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(57) ABSTRACT 

An object of the present invention is to improve a conven 
tional DPD method having a problem that a tracking servo 
becomes unstable due to a reduction in the accuracy of detect 
ing a phase difference between short mark signals at an edge, 
in a case Where the amplitudes of the short mark signals are 
very small, or Where a readout signal contains large noise. To 
this end, the present invention provides a method for increas 
ing the contribution ratio of long mark signals to generate a 
tracking error signal by causing a phase difference pulse to 
include information on a phase difference, and by causing the 
area of the pulse to be Weighted according to the length of a 
mark/space adjacent to a concerned edge. 

14 Claims, 8 Drawing Sheets 
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TRACKING ERROR DETECTION METHOD 
AND OPTICAL DISC REPRODUCTION 

APPARATUS USING THE SAME 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CLAIM OF PRIORITY 

The present application claims priority from Japanese 
application JP 2006-338852 ?led on Dec. 15, 2006, the con 
tent of which is hereby incorporated by reference into this 
application. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a tracking error detection 

method allowing a stable tracking servo to be achieved in an 
optical disc reproduction apparatus even during reproduction 
of data on a high density disc or during high-speed reproduc 
tion, and relates to an optical disc reproduction apparatus 
using the method. 

2. Description of the Prior Art 
An optical disc known as a CD (Compact Disc) and a DVD 

(Digital Versatile Disc) is an information recording medium 
which is used for recording and reproducing information by 
means of an optical spot formed by concentrating laser light 
on the information recording surface of the disc. A BD (Blu 
ray Disc) or an HD DVD is one of discs that have recently put 
into practical use as a high density optical disc. The Blu-ray 
Disc is described in details in “White Paper: Blu-ray Disc 
Format-General,” and the HD DVD is described in details in 
“DVD Forum Gijyutsu HakushoiHD DVD Format no 
Gaiyoui(DVD Forum Technology White Paper4Outline of 
HD DVD Formati)” 

In a case of a reproduction-only optical disc (ROM: Read 
Only Memory), information is recorded in the form of ?ne 
convexoconcaves (pits) formed on the information recording 
surface, and the information is reproduced by detecting the 
change in the re?ectance of light caused by the presence and 
absence of pits. The pits are aligned spirally or concentrically, 
and thus form a recording track. 
When information is reproduced, it is necessary to cause 

the optical spot to follow a recording track precisely (perform 
tracking). The tracking is performed by causing optical 
means to detect the amount of deviation (a tracking error) of 
the optical sport from the center of a recording track, and by 
driving an objective lens in a radial direction of the disc so that 
the tracking error would be Zero. 

There are a 3-spot method, a DPD (Differential Phase 
Detection) method and the like as a tracking error detection 
method for reproduction-only optical discs. The DPD method 
is often used in recent driver apparatuses in order to handle a 
plurality of types of disc standards, since the DPD method can 
eliminate the in?uence of the difference between track 
pitches. 
A fundamental principle of the tracking error detection 

using the conventional DPD method will be described by 
using FIG. 1. FIG. 1 shows states of pits, optical spots, and 
light intensity distribution on a quadrant photo detector when 
information in a reproduction-only disc is reproduced. When 
an optical spot is on a pit, the Oth-order diffracted light and the 
:Ist-order diffracted light among all the orders of diffracted 
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2 
lights generated by the pit interfere with each other, and this 
interference generates areas (interference areas) with the 
small light intensity on the quadrant photo detector. 

In this respect, assuming that segment elements of the 
quadrant photo detector are A, B, C and D, an examination is 
given on the sums (I A+IC) and (I B+I D) each of which is the 
sum of the output currents from two segment elements 
located at diagonal comers, respectively. In a case where the 
optical spot passes exactly through the center of the pit col 
umn, no phase difference occurs between (I A+IC) and (I B+I D). 
On the other hand, when the optical spot is deviated from the 
centerline of the pit column (off-track), a phase difference 
occurs between (I A+IC) and (IB+ID). This is because the 
above-described interference areas are generated as a pair at 
the respective diagonal comers of the quadrant photo detec 
tor, when the optical spot passes on an edge of the pit (a front 
or rear end of the pit in the direction of optical spot’s move 
ment). As shown in FIG. 1, the sign of phase difference varies 
according to off-track directions, and the siZe of phase differ 
ence is approximately proportional to the off-track amount. 

