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(57) 
An optical disk apparatus comprising a light source for 
emitting a light beam, an optical system for focusing the 
light beam to form a beam spot on the optical disk, a tracking 
unit for detecting the light re?ected from the optical disk to 
generate a tracking error signal from the light by a differ 
ential phase detection method, and move the beam spot in 
accordance With the tracking error signal, and an informa 
tion-readout section for reading out information from the 
optical disk. To achieve readout compatibility betWeen a 
high-de?nition DVD and a DVD-ROM, a predetermined 
delay is given relatively to ?rst and second signals obtained 
from tWo pairs of regions arranged in tWo crossing diagonals 
of a quadrant photodetector, thereby shifting the beam spot 
from the centerline of the pit stream in the radial direction 
of a DVD-ROM, in order to read out information from the 
DVD-ROM. 
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OPTICAL DISK APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an optical disk 
apparatus for reading out information recorded in an optical 
disk, in the form of a pit stream. More particularly, the 
invention relates to an optical disk apparatus Which can read 
out information from both a high-density optical disk and a 
loW-density optical disk, Without necessity of using special 
optical elements. 

[0002] Read-only optical disks for use as storage devices 
in computers or as media for recording audio and video 
signals have advanced in terms of their storage densities, 
from CD-ROMs to DVD-ROMs. ADVD-ROM is an optical 
disk based on the DVD-ROM standards. Various DVD 
ROM drives have been developed to read out information 
from DVD-ROMs. The DVD-ROM drives have backWard 
compatibility. In other Words, each DVD drive can read out 
information not only from DVD-ROMs but also from CD 
ROMs of older media. More precisely, it has CD-ROM 
readout compatibility, encouraging users to use neWer 
media. 

[0003] At present, so-called “high-de?nition DVDs” are 
being developed. So are high-de?nition DVD drives for 
reading out information from high-de?nition DVDs. Ahigh 
de?nition DVD has a higher recording density than a 
DVD-ROM. It is important for a high-de?nition DVD drive 
to have DVD-ROM readout compatibility, as the DVD drive 
has CD-ROM readout compatibility. That is, the high 
de?nition DVD drive must be designed to read out infor 
mation also from the older optical disks, i.e., DVD-ROMs, 
so that users can use not only the information recorded on 

high-de?nition DVDs but also the information recorded on 
the DVD-ROMs. 

[0004] To enhance the recording density of an optical disk 
is based on reducing the diameter of a beam spot for reading 
out information from the optical disk. The diameter of the 
beam spot is proportional to the Wavelength of the light 
beam emitted from the light source used. The diameter is 
inversely proportional to the numerical aperture (NA) of the 
objective lens Which focuses the light beam on the surface 
of the optical disk. To increase the recording density of an 
optical disk, from the density of a CD-ROM to that of a 
DVD-ROM, the Wavelength of the light beam emitted from 
the light source has been decreased from 780 nm to 650 nm, 
and the NA of the objective lens has been increased from 
0.45 to 0.6. As a signi?cant change betWeen a CD-ROM and 
DVD-ROM, the substrate thickness of DVD-ROMs has 
been reduced from 1.2 mm to 0.6 mm. 

[0005] DVD drives having CD-ROM readout compatibil 
ity can be classi?ed into three types, in accordance With the 
number of light sources used and the number of objective 
lenses used. The ?rst type has tWo light sources and one 
objective lens. The second type has one light source and tWo 
objective lenses. The third type has tWo light sources and 
tWo objective lenses. These three types of DVD drive 
certainly costs more than the type of one light source and 
one objective lens. 

[0006] To reduce cost, another type of a DVD drive has 
been proposed Which comprises one light source, one obj ec 
tive lens, and an aperture limitation element or a holographic 
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optical element The light source and the objective 
lens are used to read out information from both a DVD 
ROM and a CD-ROM. The aperture limitation element or 
HOE is provided to correcting the aberration resulting from 
the difference in thickness betWeen the DVD-ROM and the 
CD-ROM. 

