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OPTICAL DISC APPARATUS AND 

TRACKING ERROR SIGNAL CALCULATION CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention re1ates to a compact disc . 

apparatus (CD), CD-ROM, mini disc apparatus (MD: registered 

trademark of SONY), or other optica1 disc apparatus. 

Further, the present invention re1ates to a 

tracking error signa1 ca1cu1ation circuit used in the 

optioa1 disc apparatus. 

2. Description of the Related Art 

An optioa1 pick-up is used for recording data 

or reading recorded data a1ong a track (~uide groove) of a 

diso recording medium of an optica1 disc apparatus. In the 

optioa1 piok-up, optioa1 parts such as a semiconductor 

1aser, photodiode (PD), prism, and object 1ens are mounted. 

At the time of recording or reading data to 

or from the disc recording medium, in order to e1iminate 

the inf 1uence of the face vibration and wobb1ing of the 

track of the disc recording medium, and the faoe 

vibration and wobb1ing by the ti1ting of the turntab1e of 

the disc drive and precession motion, and the 1ike, 

focusing servo contro1 and track servo contro1 are 
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carried out. 

In focusing servo contro1, the object 1ens for 

focusing (exact1y focusing) the laser beam light emitted 

from a semiconductor laser on the recording surface of the 

disc recording medium is positioned with Tespect to the 

surface of the disc recording medium. 

In tracking servo contro1, the optica1 pick­

up is positioned in the radia1 direction of the disc 

recording medium to position the laser beam emitted from 

the 1aser at a desired track of the disc recording medium 

(to place it on-track). 

A focus error signa1 is used for the focusing 

servo control, whi1e a tracking error signa1 is used for 

the tracking servo contro1. 

Usually, signals detected by two photodiodes 

are computed by the push-pu11 system to calculate the 

tracking error signal. 

An off set will appear in the tracking error 

signal due to the push-pull system. When there is 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. 
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As factors behind the appearance of the 

offset in the tracking error signa1, there are deviation 

of the opticai axis of the object 1ens, ti1ting of the disc 

recording medium in the radia1 direction, an unba1ance in 

groove shape on the disc recording medium, etc. 

As the method for reducing the off set due to 

the above factors. a.variety of countermesures have been 

made. For examp1e, refer to "Optioa1 Disc Techno1ogy", 

supervised by Horio Onoe, Radio Gijutsusha, page 91 to 

page 98. 

The inventors of the present app1ication 

found that just th~ above-mentioned countermeasures for 

reducing the off set were not sufficient and that off set 

sti11 existed in the tracking error signa1. Acoording1y, 

when using a tracking error signa1 ca1cu1ated by the 

conventiona1 push-pu11 system, the prob1em is encountered 

that accurate and stab1e tracking servo contro1 cannot be 

carried out in the optica1 disc apparatus. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 

circuit oapab1e of correct1y ca1cu1ating the tracking 

error signal used in the optical disc apparatus and an 

optioa1 disc apparatus using this. 

Further. another object of the present invention is 
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to provide a tracking error signal calculation circuit in 

which the signal adjustment is convenient. 

Further. still another object of the present 

invention is to optimize the configuration of an optical 

pick-up in which the signal adjustment is easy and the 

related apparatuses 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 received light detection signals from 

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 

receiving means and subtract~ng a signal obtained by 

multiplying a first coefficient 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 second received light detection signal 

to calculate a second calculation signal; and a third 
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calculation circuit for subtracting the second 

calculation signal from the first calculation signal to 

calculate the tracking error signal. 

In the present invention, by detecting the peak of 

the first received light detection signaL, multiplying 

the coefficient with this, and subtracting the same from 

an original first re9eived light detection signal, the 

offset contained in the first received light detection 

signal is eliminated. This same is true also for the second 

received light detection signal. When the tracking error 

signal is calculated by using the thus signal-processed 

signal, the offs~t can be cancelled. 

Preferably, a first coefficient changing circuit for 

changing the first coefficient in the first ca1cu1ation 

circuit can be added. A1so, preferab1y, a second 

coefficient changing circuit for changing the second 

coefficient in the second ca1cu1ation circuit 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 coefficients can be changed so 

that the coefficient becomes large in a low region. 
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Further, according to the present invention, there 

is provided an optica1 disc apparatus having a disc 

recording medium, an optica1 pick-up, a signa1 calculation 

circuit provided outside of the optica1 pick-up, and a 

tracking contro11ing means for performing the position 

control of the optica1 pick-up to a predetermined track, 

wherein the optica1 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 from the recording surface 

of the disc recording medium from regions located at the 

two sides of the ~enter 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 mu1tip1ying a first coefficient to the 

peak from the first received light detection signal to 

ca1ou1ate the first calculation signal, ~nd 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 second received 

1ight detection signal to ca1cu1ate the second 

ca1cu1ation signa1: and the signa1 ca1cu1at1on circuit 
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has a third calculation circuit subtracting the second 

calculation signal from the first calculation signal to 

calculate the tracking error signal. 