Hereinafter, an example of the tracking error signal gener 
ating method using the conventional DPD method will be 
described by using a block diagram of FIG. 2 and a diagram 
of signal waves of FIG. 3. The diagonal sum signals (I A+IC) 
and (I B+ID) are ampli?ed by the respective ampli?ers, and 
thus become A1 andA2, respectively. The amplitudes of short 
mark signals of the A1 and A2 are relatively ampli?ed by the 
respective equalizers. Subsequently, the signals are binariZed 
by the respective level comparators, and thus become signals 
B1 and B2, respectively. The signals B1 and B2 are inputted 
to a phase comparator, and the phase comparator detects the 
phase difference between edges of the two signals (an edge is 
a point where each of the signals crosses over the Zero level). 
The phase comparator outputs a phase difference pulse to C1 
when the phase of the signal B1 precedes the phase of the 
signal B2. On the other hand, the phase comparator outputs a 
phase difference pulse to C2 when the phase of the signal B2 
precedes the phase of the signal B1. The heights of the phase 
difference pulses are constant, and the widths thereof are 
equal to the absolute value of the phase difference between 
the signals B1 and B2. The pulse signals ofeach ofC1 and C2 
are integrated with a predetermined time constant by the 
respective low-pass ?lters (LPF), and the difference between 
the signals thus obtained becomes a tracking error signal. 

SUMMARY OF THE INVENTION 

A problem in tracking error detection using the conven 
tional DPD method will be pointed out here. FIG. 4 is a 
schematic diagram of a readout signal of a reproduction-only 
optical disc. In this example, pits aligned in the order of 8T 
marks, 2T spaces, 2T marks and 8T spaces are reproduced. 
Here, T denotes a channel bit cycle. In a case of a long mark 
readout signal such as 8T, the gradient is large at the edge. In 
contrast, in a case of a short mark readout signal such as 2T, 
the gradient is small at the edge, since the signal amplitude is 
reduced due to insuf?cient optical resolution. In particular, in 
a case of a high density optical disc such as BD (Blu-ray Disc) 
and HD DVD which have been recently put into practical use, 
the gradient of a signal is small at the edge because the 
amplitude of a short mark signal is very small. For this reason, 
the in?uence of noise, variation in a signal level and the like 
results in a reduction in the accuracy of phase difference 
detection, and the reduction in the accuracy causes tracking 
servo to be unstable. 

Moreover, in a case where data is reproduced at a high 
speed, the amplitude of a short mark signal with high fre 
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quency is decreased due to the limit of a signal transmission 
band of an electric circuit in a driver apparatus, and this 
decrease brings about the same problem as that in a case of the 
reproduction of data on a high density optical disc. 
Any type of main optical discs (CD, DVD, BD and HD 

DVD), Which have been put into practical use, employs a 
mark edge recording method. In this method, in order to 
increase recording capacity by enhancing the ef?ciency in 
data recording, data is modulated so that the existence ratio of 
signals With shorter mark length Would be larger than that of 
signals With longer mark length, and then the data thus modu 
lated is recorded. In other Words, the ratio of the number of 
edges of short mark signals to the total number of edges of a 
readout signal is high. 

Accordingly, in the case of the tracking error detection 
method using the conventional DPD method, the contribution 
ratio of edges of short mark signals to generate a tracking 
error signal is high, and there is a problem that the tracking 
servo becomes unstable in reproducing data on a high density 
optical disc or reproducing at a high speed for the aforemen 
tioned reasons. 

Against this background, an object of the present invention 
is to provide a tracking error detection method and an optical 
disc reproduction apparatus using the method, by using the 
method it being possible to reduce the in?uence of unstable 
short mark signals at edges, thereby achieving a stable track 
ing servo. 