[0007] A high-de?nition DVD drive must have an extra 
optical element (either an aperture limitation element or a 
HOE) in order to have DVD-ROM readout compatibility, if 
the high-de?nition DVD substrate is thinner than a DVD 
ROM. (This situation is similar to the DVD drive Which 
needs to have such an extra optical element to correct 
aberration resulting from the difference in substrate thick 
ness betWeen the DVD-ROM and the CD-ROM.) 

[0008] If the high-de?nition DVD has the same thickness 
as the DVD-ROM, the high-de?nition DVD drive can have 
DVD-ROM readout compatibility, Without necessity of hav 
ing such an extra optical element. In this case, an informa 
tion-readout beam can form a beam spot on the recording 
surface of a DVD-ROM Without causing a great aberration 
because the high-de?nition DVD has the same thickness as 
the DVD-ROM. 

[0009] Even though the information-readout beam forms a 
beam spot on the recording surface of the DVD-ROM 
Without causing aberration, hoWever, high-quality signals 
may not be read out from the DVD-ROM if the pit depth of 
the DVD-ROM is inappropriate for the Wavelength of the 
information-readout beam or if the pit Width of the DVD 
ROM is excessive With respect to the diameter of the beam 
spot. If the pit depth is inappropriate, the signals Will have 
an insuf?cient amplitude. If the Width is excessive With 
respect to the diameter of the beam spot, so-called 
“rebound” Will occur in the signals corresponding to beams 
re?ected from the long pits. These problems may be solved 
by use of particular optical elements. Use of such optical 
elements inevitably increases the manufacturing cost of the 
high-de?nition DVD drive. In vieW of this, it is desirable not 
to incorporate such optical elements in the high-de?nition 
DVD drive. 

[0010] As mentioned above, a high-density optical disk 
drive (e. g., high-de?nition DVD drive) can form a beam spot 
on the recording surface of a loW-density optical disk (e.g., 
DVD-ROM) Without causing aberration, thereby to read out 
information from the loW-density optical disk, even if it has 
no special optical elements, provided that the loW-density 
optical disk has the same thickness as the high-density 
optical disk (e.g., high-de?nition DVD). HoWever, if the pit 
depth is inappropriate for the Wavelength of the light source, 
the signals Will have an insuf?cient amplitude. If the pit 
Width is excessive With respect to the diameter of the beam 
spot, the signals corresponding to beams re?ected from the 
long pits Will have an insuf?cient amplitude With “rebound”. 
In either case, the high-density optical disk drive can hardly 
read out signals from the loW-density optical disk. 

BRIEF SUMMARY OF THE INVENTION 

[0011] The object of the present invention is to provide an 
optical disk apparatus for reading out information from a 
high-density optical disk, Which has a light source for 
emitting a light beam and Which can reproduce high-quality 
signals from a loW-density optical disk, too, Without using 
special optical elements for achieving backWard compatibil 
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ity, though the loW density optical disk is designed for a 
longer Wavelength than the one of the light beam. 

[0012] According to the invention, there is provided an 
optical disk apparatus Which comprises a light source for 
emitting a light beam, an optical system for focusing the 
light beam applied from the light source, thereby forming a 
beam spot on an optical disk in Which information is 
recorded in the form of a pit stream, a tracking unit for 
detecting light re?ected from the optical disk, generating a 
tracking error signal from the light by a Differential-Phase 
Detection method (DPD method), and moving the beam spot 
in accordance With the tracking error signal, a spot-shifting 
section for shifting a center of the beam spot from a 
centerline of the pit stream by a predetermined distance in a 
radial direction of the optical disk, and an information 
readout section for reading out the information from the 
optical disk. 

