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J,l OPTI CAL DI SC I NCLI NATI ON DETECTI NG METHOD, OPTI CAL PI CKUP DEVI @,z AND
OPTI CAL DI SC DEVI CE BACKGROUND OF THE | NVENTI ON Fi el d of the Invention The

present invention relates to an optical disc inclination detecting nethod,
an optical pickup device, and an optical disc device, and is applicable to
detection of inclination of a disc when recording or reproducing

I nformati on recorded on a di sk-shaped }ecording medi um such as a nagnet o-
optical disc (M), a conpact disc (CD), a conpact disc- recordable (CDR),
and a digital opTErAanizrsq PWOLINBFION DETROTDRG t METIRSD ot @RTYCAL I n the field
~of optical discs, recently, in additional to- the conventional CD fornmat,

optical discs of varpgurupboppRtSE AN EHETAL, DISCUBEYICENe optica
di sc-recordable (CD-R) coated with a pignment film of organic pigment

system magneto-optical disc (M), phase variable optical disc (DvD RAM
and the like. In the recording and reproduci ng apparatus of such opti cal

discs, it is designed to spekERbulh SR i@ riivENTRAE! € i ndicating the
inclination of the optical disc in the radial direction with respect to the

i ght sppt, e ted ffam %gﬁptical pi ckup. As the recording density is

enhanced, 1t 1s require to detect the radial tilt of the optical disc

precisely and aggirgridend of Aiilididny f 2841 @b Lh! bpE9BhLi 0418k 2

inclination detecting method, an optical pickup device, and an
optical disc device, and is applicable to detection of
inclination of a disc when recording or reproducing information
recorded on a disk-shaped recordihg medium, such as a magneto-
optical disc (MO), a compact disc (CD), a compact disc-
recordable (CD-R), and a digital wvideo disc (DVD).
Description of the Related Art |

In the field of optical discs, recently, in additioﬁai
to:the conventiocnal CD format; optical discs of various formaté
are present, including the optical disc-recordable (CD-R) coated
with a pigment film of ofganid'pigment system, magneto-opticai
disc (MO), phase variable optical disc (DVD-RAM) and the like.

In the recording and reproducing apparatus of such
optical discs, it is designed to control the radial tilt angle
indicating the inclination of the optical disc in the radial
direction with respect to the light spot emitted from the
optical pickup. As the recording density is enhanced, it is
required much to detect the radial tilt of the optical disc

precisely and assure the reliability by radial tilt control of
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optical disc. In such optical disc recording and reproduci ng appar at us,

" when detecting the radial tilt of optical disc, a tilt sensor having a
reflection type sensor is nounted, for exanple, on the optical pickup, and
the radial tilt is detected fromthe difference in the quantity of
reflected Iight when the optical pickup is noved in the radial direction of
the optical disc. Japanese Lai d-open Patent No. 8-255360 disclosed an
optical disc _device capable of renoving a DC of fset by detecting the

ref | ecto®ticaghdiseom the optical disc with two photo detectors, generating
a differential signal, detecting the envel ope of the detection signal to
detect the dif fler smchaloptdepdnéhnse xeeprdind and gepreiducigdat he tracki ng
fromtheir difference. Japanese Lai d-open Patent No.9-212891 di scl oses an
opt i calappeasdtasyi ehehodetiectinggthderddisdr Hiilghtofi wpdigadndastunanous fl ux
and a subsidiary lumnous flux, generating push- pull signals individually
from t hamt aethsgenbratinggaarefl écisigmatyporserspondisngointiede flosc tilt from
t hese push-pull signals. Al so, japanese Lai d-open Patent No.9-245357

di scl osamnplesr oo ebhet bptidali peckip Aramptialradiisd rdaer disndegsdted
reproduci ng apparatus for converting froma push-pull signal and a phase

di f f er enyem deleciifFrrengealini 86 qualet 1O N ratilgtlednd gt atieal thel t
signal, to thereby controlling the tracking servo 3
optical pickup is moved in the radial direction of the optical
disc.

Japanese Laid-open Patent No. 8-255360 disclosed an
optical disc device capable of removing a DC offset by detecting
the reflected light from the optical disc with two photo
detectors, geherating a differential signal, detecting the
envelope of: the detection signal to detect the differential
component, and further controlling the tracking from their
difference.

Japanese Laid-open Patent No.9-212891 discloses an
optical head device for dividing the laser light into a main
luminous flux and a subsidiary luminous flux, generatinglpush—
pull signals individually from them, and generating a tilt

~ signal corresponding to the disc tilt from these push-pull
signals. Also, japanese Laid-open Patent No.9-245357 discloses a
servo control device of an optical disc recording and
reproducing apparatus for converting from a push-pull signal and

a phase difference detection signal into a detracking signal and

a radial tilt signal, to thereby controlling the tracking servo



and the sled servo. In the optical disc recording and reproduci ng appar at us
“using such conventional tilt sensor, since the optical pickup and the tilt
sensor cannot be placed at the sane position in the optical disc radial
direction, the position in the optical disc radial direction detected by
the tilt sensor and the focal position3of the optical pickup are different,
and a correct tilt angle of the disc with respect to the optical pickup
cannot be obtained. Besides, since the tilt sensor is nmounted on the

opti cal apidckup, stled sptireal pickup is increased in size. In Japanese
Lai d- open Patent No. 8-255360, in order to renove the DC of fset conponents,

since it was neqes%hby op@iddl Udisd heedBHdRe 4 fepaodadiingt Bpparatushe
gai n when subtracting the push-pull signal of one beam the adjustnment was

conpl i CRis8Ghg @Reht BBNREREISHAD VBBt | MY WilnReS thide opdiikal MBREKUBS
appropriate.” I n Japanese Lai d-open Patent No. 9-212891, since the gain was

adj ust edf e A3IUTLBACUP LRI laes iufiRAlstn@l pbBe+38RSEAl Bhy

| um nous ux and the offset sig s generated by adding 1t to the

push- p“'dtpﬂc%;iﬁ' < r%ﬁﬁaﬂahﬂré&ﬂ&f,“%ﬁé gibusi]tél%nga]{?g tgl J &g{ﬂ%ﬁ& d3sc

conplica the precision was [owere nless t ment was

appropriAlf.ay ¥ RIS eglegiegi:&ﬁﬁ‘gf P@ﬁeerﬁjhﬂf’-se 's_%%ﬁl%liﬁ .tﬂe”%g%ge radi al

tilt signal was converted by anpliTtying e pus si gnal t he phase
e IR A UBRAcRY NG U USRS e BigaReeLiNe! Y
angle of the'diéc with respect to tﬁe optical pickup cannot be
obtained. Besides, since the tilt sensor is mounted on the
optical pickup, the optical pickup is increased in size.

In Japanese Laid-open Patent No. 8-255360, in order to
remove the DC offset componenﬁs, since it was necessary to
adjust.the balance by fine-adjustment of the gain when
subtrécfing the push-pull signal of one beam, the adjustment was
complicated, and the precision was- lowered unless the adjustment
was appropriate. In Japanese Laid-open Patent No. 9-212891,
since the gain was adjusted'after assuming up the two push-pull
signals of the subsidiary luminous flux and the offset signal
was generated by adding it tolthe push—pull signals of the main
luminous flux, the gain adjustment was complicated, and the
precision was lowered unless the adjustmenﬁ'was appropriate. 1In
' Japanese Laid-open Patent No. 9-245357, since the radial tilt
signal was converted by amplifying the push-pull signal and the

phase difference detection signal of one beam to specified

levels respectively, the gain adjustment was complicated, and



_the precision was | owered unless the adjustnment was appropriate. SUMVARY OF
"THE | NVENTI ON The present invention i's devised in the view of the aforesaid
problens, and it is hence an object thereof to present an optical disc

i nclination detecting nethod, an optical pickup device, and an optical disc
devi.ce capable of detecting the radial 4tilt of optical disc at high
precision by a sinple constitution. To solve the problens, the optical disc
i nclination detecting nethod of the present invention is an optical disc

i ncl i nathe rpxat exiom grawe losek redar udeéest thg ddvusd tisdrntatds0appigpe iatean
optical disc with respect to a light spot, for recording information or

reproduci ng i nformati on by gumegivabrnenkhenvEgiiogpot on an optical disc by
an optical pickup, conprising the steps of dividing the |light spot into a

mai n spot and bepd i &lferid Glrivet idnS RECHE Bed " BE KRG 1R tE GIRSSI Ng
directions before and after the sane, generating, fromthe reflected Iight

fromtheropdd £A1 ghsiCiend fidndtt 1% §8aheh¥e S&Htéﬁfs}é@%ﬁ'&r&f@ﬂw Sent

detection signals fromsplit photo detectors or”light receiving units of
oo™ By 05200 B Scta,hab, Qorki LS fooRlas Sy D o
oet ool QAT RIS O el s oF SRR L
diftereplishs SPPIASP LA A Hisk G high BLEDRL1 NGy e Sfgon sional. and
constitution. - -

To solve the problems, the optical disc inclination
detecting method of the present invention is an optical disc
inclination detecting method for detecting the inclination angle
of an optical disc with respect to a light spot, for recording
information or reproducing information by irradiating the light
spot on an optical disc by an optical pickup, comprising the
steps of dividing the light spot into a main spot aﬁd-boﬁh.side
spots on a specified track and track crossing directions before
and after the same, generating, from the reflected light from
the 6ptica1 disc, a first signal by subtracting or adding the
detection signals from split photo detectors or light receiving
units of the main spot and both side spots or in the track:
crossing direction of both side spots generating a second signal
by comparing the phase of the detection signals from the spiit
photo detectors in the direction orthogonal to the track

crossing direction of the main spot, determining a differential

operation value of the first signal and the second sighal, and



. detecting the inclination angle of the optical disc on the basis of the
differential operation value. The optical pickup device of the invention is
an optical pickup device for detecting the inclination angle of an optical
disc with respect to a light spot, for recording information or reproducing
information by irradiating the | aser spot on the optical disc, ~conprising
an inclination angle detecting unit in which the |ight spot is divided into
a main spot. and both side spots in a specified track and in the track

cr ossi ndetkaeteing arhéeifnmld nard oaf aaglehef sthe, optidakidisiqyal the dasdisat ed
fromthe reflected light fromthe optical disc by subtracting or adding the
det ect i off shendiffdrembigll idpephttiondeatueors of the main spot and both side
spots or in the track crossing direction of both side spots, a second

signal is generzhedoyicalmgridkup dewipkasgsthé iheemei@ttioramsigmaleal rom
the split photo detectors or light receiving units in the direction

ort hogopidkitp ddweidd afds deassviggdicthecihenindtide amgTe sgotan dplifdaarenti al
operation value of the first signal and the second signal is

det er m gesl: - wieh thespadd idiatd Al ghrdkpoll EBE PEEbERM ndli Bffdinisiciriqad on

the basis of the differential operation value, and a correcting unit which

corr ethe;%P@d{hé‘fr'lé NA # SFnARH e R i&ﬁd&ﬁ%iﬁ?' tHb STadé "5;15&@ Rttt the
| i ght spot depending on the inclination angle. Further, the optical disc

device ghyibgl ! @yY&A! ié&nﬂﬁ%%go%hi Gak19hati8R8VaRE1E Ode & £4td MEhith6in

inclinaffon angle of an: ‘
which the light spot is divided into a main spot and both side