In the present invention, a tracking error signal is generated 
by using the following method. In the present invention, 
speci?cally, for the purpose of reducing the contribution ratio 
of short mark signals at edges to generate a tracking error 
signal, and of increasing the contribution ratio of long mark 
signals at edges, the height or Width of a phase difference 
pulse outputted in a process for generating a DPD tracking 
error signal is Weighted according to the length of a mark/ 
space adjacent to a concerned edge. In other Words, the height 
or the Width of a phase difference pulse is made larger as the 
length of a mark/space adjacent to a concerned edge is longer. 
In the DPD method, a tracking error signal is the one obtained 
by integrating phase difference pulses With a predetermined 
time constant. For this reason, by employing the foregoing 
method, the contribution ratio of long mark signals at edges to 
generate a tracking error signal can be relatively increased. 
TWo possible methods for achieving the present invention 

are as follows. 

(1) A First Method: a Method in Which the Height of a Phase 
Difference Pulse is Weighted According to the Gradient of a 
Signal at a Concerned Edge 

In this method, the height of a phase difference pulse is 
made approximately proportional to the gradient of a signal at 
a concerned edge. As has been described, the longer the 
length of a mark/space adjacent to a concerned edge, the 
larger the gradient of a signal at an edge. For this reason, the 
height of a phase difference pulse is changed so that a phase 
difference pulse at an edge of a signal With a longer mark, 
Which is a more stable signal, Would have the higher height. 
(2)A Second Method: a Method in Which the Width of a Phase 
Difference Pulse is Weighted According to the Length of a 
Mark/Space Following a Concerned Edge 

In this method, a phase difference pulse having the Width 
equal to the length of a mark/space is outputted. In other 
Words, a phase difference pulse is outputted during a period 
from an edge to the immediately subsequent edge. In this Way, 
a phase difference pulse starting from an edge of a long mark 
signal has the larger Width than a phase difference pulse 
starting from an edge of a short mark signal. In this case, 
hoWever, a phase difference pulse does not include informa 
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4 
tion on the phase difference if the height of a phase difference 
pulse is set constant. In order to avoid this, the height of a 
pulse is also made approximately proportional to the gradient 
at an edge as is the case With the ?rst method. 

FIG. 9 shoWs a summary of the tracking error signal gen 
erating methods of the present invention, Which have been 
described above, in terms of information contained in the 
height and the Width of a phase difference pulse. 

In the case of the conventional DPD method, the height of 
a pulse does not contain any information, since the height is 
constant. The Width of a pulse indicates a phase difference, as 
it is, betWeen signals A1 and A2. 

In the case of the ?rst method, that is, the method in Which 
the height of a phase difference pulse is Weighted according to 
the gradient of a signal at a concerned edge, the height of a 
pulse contains information on a phase difference betWeen 
signals A1 and A2, and information on the mark length. The 
Width of a pulse indicates a phase difference, as it is. 

In the case of the second method, that is, the method in 
Which the Width of a phase difference pulse is Weighted 
according to the length of a mark/space folloWing a con 
cerned edge, the Width of a pulse indicates the length of the 
mark/space, as it is, and the height of a pulse contains the 
same information as that in the ?rst method. 

As has been described, in both of the ?rst and second 
methods, a phase difference pulse is made to contain infor 
mation on a phase difference, and the area of a pulse is 
Weighted according to the length of a mark/space adjacent to 
a concerned edge. Thus, the contribution ratio of long mark 
signals at edges to generate a tracking error signal is 
increased, and thereby the foregoing problem of the accuracy 
of detecting a phase difference in the conventional DPD 
tracking method is solved. 

According to the present invention, a tracking error signal 
becomes stable, and thus a stable tracking servo can be per 
formed even during reproduction of data on a high density 
disc, or during high-speed reproduction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram for explaining the principle of a con 
ventional DPD method. 

FIG. 2 is a diagram shoWing a tracking error signal gener 
ating block by using a conventional DPD method. 

FIG. 3 is a diagram shoWing signal Waveforms in a process 
Where a tracking error signal is generated in the conventional 
DPD method. 

FIG. 4 is a diagram shoWing a readout signal and the 
gradients at edges thereof. 

FIG. 5 is a schematic diagram of an optical disc reproduc 
tion apparatus to Which the present invention is applied. 

