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1" OPTI CAL RECORDI NG AND REPRODUCI NG APPARATUS FOR TRACKI NG WOBBLI figi.fA4 BE
GROOVES This invention relates to optical recording and reproduci ng
apparatus enpl oying nmedia preformatted with wobbling gui de grooves, nore
particularly to the detection of tracking error in such apparatus. Optica
reproduci ng apparatus is already w del ytmanufactured and sold in the form
of conpact disc players, and apparatus is now becom ng avail abl e that can

both reproduce and record i nformation, using wite-once-read-many nedia or
over wr i t a2BTHEA: JRECORRING, ANEPRE?RODHEENQtARPARATUS FOR

' TRACKING WOBBLING GUIDE GROOVES

This invention relates to optical recording and
reproducing apparatus employing media preformatted with -
wobbling guide gréoves. more particularly fo the detection
of tracking error in such apparatus.

Optical reproducing apparatus is already widely
manufactured and sold in the form of compact disc players,
and apparatus is now becoming available that can both
reproduce and record information, using write-once-read-many
media or overwritable media. In both types of apparatus
information is read from (or written on) spiral or
concentric tracks by means of a laser beam. The beah is
kept on-track by a system that detects tracking error, and a
servo system that corrects the detected tracking error..

A variety of methods are used to detect tracking error.
In the well-knoewn push-pull method, the laser beam is
reflected from the medium to a split photodetector. Signals
from the two halves of the detector are added to obtain the
reproduced information signal; and mutually subtracted to
obtain a tracking error signal.

In another method known as the three-beam, triple-beam,

tri-beam, or twin-spot method, three laser beams are focused
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information is read from (or witten on) spiral or concentric tracks by
~freans of a |laser beam The beamis kept on-track by a systemthat detects
tracking error, and a servo systemthat corrects the detected tracking
error. Avariety of methods are used to detect tracking error. In the

wel | - known push-pull method, the |aser Beamis reflected fromthe nediumto
a split photodetector. Signals fromthe two hal ves of the detector are

added 10 g8 Rkhhea1BhOTUsEd i HEOLRLOBpS AN Thasaad MGl SBRACt e

to obtain a track error signa I'n anot nown as

. ?;e]:% beaagg&@' iebeth%a%akk's:bem RentWrNspBe! 18BLERd o' eRalGaRE oheans
ocuse
" writing information. The other two spots, referred to as
satellite spots, are reflected to two sebarate
photodetectors, and the difference between the photodetector
output signals is used as the tracking error signal.

Still another method, known as the differential push-
pull method, also employs three spots, but.reflects each
spot to a split photodetector that generates a difference
signal. The tracking error signal is obtained by adding the
two difference signals from the satellite spots and
sﬁbtracting the difference éignal from the center spot.

These three methods were originally developed for use
with media having regular circular or spiral tracks, but
there has been a recent movement toward media on which the
tracks are formed in wobbling guide grooves. For example,
standards for compact disc (CD) media have been proposéd in
which absolute address information and information for
constant linear velocity control are encoded in the wobble.

A general problem arising with such media is that if
the tracking error detection system detects the wobble, the
tracking servo may attempt to track the wobble, thereby
defeating the purpose of the wobble. In the push-pull

method, for example, if the servo system tracks the wobble

accurately, the information encoded in the wobble is lost.



A

lerr] 2 onto the nmedium creating three spots that are aligned at an
angle to the tracks. The center spot is used for reading or witing

i nformati on. The other two spots, referred to as satellite spots., are
reflected to two separate photodetectors, and the difference between the
phot odet ect or out put signals is used as 3he tracking error signal. Stil
anot her nethod, known as the differential push-

A similar problem occurs in the differential push-pull
method when the spacing between the three spots is one-
fourth the repeating period of the wobble. |

A somewhat different problem can oécur in the three-
beam method. If the two satellité spots are separated by a
distance equal to the repeating period of the wobble, the
servo system tracks the wobble at the locations of the
satellite spots, thereby doubling the amplitude of the
wobble at the central read/write spot. 1In recording, this
leads to poorly formed pits; in reproducing, it degrades the
quality of the reproduced signal. |

The wobble-tracking pfoblem is related to the problem
of tracking offset, which can be caused by tilt of the
rotating medium or traék—following movement of the objective
lens. This problem occurs particularly when the push-pull
method is used. Previous attempts to correct offset by
means of sensors that detect media tilt and objective-lens
movement have been unsatisfactory, in part because they
increase the complexity and cost of the apparatus. Attempts
td avoid the seecond type of offset by moving the optical
system as a whole instead of just the objective lens also
increase the cost of the apparatus, because a more powerful

actuator is needed.
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pull nmethod, also enploys three spots, but reflects each spot to a split
phot odet ector that generates a difference signal. The tracking error signal
is obtained by adding the two difference signals fromthe satellite spots
and subtracting the difference signal fromthe center spot. These three

nmet hods were originally devel oped for us#& wth media having regul ar
circular or spiral tracks, but there has been a recent novenent toward
medi a on which IheiSracksrdinglyrandobmembbbfihgegnrdeegtobneentFon to
exanpl e, standards for conpact disc (CD) nedia have been proposed in which
absol ute aaenesgtenaotnackéngaﬁdrpnfeiaa@loﬁltbrredhseénWODbheaandelocuty

control are encoded in the wobbl e.
offset components.

Anothef object of the invention is to reduce the cost
of optical recording and reproducing apparatus.

According to.one aspect of thé invention, an optical
recording and.reproducing apparatus record or reproduce
information on or from' information recording media having
guide grooves that wobble with a certain repeating period.
The apparatus comprises a laser for emitting one or more
laser beams and an optical system for focusing the beam or
beams to form a center spot and two satellite spots on the
informatidn—recording medium. _The center spot and satellite
spots are aligned in a straight line at an angle to the
guide grooves. The center spot is disposed midway between
the satellite spots and is distant from each satellite spot
by an odd multiple of substantially one-half the répeating
period of the wobble. Tracking error is detected by the
differential push-pull method.

According to another aspect of the invention, the
center spot is distant from each satellite spot by an odd
multiple of sﬁbstantially one-fourth the repeating period of
the wobble and tracking error is detected by the three-beam

.method.

According to still.another aspect of the invention, the
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A general problemarising with such nmedia is that if the tracking error
.detectlon system detects the wobble, the tracking servo nay attenpt to
track the wobble, thereby defeating the purpose of the wobble. In the
push-pul | nmethod, for exanple, if the servo systemtracks the wobble
accurately, the information encoded in $he wobble is |ost. 3 Asimlar
probl em occurs in the differential push-pull method when the spacing
bet ween t hptikpdesysdend formsea single spot on the information-
recording medium, and a difference signal is generated by
the push-pull method. A bandpass filter extracts the wobble
component of this difference signal. The wobble component
and the reproduced information signal are input to a
synchronous detector that produces'a correction signal. A
correction circuit combines the correction signal with the
difference signal to produce a tracking error signal.

The invention will be further described by way of non-limitative
exaiple with reference to the accampanying drawings, in which:-

Fig. 1 is a sectional view of the optical system and
rélated parts of a novel optical recording and reproducing
apparatus employing the differential push-pull method.

Fig. 2 is a plan view of the information recording
medium in Fig. 1, showing the positions of the spots.

Fig. 3 is a schematic diagram of the tracking error
detection circuit of the apparatus in Fig. 1.

Fig. 4 1s a simplified sectional view of the optical
system, illustrating offset caused'by tilt of the
information recording medium.

Fig. 5 is another simplified sectional view of the
optical system, 1llustrating offset caused by movement of
the objective lens.

Fig. 6 is another plan view of the information

recording medium.
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fourth the repeating period of the wobble. A sonewhat different problemcan
occur in the three- beamnethod. If the two satellite spots are separated
by a distance equal to the repeating period of the wobble, the servo system
tracks the wobble at the | ocations of the satellite spots, thereby doubling
t he anplitude of the wobble at the centrg read/wite spot. In recording,
this leads to poorly fornmed pits; in reproducing, it degrades the quality
of the reproduced signal. The wobbl e-tracking problemis related to the
probl em of traEkgng7ofitset sevhiohatamibe ofiuthd byptichl efstbm apdati ng
medi um or track-foll ow ng novenent of the objective
related parts of a novel optical recording and reproducing
apparatus employing the-thrée:beam methoq.
Fig. 8 is a plan view.ofﬁthe information recording
medium in Fig. 7, showing the positions of the spots.
Fig. 9 is a schematic diagram of the tracking error
detection circuit of the apparatus in Fig. 7.
Fig. 10 is a sectional view of the optical system and
related parts of another novel optical recording and
reproducing apparatus employing-the three-beam method.
Fig. 11 is a sectional view of the optical system and a
schematic diagram of the tracking error detection circuit of
a novel optical recording and reproducing apparatus
~employing the push-pull method.
Fig. 12 is a plan view of the information recording
medium in Fig. 11.

Fig. 13 is a schematic diagram illustrating a variation

of the synchronous detector in Fig. 11.

Novel optical recording and reéroducing apparatus
employing the differential push-pull method, the tﬁree—beam
mefhod, and the push-pull method of tracking error detection
will be described with reference to the attached drawings.

The drawings are illustrative and do not restrict the scope
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lens. This problemoccurs particularly when the push-pull method is-used.
Previous attenpts to correct offset by neans of sensors that detect nedia
tilt and objective-lens novenent have been unsatisfactory, in part because
they increase the conplexity and cost of the apparatus. Attenpts to avoid
the second type of offset by noving theZoptical systemas a whol e instead

o st oo, R ShbUR A TRy, RSORRREp Btlihitled Mo A lpecause
appended claims.

Referring to Fig. 1, a first novel optical recording
and reproducing apparatus comprises a disc-shaped
information recording medium é that rotates in a plane at
right angles to fhe page, and a semiconductor laser 4 that
emits a laser beam 5. An optical system 6 diffracté and
focuses fhe laser beam 5 to férm a center spot 8 and two

. satellite spots 10 and 12 on the information recording
medium 2. Three split photodetectors 14, 16, and 18 receive
light reflected from the information recording medium 2 and
convert the light to electrical signals that are input to a
tracking error detection circuif to be shown later.

The optical system 6 comprises a collimator lens Zd, a
diffraction grating 22, a polarizing beam splitter 24, a
quarter-wave plate 26, an objective lens 28, and a
convergent lens 30. The collimator lens 20 converts the.
divergent laser beam 5 emitted by the laser 4 to a parallel
beam. The diffraction grating 22 separates this parallel
beam into three beams: a zeroth-order diffracted beam 32,
and two first-order diffracted beams 34 and 36. These three
beams pass through the-polarizing beam splitter 24 and the
quarter-wave plate 26 and are focused by the objective lens
28 onto the information recording medium 2, the zeroth-order

diffracted beam 32 forming the center. spot 8 and the first-
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-4- WD 91/01551 reflecting the preanble of claim1 relates to tracking
imet hods for use wth recording nedia having wobbling tracks. It proposes
the use of a three spot systemw th satellite spots either side of a centre
spot, the satellite spots being an integer nultiple of the track wobble
wavel ength a part in the longitudinal digrection, 5 but illustrates a
systemwith the satellite spots half the wobbl e wavel ength apart. No
detai |l s obpréiew diffunskited begmal 3dsagdnépafeuming HheewoEpafed2ates9 Al
and EP-0426, 879 discloses a three beamtracking nmethod for use with a
recor di ngspetisubkPhaning2a non-wobbl ing guide track. It is accordingly an
obj ect of themgresent I nvention to generate a tracking error 10 si gnal
with reduced wbbbeE HRflectien £5APokBAt 4nformation reécording medium

2, the three beams 32, 34, and 36 re-enter the optical
system 6, pass through the objective lens 28 and the
quarter-wave plate 26, are reflected in the polarizing beam
splitter 24, and are directed by the convergent lens 30 onto
the three split photodetectors 14, 16, and 18. The zeroth-
order diffracted beam 32 is received by the first split
photodetector 14, while the two first-order diffracted beams
34 and 36 are rece;ved by the second and third split
photodetectors 16 and 18.