The constituent elements are divided as described 

above and further the tracking error signal is calculated 

by the above circuit configuration and used for the 

tracking servo contr9l. 

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 chaQging the second coefficient in 

the second calcu~ation 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 the detection 

signals. Particulariy, the coefficients can be changed so 

that the coefficient becomes large in a low region. 
·':'·' 

Preferably, the light receiving means 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 
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regions 1ocated at the two sides of the center of the 

track of the disc recording medium and output the first 

and second signa1s; the second 1ight receiving e1ement is 

provided so as to receive· the returned 1ight from the 

recording surf ace of the disc recording medium from 

regions 1ocated at the two sides of to the center of the 

track of the disc recording medium and output third and 

fourth signa1s in an inverse phase re1ationship from 

corresponding regions of the light axis; and the 1ight 

receiving means adds the first signa1 and fourth signa1 

in the same phase re1ationship, outputs the same as the 

first received 1~ght 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 signa1. 

When two 1ight receiving elements are used as 

mentioned above, the common mode noise rejection ratio 

can be raised and the noise resistance raised. 

According to the present invention, there is 

provided 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 
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means for collecting a light beam emitted from a light 

source toward the disc-like recording medium; a light 

receiving means, comprising first and second divided 

l~ght 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 regtons 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 from the first 

received light detection signal detected at the light 

receiving means by using a first coeffic~ent: a second 

calculation means for calculating a second ca1cu1ation 

signal fr~m the second received 1ight detection.signal 

detected at the 1ight receiving means by using a second 

coefficient; a coefficient changing means for changing 

the first and second coefficients; a third ca1cu1ation 

means for calculating a tracking error signal from the 
. 

first and second calculation signals; and a tracking 

servo means for traoking-servo-contro11ing the 1ight 

co11eotion 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. 
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A1so. preferab1y. the coefficient changing means 

comprises a circuit for changing the first and second 

coefficients in response to frequencies of the first and 

second received 1ight detection signa1s. 

According to the present invention, there is a1so 

provided a tracking error signa1 ca1cu1ation method for 

ca1cu1ating the trac~ing error signa1 in an optica1 disc 

apparatus having a 1ight receiving means for outputting 

first and second received 1ight detection signa1s from 

regions 1ocated at the two sides of the center of a track 

of a disc-1ike recording medium, said method comprising 

the steps of: de~ecting a peak of.the first received 

1ight detection signa1 from the first received 1ight 

detection signa1 and subtracting the signa1 obtained by 

mu1tip1ying a first coefficient with the peak from this 

to ca1cu1ate a first ca1cu1ation signa1; detecting a peak 

of the second received 1ight detection signa1 from the 

second received 1ight detection signa1 and subtracting 

the signa1 Qbtained.by mu1tip1ying a second coefficient 

with the peak from this to ca1cu1ate a second ca1cu1ation 

signa1; ca1cu1ating on the first ca1cu1ation pigna1 and 

the second ca1ou1ation signa1 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 signa1 by subtracting the second 
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calculation signal from the first calculation signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the present 

invention wi11 become clearer from the f o11owing 

descripti~n of the preferred embodiments made with 

reference to the app~nded drawings, in which: 

Fig. 1 is a view 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 photodiod~s (front 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 tracking error signal when using the 

four-division photodiodes shown in Fig. 3. in which Fig. 

4A shows a state of detracking to the (+) side: Fig. 48 

shows an on-track state: and Fig. 4C shows a state of 

detracking to the (-) side: 

Fig. 5 is a view illustrating the push-pu11 signal 

when the object lens is deviated in a radial direction 

(tracking direction): 

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

the returned light on the photodiode shifts due to a 
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radiai skew of the disc recording medium; 

Fig. 7 is a graph showing various signai waveforms 

shown in Fig. 4A to·Fig. 4C; 

Fig. 8 is a view showing a circuit of a first 

embodiment for ca1cu1ating the tracking error signa1 of 

the present invention: 

Fig. 9 is a view showing the circuit of a second 

embodiment for ca1cu1ating the tracking error signal of 

the present invention; 

Fig. 10 is a view of an actual circuit configuration 

of a signal process~ng circuit in a laser coupler LC; 

Fig. 11 is ~ view showing the circuit of a third 

embodiment for ca1cu1ating the tracking error signal of 

the present invention: 

Fig. 12 is a view showing the circuit of ~ fourth 

embodiment for ca1cu1ating the· tracking error signal. of 

the present invention: 

Fig. 13 isra graph il.lustration the frequency 

dependency of the TPP calculation coefficient; 

Fig. 14 is a view showing a detail.ed circuit of a 

circuit of a fourth embQdiment for calculating the 

tracking error signal of the present inv~ntion, and the 

circuit of the related parts; 

Fig. 15 is an operation timing chart for making the 

s1ed perform a track jump operation: and 
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Fig. 16 is a timing chart showing the operation of 

the midd1e point servo contro1. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As an embodiment of the present invention, as the 

optica1 disc apparatus, for examp1e, an optical.-magneto 

(magneto-optical.) disc apparatus, CD, CD-ROM, etc. may be 

mentioned. As the tracking error signal. cal.cul.ation 

circuit of the present invention, a circuit for 

cal.cul.ating the tracking error signal. used in the 

tracking servo control. of these optical. disc apparatuses 

etc. may be ment1oned. 