FIGS. 6A and 6B shoW a tracking error signal generating 
method according to a ?rst embodiment of the present inven 
tion. 

FIGS. 7A and 7B shoW a tracking error signal generating 
method according to a second embodiment of the present 
invention. 

FIGS. 8A and 8B shoW a tracking error signal generating 
method according to a third embodiment of the present inven 
tion. 

FIG. 9 is a table shoWing relationships betWeen tracking 
error signal generating methods and information included in 
the heights and the Widths of phase difference pulses. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, descriptions Will be given of embodiments of 
the present invention. 

First Embodiment 

FIG. 5 is a diagram showing a con?guration example of an 
optical disc reproduction apparatus to Which the present 
invention is applied. 

Laser light 102 that is linearly polarizing light is generated 
from a laser diode 101. It becomes a parallel pencil of light 
through a collimating lens 103, and then enters a polarizing 
beam splitter 104. The polarizing beam splitter 104 is an 
optical element having properties alloWing linearly polariz 
ing light in a certain direction to pass therethrough almost 
Without any loss, and causing the linearly polarizing light in a 
direction perpendicular to the certain direction to be re?ected 
almost Without any loss. The polarizing beam splitter 104 is 
disposed so as to alloW the laser light 102 generated from the 
laser diode 101 to pass therethrough almost Without any loss. 
The laser light 102 having passed through the polarizing 
beam splitter 104 is re?ected by a half mirror 105, and thus the 
travel direction of laser light 102 is changed vertically. At the 
same time, the half mirror 105 also alloWs very small part of 
the entered laser light to pass therethrough. Accordingly, the 
laser light 102 having passed through the half mirror 105 is 
concentrated by a front monitor lens 106 Which is located 
ahead of the half mirror 105, and then enters a front monitor 
107 Which is located ahead of the front monitor lens 106. The 
front monitor 107 outputs an electric current proportional to 
the poWer of the entered laser light. The electric current 
outputted by the front monitor 107 is generally used for 
controlling the poWer by monitoring it, the poWer being out 
putted by the laser diode 101. The laser light 102 re?ected by 
the half mirror 105 is changed to be circularly polarizing light 
by passing through a quarter-Wave plate 108. The laser light 
102 Which has been changed to the circularly polarizing light 
is concentrated by an objective lens 109, and then enters an 
optical disc 110. 

The laser light 102 re?ected by an information recording 
surface 111 of the optical disc 110 again passes through the 
objective lens 109, and then passes through the quarter-Wave 
plate 108, thereby becoming the linearly polarizing light 
again. In this linearly polarizing light, the polarization direc 
tion is perpendicular to the polarization direction for 
approaching the optical disc 110. For this reason, the laser 
light 1 02 is re?ected by the half mirror 1 05, and then re?ected 
by the polarizing beam splitter 104 almost Without any loss. 
Thereafter, the laser light 102 is concentrated by a detection 
lens 112, and enters a photo detector 113. 

The photo detector 113 is a quadrant photo detector as 
shoWn in FIG. 1. The output from the photo detector 113 is 
processed by a readout signal generating circuit 114, a track 
ing error signal generating circuit 120 and a focus error signal 
generating circuit 121. Thus, these circuits 114, 120 and 121 
generate a readout signal, a tracking error signal and a focus 
error signal, respectively. The tracking error signal and the 
focus error signal are supplied to a lens actuator 122, and the 
lens actuator 122 performs tracking control and focus control 
by driving the objective lens 1 09 in a track Width direction and 
in a focus direction. In general, the foregoing con?guration 
except for the optical disc 110 is built up by using an optical 
pickup as an optical system. The readout signal Which is a 
sum signal of outputs from four segment elements of the 
quadrant photo detector, is processed to be user data by a 
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6 
signal processing circuit 115 and a decoding circuit 116 of a 
controlling unit. The user data thus processed is transferred to 
an upper apparatus via a micro processor 117. The micro 
processor 117 also monitors the output from the front monitor 
107, and controls a laser driver circuit 118 so that the output 
Would become a predetermined value. 