[0013] According to the invention, there is provided an 
optical disk apparatus Which comprises a light source for 
emitting a light beam, an optical system for focusing the 
light beam applied from the light source to form a beam spot 
on an optical disk in Which information is recorded in the 
form of a pit stream, a quadrant photodetector having four 
detecting regions arranged in tWo roWs and tWo columns for 
detecting light re?ected from the optical disk, a delay circuit 
for delaying one of ?rst and second sum signals, the ?rst sum 
signal obtained from tWo of the detecting regions arranged 
in a diagonal and the second sum signal obtained from the 
remaining tWo of the detecting regions arranged in the other 
diagonal, a detecting section for detecting a phase difference 
betWeen the ?rst and second sum signals and generating a 
tracking error signal Which is proportional to the phase 
difference detected, and a drive section for moving the beam 
spot in accordance With the tracking error signal generated 
by the detecting section to track the pit stream With the beam 
spot Whose center is shifted from a centerline of the pit 
stream by a predetermined distance in a radial direction of 
the optical disk, and an information-readout section for 
reading out the information from the optical disk. 

[0014] The predetermined distance can be set at any 
desired value by appropriately delaying the ?rst or second 
sum signals. 

[0015] According to the present invention, there is pro 
vided an optical disk apparatus comprising a disk-receiving 
section for receiving one of ?rst and second optical disks 
Which have a relatively high recording density and a rela 
tively loW recording density, respectively, and in each of 
Which information is recorded in the form of pit streams, a 
light source for emitting a light beam, an optical system for 
focusing the light beam applied from the light source to form 
a beam spot on an optical disk, a tracking unit for detecting 
light re?ected from the optical disk, generating a tracking 
error signal from the light by a DPD method, and moving the 
beam spot in accordance With the tracking error signal in a 
radial direction, a spot-shifting section for shifting a center 
of the beam spot from a centerline of the pit stream formed 
in the optical disk, by a predetermined distance in a radial 
direction of the optical disk, and an information-readout 
section for reading out the information from the optical disk. 
The spot-shifting section shifts a center of the beam spot 
from a centerline of the pit stream formed in the second 
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optical disk, by a predetermined distance in a radial direction 
of the second optical disk When reading out information 
from the second optical disk. 

[0016] When the beam spot is moved in the radial direc 
tion of the optical disk, With its center shifted from the 
centerline of the pit stream, it appears as if larger than it is. 
In this case, high-quality signals can be read out from the 
optical disk even if the pits have a Width excessively large 
With respect to the beam spot. Further, When the beam spot 
is so moved, each pit appears shalloWer than it is, because 
the pit has a trapeZoidal cross section. As a result, a signal 
having a suf?cient amplitude can be reproduced even if the 
pit is excessively deep With respect to the Wavelength of the 
light beam applied from the light source. The distance by 
Which the beam spot must be moved should range from 1/2 
to 1A1 of the top Width of the pit, as measured in the radial 
direction of the optical disk. 

[0017] The ?rst optical disk is, for example, a high 
de?nition DVD, Whereas the second optical disk is, for 
example, an existing DVD-ROM, Which is based on the 
DVD-ROM standards. The optical disk apparatus of the 
invention is therefore a high-de?nition DVD drive Which 
has backWard compatibility, capable of reading out infor 
mation from a DVD-ROM as Well. A DVD-ROM drive 
incorporates a light source Which emits a light beam having 
a Wavelength of 650 nm or 635 nm, not a light beam having 
a Wave-length as short as 600 nm or less. On the other hand, 
the Wavelength of a light source used in a high-de?nition 
DVD drive is considered to fall Within a range of 400 to 450 
nm. The high-de?nition DVD drive further comprises an 
objective lens having a numerical aperture (NA) of 0.6 or 
more as the objective lens incorporated in the DVD-ROM 
drive. Hence, the present invention is best applied to a 
high-de?nition DVD drive in Which the folloWing relation 
holds: 

[0018] The optical disk apparatus according to the inven 
tion, for example, a high-de?nition DVD drive, has a light 
source for applying a light beam having a wavelength A to 
a high-density optical disk to reproduce information from 
the optical disk. The optical disk apparatus can reproduce 
high-quality signals from a loW-density optical disk, too, 
Without using special optical elements, though the loW 
density optical disks are designed for a longer Wavelength 
than the wavelength A. Hence, the apparatus can reproduce 
high-quality signals at a loW cost, from not only the high 
density optical disk but also the loW-density optical disk. 