First, in order to facilitate clearer understanding 

of the present invention, an explanation wi11 be made of 

the basics of a tracking error signal. used for examp1e in 

a magneto-optical. disc apparatus or CD or CD-ROM or other 

optical. disc apparatus. 

Laser Coup1er LC 

Figure 1 is a view of a cross-sect~on of a laser 

coupl.er LC mounted on an optical. pick-up and the path of 

a beam with the disc recording medium (not il.1ustrated) 

located above it. 

The 1aser coup1er LC is provided with a 

semiconductor laser LD, two photodiodes PDl and PD2, and 

a m.1.croprism 1. 
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The microprism 1 has a 45 degree inc1ined surface la . 
for receiving the 1ight from the semiconductor 1aser LO, 

an upper surface lb, a 1ower surface le, and a back 

surface ld. A ha1f mirror· 1ayer lf is coated on the 45 

degree inc1ined surface la, a fu11 ref1ection mirror 

1ayer lg is coated on the upper surface lb, an AR (anti-

ref1ection) coating layer lh is coated on the 1ower 

surface le, and a fu11 surface absorbing fi1m li is 

coated on the back surface ld. Further, a ha1f mirror 

1ayer lj is arranged on the 1ower surface of the 

microprism 1 above where the photodiode PDl is arranged. 

The two ph~todiodes PDl and PD2 are arranged at the 

1ower surf ace 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 1ight emitted 

from the semiconductor laser LD is ref 1ected at the half 

mirror 1ayer lf on the inclined surf ace la of the 

microprism 1 and is directed toward a not illustrated 

disc recording medium above this. The returned 1ight 

ref 1ected at the disc recording medium enters into the 

microprism 1 from the ha1f mirror 1ayer lf on the 

inc1ined surface la of the microprism 1 and strikes the 

photodiode PDl (front PD). The 1ight reflected from there 

is ref1ected at the upper surface of the microprism 1 and 

strikes the photodiode PD2 (rear PD). 
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Three-division System Tracking Error Signa1 

Figure 2 is a p1an view of the three-division 

photodiodes used as the photodiodes PDl and PD2 shown in 

Fig. 1. 

The photodiodes PDl and PD2 are respectively divided 

into three regions: RA, RB, and RC and RA', RB', and RC'. 

The regions are divided by a division 1ine extended a1ong 

a direction orthogona1 to the direction in which detracking 

occurs. The center regions RB and RB' have the same surface 

areas, the regions RA and RA' on the outside thereof have 

the same surface areas, the regions RC and RC' have the 

same surface areas, and the surface areas of the regions 

RA and RC and regions RA' and RC' are the same. Further, 

the surf ace areas of these regions are defined so that 

the amount of light received at the region RB (RB'} is 

equa1 to the sum of the amounts of lights received at the 

regions RA and RC (RA' and RC') at the ti.In~ of an on-track 

state. 

In a three-division system tracking error signa1 TE, 

the center region RB corresponds to the track center. The 

ooourrence of detracking either above or be1ow this 

region RB is detected, so in the same way as a two-division 

photodiode, the difference of the detection signals of 

the outside regions RA and RC (A-C), tha~ is, a push-pull 

signal, is calculated. 
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Four-division System Tracking Error Signal 

Figure 3 is a p1an view of four-division photodiodes 

used as the photodiodes PDl and PD2 shown in Fig. 1. 

Referring to the photodiode PDl {front PD), the 

surf ace areas of the center region RB and center region 

RC are equa1, and the surface areas of the outside region 

RA and outside region RD are equal. The amounts of the 

1ight received at the regions RB and RC are defined so as 

to become the same as those of the 1ight 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 RD 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 ~qua1, and the surface areas of the 

outside region RA' and outside region RD' are equa1. The 

amounts of the 1ight received at the regions RB' and RC' 

are defined so as to become the same as those of the 
. 

1ight 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 regions of 

the photo-diodes PDl and PD2 are defined on the basis of 

the amount of the received light when the focus error 
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signa1 can be ca1cu1ated on the basis of the signa1s Al 

to A4 and Bl to B4 detected at the 1ight receiving regions. 

Figure 4 is a view i11ustrating the operation for 

detecting the tracking error signa1 TE when using the 

four-division photodiodes PDl and PD2. Figure 4A shows a 

state of detracking to the (+) side: Fig. 4B shows an on­

track state: and Figp 4C shows a state of detracking to 

the (-} side. 

Whether the apparatus is in the detract or on-track 

state is judged by dividing each of the photodiodes PDl 

and PD2 into two, i.e., the center 1eft and right 

regions, and usiQg the difference of the distribution of 

intensity of the primary diffraction 1ight on these 

photodiodes PDl and PD2. At the on-track state, the 

center of the divided regions of these photodiodes PDl 

and PD2 is 1ocated at the center of the track. 