Hereinafter, descriptions Will be given of a con?guration 
example of the tracking error signal generating circuit 120 by 
using FIGS. 6A and 6B. FIG. 6A is a Waveform diagram 
shoWing tWo kinds of diagonal sum signals A1:(IA+IC) and 
A2:(IB+ID) of the quadrant photo detector, and pulse signals 
generated from the diagonal sum signals. FIG. 6B is a dia 
gram shoWing a con?guration example of a circuit Which 
generates the pulses shoWn in FIG. 6A. 
A phase difference pulse generating circuit of this embodi 

ment is con?gured of binarizing circuits, sample/hold cir 
cuits, summing circuits, sWitch circuits and a subtracting 
circuit. The binarizing circuits 63 and 66 output the binary 
signals of input signals. The binarizing circuits 64 and 65 
output the level inverted signals of the binary signals of the 
input signals. The sample/hold circuits (S/H) 67, 68, 69 and 
610 hold the levels of the input signals D at an edge of a 
sample/hold signal A until the time When the next edge of the 
sample/hold signal A comes. The sWitch circuits 613 and 614 
output the input signals D themselves in a case Where both 
signals A and B are at high levels (H), and output zero 0 in the 
other cases. The subtracting circuit 615 outputs a difference 
signal indicating the difference betWeen the outputs from the 
sWitch circuit 613 and the sWitch circuit 614. 
As shoWn in FIG. 6A, in this con?guration, a phase differ 

ence pulse is outputted during a period from an edge time of 
a signal A1 to the immediately subsequent edge time of a 
signal A2. In other Words, the Width of the phase difference 
pulse is equal to the absolute value of the phase difference 
betWeen the signals A1 and A2. The height of the pulse is 
equal to the sum of the signal level of the signal A2 at the edge 
time (a time at Which a signal crosses over the zero level) of 
the signal A1, and the signal level of the signal A1 at the edge 
time of the signal A2. 
As shoWn in FIG. 6A, here, assume that p denotes the 

signal level of the diagonal sum signal A2 at the edge time of 
the diagonal sum signal A1, and that q denotes the signal level 
of the signal A1 at the edge time of the signal A2, When the 
diagonal sum signals A1 and A2 cross over the zero level in 
the minus -to-plus direction. In addition, assume that r denotes 
the signal level of the signal A2 at the edge time of the signal 
A1, and that s denotes the signal level of the signal A1 at the 
edge time of the signal A2, When the diagonal sum signals A1 
and A2 cross over the zero level in the plus-to-minus direc 
tion. 

In this situation, When the diagonal sum signals cross over 
the zero level in the minus-to-plus direction, a pulse 61 is 
outputted during a period from an edge time of the signal A1 
to the immediately subsequent edge time of the signal A2 
Whose phase delays. The signal level of this pulse 61 is equal 
to the sum (s+p) of the signal level p of the signal A2 at the 
edge time of the signal A1, Which is a pulse starting time, and 
the signal level s of the signal A1 at the immediately preced 
ing edge time of the signal A2. On the other hand, When the 
diagonal sum signals cross over the zero level in the plus-to 
minus direction, a pulse 62 is outputted during a period from 
an edge time of the signal A1 to the immediately subsequent 
edge time of the signal A2. The signal level of this pulse 62 is 
equal to the sum (q+r) of the signal level r of the signal A2 at 
the edge time of the signal A1, Which is a pulse starting time, 
and the signal level q of the signal A1 at the immediately 
preceding edge time of the signal A2. The signs of these tWo 
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pulses are different from each other. Hence, a tracking error 
signal is generated by amplifying the difference betWeen 
these tWo pulses, that is, the pulse 61 With the signal level 
(s+p) and the pulse 62 With the signal level (q+r), and then by 
adding up the differences thus ampli?ed for a certain period 
of time. 