Fig. 2 is a plan view showing part of the information
recording medium 2. When the information recording medium 2
is manufactured, it is preformatted with guide grooves 38
that wobble with a substanfially constant repeating period W
around center lines 40. The wobbling is substantially in
phase between adjacent grooves. The-center lines 40 are
drawn as double lines representing where the edges of the
guide grooves 38 would be if the’guide-grooves did not
wobble. The wobble is greatly exaggerated for clarity in
the drawings; the actual amplitude of the wobble is
nominally one twenty-fifth of the spacing P of the guide
grooves 38. This spacing P will be referred to below as the

track pitch.



Anot her object of the invention is to reduce the cost of optical recording
and reproduci ng apparatus. According to the present invention, there is
provi ded an optical apparatus for recording and reproducing information on
or froman information recording medi um 15 havi ng gui de grooves that
are disposed at a certain pitch and that9wobble with a certain repeating
period, said apparatus conprising: a |laser for emtting at |east one |aser

beam an opti cah, gysheqy bA" 16°¢8LKrAGa%hdchasghi BE2ALARYLLOBEI 30 pgentre

spot and two satellite spots on sail ormati on recording nedi um said

centre spofogRdogapdtd041. e aabgk! bbewsBAt $hBeEl9de g9B8%es 38 ﬁ?%a'ght
line at an angle to said QUIde grooves with said centre spot disposed

mi dway bet pgearsaidtbassahakl hreasPrabs aAd ghowANinf £AQ ﬁ&ﬁ@rﬁfn Sghd two
satellite spots by an odd nultiple of substantially one-half said

spatial frequency of the pits 41 is much higher than the
spatial frequency of the wobble. The pits 41 need not
follow the wobble of the guide grooves 38; normally they
follow the'center lines 40 as shown in the drawing. Due to
the exaggerated wobble in the drawings, some pits are shown
as departing from the guide grooves, but in practice, such
departure would be either nonexistent or extremely slight.

The center spot 8 and the two satellite spots 10 and 12
are aligned in a straight line at an angle to the guide
grooveg 38 (more precisely, at an angle to their center
lines 40). The center spot 8 is disposed midway between the
two satellite spots 10 and 12, at a distance L from each
satellite spot in the,horizontai direction in the drawing,
i.e., the longitudinal direction of the guide grooves. L is
equal to an odd multiple of half the repeating period W. In
the drawing L is equal to one-half W, but the invention can
be practiced with éther odd multiples such as three-halves
W, five-halves W, and so.oh‘

L is the distance between the spots\iﬁ the direction of
the guide grooves 38 (the horizontal direction in the

drawing). The two satellite spots 10 and 12 are also

displaced'from the center spot 8 in the vertical direction



repeating period in a |longitudinal direction of said guide grooves; a first
split photodetector for .receiving reflected light fromsaid centre spot 25
and generating a first pair of electrical signals; a second split

phot odetector for receiving reflected light fromone of said two satellite
spots and generating a second pair of eﬂgctrical signals; a third split
phot odet ector for receiving reflected light fromanother of said two

satellitejgpehs apdwdaperatieng ant Rhed 1pderadf darecitiionalbrsitaealgsii dand 30
a tracking error detection circuit for generating a first difference signal

from sai dgbbbgbsPably af ddlseahiiec@ eguanalts ansetand dilel ararke piftcdm sai d
second pair of [err
P. Q is much smaller than L, so the true distance of the
center spot 8 from the satellite spots io and 12 is
substantially equal to L.

Fig. 3 is a schematic diagram illustrating the three

photodetectors 14, 16, and 18 and the tracking error .

~detection circuit 43 to which they are connected. As shown,
each split photodetector comprises two éeparate light-
receiving surfaces that generate two separate electrical
signals.

The tracking error detection circuit 43 comprises four
differéntial amplifiers 44, 46, 48, and 50, a summing
amplifier 52, and two variable-gain amplifiers 54 and 56.
The differential amplifier 44 receives the two electrical
signals Dy and Dy output by the first split photodetector 14
and generates a firs§ difference signal Eg,. The
differential amplifier 46 receives the two electrical
signals Dg and Dy output by the second split photodetector
16 and generates a second difference signal E;. The
differential amplifier 48 receives the two electrical

.signals Dg and Dg output by the third spiit photodetector 18
and generates a third difference signal E,, which is
amplified by the variable-gain amplifier 54. The summing

amplifier 52 adds the amplified third difference signal E,



signals, then adding said second difference signal and said third
difference signal and subtracting their sumfromsaid first difference
signal to generate a tracking error signal. The invention will be further
descri bed by way of non-lim.tative exanple with reference to the
acconpanyi ng drawi ngs, in which:- Fig. 11i1s a sectional view of the optical
systemand rel ated parts of a novel optical recording and reproducing
apparatus enploying the differential push-pull nethod. 10 Fig. 2is
a plan vi etootthehseicohdr ddfifereneeosdigng 1MEdi.untThe Faglab]esigadinng t he
positions of the spots. Fig. 3 is a schematic diagram of the tracking error

amplifier 56 amplifies the resulting sum Ez. The

differential amplifier 50 subtracts the_amplified sum Eg

from the first difference signal E; to generate a tracking

error signal TE.

The tracking error signal TE is supplied to a tracking
servo system, not shown in the drawings, that positions the
three spots 8, 10, and 12 by moving the objective lens 28 in
Fig. 1, or by moving the entire optical system 8 together
with the laser 4 and the split photodetectors 14, 16, and
18. The tracking servo system is adapted to adjust the
positions of the spots 8, 10, and 12 so as to reduce the
value of the tracking error signal TE to zero.

The tracking error detection circuit 43 also supplies a
constant linear velocity control signal CLV to a spindle
servo system, not shown in the drawings, that controls the
rotation of the information recording medium 2. The first
difference signal E; can be used as this constant linear
velocity control signal CLV, as shown in the drawing.

Another summing amplifier 57 receives the two
electricél signals Dy and Dy output from the first split
photodetector 32 and generates their sum-as a reproduced
information signal RF. This signal RF is supplied to

signal-processing circuits, not shown in the drawings, that

reproduce the information encoded in the pits 41.



detection circuit of the apparatus in Fig. 1. Fig. 4 1s a sinplified

sectional view of the optical system illustrating offset caused by tilt of
the information recording medium Fig. 5 is another sinplified sectional
view of the optical system illustrating offset caused by nmovenent of 20

the objective lens. Fig. 6 is another pt2an view of the information
recordi ng medium [err]

Next the difference signals Eg, E;, and Eo will be
described in more detail.

The three difference signals E,, E,, and E, have four
components; a high-frequency information component due to
the pits 41; a lower-frequency wobble component due to the
wobble of guide grooves 38; a still lower-frequency tracking
error component due to displacement of the center spot 8
from the center line 40 of the guide groove 38 being
followed; and &n offset component generated by such factors
as tilt of the information recording medium 2 and movement
of the objective lens 28.

Fig. 4 illustrates how tilt of the information
recording medium 2 can generate offset. For clarity,'the
diffraction grating 22 and the quarter-wave plate 26 are
omitted and only the zeroth-order diffracted beam 32 is
shown. The center spot 8 1is exactl& centered in a guide
groéve 38. 1f the information recording medium 2 were not
tilted, reflected light from the center spot 8 would follow
the dashed arrows and illuminate the two halves of the
photodetector ‘14 equally. Becauée of the tilt, however, the
reflected light follows the solid lines and illuminates the
two halves of the photodetector 14 unequally, causing a dc
offset in the difference signal. .

Fig. 5 illustrates how displacement of the objective

lens 28 can generate offset. This problém occurs when track



6 Optical recording and reproduci ng apparatus enploying the differential

push-pul | nethod of tracking error detection will be described with
reference to the attached drawi ngs. The drawings are illustrative and do
not restrict the scope REPLACEMENT SHEET [err]
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following is perfqrmed by moving the objective lens 28
without moviﬁg the photodetectors. I1f the objective lens 28
i1s centered over the guide groove 38 being tracked, as
indicated by dashed lines, reflected light follows the
dashed arrows and illuminates the two halves of the
photodetector 14 equally. If the objective lens 28 has been
moved downward in_the drawing,lhowever; as indicated by
solid lines, reflected light illuminates the two halves of
the photodetector 14 unequally. The resulting offset in the
difference signal changes with movement of the objective
lens 28, but the change becomes appfeciable only after the
objective lens 28 has moved mucﬁ farther than the track
pitch P. Over-reasonable periods of time, such as during
the following of a single track in Fig. 2, this offset can
also be treated és a dc component of the difference signal.

Next the use of the constant linear velocity control
signal CLV will be described.

The spindle servo system has a bandpass filter that
rejects the dc offset componenf, the low-frequency tracking
error component, and the high-frequency information |
component of the constant linear velocity control signal
CLV. The spindle servo thus pesponds only to the wobble
component. The spindle servo is adapted to control the
rotation of the information recording medium 2 so that the

wobble component has a constant center frequency of, for



6 Fig. 3 is a schematic diagramof the tracking error.detection circuit of
the apparatus in Fig. 1. Fig. 4 is a sinplified-sectional view of the

optical system illustrating offset caused by tilt of the information
recording medium Fig. 5 is another sinplified sectional view of the
optical system illustrating offset causgd by novenent of the objective

lens. Fig. 6 is another plan view of theé information recording nmedi um
| example, 22.05 kllohertz as in the proposed compact-disc
standard.

Although the repeating period W of the wobble is
substantially constant, it is not exactly constant; it is
modulated slightly to encode absolute address information.
This modulation is detected as a frequency modulafion of the
constant linear velocity control signal CLV with a maximum
deviation of +1 kilohertz. Thus during normal operation the
wbbble has a frequency of 22.05 + 1 ‘kilohertz.

Next the tracking error signal TE will be descfibed.
The tracking.servo system has a low-pass filter that rejects
the high-frequency information component of the tracking
error signal TE, sd the high-frequency information
components of the difference signals Eg» El' and E, will be
ignored in this description.

Taken together, the tracking error and wobble
com;onents can be approximated by a sine function of the
deviation of the spot from the guide groove. Referring to
Fig. 6 (in which the pits 41 are omitted for clarity), iet U
be the deviation of the guide grooves 38 from the center
line 40 at the location of the center spot 8. Since the
satellite spots 10 and 12 are separated from the center spot
8 by a d{stance L equal to half the repeafing period W of
the wobble, at the satellite spots 10 and 12 the guide

grooves 38 deviate by an equal amount -U in the opposite



Fig. 7 is a sectional view of the optical systemand related parts of an
opti cal recording and reproduci ng apparatus according to the invention

enpl oying the three- beamnmethod. Fig. 8 is a plan view of the information
recording mediumin Fig. 7, showng the positions of the spots. Fig. 9 is a
schematic diagram of the tracking error etection circuit of the apparatus
in Fig. 7. Fig 10 is a sectional view of the optical systemand related

parts of agtdiet a9t cel oL L0 BMLE AL QLY RPRT AL BSERLNG 1O

t he |nvent|on enpl oyi ng ree-
of the center spot 8 from the center line 40 (in the

drawings X is zero). Then the three difference signals can

be represented as follows:

Eg = Agsin[2z (X - U)/P] + By
Ey = Ajsin[2z (X + Q + U)/P] + By
Eg = Agsin{2z (X - Q + U)/P] + By

The constants Ag, Ay, and Ag are the amplitudes of the
. tracking error plus wobble components of the three

difference signals and By, By, and B, are their offset

components. Since Q@ = P/2 and hence 2=z Q/P = o , the

Tormulas for El and Ez cah be simplified as follows.

|1}

E; = -Ajsinf2z (X + U)/P] + By

n

Ez ‘AzSin[zﬁ (X + U)/P] + Bz
From Figs. 4 and 5 it can be understood that offset affects
all three difference signals in the same way; that is, the

amplitudes and offsets are related as follows:

™~

The gain G; of the variable-gain amplifier 54 is set to



Optical recording and reproduci ng apparatus enploying the differential
push-pul | nethod, and the three-beam nethod of tracking error detection
will be described with reference to the attached draw ngs. The draw ngs are
illustrative and do not restrict the scope [err] 7 of ‘the invention,

whi ch shoul d be determ ned solely fromthé appended cl ai ns.