The photodiodes PDl and PD2 are arranged so that the 

detection signa1s from the same divided regions have an 

inverse phase relationship with respect to the returned 

light. According1y, the tracking error signa1 TE when 

using two photodiodes PDl and PD2 is calcul~ted by adding 

(A2 + A4) and (Bl+ B3}, which are signa1s having the 

same phase relationship, to calculate the first sum 

signal E, adding (Al + AJ) and (B2 + B4), which are 

signals similarly having the same phase re1ationship, to 
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ca1cu1ate the second sum signa1 F. and performing the 

push-pu11 processing of these sum signa1s. 

In this way. signa1s having the same phase 

relationship are added so· as to improve the common mode 

noise rejection ratio. 

E = A2 + A4 + Bl + B3 

F = Al + A3 + a2 + 84 

PP = E - F 

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

(1) 

(2) 

(3) 

A different.ia1 amp1ification .. circuit 19 ca1cu1ates 

the tracking error signal TE by the push-pu11 system 

shown in Equation 3. 

As shown in Fig. 48, the intensity distributions of 
... 

the two primary diffraction 1ights become equal at the 

t.ime of an on-traok state, therefore the difference 

thereof, i.e., the tracking error signa1 TE, becomes o. 

As shown in Fig. 4A or Fig. 4C, the tracking error 

signal TE at the time of a detracking state exhibits a 

po1arity of either of (+) or (-) since there is no 

primary diffraction 1igh~ in the radial direction of 

either of (+) or(-). 

Defects of Push-pu11 System 

Below, a description wi11 be made of the problems 
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(defects) of the push-pull system. 

First Prob1em: Offset of Tracking Error Signa-1 Due 

to a Shift of the Object Lens in the Radial Direction 

(Tracking Direction) 

Figure 5 is a view illustrating th~ push-pull signal 

when the object 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 PDl and PD2 are 

shifted as well, the intensity distributions of the 

photodiodes PDl and 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 Error Signal Due 

to Radial Skew 

Figure 6 is a view of the state where the spots of 

the returned lights on the photodiodes PDl and PD2 shift 

due to a radial skew of the disc recording medium 3. 

When the disc recording medium 3 is skewed in the 

radial direction, the intensity distributions of the 

returned 1ights striking the photodiodes PDl and PD2 

become unbalanced and a DC off set occurs in the tracking 
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error signa1 TE. As a resu1t, when using the tracking 

error signa1 TE in this state, the tracking servo contro1 

cannot be correct1y carried out. 

An actual laser coupler LC rotates 45 degrees with 

respect to the pit. As a result, even if the disc 

recording medium 3 is skewed in the tangential direction, 

a DC offset occurs in the tracking error signa1 TE. 

The amount of the offset becomes 1/1.41 in both of 

the radia1 direction and tangentia1 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 Present Invention: Top Hold Push-pull 

Syst~ 

A description will be made next of the principle of 

the present invention for cancelling the off set due to 

the movement of the field of vision of the object 1ens 

explai~ed 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 signa1 ca1cu1ation circuit of the present 
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invention. a circuit calculating the tracking error 

signal used in the tracking servo control in these 

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} shown in Figs. 4A to 4C and Equation 1. 

A curve CVl indicates a peak change of the RF 

envelope of the first sum signal E. due to the deviation 

of the object 1ens. skew. etc. The peak width is 

indicated as a. 

A curve CV2 is a waveform of the signal when low 

pass filtering i~ 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 defined as h· 

Xn order to cancel the DC off set due to the shift of 

the object lens 5 or the skew of the disc recording 

medium 3. it is sufficient to subtract the offset width b 

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. 
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In the present invention, the push-pu11 signal is 

ca1cu1ated after off sets are subtracted from the RF 

envelope of the first sum signal E and the RF envelope of 

the second sum signal F. ·As a result, the offset is 

removed from the tracking error signal. 

First Embodiment: Basic Operation and Basic Circuit 

Below, 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 h 

becomes the product of the coefficient K and peak g, that 

is, b becomes eqqal to K x a, under the above conditions. 

Note that K < 1. The signal obtained by ~ancelling the 

offset can be represented as (A - Ka). A denotes the 

first sum signal E or the second sum signal F. 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 embodi.ment) 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 illustrated in Fig. ·4. 
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The top ho1d push-pul1 (TPP) signal ca1cu1ation 

circuit 20 shown in Fig. 8 rep1aces the operation circuit 

19 shown in Figs. 4(A) to 4(C). 

This top hold push-pu11 (tracking error) signa1 

ca1cu1ation circuit 20 has a top ho1d constant 

mu1tip1ication circuit 22 which detects the peak s of the 

first sum signa1 E, ~olds this, and multiplies the 

constant K with the result thereof, a differential 

amplification circuit 24 for ca1ou1ating (E - K x a), a 

top ho1d constant mu1tip1ication circuit 26 which detects 

the peak~ of the first sum signal Fr holds this, and 

mu1tip1ies the oo~stant K with itr a differential 

amplification circuit 28 for ca1ou1ating (F - K x a'), 

and a differentia1 amp1ifioation circuit 30 for 

performing the push-pu11 operation on these calculated 

signals. The tracking error signal is output from the 

differential amplification c:lrcuit 30. 