Second Embodiment 

By using FIGS. 7A and 7B, descriptions Will be given of 
another embodiment of a con?guration Which is based on the 
basic con?guration of the ?rst embodiment, and Which is 
different therefrom only in a tracking error signal generation 
unit. FIG. 7A is a Waveform diagram shoWing tWo kinds of 
diagonal sum signals A1:(lA+lC) and A2:(l 5+1 D) of a quad 
rant photo detector, and pulse signals generated from the 
diagonal sum signals. FIG. 7B is a diagram shoWing a con 
?guration example of a circuit Which generates the pulses 
shoWn in FIG. 7A. 
A phase difference pulse generating circuit of this embodi 

ment is con?gured of binariZing circuits, sample/hold cir 
cuits, sWitch circuits and subtracting circuits. The operations 
of the binariZing circuits, the sample/hold circuits and the 
sWitch circuits are the same as those in a case of the ?rst 
embodiment. 

With this con?guration, a phase difference pulse is output 
ted during a period from an edge time of a signal A2 to the 
immediately subsequent edge time of a signal A1. In other 
Words, the Width of the phase difference pulse is approxi 
mately equal to the length of the mark/space folloWing the 
edge of the signal A2. On the other hand, the height of the 
phase different pulse is the difference betWeen the signal level 
of the signal A1 at the edge time of the signal A2, Which is a 
starting time of the phase difference pulse, and the signal level 
of the signal A2 at the immediately preceding edge time of the 
signal A1. 
As shoWn in FIG. 7A, here, assume that the signal levels p, 

q, r and s are de?ned in the same manner as those shoWn in 

FIG. 6A. In this embodiment, When the diagonal sum signals 
cross over the Zero level in the minus-to-plus direction, a 
pulse 71 is outputted during a period from an edge time of the 
signal A2 to the immediately subsequent edge time of the 
signal A1. The signal level of this pulse 71 is equal to the value 
of (p-q). On the other hand, When the diagonal sum signals 
cross over the Zero level in the plus-to-minus direction, a 
pulse 72 is outputted during a period from an edge time of the 
signal A2 to the immediately subsequent edge time of the 
signal A1. The signal level of this pulse 72 is equal to the value 
of (r-s). The signs of these tWo pulses are different from each 
other. Hence, a tracking error signal is generated by amplify 
ing the difference betWeen these tWo pulses, that is, the pulse 
71 With the signal level (p-q) and the pulse 72 With the signal 
level (r-s), and then by adding up the differences thus ampli 
?ed for a certain period of time. 

Third Embodiment 

By using FIGS. 8A and 8B, descriptions Will be given of 
another embodiment of a con?guration Which is based on the 
basic con?guration of the ?rst embodiment, and Which is 
different therefrom only in a tracking error signal generation 
unit. FIG. 8A is a Waveform diagram shoWing tWo kinds of 
diagonal sum signals A1:(lA+lC) and A2:(l 5+1 D) of a quad 
rant photo detector, and pulse signals generated from the 
diagonal sum signals. FIG. 8B is a diagram shoWing a con 
?guration example of a circuit Which generates the pulses 
shoWn in FIG. 8A. 
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8 
A phase difference pulse generating circuit of this embodi 

ment is con?gured of binariZing circuits, sample/hold cir 
cuits, a summing circuit, a sWitch circuit and subtracting 
circuits. The operations of the binariZing circuits, the sample/ 
hold circuits, the subtracting circuits and the summing circuit 
are the same as those in a case of the ?rst embodiment. The 
sWitch circuits 813 and 814 output input signals D themselves 
in a case Where a signal A is at a high level (H), and outputs 
Zero 0 in a case Where the signal A is at a loW level (L). 

With this con?guration, an average level signal A3 indicat 
ing the average level of the signals A1 and A2 is used, and a 
phase difference pulse is outputted during a period from a ?rst 
edge time of the signal A3 to the immediately subsequent 
edge time of the signal A3. The height of the phase difference 
pulse is equal to the difference betWeen the signal levels of the 
signals A1 and A2 at the ?rst edge of the signal A3. 
As shoWn in FIG. 8A, here, When the diagonal sum signals 