A1/A2- The éignal Eg can therefore be expressed as follows:
E3 = El + GlEz = —2Alsin[2z (X + U)/P] + 281

The gain G5 of the variable-gain amplifier 56 is set to

AO/(ZAl).- The tracking error signal TE is therefore:

TE

Eg - GgEg3

Agsin[2z (X - U)/P] + Agsin[2z (X + U)/P]

2Apsin(2=z X/P)cos{2xzr U/P)

Since the wobble U is much smaller than the track pitch P,
cos{2r U/P) is substantially equal to unity. To a close

approximation, TE is therefore expressible as follows:
TE = ZAosin(Zn X/P)

As a sine functién of X, this tracking error signal TE
accurately represents the tracking error, without offset or
wobble. The tracking servo therefore tracks the center line
40 accurately, resulting in a high-quality constant linear
velocity control signal CLV, a high-quallty reproduced
information signal RF during reproduction, and well-formed
pits during recording.

In the case of a compact disc with a constant linear



Referring to Fig. 1 a first optical recording and reproduci ng appar at us
according to the invention conprises a disc-shaped information recording
medium 2 that rotates in a plane at right angles to the page, and a

sem conductor |laser 4 that emts a |aser beam 5. - An optical system6
diffracts and focuses the |laser beam5 1D forma center spot 8 and two

satellite Si &P Bddvde O éf@dnfol{ T4 s TGOSl dshdedh WM Zn Ty ee

split photodetectors 14, 16, and 18 receive light reflected fromthe
i nformati %H@F&rﬁ*é@lé@é’y Ue 222065 cony e 1diker t2 Ohto tise ed@edY i €@lhsignal s

that are input to a tracking error detection circuit, to be shown |ater.
the repeating period of the wobble, the separation L between
the center spot 8 and the satellite spots 10 and 12 should
be 24 to 35 microns. The invention is not resfricted to
this particular range of values however, odd multiples of
half the repeating period of the wobble also being usable.

Fig. 7 shows a second novel optical recording and
reproducing apparatus that uses the.three—beam method. The
optical system is fhe same as before except that the
collimator lens 20 is disposed below fhe polarizing beam
splitter 24, a divergent lens 58 is used instead of the
convergent lens 30 in Fig. 1, and an additional cylindrical
lens 80 is provided. The zeroth-order diffracted beam 32
reflected from the center spot 8 1Is received by a quadrant
photodetector 62, which provides signals fof information
reproduction and focus control. The two first-order
diffracted beams 34 and 36 reflected from the satellite
spots 10 and 12 are recelved by a first photodetector 64 and
.a second photodetector 66. B
Fig. 8 is a plan view of part of the information

recording mediuﬁ 2, showing the three spets in two
positions: one (in the upper part of the drawing) in which
the center spot 8 is disposed at a point of minimum wobble,

and another (in the lower part of the drawing) in which the

°
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The optical system6 conprises a collimator lens 20, a diffraction grating
22, a polarizing beamsplitter 24, a quarter-wave plate 26, an objective

| ens 28. and a convergent lens 30. The collinmator | ens 20 converts the

di vergent | aser beam5 emtted by the laser 4 to a parallel beam The
diffraction grating 22 separates this par&llel beaminto three beans: a
zeroth-order diffracted beam 32, and two first-order diffracted beans 34

and 36. ThasfdhrffoDeanps RESSHIUPUPD 4 o Y e 2 Mt Mctdid t erp£4 and

the quarter-wave plate 26 and are focused by the objective Iens 28 onto the
i nformat | aourasoOriaeimsk Wpoks the ey el argdleir i ifif raptyebfeam 32 form ng

the center spot 8 and the first-
position at a time. The lower position results from the
upper after a rotation of the information recording medium 2
in the direction of the arrow X.

The distance of the two satellite spots 10 and 12 from
the center spot 8 is exactly half what it was in Fig. 2.

The displacement Q' in the vertical direction is one-fourth
the track pitch P. Thé separation L' in the horizontal
direction in the drawing is one-fourth the repeating period
W of the wobble. 1In the case of media rotating with a
constant linear velocity of 1.2 to 1.4 meters per second and
a wobble frequency of 22.05 + 1 kilohertz, the separation L'
should be'll to 18 microns.

Fig. 9 shows the tracking error detection circuit 67 to
which the firsf and second photodetectors 64 and 66 are
connected. The first photodetector 64 produces a first
electrical signal E, that is fed to the non-inverting input
of a differential amplifier 68. The second photodetector 66
produces a second electrical signal E4 that is amplified by
a variable-gain amplifier 70 and fed to the inverting input
of the differential amplifier 68. The output of the
differential amplifier 68 is a tracking error signal TE'.

To avoid obscuring the invention with unnecessary

detail, the electronics for processing signals from the



REPLACEMENT SHEET [err] 8 order diffracted beans 34 and 36 formng the-
two satellite spots 10 and 12. After reflection fromthe information
recardi ng medium 2, the three beans 32, 34, and 36 re-enter the opti cal
system 6, pass through the objective lens 28 and the quarter-wave plate 26,
are reflected in the polarizing beam 19

quadrant photodetector 62 and generafing the reproduced

information signal and constant linear‘velocity control

signal are omitted.

The first and second electrical signals E4 and Eg can

be approximated by cosine functions, with amplitudes A, and

Ag, of the displacement of the spot from the guide groove,

plus offset components B, and Bg.: Since the satellite spots

10 and 12 are mutually separated by half the repeating

period of the wobble, the wobble U' at the satellite spot 12

is equal and opposite to the wobble -U' at the satellite

spot 10.
Eq = A4cos[2ﬁ (X - Q' + U'){P] + B4
Eg = Ascos[Zn (X + Q" -U")/P] + Bg

The gain Gg of the variable-gain amplifier 70 is set to
the amplitude ratio A /Ag, which equals the offset ratio

B4/B5. The tracking error signal TE' is accordingly:

TE'

E4 - GgEg

Agcos[2z (X - Q' + U')/P] - Agcos[2x (X + Q' - U')/P]

ft

2845in(2z X/P)sinIZu (Q' - UY)/PI~

Q' is P/4, and U' is much smaller than P, so 2z (Q' - U')/P

is close to = /2 and sin{2z (Q' - U')/P] is substantially



splitter 24, and are directed by the convergent |lens 30 onto the three
split photodetectors 14, 16, and 18. The zeroth- order diffracted beam 32
is received by the first split photodetector 14, while the two first-order
diffracted beans 34 and 36 are received by the second and third split

phot odetectors 16 and 18. Fig. 2 is a p2@n view show ng part of the

I nformati on recordi ng nmedium 2. When the information recording nedium?2 is
manufactured, it is preformatted with gui de grooves 38 that wobble with a
subst ant i B4R LRt EY epETREDSE i OP [rdloss arrroEiMatiannes 40. The
wobbling is substantially in phase between adjacent grooves. The center
lines 40 are

TE' = 2A4sin(2z X/P)

This tracking error signal TE' is free of offset and
substantially free of wobble, resulting in the same benefits
as in the first novel apparatus: accurate tracking of the
center line 40, a high-quality constant linear velocity
control signal, a high-quality reproduced information signal
during réproduction. and well-formed pits during recording.

" It is not necessary for the spacing between the spots
to be oneffourth the repeating period W of the wobble as in
Fig. 8. A spacing of three-fourths W (33 to 54 microns for
media rotating with a constant linear veiocity of 1.2 to 1.4
meters per second and a wobble frequency of 22.05 + 1
kilohertz) gives the same effect, as do other odd multiples
of one-fourth W.

The apparatus in Figs. 1 and 7 uses a diffra§tion
grating to produce three laser beams, but the invention is
not restricted to this means of beam production. Instead of
a diffraction grating, it is possible to employ a monolithic
semiconductor laser array that emits three laser beams from
a single lasing region, of a hybrid.semicénductor laser
array having three lasing regions, each of which emits a

single laser beam.
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drawn as doubl e lines representing where the edges of the guide grooves 38
woul d be if the guide grooves did not wobble. The wobble is greatly
exaggerated for clarity in the drawi ngs; the actual anplitude of the wobble
is nomnally one twenty-fifth of the spacing P of the guide grooves 38.
This spacing P will be referred to bel o®las the track pitch. 9
Information is recorded in the guide grooves 38 in the

Fig. 10 shows an appqratus that employs a laser array
71 of this type to emit three laser beams 32, 34, and 386.
Other components are the same as in Fig. 7, so a description
will be omitted. If the beams are dispbsed so that ﬁhe
interval between the three spots 8, 10, and 12 is an odd
multiple of 6ne—fourth the repeating period of the wobble,
the same effect is obtained as in Fig. 7. In addition, fhe
cost of the apparatus is reduced because no diffraction
grating is needed in the optical system.

A similar type'of laser array 71 can be used when the
differential push-pull method .is employed. In this case the
beams shoﬁld of course be disposed so that the intervals
between the spots are an odd multiple of one-half the
repeating period of the wobble. |

.Fig. 11 shows a novel optical recording and reproducing
apparatus that uses the push-pull method. .As before, the
information recording medium 2 has wobbling guide grooves 38
and is controlled to rotate with a constant linear velocity
at which the wobble frequency is, for example, 22.05 + 1
kilohertz.

This method employs only a single laser beam 5 and spot
72, so the optical system requires no diffraction grating or
other means of producing multiple beams and spots. Fig. 11
illustrates a simplified representation of the optical

system, showing only the collimator lens 20, the polarizing
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formof pits 41. The areas between the guide grooves 38 are referred to as
| and areas 42. As shown in the diagram the spatial frequency of the pits
41 is nmuch higher than the spatial frequency of the wobble. The pits 41
need not follow the wobble of the guide grooves 38, normally they follow
the center lines 40 as shown in the dra®2ng. Due to the exaggerated wobble
in the drawi ngs, sone pits are shown as departing fromthe gui de grooves,

o e P T PEL B A MRV b B e e o ey
1 2oL O, L. BRI A9 felilod U 41 oRgFe Sl e precisely. a
photodetector 74 that receives reflected light from the spot
72 and generates a pair of electrical signals'D7 and Dg.
These electrical signals D; and Dg are fed to a differential
amplifier 76 and a summing amplifier 78. The summing .
amplifier 78 generates a sum signal that can be used as the
reproduced information éignal RF. The differential
amplifier 76 generates a difference siénal Eg that can be
us?d as the constant linear velocity control signal CLV.

The difference signal Eg is fed to a bandpass filter 80
with cutoff frequencies of, for example, 20 and 30 kilohertz
that extracts the wobble component D of the difference
signal Eg. This wobble component D gnd the sum signal from
the summing amplifier 78 are fed to a synéhronous detector
81 comprising a low-pass filter 82, an émplifier 84, a
multiplier 86, and another low-pass filter 88.