spots in a specified track and in the track crossing direction
_ before and after the same, a first signal is generated from the
reflected light from the optical disc by subtracting or adding
the detection signals from split photo detectors of the main
spot aﬁd both side spots or in the track érossing direction_df
both side spots, a second signal is generated by comparing ﬁhe
phases of the detection signals from the spiit photo_detectbrs
or light receiving units in the direction orthogonal to the
frack crossing direction of the main spot, a diffe;ential
operation value of the first signal and the second signal is
determined, -and the inclination angle of the optical disc is
detected on the basis of the differential operation value, and a
correcting unit which corrects the inclination angle of the
optical disc with respect to.the light spot depending on thé
inclination angle.
Further, the optical disc device of the invention is an

optical disc device for detecting the inclination angle of an



optical disc with respect to a |light spot, for recording information or
‘reproducing information by irradiating the |aser spot on the optical disc
by an optical pickup, conprising an inclination angle detecting unit in
which the light spot is divided into a nmain spot and both side spots in a
speci-fied track and in the track crossifig direction before and after the
same, a first signal is detected fromthe reflected light fromthe optical
disc by subtracting or adding the detection signals fromsplit photo

det ect orepbical ghise eettlvirrpnaat $ook LhahiabpOspofoRnEReRARLRG de spots or
in the track crossing direction of both side spots, a second signal is
gener at efinbgroatpani oy r¢§!¢ﬂugmng'amfmeaueoecbyomrsa@n@tanrthntl&seqﬂ|t
photo detectors in the direction orthogonal t6 the track crossing direction
of the mapotsentthe dptieaknlisd hypemappticadl péckiipt heomprising gaal and

t he second signal is determned, and the inclination angle of the optical
disc is datkihadion ahglédadetseafindrainditf fiar ehtichl thpelaghbnspat uks and a
correcting unit which corrects the inclination angle of the optical disc

wi th respeetidea iheol aghaispspotiepnrndiortt eidehepbhel inaai speabgied The
optical disc device of the invention brings.-about the follow ng actions.

The | asekrberMafdl ihethér efack Gfidgialg @itedRioh BBLOpbi all S¥EEEMhS
irradiated on an optical disc which is controlled in rotation by a spindle

Servo sysghag, EOQEESQGEYQnQE iﬁfdé%éﬁiéa/f%o&p%ﬁél&ﬁfiébheéfligﬁtair@h
actuator of the
the optical disc by subtracting or adding the detection signals
from split photo detectors or light receiving units of the main
spot and both side spots or in the track crossing direction of
both side spots, a second signal is generated by comparing the
phases of the detection signals from the split photo detectors
in the direction orthogonal to the track crossing direction of
the main spot, é differential operation value of the first
signal and the second signal is determined, and the inclination
angle of the optical disc is detected on the basis of the
differential operaﬁion value, and a correcting unit which
corrects the inclinatioﬁ angle of the optical disc with respect
to the light spot depending on the inclination angle.
The optical disc device of the invention brings about
the following actions. |
The laser beam emitted from an optical pickup of an
optical system is irradiated on an optical disc which is
controlled in rotation by a spindle servo system. Focus servo

is effected by a focusing coil of a biaxial actuator of the



. optical systemwhich is controlled by a focus servo system and al so

" tracking servo is effected by a tracking coil of the biaxial actuator. The
reflected light fromthe optical disc is detected by split photo detectors
or light receiving units of a servo signal detecting system a first signa
and a second signal are generated by uging detection signals fromthe split
phot o detectors, and the difference between the first signal and the second
signal is calculated to determ ne the inclination angle of the disc. The
det ect eptdiced. isysitemawhboh ahgl eontsraldradedyed pcasc serwot syatam; t an@RI EF
DESCRI PTION OF THE DRAWNGS FIG 1 is a diagram show ng a constitution of
an optiadaslo tysicdringcserdonis t of fectaxmbd)i reertraatkinige coildewtfi éhe FI G 2A,

FIG 2B, and FIG 2C are respectively diagrans show ng the detector

patt er nsiaxichlt aetspebs.of the enbodinent; FIG 3 is a block diagram show ng
generation of a DPP signal, a three-spot error signal and a DPD signal of

the enbodi ment ;THd Gefdeksed UigRb Srem fife tdist 1R digalid deklected b
corresponding.to the position of the main spot of the enbodi nent; FI 5is

a gr aphghianighbtd1acbBBLsrsnat 1@@% £l d BAHRN Ui & &1t Re sResbt bQ@nﬁfL the
mai n spot of the enbodi nent ;

detecting system, a first 31gna1 and a second signal are

generated by using detection signals from the split photo

detectors, and the difference between the first signal and the

secqnd signal is calculated to determine the inclination angle

of the disc. The detected disc inclination angle is corrected

by a correction unit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a.diagram'showiné a constitution of an optical
system according to an embodimehtiof the invention;

FIG. 2A, FIG. 2B, and FIG. 2C are respectively diagrams
showing the detector patterns and the spots of the embodiment ;

FIG. 3 is a block diagram.showing generation of a DPP
signal, a three-spot error signal and a DPD signal of the
embodiment;

FIG. 4 is a graph showing the DPP signai level
corresponding.to the position of the main spot of the
embodiment;

FIG. 5 is a graph showing the DPD signal level
corresponding to the position of the main spot of the

embodiment;



FIG 6 is a graph show ng the difference of DPP signal and DPD signal with
vrespect to the radial tilt of the enbodinent; FIG 7 is a diagramshow ng
detection of disc tilt in the read-only disc of the enbodinent; FIG 8 is a
di agram showi ng detection of disc tilt in the groove disc of the
enbodinment; and FIG 9 is a diagram sh@w ng detection of disc tilt in a
| and and groove disc of the enbodi ment. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT Referring now to the draw ngs, an optical disc_device
according to a puefebrid anpoapmestowing Hihe didferencai P BBPJesgRabed in
detail below FIG 1 is a diagramshowi ng a constitution of an optica
syst em @hdanpopkiigahl pwikhpredpeat ops ithel middaldédltecfctbedi ng to an
enbodi ment of the present invention. In FIG "1, a light emtted froma

| aser 1ldmpod@eeniy a collimator lens 2 to be a parallel light, and the
elliptical lumnous flux is shaped into a circular |um nous flux by an
ananor phi ¢ prismid. gndst aedaa?i:sﬁashcsmm@ defaaciiond off dilse tdidw tinme.
Further, the shaped lum nous flux is polarized by a grating 4 into an order
0 light 3% 3JRIJOnIROHisaNdrather S@bodiméngnt and an order -1 Iight as both

si de spots, and pasSed through a beamsplitter (1) 5, focused by an
obj ective lens Gwndd rizadi aigdraf HoRPhy Ctdlsion .of di%c tilt in
the groove disc of the embodiment; and

FIG. 9 is a diagram showing detection of disc ti;t in a
land and groove disc of the embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to the drawings, an optiéal disc device
according to a preferred embodiment of the invention will be
described in detail below.

FIG. 1 is a diagram showing a constitutioniof an optical
system of an optical pickup of an optical disc device according.

' to an embodiment of the present invention.

In FIG. 1, a light emitted from a laser 1 is made by a
collimator lens 2 to be a parallel liéht, and the elliptical
luminoﬁs flux is shaped into a circular luminous flux by an
anamorphic prism 3, and the astigmatism is corrected at the same
time. Further, the shaped lumipous flux is polarized by a
grating 4 into an order 0 light as a main spot, and an order +1
light and an order -1 light as both side spots, and passed
through a beam splitter (1) 5, focused by an objective lens 6

and irradiated on an optical disc 7.



The optical path of the light reflected on the optical disc 7 is once
“reflected by the beamsplitter (1) 5, and is divided by a beamsplitter (2)
8 into a servo signal detection system9 by reflection and an RF signal
detection system 10 by transm ssion. In the servo signal detection system
9, the lumnous flux is focused by a focusing lens 11, and is further
focused on a photo detector 13 by neans of a multi-lens 12. In the RF
signal detection system 10, simlarly, the lum nous flux is focused by the
focusi ng | ens, Bl optiqalt mathf ofutbe dhghherphlbeoteRdi@rtidie Bphiqal
multi-lens. FIG 2 shows the detector pattern and the spot of the
enbodi néigc This dutae tueflectedsby dheabéamrspliftemn(bhdi.o anst dst or unit of
detectors A23, B24, C25, D26 in FIG 28; a two-division photo detector unit
of E21,d&2lded By G Iam spdiztewo{d)vBsinto phoserdetsigmal dettealfio®9, H28
in FIG 2C. A main spot 27 is made incident upon the four-division photo
det ect osysteh Dfbylateftiiemtd oh? andBad, RE251gh26, datelcticn deysipot 1(01)by22 and a
side spot (2) 30 respectively are incident upon the two-division photo
det ect otramshidid®]l, HRGhe Wervd ¥ighal gboéotilehesyotend | e 29, H28.
On the disc, neanwhile, since the main spot 27 and side spot (1) 22 and
si de spoém{RdussOrmie &ifdrGdabyha Fadushingi 1868481 0D, band t&lfuwfhdhe track

pitch, the push-pull signals of the main spot 27 and both the side spots
(1) 22, r6cus88 &f €a st RbddetRrals by #88ns o#0a multi-lens 12. 1In
the RF siénal detection system 10, similarly, the luminous flux
is focused by thé focusing lens, and is further focused on the
photo detector by the multi-lens.

FIG. 2 shows the detector pattern and the spot of the
embodiment.

The detector coqsisfs of a four-division photo detector
unit of detectors A23, B24, C25, 526 in FIG. 2B; a two-division
photo detector unit of E21, F20 in FIG. 2A; and a two-division
photo detector unit of G29, H28_in FIG. 2C.

A main spot 27 is made incident upon the four-division
photo detector unit of detectors A23, B24, C25, D26, and a side
spot (1) 22 and a side spot (2) 30 respectively are incident
upon the two-division photo detector unit of E21, F20, two-~-
division photo detector unit of_G29, H28. On the disc,
meanwhile, since the main spot 27 and side spot (1) 22 and side
spot (2) 30 are shifted in the radial ‘direction by a half of the
track pitch, the push-pull signals of the main spot 27 and both

the side spots (1) 22, (2) 30 are deviated in phase by 180



degrees each. FIG 3 is a diagramshow ng generation of a DPP signal, a

t hree-spot error signal, and a DPD signal in the enbodinent. First, the
generation of DPP signal is described. If the disc contains an enbossed
groove and a pit recorded mark, the DPP signal is generated as follows. In
FIG 3, outputs of two-division photojgletector-unit of detectors E21, F20
(respectively referred to.as E and F) are put into a non-inverted i nput
termnal and an inverted input termnal of a subtractor 31, respectively,
and (E9degreesoféfRlred by the subtractor 31. Qutputs of two-division photo
detector unit of detectors (29, H28 (respectively referred to as G and H)
are put into aF&n- i3nver fedipgpam skewinglgenrratiamedr e dPPnpdgnedrn nal
of a subtractor 35, and (GH) is operated by the subtractor 35. These

resul t a (Hbree-spdt( 6rEprassgpal , i and adBN isdgnadpdn tderenbodimenin adder
36, respectively, and the operation of (E-F) + (GH) is perfornmed by the
adder 36. The Simsdf, (tBeFyemef&cidniof apRP isigmhlk is Wesdyyjibed.andlfi fi er 37,
and the product k{(E-F) + (GH)} is put into one addition input termnal of
an addethe3&lisauiquuttaint dat embossed2froddtsd anfd teh g iftowecdindiesi marihot o
detector unit of detectors A23, B24, C25, D26 are put into an addition

I nput teHenDRE sdfgral dedgendPateddag Afd)ldows operated by the adder 32.
Qut puts of detectors B24 and C25 are put into an addition input term nal of

an adder 33, anth (He)) 3,S cuppuabedfbywo-divits fsilefhdo ddtecyon (AHR) is put

into an non-inverting input ]
of detectors E21, F20 (respectively referred to as E and F) are
put into a non-inverted input terminal and an inverted input
terminal of a subtractor 31, respectively, and (E-F) is operated
by the subtractor 31. Outputs of two-division photo detector
unit of detectors G29, H28 (respectively referred to as G and H)
are put into a non-inverted input terminal and an inverted input
terminal of a subtractor 35, and (G-H) is operated by the
subtractor 35. These results (E-F) and (G-H) are put into
addition input terminals of an adder 36, respectively, and the
operation of (E-F) + (G-H) is performed by the adder 36. The
sum of (E~F) + (G-H) is amplified k times by an amplifier 37,
and the product k{(E-F) + (G-H)} is put into one addition input
terminal of an adder 38.

