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CRCUT BACKGROUND OF THE | NVENTI ON : Field
Inventlon The present invention relates to a ConpaCtdghiﬁB
apparatus‘(CD), CD-ROM mnini disc apparatus (MD: registered tra of
SONY), or other optical disc apparatus. ; Further, the present
invention relates to a tracking error Signal calculation circuit used in
the optical disc apparatus. 2. Description of the Related Art

An optical pick-up is used for recording data or reading recorded data
along a track (guide groonnggAg DQSQpA@gyyyﬁdgygﬁﬁhun1of an optical disc
apparatus. In the optical pick-up, optical parts such as a sem conduct or

TRACKING ERROR SIGNAL CALCULATION CIRCUIT

BACKGROUND OF THE INVENTION
1.  Field of the Invention
5 The present invention relates to a compact disc .
apparatus (CD), CD-ROM, mini disc apparatus (MD: registered
trademark of SONY), or other optical disc apparatus.
Further, the present invention relates to a
tracking error signal calculation circuit used in the
optical disc appaﬁatus.
2. Description of the Related Art
An optical pick-up is used for recording data
or reading recorded data along a track (guide groove) of a
disc recording medium of an optical disc apparatus. In the
optical pick-up, optical parts such as a semiconductor
laser, photodiode (PD), prism, and object lens are mounted.
At the éime of recording or reading data to
or from the disc recording medium, in order to eliminate
the influence of the face vibration and wobbling of the
track of the disc recording medium, and thé face
vibration and wobbling by the tilting of the turntable of
the disc drive and precession motion, and the like,

focusing servo control and track servo control are



| aser, photodi ode (PD), prism and object |ens are nounted. o At
the time of recording or reading data to or fromthe disc recording
medium ipn order. to elimnate the influence of the face vibration and
wobbfing of the track of the disc recording medium and the face

vi bration and wobbling by the tilting of the turntable of the disc drive
and precession notion, and the like, - fbcusing servo control and track
servo control are carried out. I n focusing
servo control, the object lens for focusing (exactly focusing) the |aser
beamlight emtted froma sem conductor |aser on the recording surface of
the disc $2e6FERNEYedi umis positioned with respect to the surface of

t he di sc recordi ng nedi um In tracking servo control, the
optical pick- upis p6§iFP&Hé&thSFHEQ%ﬁﬂ%$rQﬂreé%?oﬂbéPthéeﬂﬁséor
focusing (exactly focusing) the laser beam light emitted
from a semiconductor laser on the recording surface of the
disc recording medium is positioned with rTespect to the
surface of the disc.recording medium,

In tracking servo control, the optical pick-
up is positioned in the fadial direction of the disc
recording medium to position the laser beam emitted £xrom
the laser at a desired track of the disc recording medium
(to place it on-track).

A focus error signal is used for the focusing
servo control, while a tracking error signal is used forx

the tracking servo control.

Usually, signals detected by two photodiodes
are computed by the push-pull system to calculate the
tracking error signal. |

An offset will apbear in the tracking erroxr
signal due to the pﬁsh—pull system. When there ié an
offset, even if.the tracking error signal indicates 0, if
the tracking servo control is carried out by using that
tracking error signal, the beam of light of the
semiconductor laser will deviate from the center of the
track, so it suffers from a disadvantage of poor control

when performing the tracking control.



recording mediumto position the | aser beamemtted from the |laser at a
desired track of the disc recording nedium (to place it on-track).

A focus error signal is used for the focusing servo control, while a
trackKing érror signal is used for the tracking servo control

Usual 'y, signals detected by two photodjodes are conputed by the push-pull
systemto calculate the tracking error signal. An offset wll
appear in the tracking error signal due to the push-pull system Wen
there is an offset, even if the tracking error signal indicates 0, if

the tracking servo conhisOlfactdr desimtey H5badrhhak oft kReki Nng error

signal, the beamof |ight of the sem conductor laser wll deviate from
the centeroksbhe in WiRfkiradkidg S&isfssi?aane} h2ady AUAHR P a POOK
control when performng the tracking control .

of the optical axis of the object lens, tilting of the disc
recording medium in the radial direction, an unbalance in
groove shape on the disc recording medium, etc.

As the method for reducing the offset due to
the above factors, a variety of countermesures have been
made. For example, refer to "Optical Disc Technology"”,
supervised by Morio Onoe, Radio Gijutsusha, page 91 to
page 98. |

The inventors of the present application
found that just thé above-mentioned countermeasures for
reducing the offset were not sufficient and that offset
still existed in the tracking error signal. Accordingly,
when using a tracking error signal calculated by the
conventional push-pull system, the problem is encountered

that accurate and stable tracking servo control cannot be

carried out in the optical disc apparatus.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
circuif capable of correctly calculating the tracking
errof signal used in the optical disc apparatus and an
optical disc apparatus using this.

Further, another object of the present invention is



As factors behind the appearance of the offset in the tracking error
signal, there are deviation of the optical axis of the object |ens,
tilting of the disc recording mediumin the radial direction, an unbal ance
in droove shape on the disc recording nmedium etc. As the

met hod for reducing the offset due to the above factors, a variety of
count er nesures have been nmmade. For exanple, refer to "Optical Disc

Technol ogy", supervised by Mrio Onoe, Radio G jutsusha, page 91 to page
98. The inventors of the present application found that just
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pick-up in which the signal adjustment is easy and the
related &pparatuses thereof considering factors due to
the structure of the optical disc apparatus.
According to the present invention, there is
provided a tracking error signal calculation circuit for
calculating a tracking error.signal in an optical disc
" apparatus having a light receiving means for outputting
first and second feceived light detection signals ﬁrom
regions located at the two sides of the center of a track
of a disc-like recording medium, said circuit having: a
first calculation circuit for detecting a peak of the
first received light detection signal from the light
recelving means and subtracting a signal obtained by
multiplying a first coefficient with the peak from the
first received ligh£ detection signal to calculate a
first calculation signal; a second calculation circuit for
detecting a peak of the second received light detection
signal from the light receiving means and subtracting a
signal obtained by multiplying a second coefficient with
the peak from the secoﬁd received light detection signal

to calculate a second calculation signal; and a third



optical disc apparatus using this. Further, another object of the

present invention is -4- to provide
a tracking error signal calculation circuit in which the signal adjustnent
I S conveni'ent. Further, still another object of the present

invention is to optimze the configuration of an optical pick-up in which
the signal adjustnent is easy and the Telated appar at uses t her eof
considering factors due to the structure of the optical disc apparatus.
According to the present invention, there is provided a tracking error

si gnal calgdd i1i9Pi6h! E¥buhi® £otalstittdd ¥y €86 ksBGogar OF Signal in an
optical disc apparatus having a light receiving neans for outputting

first and [ LLivg tgﬂ%i L ghg reg| liQcat ed at
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In the present invention, by detecting the peak of
the first received light detection signal,, multiplying
the coefficient with fhis, and subtracting the same from
an original first received light detection signal, the
offset contained in the first received light detection
signal is eliminated. This same is true alsc for the second
received light detection signal. When the tracking error
signal is calculated by using the thus signal-processed
signal, the offsqf can be cancelled.

Preferably, a first coefficient changing circuit for
changing the first coefficient in the first calculation
circuit can be added. Also, preferably, a second
coefficient changing circuit for changing the second
coefficient in the second calculation cirocuit can be
added. There are variations in characteristics of optical
disc apparatus, therefore the coefficients, can be
changed so as to match the same with the characteristics
of the optical disc apparatus.

Further preferably, the coefficients can be changed
in response to the frequency bands of the detection
signals. Particularly, the coefficlents can be changed so

that the coefficient becomes large in a low region.



first calculation circuit for detecting a peak of the first received |ight
detection signal fromthe light receiving neans and subtracting a signal
obtained by nmultiplying a first coefficient with the peak fromthe first
recefved fight detection signal to calculate a first calculation signal; a
second calculation circuit for detecting a peak of the second received

| i ght detection signal fromthe |ighT PeCeiving means and subtracting a
signal obtained by nmultiplying a second coefficient with the peak fromthe

second received Iight detection signal to calculate a second cal cul ation
signal; and a thi

._calc tion cir for btrgcting the
"second cal cul at 8ﬁ§5%ﬁﬁﬂa??%ﬁ?fﬂ% #?Egﬁec8F8§F§t &NWﬁQﬁﬁﬁﬁ Eil‘E:’Ié?gulate
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coefficient with this, and subtracthg t he sane from
recording medium, an optical pick-up, a signal calculation

circuit provided outside of the optical pick-up, and a
tracking controlling means for performing the position:
control af the optical pick-up to a predetermined track,
wherein the optical pick-up has an optical means for
emitting a converged beam to a recording surface of the
disc recording medium, a light receiving means for
receiving the returned light f£from the recording surface
of the disc recording medium f£from regions located at the
two sides of the center of track of the disc recording
medium and outputting the first and second received light
detection signals, a fixrst calculation circuit for
detecting a peak of the.first recelved light detection
signal from the light receiving means and subtracting a
signal obtained by multiplying a first coefficient to the
peak from the first received light detection signal to
calculate.the first.calculation signal, and a second
calculation circulit for detecting a peak of the second
received light detection signal f£rom the light receiving
means and subtracting a signal obtained by multiplying a
second coefficient with the peak f£rom the second received
1ight detection signal to calculate the second

calculation signal; and the signal calculation circuit



an original first received light detection signal, the offset contained in
the first received light detection signal is elimnated. This sane is true
al so for the second received |light detection signal. \Wen the tracking
error signal is calculated by using the thus signal-processed signal, the
of fset can be cancell ed. Preferably, a first coefficient changlng
circuit for changing the first coefficient in the first cal cul ation
circuit can be added. Also, preferably, a second coefficient changing
circuit for changing the second coefficient in the second cal cul ation

circuit cap,be, eﬂ%ﬁ % aa.fforva(siféwesswtfaeeaﬁ erthét ise3og opti cal

di sc appar at us, erefore t e coefficients, can anged so as to nmatch
t he sane st t t p S
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frequency QQT%ElQ@e thiq%ﬁ95* eé{ggagggngirtlcularly, the coefficients

can be change e coefficrent coimes large in a | ow region.

The constituent elements are divided as described
above and further the tracking error signal is calculated
by the above circuit configuration and used forxr the
tracking sérvo control.

Preferably, a coefficient changing circuit for
changing the first coefficient in the first calculation
circuit can be added. Also, preferably, a coefficient
changing circuit for changing the second coefficient in
the second calqulétion circuit can be added. There
variations in characteristics of the optical disc
apparatus, therefore the coefficients can be changed so
as to match the same with the characteristics of the
optical disc apparatus.

Further preferably, the coefficient is changed in
accordance.with the frequency bands of tﬁe detection
signals. Particulariy, the coefficients can be changed so
that the coeffioient becomes large in a low region.

Preferably, the light receiving meané has two light
receiving elements provided along a light axis of the
returned light; the first light receiving element is
provided so as to receive the returned light from the

recording surface of the disc recording medium from



- 6- Further, according to the present invention, there 1is provided
an optical disc apparatus having a disc recording nmedium an optical

pi ck-up, a signal calculation circuit provided outside of the optical

pi ck<up, and a tracking controlling nmeans for perforning the position
control of the optical pick-up to a predeterm ned track, wherein the
optical pick-up has an optical means T dt emtting a converged beamto a
recordi ng surface of the disc recording nmedium a |ight receiving nmeans
for receiving the returned light fromthe recording surface of the disc

recordlngﬁﬁgg LW%fiQQLEgﬁiQQSt ggqgﬁp tdéJ“hftﬂﬁbséﬁﬁﬁ?Qfth%h enter of

track of I'ScC Tecording nedl um an outputtlng t Irst and second
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recording surface of the disc recording medium f£rom
regions lacated at the two sides of to the center of the
track of the disc recording medium and output third and
fourth signals in an inverse phase relationship from
corresponding regions of the light axis; and the light
receiving means adds the first signal and fourth signal
in the same phase relationship, outputs the same as the
first received 1igﬁt detection signal, adds the second
signal and third signal which are in the inverse phase
relationship to the first received light detection
signal, but in the same phase relationship as each other,

and outputs the same as the second received light
detection signal.

When two light receiving elements are used as
mentioned above, thé common mode nolse rejection ratio
‘can be raised and the noise resistance raised.