The low-pass filter 82 receives the sum signal RFF and
rejects its high-frequency information component. The
cutoff frequency of the low-pass filter 82 is, for example,
30 kilohertz. The amplifier 84 amplifies the output of the
low-pass filter 82 and sends the filtered, amplified sum
signal § to the multipligr 86. The multiplier 886 also
receives.the wobble component D of the difference signal Eg

from the bandpass filter 80. The multiplier 86 multiplies D

-
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| ines 40). The center spot 8 is disposed m dway between the two satellite
spots 10 and 12, at a distance L fromeach satellite spot in the horizontal
direction in the drawing, i.e., the longitudinal direction of the guide
grooves. L is equal to an odd multiple of half the repeating period W In
the drawing L is equal to one-half W b@#3the invention can be practiced
with other odd nultiples such as three-halves W five-halves W and so on.
L is the distance between the spots in the direction of the guide grooves
38 (the hdwi Sommal sgindscttihendn prickecdr My tg) thehd owwpasat dlillitiee 8ot s 1Q
and 12 are al so displaced fromthe center spot 8 in the vertical direction
The low-pass filter 88 has a cutoff frequency less than
the wobble frequency. 1If the wobble frequency 1s 22.05 + 1
kilohertz, the cutoff frequency of the low-pass filter 88
is, for example, less than 20 kilohertz. The output from
the low-pass filter 88 is a correction signal Ml that is
combined with the difference signal Eg in a correction
circuit 89 to generate a corrected tracking error signal
CTE..
The correction circuit 89 comprises an amplifier 90
that amplifies the correction signal M;, and a differential
amplifier 92 that subtracts the amplified correction signal
received from the amplifier 76 from the difference signal Eg
to generate the corrected tracking error signal CTE.
Fig. 12 is a plan view of part.of the information
recording medium 2, showing the spot 72 disposed on the
center line 40 of a guide groove 38'so.that the tracking
error X is zero. As before P is the track pitch. The
letter V represents the maximum amplitude of the wobble,
which is exaggerated in the drawing but is substantially one
twenty-fifth of the track pitch P.
Tracking error detection by this optical recording and
reproducing apparatus -can be described mathematically as

follows,

The difference signal E6 output from the differential

e L

I R 0,
'



10 in the drawing, i.e., in the lateral direction of the guide grooves, by
a distance Q equal to one-half the track pitch P. Qis much smaller than L,
so the true distance of the center spot .8 fromthe satellite spots 10 and
12 is substantially equal to L. Fig. 3 hs a schematic diagramillustrating
the three photodetectors 14, 16, and 18%and the tracking error detection
circuit 43 to which they are connected. As shown,

amplifier 76 has the same Torm as the signal Eg discussed

earlier:
Eg = Asin{2z (X - U)/P] + B

where A is the amplitude of the tracking error component, B
is an offset component, U is the wobble, and X is the

tracking error. The wobble U can be éxpressed as follows:
U = Vsin(2z ft)

where f 1is thé frequency of the wobble (22.05 + 1 kilohertz,
for example) and t represents time.

The bandpass filter 80 rejects frequency components
other than the wobble-frequency component. Furthermore,-U.
is much smaller than P, so sin{2x U/P} is substantially
equal to U/P. The signal D output by the bandpass filter 80

therefore has the form:

D = Asin(-2z U/P)
= -2x AU/P

= -2z AV/P°'sin(2z ft)

Thg low-pass filter 82 eliminates the high-frequency

information component of the reproduced information signal




each split photodetector conprises two separate |ight- receiving surfaces
that generate two separate electrical signals. The tracking error detection
circuit 43 conprises four differential anplifiers 44, 46, 48, and 50, a
summing anplifier 52, and two variable-gain anplifiers 54 and 56. The
differential anplifier 44 receives the 2R electrical signals [err] output
by the first split photodetector 14 and generates a first difference signal
[err]. The differential anplifier 46 receives the two electrical signals

[err] out pwe bwd ft@;é%q%@ﬁlsrﬁ idu Pl @9etde! Amphl rARY BANERA! &5 (33FANd

di fference S|gnal [err].

S = A'cos[2x (X - U)/P] + B

where A' is the amplitude of the tracklng error component .
and B' is an offset component The product'Mo of D and S
can be calculated as follows:

MO = P*S

D{B' + A'cos[2x (X - U)/P]}

D[B' + A'cos(2z X/P)cos(2z U/P) +

+ A'sin(2z X/P)sin(2z U/P)]

i}

D[B' + A'cos(2z X/P) + A'(2z U/P)sin(2z X/P)]

DB' + DA'cos(2z X/P) -

-~ (272 AV/P} (2. V/P)A'sin(2xz ft)sin(2r ft)sin(2z X/P)

DB' + DA'cos(2x X/P) -
- (27 V/P)(2z V/P)AA'sin(2xz X/P)[1 - cos(4z £t)]1/2

Since the cutoff frequency of the low-pass filter 22 is less
than the wobble frequency f, low-pass filtering of Mg

eliminates DB' and DA'cos(2z X/P) and produces the following

correction signal Ml:
M; = Ksin{(2z X/P)

where



differential anplifier 48 receives the two electrical signals D5 and D6
output by the third split photodetector 18 and generates a third difference
signal [err], which is anplified by the variable-gain anplifier 54." The
summing anplifier 52 adds the anplified third difference signal E2 to
the second difference signal [err]. Th2évariable-gain anplifier 56
anplifies the resulting sum[err]. The differential anplifier 50 subtracts
the anplified sumE3 fromthe first difference signal [err] to generate a
tracki ng

K = -(2z V/P)(2x V/P)AA'/2

K 1s a constant, so the correction'signal M; is
expressed as a sine function of the tracking error X. The
correction signal M; itself could therefore be used as a
tracking error signal, but it would not be very accurate
because of the small value of the constant K.

However, when Eg is equal to zero, the correction
signal M, giveé an approximate indication of the size of the
offset component B. If the gain G4 of the amplifier 76 is —
adjusted so that G4M; = B in this case, the unwanted offset
component can be removed from the corrected tracking erfor
signal CTE generated by the differential amplifier 78 when
Eg is zero, thereby causing the tracking servo to move the
spot 72 closer to the center line 40. The cérrection signal
M, is furthermore wobble-free, so combining M; and Eg in
this way reduces the relative magnitude of the unwanted
wobble component in CTE. Use of the corrected tracking
error signal CTE thus improves both the accuracy and
reliability of track following operatiéns.

While the corrected tracking error signal CTE in Fig.
11 is not necessarily as accurate as the tracking error
signals TE and TE' generated by the novel apparatus in‘Figs.'

1 to 10, the apparatus in Fig. 11 has the advantage of lower



error signal TE. The tracking error signal TE is supplied to a tracking
servo system not shown in the drawi ngs, that positions the three spots 8,
10, and 12 by noving the objective lens 28 in Fig. 1, or by noving the
entire optical system6 together with the laser 4 and the split
photodetectors 14, 16, and .18. The trackjng servo systemis adapted to
adj ust the positions of the spots 8, 10, and 12 so as to reduce the val ue
of the tracking error signal TE to zero. The tracking error detection
circuit 4 adtsadwaippd iaess anloerstat i dd nesgrs v OCiMor eagyr olakl graltiad vV to a
spi ndl e servo system not shown in the draw ngs, that controls the

apparatus shown in Figs. 1 to 12 has the advantage that by

eliminating or reducing the offset component of the tracking

error signal, it eliminates or reduces the need for sensors

to detect tilt of the information recording medium 2 or

movement of the objective lens 28, and increases the range

over which track following can be carried out by moving the

objective lens 28 without moving the entire optical system.

The synchronous detector 81 and correction circuit 89

are not restricted to the configurations'shown in Fig. 11.

For example, the low-pass filter 82 in Fig. 11 can be

replaced by a bandpass filter 94 identical to the bandpass

filter 80, as shown in Fig. 13. The preceding analysis of

the signal S is unchanged by this replacement.

Other modifications that will be obvious to those

skilled in the art can be made in the apparatus shown in

Figs. 1, 3, 7, 9, 10, and 11 without departing from the

scope of the present invention as set forth in

the following claims.



rotation of the information recording nedium2. The first difference signal
[err] can be used as this constant |inear velocity control signal CLV, as

shown in the drawi ng. Anot her summ ng anplifier 57
el ectrical signals [err] output fromthe first spli muﬂmmw‘m 2 and
generates their sumas a reproduced infc®mtion signdl RF.LThsssignal RF
I's supplied to signal-processing circuits, not shown in the draw ngs, that

reproduce the informati on encoded in the @ﬂﬁig&L

1. An optical apparatus for recording and reproducing
information on or from an information recording medium
having guide grooves that aré-disposéd at a certain pitch
and that wobble with a certain repeating period, said
apparatus comprising:

a laser for emitting at least one laser beam;

an optiqal system for receiving said laser beam and
forming a center spot and two satellite spots on said
information recording medium, said center spot and said two
satellite spots being aligned in a straight line at an angle
to said guide grooves with said center spot disposed midway
between said two satellite spots and distant from each of
said two satellite spots by an odd multiple of substantially
one-half said repeating period in a longitudinal direction
of said guide grooves;

a first split photodetectorifor receiving reflected
light from said center spot and generating a first pair of
electricgl signals;

a second split photodetectorufor receiving refiected
light from one of said two satellite spots and generating a
second pair of electrical signals{

a phird split photodetector for receiving reflected

light from another of said two satellite spots and

This Skeet Has Been Re[ilaced

TR




12 Next the difference signals [err] will be described in more detail. The
three difference signals [err] have four conponents: a hlﬁh friﬂuenc

i nformation conponent due to the pits 41; a IOV\HIM Him,ﬂ' Mﬂﬁ

conponent due to the wobbl e of gui de grooves 38 requency
tracki ng error conponent due to displa nt of the centeér spot 8 fromthe
center line 40 of the guide groove 38 being foll owed; and an of fset

component BERELFLER ™ HEFa BE1 013 d ks ek oy g On recording
a tracking error detection circuit for generating a
first difference signal from said f;rst pair of electrical
signalé, a second differehce signai:ffoﬁ said second pair of
electrical signals, and a third difference signal from said
third pair of eléctrical signals, then adding said second
difference signal and said third difference signal and

subtracting their sum from said first difference signal to

generate a tracking error signal.

2. The apparatus of claim 1, wherein said center spot is
distant from each of said two satellite spots by
substantially half said pitch of said grooves in a lateral

direction of the grooves.

3. An optical apparatus for recording and reproducing
information on or from an information recording medium
having tracks that are disposed at a certain pitch and that
wobble with a certain repeating period, said apparatus
comprising:

a laser for emitting at least one laser beam;

an optical system for receiving said laser beam and
forming a center spot and twé satgllite spots on said
information recording medium, said center spot and said two
satellite spots being aligned in a straight line at an angle
to said trécks with said center spot midway between said two
satellite spots, said center spot being distant from each of

said two satellite spots by an odd multinle of substantially
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Fig. 4 illustrates howtilt of the information recording medium 2 can

generate offset. For clarity, the diffraction grafg d_the
guarter-wave plate 26 are onmtted and only the z%ﬂﬂﬂﬂ" uuacted beam
32 is showmn. The center spot 8 is exactly center v "Yove 38. If

the information recording medium2 were swt tilted, reflected Iight from
the center spot 8 would follow the dashed arrows and illumnate the two

hal f th hot tect.or 14 l1y. .B f the tilt ., _th
ot ect od PPEREORGEROSE LAnETSAtANE: RELLAAALN PulPRELESSREY: HOFRERE of
t he photodg%eg%ga %goggggually, causing a dc offset in the difference

si gnal . ’

a first photodetector for receiving reflected light
from one of said two satellite spots and generating a first
electrical signal;

a sgcond photodetector for receiving reflected light
from another of said two satellite spots and generating a
second electrical signal; and

a tracking error detection circuit.for subtracting said
second electrical signal from from said fir§? electrical

signal to generate a tracking error signal.