Out?uts of detectors A23, D26 of the four-division photo
detector unit of detectors A23, B24, C25, D26 are put into an
addition input terminal of an adder 32, and (A+D) is operated by
the adder 32. Outputs of detectors B24 gnd C25 are put into an

addition input terminal of an adder 33, and (B+C) is operated by



termnal of a subtractor 34, and the sum (B+C) is put into an inverting
*input term nal of the subtractor 34. The operation of (A+D) - (B+C) is
performed by the subtractor 34. The result {(A+D) - (B+O} is put into

ot her addition input termnal of the adder 38. The adder 38 operates {(A+D)
- (B+tOQ} + kK{(E-F) + (G H)), and DPP signal = {(A+D) - (B+Q)) + kK{(E-F) +
(GH} is issued to a terminal 39. Herein, k is a constant for equalizing
t he anplitudes of éA+Q% - (Bﬂ?g and {(E-F), + (GH} sq that can offset may
not be c&Bee@ddrrt Hé-pPBhe| gRmI (A¥D)X He BUSVIREFC B8 OB 1PNBISAPECENRBY| ens
6 is shifted by the tracking coil of the biaxial actuator, not shown, at

t he tineterminadkpfga RuRtracker t3 eanshdtheesudy (Ht§ialsi PugedBEPbBBA. | n
FIG 3, the outputs E, F of the two-division photo detector unit of

det ect or SnERLtiRg0 iaputf sarnhnal it the Mubitgagtore 34i-naMheoppanakdaar of0,
respectively, and the adder 40 operates (E+F). Qutputs G H of the

t wo- di vi JiAdiD )phot(B+Eot st perfioimed byl ether tsybt: 18RS ,01H3% .ar &hkediesnis
addition input termnals of an adder 41, respectively, and the adder 41
oper at es {((&#H). -Th®HIYys i6EpkY amco (dkhdr aadd irteispediripnd tepuminiadt ofathe
non-inverting input termnal and an inverting input termnal of a

subtract eiddx 38nd the addbrassospdPatser e | E+RB+C)(GHHkK{ (EFF)a+ ¢cai nal
.43, a three-spot error signal = (E+F) - (GtH) is issued. Generation of DPD

si gnal i siydgsandermedignallf =t hexeppre grossed lpq'(tﬁ-ga;nd- r@=engedsnar ks on

t he disc, the DPD signal 12 is generated as follows.
issued to a terminal 39. Herein, k is a constant for equalizing
the amplitudes of {(A+D) - (B+C)} and {(E-F) + (G-H)} so that an
offset may not be caused in the DPP signal if the viewing field
of the objective lens 6 is shifted by the tracking coil of the
'biaxial actuator, not shown, at the time of tracking.

Next, the three-spot error signal is described. In FIG.

3, the outputs E, F of the two-division photo detector unit . of
detectors E21, F20 are fed into addition. input terminals of an
adder 40, respectively, and the adder 40 operates (E+F).
Outputs G, H of the twé—division photo detector unit of
detectors G29, H28 are fed into addition input terminals of an
adder 41, respectively, and the adder 41 operates (G+H). The
bums (E+F) and (G+H) are respectively put into a non-inverting
input terminal and an inverting input terminal of a subtractor
42, and the subtractor 42 operates (E+F) - (G+H). To a terminal
43, a three-spot error signal = (E+F) - (G+H) is issued.
Generation of DPD signal is described next. If there

are embossed pits and recorded marks on the disc, the DPD signal



In FIG 3, outputs A, B, C, D of the four-division photo detector unit of
detectors A23, B24, C25, D26 are put into equalizing circuits 44A, 44B,

44C, 44D, respectively, and are equalized, and then converted into binary
values in binary formng circuits 45A, _45B, 45C, 45D. Qutputs of the binary
formng circuits 45A, 45B are conpare&zin a phase conparator 46, and a
pulse train P (A-B) is generated, and is shaped by a | ow pass filter (LPF)
48, and put into one input terminal of an adder 50. Qutputs of the binary

f or m ngscigedgirasedsps fgtlave- conpared in a phase conparator 47, and a
pul se train P (D-C) is generated, and is shaped by a | ow pass filter (LPF)
49, and put intIm &Ifer 3i,nputpubs pad, &, theofdde BEr-fiyisdeer pboto
operates {P(A-B) + P(D-C)}, and a DPD signal = {P(A-B) + P(D-C} is issued
to a tcletecdiorSunikl 6f detechoys akdB sBAA NG 25 ,DPR 6s iagnealpultextakowi t h r espect
to the position of main spot of this enbodi nent. The graph shown in FIG 4 -
shows tdumaddlzdmgaicddcudtseddnf 44, DRI Siqyl respeedyivediyngand &he position
of the main spot in the case without a disc tilt indicated by a solid line
and i n ddualdaeel ,havidnghendesavertéd | ks BathBy valuezkdm binaryln FIG 4,

in the case where the disc.is free fromthe radial tilt as indicated by the

sol i d Ificiening@iricid teRUuBASPAsB} S4APOSI 43PNehiiputssiupvithe bigaryabove the
track center as shown on the axis of abscissas, the DPP signal Is 0 as

shown %ﬂdl%qgﬁi&c@fits 4%3 ,009BNAEE Sconfo¥eErin id pPHig¥ee dompah@tbadagl tilt
as indi cated by , ) )
and a pulse train P (A-B) is generated, and is shaped by a low
pass filter (LPF) 48, and pﬁt into one input terminal of ah
adder 50. Outputs of the binary forming circuits 45D, 45C are
compared in a phase comparator 47, and a pulse train P (D-C) is
generated, and is shaped by a low pass filter (LPF) 49, and put
into other input te;minal of the adder 50. The adder 50
operates {P(A-B) + P(D-C)}, and a DPD signal = {P(A-B) + P(D-C)}
is~iésued to a terminal 51.

FIG. 4 is a graph showing a DPP signal level with
reépect to the position of main spot of this embodiment. The
graph shown in FIG. 4 shows the calculated values of the DPP
signal corresponding to the position of the main spot in the
case without a disc tilt indicated by a solid line and in the
case having a disc tilt indicated by a broken line. In FIG. 4,
in the case where the disc is free from the radial tilt as
indicated by the solid line, when the main spot is positioned at

0 showing right above the track center as shown on the axis of

abscissas, the DPP signal is 0 as shown on the axis of



the broken line, an offset occurs, and when the main spot is right above
the track center, the DPP signal is 0.4, not 0, and the DPP signal becones
0 when the main spot is deviated fromright above the track center by about
0.05 um FIG 5 is a graph showing a DPD signal level with respect to the
position of main spot of this enbodi agnt. The graph shown in FIG 5 shows

t he cal cul ated val ues of the DPD signal corresponding to the position of
the main spot in the case w.thout a disc tilt_.indicated b .soli i ne and
in t he FELDAEF -ng HQWEVELT +t 1t LREER I fehhyrad Y ﬁﬁe?inﬁﬁcﬁeﬁ glf in
the case where the disc is free fromthe radial tilt as . indicated by the
sol i d Ithee Prgkén di@enpR 9hb6etsOoPRRTS i ARH vdiery theofirdg SPEkt 18bove t he
track center as shown on the axis of abscissas, the DPP signal is 0 as
shown diiHe abave $heotgprkt esntepnetle DRR signad jis & -dadbet Pi| ands

i ndi cated by the broken line, an offset occurs, and when the main spot is
ri ght abe dBheianadk besemes, 0t whemprhe imain $pot igo devdated £mem: he DPD
signal becomes 0 when the main spot is deviated fromright above the track
cent er mightbh@hove Gheurarathusentert by @aset df. @5heubPD signal, it is known
that the offset due to disc tilting is considerably small as conpared with
the case of DPFFE:grfalis Rographnshewing &hBPRaskgmdl drewst iwiadh pi ckup with
t he wavel ength of 650 nmand the nunerical aperture (NA) of 0.7, if 14

t he di scedpgecknestlies gosGthon biiembiackpet tah tisid. Snjpdimemnt .t h&he

graph shown in FIG. 5 shows the calculated values of the DPD
signal corresponding to the position of the main spot in the
case without a disc tilt indicated by a solid line and in the
case having a disc tilt indicated by a broken line. In FIG. 5,
in the case where ﬁhe disc is free from the radial tilt as
indicéted by the solid line, when the main spot is positioned at
0 shoWing right above the tra¢k~center as shown on the axis of
abscissas, the DPP signal is 0 as shown on the éxis of
o;dinates. However, if there is a radial tilt as indicated by
the broken line, an offset occurs, and when the main spot is
right above the track center, the DPP signal is 0.09, not 0, and
the DPD signal becomes 0 when the main spot is deviated from
right above the track center by about 0.02 um. Thus, in the
case of the DPD signal, it is known that the offset due to disc
tilting is considerably small as compared with the case of DPP
signal.

For example, in the case of an optical pickup with the

wavelength of 650 nm and the numerical aperture (NA) of 0.7, if
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mark length is 0.5 pm supposing the radial tilt of the disc to be 0.5

" deg., when the main spot is right above the track center, the offset
anounts of the DPP signal and DPD signal are 0.40 and 0.09, respectively,
provi ded each anplitude is 1. Therefore, if the disc has a radial tilt, a
difference is cause between the DPP sijgnal and the DPD signal standardized
by each anplitude. The larger the disc tilt angle, the larger is the

di fference between the DPP signal and the DPD signal,, so that this val ue
can be (Ehe iGiES ithigdnessi 48 B 6t BB, ralae abragh (PHRN o0 1thamyi pdwithe
respect to the optical pickup. FIG 6 is a graph show ng the difference
bet ween mavek DREMEyHA Carbd Mhe SBPPOS LB athey Xad kak felkt tof the dd@caltoti| t
in the embodi ment. The graph shown in FIG 6 shows the experinental val ues
of the dvéf@rerdrgof Whem $hgnakiandpoPDisi gight vihove ddpedirack Ceateadi al
tilt of the disc. In FIG 6, as the radial tilt of the disc shown on the
axi s of tiscsEsst iammxmsae@,f tthe DPPfeignak dmd v $igndPRrE dhdl0 amd t he
DPD si gnal shown on the axis of ordinates increases proportionally. Herein,
t he tracki0g, i sesbdetcived yyy preividetineaEkDampbahde Fi5 17 is a di agram
showi ng detection of a disc tilt-in a read-only disc in the enbodi nent.
When reproduci ngrThdeefeasl, iohlthedidiecchgpoaedadiali tiloysa /@ipfetdicentire
surface as shown in FIG 7, by detecting the difference between the DPD

si gnal obs ataese fheweenaiie $P¢t siGnadndndhehOPPPSi gighaDhétambtrdizeg 15
the main spot 70 and both side spots 71, 72, the tilting of the
by each amplitude. The larger the disc tilt angle, the larger
is the difference between the DPP signal and the DPD signal, so
that this wvalue can be utilized in detection of the radial tilt
angle of the disc with respect to the optical pickup.