According to the present invention, there is
proviﬂed a tracking control apparatus in an optional disc
apparatus, for reproducing a signal from and/or for
recording a éignal to a disk-like recording medium, said

tracking control apparatus comprising: a light collection



received |ight detection signal fromthe |light receiving neans and
subtracting a signal obtained by nultiplying a second coefficient with the
peak fromthe second received |ight detection signal to cal culate the
second calculation signal; and the signal calculation circuit

-7- has a third calculation circuit subtracting the second calculation
signal fromthe first calculation signal to calculate the tracking error

si gnal . The constituent el enents are divided as descri bed above and
further the tracking error signal is calculated by the above circuit

confi guratjon, andoysed1 iy 4 "AYHObEsh VOnEPPEaOkrom a 11dHtef erably,

a coefficient changing circuit for Tchanging the first coefficrent in the

first | cyl atj ' ' Ly, : ficient
changi ng. cFPRivE FaReERl e M tE BORE Lo AbaRnf BRAERYY m D1, "

CalCU|at|OQe8é£$Eh% %%%n%gi%g¥§¥19l§gefirst and second divided

light receiving element groups, for receiving a light beam
reflected at the disc-like recording medium to output
first and second light received detection signals
corresponding to regions positioned at both sides with
respect to a signal track center of the disc-like
recording medium, a first calculation means for
calculating a first calculation signal f£rom the first
received light detection signél detected at the light
receiving means bj using a first coefficient; a second
calculation means for caléulating a second calculation
signal from the second received light detection. signal
detected at the light receiving means by using a second
coefficient; a coefficient changing means for changing
the first and second coefficients; a thifd calculation
means for calculating a tracking error signal £rom the
first and second calculation signals; and a tracking
servo means for tracking-servo-controlling the light
collection means by using the tracking error signal
calculated at the third calculation means.

Preferably, the light collection means forms a single

light spot of the light beam on the disc-like recording

medium.



variations in characteristics of the optical disc apparatus, therefore the
coefficients can be changed so as to match the sane with the
characteristics of the optical disc apparatus. Furt her preferably,
the coefficient is changed in accordance with the frequency bands of the
detection signals. Particulariy, the coefficients can be changed so

that the coefficient becones large in a9 ow regi on. Preferably, the
| i ght receiving nmeans has two |ight recei ving el enents provided al ong a
i ght axis of the returned light; the first light receiving elenent is

provi ded so as tgq.recei ur ' t Lecot di surface
of the disc recogéfﬁ ﬁg%ﬁﬁgaéégﬁ Eﬁ%iééé*%iéiggggpgﬁggﬁg%éﬁ%' at the two
sides of the center of t.he

Fhee?, oL, BamERIu 8 el e Lt R R P e, o
coefficients in response to frequencies of the first and
second received light detection signals.

According to the present invention, there is also
provided.a tracking error signal calculation method for
calculating the tracking error signal in an optical disc
apparatus bhaving a light receiving means for outputting
first and seéond received light detection signals from
regions located at the two sides of the center of a track
of a disc-like recording medium, said method comprising
the steps of: detécting a peak of the first received
light detection signal f£rom the first received light
detectioﬁ signal and subtracting the signal obtained by
multiplying a f£irst coefficient with the peak froﬁ this
to calculate a f£irst calculation signal; detecting a peak
of the second received light detection signal from the
second received light detection signal and subtracting
the signal obtained by multiplying a éecond coefficient
with the peak from this to calculate a second calculation
signal; calculating on the first calculation signal and
the second calculation signal or one of them so that the
first coefficient and the second coefficient or one of them
changes in response to the frequency band; and generating

the tracking error signal by subtracting the second



provided so as to receive the returned light fromthe recording surface of
the disc recording nediumfrom regions |ocated at the two sides of to the
center of the track of the disc recording nediumand output third and
fourth signals in an inverse phase relationship from correspondi ng regi ons
of the light axis; and the |light receiving neans adds the first signal and
fourth signal in the sane phase rel atibhship, outputs the same as the
first received |light detection signal, adds the second signal and third
signal which are in the inverse phase relationship to the first received

| i ght detection_signal, but_in the same phase rel ationship as each other,

and out put SadalehiomSignat L5 FReefiEdt ralculddtian iohenaynal .

When two |ight receiving el enents are used as nment i oned above, the common
node noi se rejection ratio can be raised and the noise resistance raised.
According to the present invention, there is grovided a tracking control

apparatus in an GRIEBHDEIFCBREPTIGNpQF aTHE DRAM oduci ng a signal from
and/ or for recording a signal to a disk-like recording nmedium said
tracking control Thare aand etheri obdgots knghfeadiunas ioh the present

invention will become clearer from the following

descriptiqn of the preferred embodiments made with

referenee to the appended drawings, in which:

Fig. 1 is a wview showing a cross-section of a laser
coupler and a path of a beam with respect to a disc
recording medium located above ‘the same;

Fig. 2 is a plan view of three—division photodiodes
of two photodiodqé (£ront PD and rear PD) shown in Fig. 1;

Fig. 3 is a plan view of four-division photodiodes of
the photodiodes (front PD and rear PD) shown in Fig. 1;

Figs. 4A to 4C are views illustrating the operation
for detecting the traokiﬂg error signal when using the
four-division photodiodes shown in Fig. 3, in which Fig.
4A shows a state of detrgcking to the (+) side; Fig. 4B
shows an on-track séate: and Fig. 4C shows a state of
detracking to the (-) side:

Fig. 5 is a view illustrating the push-pull signal
when the object lens is deviated in a radial direction
{tracking directiqn):

Fig. 6 is a view showing a state where the spot of

the returned light on the photodiode shifts due to a



-9- means for collecting a light beamemtted froma light source
toward the disc-like recording nedium a |light receiving neans, conprising
first and second divided |ight receiving elenment groups, for receiving a
i ght beam reflected at the disc-like recording nediumto output first
and second |ight received detection signals corresponding to regions
positioned at both sides with respect to a signal track center of the
disc-like recording nedium a first calculation neans for calculating a
first cal culation signal fron1the first received |light detection signa

ggigﬁéed atg&%;I neans évagg g§€g§r3¥n H@ﬁi(ﬁ'rSt coefficient; a

|ng second ‘cal cul ation S|gnal from
t he second recelved I gpt det ecti on, si

det ect ed at ht rece|V|ng
means by using & &coh coe???gl eﬁ’f‘owgngo&a icrent” &an% vﬁav?rgans f or

changing the first_and oeff|C|ents athird calculatlon means for
cal cul ati ey A& +g- e?g Fdfal *Ffom t he '

Fig. 8 is a view showing a circuit of a first
embodiment for calculating the tracking error signal of
the presént inventiqn:

Fig. 9 is a view showing the circuit of a second
embodiment for calculating the tracking error signal of
the present invention;

Fig. 10 is a view of an actual circuit configuration
of a signal processing circuit in a laser coupler LC;

Fig. 11 is g.view showing the circuit of a third
.embodiment for calculating the tracking error signal of

the present invention;

Fig. 12 is a view showing the circuit of a fourth
embodiment for calculating the tracking error §ignal of
the present invention:

Fig. 13 is_a graph illustration the frequency
dependency of the TﬁP calculétion coefficient;

Fig. 14 is a view showing a detailed circuit of a
circuit of a fourth embodiment for calculating the
tracking error signal of the present invention, and the
circuit of the related parts;

Fig. 15 is an operation timing chart for making the

sled perform a track Jjump operation; and



first and second cal cul ation signals; and a tracking servo nmeans for
tracki ng-servo-controlling the light collection nmeans by using the
tracking error signal calculated at the third cal cul ati on neans.

Preferably, the light collection neans forns a single i ght spot of the
| i ght beam on the disc-like recording j;3medium :
- 10 - Al so, .preferably, the coefficient changi ng means conprises

a circuit for changing the first and second coefficients in response to
frequencies of the first and second received |ight detection signals.

According to therpgesast isneertinihg tdledet | ShawsAg RheViogedat ildradd Ng
error signal calculation nethod for- calculating the tracking error signa

in an opti¢Rk RidalelpRAr Usedy i dgnBrdight receiving neans for outputting
first and second received |ight detection signals from

DESCRIPTION OF THE PREFERRED EMBODIMENTS

As an embodiment of the preSent.invention, as the
optical disc apparatus, for example, an optical-magneto
{(magneto-optical) disc apparatus, CD, CD-ROM, efc. may be
mentioned. As the tracking error signal calculation
circuit of the present invention, a oclrcuit for
calculating the tracking error signal used in the
tracking servo control of these optical disc apparatuses
etc. may be mentiohed.

First, in order to facilitate clearer understanding
of the present invention, an explanation will be made of
the basics of a tracking error signal used for example in
a magneto-optical disc apparatus or CD or CD-ROM or other
optical disc apparatus.

Laser Coupler I.C

Figure 1 is a view of a cross-section of a laser
coupler LC mounted on an optical pick-up and the path ﬁf
a beam with the disc recording medium (not illustrated)
located above it.

~The laser coupler LC is provided with a

semiconductor laser LD, two photodiodes PD1l and PD2, and

a microprism 1.



regions |l ocated at the two sides of the center of a track of a disc-like
recordi ng medium said nethod conprising the steps of: detecting a peak of
the first received |ight detection signal fromthe first received |ight
detection signal and subtracting the signal obtained by nultiplying a

first coefficient with the peak fronttgis to calculate a first calculation
signal; detecting a peak of the secon 4'rébeived | i ght detection signal
fromthe second received |light detection signal and subtracting the
signal obtained by nmultiplying a second coefficient wth the peak from

thi's to cal culatg,a S9eAUbGAE Y FdeMs F5 WBLroBL AU TRLR0 ALADR, 114 St

cal cul ati on signa t he second cal cul ati on signa one of them so
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ency generating "the tracking
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surface 1d. A half mirror layer 1f is coated on the 45
degree inclined surface la, a full reflection mirror
layer 1g'is coated on the upper surface 1lb, an AR (anti-
reflection) coating layer lh is coated on the lower
surface lc, and a full surface absorbing £ilm 1li is
coated on the back surface 1ld. Further, a half mirror
layer 1j is arranged on the lower surface of the
microprism 1 above where the photodiode PD1l is arranged.

The two phqfodiodes PD1 and PD2 are arranged at the
lower surface of the microprism 1 spaced a predetermined
distance from the same so as to be able to detect signals
with a predetermined phase difference. The light emitted
from the semiconductor lasexr LD is reflected at the half
mirror layer 1f on the inclined surfacé ;a of the
microprism.l and is direcfed toward a not illustrated
disc recording mediﬁm above this. The returned light
reflected at the disc recording medium enters into the
microprism 1 from the half mirxror layexr 1f on the
inclined surface la of the microprism 1 and strikes the
photodiode PD1 (front PD). The light reflected from there
is reflected at the upper surface of the microprism 1 and

strikes the photodiode PD2 (reaxr PD).



BRI EF DESCRI PTI ON OF THE DRAW NGS These and ot her objects and

features of the present invention will becone clearer fromthe foll ow ng
description of the preferred enbodi ments nade with reference to the
appended drawi ngs, in which: Fig. 1 is a view showing a

cross-section of a laser coupler and ﬁ path of a beamw th respect to a
disc recording nedium | ocated above t 3 sane; Fig. 2 is a plan view
of three-division photodi odes of two photodi ode~s (front PD and rear PD)
shown in Fig. 1; Fig. 3 is a plan view of four-division photodiodes

of the photodi ofgsebl B9 SRR J124 Ao LfoFi §1ghal Figs. 4A
to 4C are views T1lTustrating the operation or detecting e tracking
error signal wh -Bg ot f Al did4 S ' ) LWh Fig. 3. in
which Fig. 4A chigargdz gt%eao;ﬁic?ex?r%ic |%E%W%ﬁgﬁ{()€)€ g?ﬁ‘g%@ghg_ 4B shows
an on-trac : d.Fi f etrackihng h -)
si de; 5’“8%&?3"‘1%% é‘@ aeq%/iafagvcv?ﬁ@%ﬁ?‘lﬁ%&?ﬁepggshﬁ&ﬂﬂsistél%é'{“ E‘fu{/\/nen t he

obj ect Ienﬁils Qeviated in a radial direction (tracking direction);
Fig. 6is a 9Femfshomﬁng a state where the spot of

The photodiodes PD1l and PD2 are respectively divided
into threé regions: RA, RB, and RC and RA', RB', and RC'.
The regions are divided by a division line extended along
a direction orthogonal to the direction in which detracking
occurs. The center regions RB and RB' have the same supface
areas, the regions RA and RA' on the outside thereof have
the same surface areas, the regions RC and RC' have the
same surface areaé, and the surfAGe areaslof the regions
RA and RC and regions RA' and RC' are the same. Further,'
the surface areas of these regions are defined so that
the'émount of light received at the rggion RB (RB') is
equal to the sum of the amouhts'of lights received at the
regions RA and RC (RA' and RC') at the time of an on-track
state.