[0019] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0020] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
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detailed description of the preferred embodiments given 
below, serve to explain the principles of the invention. 

[0021] FIG. 1 is a graph representing the relation betWeen 
the pit depth of an optical disk and the re?ected light poWer 
from the optical disk; 

[0022] FIGS. 2A and 2B are diagrams, each shoWing the 
Wave forms of signals reproduced from a DVD-ROM; 

[0023] FIGS. 3A, 3B and 3C are diagrams shoWing the 
positional relation betWeen a beam spot and a pit, for 
explaining the basic concept of the present invention; 

[0024] FIG. 4 is a block diagram shoWing an optical disk 
apparatus according to a ?rst embodiment of the invention; 

[0025] FIG. 5 is a graph depicting the relation betWeen the 
track offset and the output of the adder shoWn in FIG. 4; 

[0026] FIG. 6 is a graph shoWing the Wave form of a 
signal Which is reproduced from a DVD-ROM by the optical 
disk apparatus; 

[0027] FIG. 7 is a block diagram shoWing an optical disk 
apparatus according to a second embodiment of the inven 
tion; 

[0028] FIG. 8 is a block diagram shoWing an optical disk 
apparatus according to a modi?cation of the second embodi 
ment of this invention, Which performs a DPD method; and 

[0029] FIG. 9 is a timing chart shoWing various signals 
output from some components of the apparatus illustrated in 
FIG. 8. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0030] Embodiments of the present invention Will be 
described, With reference to the accompanying draWings. 

[0031] At ?rst, the basic concept of the invention Will be 
explained. Information is recorded in a read-only optical 
disk such as a CD-ROM, a DVD-ROM or a high-de?nition 
DVD, in the form of a pit stream made in the recording 
surface of the optical disk. To read out the information from 
the read-only optical disk, a laser emits a light beam, an 
objective lens focuses the light beam on the recording 
surface of the disk, and the light re?ected from the disk is 
detected. More precisely, the Weak light beam re?ected from 
each pit and the intense light beam re?ected from each land 
of the disk are detected, thereby reading out the information 
recorded in the read-only optical disk. 

[0032] The intensity of the light re?ected from any pit in 
an optical disk depends on physical dimensions (i.e., depth, 
length and Width) of the pit and also on the Wavelength of 
the light beam applied to the optical disk. Of the physical 
dimensions, the pit length depends on each data length of 
information to be recorded. Hence, even if the information 
is read out from the optical disk by the light beam of any 
Wavelength, the optimum pit length is not changed greatly. 

[0033] The pit Width had better be narroW in order to 
reduce crosstalk from the production signals on adjacent 
tracks, as long as the amplitude of the readout signal is not 
extremely small With respect to the diameter of the beam 
spot to be formed on the optical disk. 
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[0034] In contrast to the pit length and pit Width, the pit 
depth is determined on the basis of the Wavelength of the 
light beam. This is because the re?ected light poWer from the 
pit depends on the pit depth, as seen from FIG. 1. (See 
“Optical Disk Technology,” Radio Technology, Inc., pp. 
86-87.) 
[0035] As FIG. 1 shoWs, it is most advisable to set the pit 
depth at about )t/4n (or an odd-number multiple 3>\./4II, 
5)»/4n, . . . ) in order to read out a signal of the largest 
possible modulation amplitude. 

[0036] It is on the basis of the above-mentioned conditions 
that the physical dimensions of pits are determined for 
optical disks (e. g., a DVD-ROM and a high-de?nition DVD) 
Which have different recording densities. 

[0037] FIG. 2A shoWs the Waveform of a signal read out 
from a DVD-ROM by an optical system Which is designed 
for use in a DVD drive and Which has a light source emitting 
a beam having a Wavelength of 650 nm and an objective lens 
having NA of 0.6. FIG. 2B shoWs the Waveform of a signal 
read out from a DVD-ROM by an optical system Which is 
designed for use in a high-de?nition DVD drive and Which 
has a light source emitting a beam having a Wavelength of 
413 nm and an objective lens having NA of 0.6. In FIGS. 2A 
and 2B, the distance in the track direction is plotted on the 
abscissa, and the intensity of the signal is plotted on the 
ordinate. The intensity of the signal is presented in normal 
iZed value, With normaliZed value 1 being the re?ected light 
poWer from the mirror surface of the DVD-ROM by each 
optical system. 