FIG. 6 is a graph showing the difference between the DPP
sigﬁal and the DPD signal with respect to the radial tilt in the
embodiment. The gfaph shown in FIG. 6 shows the experimental
values of the difference of DPP signal and DPD signal with
respéct to the radial tilt of the disc. 1In FIG. 6, as the
radial -tilt of the disc shown on the axi; of abscissas
increases, the difference between the DPP signal and the DPD
signal shown on the axis of ordinates increases proportionally.
Herein, the tracking is effected by using the DPD signal.

FIG. 7 is a diagram showing detection of a disc tilt in
a read-only disc in the embodiment. When reproducing the read-
only disc composed of pit rows 73 on the entire surface as shown

in FIG. 7, by detecting the difference between the DPD signal

obtained from a main spot 70, and the DPP signal obtained from
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disc with respect to the optical pickup can be detected. FIG 8 is a

di agram showi ng detection of disc tilt in a groove disc according to the
enbodi ment. In the groove disc as shown in FIG 8 conposed of recording
areas 80, 82 for recording an information signal only on a groove 83 and an
address area 81 of enbossed pit rows B8, when recording and reproduci ng an
I nformation signal by 3 spots, the DPP signal is detected fromthe groove

83 by usjng a. main sppt 85 and side spots 86, 8 and the DPD signal is
det ect e'EIﬂ“F ?‘B"i‘r’r’i‘ heP r°e§§‘da§@§'h8f1§§ gB?F@ The %%1{ ngg%o?l%%%n%fﬁé’(af?cti ng
the difference between the DPP signal _and the DPD signal, the tilt of the
di sc wi BK5F &hER t TP Fe WhiiRearPpiEREpPAGRUBCRR RR 1 ARECFYRS- 9 is a
di agram-showi ng_detectjon of disc tilt in a land_ and %Lopve di sc according
to the embodi meRES- 1§ 1he BRI shoydng dreckioBhphndisc FFElt 9l gposed
of recording areas 90, 93 for recording an information signal on both | ands
95 and GFeeVesdbIC ERPEHHNESP dheaemhodimgnd. of IBnbBE SGEOPYE ¢i/B TB, when
recording an information signal by using one spot, at the tine a main spot
100 passhewnhtoughGi e corpassd afeaesdidahgaareask8)2) 838for hee@PDiFignal
and the push-pull signal {(A+tD) - (B+C)} are detected, and the val ues
t her eof anr enfermatite s igraheinlys pat al@fopses83 ahdoaghaddresskaxds & and
a track (3) 99, a signal corresponding to the push-pull signal {(E-F) +
(G H)} ofteainbessédopit heovesl Bdes svhane xeBB2diagdehdcregrodudingndm ned 16
with the push-pull signal {(A+tD) - (B+C)} obtained fromthe held

information signal by 3 spots, the DPP signal is detected from

the groove 83 by using a main spot 85 and side spots 86, 87, and

the DPD signal is detected from the address area 81 by using the

main spot 85. By detecting the difference between the DPP

signal and the DPD signal, the tilt of the disc with respect to

the optical pickup can be detected.

FIG. 9 is a diagram showing detection of disc tilt in a

land and groove disc according to the embodiment. In the land

and groove disc as shown in FIG. 9 composed of recording areas

90, 93 for recording an information signal on both lands 95 and

grooves 94, and address areas A91, B92 of embossed pit rows 96,

when recording an information signal by using one spot, at the

time a main spot 100 passes through the address area A91 of a

track (2) 98, the DPD signal and the push-pull signal {(A+D) -

(B+C)} are detected, and the values thereof are held. When the

main spot 100 passes through a track (1) 97 and a track (3) 99,

a signal corresponding to the pﬁsh—pull signal {(E-F) + (G-H)}

obtained from the address area B92 is detected, and combined



track (2) 98, and a DPP signal = {(A+D) - (B+Q} + k{(E-F) + (G H} is
‘generated, and the difference fromthe DPD signal is detected. In the
enbodi ment descri bed above, by determining the difference between the DPP
signal and the DPD signal, the radial tilt of the disc is detected, but

i nstead of the DPP signal, by using thgthree-spot error signal, by
obtaining the difference between the three-spot error signal and the DPD
signal, the radial tilt of the disc nay be detected. They nay be sel ected
ar bi t r amilth ddyee patishgpodlt Bégngpe{ GA+E he- o[ HQ)g abitadl tiremnisheoliedd
tracking of the optical disc device. In the optical disc device, the

or di nar yeraegk @)ci98y apdr at DBR signal r+ e{l(2tD) as (BHA )pus: KA EsFOWE i(B-FI G
1, the laser beamfromthe optical pickup of the optical systemis

i rradi atied dis tdemenjaitieds| addsehé dbfféremsce of mirecklsy DPDs Eigulad dst or 101
servo-controll ed by a spindle servo systemof a servo circuit. Though not
shown, afdwycdad.ni ng on the focus servo controlled by the focus servo
system a driving signal fromthe tracking servo system of the servo

circuit is anplifiethdenbodmenitl descrabddagpbrey b ddectmboidgemeoi | of
t he biaxial actuator of the optical pickup of the optical system and while

the act upiofertchd®\HtGhdeh the DPaCKighatChn@nehd Nepslied Bpld 0N tHdRRdilaa

detected fromthe photo detector 13 of the optical systemby the reflected

light froMe of ild @i iiGaleddted, but instead of the DPP signal, by
using the three-spot error signal, by obtaining the difference
between the three-spot error signal and tﬁe DPD signal, the
radial tilt of the disc may be detected. They may be selected
arbitrarily depending on the type of the optical disc or the
method of tracking of the optical disc device.

In the optiéal disc device, the ordinar& reproducing
operation is carried out as follows. |
As shown in FIG. 1, the laser beam from the optical

pickup of the optical system is irradiated on the optiéél disc 7
which is rotated by a spindle motor 101 servo-controlléd by a
spindle servo system of a servo circuit. Though not shown,
after tufning on the focus servo controlled by the focus servo
system, a driving signal from the tracking servo system of the
servo circuit is amplified by an'ampiifier, and appliedlto the
tracking coil of the biaxial actuator of the optical pickup of
the optical system, and while the actuator is moving in the
track direction, the detection signal is detected from the photo

detector 13 of the optical system by the reflected light from



The tracking error signal generated by the servo circuit is anplified by
the anplifier to be a tracking actuator drive signal, and is applied to the
tracking coil of the biaxial actuator of the optical pickup of the optical
system In the optical pickup of -.the optical system the objective lens is
noved i ndependently by the biaxial actmator using electromagnetic force in
the focus direction (direction approaching or departing fromthe optical
disc 7) and tracking direction (direction crossing the track of the optical
di sc) . thee oppiradl dasekdp of this optical systemis sequentially moved in
the outer circunferential direction of the optical disc 7 in synchronism
with the rotatThe ¢rackangperear signaly ggneradiedd®y( Fhedperv¥Pofirsrishown,
and thereby the irradiation position of the |l aser beamis displaced in the
out er disr cnpldfded by thecampbhfigr thee hepta dalackiing Actugbent duive.
Incidentally, an RF anplifier generates a reproduced RF signal from

ref | ectsdginele lainghtisoapphéedptd che dirarKingTeoidepfothecbi®Eigignal is
denodul ated in a data signal processor, subjected to the error correction
pr ocesdatmazicreofather ppticalrpitckum abdchd @prtdcddt sgseéem.and t hen

subj ected to deinterl eaving process-and to EFM PLUS denodul ati ng process.
Then, the denoditl athed opitdeall pickuapl of i €tk taptaidady alystamgblcdeof bei ng
output, and is output. In this enbodinment, in order that the spindle notor
101 cifjgiistee Jemizous actraticingepondintBA by thiee biadiiall dctaatoen, a

using electfbmaghetic force in the focus direction (direction
approaching or departing from the optical disc 7) and tracking
direction (direction crossing the track of the optical disc).

The optical pickup of this optical system is
sequentially moved in the outer circumferential direction of the
optical disc 7 in synchronism with the rotation of the opticai
disc 7 by a slide (sled) motor not shown, and thereby the
irradiation position of the laser beam is displaced in the outer
circumferential direction of the optical disc 7 sequentially.

Incidentally, an RF amplifier generates a reproduced RF
signal from reflected the light on the optical disc 7. The
reproduced RF signal is demodulated in a data signal processor,
subjected to the error correction processing after an error
correction code being detected,.and then subjected to
deinterleaving process and to EFM PLUS demoduléting proéess.
Then, the demodulated signal is amplified to a level capable of
being output, and is output.

In this embodiment, in order that the spindle motor 101



tilt control notor 102 is provided for controlling the tilt angle, and this
till control notor 102 is driven by a differential signal between the DPP
signal and the DPD signal. The tilt controller is not limted to this
enbodi ment, but nmay be designed to control the tilt angle of the |ight spot
with respect to the optical disc 7, B disposing a title angle correction
unit for controlling the tilt angle on the optical pickup. The controller

gener at es, . on tge asi f the RF signal, fromth .RE plifier, a contro
ST gnal TOBEEES RERER: 81 BATTRAR ey JRdcrpckhE Zagint, SRESFBAGN: 8r set ting
the gain_to be sent to the gajn setting.unit of thg servo,controller or the
like, EhdtafSBtEShtRSFRT (1 sigyRHoY £9r; FOpRECULERIsERRaFIbF ocessi ng
unit and the operations, of the respective parts. The ogeration of the disc
tilt dePgéerofnflsthaf ol KRN HIAteKs 102n iEhdrivest PPl &ce, when the
control | er recognizes that the optical disc 7 is inserted into a specified
posi t i dAféerepsigéysignal ibetiseen cthe HPFr signajoand $bevBPRNE19BRAd| e
servo. More specifically, a laser beamemtted fromthe optical pickup of
t he opfheatidysrentrellerats anetl bimittes dot thds eémbodimeptat butbpayhe
spindl e notor servo-controlled by the spindle servo systemof the servo
circui be @reigoedstoecontial cihe iwidlowndgly ofe thecddgbdi spot whehbi axi al
actuator of the optical 19 systemcontrolled by the focus servo system
of therespect to the optical disc 7, by disposing a title angle
correction unit for controlling the tilt angle on the optical
pickup.
The controller generates, on the basis of the RF signal
from the RF amplifier, a control signal to be transmitted to the
servo circuit a controi signal for setting the gain to be sent
to the gain setting-unit of the servo controller or the like,
and also controls the signal process in the data signal
processing unit and the operations of the respective parts.
The operation of the disc tilt detection is carried out
as follows.
In the first place, when the controller recognizes_that
the optical disc 7 is inserted into a specified position of the
device, it instructs start of focus servo and spindle servo.
More specifically, a laser beam emitted from the optical pickup
of the optical system is irradiated on the optical disc 7
rotated by the spindle motor servo-controlled by the spindle