Inla three-diéision.system tracking error signal TE,
the center region RB corresponds to the track centef. The
occurrence of detracking either above or below this
region RB is detected, so in the same way as a two-division
photodiode, the difference of the detection signals of
the oufside regions RA and RC (A-C), tha? is, a push-pull

signal, 1s calculated.



the returned Iight on the photodi ode.shifts due to a

- 12 - radi al skew of the disc recording nmedi um Fig. 7is a
graph showi ng various signal waveforns shown in Fig. 4A to Fig. 4C
Fig.-8 is"a viewshowing a circuit of a first enbodinment for cal cul ating

the tracking error signal of the prqsqg%_jnvention; Fig. 9is a
view show ng the circuit of a second eéenbodinent for calculating the
tracking error signal of the present invention; Fig. 10 is a view

of an actual circuit configuration of a signal processing circuit in a
| aser coupl er LCFour-divﬂﬂﬁbn!éyéééﬁ-ff&&kﬁﬁﬁ“hﬂﬂgkh%ﬂgd%¥“t of a third
enbodi nent for calculating the tracking error signal o the present
I nvention; rigute ¥ 45 & YW v10W 88 EBBrCHAGHsi o phdiiidaes
used as the photodiodes PD1 and PD2 shown in Fig. 1.

Referring to the photodiode PD1l (front PD), the
surface areas of the center region RB and center region
RC are edual, and the surface areas of the outside regibn
RA and outside region RD are equal. The amounts of the
light received at the regions RB and RC are defined so as
to become the same as those of the light received at the
regions RA and RD at the time of an exact focus. The
signals Al, A3, A4, and A2 are detected from the regions
RA, RB, RC, and Rﬁ of the front PD.

In the same way as above for the photodiode PD2
{(rear PD), the surface areas of the center region RB' and
center region RC' are equal, and the surface areas of the
outside region RA' and outside region RD' are equal. The
amounts of the light received at the regions RB' and RC’'
are defined so as to become the same as those of the
light received at the regions RA' and RD' at the time of
an exact focus. The signals Bl, B3, B4, and B2 are
detected from the regions RA', RB', RC', and RD' of the
£front PD.

In the embodiment, since the division reglons of
the photo-diodes PD1l and PD2 are defined on the basis of

the amount of the received light when the focus error



enbodi nent for cal culating the tracking error signal of t he present

I nventi on; Fig. 13 isa graph illustration the frequency
dependency of the TPP cal cul ation coefficient; Fig. 14 is a view

showrng a detailed circuit of a circuit of a fourth enbodi nent for
cal culating the tracking error signal of the present invention, and the

circuit of the related parts; #lg 15 is an operation timng chart
for making the sled performa track junp operation; and
- 13 - Fig. 16 is a timng chart showi ng the operation of the

1 Sl 20 RlREL 6a500 Sacuarc o PEE TN 68 i RESIER,
gf’ts'ccg:opg'rg unggBﬁt @ @Bf%@é&eﬁgaep{:hgah.lgﬁgn%te%eigm%egf&txé cal)

Figure 4 is a view illustrating the operation for
detecting the tracking error signal TE when using the
four-division photodiodes PD1l and PD2. Figure 4A shows a
state ofldetracking to the (+) side: Fig. 4B shows an on-
track state; and Fig, 4C shows a state of detracking to
the (-) side.

Whether the apparatus is in the detract or om-track
state is judged by dividing each of the photodiodes PDL
and PD2 into two, i.e., the center left and right
regions, and using the difference of the distribution of
intensity of the primary diffraction light on these
photodiodes PD1l and PD2. At the on-track state, the
center of the divided regions of these photodiodes PD1l
and PD2 is located at the centexr of the track.

The‘photodiodes PD1l and PD2 are arranged so that the
detection signals f£rom the same divided regions have an
inverse phase relationship with respect to the returned
light. Accordingly, the tracking error signal TE when
using two photodiodes PD1l and PD2 is calculated by adding
(A2 + A4) and (B1L + B3), which are signals having the
same phase relationship, to calculate the first sum
signal E, adding (Al + A3) and (B2 + B4), which are

signals similarly having the same phase relationship, to



mentioned. As the tracking error signal calculation circuit of the present
i nvention, a circuit for calculating the tracking error signal used in the
tracking servo control of these optical disc apparatuses etc. may be

ment  oned: First, in order to facilitate clearer understanding of

t he present invention, an explanation\ﬁl | be made of the basics of a
tracking error signal used for exanpleih ™ a magneto-optical disc apparatus
or CD or CD-ROM or other optical disc apparatus. Laser Coupler LC
Figure 1 is a view of a cross-section of a |laser coupler LC nounted on an

opti cal pi gigﬁéggcgegmb&%&&& st DERGYLLP ! BEaTbSG oBha) g, dTedi um (not

illustrate ove e laser oup er I'S provided

with a  SgiiCondyst o J ASEl dd of YEnRUE! 88hOYS§nETE and PD2. and  a

mcropris

In this way, signals having the same phase
relationship are added so as to improve the common mode

noise rejection ratio.

E = A2 +«+ A4 + Bl + B3 (1)
F = Al + A3 + B2 + B4 (2)
PP = E - F

(A2 + A4 + Bl + B3) - (Al + A3 + B2 +B4)

(3)

A differential amplification circuit 19 calculates
the tracking error signal TE by the push-pull system
shown ;n Equation 3.

As shown in Fig; 4B, the intensity distributions of
‘the two primary diffraction lights become equal at the
time of an on-track state, therefore the difference
théfeof, i.e., the tracking error signal TE, becomes 0.

As shown in Fig. 4A or Fig. 4C, the tracking error
signal TE at the time of a detracking state exhibits a
éolarity of either of (+) or (-) since there is no
primary diffraction light in the radial direction of
elther of (+) oxr (-).

D c -

Below, a description will be made of the problems



- 14 - The mcroprism1l has a 45 degree inclined surface la for
receiving the light fromthe sem conductor |aser LD, an upper surface 1b,
a lower surface la, and a back surface 1d. A half mrror layer 1f is
coated on the 45 degree inclined surface la, a full reflection mrror

| ayer ig is coated on the upper surface 1lb, an AR (anti- reflection)
coating layer 1h is coated on the | oiert? surface 1c, and a full surface
absorbing film1li is coated on the back surface 1d. Further, a half mrror
| ayer 1j is arranged on the |l ower surface of the mcroprism1 above where

t he phot od| PDL,i s arnan ed t wo phot odi odes PD1 and PD2 are
arranged atg?ﬁg E%amefgsur “Shfp?h% %Y%E%pflSﬁ]l spaced a predeterm ned

di stance fromth abl e pLo.detect signals

pr edet er mi ned ph§§ g?#%%?%ﬁ%% %5T+g%% %ﬁ???%&g F%ERFEE& 5@1?3Hﬂuctor

| aser LD | refl t.he hal f rror r the incljined surface
| a of the H18r§§%€%né? éb%ﬁ?g 8Bstﬁﬂa¥§ kﬁ&&ﬁﬁl%iﬁﬁ%ﬁ%ﬁ? di sc
recordi ng zgdlun1above thls The returned light reflected at the disc
recording fEFRGHOR dreatioRhe nicr oprism1 fromthe half mrror |ayer

1t on the Figure 5 is a view illustrating the push-pull signal
when thelobject lens 5 is deviated in the radial
direction (tracking direction).

When the object lens 5 shifts in the radial
direction with respect to the disc recording medium 3,
the returned lights on the photodiodes PD1 and PD2 are
shifted as well, the intensity distributions of the
photodiodes PD1 aﬁd PD2 become unbalanced, and a DC
offset is caused in the push-pull signal. As a result, if
the tracking servo control is performed using this push-
pull signal, accurate tracking control cannot be carried

out.

Second Problem: Offset of Tracking Errof Signal Due
to Radial Skew

Figure 6 is a-view of the state where the spots of
the returned lights on the photodiodes PD1l and PD2 shift
due to a radial skew of the disc recording medium 3.

When the di#c recording medium 3 is skewed in the
radial direction, the intensity distributions of the
returned lights striking the photodiodes PD1 and PD2

become unbalanced and a DC offset occurs ih the tracking



inclined surface la of the mcroprism1 and strikes the photodi ode PDl
(front PD). The light reflected fromthere is reflected at the upper
surface of the mcroprism1 and strikes the photodi ode PD2 (rear PD).

- 15-- N Three-di vision System Tracki nc Error Signal Figure 2
Is a plan view of the three-division photodiodes used as the phot odi odes
PD1 and PD2 shown in Fig. 1. THS phot odi odes PD1 and PD2 are

respectively divided into three regions: RA, RB, and RC and RA', RB', and
RC . The regions are divided by a division |ine extended along a

o ecti on oLhaognih boshhe f iEelLAn LY YELE"ISHLAK e ES. The

he sane’surrace eas, e regs%ns RA and
RA" on the outside ther ay, t he,_s eas, the regi ons. RC and
RC have tﬁ5r°§aﬁ‘6‘ g@%{:ﬂ s ‘aaﬁﬁe gﬁ?f% Z‘t’i B SR ST s
and RC and re i RA and @F ar e lhg sa@e. Furt her,
can e correctly carried out.

An actual laser coupler LC rotates 45 degrees with
respect to the pit. As a result, even if the disc
recordiné medium 3 is skewed in the tangential direction,
a DC offset occurs in the tracking error signal TE.

_Tﬁe amount of the offset becomes 1/1.41 in both of
the radial direction and tangential direction since the
laser coupler LC rotates by 45 degrees.

Due to the skew of the disc recording medium 3
mentioned above,,in the same way as the case where the
object lens 5 skews with respect to the disc recording

medium 3, a DC offset will occur in the tracking error

signal TE.
Principle of Pres vention: Top Ho -pull
System

A description will be made next of the principle of
the present inventién for cancelling the offset due to
the movement of the field of vision of the object lens
explained above.

As the optical disc apparatus of the present
‘invention, for example, a magneto-optical disc apparatus or
CD or CD-ROM apparatus may be mentioned. Further, as the

tracking error signal calculation circuit of the present



the surface areas of these regions are defined so that the anount of |ight
received at the region RB (RB') is equal to the sumof the anmpbunts of
lights received at the regions RA and RC (RA and RC ) at the tinme of an
on-track "state. In a three-division systemtracking error signal

TE, the center region RB corresponds 1p the track center. The

occurrence of detracking either above or below this region RBis
detected, so in the same way as a two-division phot odi ode, the difference
of the detection signals of the outside regions RA and RC (A-C), that is,

a push-pullnyeitdRAH, 4 oAbt ab&¥culating the track -
16 - ISP Vision System Tracking Error Sgnalne T Figure 3 is a

Chnn') B o sLgpRRokadRdey el Sl ollagee Fo1 o PO
optical disc apparatus may be mentioned.

Figure 7 is a graph showing a waveform of an RF
envelope signal of the first sum signal E (= A2 + A4 + Bl
+ B3) shdwn in Figs. 4A to 4C and Equation 1;

A curve CV1l indicates a peak change of the RF
envelope of the first sum signal E, due éo the deviation
of the object lens, skew, etc. The peak width is
indicated as a.

A curve CV2 1s a waveform of the signal when low
pass filtering is.applied to the tracking error signal TE
used when applying the track servo control in the push-
pull system.

A curve CV3 indicates the change of offset of the
tracking error signal actually used. The Signal thexreof
is defined as A, and the width thereof is defined as b.