[0038] In a case of FIG. 2A, a desirable readout signal is 
obtained. In contrast, in FIG. 2B, the level of the latter half 
signal component (indicated by the bi-directional arroW) of 
the readout signal from a long pit rises. As a result, the 
amplitude of the readout signal (a peak-to-peak value) is 
loWered by the level of the risen signal component. This 
phenomenon, so-called “rebound,” occurs because the pit 
Width is excessive With respect to the diameter of the beam 
spot. The rebound thus prevents a proper readout from the 
DVD-ROMs. 

[0039] FIGS. 3A and 3B shoW the positional relation 
betWeen the beam spot and the pit and correspond to the 
readout signals of FIGS. 2A and 2B, respectively. The pit 31 
shoWn in FIGS. 3A and 3B is assumed to be formed on the 
recording surface of a DVD-ROM, for example. The beam 
spot 32 shoWn in FIG. 3A is one formed on the recording 
surface by an optical system With the NA of 0.6 and the light 
source Wavelength of 650 nm Which is used for a DVD 
ROM drive device, for example. The beam spot 33 shoWn in 
FIG. 3B is one formed on the recording surface by an optical 
system With the NA of 0.6 and the light source Wavelength 
of 413 nm Which is used for a high-de?nition DVD drive 
device, for example. 

[0040] As shoWn in FIG. 3A, the beam spot 32 has an 
appropriate siZe With respect to the pit 31. More correctly, 
the beam spot 32 has a diameter greater than the Width W of 
the pit 31. The light beam is therefore diffracted in a desired 
manner, generating such a high-quality signal as is shoWn in 
FIG. 2A. On the other, the beam spot 33 has a diameter 
almost the same as the Width W of the pit 31, only a little 
greater than the Width W, as is illustrated in FIG. 3B. In vieW 
of this, the beam spot 33 is suitable for reading out infor 
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mation from a high-de?nition DVD Which has pits narrower 
than the pit 31. When the beam spot 33 is kept on the 
centerline of the pit 31 as in normal tracking, rebound of the 
type shoWn in FIG. 2B occurs. Consequently, a signal 
having an insuf?cient amplitude is read out from the DVD 
ROM. 

[0041] Needless to say, the pit depth of a DVD-ROM is 
almost optimal to the Wavelength (e.g., 650 nm) of the light 
source for use in a DVD drive. It is greater than the pit depth 
of a high-de?nition DVD. Hence, the pits made in the 
DVD-ROM are excessively deep With respect to the Wave 
length (e.g., 413 nm) of the light source for use in a 
high-de?nition DVD drive. From this, too, it is clear that 
high-quality signals cannot be read out from a DVD-ROM 
When an optical system designed for use in a high-de?nition 
DVD drive is used to read out information from the DVD 
ROM. 

[0042] The present invention has been made to solve the 
problem that no high-quality signal can be read out from 
DVD-ROMs by an optical system designed for use in a 
high-de?nition DVD drive, because the pit Width and pit 
depth of the DVD-ROMs are not appropriate to that optical 
system. To solve the problem, the beam spot is moved in the 
radial direction of a DVD-ROM, equivalently reducing the 
pit depth of the DVD-ROM. 

[0043] There Will noW be eXplained the shifting of beam 
spot With reference to FIG. 3C. 

[0044] The pit 31 is formed in the recording surface of a 
DVD-ROM similarly to that of FIG. 3B, and the beam spot 
33 is formed on the recording surface by an optical system 
With the NA of 0.6 and the Wavelength of 413 nm, Which is 
used for a high-de?nition DVD drive device, for eXample. 
As shoWn in FIG. 3C, the center of the beam spot 33 (the 
position corresponding to a peak of light intensity) is shifted 
from the center line of the pit 31 (namely, the centerline of 
the track indicated by a dashed line) by a distance ATO in 
the radial direction of the disk (the Width direction of the pit 
or track). Hereinafter, the distance ATO shall be referred to 
as “off-track distance.” The pit 31 has a trapeZoidal cross 
section, generally said to be “shaped like a soccer stadium.” 
The pit 31 has tWo inclining opposing surfaces 31a and a 
substantially ?at bottom 31b. 