servo system of the servo circuit. The focus servo is carried

out by the focus coil of the biaxial actuator of the optical



circuit. The controller detects the radial tilt of the disc. Mre
specifically, the reflected light fromthe optical disc is detected by the
detector 13 of the servo signal detection system9, and the DPP signal and
the DPD signal are generated by using detection signals fromthe detectors
Ato H and the difference between the DPP signal and the DPD signal is
cal cul ated, and then the disc tilt is calculated. The controller corrects
the tilt angle by neans of a tilt angle correction unit in the servo unit.
Mor e sEEéFFWe@PD§F°l¥@ﬂthtthﬁuﬁQ§WﬁsS@@Wﬂeéﬁ§&emn°§a§heoﬁér69 the medi a
corresponding to the optical disc drive system Wen detecting the radial
tilt ofir@wildisc, the sled position is changed. Mre specifically, .by
nmovi ng the optical pickup of the optical system sequentially in the outer
ci rcunferenti alfhgi cootirohlef détechs itde midial7 tiidtswydcishenddscwi t h t he
rotation of the optical disc 7 by neans of slide (sled) notor not shown,

t he i r Magdeaspeaifidsallypp tiie tteflersesd Qdayht Lrdins thecepticalhdisat s
circunferential direction of the optical disc 7 sequentially. The optical
di sc i dekkenabdobydehectictgetmt MMl of adredisegvioo stily@adrdedeteibni sy8sempt i cal
disc inclination detecting nethod in which the inclination angle of the

opticalg,dap@ ¥hei bPPresgral amd acld QIHD syiaindls ade! eehedaitedobgetsingt
information is 20 recorded or information is reproduced by irradiating a
| i ght detection signals from the detectors A to H, and the difference
between the DPP signal and.the DPD signal is caiculated, and
then the disc tilt is éalculéted.

The controller corrects the tilt angle by means of a
tilt angle correction unit in the servo.unit. More |
specifically, the tilt angle is corrected in each one of the
media cbrresponding to the optical disg dfive system.

When detecting the radial tilt of the disc, tﬁé sled
position is changed. More specifically, by moving the optical
pickup of the optical system sequehtially in the outer
circumferential direction of the optical disc 7 in synchronism
with the rotation of the optical disc 7 by means of slide (sled)
motor not shown, the irfadiation positidn of the laser beam is
displaced in the outer circumferential direction of the optical
disc 7 sequentially.

The optical disc inclination detecting method accbrding
to the embodiment is an optical disc inclination detecting
method in which the inclination angle of the optical disc 7 with

respect to a light spot is detected in order that information is



spot on the optical disc 7 by the optical pickup, conprising the steps of
dividing the Iight spot into the main spot 27 and both side spots 22, 30 in
a specified track and track crossing directions before and after the sane,
generating, fromthe reflected light fromthe optical disc 7, a DPP signal
as a first signal by subtracting or @8ding the detection signals from
respective split photo detectors Ato H of the main spot 27 and both side
spots 22, 30 or in the track crossing.direction of both side spots 22, 30,

gener atT$RP TP OS igfarmasigns dsorapredused by iorastidtiqg e Lilghse of the
detection signals fromthe split photo detectors Ato Din the direction

or t hogoTRAt ton thhe pkdicadr désicnd bir thei optbfal hpigkipy Seaiprdsindetdeni ni ng
a differential operation value of the first signal and the second signal,.
and detstapsf kbividdnonathieod ighgl spof iineo oghie aedimisyot @7 tahe bashs of
the differential operation value. Thus, since the radial tilt angle of the
opt i calsidisspitish 23s3éctint @ specafiedatrack kampd caradie

automatically by obtaining the difference between the first signal and the
second Gimprtiions beflorenunddjadseirnghpasames pl gendrat ity Otrickalchi ckup or
optical disc can be corrected to-an opti mum angl e when correcting the

i ncl i natefireatfed N gipt ifeam Rhekuptotalli @Lsdy7 Ysd neps @.g{}rﬁﬂi ds ol el rgervo.
According to the optical disc inclination detecting netthod of the

enbodi neiynal by habatree-ides ori BadiAgt bR, détectioRkiddls ranal is a DPP

(differential push-pull) signal obtalned _
respective split photo detectors A to H of the main spot 27 and
both side spots 22, 30 or in the track crossing direction of
both side spots 22, 30, generating a DPD signal aé a second,
signal by comparing the phase of the detection signals from the
split photo detectors A to D in the direction orthogonal td the
track crosSing direction of the main'spot 27, determining a
differential operation value of the first signal and the second
signal, and detecting the inclination ahgle of the optical disc -
on the basis of the differential operation value. Thus, since
the radial tilt angle of the optical disc with respect to the
optical pickup can be detected automatically by obtaining the
difference between the first signal and the.second signal
without any adjusting particularly, the optical pickup or
optical disc can be corrected to an optimum angle when
correcting the inclination of the optical pickup or disc by
using the radial tilt servo.

According to the optical disé inclination detecting

method of the embodiment, in the above-described method, the



i

fromdetection signals of the main spot and the both side spots or a
three-spot error signal obtained fromdetection signals of the both side
spots, and the second signal is a DPD ( differential phase detection)

signal obtained fromthe detection signal of the nain spot, so that by
using the signal used in tracking inzgach optical disc, the disc tilt can
be detected wi thout using any additional circuit. According to the optical
disc inclination detecting nethod of the enbodinent in the above-mentioned
net hod, fiweh signalliisy Pl ddiddecenyiabf pushtpall Pysigidly dbtaifRian spot
70 and the both side spots 71, 72 on the optical disc conposed of pit rows
on the £momrdetertioe,sidmld bfethecnabrt spep ahe DRP ownalides dgerd i rst
signal obtained fromthe nmain spot 70 and the DPD signal as the second
signal aebtaitietbd+spot errent kignde 6Pea$ndd, femi GediErdebigiaild@s t he
disc tilt can be detected easily and securely in reproduction of a

read- ontire dbGich COTRO b1, Rind £AWSs8BohfCs $Ghhl eis W fle. ( According to the
optical disc inclination detecting method of "the enbodi nent, when recording

and repd pefsiawt idf YHRYd AetRbtish)dst ﬁafﬁ?ﬂ%ﬁfﬂéd %ﬁ?%ﬁé‘%&%&%ﬁirgg Cor

spots 80, 82 in the optical disc conpoSe e recording areas G

recor di o ' ot t v : . r.ea 81 of
enbosseﬂg%l??i %ﬁ:ﬁ%ﬁﬁnébag{ %jéedtde%(ft igﬁgg'%l ﬁg @Pégfgﬁgfh %F}(ﬂgﬁ;i rs d’islﬁgnal from

the T ocprdhpthg SR%A% ] ais?? UaL°GILACITE LED 51 Wileditd e second

signal fromthe address
without using any additional circuit.

According to the optical disc inclination detecting
method of the embodiment in the above-mentioned method, when
recording and reproducing information by uéing the main spot 70
and the both side spots 71, 72 on the optical disc composed of
pit rows on the entire surface, the difference between the DPP
signal as éhe:first signal obtained from the main spot 70 and
the DPD signal as the second signal obtained from the both side
spots 71, 72 is detected, so that the disc tilt can be detected
eésily and seéurely in reproduction of a read-only disc composed
of piﬁ rows on the entire surface.

According to the optical disc inclination detecting
method of the embodiment, when recording and reproducing
information by using the main spot 85 and the both side spots
80, 82 in the optical disc composed of the recording areas 80,
82 for recording information only in the grooves 83, and the
addfess area 81 of embossed pit rows 84, by detecting the DpPP

signal as the first signal from the recording areas 80, 82 and



area 81, therefore the disc tilt can be detected easily and securely in the
case of recording and reproducing information by using three spots in the
groove di sc conposed of the recording areas for recording information
signals only in the grooves and the address areas of enbossed pit rows.

Al so, according to the optical disc inclination detecting nmethod of the
enbodi nent, when recordi ng and repro%%cing I nformati on by using the main
spot 100 only in the optical disc conposed of the recording areas 90, 93
for recdetdeagingf cheadPDrsighdiotds tihe kserdaddBigndl10reemeshddaddrésd he
address areas A91, B92 of the enbossed pit rows 96, by detecting a

push- pubkeai gD3l thérefdre . tHBide HilkheafBbe aBebcily Ha8sh{ Naggneration
of the DPD signal as the second signal and the DPP signal as the first

: D d i aj \ fed
si gnal kactibe1dsheske adfse AE rAscdri@nly a%:ii 2dgredncih éﬁg?%ﬁfﬁ%ffhe

track, holding the values of the DPD si'gnal as"the secoOn

h- i fit fe | o el h I i {(E-F)
R e e R S S R (kS EAS T
the fir ' ' f 1N $6C r area, B92 ond
addre;sa%?égg?ﬁkbggﬁé%@ggi§ﬁgg%oreJ%ﬁbga P%ggtﬁgigpégiFggdg?§%%€§ &hd

gener at igg gggfgggsgﬁéééﬂgg.%%&g%£¥$%gkﬂg%§ggﬁpush-puII signal of the main

spot obtal ne romthe specift e push-pull signal of the both
si de steps, and ect] di ff.erence .be n the fi.rst .signal and the
23 second signaﬁgg%he%%$%¥%f§%éténg et?é%19§£¢a;§cdépg Qﬁgéggily

detecting method of the embodiment, when recording and

reproducing information by using the main spot 100 only in the
optical disc composed of the recording areas 90, 93 for
recording information in both the lands 95 and grooves 94, and
the address areas A91, B92 of the embossed pit rows 96, by
detecting a push-pull signal {(A+D) - (B+C)} of the main spot
100 used in generation of fhé DPD signal as the second signal
and the DPP signal as the first signal in the address area 91
as the first address area of a specified track, holding the
values of the DPD signal as'fhe second signal and the push-pull
signal of the main spot 100, detecting a push-pull signal {(E-F)-
+ (G-H)} of the both side spots for use in generation of the DPP
signal as the first signal obtained from the second address area
B92 as the second address area in both tracks before and after
the specified track, generating the first signal by combining
the push-pull signal of the main spot obtained from the
specified track and thé push-pull signal of the both side steps,

and detecting the difference between the first signal and the



E

and securely in the case of recording and reproducing information by using
one spot in the Iand and groove di sc conposed of the recording areas for
recording the information signal in both the |ands and grooves and the -
address areas A, B of enbossed pit rows. The optical pickup device of the
enbodi ment is an optical pickup dEViiﬁ for detecting the inclination angle
of an optical disc with respect to a“light spot, for recording information
or reproducing information by irradiating a | aser spot on the optical disc
7, CONPrdedididl ¥ignadl,i RakirefioR8dtke d@i€Ett ik Wil ben detedtedheabigiit spot
Is divided into & main spot and both side spots in a specified track and in

the t ra‘%ﬁ]d: IRl ydiihe ¢hieOBabEf 8f eraddrafdgradderemraiucing rst signal is
generated fromthereflected Iight fromthe optical disc by subtracting or