In order to cancel the DC offset due to the shift of

the object lens 5 of the skew of the disc recording

medium 3, it is sufficient to subtract the offset width

(=2

indicated by the curve CV3 from the value indicated by
the curve CV2. ’

While the description was made above of the
cancellation of the offset for the first sum signal E,

the same applies for the second sum signal F.



surface areas of the center region RB and center region RC are equal, and
the surface areas of the outside region RA and outside region RD are
equal . The anounts of the |ight received at the regions RB and RC are
defined so as to becone the sane as those of the |light received at the
regions RA and RD at the tinme of an exgg? focus. The signals A, A3, A4,
and A2 are detected fromthe regions RB, RC, and RD of the front PD
In the same way as above for the photodiode PD2 (rear PD), the surface
areas of the center region RBE and center region RC are equal, and the

f f | | | on, |
The amounts of t%“‘ef‘.l‘%ﬁﬁ%%%‘é?ﬁ%h‘*%{‘%?ﬁé‘aﬁ‘%&%ﬁ?*%E’;E“ﬁ%"%cﬁ%a?%gdiﬁi’ﬁed
SO as to be{;ﬁi@fﬂ‘@eﬁagﬁt@i biresery atxl%e di ot &eﬁ&‘rﬂ gﬁeggﬁ regions RA

and RD at an exact ocus The signal s and B2 are
det ect ed fron1t e reqgio

In the embot n?pesg%cgEF%iESQBﬁugﬁgr qur}aon‘l‘?]s ot n&) ﬁ‘] ﬁo? °I§D1 and
fggugfgrfg:weedsggoa R TAREAL W S PR NG Lusght when the

removed f£rom the tracking error signal.

Fi‘ t _Embodiment: Basic eration and Basic Circuit

Beloﬁ, a detailed description will be made of a
basic circuit of the first embodiment of the present
invention and the operation thereof.

A constant K is determined so that the offset b
becomes the product of the coefficient K and peak a, that
is, b becomes equal to K x a, under the above conditions.
Note that K < 1. The signal obtained by cancelling the
offset can be represented as (A - Ka). A denotes the
first sum signal E or the second sum signal ¥. In the
present invention, (A - ka) is used for the calculation
-of the tracking error signal TE as the revised first sum
signal or revised second sum signal.

Figure 8 is a view of a basic circuit 20 (circuit of
the first embodiment) for calculating the tracking error
(TE) signal obtained by performing the offset correction
mentioned above.

Assume that the first sum signal E and the second
sum signal F are calculated at circuits including the

operation circuit 19 1illustrated in Fig. 4.



- 17 - signal can be calculated on the basis of .the signals Al to A4
and Bl to B4 detected at the |ight receiving regions. Figure 4 is a
view illustrating the operation for detecting the tracking error signal TE
when-usi ng the four-division photodi odes PD1 and PD2. Figure 4A shows a
state of detracking to the (+) side; Figs 4B shows an on- track state; and
Fig, 4C shows a state of detracking to the (-) side. Whet her the
apparatus is in the detract or on-track state is judged by dividing each
of the photodi odes PD1 and PD2 into two, i.e., the center left and right

regions, and usi Rthd heo iﬁéﬁaeﬁﬁehoﬁume(d:w)r ISAYd0N H1curdenshty of the
primary diffraction light on these photodi odes PD1 and PD2. At the

on-track stahguiteoCoRbeh oh Fhig.disvided 404 Fite UpdieeLonheipdiedes PDL
and PD2 is located at the center of the track. The phot odi odes PD1

and PD2 ar g qardigiigedi gorifatl uhg) qet agidon signals fromthe sane divided

regi ons have an 1nverse phase rélationship with respect to the returned
This top hold push-pull (tracking error) signal

calculation circuit 20 has a top hold constant
multiplidation clircuit 22 which detects the peak a of the
first sum signal E, holds this, and multiplies the
constant K with the result thereof, a differential
amplification circult 24 for calculating.(E - Kx a), a
top hold constant multiplication circuit 26 which detects
the peak a' of the first sum signal F, holds this, and
multiplies the cqﬁstant K ﬁith it, a differential
amplification circuit 28 for calculating (F - K x a'),
ﬁnd a differential amplification circuit 30 for
performing the push-pull operation on these calculated
signals. The tracking error signal is output from the
differential amplification cirocuit 30. |

This tracking error signal calculation circuit 20
uses the peak hold constant multiplication circuits 22
and 26 for detecting the change of peak and multiplying the
coefficient K with it so as to calculate (E - K x a) and
(F - K x a').

(E - K x a) will be referred to as the first sum
signal after top hold processing (abbreviated as the top

hold f£irst sum signal) TPP (E), and (F - K x a') will be



i ght. Accordingly, the tracking error signal TE when wusing two
phot odi odes PD1 and PD2 is calculated by adding (A2 + A4) and (Bl + B3),
whi ch are signals having the same phase relationship, to calculate the
first sum signal E, adding (Al + A3) and (B2 + B4), which are signals
simlarly having the same phase rel atignpship, to cal cul ate
the second sumsignal F, and perform ng the push-pull processing of these
sum si gnal s. In this way, signals having the same phase

rel ati onship are added so as to inprove the commobn node noise rejection

ratio. refefred %ot ad theBketbdh#t sum signal after top hold(1l) F
= A + A3+ B2 + B4 (2) PP=E- F

?3§A2 + MpitoBdsEiRld) (abtlevidted £2 €18¢)top hold second sum
signal) TPP (F), the constant K will be referred to as
the TPP calculation coefficient, and the tracking error
signal calculated at the circuit 30 will be referred to
as the tdp hold tracking error signal TPP (TE). In this
top hold tracking error signal TPP (TE), the offset is
cancelled according to the above principle.

Further preferably, a low-pass filter circuit 32
provided in the rear of the circuit 30 is provided and a
top hold tracking error signal TPP (TE)' passing the low
frequency componeﬁt of the top hold tracking error signal
TPP (TE) f£rom the circuit 30 is provided. |

In the subtraction circuit 36 of Fig. 8, an
alignment signal AL obtained by subtracting the second
sum signal F f£from the first sum signal E can be
calculated. A desor;ption will be madelléter of the

utilization of the alignment signal AL.

Circuit of Eméogimegt 2

Figure 9 is a view of the circuit configuration of a
second embodiment for calculating the top hold push-pull
signal, that is, a top hold tracking error signal TPP
(TE), from the top hold first sum signal TPP (E) and the
top hold F signal TPP (F) obtained at the top hold push-

pull éignal calculation circuit 20 shown in Fig. 8.



A differential anplification circuit 19 calculates the tracking error
signal TE by the push-pull system shown in Equation 3. As shown in
Fig. 4B, the intensity distributions of the two primary diffraction lights
becone equal at the tinme of an on-track state, therefore the difference
thereof, i.e., the tracking error signgle TE, becones O. As shown in
Fig. 4A or Fig. 4C, the tracking error signal TE at the tinme of a
detracking state exhibits a polarity of either of (+) or (-) since there
IS no primary diffraction light in the radial direction of ei t her of

(+) or (-). The Bekealit Fonfugurmitiomwysitdttrated iBEFRY. @ is

description will be nmade of the problens

= igkl- g E?igg;sgfeg)n aclafnstﬂa%ﬂw -t | e 2YE1 681 adjustmEntSoP @R &lindd fset of

tracking error (TE) signal while making possible the output
of the signal which becomes the base from the laser
coupler LC as much as possible considering the fact that
there are limits to the parts accommodated in the laser
coupler LC.

The laser coupler LC accommodates the laser LD,
photodiodes PD1 and PD2, and microprism 1 shown in Fig.
1. Further, the laser coupler LC accommodates the object
lens 5 to amplification circuit 19 illustrated in Fig. 4
and the top hold,cbnstant multiplication circuits 22 and
26, amplification circuits 24 and 28, calculation circuit
30, LPF 32, and alignment signal AL calculation ocircuit 36
shown in Fig. 8. Namely, the laser coupler LC calculates
the top hold f£irst sum signal TPP (TE) and the top hold
second sum signal TPP (F) and further calculates (E
signal - F signal) as the alignment signal AL. These

signals TPP (E), TPé (F), and AL are basic output signals

as the laser coupler LC.

TPP (E) = K x E,, - E (5)

TPP (F) = K x F,, - F | (6)

AL = E - F (7)
Where, E,, 1s a peak holding value of the E

signal,



to a Shift of the Object Lens in the Radial Direction (Tracking Direction)
Figure 5is aviewillustrating thepush-pull signal when the object lens 5
is deviated in the radial direction (tracking direction). When t he
object lehs 5 shifts in the radial direction with respect to the disc
recording medium 3, the returned |ights,on the photodi odes PD1 and PD2 are
shifted as well, the intensity distributions of the photodi odes PDl1 and
PD2 become unbal anced, and a DC offset is caused in the push-pull signal.
As a result, if the tracking servo control is performed using this push-

pull signal, accurate trackimq(;gnéobesﬁnﬁgidgg Canh@d ofOUthe F
Second Problem Offset of Tracking Error Signal e ‘to Radial Skew

Figure 6 is a view of the stag;f%,ygji_@,reaﬂ@e spots of the returned lights on
t he phot odi odes PD1 and PD2 shitt due to a radial skew of the disc

recordi ng medi um 3. WWeps therphhSga§ 8090 ¢EBE BBdir¥ N3 dne skewed in

t he radial direction, the intensity distributions of the ret urned

lights striking the photodi odes an(ﬁng f?@ become unbal anced and a DC
of fset occurs in the tracking

At the time of.calculation of the finél tracking
error (TE) signal, there 1s a high possibillity of
adjustment of gain. Therefore, resistors 42 and 44 having
a resistance vaiue R1 and a radio frequency integrated
circuit RFIC are provided at the outside of this laser
coupler LC. The radio frequency integrated circuit RFIC
is provided with_é differential amplification circuit 50,
a negative feedback resistor 46 thereof, and a resistoxr
48. The resistance values of the negative feedback
resistor 46 and the resistor 48 are R2.

| The top hold tracking error signal TPP (TE) is
represented by the following eqﬁation:

TPP (TE) = (R2/R1l) x [(K x F,, -~ F) - (K x E, - E)]

= (R2/R1) x [(E-F) - K(E, - F)]

(8)

In the circuit of Fig. 9, i1f the resistance wvalues
R1 and R2 are appropriately adjusted at the outside of
the laser coupler LC, the gain can be changed and a top

hold tracking error signal TPP (TE) in which the gain is



- 20 - error signal TE. As a result, when using the tracking error
signal TEin this state, the tracking servo control cannot be correctly
carried out. An actual |aser coupler LC rotates 45 degrees with
respect to the pit. As a result, even if the disc recording nedium3 is
skewed in the tangential direction, a DC offset occurs in the tracking
error signal TE The amount of " th& offset becomes 1/1.41 in both of
the radial direction and tangential direction since the |aser coupler LC
rotates by 45 degrees. Due to the skew of the disc recording nedium

3 tioned ab in th th the object lens 5
Skews wi th BERRAIT S he 81 0e PACEPH: RS PREIIING, a DC of fset will G

) occur
|0 the tracking e(gla, %903k Frocessind Culls® ¥ ALESEoLHYENt g™

Figure 10 is a view of the circuit configuration of

an actual signal processing circuit in the laser coupler
LC.

Thé detection signals from the front PD and rear PD
are respectively amplified up to the predetermined signal
levels in a current/voltage conversion and amplification
circuit I-VAMP accommodating a current/voltage (I/V)
conversion circuit and an amplification circuit (AMP).
The above signals, SPD1l, SPD2, E, and F are calculated at
a sum operational amplification circuit SUMMING AMP.
Further, the alignment signal AL is calculated in the
operational amplification circuit AMP (AL), the top hold
first sum signal TPP (E) is calculated in the operational
amplification circuit AyP (E), and the top hold second
sum signal TPP (F) is calculated in the operational
amplification cirocuit AMP (F).