4, The apparatus of claim'3, wherein said.center spot is
distant frbm each of said two satellite spots by
substantially one-fourth said pitch of said grooveslin a
lateral direction of the grooves.

5. The apparatus of claim 1, 2, 3 or 4, vherein saidlaser-enitsa
single laser beam and said optical system has a diffraction
grating for separating said single laser beam into three

beams.

6. 'mea;paramsofc_:laiml,z,aor4whereinsajdlaserisa

monolithic semiconductor laser array that emits three laser

beams from a single lasing region.

7.  The apparatus of claim 1, 2, 3 or 4 wherein said laser is a
hybrid semiconductor laser arrdy having three lasing

regions, each of which emits a single laser beam.
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Fig. 5 illustrates how displacenent of the objectiVe | ens 28 can generate

offset. This probl em occurs when track lf ormed by
novi ng the objective |l ens 28 w t hout noving t Mﬁmmmﬂﬂami If the

obj ective lens 28 |s centered over the_guide grbove 38 Beifhg <racked, as
I ndi cated by dashed es, reflected |#§ht -fol l ows the dashed arrows and

| 1 uni na 65"t hE5F PR sOb AW e RE 1 Jadre 3t b 7.4whemerinl 52id information
0 JeCt'V?eLSP§1%§ Egaiggerotates with a constant linear velocity

between 1.2 and 1.4 meters per second, end said tracks

wobble at a frequency of 22.05 + 1 kilohertz.

9. The apparatus of claim 8, wherein said center spot is
separated from each of said satellite spots by a distance

not less than 24 microns and not greater than 35 microns.

10. The apparatus of claim 8, wherein said center spot is
separated from each of said satellite spots by a distance

not less than 11 microns and not greater than 18 microns.

11. The apparatus of claim 8,. wherein said center spot is
separated from each of said satellite spois by a distance

not less than 33 microns and not greater than 54 microns.

12. An optical apparatus for recording and reproducing
information on or from an information recording medium
having tracks that wobble with a certain repeating period,
said apparatus comprising:

a laser for emitting a laser beam;

an optical system for receiving said laser beam and

forming a spot on said information recording medium;
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noved downward in the drawi ng, however, as indicated by solid Iines
reflected light illuninates the two hal ves of the phot odetector

unequal ly. The resulting offset in the di ffereim Eﬂﬂg“’ﬂfm WI th

novenent of the objective |ens 28, but the cha tﬂﬂ! i abl e only
after the objective |ens 28 has noved m3#h farther than the track pitch P.
Over reasonabl e periods of time, such as during the follow ng of a single

t k Fi 2, f t f th
dr??eregcelglgn 19 é?§{%§§€b¢£§ﬁégﬁ%h§ fwﬁﬁiear ve OC|?9ﬁ§%n?rol ©
signal CLV jdj ?@1&'%&&% gmeﬁﬁﬂ%eawyp S Sé L8R RS &1 PEPERRPS;

fllter t hat
a differential amplifler coupled to recelve said pair

of electrical signals and generate a difference signal;

a summing amplifier coupled to receive said pair of
electrical signals and generate a sum signal;

a filter coupled to receive said difference signal end
extract a wobble component thereof;

a synchronous detector coupled to receive and
synchronously detect said sum signal and said wobble
component, thereby generating a correetion signal; and

R correction circuit coupled to receive and combine
said difference signal and said correction signal, thereby

generating a tracking error signal.

13. The apparatus of claim 12, wherein said filter is a

bandpass filter.

14. The apparatus of claim 12 or 13, wherein said synchronous
detector comprises. a low-pass filter for filtering said sum

signal.

15. The apparatus of claim 12 or 13, wherein said synchronous
detectqn comprises a bandpass filter for filtering said sum

signal.

e ——
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rejects the dc of fset conponent, the | owfrequency tracking error
conponent, and the high-frequency information conp t of the constant
linear velocity control signal CLV. The spindle § lﬂ) ’ﬂﬂ only to
t he wobbl e conponent. The spindle servo is adaptle ﬂ otatlon
of the information recording nedium2 sg that the mobble coﬁpoﬁent has a
constant center frequency of, for 14 exanple, 22.05 kilohertz as in the
proposed conpact-di sc

16. The apparatus of claim 12 or 13, wherein said synchronous

detector comprises a multiplier.

17. The apparatus of claim 12 or 13, wherein said synchronous

detector comprises a low-pass filter for rejecting a wobble

frequency component of'said correction signal.

18. 'meappazatusofanzcneofclainslthn,wheminsaidcorrectim
circuit comprises an amplifier for amplifying_said
correction signal to generate an amplified correction
signal, and a differential amplifier'for subtracting said

amplified correction signal from said difference..signal.
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standard. Al though the repeating period Wof the wobble is substantially
constant, it is not exactly constant; it is nodulated slightly to encode
absol ute address information. This nodul ation is detected as a frequency
nodul ati on of the constant l|inear velocity control signal CLV with a
maxi nrum devi ati on of +1 kil ohertz. Thus &ﬂring normal operation the wobble
has a frequency of 22.05 + 1 kil ohert zaABSERACThe tracking error signal TE
will be described. The tracklng servo systen1has a Iomfpass fllter t hat
rejects the high-f oRlI&ily R , ] ) 3%
signal TE, so the high- frequency |nfornat|on

TRACKING WOBBLING GUIDE GROOVES

An optical recording and'reproducing apparatus uses a
laser to form one or more spots on an information'recording
medium preformatted with wobbling guide grooves, and detects
tracking error. 1If the differential push-pull method of
detecting tracking error is used, a center spot is flankéd
by satellite spots distant by an odd multiple of half the
repeating period of the wobble. If the three-beam method is
used, the distance is an odd multiple of one-fourth the
repeating period of the wobble. If the push-pull method is
used, a split photodetector generates a pair of electrical
signals. The sum and difference of these signals are
filtered, then synchronously detected, and the result is
combined with the difference signal to generate a corrected

tracking error signal.

FIGURE 1

_—
_
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components of the difference signals [err] will be ignored in this
‘description. Taken together, the tracking error and wobbl e conponents can
be approxi mated by a sine function of the deviation of the spot fromthe
gui de groove. Referring to Fig. 6 (in which the pits 41 are omtted for
clarity), let U be the deviation of the guide grooves 38 fromthe center
line 40 at the location of the center gpal 8. Since the satellite spots 10
and 12 are separated fromthe center spot 8 by a distance L equal to half
the repeating period Wof the wobble, at the satellite spots 10 and 12 the
gui de grooves 38 deviate by an equal amount -U in the opposite

FiG.1
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15 direction. Let X be the tracking error, i.e. the deviation of the center
spot 8 fromthe center line 40 (in the drawings X is zero). Then the three
di fference signals can be represented as follows: [err] The constants [err]
are the anplitudes of the tracking error plus wobble conponents of the
three difference signals and [err] are their offset
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conponents. Since Q= P/2 and hence [err] , the formulas for [err] can be
sinplified as follows. [err] FromFigs. 4 and 5 it can be understood that
of fset affects all three difference signals in the sane way; that is, the
anplitudes and offsets are related as follows: [err] The gain [err] of the
vari able-gain anplifier 54 is set to 17

3713
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velocity between 1.2 and 1.4 neters per second in which the wobble
frequency is 22.05 [err] 1 kilohertz, to be equal to half the repeating
period of the wobble, the separation L between the center spot 8 and the
satellite spots 10 and 12 should be 24 to 35 nicrons. The invention is not
restricted to this particular range of values however, odd multiples of
hal f the repeating period of the wobbleapai30 being usabl e. [err] 17

FIG. 4
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Qo

velocity between 1.2 and 1.4 neters per second in which the wobble
frequency is 22.05 + 1 kilohertz, to be equal to half the repeating period
of the wobble, the separation L bet ween the center spot 8 and the satellite
spots 10 and 12 should be 24 to 35 microns. The invention is not restricted
to this particular range of val ues however, odd nultiples of half the
repeating period of the wobble al so bei hgldsable. Fig. 7 shows a second
novel optical recording and reproduci ng apparatus that uses the three-beam
met hod. The optical systemis the sane as before except.that the collinator
l ens 20 is disposed below the polarizing beamsplitter 24, a di vergent | ens
58 is used instead of the

FIG. 5
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convergent lens 30 in Fig. 1, and an additional cylindrical lens 60 is
provi ded. The zeroth-order diffracted beam 32 reflected fromthe center
spot 8 is received by a quadrant photodetector 62, which provides signals
for information reproduction and focus control. The two first-order
diffracted béans 34 and 36 reflected fromthe satellite spots 10 and 12 are
received by a first photodetector 64 andsa3zsecond photodetector 66. Fig. 8
is a plan view of part of the information recordindg nmedium 2, show ng the
three spots in two positions: one (in the upper part of the drawing) in

whi ch the center spot 8 is disposed at a point of m ninmum wobbl e,

FIG. 6
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and another (in the lower part of the drawing) in which the [err] 18 _
center spot 8 is disposed at a point of maxi mum wobble. O course the three
spots 8, 10, and 12 are in only one position at a tine. The | ower position
results fromthe upper after a rotation of the information recordi ng nedi um

2 in the direction of the arrow X. The distance of the two satellite spots
10 and 12 from 7/13

FIG. 7
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the center spot 8 is exactly half what it was in Fig. 2. The displ acenent
Q@ in the vertical direction i.s one-fourth the track pitch P. The
separation L' in the horizontal direction in the drawing is one-fourth the
repeating period Wof the wobble. In the case of nedia rotating with a
constant linear velocity of 1.2 to 1.4 neters per second and a wobbl e
frequency of 22.05 + 1 kil ohertz; the 8 pration L should be 11 to 18
mcrons. Fig. 9 shows the tracking error detection circuit 67 to which the
first and second photodetectors 64 and 66 are connected. The first

phot odet ector 64 produces a first electrical signal [err] (hat is fed to
the non-inverting input a
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of a differential
second el ectri cal

70 and fed to the inverting input of the differential
output of the differenti al

diffraction

anplifier 68. The second photodetector 66 produces a
E4 that is anplified by a variable-gain anplifier

si gnal

64~

20 The apparatus in Fig.
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grating to produce three | aser beans, but the invention is not restricted
to this neans of beam production. Instead of a diffraction grating, it is
possi ble to enploy a nonolithic sem conductor |laser array that enmts three
| aser beans froma single lasing region, or a hybrid sem conductor |aser
array having three | asing regions, each of which emts a single |aser beam

[err] | 21 | o

FIG. 10
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The apparatus shown in Figs. 1 to 6 has the advantage that by elimnating
or reducing the offset conponent of the tracking error signal, it
elimnates or reduces the need for sensors to detect tilt of the

i nformati on recording medium 2 or novenent of the objective |lens 28, and

I ncreases the range over which track follow ng can be carried out by noving
the objective lens 28 without noving thasastire optical system O her

nodi fications that will be obvious to those skilled in the art can be nade
in the apparatus shown {n Figs. W and 3 without departing fromthe scope of
the present invention ag;dggt fo@ in the foll ow ng clains.