cross over the Zero level in the minus-to-plus direction, 
assume that, at an edge time of the signal A3: the signal level 
of the signal A1 is q; and the signal level of the signal A2 is p. 
Moreover, When the diagonal sum signals cross over the Zero 
level in the plus-to-minus direction, assume that, at an edge 
time of the signal A3: the signal level of the signal A1 is s; and 
the signal level of the signal A2 is r. At this time, a pulse 81 
With the signal level (p-q) is outputted during a period When 
the signal A3 is plus. On the other hand, a pulse 82 With the 
signal level (r-s) is outputted during a period When the signal 
A3 is minus. The signs of these tWo pulses are different from 
each other. Hence, a tracking error signal is generated by 
amplifying the difference betWeen these tWo pulses, that is, 
the pulse 81 With the signal level (p-q) and the pulse 82 With 
the signal level (r-s), and then by adding up the differences 
thus ampli?ed for a certain period of time. 

What is claimed is: 
1. An optical disc reproduction method, comprising the 

steps of: 
irradiating reproduction light onto an optical disc on Which 

information is recorded by using a plurality of marks 
With different mark lengths; 

receiving re?ected light from the optical disc by a quadrant 
photo detector; 

generating a pulse signal by using a ?rst readout signal and 
a second readout signal each of Which is a sum signal of 
outputs from segment elements located respectively at 
diagonal comers of the quadrant photo detector, the 
pulse signal including information on the phase differ 
ence betWeen the ?rst readout signal and the second 
readout signal, and having at least one of a height and a 
Width Weighted according to a mark length of a mark so 
that the area of the pulse signal Would be larger as the 
mark length of a mark adjacent to an edge of the readout 
signal becomes longer; 

generating a tracking error signal by adding up the pulse 
signals for a certain period of time; and 

controlling tracking by using the tracking error signal. 
2. The optical disc reproduction method according to claim 

1, Wherein the pulse signal has the height proportional to the 
difference betWeen the ?rst readout signal and the second 
readout signal at signal edges, and has the Width proportional 
to the length of any of a mark and a space folloWing a signal 
edge. 

3. The optical disc reproduction method according to claim 
1, Wherein the pulse signal has the Width from an edge of the 
?rst readout signal to the immediately subsequent edge of the 
second readout signal, and has the height proportional to the 
sum of the signal level of the second readout signal at the edge 
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time of the ?rst readout signal and the signal level of the ?rst 
readout signal at the immediately preceding edge of the sec 
ond readout signal. 

4. The optical disc reproduction method according to claim 
1, Wherein the pulse signal has the Width from an edge of the 
second readout signal to the immediately subsequent edge of 
the ?rst readout signal, and has the height proportional to the 
difference betWeen the signal level of the ?rst readout signal 
at the edge time of the second readout signal, and the signal 
level of the second readout signal at the immediately preced 
ing edge time of the ?rst readout signal. 

5. The optical disc reproduction method according to claim 
1, Wherein the pulse signal has the Width from a point Where 
the average level signal of the ?rst readout signal and the 
second readout signal crosses over the Zero level, to a point 
Where the average level signal again crosses over the Zero 
level next time, and has the siZe proportional to the difference 
betWeen the signal levels of the ?rst readout signal and the 
second readout signal at a starting time of the pulse signal. 

6. An optical disc reproduction apparatus comprising: 
a light source; 
an objective lens; 
an irradiation optical system for irradiating an optical disc 

With light from the light source through the objective 
lens; 

a quadrant photo detector; 
a detection optical system for causing light re?ected from 

the optical disc to enter the quadrant photo detector 
through the objective lens; 

a tracking error signal generating circuit for generating a 
tracking error signal by using a ?rst readout signal and a 
second readout signal, each of Which is a sum signal of 
outputs from segment elements located respectively at 
diagonal corners of the quadrant photo detector; and 

a lens actuator for driving the objective lens by using the 
tracking error signal generated by the tracking error 
signal generating circuit, 

Wherein the tracking error signal generating circuit gener 
ates a pulse signal by using the ?rst readout signal and 
the second readout signal, each of Which is the sum 
signal of outputs from segment elements located at 
diagonal comers of the quadrant photo detector, the 
pulse signal including information on the phase differ 
ence betWeen the ?rst readout signal and the second 
readout signal, and having at least one of a height and a 
Width Weighted according to a mark length of a mark so 
that the area of the pulse signal Would be larger as the 
mark length of a mark adjacent to an edge of the readout 
signal becomes longer, and 

Wherein the tracking error signal generating circuit gener 
ates a tracking error signal by adding up the pulse signals 
thus generated for a certain period of time. 