This tracking error signal calculation circuit 20 
. 

uses the peak ho1d 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 ho1d processing (abbreviated as the top 

hold first sum signa1) TPP (E), and (F - K x a') wi11 be 
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referred to as the second sum s·igna1 after top hol.d 

processing (abbreviated as the top ho1d second sum 

signa1) TPP (F), the constant K wi11 be referred to as 

the TPP ca1cu1ation coefficient, and the tracking error 

signa1 ca1cu1ated at the circuit 30 wi11 be referred to 

as the top ho1d tracking error signa1 TPP (TE). In this 

top hold tracking error signa1 TPP (TE), the offset is 

cance11ed according to the above princip1e. 

Further preferab1y, a· 1ow-pass fi1ter circuit 32 

provided in the rear of the circuit 30 is provided and a 

top ho1d tracking error signal TPP (TE)' passing the 1ow 

frequency compon~nt of the top ho1d tracking error signa1 

TPP (TE) from the circuit 30 is provided. 

Xn the subtraction circuit 36 of Fig. 8, an 

a1ignment signa1 AL obtained by subtracting the second 

sum signa1 F from the first sum signa1 E can be 

oa1cu1ated. A description wi11 be made 1ater of the 

uti1ization of the a1ignment signa1 AL. 

Circuit of Embodtment 2 

Figure 9 is a view of the circuit configuration of a 

second embodiment for ca1cu1ating the top ho1d push-pu11 

signa1. that is, a top ho1d tracking error signa1 TPP 

(TE), from the top ho1d first sum signa1 TPP (E) and the 

top ho1d F signal TPP (F) obtained at the top hold push­

pul1 signa1 calculation circuit 20 shown in Fig. 8. 
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The circuit configuration i11ustrated in Fig. 9 is 

designed considering the ease of adjustment of the f ina1 

tracking error (TE) signa1 whi1e making possib1e the output 

of the signa1 which becomes the base from the 1aser 

coup1er LC as much as possib1e considering the fact that 

there are l.imits to the parts accommodated in the 1aser 

coup1er LC. 

The 1aser coup1er LC accommodates the l.aser LD, 

photodiodes PDl and PD2, and microprism 1 shown in Fig. 

1. Further, the 1aser coup1er LC accommodates the object 

1ens 5 to amp1ification circuit 19 i11ustrated in Fig. 4 

and the top ho1d ~onstant mu1tip1ication circuits 22 and 

26, amplification circuits 24 and 28, calculation circuit 

30, LPF 32, and alignment signa1 AL ca1cu1ation circuit 36 

shown in Fig. 8. Name1y, the 1aser coup1er LC caicu1ates 

the top ho1d first sum signa1 TPP (TE) and the top ho1d 

second sum signa1 TPP (F) and further ca1ou1ates (E 

signa1 - F signa1} as the alignment signal AL. These 
. 

signa1s TPP (E}, TPP (F}, and AL are basic output. signals 

as the 1aser coupler LC. 

TPP ( E} = K x E'l'P - E 

TPP ( F) = K >C FTP F 

(5) 

(6) 

AL = E - F (7) 

Where, ET• is a peak ho1ding va1ue of the E 

s:lgnal., 



- 26 -

FTP is a peak ho1ding va1ue of the F 

signa1, and 

K is a TPP ca1cu1ation coefficient 

(K < 1). 

At 'the time of ca1cu1ation of the f ina1 tracking 

error {TE) signa1, there is a high possibility of 

adjustment of gain. Therefore, resistors 42 and 44 having 

a resistance va1ue Rl and a radio frequency integrated 

circuit RFIC are provided at the outside of this 1aser 

coupler LC. The radio frequency integrated circuit RFIC 

is provided with.a differentia1 amplification circuit 50, 

a negative feedback resistor 46 thereof, and a resistor 

48. The resistance va1ues of the negative feedback 

resistor 46 and the resistor 48 are R2. 

The top hold tracking error signal TPP (TE) is 

represented by the fo11owing equation: 

TPP (TE) = (R2/Rl) x [(K x Fn - F). - (K x En - E)] 
. 
= (R2/Rl) x [{E-F) - K(En - Fn)l 

(8) 

In the circuit of Fig. 9, if the resistance values 

Rl 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 
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appropriate1y adjusted can be provided. 

Actual. Signa1 Processing Circuit of Laser Coup1er le 

Figure 10 is a view of the circuit configuration of 

an aotual signa1 processing circuit in the laser coupler 

LC. 

The detection signa1s from the front PD and rear PD 

are respective1y arnp1ified up to the predetermined signa1 

1evel.s in a current/voltage conversion and amplification 

circuit I-VAMP accommodating a current/voltage (I/V) 

conversion circuit and an amp1ification circuit (AMP). 

The above signa1s. SPDl, SPD2. E, and F are ca1cu1ated at 

a sum operational. amp1ification circuit SUMMING AMP. 