In the sum opération circuit SUMMING AMP, a bilias is
added from a blas circuit BIAS.

c o mbodiment

Figure 11 is a view of the circuit conf;guration of
a third embodimént for oalculatiﬁg the top hold tracking
erroxr (TPP (TE)) signal from the top hold f£irst sum

signal TPP (E) and the top hold second sum signal TPP (F)



System A description wll be nade next of the principle of t he
present invention for cancelling the offset due to t he novenent of the
field of vision of the object |ens expl ai ned above. As the
opttcal disc apparatus of the present i nvention, for exanple, a
magnet o- opti cal di sc apparatus or CD_or CD- ROM appar atus may be
nmentioned. Further, as the tracki ng &by or signal calculation circuit of

the present _ _ - 21 - i nvention, a
circuit calculating the tracking error signal used in the tracking servo

control in these .optical disc r _ b i Figure 7
is a lgrzép?°gﬁgw(ﬁ8 %ttw%\%‘e g:ro 3}%)12% %& e%%%o%égglg%ngﬁﬁgg &R rst sum
si gha =, + + Bl + B3).sho in Figs. 4A to 4C and Equation 1.
A_curre CVTIFHHFEQ?QSS cB'athﬁgﬁﬁéW%T the RF envel ope of the first sum
signal E, due tOTLQEST?Q&¥E‘%k Fig. 11 is a circuit for

substantially changing tlie TPP calculation coefficient K in
the circuit illustrated in Fig. 9.

Thé léser coupler LC shown in Fig; 1, as shown in
Fig. 8 and Fig. 11, outputs the top hold first sum signal
TPP (E), the top hold second sum signal TPP (F), and the
alignment signal Apf

In order to calculate the top hold tracking error
signal TPP (TE), resistors 42 and 44 of a resistance
value R1, a resiséor 45 of a resistaﬁce value R3, and the
radio frequency integrated circuit RFIC are provided
outside of the laser coupler LC. The differential
amplification cirocuit 50, the negative feedback resistoxr
46 thereof, and a positive feedback resistor 48 are
provided in the radio frequency integrated circuit RFIC.
The resistance values of the negative feedback resistor 46
and the positive feedback resistor 48 are R2.

In the circuit illustrated in Fig. 11, a resistor 45
of a resistance value R3 for adding the alignment signal
AL to the top hold first sum signal TPP (E) and applying
the same to the inversion terminal (-) of the
amplification circuitlso is added to the circuit

illustrated in Fig. 9.



of the object lens, skew, etc. The peak width is indicated as a. A
curve CV2 is a waveformof the signal when low pass filtering is applied
to the tracking error signal TE used when applying the track servo control

in the push- pull system A curve CV3 indicates the change of
offset of the tracking error signal actually used. The signal thereof is
defined as A and the width thereof is%fefined as b. In order to

cancel the DC offset due to the shift of the object lens 5 or the skew of
the disc recording nedium3. it is sufficient to subtract the offset width

Whil6 the descri BRFoR Raecd AROVENT SFHEF LIghad, BRpl ey St of  cot

. on S made "above . ncel %he offset
for the 11 LabrWT V' y fene +0£1541Eg0RLAETORYr the second sumsignal F.
TPP (TE) = (R2/R1) x [(E-F) - K(E,-F,)]

- (R2/R3)(E-F)

(R2/R1) = [(E-F) - (R2/R3)(E-F)]

]

- (R2/R1) [K(E,-F,,)]

[(R2(R3-R2))/(RIR3)] (E-F)-K," (E,-
Frp) 1

(9)
Where, K,' = (R3(R3-R2) x K.

The circuit'illustrated in Fig. 11 has the advantage
that the TPP calculation coefficient K can be made larger
when compared with the circuit illustrated in Fig. 9
since the constant (coefficient) which becomes K, ' =
(R3/(R3-R2) x K is multiplied with (E,-F,).

The optimum value of the TPP calculation coefficient
K is different according to the optical disc apparatus due
to inherent-variatiéns in characteristiocs of individual
optical disc apparatus. However, the TPP calculation
coefficient is set .constant in the laser cdupler LC,
therefore is usually fixed for all optical disc apparatus
of the same model. Therefore; in the adjustment stége,
where it is desired to change the same to the optimum TPP

calculation coefficient XK (where it is desired to make



In the present invention, the push-pull signal is calculated after offsets
are subtracted fromthe RF envelope of the first sumsignal E and the RF
envel ope of the second sumsignal F. As a result, the offset is renoved

fromthe tracking error signal. Fi rst Enbodi nent: Basic Oneration
and Basic Crcuit Bel ow, a detai#ed description will be nmade of a
basic circuit of the first enbodi ment” of“t he present invention and the

operation thereof. A constant Kis determned so that the offset b
becones the product of the coefficient K and peak a, that is, b becomes

I K ' T | I
obt ai ned byt’ﬁcanc%%“?ﬁg %‘Etaﬁ°¥?r§§”ggﬁ*§@SPrp§%'§tni aftsfarte) Fn8g0"e
d t th t h t
mvent 1 on, SRRty YR TEEABNE BpokiBeaiAUh M TN bk Tp, 07 °°"
i gure 8 | % YREREISS baeFochp r”bﬁ“@%o%@ccf’c’?%%ﬁe R R P

enbodi ment),_ _for, cal cul ati tracki ng error (TE) signal obtained by
perforn1ngﬁﬂﬁa%ﬁ?%ﬁtcﬁﬂPEEEtpgn nenti oned above

Further, it 1is also possible to set the outer
attached‘resistors 42, 44 and 45 of the laser coupler LC
and the radio frequency integrated circuilt RFIC as variable
resistors and to adjust their resistance values to
apﬁropriately adjust the TPP calculation coefficient K,
in other words, the gain of the top hold first sum signal
TPP (E).

The resistqfs 46 and 48 illustrated inside the radio
frequency integrated circuit RFIC in Fig. 11 can be
provided outside as well. This is because not only does the
provision of the resistors 46 and 48 outside of the radio
frequency integrated circuit RFIC make the gain
adjustment resistors variable and raise the degree of
freedom of the gain adjustment, but also there are céses
where it is n@t preferred to:include the resistérs 46 and
48 having large resistance values in the IC circuit of
the radio frequency integrated circuit RFIC.

Circuit of Embodiment 4

Figure 12 is a view of the circuit configuration of
a fourth embodiment for calculating the top hold tracking

error {(TPP (TE)) signal from the top hold f£irst sum



Assune that the first sumsignal E and the second sum signal F are

calculated at circuits including the operation circuit 19 illustrated in
Fig. 4. - 23 - The top hold
push=-pul I (TPP) signal calculation circuit 20 showmn in Fig. 8 replaces the
operation circuit 19 shown in Figs. 4£{R to 4(C). This top hold
push-pull (tracking error) signal cal ation circuit 20 has a top hold

constant nultiplication circuit 22 which detects the peak a of the first
sumsignal E, holds this, and nultiplies the constant Kwth the result

Ler ool s 5 aﬂﬁm"ﬁ BhBCkPPOROLFr ArpRds < LA LA {F) poak

L oo R bop ReT bfsR PR 5%'“""65 WA (F - K x

a'), and a cf%ggf¥€¥3'§how klf%ggﬁlgq circuit 30-for

The circuit of Fig. 12 is a circuit enabling the TPP
calculation coefficient K in the circuit illustrated in
Fig. 9 té be made small.

The optimum value of the TPP calculation coefficient
K differs according to the optical disc apparatus due to
inherent variations of characteristics of individual
optical disc apparafus. However, the TPP calculation
coefficient is set constant in the laser coupler LC,
therefore is usually fixed for all pptical disc apparatus
of the same model. Therefore, in the adjustment stage,
where it is desired to change the same to the optimum TPP
calculation coefficient K (where it is desired to make
the coefficient K large in the present embodiment), the
circuit cqnfiguration'of Fig. 12 is adopted.

The laser coupler LC outputs the top hold fixrst sum
signal TPP (E), top.hold second sum signal TPP (F), and
alignment signal AL.

: In order to calculate the top hold tracking error
signal TPP (TE), resistors 42 and 44 of a resistance
value R1l, a resistor 47 of a resistance value R3, and the
radio frequency integrated circuit RFIC are provided

outside of the laser coupler LC. The differential



perform ng the push-pull operation on these cal culated signals. The
tracking error signal is output fromthe differential anplification
circuit 30. This tracking error signal calculation circuit 20 wuses
t he peak hold constant nmultiplication circuits 22 and 26 for detecting the
change of peak and multiplying the coefficient Kwith it so as to
calculate (E - Kx a) and (F - Kx a’)?2 - (E- Kx a) will be
referred to as the first sum signal after top hold processing
(abbreviated as the top hold first sumsignal) TPP (E), and (F - Kx a')
w il be s_the

second sumaénlp.glr%a ica ie?nt%%)rﬁ%ila SBrOEEs?sPr?S’a(%Q ‘{)er e%?%ﬁagélég‘g?%gsﬁgﬁ hol d
2E00n S ARt do Prab) b BoBFRTLAT ekt e o L ERL SRy 88 1T, 17
clrouit 30 My fa" Bl oLhe rhd1o? e tiReR I ch g OEKL G, SELE Rbgal TPP
The resistance values of the negative feedback resistor
46 and the positive feedback resistoxr 48 are R2.
In the circuit illustrated in Fig. 12, a resistor 45
of the resistance value R3 for adding the alignment
signal AL to the top hold second sum signal TPP (F) and
applying the same to the non-inversion terminal (+) of
the amplification circuit 50 is added to the circuit
illustrated in Fig. 9.
The top hold tracking error signal TPP (TE) is
represented by the following equation:
TPP (TE) = (R2/R1l) x [(E-F) - K(Ep,-F,)]
+ (R2/(R3+R2)(1+R2/R1)(E-F)
= [(R2/R1 (R1+2R2+R3)I(R2+R3)]/(R133)
% [(E-F) - K,"(Eg-Fg)] (10)

Where, K,' = [(R2+R3)]/(R1+2R2+R3)] x K.

The circuit illustrated in Fig. 12 has the advantage
that the TPP calculation coefficient K can be made
smaller compared with fhe circuit illustrated in Fig. 9
since the constant (coefficient) which becomes K,' =
(R2+R3)1/(R1+2R2+R3) x K is multiplied with (E,-F,).

It is also possible to set the outer attached



top hold tracking error signal TPP (TE), the offset is cancelled according
to the above principle. Further preferably, a |lowpass filter
circuit 32 provided in the rear of the circuit 30 is provided and a top
hol d tracking error signal TPP (TE)' passing the |low frequency conponent

of the top hold tracking error signal 35°P (TE) fromthe circuit 30 is

provi ded. ~In the subtraction circuit 36 of Fig. 8 an alignment
signal AL obtained by subtracting the second sumsignal F fromthe first
sum signal E can be calculated. A description wll be nade |ater of the

utilizatiop,0f {BesalsbgnNn@RNt /AN & the laserCebapilerOfdEhdivmat 2
Figure 9 is a view of the circuit configuration of a second enbodi nent

for cal cul gt 4R Q%%Rx%% ! ﬁ%&?ﬁh‘@é‘&' irsh¥eakrrchals harsagp hol d
tracki ng e?%orgs%gn Tgy)fb1' , fron?tﬁe top hold firsfrsun1signal TPP

(E) and th esi%ggfgpgﬁ&zéﬁigg% gﬁ?ﬁ%F}egQgggggg aides tiqp hol d push-
pul | signal’ calculation circuit shown 1 n Fig. 8.
appropriately adjust the -gain of the top hold second sum
signal TPP (F). By providing the resistors 42, 44, and 47
outside of the laser coupler LC and the radio frequency
integrated ciréuit RFIC in this way, the adjustment of
the gain becomes easy.

The resistors 46 and 48 illustrated inside the radio
frequency integrated circuit RFIC in Fig. 12 can be
provided outside as well as mentioned by referring to
Fig. 1l1. Namgly,_fhis is because not only does the
provision of the resistors 46 and 48 outside of the radio
frequency integrated circuit RFIC make the gain
adjustment resistors variable and raise the degree of

freedom of the gain adjustment, but also theré are cases
where it is not preferred to include the resistors 46 and
48 having a large resistance value in the IC circuit of
the radio frequency.integrated circuit RFIC.

Circuit of Embodiment 2 to Circuit of Embodiment 4

The circuit of Embodiment 2 shown in Fig. 9 shows
the basic circuit for calculating the top hold tracking
error signal TPP (TE).