7. The optical disc reproduction apparatus according to 
claim 6, Wherein the tracking error signal generating circuit 
generates a pulse signal having the Width from an edge of the 
?rst readout signal to the immediately sub sequent edge of the 
second readout signal, and having the height proportional to 
the sum of the signal level of the second readout signal at the 
edge time of the ?rst readout signal and the signal level of the 
?rst readout signal at the edge time of the second readout 
signal. 

8. The optical disc reproduction apparatus according to 
claim 6, Wherein the tracking error signal generating circuit 
generates a pulse signal having the Width from an edge of the 
second readout signal to the immediately subsequent edge of 
the ?rst readout signal, and having the height proportional to 
the difference betWeen the signal level of the ?rst readout 
signal at the edge time of the second readout signal and the 
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signal level of the second readout signal at the immediately 
preceding edge time of the ?rst readout signal. 

9. The optical disc reproduction apparatus according to 
claim 6, Wherein the tracking error signal generating circuit 
generates a pulse signal having the Width from a point Where 
an average level signal of the ?rst readout signal and the 
second readout signal crosses over the Zero level, to a point 
Where the average level signal again crosses over the Zero 
level next time, and having the siZe proportional to the differ 
ence betWeen the signal levels of the ?rst readout signal and 
the second readout signal at a starting time of the pulse signal. 

10. An optical apparatus comprising: 
a light source; 
an objective lens; 
an optical system arranged to irradiate light from the light 

source onto an optical recording medium on Which 
information recorded using a plurality of marks With 
different lengths, via the objective lens; 

a quadrant photo detector arranged to receive light 
re?ected from the optical recording medium, via the 
objective lens; 

a tracking error signal generating circuit to generate pulse 
signals by using a ?rst readout signal and a second 
readout signal each of Which is a sum signal of outputs 
from segment elements located respectively at diagonal 
corners of the quadrant photo detector, each pulse signal 
including information on a phase difference betWeen the 
?rst readout signal and the second readout signal, and 
having its height or its Width Weighted according to a 
mark length of a mark adjacent to an edge of one of the 
?rst and second readout signals, and to generate a track 
ing error signal by adding up the pulse signals for a 
certain period of time; and 

a lens actuator arranged to drive the objective lens relative 
to the optical recording medium by using the tracking 
error signal. 

11. The optical apparatus according to claim 10, Wherein 
the tracking error signal generating circuit generates a pulse 
signal having the Width from an edge of the ?rst readout 
signal to the immediately subsequent edge of the second 
readout signal, and having the height proportional to a sum of 
the signal level of the second readout signal at an edge time of 
the ?rst readout signal and the signal level of the ?rst readout 
signal at an edge time of the second readout signal. 

12. The optical apparatus according to claim 10, Wherein 
the tracking error signal generating circuit generates a pulse 
signal having the Width from an edge of the second readout 
signal to the immediately subsequent edge of the ?rst readout 
signal, and having the height proportional to a difference 
betWeen the signal level of the ?rst readout signal at an edge 
time of the second readout signal and the signal level of the 
second readout signal at the immediately preceding edge time 
of the ?rst readout signal. 

13. The optical apparatus according to claim 10, Wherein 
the tracking error signal generating circuit generates a pulse 
signal having the Width from a point Where an average level 
signal of the ?rst readout signal and the second readout signal 
crosses over a Zero level, to a point Where the average level 
signal again crosses over the Zero level next time, and having 
the siZe proportional to a difference betWeen the signal levels 
of the ?rst readout signal and the second readout signal at a 
starting time of the pulse signal. 

14. The optical apparatus according to claim 10, Wherein 
the pulse signal has the height proportional to a difference 
betWeen the ?rst readout signal and the second readout signal 
at signal edges, and has the Width proportional to the length of 
any of a mark and a space folloWing a signal edge. 

* * * * * 