Further, the a1ignment signal. AL is ca1culated in the 

operational. amplification circuit AMP (AL), the top hold 

first sum signal TPP (E) is ca1cu1ated in the operational 

amplification circuit AMP {E), and the top ho1d second 

sum signal ~PP (F) is oa1cu1ated in the operational. 

amplification circuit AMP (F). 

In the sum operation circuit SUMMING AMP, a bias is 

added from a bias circuit BIAS. 

Circuit of Embodiment 3 

Figure 11 is a view of the circuit configuration of 

a third embodiment for oal.cu1ating the top hold tracking 

error CTPP (TE)) signal. from the top ho1d first sum 

signal. TPP (E) and the top hol.d second sum signal. TPP (F) 
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obtained at the top ho1d push-pu11 signa1 ca1cu1ation 

circuit 20 shown in Fig. 8. 

The circuit of Fig. 11 is a circuit for 

substantia11y changing the TPP ca1cu1ation coefficient K in 

the circuit i11ustrated in Fig. 9. 

The 1aser coup1er LC shown in Fig. l, as shown in 

Fig. 8 and Fig. 11, putputs the top ho1d first sum signa1 

TPP (E), the top ho1d second sum signa1 TPP (F), and the 

alignment signal AL. 

In order to calculate the top ho1d tracking error 

signal TPP (TE), resistors 42 and 44 of a resistance 

value Rl, a resi~tor 45 of a resistance value R3, and the 

radio frequency integrated circuit RFIC are provided 

outside of the laser coupler LC. The differential 

amplification circuit 50,·the negative feedback resistor 

46 thereof, and a positive feedback resistor 48 are 

·provided in the radio frequency integrated circuit RFXC. 

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 

amp1ification circuit 50 is added to the circuit 

i11ustrated in Fig. 9. 



- 29 -

The top hold tracking error signal TPP (TE) is 

represented by the fo11owing equation: 

TPP (TE) = {R2/Rl) >C [ (E-F) - K(ETP-FTP) l 

- (R2/R3) (E-F) 

= (R2/Rl) >< [(E-F) - (R2/R3}(E-F)] 

= - (R2/Rl) [K(ETP-FTP)] 

= [(R2(R3-R2))/(RlR3)] (E-F)-K1 ' (Eu­

FTP}] 

(9) 

Where, K1 ' = (R3(R3-R2) >< K. 

The circui~ i11ustrated in Fig. 11 has the advantage 

that the TPP ca1cu1ation ooeff icient K oan be made 1arger 

when compared with the circuit i11ustrated in Fig. 9 

since the constant (coefficient) which becomes K1 ' = 

{R3/(R3-R2) >C K is mu1tip1ied with (E'l'P-F'l'P). 

The optimum va1ue of the TPP ca1cu1ation coefficient 

K is different according to the optica1 disc apparatus due 

to inherent variations in characteristics of individua1 

optica1 disc apparatus. However, the TPP oa1cu1ation 

coefficient is set.constant in the 1aser ooup1er LC, 

therefore is usua11y fixed for a11 optica1 disc apparatus 

of the same mode1. Therefore, in the adjustment stage, 

where it is desired to change the same to the optimum TPP 

oa1culation coefficient K (where it is desired to make 
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·the coefficient K large in the present embodiment), when 

adopting the circuit configuration of Fig. 11, there is 

an advantage that the change becomes possib1e outside of 

the laser 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 ca1cu1ation coefficient K·, 

in other words, the gain of the top ho1d first sum signal 

TPP (E). 

The resistors 46 and 48 i11ustrated inside the radio 

frequency integrated circuit RFIC in Fig •. 11 can be 

provided outside as we11. '!'his 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 oases 
. 

where it is not preferred to include the resistors 46 and 

48 having large resistarioe 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 first sum 
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signal TPP {E) and the top hold second sum signal TPP (F) 

obtained at the top hold push-pu11 signal calculation 

circuit 20 shown in Fig. 8. 

The circuit of Fig.· 12 is a circuit enabling the TPP 

calculation coefficient K in the circuit illustrated in · 

Fig. 9 to 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 apparatus. However, the TPP calculation 

coefficient is set constant in the laser coupler LC, 

therefore i.s usually fixed for al.1 optical 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 configuration of Fig. 12 is adopted. 

The laser coupler LC outputs the top hold first 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 ~4 of a resistance 

value Rl, 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 
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amp1ification circuit SO, the negative feedback resistor 

46 thereof, and the positive feedback resistor 48 are 

provided in the radio frequency integrated circuit RFIC. 

The resistance va1ues of .the negative feedback resistor 

46 and the positive feedback resistor 48 are R2. 

In the circuit i11ustrated in Fig. 12, a resistor 45 

of the resistance value R3 for adding the a1ignment 

signal AL to the top hold second sum signa1 TPP (F) and 

app1ying the same to the non-inversion termina1 (+) of 

the amp1ification circuit 50 is added to the circuit 

illustrated in Fig. 9. 