The circuit of Embodiment 3 shown in Fig. 11 can be

used when making the TPP calculation coefficient K large



- 25 - The circuit configuration illustrated in Fig. 9 is designed
considering the ease of adjustnent of the final tracking error (TE) signal
whi | e maki ng possible the output of the signal which becones the base from
the 1 aser” coupler LC as nmuch as possible considering the fact that there
are limts to the parts acconnndated_i& the | aser coupler LC The

| aser coupler LC acconmpdates the | ase 4LD, phot odi odes PD1 and PD2, and
mcroprisml shown in Fig. 1. Further, the | aser coupler LC accommpbdates

the object lens 5 to anplification circuit 19 illustrated in Fig. 4 and
the top hofd,gopfbaBltBildd Mg Gald Ofaéls Clbhp182 2BdandSrpai@)! i fication
circuits 24 gnd 28, calculation 6%rcuit 30§ﬁLP% 3g,agnd gﬁ?gnnent si gnal

L o Sttt PR Rt e i Flon € A SHERK shSAS SRR L,
i ool (TE. Ry Ml e et Ao PRy O g
?g; put sigpall +8% td A8 of OHRECLabSe coupler IR abd medb X Elerr] - E

Further, in order to make it possible to make the
TPP calcﬁlation coefficient K large and small f£rom the
outside of the laser coupler LC and RFIC, the resistor 42
and/or resistor 44 may be replaced by variable resistors
thereby making it possible to change the -amplification
rate of the differential amplification circuit 50 in the
RFIC.

Circuit of Fifth Embodiment: Imparting Fregugncx
Dependen to the TPP Calculation eff ent

Figure 13 is a graph illustrating the relationship
between the frequency and the TPP calculation coefficient.

By using the alignment signal AL through the low-
pass filter, for example, the TPP calculation coefficient
K is #et to 0.68 at 60 Hz oxr more and the TPP_calculation
coefficient K is raised to 0.72 at 60 Hz or less.

The low pass filter circuit for passing only the low
frequency component of the alignment signal AL for
changing the TPP calculation coefficient K in accordance
with the frequency band will be explained by referring to

Fig. 14.

Figure 14 is a view showing an actual tracking error



TPP (F) = K x Flerr] -F (6) AL =E- F

(7) Wer e, ETP is a peak hol ding value of the E
signal, - 26 -
Flerf] is a peak holding value of the F signal, and

Kis a TPP cal culation coefficient —_ 5o _ (K< 1).

At the tinme of calculation of the finaIE}racking error (TE) signal, there
is a high possibility of adjustnment of gain. Therefore, resistors 42 and
44 having a resistance value Rl and a radio frequency integrated circuit

L ooney AR o b Sy O Lbkpoksnst, SOUR whtf i e
anpl i fi cat p@h ctla®4idn ¥befficient shown in Fig. 13 is changed with
a frequency dependency and related circuits.

In the tracking error calculation circuit 60,
resistors 46 and 48 are provided outside ‘of the
integrated circuit chip 50A corresponding to the RFIC of
Fig. 12. Inside the integrated circuit chip 50A, the
differential amplification circuit 50 in the RFIC shown
in Fig. 14 and the peripheral circuit thereof are
accommodated. By providing the resistors 46 and 48
outside of the integrated circuit chip 50A in this way,
the difficulty of ﬁoupting resistors having a large
resistance value in the semiconductor integrated circuit
is avoided, and, the mounting of the resistors 46 and.48
as the outer attached resistors is facilitated similar to
the resistors 42 and 44, and also the change thereof is
facilitated.

At the rear of the resistor 47 which guides'the
alignment signal AL, a low pass f£ilter 64 constituted by
a resistor 61, a capacitor 62, and a resistor 63 is
provided. By providing this low pass filter 64, the low
frequency component of the alignment signal AL is passed,
and as 1lllustrated in Fig. 13, the value of the TPP

calculation coefficient K 1s made large in the low

frequency region. In the high frequency region, a TPP



a negative feedback resistor 46 thereof, and a resistor 48. The resistance
val ues of the negative feedback resistor 46 and the resistor 48 are R2.
The top hold tracking error signal TPP (TE) is represented by the

fol l bw ng equati on: TPP (TE) (R2/IR1) x [(K X F[err] - F) - (Kx
E[err] - B)]- (RZQEl) X [(E-F) - K(E[err] - Fl[err])]
(8) In the circuit of Flg 9, the resistance values Rl and R2

are appropriately adjusted at the out5|de of the laser coupler LC, the
gain can be changed and a top hold tracking error signal TPP (TE) in which

the'gain i salculation coefficient having a smal¥’value RPRiOBEI Rls@ldy.
adj usted can be provi ded. Actual Signal Processing Crcuit of Laser

Coupler |c FhBth 8101 hS parui9¥10fed e &fﬁitcfﬂ&fxiguéét kg@ of an
actual signal processing circuit 1n the |aser coupler :

resistor 47 and the low pass filter 64, a serial circuit
of a variable resistor 67 and a resistor 65 is provided.
The adjustment of the signal level of the low pass filter
64 is enabled by the resistor 65 and the variable
resistor 67.

Namely, in this tracking error calculation circuit
60, the change of the TPP calculation coefficient K in
accordance with the frequency band is enabled by
providing the low pass filter 64 including the capacitorxr
62. |

This top hold tracking error signal TPP (TE) is
phase-compensated in a phase compensation track Jjump
circuit 80 for generating the signal foxr making the sled
shown in Fig. 15 perform the track jump operation, and a
.tracking coil 120 is driven via the signal which passes
through a switch circuit 100 and is applied to a tracking
driver circuit 110.

Note that, the phase compensation track jump
operation itself is not directly related to the present

invention, and therefore, the details thereof will not be

described.

An inverted ENABLE signal is a signal for

determining the operation timing given from a CPU such as



LC. The detection signals fromthe front PD and rear PD are
respectively anplified up to the predeterm ned signal levels in a
current/vol tage conversion and anplification circuit |I-VAMP accompdati ng
a cufrent/voltage (1/V) conversion circuit and an anplification circuit
(AWP). The above signals, SPD1, SPD2, and F are calculated at a sum
operational anplification circuit SUM NG AMP. Further, the alignnent
signal AL is calculated in the operational anplification circuit AW (AL),
the top hold first sumsignal TPP (E) is calculated in the operational
anpl i fi cat LoR 1 Gioidntp ‘ﬂ\é’r(fara?eéfsbﬁihgptml reRAQ! qld% s?ék”i}é'&&@érgf'? (R]

Is calculated in the operation anplification circu

t he sun1operat|o r i a a bi as
circuit BIAS. T %cuﬁmﬁ&nﬁiﬁ @eri-S siYnax Gﬂﬂﬂ (f 'ﬂﬂ

i ment ure 11" is a view of
t he circui t f he to
hol d trackfcng'Qﬁqlear%{nf[)‘il %@BER%TB?(:%?S Q?i& (rag%lo% o d #?ﬁs{'ggﬁﬁq P

signal TPP y(E), ¥k d&eed OQhQOJnQdﬁi(éoB@i%‘éms%x@%a'c&ﬁpréf )oircuit 120

for controlling the optical pick-up to the middle point
position of the track when performing the coarse control
for moving the optical pick-up to the vicinity of the
track and is used for the generation of the middle point
servo control signal CE together with the alignment
signal AL.

Figure 16 shows the operation of the middle point
sexrvo control, buf this is not directly related to the
present invention, therefore, the details thereof will
not be described.

As the optical recording apparatus of the present
invention, a magneto-optical disc apparatus, CD drive, etc.
were mentioned above. The signal processing was explained
above for the top hold tracking error signal TPP (TE)
used in these apparétuses. The present invention however
is not limited to the magneto-optical disc apparatus, CD
drive, etc. and can be applied to other optical recording
ﬁpparatuses using a tracking error signal.

The top hold tracking error signal TPP (TE)
according to the present invention contains almost no

offset, therefore the control of the tracking servo in the



- 28 - obtained at the top hold push-pull signal calculation circuit 20

shown in Fig. 8. The circuit of Fig. 11 is a circuit for
substantially changing the TPP cal cul ation coefficient Kin the circuit
illustrated in Fig. 9. The | aser coupler LC shown in Fig. 1, as

shown in Fig. 8 and Fig. 11, outputs tfye top hold first sumsignal TPP
(E), the top hold second sumsignal TPP (F), and the alignnment signal AL.
In order to calculate the top hold tracking error signal TPP (TE)
resistors 42 and 44 of a resistance value Rl, a resistor 45 of a

resi st anceoptliv@lRTectiiidg appai-atasefseasy reotaqr daadidd Gitt. RFIC are
provided outside of the |aser coupler LC. The differential anplification

circuit 50paithadiagatiye {weahackresshtt Qhveh®ioher adle aAfhstmast téy¥e
feedback resistor 48 are provided in the radio frequency I ntegrated :
circuit RFlthe tBe HERd Séo@eL1¥8bHes18! ehBB1RRYANE-dRADack gsistor 46

possible to easily cope with variations of

characteristics of optical disc apparatus. further, in

the present invention, the top hold coefficient is

changed in accordance with the frequency band, and

therefore a more correct tracking error signal can be

calculated.

Further, in the present invention, by considering
the condition due to the configuration of the optical
disc apparatus, the conditions regarding the tracking error

signal, particularly the value of the top hold

coefficient, can be .easily changed.



and the positive feedback resistor 48 are R2. In the circuit
illustrated in Fig. 11, a resistor 45 of a resistance value R3 for adding
t he al i gnnent signal AL to the top hold first sumsignal TPP (E) and
applying® the sanme to the inversion ternminal (-) of the anplification
circuit 50 is added to the circuit Il ,ustrated in Fig. 9.

- 29 - The top hold tracking 8r or signal TPP (TE) is represented
by the followi ng equati on: TPP (TE) = (R2/Rl) x [(E-F) -
K(E[err]-F[err]) - (RIR3)(E-F) =
(R2/R1) x [(E F)ypatR2ERINGEWM 1s: = - (R/R1)
EE(EgerK{]-F][?rE]E?] | =[(R2(R3-R2))/(R1)R3)]

-F)-Klerr]- err]- ;
(9) there? E 3F¥ﬁn9=?ﬁ§ﬁﬁ%i%%5a§ %?lcufigiéh Lircult for

calculating a tracking error signal in an optical disc
apparatus having a light receiving means for outputting
first and second received light detection signals from
regions located at the two sides of the center of a track
of a disc-like recording medium,

said circult comprising:

a-first calculation circuit for detecting a
peak of the first received light detection signal from
the light receiving means and subtracting a signal
obt;ined by multipiying a first coefficiént with the peak
from the first received light detection signal to
calculate a first calculation signal:

a second calculation circuit for detecting a
peak of the second received light detection signal from
the light receiving means and subtracting a signal
obtained by multiplying a second coefficient with the
peak from the seconé received light detection signal to
calculate a second calculation signal: and

a third calculation circuit for subtracting the
second calculation signal £rom the first calculatiﬁn
signal to calculate the tracking error signal.

