SR D 1o

di anet er

of

i ght beamin the | ane where

portions ar g datsGtiead dyrsaidy ﬁ@pggggkggh}ng neans and "a" is maxi num shift
of light beamin the plane wherée the pIurallty of |ight beam portions are

detected by sai d photodetecting neans.

The optical head

according to claim 12, whe JWﬂr§arqrphotodete recelves six light
beam portions 0.1 ( )( -
P waa) (5)<0-5y1 NAd

10

15

20

wherein D is diameter of light beam in a plane where the
plurality of 1light beam portions are detected by said
photodetecting means, NA is numerical aperture of said
optical system, A is wavelength and d is a track pitch of the

information track.

10. The optical head according to one of claims 1 -
9, wherein said at least one light-shielding area comprisés
a first light-shielding portion (108j) extending in two sides
of the first division line (9a), and second and third light-
shielding portions (108k, 1081, 108k’, 1081’, 108k", 1081")
provided at outer sides of the first light-shielding portion
with respect to the first division line.

11. The optical head according to claim 10 wherein a
distance W between inner boundaries of said second and third

light-shielding portions satisfies a following relation:

wherein "a" is maximum shift of light beam in a plane where
the plurality of light beam portions are detected by said
photodetecting means and D is diameter of light beam in the

plane including the plurality of light beam portions detected

by said photodetectin .
P "9 means REPLACEMENT SHEET
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defined by the first, ond and thiRrB}M‘A'CEl\/ﬂﬁ\rT SHEESS
and said at | east one |ight-shieldin aﬁgp%égqg?7 108k, 71081, 108k', .1081')
ext ends between said second and 10 thi'rd-di'vi'signilines so as not to
di vide each of two |ight beam portijns.surrounded Hyi{the first. to third
lines into two. 17. The optical head according to claim 12, wherein

sai d phot odet ecti ng naﬂg§ £l _ ortign defi ned
by the firg?f second an téﬁ?%#%?3q5|on T5%es ? a, 9 ?EQé? g%é§§3i at

| east one lg gbtesidiiel Qi | . " gégg% , i t one
Iight-shieFdi%%GE?%SJe??gngﬁﬁgoégtafégﬁglgac d?etmo %5ﬁ§§gg§g?b%%%§bns
surrounded gyl o deHined bl 8181 NESst MOridWon ine (9a) and second

@2z 109, 109¢)

and third division 1lines (9b, 9c) crossing said first

5 division line, and said at least one light-shielding area is
arrénged between said second and third division lines.

13. The optical head according to claim 12, wherein

said at least one light-shielding area comprises a first

light-shielding portion (108j) at two sides of the first

10 division line (10%a), and second and third light-shielding

portions {108k, 1081l) provided at outer sides of the first

light-shielding portion with respect to the first division

line.
14. The optical head according to claim 13, wherein
15 a distance U between said second and third division lines

satisfies a following relation:

o-sitiamal (B A2l

wherein D is diameter of light beam in a plane where the

plurality of 1light beam portions are detected by said

photodetecting means, NA 1is numérical aperture of said
20 optical system, A is wavelength and d is a track pitch of the

information track.

15. The optical head according to claim 14 wherein a

distance U between the second and third light-shielding

portions satisfies a following relation:

25 wherein D is diameter of light beam in the plane where the

33
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plurality of 1light beam portions are detected by said
photodetecting means and "a" is maximum shift of light beam
in the plane where the plurality of light beam portions are
detected by said photodetecting means.

1ls6. The optical head according to claim 12, wherein
said photodetecting means receives six light beam portions
defined by the first, second and third division lines (109a,
109b, 109¢) and said at least one light-shielding area (1087,
108k, 1081, 108k’, 108l1') extends between said second aﬂd
third division lines so as not to divide each of two light
beam portions surrounded by the first. to third lines into
two.

17. The optical head according to claim 12, wherein
said photodetecting means receives eight light beam portions
defined by the first, second and third division lines (9%a,
9b, 9c¢) and said at least one light-shielding area (8i, 1087,
108k", 1081"), said at least one light-shielding area
extending to divide each of two 1light beam portions

surrounded by the first to third lines into two.
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(54) Title: OPTICAL HEAD
{57 Abstract

An optical head comprises a photodetector (8) having divided
photosensitive areas to detect light (13) reflected from an optical disk
(7), means (10, 11, 12) for obtaining tracking etror signal by operating
signals from the photosensitive areas. The photodetector (8) has a first
division linc (9a) paralle] to an information track on the optical disk
and second and third division lines (9b, 9¢) perpendicular to the first
division line (9a) and symmetrical to the optical axis. Further, 2 light-
shielding area (81) for shielding a part of the reflected light between the
division lines (9b and 9c). The signals are operated to reduce offset
of the tracking error signal due to shift of object lens and tilt of the
opticat disk, Then, the optical head has small offset of tracking error
signal with a simple strocture as prior art optical head of push-pull
technique.
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