[0045] Since the center of the beam spot 33 is shifted by 
the off-track distance ATO from the centerline of the pit 31, 
the beam spot 33 is not located almost Within the pit 31 as 
illustrated in FIG. 3B. Rather, as shoWn in FIG. 3C, a part 
of the beam spot 33 is located outside the pit 31 and 
illuminates the mirror-surface portion of the DVD-ROM. In 
other Words, the beam spot appears as if larger than it is. 
Therefore, the phenomenon called “rebound” is mitigated. 
Furthermore, much of the beam spot 33 land on the inner 
Wall 31a shalloWer than the depth d from the surface of the 
disk surface to the bottom 31b of the pit 31. Accordingly, the 
bottom of the pit 31 of the DVD-ROM is appeared to be 
substantially shalloWer than the actual depth d With respect 
to the beam spot 33. For this reason, even if the pit is a long 
one, a readout signal having a large amplitude can be 
obtained. 

[0046] It is desired that the off-track distance ATO de?ned 
above fall Within a range of W/4 to W/2, Where W is the top 
Width of the pit 31. If the distance ATO is less than W/4, it 
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Will be impossible to read out a signal having a suf?cient 
amplitude. If the distance ATO eXceeds W/2, the light beam 
Will not be adequately diffracted at the pit 31, and the 
readout signal Will have an insufficient amplitude. 

[0047] Optical disk apparatuses embodying the above 
basic concept of the invention Will be described belloW. 

[0048] FIG. 4 shoWs an optical disk apparatus according 
to the ?rst embodiment of the invention. The apparatus is a 
so-called high-de?nition DVD drive. The apparatus can read 
out not only the information recorded in high-de?nition 
DVDs, but also the information recorded in older optical 
disks, i.e., DVD-ROMs. In other Words, the optical disk 
apparatus has backWard compatibility. It is designed to 
perform the knoWn push-pull method to detect tracking 
errors. 

[0049] An optical disk 1 is shoWn in FIG. 4. The disk 1 is 
either a ?rst-type optical disk having a relatively high 
recording density (hereinafter high-de?nition DVD) or a 
second-type optical disk having a relatively loW recording 
density (hereinafter DVD-ROM). The optical disk 1 is set in 
the optical disk apparatus and is rotated by the spindle motor 
2 incorporated in the optical disk apparatus. 

[0050] An optical pickup 3 opposed to the optical disk 1 
comprises an optical system including a semiconductor laser 
4 as a light source and an objective lens 6. The semicon 
ductor laser 4 is driven by a laser driver 5 to emit a laser 
beam. The laser beam is incident on the objective lens 6 via 
optical elements (not shoWn) such as a collimator lens and 
a beam splitter. The laser beam is focused on the recording 
surface of the optical disk 1 by the objective lens 6 to form 
a small beam spot on the recording surface in Which a 
number of tiny pits are formed. 

[0051] The light re?ected from the optical disk 1 propa 
gates back to the objective lens 6 and is separated from the 
incident laser beam by the beam splitter. The re?ected light 
beam is split into a beam for a tracking control and a beam 
for a RF signal and a focus control. The tracking control 
beam is applied to the light-receiving surface of the tWo 
segment split photodetector 7. The photodetector 7 converts 
the tracking control beam into an electric signal correspond 
ing to the intensity of the tracking control beam. 