2. A tracking error signal calculation circuit

as set forth in claim 1, further comprising a first

* [ L M S *



The circuit illustrated in Fig. 11 has the advantage that the TPP

cal cul ation coefficient K can be nmade | arger when conpared with the
circuit illustrated in Fig. 9 since the constant (coefficient) which
becofres Klerr]' = (R3/(R3-R2) x Kis nultiplied with (E[err]-Flerr]).
The optinum val ue of the TPP cal cul at. coefficient Kis different
according to the optical disc apparatus due to inherent variations in
characteristics of individual optical disc apparatus. However, the TPP
calculation coefficient is set constant in the |aser coupler LC

therefore ¢Sergildlibntf | (?ﬂﬂgE&iré&&tcﬁbrdbﬁﬁngﬂﬁér%h&ﬁfﬂﬂéﬁfﬁ*Sa”E
nodel . Therefore in the adjustnent stage, where it is desired to change

the same teoahgle%hmumnT%e el St aé&QBuEQEREth&&‘cdit(Vmere it is desired
to make the coefficient K

large in the pregent egbedig@iing M¥Sr signal calculation circuit

as set forth in claim 2, wherein the first coefficient
changing circuit has a circuit for changing the coefficient
depending'upon a frequency of the first received light
detection signal.
4. A tracking erxror signal calculation circuit
as set forth in claim 1, wherein further comprising a
second coefficient changing circuit for changing the second
coefficient in the second calculation circuit.
5. A tracking error signal calculation circuit
as set forth in claim 4, wherein the second coefficient
changing circulit has a clrcuit for changing the coefficient
depending upon a frequency of the second received light
detection signal.
6. An 6ptical disc apparatus, comprising
a disc recoxrding medium, )
an optical pick-up,
a signal calcuiation circuit provided outside
of the optical pick-up, and
a tracking controlling means for pexrforming the
position control of the optical pick-up to a

predetermined track, wherein:

sald optical pick-up includes

R

AR R



adopting the circuit configuration of Fig. 11, there is an advantage that
t he change becones possible outside of the |aser coupler LC

Further, it is also possible to set the outer attached resistors 42, 44
and 45 of the laser coupler LC and the radio frequency integrated circuit
RFIC as variable resistors and to adjust their resistance values to
appropriately adjust the TPP cal cul afi 88 Coeffi ci ent K., I n other words,
the gain of the top hold first sum signal TPP (E). The resistors
46 and 48 illustrated inside the radio frequency integrated circuit RFIC
in Fig. 11 can be proyidsd;autSidands lemitlhd Si REGISEGEQt only does
t he provi si on of the9¥es§s%ors 4 ghd 8 Sﬂ{g?%e!%f t he rad?o frequency
i ntegrated.circuit ﬁ#y St | _ [ e and
raise thect)a'eeé(f:j’r{r;eg&o'-f’lREla ?eeléfglﬁnt %?‘ t e&: ga?fﬁl‘déa%?u@?%n%;gégﬁ{ﬁéps}égt g’?“e’ are
oases where it is no & r i nel ude | 6,.and 48

havi ng | arge resi stanc% @gﬁ{l}gsE%%Gttj%élq%(cin{#aﬂ:%!}teo%ﬁéé%%%f?éd}:gef requency

i ntegrated_cjrcui ElC. Crcuit.of Enbedinment 4 . Fi gure
12 is a vi‘éﬁ\f‘aF“?ﬁeB&Pgéui o8 MY FHT o BY s“rga?(‘%u?%hﬂe‘%bga‘.sr‘r’ent f or

CalCU|athgeéggdggB mgdidﬂw¥¥gﬂm¥egions located at the two sides of

the centef of track of the disc recording medium and
outputting the first and second received light detection
signals,

a first calculation circuit for detecting a
peak of the first received light detection signal from
the light receiving means and subtracting a signal
obtained by multipiying a first coefficient to the peak
from the first received light detection signal to
calculate the first calcuiation signal, and

a second calculation circuit for detecting a
peak of the second received light detection signal £rom
the light receiving means and subtractiné a signal
.obtained by multiplying a second coefficient to the peak
from the second récéived light detection signal to .
calculate the second calculation signal; and

the signal caloculation circuit has a third
calculation circuit subtracting the second calculation

signal from the first calculation signal to calculate the

tracking error signal.

7. An optical disc apparatus as set forth in

I

| O L



error (TPP (TE)) signal fromthe top hold first sum

- 31 - signal TPP (E) and the top hold second sum signal TPP (F)
obtained at the top hold push-pull signal calculation circuit 20 shown in
Fig.©8. The circuit of Fig. 12 is a circuit enabling the TPP

cal cul ation coefficient Kin the circuigt,illustrated in Fig. 9 to be nmade
smal | . The opti num val ue of the4be cal cul ation coefficient K

differs according to the optical disc apparatus due to inherent variations
of characteristics of individual optical disc apparatus. However, the TPP

cal cul ati op; 26@ekf,| Gillledrs 98 SOGSARNEalBulle1baS iU Had G

therefore is usually fixed for all” optical disc apparatus of the sane

rodel . Theeskgﬁcﬂeme hﬁxag@ﬂ%g ciif9for pg%siug iti,edec%éffﬂiéfe&gange

the sane to the optimum T cal culation coetficient” k (where 1t s desired

to make the ¢RQf fHiGAMN 1A 1o EDEREESERE SWMPUTENHe £16st

calculation signal operated on by the changed coefficient
to the third caloculation circuit.

8. An optical disc apparatus as set forth in
claim 7, wherein the coefficient changing circuit has a
circuit for changing the coefficient in response to a
frequency of the first received light detection signal.

9. An optical disc apparatus as set forth in
claim 6, wherein the signal calculation circuit has a
coefficient changihg circuit for changing the coefficient
in the second calculatiop circuit and outputs the second
calculation signal operated on by the changed coefficient
to the third calculation circuit.

10. An opticaL disc apparatus as set forth in
claim 9, wherein the coefficieht changing circuit has a
clrcuit for changing the coefficient in response to a
frequency of the second recei&ed light detection signal.

11. An optical disc apparatus as set forth in

claim 6, wherein:
the light receiving means has two light

receiving elements provided along a light axis of the

returned light;

the first light receiving element 1is provided

AR




circuit configuration of Fig. 12 i s adopt ed.
outputs the top hold first sum signal TPP (E), top hold second sum sigha
TPP (F), and alignnent signal AL. In order to calculate the top
hol d tracking error signal TPP (TE), resistors 42 and 44 of a resistance
value Rl1, a resistor 47 of a resistancgsvalue R3, and the radio frequency

integrated circuit RFIC are provided outside of the laser coupler LC. The
differenti al _ - 32 - anplification
circuit 50, the negative feedback resistor 46 thereof, and the positive

feedback rgsissotosdBedeveptnd deturnddel 1gist of fomgtbacyetonrddnat ed
circuit RFIC. The resistance values of the negative feedback resistor 46
and the pogitiNgefl 8edaek dies Seordllimy andi®ium from regibescilocwted
illustrated in Fig. 12, a resistor 45 of the resistance value R3 for

addi ng theygal LtHBMAL sides of the center of the track of the disc

The | aser coupler LC

recording medium and output the first and second signals;

the second light receiving element is
provided so as to receive the returned light from the
recording surface of the disc recording medium from
regions located at the two sides of to the center of the
track of the disc recording medium and output third and
fourth signals in an inverse phase relationship from
corresponding regions of fhe light axis; and

the light receiviné means adds the first
signal and fourth signal in the same phase relationship,
outputs the same as the first received light detection
signal, adds the second signal and third signal which are
in the inverse phase relationship to the first received
light detection signal, but in the same phase
felationship as each other, and outputs the same as the
second received 1igﬁt detection signal. .

| 12. A tracking control apparatus in an optional

disc apparatus, for reproducing a signal from and/or for
recording a signal to a disk-like recording medium, said
tracking control apparatus comprising:

a light collection means for collecting a
light beam emitted from a light source toward the disc-like

I
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signal AL to the top hold second sumsignal TPP (F) and applying the sane
to the non-inversion termnal (+) of the anplification circuit 50 is added

to the circuit illustrated in Fig. 9. The top hold tracking error

signal TPP (TE) is represented by the follow ng equation: TPP (TE)
(R2/RL) x [(E-F) - K(E[err]-Flerr])] 44 - +

(R2/(R3+R2)(1+R2/R1)(E— F) [ (R2/ R1

(R1+2R2+R3) / (R2+R3) ]/ ( RLR3) X [(E-F) - K2

(E[err]-F[err])] (10) VWhere, Klerr]' =

((R2+R3) ] / £Btb2BAnig3 medd. Ut ; . The circuit illustrated in Fig. 12

has t he advant age that the TPP cal cul ation coefficient K can be nade

smal [ 'er conpared with Ehaightutdcelvisyasadsi Ncbingri$ingsifiaast end
constant (coefficient) which becones Klerr]' = (R2+R3)]/(R1+2R2+R3) x K

i's multipl seeond MilEdsd | 1E§RE tdceiving elkinent adrssh;;wsswie to set the
outer attached
receiving a light beam reflected at the disc—like
recording medium to output first and second light
received detection signals corresponding to regions
positioned at both sldes with respect to a signal track
center of the disc-like recoxrding medium,

a first calculation means for calcqlating a
first calculation signal f£from the first received light
detection signal detected at the light receiving means by
using a first coeffiocient;

a second calculation means for calculating a
second calculation signal f£rom the seéond received light
detection signal detected at the light receiving means by
using a second coefficient:

a coefficient changing means for changing the
first and second coefficients;

a thirdlcalculation means for calculating a
tracking error signél from the first and second calculation
signals;:; and

a tracking servo means for tracking-servo-
controlling the light collection means by using the

tracking error signal calculated at the third calculation

means.

*® € L K s x



resistors 42, 44, and 47 of the laser coupler LC and the radio frequency

Integrated circuit RFIC as variable resistors and adjust their resistance
values to appropriately adjust the gain of the top hold second sum signal
TPP {F). By providing the resistors 42, 44, and 47 outside of the |aser
coupler LC and the radio frequency ingegrated circuit RFIC in this way,
the adjustnent of the gain becones easy. The resistors 46 and 48
illustrated inside the radio frequency integrated circuit RFICin Fig. 12
can be provided outside as well as nentioned by referring to Fig. 11.
Nanely, this id3ecausetratkbngycdntrolhapparativd @s Gfett hBoxr€lsi shors 46
and 48 outside of the radio frequency integrated circuit RFIC nmake the
gai n adj ustamntlz eSvképesinV ghealighindaldiexet ide meaeefofmsf acedagief t he
gain adjustnment, but also there are cases where it is not preferred to

i ncl ude t haigiesi shéet SofbthRad1ighthdéddn) on |igediss! FiRa8CLe¥adklgnigh the | C
circuit of the radio frequency integrated circuit RFIC Crcuit of
Enbodi nentpedf@n Circuit of Enbodi nent 4 The circuit of Enmbodi ment 2
shown in Fig. 9 shows the basic circuit for calculating the top hold

tracking 14. A tracking control apparatus as set forth in
claim 12, wherein the coefficient changing means comprises
a circuit for changing the first and second coefficients in
response to frequencies of the first and second received
light detection signals.

15. A tracking error signal calculation method for
calculating the tracking error signal in an optical disc
apparatus having,a'light receiving means for outputting
first and second received light detection signals f£rom
regions located at the two sides of the center of a track
of a disc-like recording medium, including the steps of:

detecting a peak of the first received light
detection signal from the first received light detection
signal and subtracting the signal obtained by multiplying
a first coefficient with the peak from this to calculate
a first caloculation signal;

detecting a peak of the second received light
detection signal from the second received light detection
signal and subtracting the signal obtained by multiplying
a second coefficient with the peak from this to calculate

a second calculation signal;

N0 I




error signal "TPP (TE). The circuit of Enbodinent 3 shown in Fig. 11
can be used when nmaking the TPP cal cul ation coefficient K |arge
- 34 - fromthe outside of the |laser coupler LC and RFIC The
circuit of Enbodinent 4 shown in Fig. 12 can be wused when making the TPP
calcul ation coefficient K small from tage -outsi de of the laser coupler LC
and RFI C. Further, in order to nake it possible to make the TPP
cal culation coefficient Klarge and small fromthe outside of the |aser
coupler LC and RFIC, the resistor 42 and/or resistor 44 may be repl aced by
vari abl e resistors therdoplatidingg ant fossfirst t catauhgbiohesdgplalf i cati on
rate of the differential anplification circuit 50 in the RFIC
Circuit of aRdf ttheEszogimbrntaldulatiomgs FgrglearyonBepénddreny st ttheet TPP
Cal cul ation Coefficient

the first coefficient and the second coefficient or one

of them changes in response to the frequency band; and
generating the tracking error signal by
subtracting the second calculation signal f£rom the first

calculation signal.