adding i {drPbyS u@1AlgS chbO8pEL! 14 PRE! Taglelaw Gfrodve tdigamai N spot
and both side spots Or I1n the track crossing direction of. both side spots,

a secon | i ggﬁg&ﬁkﬁ c i t t firrgleda@Gionon

tSI gnEI sd??%c%%deifpl 't p O]E _gdgégegggég iﬁﬂrtﬁgcﬁi?ec i%&le oir}{ﬁhogonaluntoo t he
rack crQssi regt 0 N a, Qi f e ' | ue

of the f?’r%’farbgi%{na octa{{ng:q} &aglg%o%ghsggﬁg?e?salg%tgl?é\eﬁqd%\%QE%eegién%pi \nﬁgt :Jon

angl e of _the .optical i | S detected on the basis of the differential
operati o‘# v%(gﬁs%cﬁap% cSrC(?rVJrse'cti ng unit which corrects the inclination angle

of the 24 Opt&ﬁgloﬁgfééfvﬁféﬂﬂﬁs ikl ek AhbodRRbnEePS L NI on.the
optical pickup device for detecting the inclination angle of an
optical disc with respect to a light spot, for recordiné
information or reproducing information by irradiating a laser
spot on the optical disc 7, comprising an inclination angle
detecting unit in which the light spot is divided into a main
spot and both side spots in a specified track and in the track
crossing direction before and after the same; a first signal is
generated from the reflected light from the optical disc by
-subtracting_or adding the detection signals from split photo
detectors of the main spot and both side spots.or in the track
crossing direction of both side spots, a second signal is
generated by compafing the phases of the detection signals from
the split photo detectors in the direction orthogonal to the
track crossing direction of the main spot, a differential
operation value of the first signal and the second signal is
obtained, and the inclination angle of the optical disc is
detected on the basis of the differential operation value, and a

correcting unit which corrects the inclination angle of the



i nclination angle, and therefore since the radial tilt angle of the optical
disc with respect to the optical pickup can be detected automatically by
determ ning the difference between the first signal and the second signal

w t hout adjusting particularly, the gptical pickup or optical disc can be
corrected to an optimum angle when correcting the inclination of the
optical pickup.or disc by using the radial tilt servo, and noreover since
t he raBPgFC?£I?1§%ﬁgﬁ?h|§e$Rﬁc%éEb§§&r}lgpﬁesBBFl@%Peﬁﬁkwmﬁnkéﬂmbe reduced
in size. The optical disc device of the enbodinent is an optical disc

devi celﬂﬁllﬂﬁ'—éﬁﬂl #9lee k| thenaforeasgneecothenragiatatitt sanalie of espect
to alight s for recording information or reproducing information by
irradi§gﬁngpgl¢a%e¢l%%dwl%#|IQﬁPQﬂhwbgakhelQﬁtbyaénpbpknpa¢a¢nm¢up,
conprising an inclination angle detecting unit in which the light spot is
di vi defletaebed- aphematpealinde slaresiidaisgothei dififepenté i bekwearckeand in
the track crossing direction before and after the sane, a first signal is
gener afédstreignat aed|ehe eskdomghtsifgnarh mithopti adfjusting by subtracting or
addi ng the detection signals fromsplit photo detectors or |ight receiving
uni t s partheubarhyspthe aopit brmalh sickeps pat opetical dhect cagkber ossi ng
direction of both side spots, a second signal is generated by conparing the
phasescofrettedetecan ooptimumal andlieo mhiche coplrietbtphgt ehdeivel Distidh tde

direction orthogonal to the track crossing direction of the main 25

spot, ahdi bpeleali piclwerat i sy Ppaisdhgt kel iradtiasi 808t $86vd Neand
moreover since fhe radial tilt sensor is not necessary, the
optical pickup can be reduced in size.

The optical disc device of the embodiment is an optical
disc device for detecting the inclination angle of an optical
disc with respect to a light spot, for recording information or
reproducing information by ifradiating a laser spot on the
optical disc by an optical pickup, comprising an inclination
angle detecting unit in which the light spot is divided into a -
main spot and both side spots in a specified track and in the
track crossing direction before and after the.same, a first
signal is generated from the reflected light from the optical
disc by subtracting or adding the detection signals from split
photo detectors or light receiving units of the main spot and
both side spots-or in the track crossing direction of both side
spots, a second signal is generated by comparing the phases of

the detection signals from the split photo detectors in the

direction orthogonal to the track crossing direction of the main



second signal is obtained, and the inclination angle of the optical disc is
detected on the basis of the differential operation value, and a correcting
unit which corrects the inclination angle of the optical disc with respect
to the light spot depending on the inclination angle, and therefore the
optical pickup or optical disc can bd5corrected to an optinmum angl e when
correcting the optical pickup or optical disc by using the radial tilt
servo, SBAH, t acdiBfeBential opersdrionsvaduenefetharfirso sigial kadotthiecal

pi ckup and the optical disc device can be reduced in size. The foregoing
enbodi seaosdreignal ob$ yohtaapl,i @atli theofindkiration adgladifaltid It of the
optical disc device, but it nay be applied also in the radial tilt

det ect opyideli disof ia detecteahdimdghappasiasust ofhe oibeferdmeialoni ¢

appl iances having a hard disc or other plate-shaped nenory nedia. The

opti cabpdrationcvabat | candled exirregtinghadief whiehi syerédes dige an opti cal
disc inclination detecting nethod for detecting the inclination angle of

t he optihealingtionvahdls espegtie toptdcailgltisepRithl PespesOr€h Nchd NfQyHw@t i on or
reproducing information by irradiating a |ight spot on ;the optical disc by

the opkpesl depekding CONPERS| Dt 1iiRtIoarangledi ¥hdi BRetdfotd AHe SPOL into
the main spot and both side spots in a speC|{|ed track and track crossing

di r ect bpaschef piekaplon§ sgEiddle HAE cafeBer abrPectbd oy A 6§Ein§i§& ed |ight
fromthe optical disc, a 26 first signal by subtracting or adding the
det ect hag18&! #R8hScdfPEting the optical pickup or optical disc by

usiqg the radial tilt servo, and the radial tilt éensor is not

necessary, So thét the optical pickup and the optical disc

device can be reduced in size. |

The foregoing embodiments relate only to application of
‘detection of -radial tilt of the optical disc device, but it may
be applied also in the radial tilt detecting device of a card
reading apparatus of. other electroﬁic_appliances having a hard
disé or other plate-éhaped memory media.

The optical disc inclination detecting method of.the
invention is an optical disc inclination detecting method for
detecting the inclination angle of the optical disc with respect
to a light spot, for recording information or reproducing
information by irradiating a 1ight spot oA:the optical disc by
the optical pickup, comprising the steps of dividing the light
spot into the main spot and both side spots in a specified track

and track crossing directions before and after the same,

generating, from the reflected light from the optical disc, a



split photo detectors of the main spot and both side spots or in the track
crossing direction of both side spots, generating a second signal by
conparing the phases of the detection signals fromthe split photo
detectors in the direction orthogonal to the track crossing direction of
the main spot,.determning a di ffer e al operation value of the first
signal and . the second signal, and detecting the inclination angle of the

opt i calfiFsEe S3Inade PEaSPEtEACEIRG 7 fadidimg aheofetgctdany aigaalanfrom
therefore since the radial tilt angle of the optical disc with respect to
the optSPdAt PhokGp dekRCharsepfcihal makn mmdte #ndy beghdsidentpgtsher in
differential operation value of the first si‘gnal and the second signal
wi t houfthgdtF@CKn§rogaingcdisetyion mf dsitihc slidei spopser geperatingiac can be
corrected to an opti num angl e when correcting the inclination of the
opt i calsegioakusignadi by gomparing tthe mivisds ©fl theededechdoonr diggale t he
optical disc inclination detecting nethod of the invention, in the
above- fmom dhed spdtiftogphotbedétestorss ginalthies dd rettdens pathegonal stgnal
obtained froma DPP (differential push-pull) signal obtained from detection
si gnal ¢hef treaeknminosspog didet¢tiobmaith tHelenadimoispotqr déeeemtindngsagnal s of
the both side spots, and the second signal is a DPD ( differential phase
det ect iddif)f egiegutdlalobpeiraediof real udeofledire tfiigr tsisdgalal0tntihehavs8cspat . and
therefore by using the signal used in tracking in each optical disc, the
di sc tidiignadn lmdleeeetedng tRE iMdinit s RGIgIRY cFddhbi opalicalr qut.

on the basis of the differential operation value, and therefore

since the radial tilt angle of the optical disc with respect to

the optical pickup can be detected automatically by determing

the differential operation value of the first signal and the

second signal without adjusting- particularly, the optical pickup

or optical disc can be corrected to an optimum angle when

correcting the inclination of the optical pickup or disc by

using the radial tilt servo.

According to the optical disc inclination detecting

method_of the invention, in the above-mentioned method, the

first signal is a three-spot error signal obtained from a DPP

(differential push-pull) signal obtained from detection signals

of the main spot and the both side spots, or detection signals

of the both side spots, and the second signal is a DPD (

differential phase detection) signal obtained from the detection

signal of the main spot, and therefore by using the signal used

in tracking in each optical disc, the disc tilt can be detected



t

Al so, according to the optical disc inclination detecting nmethod of the

I nvention, in the nethod nentioned above, when recordi ng and reproduci ng

i nformati on by using the main spot and the both side spots in the optical

di sc conposed of pit rows on the entire surface, the difference between the
first signal obtained fromthe main spot and the second signal obtained
fromthe both side spots is detected, so that the disc tilt can be detected
easi | ywakBogtcuseng amy raddtigdipnaloeigicudtread-only di sc conposed of pit
rows on the entire surface. In the optical disc inclination detecting

met hod of the AAsent Aoaordien teddralioprimad ddscodaciligaicibor mati on by
using the main spot and the both side spots-in the optical disc conposed of
r ecor ddegeaténg methodcof dihey invieortimin,orinothe methodomentianedt he address
areas of enbossed pit rows, since the first .signal is detected fromthe

r ecor diabgvey, ewhenndetbed img camtl sigpralducd ndetiacbematiom bireuadingeske ar eas,
the disc tilt can be detected easily and securely in the case of recording

and repadduspoy andothatbeth byidesisipusriee throObptidalhaigeoesnpdsss _
conposed of the recording areas for recording information signals only in

t he gr edvestandwshenathe esst bfe asurfacbageed ififereaws. bedkbERr thaccor di ng
to the optical disc inclination detecting nethod of the invention, when

recor difigsang ARl 08bea Ded NfUMBIHO Mdih $Por0 ahlle thBi BesBAl 8D4Naln the
28 optical disc conposed of the recordlng_areas for recordlng.
obtained from the both side spots is detected, so that the disc
til; can be detected easily and securély in reproduction of a
read-only disc composed of pit rows on the entire surface.

In the optical disc inclination detecting method of the
invention, when recording and reproducing information by using
the main spot and the both side spots in the optical disc
composed of recording areas for recording information only in
grooves, and the address areas of embossed pit rows, since the
first signal i; detected from the recording areas and the second
signal.is detected from the address areas, the disc tilt can be
detected easily and securely in the case of recording and
reproducing information by using three spots in the groove disc
composed of the recording areas for recording information
signals only in the grooves and the address areas of embossed
pit rows.