The top hoid tracking error signa1 TPP (TE) is 

represented by the fo1lowing equation: 

TPP (TE) = (R2/Rl) x [ (E-F) - K(EorP-FTP)] 

+ (R2/(R3+R2)(1+R2/Rl)(E-F) 

= [(R2/Rl (R1+2R2+R3)/(R2+R3)]/(RlR3) 

x [(E-F) - K 2 '(En-F'fp)] (10) 

Where, K:t' = [(R2+R3)]/(Rl+2R2+R3)] x K. 

The circuit i11ustrated in Fig. 12 has the advantage 

that the TPP ca1cu1ation coefficient K can be made 

sma11er compared with the circuit i11ustrated in Fig. 9 

since the constant (coefficient) which becomes K2 ' = 

(R2+R3)]/(Rl+2R2+R3) )( K is mul.tipl.ied with (ETP-FTP). 

It is also possible to set the outer attached 
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resistors 42. 44, and 47 of the 1aser coup1er LC and the 
. 

radio frequency integrated circuit RFIC as variab1e 

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 laser coupler LC and the radio frequency 

integrated circuit 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 ref erring to 

Fig. 11. Namely, .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 a1so there are cases 

where it is not preferred to include the resistors 46 and 

48 having a large resistance va1ue 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 
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from the outside of the laser coup1er LC and RFIC. 

The circuit of Embodiment 4 shown in Fig. 12 can be 

used when making the TPP ca1cu1ation coefficient K small 

from the outside of the laser coupler LC and RFIC. 

Further, in order to make it possible to make the 

TPP calculation coefficient K large and small from 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 SO in the 

RFIC. 

Circuit of Fifth Embodiment: Imparting Freguency 

Dependency to the TPP Calculation Coefficient 

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 set to 0.68 at 60 Hz or 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 
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ca1cu1ation circuit 60 of Embodiment 5 in which the TPP 

ca1cu1ation coefficient shown in Fig. 13 is changed with 

a frequency dependency and re1ated circuits. 

In the tracking error ca1cu1ation circuit 60, 

resistors 46 and 48 are provided outside"of the 

integrated circuit chip SOA corresponding to the RFIC of 

Fig. 12. Inside the integrated circuit chip SOA, the 

differentia1 amp1ification circuit SO in the RFIC shown 

in Fig. 14 and the periphera1 circuit thereof are 

accommodated. By providing the resistors 46 and 48 

outside of the integrated circuit chip 50A in this way, 

the difficulty of mounting resistors having a 1arge 

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 1ow pass filter 64 constituted by 

a resistor 61, a capacitor 62, and a resistor 63 is 

provided. By providing this 1ow pass fi1ter 64, the 1ow 

frequency component of the a1ignment signa1 AL is passed, 

and as i11ustrated in Fig. 13, the value of the TPP 

ca1cu1ation coefficient K is made 1arge in the 1ow 

frequency region. In the high frequency region, a TPP 
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calculation coefficient having a smal1 va1ue will be used. 

Further, in para11e1 to a serial circuit of the 

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 1eve1 of the low pass fi1ter 

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 capacitor 

62. 

This top hold tracking error signaL TPP (TE) is 

phase-compensated in a phase compensation track jump 

circuit 80 for generating the signal for making the sled 

shown in Fig. 15 perform the track jump operation, and a 

.tracking coi1 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 
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a microcomputer for performing the tracking servo contro1. 

The top ho1d tracking error signal TPP ((TE) 

calculated in the tracking error calculation circuit 60 

is app1ied to the midd1e point servo contro1 circuit 120 

for oontro11ing the optioa1 pick-up to the midd1e point 

position of the track when performing the ooarse control 

for moving the optic~l 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 

servo control, bqt 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-optioa1 diso apparatus. CD drive, eto. 

were mentioned above. The signal processing was explained 

above for the top hold tracking error signal TPP (TE) 

used in these apparatuses. The present invention however 

is not limited to the magneto-optical disc appa~atus, CD 

drive, etc. and can be applied to _other optical recording 

apparatuses 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 
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optical recording apparatus is correctly carried out. 

Particularly, in the present invention, the adjustment of 

the top hol.d coefficient is enabled, therefore it is 

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 

cal.culated. 

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., partioularl.y the val.ue of the top hold 

coefficient, can be .easily changed. 
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What is c1aimed is: 

1. A tracking error signa1 calculation circuit for 

calcu1ating a tracking error signal in an op.tica1 disc 

apparatus having a 1ight receiving means for outputting 

first and second received light detection signals from 

regions 1ocated at the two sides of the center of a track 

of a disc-like recording medium, 

said circuit comprising: 

a first calculation circuit for detecting a 

peak of the first received 1ight detection signa1 from 

the light receiving means and subtracting a signa1 

obtained by mu1tip1ying a first coefficient with the peak 

from the first received light detection signa1 to 

ca1cu1ate a first calculation signal; 

a second calculation circuit for detecting a 

peak of the second received 1ight detection signal from 

the 1ight receiving means and su~tracting a signal 

obtained by multiplying a second coefficient with the 

peak from the second received light detection signal to 

calculate a second calculation signal: and 

a third calculation circuit for subtracting the 

second calculation signal from the first calculation 

signal to oa1oulate the tracking error signa1. 