O - ""——"“1'
[ o -
{ (8);
} 6] l O
| "
| |
l i
| :
| @)
q h md
{ | LD} @©
l—-—---—--—-—::::.—_—] —————— 2—

J

RF

86____
)MO_
S |
e 88

FIG. 11
/\
e
=

N .
N
o -—
D (
oo/v N }V o
O



[err] 22 1. An optical apparatus for recording and reproducing
information on or froman information recordi ng medi um havi ng gui de grooves
that are 'disposed at a certain pitch and that wobble with a certain
repeating period, said apparatus conprising: a laser (4) for emtting at

| east one | aser beam an optical system (6) for receiving said | aser beam
and formng a center spot 12/13
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¢
(8) and two satellite spots (10,12) on said information recording nmedi um
said center spot and said two satellite spots being aligned in a straight
line at an angle to said guide grooves with said center spot disposed
m dway between said two satellite spots the apparatus being characterised
in that the centre spot is distant fromeach of said two satellite spots by
an odd multiple of substantially one-hall3/38i d repeating period in a
| ongi tudi nal direction of said guide grooves and further conprises; a first
split photodetector (14) for receiving reflected Iight from said center
spot and generating a first pair of electrical signals (D1,D2); a second
split photodetector (16) for receiving reflected |ight fromone of said two
satellite spots and generating a second pair of electrical signals (D3, D4);
a third split photodetector (18) for receiving reflected |ight from anot her
of said two satellite spots and

FIG. 13
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nedCALEMENT SHEET Uothlo~5
? of eleciriical signals (jDg, D6); awwds a
alE"Zil3) f or enerqr,g gEFa,g?{)H di fference

—+

[err] 23 generatij.n

tracki ng error det e“

signhal (EO fron1sa| f electriic signal's D2), a second
di fference signal econd3pair of—eteetrt+eal-sijgnal s (D3, D4),
and a third difference 5|gnal (E2) fromsgid third pair of ¢lectrica
signals (D5,D6), then adding (52) said second diftrerence strghal and said
third di 4 eianckas preblemdosoursathi e (36fTerentiadnpusdmpsdild fir st

difference signal to gﬁnerate a tracking error_signal (TE).
_ method when e spacing between the three spots 1s one-

fourth the repeating period of the wobble.

A somewhat different problem can oecur in the three-
beam method. If the two satellite spots are separated by a
distance equal to the repeating period of the wobble, the
servo system tracks the wobble at the locations of the
satellite spots, thereby doubling the amplitude of the
wobble at the central read/write spot. 1In recording, this
leads to poorly fofmed pits; in reproducing, it degrade; the
quality of the reproduced signal.

The wobble-tracking problem is related to the problem
of tracking offset, which can be caused by tilt of the
rotating medium or track-following movement of the objective
lens. This problem occurs particularly when the push-pull
method is used. Previous attempts to correct offset by
means of sensors that detect media tilt and objective-lens
movement have beeﬁ unsatisfactory, in part because they
_increase the eomplexity and cost-of the apparatus. Attempts
to avoiq the second type of offset by moving the optical
system as e whole instead of just the objective lens also
increase the cost of the apparatus, because a more powerful

actuatof is needed.

WO 91/01551 reflecting the preamble of claims 1 and 3
.relates to tracking methods for use with recording media
having wobbling tracks. It proposes the use of a three

spot. system with satellite spots either side of a
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2. The apparatus of claim1., wherein said center spot is distant from
each of said tw satellite spots by substantially half said pitch of said
grooves in a lateral direction of the grooves. [err] 24

[err] 3. The apparatus of claim1l or 2, wherein the laser (4) emts a
single | aser beam and said optical systemhas a diffraction grating (22)
for separating said single |aser beamirEc)three

centre spot, the satellite spots being an integer multiple of
the track wobble wavelength apart in the longitudinal
direction, but illustrates a system with the satellite spots
half the wobble wavelength apart. No details of how a
tracking signal is generated are given.

EP-0,324,949 Al and EP-0,426,879 discloses a three beam
tracking method for use with a recording medium having a non-
wobbling guide track.

It is accordingly an object of the present invention to
generate a tracking error signal with reduced wobble and
offset comﬁonents.

Another object of the invention is to reduce the cost of
optical recording and reproducing apparatus.

According to the present invention, there is provided an
optical apparatus for recording and reproducing information
on or from an information recording medium having guide
grooves that are disposed at a certain pitch and that wobble
with a certain repeating period, said apparatus comprising:

a laser for emitting at least one laser beam;

an optical system for receiving said laser beam and
forming a centre spot and two satellite spots on said
information recording medium, said centre spot and said two
satellite spots being aligned in a straight line at an
angle to said guide grooves with said centre spot

disposed midway between said two satellite spots and

distant from each of said RH%ACEMEMTSHEEr
his Sheet Has Been Reﬂlaced 10 DEC %97
||||||||||||||||l| | | .




beans. 4. The apparatus of claim1l or 2, wherein said laser (4) is a
nonol i thic sem conductor |aser array that emts three | aser beans froma

single lasing region. 5. The apparatus of claiml or, wherein said |aser
(4) is a hybrid sem conductor |aser array having three | asing regions, each
of which emts a single |laser beam [err] [err]

4a

two satellite spots by an odd multiple of substantially
one-half said repeating period in a longitudinal direction
of said guide grooves;

a first split photodetector for receiving reflected
light from said centre spot and generating a first péir of
electrical signals;

a second split photodetector for receiving reflected
light from one of said two satellite spots and generating a

. second pair of electrical signals;

a third split photodetector for receiving reflecﬁed
light from another of said two satellite spots and
generating a third pair of electrical signals; and

a tracking error detection circuit for generating a
first difference signal from said first pair of electrical
signals, a second difference signal from said second pair
of electrical signals, and a third difference signal from
said third pair of electrical signals, then adding said
second difference signal and said third difference signal
and subtracting their sum from said first difference signal
to. generate a tracking error signal.

The invention also provides an optical apparatus for
recording and reproducing information on or from an
information recording medium having tracks that are
disposed at a certain pitch and that wobble with a certain

repeating period, said apparatus comprising:
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25 6.

claim6, wherein said center
spots by a di stance not

1 kil ohertz.

spot is separated

The apparatus of any one of claims 1 to 5,
means to rotate said information recording nmediumw th a constant
velocity between 1.2 and 1.4 neters per second,
wobbl e at a frequency of 22.05 [err]

further conprising
| i near

such that said tracks
7.
: fromeach of said satellite
| ess than 24 m crons and not greater than 35

The appar at us of

m cr ons.

REPLACEMVENT SHEET [err]

a laser for emitting at least one laser beam;

an optical system for receiving said laser beam and
forming a centre spot and two satellite spots on-said
information recording medium, said centre spot and said two
satellite spots being aligned in a straight line at an
angle to said tracks with said centre spot midway between
said two satellite spots, said centre spot being distant
from each of said two satellite spots by an odd multiple of
substantially one-fourth said repeating period in a
longitudinal direction of said grooves;

a first photodetector for receiving reflected light
from one of said two satellite spots and generating a first
electricgl signal;

a second photodetector for receiving reflected light
from another of said two satellite spots and generating a
second electrical signal; and

a tracking error detection circuit for subtracting
said second electrical signal from said first electrical
signal to generate a tracking error signal.

‘ The invention will be further described by way of non-
limitative example with reference to the accompanying
drawings, in which:-

Fig. 1 is a sectional view of the optical system and
related parts of an optical recording and reproducing
apparatus according to the invention employing the
differential push-pull method.

Fig. 2 is a plan view of the information recording

medium in Fig. 1, showing the positions of the spots.
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25 RF, so the signal S output by the anplifier 84 has the form [err] where
A" is the anplitude of the tracking error conponent and B is an offset
conponent. The product [err] of D and S can be calculated as follows: [err]
= D{B + A cos[27r (X - U/P]} = D[B' écos(Z[err] XIP)ycos(2[err] UP) +
+ A'sin(2[err] XIP)sin(2[err] UP)] O + A cos(2[err] XIP) + A (2[err]
UP)sin(2[err] X P)]

Fig. 3 is a schematic diagram of the tracking error
detection circuit of the apparatus in Fig. 1.

Fig. 4 is a simplified sectional view of the optical
system, illustrating offset caused by tilt of the |
information recording medium.

Fig. 5 is another simplified sectional view of the
optical system, illustrating offset caused by movement of
the objectlve lens.

Fig. 6 is another plan view of the information
recording medium.

Fig. 7 is a sectional view of the optical system and
related parts of an optical recording and reproducing
apparatus according to the invention employing the three-
beam method.

Fig. 8 is a plan view of the information recording
medium in Fig. 7, showing the positions of the spots.

Fig. 9 is a schematic diagram of the tracking error
detection circuit of the apparatus in Fig. 7.

Fig. 10 is a sectional view of the optical system and
related parts of another optical recording and reproducing
apparatus according to the invention employing the three-
beam method.

Optical recording and reproducing apparatus employing
the differential push-pull method, and the three-beam
‘method of tfacking error detection will be described with
reference to the attached draﬁings. The drawings are

illustrative and do not restrict the scope
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= DB + DA cos(2[err] XIP) - - (2[err] AVIP)(2[err].VIP)A sin(2[err]
ft)sin(2[err] ft)sin(2[err] X P) = DB + DA cos(2[err] XP) - - (2[err]
VIP)(2[err] VIP)AA sin(2[err] XIP)[1 - cos(4[err] ft)]/2 Since the cutoff
frequency of the lowpass filter 22 is |less than the wobble frequency f,

| ow-pass filtering of [err] elimnates DB and DA cos(2[err] X/ P) and
produces the following correction signal?ML.: [err]= Ksin(2[err] X/ P) where

of the invention, which should be determined solely from the
appended claims.

Referring to Fig. 1 a first 6ptical recording and
reproducing apparatus according to the invention comprises
a disc-shaped information recording medium 2 that rotates
in a plane at right angles to the page, and a
semiconductor laser 4 that emits a laser beam 5. An .
optical system 6 diffracts and focuses the laser beam 5 to
form a center spot 8 and two satellite spots 10 and 12 on
the information recording medium 2. Three split
photodetectors 14, 16, and 18 receive light reflected from
the information recording medium 2 and convert the light

to electrical signals that are input to a tracking error

detection circuit to be shown later.

The optical system 6 comprises a collimator lens 20, a
diffraction grating 22, a polarizing beam splitter 24, a
quarter-wave plate 26, an objective lens 28, and a
convérgent lens 30. The collimator lens 20 converts the
divergent laser beam 5 emitted by the laser 4 to a parallel
beym. The diffraction grating 22 separates this parallel
beam into three beams: a zeroth-order diffracted beam 32,
and two first-order diffracted’beams 34 and 36. These three
beams pass through the polarizing beam splitter 24 and the
quarter-wave plate 26 and are focused by the objective lens
28 onto the information reéording_médium 2, the zeroth-order

diffracted beam 32 forming the center spot 8 and the first-
REPLACEMENT SHEET
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26 K= -(2[err] VIP)(2[err] VIP)AA /2 Kis a constant, so the correction
signal [err] is expressed as a sine function of the tracking error X The
correction signal [err] itself could therefore be used as a tracking error
signal, but it would not be very accurate because of the small val ue of the
constant K However, when E6 is equal to zero, the correction signal [err]
gi ves an approximate indication of the size of the offset conponent B. |f
the gain &4 of the anplifier 76 is adjdé?ed so that [err] = Bin this case,

the unmantioé¥€§*%etween 1.2 and 1.4 meters per second in which the
wobble frequency is 22.05 + 1 kilochertz, to be equal to half
the repeating period of the wobble, the separation L between
the center spot 8 and the satellite spots 10 and 12 should be
24 to 35 microns. The invention is not restricted to this
particular range of values however, odd multiples of half the
repeating period of the wobble also being usable.