Further, according to the optical disc inclination

detecting method of the invention, when recording and

reproducing information by using the main spot only in the
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information in both | ands and grooves, and the address areas of enbossed
pit rows, by detecting a push-pull signal of the nmain spot used in :
generation of the second signal and the first signal in the address area as
the first address area of a specified track, holding the values of the
second signal and the push-pull signag of the main spot, detecting a
push-pul |l signal of the both side spots for use in generation of the first
si gnal opittigiadediscompinbesed cofdtkel dresswrdimga axsashfosereadrdildgess area in
both tracks before and after the specified track, generating the first

si gnal imfocoattionngnt hethudangs| dndigradvesf, tind thienaddoesebaaeasdofrom t he
specified.track and the push-pull signal of the both side spots, and

det ect iemposlseddipliterewse bpt deesct ey fd rmishsipgnadl sdgdathefsehenglashgnal ,
therefore the disc tilt can be detected easily and securely in the case of

r ecor dispgtangede Anodeae gt ioh 0d Frethe sdiionds isignane apdothenfiket! and and
groove di sc conposed of the recording areas for recording information

si gnal silghalotin khedadardssr 8p¥&Sasinchd hei raddiRescaseaseh oB af enbossed
pit rows. The optical pickup device of the invention is an optical pickup

devi ce dpeic idaleRC gkt Aol AShy Nehé OPaBIEH SOftrRN sekbneiakighat Whihchespect
to a light spot, for recording information or reproducing”information by

i rradi Fddip112%8gnafobroRhe NRa PR & , ' L $qRe_an1hnekl i on
angl e. etecfﬁhg un?P I n which thgﬂli%ﬁ# Eﬁﬁﬁ?ﬁ%?ﬁ i?iggggi E%tlaglL ﬁﬁispot

and Dotdk Sl porn?$18B06Bok BoP PESE " 1R YGddAGt i Je thil® £iF3EK s 15RAT! N0
obtained from the second address area as the second address area
in both tracks before and after the specified track, generating
the first signal by combining the push-pull signal of the main
spot obtained from the specified track and the push-pull signal
of the both side spots, and detecting the difference between the
fifstisignal and the second signal, therefore the disc tilt can
be detected easily and securely in the case of recording and
reproducing information by using one spot in the land and groove
disc éomposed of the recording areas for recording information
signals.in both lands and grooves and the address areas A; B of
embossed pit rows.

The optical pickup device of the invention is an optical
pickup device for detecting the.inclination angle of aﬁ optical
disc with respect to a light spot, for reco;ding information or
reproducing information by irradiating a laéér spot on.the
optical disc, comprising an inclination angle,detecting unit in

.
which the light spot is divided into a main spot and both side



before and after the sanme, a first signal is generated fromthe reflected
light fromthe optical disc by subtracting or adding the detection signals
fromsplit photo detectors of the nain spot and both side spots or in the
track crossing direction of both side spots, a second signal is generated
by conparing the phases of the det ectdn signals fromthe split photo
detectors in the diregtion orthogonal, to the track crossing%direption of

the maiSPOSSotl @ §PEFEfaRti Srackheand iioh the §&agk Freseingtdirepionnd t he
second signal is determ ned, and the inclination angle of the optical disc
i s det &&f&FeoRNthathgEi §hef Sk, B ffidsdntSignadpdsagrBRratedelramdthe
correcting unit which corrects the inclination angle of the optical disc
with r ted dighti §remshhe erpigali wiiseh byhsubgzrrhangoar aadding and
therefore since the radial tilt angle of the optical disc with respect to
t he optthsaldefiegtdenc §agpalgefrencesplil mhatic slettechprdeoér thai ngin he
di fference between the first signal and the second signal w thout adjusting
parti cpot ynd hotbpsidel spot&upr oin diitd datack srosaingediveceio®dof o an
opti mum angl e when correcting the inclination of the optical pickup or disc
by usi nptthhe idedispotsi,| & second sighaibriesowenesiated bgecomgaalingi thesensor
IS not necessary, the optical pickup can be reduced in size. The optical
di sc dephasesofoft el deerttdoni sigmabptfimal thies Gpddi photor ddeéeedtsg t he
i nclinationiangle of an optical 30 disc viith respect to a |light spot,
for redor dileg dideatti®hi orthogonal to the track crossing direction of

the main spot, a differential operation value of the first

signal and  the second signal is determined, and the inclination

angle of the optical disc is detected on the basis of the

differential operation value, and a correcting unit which

corrects the inclination angle of the optical disc with respect

to the light spot dépehding on the inclination angle, and

therefore since the radial tilt angle of the optical disc with

respect to the optical pickup can be detected automatically by

determining the difference between the first signal and the

second signal without adjusting particularly, the optical pickup

or optical disc can be corrected to an optimum angle when

correcting the inclination of the optical pickup or disc by

using the radial tilt servo, and moreover since the radial tilt

sensor is not necessary, the optical pickup can be reduced in

size.

The optical disc device of the invention is an optical

disc device for detecting the inclination: angle of an optical



reproducing information by irradiating a | aser spot on an optical disc by
“an optical pickup, conprising an inclination angle detecting unit in which
the light spot is divided into a main spot and both side spots in a
specified track and in the track crossing direction before and after the
same, a first signal is generated fronmd®he reflected Iight fromthe optical
di sc by subtracting or adding the detection signals fromsplit photo

det ect ordis¢ wheh negspegfottaarsd ldghle spab, spox steFording dn tdPHs Ong
direction of both side spots, a second signal is generated by conparing the
phases ofepheddeingtinfomiahizis by doraddéasphgta phaser dspatct@y €0 n t he
direction orthogonal to the track crossing direction of the main spot, a

di f f er enbpalicapediasc doy \aal wptdfcalhgitknpl, sompaisimg-amelmEcinatisignal i s
determ ned, and the inclination angle of the optical disc is detected on

t he basi anglet detectimy anitalimpdriath ehevaligkt apdtaisodiwidediginta ta whi ch
corrects the inclination angle of the optical disc with respect to the

l'i ght spahideppodi agd wotheside|dpuis An angpecitnddt beaek camd tire vt i cal
pi ckup or optical disc can be corrected to an opti num angl e when correcting

the incl ikratkobressing @PtéSEloWivdedreOtnaPhireal €heCsie Jisa npiddie radi al
tilt servo, and the radial tilt sensor is not necessary, so that the

optical BighkdP aBdgéRerPdd Cotolitdfe dREIeELEAN1RENECHHERIhE ShEZRealHavi Ng

descri bed preferreg enbodi ments of the invention 31 with reference to

the accopRapybydsdprerhddsngidrifddihd@he detection signals from split
photo detectors of the main spot and both side spots or in the
track crossing direction of both side spots, a second signal is
generated by comparing the phases of the detection signals from
.the split photo detectors in the direction orthogonal to the
track crossing direction of the main spot, a differential
operation value of the first signal gnd:the second signal is
determined, and the inclination angle of the optical disc is
detected on the basis of the differential operation value, and a
correcting unit which corrects the inclination angle of the
optical disc with respect to the light spot depending on the
inclination angle, and .therefore the oﬁtical pickup or optical
disc can be corrected to an optimum angle when correct%ng the
inclination of the optical pickup or op£igal disc by using the
radial tilt servo, and the radial tilt sensor is not necessary,
so that the optical pickup and the optical disc device can be

reduced in size.

Having described preferred embodiments of the invention



v

understood that the invention is not limted to those precise enbodi nents
and that various changes and nodifications could be effected therein by one
skilled in the art without departing fromthe spirit or scope of the
invention as defined in the appended ilainsu 32 What is clainmed is: 1.
An optical disc inclination detecting nethod for detecting an inclination
angle of an optical disc with respect to a |ight spot, for recording

i nf or nWitbnreferepreduci the i adcompsniydmgbdramiadsat ihgis heoIbght spot on the
optical disc by an optical pickup, conprising: a step of dividing said

| i ght spdérshoodathat ntiseainwenttileet issinde dpatitednte shese fpestcigeack and
track crossing directions before and after the sane; a step of detecting

si gnal embodimepbadand that vaficed ethdngglst ahdomodafiicapiondl csixd gy phot o
detectors corresponding to said main spot and said both side spots or split
phot o déffectedstHeredirdoy asnee HIoNdigy inO thet GatKwith6GENdeparefid ons of
said both side.spots; a step of generating a first signal by subtracting or
addi ng fgamdthegBplisitaoBt opd Srenaiatinvént isAcasddsirgnal Py €weparing
phases of two signals obtained by subtracting or adding detection signals
fromt Bppspbill ghaimsdet ectors divided corresponding to the orthogonal
direction of the track crossing direction of said
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. main spot; a step of determning a differential operation value of said
first signal and said second signal; and a step of detecting the
i nclination angle of said 33 cptical disc on the basis of said
differential operation value. 2. The optical disc inclination detecting
method as clainmed in claiml1, wherein2said first signal detecting step is a
step of detecting a three-spot error -signal obtained froma DPP (
di f f er dh&talispgdRiped 1issi gnal obtained from detection signals of said nain
spot and said both side spots or detection signals of said both side spots;
and sai d second signal detecting step is a step of detecting a DPD
(differential phase detection) signal obtained fromthe detection signal of
said mai n spot.1.3. Athepyiciadatlidesin¢hinatmin cletsettdnig mgtietdhddras cl ai ned
in claiml, wherein when recording and reproducing information by using
sai d naletesyidingameh daicd ibethosi argbpad® dm ceiidalpdisel withcrespposed of
pit rows on an entire surface, a difference between said second signal

obt ai negb fa Aghdl & piaki, N faROreantd sng diifdmiatSiognar ekbaoaagihgom sai d both
side spots is detected. 4. The optical disc inclination detecting method

accor di irgfdrmatlidnmby, ifrtathatifgnphé Sii@tydc}ﬁj’t IRC@hdl Bgtabdlr apsedygi ng
I nformati on by using said nmain spot and said both
'~ an optical pickup, comprising:

a step 6f dividing said light spot into a main spot and
both side spots in a specified track and track crossing
directions before and after the same;

a step of detecting signals corresponding to a reflected
light from said optical disc by photo detectors corresponding to
said main spot and said both side spots or split photo detectors
divided corresponding to a track crossing directions of said
both side.spoté;

a step of generating a first signal by subtracting or
adding said signals;

a step of generating a second signal by comparing phases
of two signals obtained by subtracting or adding detection
signals from the split photo detectors divided corresponding to
the orthogonal direction of the track crossing direction of said
main spot;

a step of determining a differential operation value of
said first signal and said second signal; and

a step of detecting the inclination angle of said
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side spots in said optical disc conposed of a recording area for 34

recording information only in a groove, and an address area of an enbossed
pit row, a step of detecting said first signal in said recording area; and
a step of detecting said second signal in said address area. 5. The opti cal
disc inclination detecting nmethod accd¥ding to claim11, further conprising,

ai 0 ogPrasPiaaRe BRTERE Garts oL AT (fEaRbeEipY, BBeralRy® Wiantion i

both a | and and a groove, and an address area of an enbossed pit row, a
step of detecting said second signal in a first address area of a specified

track; a step qf detecting a.push-pull_ signal fromsaid main spot for use
in generation &f* afrr PtgFﬁﬁa#l§% %&ﬁ%}#é%%ﬂ?-Q@&@@%&nar@&tapdsasd
specifiﬁf.tr ck; a_.step.of holding values of said second signal and the
push- p@-2 én&P G&AdPated by said main spot; a step of detecting a
push-pul | signal qsnerated fromsaid both side spots for use in generation
of a first signheTedNasRed £ibht SigrdhAtkratdng step s Boskepragks before

and after said specified track; a step of generating said first signal by
Conbimqﬁ}qgggng a three-spot error signal obtained from a DPP (

differential push-pull) signal obtained from detection signals
of said main épot and said both side spots or detection signals
of ;aid both side spots; and

said second signal detecting Step is a step of detecting
a DPD (differential phase detection) signal obtained from the

detection signal of said main spot.