2. A tracking error signal calculation circuit 

as set forth in claim 1, further comprising a first 

111111111111111111111111111111 
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coefficient changing circuit for changing the first 

coefficient in the first calculation circuit. 

3. A tracking error signal caiculation 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 error signal calculation circuit 

as set forth in claim l, wherein further comprising a 

second coefficient changing circuit for changing the second 

coefficient in the second calculation circuit. 

5. A tr~cking error signal calculation circuit 

as set forth in claim 4, wherein the second coefficient 

changing circuit has a circuit for changing the coefficient 

depending upon a frequency of the second received light 

detection signal. 

6. An optical diso apparatus, comprising 

a disc recording medium, 

an optical piok-up, 

a signal calculation circuit provided outside 

of the optical pick-up, and 

a tracking controlling means for performing the 

position control of the optical pick-up to a 

predetermined track, wherein: 

said optical pick-up includes 

· \ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \\I\ 
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an optica1 means for emitting a converged 

beam to a recording surface of the disc recording medium, 

a 1ight receiving means for receiving the 

returned 1ight from the recording surf ace of the disc 

recording medium from regions 1ocated at the two sides of 

the center of track of the disc recording medium and 

outputting the first.and second received light detection 

signa1s, 

a first ca1cuxation circuit for detecting a 

peak of the first received 1ight detection signa1 from 

the 1ight receiving means and subtracting a signa1 

obtained by mu1tip1ying a first coefficient to the peak 

from the first receive~ 1ight detection signal to 

ca1cu1ate the first ca1ou1ation signa1, and 

a second ca1cu1ation circuit for detecting a 

peak of the second received 1ight detection signa1 from 

the 1ight receiving means and subtracting a signa1 

obtained by mu1tip1ying a second coefficient to the peak 

from the second received 1ight detection signa1 to 

ca1cu1ate the second ca1cu1ation signa1: and 

the signa1 ca1cu1ation circuit has a third 

ca1cu1ation circuit subtracting the second ca1cu1ation 

signa1 from the first calculation signal to calcu1ate the 

tracking error signal. 

7. An optica1 disc apparatus as set forth in 

\ \11\11\ \\\I\\ 111\\ \\1\1 \\ \II\ 
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claim 6, wherein the signal calculation circuit has a 

coefficient changing circuit for changing the coefficient 

in the first ca1cu1ation circuit and outputs the first 

caioulation signal operated on by the changed coefficient 

to the third calculation 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 signa1. 

9. An optical disc apparatus as set forth in 

claim 6, wherein the signal calculation circuit has a 

coefficient changing circuit for changing the coefficient 

in the second calculation circuit and outputs the second 

calculation signal operated on by the changed coefficient 

to the third ca1cu1ation circuit. 

10. An optical disc apparatus as set forth in 

claim 9, wherein the coefficient changing circuit has a 

circuit for changing the coefficient in response to a 

frequency of the second received 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 is provided 

' '""" """ Ill\\ '"" " llll * C L M S * 
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so as to receive the returned 1ight from the recording 

surface of the disc recording medium from regions 1ocated 

at the two sides of the center of the track of the disc 

recording medium and output the first and second signa1s; 

the second 1ight 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 the light axis; and 

the l~ght receiving 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 

~ight detection signal, but in the same phase 

relationship as each other, and outputs the same as the 

second received 1ight 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 1ight collection means for collecting a 

light beam emitted from a light source toward the disc-like 
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recording medium; 

a 1ight receiving means, comprising first and 

second divided light receiving e1ement groups, for 

receiving a light beam reflected at the disc-like 

recording medium to output first and second light 

received detection signa1s corresponding to regions 

positioned at both sides with respect to a signa1 track 

center of the disc-like recording medium, 

a first calculation means for ca1cu1ating a 

first oa1cu1ation signa1 from the first received light 

detection signal detected at the light receiving means by 

using a first co~ffioient: 

a second calculation means for calculating a 

second calculation signal from the second received light 

detection signa1 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 means for calculating a 

tracking error signal from the first and second ca1ou1ation 

signals; and 

a tracking servo means for tracking-servo-

oontro11ing the light co11ection means by using the 

tracking error signal calculated at the third ca1cu1ation 

means. 

111111111111111111111111111111 
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13. A tracking contro1 apparatus as set forth in 

c1aim 12. wherein the 1ight co11ection means forms a single 

light spot of the light beam on the disc-1ike recording 

medium. 

14. A tracking control apparatus as set forth in 

claim 12.·wherein the coefficient changing means comprises 

a circuit for changi~g 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 from 

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 rece1ved light detection 

signal and subtracting the signal obtained by multiplying 

a first coefficient with the peak from this to calculate 

a first ca1cu1ation 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; 
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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 respon~e to the frequency band: and 

generating the tracking error signal by 

subtracting the second calculation signal from the first 

calculation signal. . 
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