I
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Figure 13 is a graph illustrating the relationship between the frequency
and the TPP cal cul ati on coefficient. By using the alignnent signa
AL through the low pass filter, for exanple, the TPP cal cul ation
coefficient Kis set to 0.68 at 60 Hz or nore and the TPP cal cul ation
coefficient Kis raised to 0.72 at 6Q Kz or | ess. The | ow pass
filter circuit for passing only the low frequency conponent of the

al i gnnent signal AL for changi ng the TPP cal cul ation coefficient Kin
accordance wth the frequency band mnll be explalned by referring to
Fig. 14. ; \ A Sa AN tracking error

- 35 - cal cul ation CIrCUIt 60 of Enbodlnent 5 in which the TPP

cal cul ati on coef fi QRAGKINGVERROR FETIGNAR CALCULATIONNMGIRCULT r equency
dependency and related circuits. In the tracking error cal culation
circuit 60, resistors 46 and 48 are provided outside of the

THE ABSTRACT OF THE DISCLOSURE

A tracking error signal calculation eircuit has
peak detection multiplication circuits which detect the
peaks of the detection signals of left and right regions
of a photodiode and multiply a coefficient for detecfing
the deviation of the beam light with respect to the track
of.the disc recording medium, subtraction circuits for
removing an offset by subtracting these multiplication
results from the detection signals, and a subtraction
circuit which calculates a difference of the signal
obtained by removing the offset (performs push-pull
operation) and outputs a tracking exrror signal. The value
of the coefficient can be changed by adding an alignment
signal to the detection signal. In order to impart the
frequency dependency to this coefficient, the alignment

signal is added to the signal through a f£ilter.

FIGURE 5-



integrated circuit chip 50A corresponding to the RFIC of Fig. 12. Inside
the integrated circuit chip 50A, the differential anplification circuit 50
in the RFI.C showmn in Fig. 14 and the peripheral circuit thereof are
accommodat ed. By providing the resistors 46 and 48 outside of the
integrated circuit chip 50Ain this way, the difficulty of nounting
resistors having a large resistance value in the sem conductor integrated
circuit 1is avoided, and, the nounting of the resistors 46 and 48 as the
outer attached resistors is facilitatedsgssmlar to the resistors 42 and
44, and al so the change thereof is facilitated. At the rear of the
resistor 47 which guides the alignnent signal AL__a_lqw.pass filter 64
constituted by a resistor 61, a capacitor 62, |and a resijstor 63 is

provi ded. By providing this |low pass filter 64, the | ow [frequency
conponent of the alignnment signal AL is passe and as ifllustrated in Fig.
13, the value of the TPP cal culation coef@jcjdnt Kis de large in the

| ow frequency region. In the high frequehﬂy ggion, a THP
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- 36 - cal cul ation coefficient having a small value will be used.
Further, in parallel to a serial circuit of the resistor 47 and the | ow
pass fllter 64, a serial circuit of a variable resistor 67 and a resistor
65 is provided. The adjustnment of the signal |evel of the |ow pass filter
64 is enabled by the resistor 65 and the variable resistor 67.

Nanmely, in this tracking error calculation circuit 60, the change of the
TPP cal cul ation coefficient Kin accordance with the frequency band is
enabl ed by providing the |ow pass filter 64 including the capacitor 62.
This-top hold tracking error signal TPR gg is phase-conpensated in a
phase conpensation track junp circuit é for generating the signal for
maki ng the sled shown in Fig. 15 performthe track junp operation, and a
tracking coil 120 is driven via the signal which passes through a switch
circuit 100 and is applied to a tracking driver circuit 110. Not e
that, the phase conpensation track junp

FIG. 2
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operation itself is not directly related to the present i nvention, and

therefore, the details thereof will not be descri bed. An i nverted
ENABLE signal is a signal for determ ning the operation timng given from
a CPU suth as - 37 - a m croconputer
for performng the tracking servo control. The top hold tracking

error signal TPP ((TE) calculated in the tracking error calcul ation
circuit 60 is applied to the mddle point servo control circuit 120 for
controlling the optical pick-up to the mddle point position of the track
when perform ng the coarse control faqr,%poving the optical pick-up to the
vicinity of the track and is used for 'the generation of the m ddl e point
servo control signal CE together with the alignnent signal AL.

Figure 16 shows the operation of the m ddle point

FIG. 3
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servo control, but this is not directly related to the present invention,
therefore, the details thereof will not be descri bed. As the
optical recording apparatus of the present invention, a magneto-optical

di sc apparatus, CD drive, etc. were nentioned above. The signal processing
was- expl ai ned above for the top hold tracking error signal TPP (TE) used
I n these apparatuses. The present invention however is not |[imted to the
magnet o- opti cal di sc apparatus, CD dri¥$ etc. and can be applied to other
optical recording apparatuses using a ﬁ%king error signal. The
top hold tracking error signal TPP (TE) according to the present

I nvention contains al rTDStFr"G, Ouﬁt ' Fi]@a.f 0r4Bhe F’PG?'SBA‘fCt heopt i cal

tracking servo in the
recordi ng apparatus is corf, | ried ' articul arl in the present
l.nvention, the adjustment gg&k#ﬁggﬁgpnnghgﬁggﬁfgiCient i P few)
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possible to easily cope with variations of characteristics of optical disc
apparatus. Further, in the present invention, the top hold coefficient is
changed in accordance with the frequency band, and therefore a nore
correct tracking error signal can be cal cul at ed. Further, in the
present invention, by considering the condition due to the configuration
of the optical disc apparatus, the conditions regarding the tracking error
signal, particularly the value of the top hold coefficient, can be easily
changed. 5/15 - 39- VWhat is clained

I S: 1. A tracking error signal ca}culation circuit for calculating
a tracking error signal in an optical disc apparatus having a |light

recei ving means for outputting fi!%ﬂ. d sg;ond received |ight detection
signals from regions located at the two sides of the center of a track
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of a disc-like recording nedium said circuit conprising:
a first calculation circuit for detecting a peak of the first received
l'i ght, detection signal from the light receiving neans and subtracting a
signal obtained by multiplying a first coefficient with the peak fromthe
first received |ight detection signal to calculate a first cal culation

si gnal ; a second calculation circuit for detecting a peak of
the second received |ight detection siganaisfrom the light receiving neans
and subtracting a signal obtained by nultiplying a second coefficient with
ht detection signal to calculate a

the peak fromthe second received |
and 1= 'sa third calculation circuit
Signal fromthe first cal cul ation

second cal cul ati on signal
second cal cul atio
2. A tracking

for subtracting the
signal to calculate the tracking error signal
error signal calculation circuit as set forth in claim1, further
conprising a first
TANGENTIAL DIR. .
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- 40 - coefficient changing circuit for changing the first coefficient
inthe first calculation circuit. 3. A tracking error signa
calculation circuit as set forth in claim2, wherein the first coefficient
changing circuit has a circuit for changing the coefficient depending upon
a frequency of the first received |ight detection signal. .
tracking error signal calculation circuit as set forth in claiml, wherein
further conprising a second coefficient changing circuit for changing the
second coefficient in the second calculation circuit. 5. A
tracking error signal calculation circuit as set forth in claim4, wherein
t he second coefficient changing circui?/h3s a circuit for changing the
coefficient depending upon a frequency of the second received |ight

det ecti on signal . 6. An optical disc apparatus, conprising

a disc recordi ng nedi um an optical pick-up, a
signal calculation circuit provi deCFC'JGI.de?

g~

GND




of the optical pick-up, and a tracking controlling nmeans for
performng the position control of the optical pick-up to a

predet erm:ned track, wherein: said optical pick-up includes
- 41 - an optical means for emtting a converged beamto a
recordlng surface of the disc recordi ng nmedi um a |light

recei ving nmeans for receiving the returned light fromthe recording
surface of the disc recording nmediumfromregions |located at the two sides
of the center of track of the disc recgrdisng nmedi umand outputting the
first and second received |light detection signals, a first
calculation circuit for detecting a peak of the first received light
detection signal from the light receiving neans and subtracting a S|gnal
obtained by nultiplying a first coefficient to the peak

{. LPF }——0 TPP(TE)
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fromthe first received |light detection signal to calculate the first

cal cul ation signal, and a second cal culation circuit for
detecting.,a peak of the second received |ight detection signal from the
| i ght receiving nmeans and subtracting a signal obtained by multiplying a
second coefficient to the peak fromthe second received |light detection
signal to calculate the second cal culation signal; and t he
signal calculation circuit has a third calculation circuit subtracting -
t he second cal cul ati on si gnal fron1th§/£grst cal culation signal to

cal cul ate the tracking error signal. 7. An optical disc
apparatus as set forth in P - 42 claim
6, wherein the signal calculation circuit a coefficient changing
circuit for changing the coefficient in't first calculation circuit and

out puts the first E:
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cal cul ati on signal operated on by the changed coefficient to the third
calculation circuit. 8. An optical disc apparatus as set forth in
claim7, wherein the coefficient changing circuit has a circuit for
changi'ng®the coefficient in response to a frequency of the first received
| i ght detection signal. 9. An optical disc apparatus as set forth
in claim6, wherein the signal calculation circuit has a coefficient
changing circuit for changing the coeff ? in the second cal cul ation
circuit and outputs the second cal culation S|gnal oper at ed on by the
changed coefficient to the third calculation cirguit. —
optical disc apparatus as set forth in ¢laim9, Bherein t coeff|C|ent
changing circuit has a circuit for changd ng the Koe i ci er g;response to
a frequency of the second received |ighty detecti gnal .

optical disc apparatus as set forth in | ai m 6, Ywheg ei n:

the light receiving means has two Id g.f _pgivided al ong
a light axis of the ret ur ned IlgH_' he tirdt-

11. An

/ {i ght
receiving el ement is provided 2 / ; \
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- 43 - . so as to receive the returned light fromthe recording surface
of the disc recording nediumfromregions |located at the two sides of the
center ;of .the track of the disc recording nmediumand output the first and
second signals; the second light receiving elenent is
provided so as to receive the returned light fromthe recording surface of
the disc recording nediumfrom regions |ocated at the two sides of to the
center of the track of the disc recordigg gediun1and output third and
fourth signals in an inverse phase rela ﬁ hip from correspondi ng regions
of the light axis; and the light receiving neans adds the
first signal and fourth signal in the sanme phase rel ationship, out put s
the sane as the first received |light defection signal, adds the second
signal and third signal which are ingghe inverse phase relationshipto
the first received | i ght detection siggnal, but in the same phase

rel ati onship as each other, and output$«the sanme as the
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second received |ight detection signal. 12. A tracking contro

apparatus in an optional di sc apparatus, for reproducing a signal from
and/ or .f.or recording a signal to a disk-like recording nedium said '
tracki ng control apparatus conpri sing: a light collection
means for collecting a | ight beamemtted froma light source toward the
di sc-1ike - 44 - recordi ng nmedi um

a light receiving neans, conprising first and second divided |ight
receiving el ement groups, for. receivingyéyfg ght beamreflected at the
disc-like recording nediumto output fiT¥t ~and second |ight received
detection signals corresponding to regions positioned at both sides with
respect to a signal track center of tH8 disc-1ike recording medium

a first calculation neans for calcul ati a first calculation signal from
the first received |ight é
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detection signal detected at the light receiving neans by wusing a first
coefficient; a second cal cul ation neans for calculating a
second ,gal.cul ation signal fromthe second received |ight detection signal
detected at the light receiving means by using a second coefficient;

a coefficient changing means for changing the first and second

coefficients; a third calculation nmeans for calculating a
tracking error signal fromthe first and second cal cul ation signals; and
a tracking servo neans for tracking-servo- controlling the Iight

coll ection neans by using the trackiBglBrror signal calculated at the
third cal cul ation means. - 45 -

13. A tracking control apparatus as set forth in
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claim12, wherein the light collection neans fornms a single |ight spot of
the light beamon the disc-1ike recording nedium 14. A tracking
control, -apparatus as set forth in claim212, wherein the coefficient
changi ng neans conprises a circuit for changing the first and second
coefficients in response to frequencies of the first and second received

| i ght detection signals. 15. A tracking error signal calculation
nmet hod for calculating the tracking error signal in an optical disc
apparatus having a light receiving neang f@r outputting first and second
received |ight detection signals from regions |located at the two sides of
the center of a track of a disc-like recording nmedium including the steps
of : detecting a peak of the first received light detection
signal fromthe first received |#gRt detection signal and subtracting the
signal obtained by nultiplying irst coefficient wwth the peak fromthis
to calculate a first caIcuE@%ion si gnal ; ' detecting a peak of

t he second received |ight t ec n prgmatqfromthe second received |ight
detection signal an&?subt i i

second coefficient\M;jLijL,
{

obtained by nurtiglying a
cal qul ate '
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a second cal cul ation signal; - 46 -
calculating on the first calculation signal and the second cal cul ation

si gnal «or ~one of themso that the first coefficient and the second
coefficient or one of themchanges in response to the frequency band; and
generating the tracking error signal by subtracting the second cal cul ation
signal fromthe first calculation signal
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