3. The optical disc inclination detecting method as
claimed in claim 1,

wherein when recording and reproducing information by
using said main spot and said both side spots in said optical
disc composed of pit rows on an entire surface, a difference
between said sécond signal obtained from said main spot and said

first signal obtained from said both side spots is detected.

4. The optical disc inclination detecting method
according to claim 1, further comprising, when recording and
reproducing information by using said main spot and said both

side spots in said optical disc composed of a recording area for
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35 push-pull signal of said main spot obtained fromsaid specified track
and the push-pull signal of said both side steps; and a step of detecting -a
di fference between said first signal and said second signal. 6. An optical
disc inclination controlling nmethod for controlling an inclination angle of
an optical disc with respect to a |ighAt spot, for recording information or
reproduci ng .i.nformation by irradiating the |light spot on the optical disc
by an 5&FPg'QIlnHi ¢R ﬁFmeBh%?i%‘P%:l”h 35 (9EPOFL r d8Pdc N nFAdr §H%I LD r%espondi ng
toareflected light fromsaid optical disc by light receiving units
cor r espEn&MReSE69sBLE BBWn spot and said both side spots or split |ight
receiving units divided corresponding to a track crossing direction of said
both side spot & S&ept of detgertraisaifl f inststsigngdalinbpaddbreaerdimg or
addi ng said signals; a step of generating a second signal by conparing
phases agleaw@ngli gnal s obt ai ned by subtracting or addi ng detection signals
fromthe split light receiving units divided corresponding to the
ort hogonal directsitep of. dehecting ksaidsmoupdisiemailoinosaddi dddressspot; a
step of determning a differential operation value between said first
si gnal aae&.sai d second signal; a step of detecting the inclination angle of
said
5. The optical disc inclination detecting method

according to claim 1, further comprising, when recording and

reproducing information by using said main spot only in said

optical disc composed of a recording area for recording

information in both a land and a groove, and an address area of

an embossed pit row,

a step of detecting said second signal in a first
address area of a specified track;

a step of detecting a push-pull signal from said main
spot for use in generation of a first signal in said first
address area of said specified track;

a step of holding values of said second signal and the
push-pull signal generated by said main spot;

a step of detecting a pgsh—pull signal generated from
said both side spots for use in generation of a first signal
obtained from a second address area in both tracks before and
after said specified track;

a step of generating said first signal by combining the
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36 optical disc on the basis of said differential operation value; and a
step of applying an inclination detection signal obtained in said optical
disc inclination detecting step to a tilt control nmeans. 7. An opti cal

pi ckup device for detecting an inclination angle of an optical disc with
respect to a |ight spot, for recording I nformati on or reproducing

information by jrradiating the | aser spot on the_optical disc, conprising:
a neansp?%ﬂ'ﬂ‘hi oﬂﬁf‘%aiq;gﬁadﬁt rgd Bt SPAE oot FRed M 534G spredfdpda
specified track_and both side spots_positioned in the track crossing
di rect i BRAGEI3NL BhR) RighaPuddi §igpadi efegaid dorth sideytapsseidpdng means
conposed of a light receiving unit for receiving a reflected I'ight from
sai d optical di 3cSERP resintedidnd a HaLfHaranegobetveen j gid ridasitvi ng units
for receiving a reflected Ikghp corresponding to said both side spots or
split | fganafeamd st srraondiisiigged -corresponding to a track crossing
direction of said both side spots in light receiving units for detecting a
reflected |ight corresponding to said both side spots; a first signal
generating nmeans for generating a first signal by subtracting or adding
signals from sabd |Aghoptieel \disy nmeddnation controlling method for
controlling an inclination angle of an optical disc with respect
to a light spot, for recording information or'reproducing
information by irradiating the light spot on the optical disc by
an optical pickup, comprising:
a step of detecting signals corresponding to a reflected
light from said optical disc by light receiving units
corresponding to said main spot and said both side spots or
split  light receiving units divided corresponding to a track
crossing direction of said both side spots;
a step of generating a first signal by subtracting or
adding said signals;
a step of generating a second signal by comparing phases
of two signals obtained by subtractin§ or adding detection
signals from the split light receiving units divided
corresponding to the orthogonal direction of the track crossing
direction of said main spot;
a step of determining a differential operation value

between said first signal and said second signal;

a step of detecting the inclination angle of said

I



37 a second signal generating neans for generating a second signal by .

" conparing phases of an addition signal and a subtraction signal fromlight .
receiving units divided in a direction orthogonal to the track crossing
direction of said main spot; and an inclination angle detecting neans for
detecting an inclination angle of saideoptical disc on the basis of a
differential op ration val ye bhetween saigﬂ%irst sigpal and said _second
si gnal . °B*1%@ og%?‘éa‘?n o Rrsdey o SRR BEATREEPFHY: SRS HAT BN ingl e of
an optical disc with respect to a |light spot, for recording information or
reproduépﬁg information by irradiating the | aser spot on the optical disc,
conprising: a neans for dividing said light spot into a main spot

2P
positioned on a2spEEPfPERPPRNAHAN HECH 18§08 HRECEBEPR | HHEME n a track
crossing direction before and after said specified track; a light receiving
means ceRpadegdoinasaigertieal disg dactlipstipacdeterbing raf9di®e® | i ght
corresponding to the main spot fromsaid optical disc and |ight receiving
units fgilteceontrag mears$) ected |ight corresponding to both side spots or
split light receiving units divided corresponding to a track crossing
direction of said both side spots in light receiving units for receiving
the reflected |ight corresponding to said
7. An optical pickup device for detecting an
inclination angle of an optical disc with respect to a light
. spot, for recording information or reproducing information by
irradiating the laser spot on the optical disc, comprising:
a means for dividing said light spot into a main spot
positioned on a specified track and both side spots positioned
in the track crossing direction before and after said specified
track;
a light receiving means composed of a light receiving
unit for receiving a reflected light from said optical disc
corresponding to the main spot and light receiving units for
receiving a reflected light corresponding to said both side
spots or split light receiving units divided corresponding to a
track crossing direction of said both side spots in light
receiving units for detecting a reflected light corresponding to
said both side spots;
a first signal generating means for generating a first
signal by subtracting or adding signals from said light

Ty
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38 both side spots; a first signal generating neans for generating a first
*signal by subtracting or adding signals fromsaid |ight receiving neans; a -
second signal generating neans for generating a second signal by conparing
phases of an addition signal and a sul@raction signal fromthe split |ight
receiving units divided in a direction orthogonal to the track crossing

di : ¢ d . _ el : | .
Gt oot i ng the | o Hoeeic S2anar cos oLt e bl Br St 8 seBha,
d!fferenLiaI oper ati on val ue, bet wee said({jrst sL%na&_agg_said second

si gnal ; Sipad E’ rF@E‘PPﬁdnﬂeghés?%roﬁo?r} g P EEREL AR Bn angl e of said

optical disc with respec o0 sajd |ight spot dependi Q ai.d inclination
angl e. SﬁuQQ¥Qﬁ&HQRa§1@@9ﬁc%r?8ri%%%?gEﬁ??#%}Qﬂ1qaiﬁﬁ %3??5ﬁ%aﬁalé of an
optical disc with respect to a |jght spot, for, recording infaqrmation or

r epr oduS PSS FEREPOIOBR Y] FPalnS FRALK X ssil diseciiometofeital disc,
conprising: a neans for dividing said |ight spot into a main spot °

posi t i oML FRPSpEA% i ed track and both side spots positioned in a track

crossing direction before and after said specified track; 39
an inclination angle detecting means for detecting an

inclination angle of said optical disc on the basis of a
differential operation value between said first signal and said

second signal.

8. An optical pickup device for controlling an
inclination angle of an optical disc with respect to a light
spot, for recording information or reproducing information by
irradiating the laser spot on the optical disc, comprising:

a means for dividing said light spot into a main spot
positioned on a specified track and both side spots positioned
in a track crossing direction before and after said specified
track;

a light receiving means composed of a light receiving
unit for receiving a reflected light corresponding to the main
spot from said optical disc and light receiving units for
receiving a reflected light corresponding to both side spots or
split light receiving units divided corresponding to a track
crossing direction of said both side spots in light receiving

units for receiving the reflected light corresponding to said

I
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a light receiving neans conposed of a light receiving unit for receiving a
reflected light corresponding to the main spot fromsaid optical disc and -
light receiving units for receiving a reflected |ight corresponding to both
side spots or split light receiving wgts divided corresponding to a track
crossing direction of said both side spots in light receiving units for
recei vigkid d@id afgrs;l i ght corresponding to said both side spots; a first
signal generating neans for generating a flrst signal by subtracting or

adding the signalg;f40m8 3 hggg}'&fﬁ ﬁe&ﬁqﬁ Sieg0ak

generating nmeans for generati Seco Sl gna conpar !l phases of an

addi i oy Gy b4 PEE QBaBAG Rl ol LA 15, S ol 3% recei ving

uni t d|V|ded |n a dlrectlo ort ogon crossin i rection of
sai d ' %d&ﬂ I nation angle detecting neans for detecting the
|ncI|nat|on anéfe o ‘ai d optlcal di sc on- the basis of a differenti al
operation val ue, irst.s

correcting rreans corr?cnt 8epﬁ£a1:ﬂr&glxﬁ%?r?%s éﬁ'ldgqsegsonq&ﬁﬁgg%fafzgga SI sc
with respgel: 4, S&,&, phR8Ls “SPCR 2Ll S s gnidd W o andl e
subtraction signal from the split light receiving units divided
in a direction orthogonal to the track crossing direction of
said main spot;
an inclination angle detecting means for detecting the
inclination angle of said optical disc on the basis of the
differential operation value between said first signal and said
second signal; and
a éorrecting means for correcting the irclination angle
of said optical disc with respect to said light spot depending

on said inclination angle.

9. An optical device for controlling an inclination
angle of an optical disc with respect to a light spot, for
recording information or reproducing information by irradiating
the laser spot on the optical disc, comprising:

a means for dividing said light spot into a main spot
éositioned on a specified track and both side spots positioned

in a track crossing direction before and after said specified

track;
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a light receiving means composed of a light receiving
unit for receiving a reflected light corresponding to the main
spot from said optical disc and light receiving units for
receiving a reflected light corresponding to both side spots or
split light receiving units divided corresponding to a track
crossing direction of said both side spots in light receiving
units for recei%ing a reflected light corresponding to said both
side sbots;

a first signal generating means for generating a first
signal by subtracting or adding the signals from said light
receiving means;

a second signal generating means for generating a second
signal by comparing phases of an addition signal and a
subtraction signal from the split light receiving unit divided
in a direction orthogonal to a track crossing direction of said
mainlspot;

an inclination angle detecting means for detecting the
inclination angle of said optical disc on the basis of a
differential operation value between said first signal and said
second signal; and

a correcting means for correcting the inclination angle
of said optical disc with respect to said light spot depending

on said inclination angle.
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