Fig. 7 shows a second optical recording and reproducing
apparatus according to the invention that uses the threé—beam
method. The optical system is the same as before except that
the collimator lens 20 is disposed below the polarizing beam
splitter 24, a divergent lens 58 is used instead of the
convergent lens 30 in Fig. 1, and an additional cylindrical
lens 60 is provided. The zeroth-order diffracted beam 32
reflected from the center spot 8 is receiwved by a quadrant
photodetector 62, which provides signals for information
reproduction and focus control. The two first-order
diffracted beams 34 and 36 reflected from the satellite spots
10 and 12 are received by a first photodetector 64 and a
second photodetector 66.

Fig. 8 is a plan view of part of the information
recording medium 2, showing the three spots in two
positions: one (in the upper part of the drawing) in which
the center spot 8 is disposed at a point of minimum wobble,

and another (in the lower part of the drawing) in which the
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conmponent can be renoved fromthe corrected tracking error signal CTE
generated by the differential anplifier 78 when [err] is zero, thereby
causing the tracking servo to nove the spot 72 closer to the center line
40. The correction signal [err] is furthernore wobble-free, so conbining
[err] in this way reduces the relative ﬁﬁbnitude of the unwanted wobbl e
conponent in CTE. Use of the corrected tracking error signal CTE thus

I mproves bot h cy reliabiljt fy track f ] perations.
Wil e the ec%‘??‘ c?%gﬁﬁgggki ngﬂ%rrregjrorsﬁ'gr?éﬁ EC%I::IOISI‘? %‘i’é”%ffq'?ﬂs% " necessarily
as accurate as the tracking error signals TE and TE generated by the novel
apparatus in Figs.

TE' = 2A4sin(2u X/?)_

This tracking error signal TE’ is'free bf offset and
substantially free of wobble, resulting in the same
benefits as in the first apparatus according to the
invention: accurate tracking of the ceﬁter line 40, a
high-quality constant linear velocity control signal, .a
high-quality reproduced information signal during
reproduction, and well-formed pits during recording.

$t 145 not necessary for the spacing between the spo£s
to be one-fourth the repeating period W of the wobble as in
Fig. 8. A spacing of three-fourths W (33 to 54 microns_for
media rotating with a constant linear velocity of 1.2 to 1.4
meters per second and a wobble frequency of 22.05 + i
kilohertz) gives the same effect, as do other odd multiples
of one-fourth w. '

The apparaéus in Figs. 1 and 7 uses a diffraction
grating to produce three laser beams, but the invention is
not. restricted to this means of beam production. Instead of
a diffraction grating, it is possible to employ a monolithic
semiconductor laser array that emits tﬂree laser beams from
a single lasing region, or a hybrid semicénductor laser
array having three lasing regions, each of which emits a

single laser beam.
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1 to 10, the apparatus in Fig. 11 has the advantage of | ower 27 cost due
to a sinpler optical system Moreover, all of the apparatus shown in Figs.
1 to 12 has the advantage that by elimnating or reducing the offset
conponent of the tracking error signal, it elimnates or reduces the need
for sensors to detect tilt of the information recording nmedium2 or
novenment of the objective lens 28, and jncreases the range over which track
foll owi ng can be carried out by nnving%

Fig. 10 shows an apparatus that employs a laser array 71
of this type to emit three laser beams 32, 34, and 36. Other
components are the same as in Fig. 7, so a description will
be omitted. If the beams are disposed so that the interval
between the three spots 8, 10, and 12 is an odd multiple of
one-fourth the repeating period of the wobble, the same
effect is obtained as in Fig. 7. In addition, the cost of
the apparatus is reduced because no diffraction grating is
needed in the optical system. |

A similar type of laser array 71 can be used when the
differentiél push-pull method is employed. In this case the
beams should of course be disposed so that the intervals
between the spots are an odd multiple of one-half the
repeating period of the wobble. |

The apparatus shown in Figs. 1 to 10 have the advantage
that by eliminating or reducing the offset component of the
tracking error signal, they eliminate or reduce the need for
sensors to detect tilt of the information recording medium 2
or movement of the objective lens 28, and increase the range
over which track following can be carried out by moving the
objective lens 28 without moving the entire optical system.

Other modifications that will be obvious to those
skilled in the art can be made in the apparatus shown in
Figs. 1, 3, 7, 9 and 10 without departing from the scope of

the present invention as set forth in the following claims.
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objective lens 28 without noving the entire optical system The synchronous
detector 81 and correction circuit 89 are not restrlcted to-the_ __ _

configurations shown in Fig. 11. For exanple, the ass filter 82 in
Fig. 11 can be replaced by a bandpass fzﬁter 94 |de m mu”ﬂﬂ ﬁ pass
filter 80, as shown in Fig. 13. The preceding analy gm Sis
unchanged by this replacenent. Qther nodifications that mAII bvi ous to

those skilled in the art can be nade in the apparatus shown |n Flgs. 1, 3,
7, 9, 10, and 11 wi thout departing fropaime scope of the present invention
as set forth in the follow ng clains.
1. An optical apparatus for recording and reproducing
information on or from an information recording medium having
guide grooves that are disposed at a certain pitch and that
wobble with a certain repeating period, said apparatus
comprising:

a laser (4) for emitting at least one laser beam;

an optical system (6) for receiving said laser beam and
forming a centre spot (8) and two satellite spots (10,'12) on
said information recording medium, said centre spot and said
two satellite spots being aligned in a straight line at an
angle to said guide grooves with said centre spot disposed
midway between said two satellite spots,the apparatus being
characterized in that the centre spot is distant from each of
said two satellite spots by an odd multiple of substantially
one-half said repeating period in a longitudinal direction of
said guide grooves; and further comprises:

a first split photodetector {(14) for receiving reflected
light from said centre spot and generating a first pair of
electrical signals (D1, D2);

a second split photodetector (16) for receiving
reflected light from one of said two satellite spots and
generating a second pair of electrical signals (D3, D4);

a third split photodetector (18} for receiving reflected

light from another of said two satellite spots and generating

a third pair of electrical signals (D5, D6); and
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28 _ _ [err] CLALMS.] An optical apparatus for recordi ng and
r epr oduci ng i nf of nmpmogmm”prs%ﬁ'bnh an i nformation recordi ng medi um hfavi ng

gui de grooves tha it} a certain pltch )le with a
certain repeating ar at us conpr.i m“n\ emtting

] al systen1for g waisd [faser beam
23

-Or-?

at | east one | ase
and

a tracking error detection circuit (43) for generating a
first difference signal (E0) from said first pair of
electrical signals (D1, D2), a second difference signal (E1)
from said second pair of electrical signals (D3, D4), and a
third difference signal (E2) from said third pair of
electrical signals (D5, D6), then adding (52) said second
difference signal and said third difference signal and
subtracting (50) their sum from said first difference éignal

to generate a tracking error signal (TE).

2. The apparatus of claim 1, wherein said centre spot is
distant from each of said two satellite spots by
substantially half said pitch of said grooves in a lateral

direction of the grooves.

3. An optical apparatus for recording and reproducing
information on or from an information recording medium having
tracks that are disposed at a certain pitch and that wobble
with a certain repeating period, said apparatus comprising:

a laser (4) for emitting at least one laser beam;

an optical system (6) for receiving said 1laser
beam and forming a centre spot and two satellite
spots (10, 12) on said information recording medium,
said centre spot and said two satellite spots being

aligned in a straight 1line at an angle to

This Sheet Has Been Replaced
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formng a center spot and two satellite spots on said |nfornatLiﬂ recordi ng

medi um said center spot and said two satellite umﬁ“ ed in a
straight line at an angle to said guide grooves Wmﬁ spot

di sposed m dway between said two satellite spots dnd® dlstant from each of
said two satellite spots by an odd nultiple of substantially one-half said
repeating period in a longitudinal direggi.on of said guide grooves; a first

split photodetectorfor receiving reflected light fromsaid center spot and
gener at i gaid frsdkParitRf saidctentte FpPtantidway dsebweésnl Ehidhaiwasiet ect or

for receiving reflected
satellite spots, the apparatus being characterized in that
the centre spot is distant from each of said two satellite
spots by an odd multiple of substantially one-fourth said
repeating period in a longitudinal direction of said grooves;
and further comprises:

a first photodetector (64) for receiving reflected light
from one of said two satellite spots and generating a first
electrical sigmal;

a second photodetector (66) for receiving reflected
light from ‘another of said two satellite spots and generating
a second electrical signal; and

a tracking error detection circuit (68) for subtracting

said second electrical signal from said first electrical

signal to generate a tracking error signal (TE’).

4, The apparatus of claim 3, wherein said centre spot is
distant from each of said two satellite spots by
substantially one-fourth said pitch of said grooves in a

lateral direction of the grooves.

5. The apparatus of claim 1, 2, 3 or 4, wherein said laser
(40) emits a single laser beam and said optical system has a
diffraction grating (22) for separating said single'laser

beam into three beams.
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light fromone of said two satellite spots and ge H@@ayyﬁ second pair of

electrical signals; a third split photodetector |f ‘Wﬁu,ﬁHWected
L

light fromanother of said two satellite spots and
generating a third pair of electrical sighals; and a tracklng error
detection circuit for generating a

6. The apparatus of claim 1, 2, 3 or 4, wherein said laser
(4) is a wmonolithic semiconductor laser array that emits

three laser beams from a single lasing region.

7. The apparatus of claim 1, 2, 3 or 4, wherein said laser
(4) is a hybrid semiconductor laser array having three lasing

regions, each of which emits a single laser beam.

8. The apparatus of any one of claims 1 to 7, further
comprising means to rotate said information recording ﬁedium
with a constant linear velocity between 1.2 and 1.4 meters
per second, such that said tracks wobble at a frequency of

22.05 4+ 1 kilohertz.

9. The apparatus of claim 8, when depending on claim 1 or
2, wherein said centre spot is separated from each of said
satellite spots by a distance not less than 24 microns and

not greater than 35 microns.

10. The apparatus of claim 8, when depending on claim 3 or
4, wherein said centre spot is separated from each of said
satellite spots by a distance not less than 11 microns and

not greater than 18 microns.

11. The apparatus of claim 8, when depending on claim 3 or
4, wherein said centre spot is separated from each of said

satellite spots by a distance not less than 33 microns and
not greater than 54 wmicrons, REPLACEMENT SHEET

i R




first difference signal fromsaid first pair of electrical
second difference signal fromsaid second pair of electrical
third difference signal fromsaid third pair of electrica

signals, a
signal s,

addi ng sai d second difference signal and said third difference signal

subtracting their sumfromsaid first difference signa

to generate a

and a

signals, then

and

tracking error signal. 2. The apparatae of claiml, wherein said center

spot

said pitch of said grooves in a |aterABSIRAGEt| on of the grooves. 3.

opti cal

apparatus for recording and reproducin
PP P 0 &% NG AP

OPTICAL CORDING S

TRACKING WOBBLING GUIDE GROOVES

An optical recording and reproducing apparatus uses a
laser to form one or more spots on an information recording
medium preformatted with wobbling guide grooves, and defeéts
tracking error. If the differential push-pull method of
detecting tracking error is used, a center spot is flapked
by satellite spots distant by an odd multiple of half the
repeating period of the wobble. If the three-beam method is
used, the distance is an odd multiple of one-fourth the
repeating period of the wobble. If the pu§h-pull meéﬁbd is
used, a split photodetector generates a paif of electrical
signals. The sum and difference of these signals are
filtered, then synchronously detected, and the result is
combined with the difference signal to generate a corrected

tracking error signal.

FIGURE 1
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is distant fromeach of said two satellite spots by substantially half

An



intoﬁnation on or froman information recordi ng medi um havi ng trag%“??ﬁat
are di sposed at" a certain pitch and that wobble with a certain repgating

peri od,
beam an optical

sai d apparatus conpri sing:

a laser for emtting at

| east one | aser

system for receiving said | aser beamand form ng a center

spot and two satellite spots on said information recordi ng nmedium said
center spot and said two satellite spots ?eing aligned in a straight |ine
at an angle to said tracks with said cent’er spot m dway between said two

satellite spots,

said center spot being distant fromeach of said two

satellite gpot&ibyraprodd efilddcdire dfn vHesidEMietldnitial push-pull

method when the spacing between the three spots is one-

fourth the repeating period of the wobble.

A somewhat different problem can occur in the three-

beam method.

.t

If the two satellite spots are separated by a

distance édual to the repeating period of the wobble, the

servo system tracks the wobble at the locations of the

satellite spots, thereby doubling the amplitude of the

wobble at the central read/write spot.

In recording,

this

leads to poorly formed pits; in reproducing, it degradeé the

quality of the reproduced signal.

The wobble-tracking problem is related to the problem

of tracking offset, which can be caused by tilt of the

rotating medium or track-following movement of the objective

lens.

method is- used.

This problem occurs particularly when the push-pull

Previous attempts to correct offset by

means of sensors that detect media tilt and objective-lens

movement have been unsatisfactory,

increase the complexity and cost -of the apparatus.

in part because they

Attempts

to avoid the second type of offset by moving the optical

system as a whole instead of just the objective lens also

increase the cost of the apparatus,

actuator is needed.
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[err] [err] 30 one-fourth said repeating period in a |ongitudinal

direction of said grooves; a first photodetector for receiving reflected

light fromone of said two satellite spots and generating a first

el ectrical signal; a second photodetector for receiving reflected |ight
4.

WO 91/01551 reflecting the preamble of claim | relates to tracking methods
for use with recording media having wobbling tracks. It proposes the use of a three
spot system with satellite spots either side of a centre spot, the satellite spots being an
integer multiple of the track wobble wavelength a part in the longitudinal direction,

s but illustrates a system with the satellite spots half the wobble wavelength apart. No
details of how a tracking signal is generated are given.

EP-0,324,949 Al and EP-0-426,879 discloses a three beam tracking method
for use with a recording medium having a non-wobbling guide track.

It is accordingly an object of the present invention to generate a tracking error '

10 signal with reduced wobble and offset components.

Another object of the invention is to reduce the cost of optical recording and
reproducing apparatus.

According to the present invention, there is provided an optical apparatus for
recording and reproducing information on or from an information recording medium

15 having guide grooves that are disposed at a certain pitch and that wobble with a
certain repeating period, said apparatus comprising:

a laser for emitting at least one laser beam;

an optical system for receiving said laser beam and forming a centre spot and
two satellite spots on said information recording medium, said centre spot and said

20 two satellite spots being aligned in a straight line at an angle to said guide grooves
with said centre spot disposed midway between said two satellite spots and distant
from each of said two satellite spots by an odd multiple of substantially one-half said
repeating period in a longitudinal direction of said guide grooves;

a first split photodetector for receiving reflected light from said centre spot

25 and generating a first pair of electrical signals;

a sccox:d .;;plit photodetector for receiving reflected light from one of said two
satellite spots and generating a second pair of electrical signals;

a third split photodetector for reccivihg reflected light from another of said
two satellite spots and generating a third pair of electrical signals; and

30 a tracking error detection circuit for generating a first difference signal from
said first pair of electrical signals, # second di i from said second pair of
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from another of said two satellite spots and generating a second el ectri cal
sirgnal ; and a tracking error detection circuit for subtracting said second
el ectrical signal fromfromsaid first electrical signal to generate a
tracking error signal. 4. The apparatus of claim 3, wherein said.center
spot is distant fromeach of said two satellite spots by substantially
one-fourth said pitch of said grooves in a lateral direction of the
grooves. b5. The aparatus of claim1, 2, 3 or 4, wherein said |aser enmts
a single | aser beamand said optical sysfemhas a diffraction grating for
separating said single | aser beaminto three .

signals, then adding said second difference signal and said third difference signal and

subtracting their sum from said first difference signal fo generate a tracking error
signal.

The invention will be further described by way of non-limitative
eamle with reference to the accampanying drawings, in whichi~

Fig. 1 is B sectional view of the optical system and
related parts of a novel optical recording end reproducing
apparatus employing the differential push-pull method.

10 Fig. 2 is a plan view of the Information recording

medium in Fig. 1, showing the positions of the spots.
Flg. 3 is a schematic diagram of the tracking error

detection circuit of the apparatus in Fig. 1.

5 Fig. 4 1s a simplified sectional view of the opticel
system, illustrating offset caused by tilt of the
information recording medium.

Fig. 5 1s another simplified sectional view of the
optical system, {llustrating offset caused by movement of

20 the objective lens.

Fig. 6 is another plan view of the information

recording medium.




beanms. 6. The apparatus of claiml1l, 2, 3 or 4 wherein said laser is a
nohol i thic sem conductor |aser array that emts three | aser beans froma

single lasing region. 7. The apparatus of claiml1l, 2, 3 or 4 wherein
said laser is a hybrid sem conductor |aser array having three | asing
regi ons, each of which emts a single |aser beam [err] 31

Optical recording and reproducing apparatus
employing the differential push-pull method
of trackiqg error detection
will be described with reference to the attached drawings.

The drawings are i1llustrative and do not restrict the scope
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8. ‘The apparatus of any one of claim 1 to 7, wherein said information
recording nmediumrotates with a constant |linear velocity between 1.2 and
1.4 nmeters per second, and said tracks wobble at a frequency of 22.05 + 1
kil ohertz. 9. The apparatus of claim8, wherein said center spot is
separated fromeach of said satellite spots by a distance not |ess than 24
m crons and not greater than 35 mcrons. 10. The apparatus of claimS8,
wherein said center spot is separated fromeach of said satellite spots by
a distance not |less than 11 mcrons ang7not greater than 18 mcrons. 11.
The apparatus of claim8, wherein said center spot is separated from each
of said satellite spots by a distance

velocity between 1.2 and 1.4 meters per second in which fhe '
wobble frequency is 22.05 ¢ 1 kilohertz, to be equal to half
the repeating pgriod of the wobble, the separation L between
the center spot 8 and the satellite spots 10 and 12 should '
be 24 to 35 microns. The invention is not restricted to
this particular range of values however, odd multiples of

hslf the repeating period of the wobble also being usable.
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not |less than 33 mcrons and not greater than 54 mcrons. 12. An optical
apparatus for recording and reproducing information on or from an

i nformati on recordi ng nedi um havi ng tracks that wobble with a certain
repeating period, said apparatus conprising: a |laser for emtting a |aser
beam an optical systemfor receiving said | aser beamand form ng a spot on
said information recording nmedium [err]

20

The apparatus in Fig. 1 uses & diffraction
grating to produce three laser beams, but the invention is
not restricted to this means of beam production. Instead of
a diffraction grating, it {s possible to employ a monolithic
semiconductor laser arrsay thgt emits three laser beams from
a single lasing region, or a‘hybrid senficonductor laser
array having three lasing regions, each of which emits a

single laser beam.
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32 [err] a split photodetector for receiving reflected Iight from
said spot and generating a pair of electrical signals; a differential
anplifier coupled to receive said pair of electrical signals and generate a
difference signal; a sunmng anplifier coupled to receive said pair of

el ectrical signals and generate a sumsignal; a filter coupled to receive
said difference signal and extract a wobbl e conponent thereof; a
synchronous detector coupled to receive and synchronously detect said sum
signal and said wobbl e conponent, therebyjgenerating a correction signal;
and

The apparatus shown in Figs. 1 to 6 has the advantage that by
eliminating or reducing the offset component of the tracking

error signal, it eliminates or reduces the need for sensors
to detect tilt of the {nformation recording medium 2 or

movement of the objective lens 28, and increases the range!
over which track following can be carried out by moving the

objective lens 28 without moving the entire optical system.

Other modifications that will be obvious to those
skilled in the art can be made in the apparatus shown in
Figs. 1 and 3 without departing from the
scope of the present invention es set forth in

the following claims.
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a correction circuit coupled to receive and conbine said difference signa
and said correction signal, thereby generating a tracking error signal 13.
The apparatus of claim 12, wherein said filter is a bandpass filter.

The apparatus of claim 12 or 13, wherein said synchronous
conprises.a |lowpass filter for filtering said sum MM\I
apparatus of claim12 or 13, wherein said synchrono nprises a
bandpass filter for filtering said sumsignal. [err]”

22
m&

1. An optical apparatus for recording and reproducing

information on or from an {nformation recording mediun

e disposed at s - certain piteh
sald

having guide grooves that ar

and that wobble with a certain repeating period,

apparatus comprising:

a laser (4) for emitting Qt least one laser beam;

an optical system (6) for receiving said laser beam and forming a center spot
(8) and two satellite spots (10,12) on said information recording medium, said center
spot and said two satellite spots being aligned in a straight line at an angle to said
guide grooves with said center spot disposed midway between said two satellite spots
the apparatus being characterised in that the centre spot is distant from each of said
two satellite spots by an odd multiple of substantially one-half said repeating period
in & longitudinal direction of said guide grooves and further comprises;

a first split photodetector (14) for receiving reflected light from said ceater
spot and generating a first pair of electrical signals (D1,D2);

a second split photodetector (16) for receiving reflected light from one of said
two satellite spots and generating a second pair of electrical signals (D3,D4);

a third split photodetector (18) for receiving reflected light from another of
said two satellite spots and
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33 16. The apparatus of claim12 or 13, wherein said synchronous detector
conprises a nultiplier. 17. The apparatus of claim 12 or 13, wherein said
synchronous detector conprises a | ow pass fil ter 'for rej €cting -a wohbl e

frequency conponent of said correction signal. at us of any
one of clainms 12 to 17, wherein said correctlon ci “"{m I!Emﬂ

anplifier for anpllfylng said correction signal to gener |f|ed
correction 23

generating a third pair of electrical signals (D5,D6); and

a tracking error detection circuit (43) for generating a first difference signal
(E0) from said first pair of electrical signals (D1,D2), a second difference signal (EB1)
from said second pair of electrical signals (D3,D4), and = third difference signal (E2)
from said third pair of electrical signals (DS,D6), then adding (52) said second
difference signal and said third difference signal and subtracting (50) their sum from

said first difference signal to generate a tracking error signal (TB).

2. The apparatus of claim 1, wherein said center spot is

distant from each of said two satellite spots by

substantially half said pitch of said grooves in a lateral

direction of the grooves.
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signa], and a differential anplifier for subtracting said anplified
correction signal fromsaid difference signal. [err]

BT [T

3. The apparatus of claim 1 or 2, wherein the laser (4) emits a

single laser beam and sajd optical system has a diffraction
grating (22) for separating said single laser beam into three

beams.

4. The apparatus of claim 1 or 2, wherein said laser (4) is &
monolithic semiconductor laser array that emits three lasecr

beams from a single lasing region.

S. The apparatus of claim 1 or , wherein said laser @isea
hybrid semiconductor laser array having three lasing

reglions, each of which emits & single laser beam.
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6. The apparatus of any one of claims 1 to 5, further comprising means to roiate
s2id information recording medium with a constant linear velocity between 1.2 and
1.4 meters per second, such that said tracks wobble at a frequency 0f22.05+ 1
kilohertz.

7. The apparatus of claim 6, wherein said center spot is

separated ‘from each of said satellite spots by a distance .

not less than 24 microns and not greater than 3% microns.
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