[0052] The photodetector 7 has a light-detecting area 
divided into tWo sections so that a dividing line betWeen 
them is parallel to a direction of a pit stream on the optical 
disk 1 (a track tangential direction). The tWo sections 
construct tWo detecting elements 7a and 7b for detecting 
imbalance of the diffraction light occurring When the beam 
spot is displaced from the center of the pit to the radial 
direction of the disk. In other Words, When the beam spot is 
displaced from the center of the pit to the radial direction of 
the disk, the beam spot is detected as different amounts of 
lights by the detecting elements 7a and 7b and are converted 
to electric signals different in level from each other. The 
electric signals are input to a differential ampli?er 8 to detect 
a signal proportional to the difference of the amounts of 
lights as a tracking error signal. 

[0053] The tracking error signal generated by the differ 
ential ampli?er 9 is supplied via the phase compensation 
circuit 9 and the adder 10 to the actuator driver 11. The 
actuator driver 11 supplies a drive current to the tracking 
actuator 12 in accordance With the tracking error signal to 
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drive it. The tracking actuator 12 moves the objective lens 6 
in the radial direction of the optical disk 1, so that the beam 
spot is positioned in the radial direction of the disk so as to 
track the pit stream. In other Words, tracking control is 
performed. 

[0054] The input terminal of the adder 10 other than the 
input terminal to Which the tracking error signal is input is 
connected to the output terminal of the readout mode 
selection sWitch SW. The sWitch SW has an input terminal 
H applied With a level “0” and an input terminal N applied 
With a voltage of “AV”. The sWitch SW is sWitched in 
accordance With the readout mode, that is, in accordance 
With Whether the optical disk 1 to be read out is a high 
de?nition DVD or DVD-ROM. In other Words, the sWitch 
SW is sWitched to the input terminal H When the optical disk 
1 is the high-de?nition DVD and to the input terminal N 
When it is the DVD-ROM. 

[0055] Hence, When the optical disk 1 is a DVD-ROM, the 
adder 10 adds the voltage of the tracking error signal 
supplied from the phase compensation circuit 9 and the shift 
voltage AV supplied to the adder 10 via the readout mode 
selection sWitch SW. When the optical disk 1 is a high 
de?nition DVD, the adder 10 supplies the tracking error 
signal to the actuator driver 11 as it is, because no shift 
voltage AV is applied to the adder 10. 

[0056] Thus, the tracking control is performed so that the 
center of the beam spot is positioned on the centerline of the 
pit stream When the optical disk 1 is a high-de?nition DVD. 
When the optical disk 1 is a DVD-ROM, the shift voltage 
AV is added to the tracking error signal. As a result, the 
objective lens 6 is shifted in the radial direction of the disk 
1 by a distance corresponding to the shift voltage AV, so that 
the tracking control is performed in a state that the beam spot 
is shifted by the off-track distance ATO as shoWn in FIG. 
SC. 

[0057] FIG. 5 shoWs a relation betWeen the off-track 
distance and the output of the adder 10. Ordinarily, When the 
shift voltage is not added to the tracking error signal, the 
above relation shoWs a curve i. If the optical system has no 
deviation, the origin 0 corresponds to the centerline of the pit 
stream. Since the tracking control is stabiliZed When the 
output of the adder 10 is 0, the tracking control is performed 
so that the beam spot is positioned on the centerline of the 
pit stream. 

[0058] On the other hand, When the shift voltage AV is 
added to the tracking error signal, the above relation shoWs 
a curve ii. In other Words, the curve ii corresponds to a curve 
obtained by shifting the curve i upWard by AV. In this time, 
the position of the beam spot at Which the output of the adder 
10 becomes 0 is separated from the origin (the centerline of 
the pit stream) by the off-track distance ATO. Accordingly, 
the tracking control is performed so that the center of the 
beam spot is positioned on the location shifted from the 
centerline of the pit stream by the off-track distance ATO. 

[0059] Referring to FIG. 4 again, the photodetector 13 is 
provided for detecting an RF signal. In other Words, the 
photodetector 13 converts optically modulated components 
returned to the objective lens 6 by diffraction from the pit 
stream to an electric signal and supplies it to the ampli?er 
14. The signal ampli?ed by the ampli?er 14 is input to an 
equalization circuit (not shoWn) as necessary and then to a 
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level comparator 15. The level comparator 15 converts the 
signal to binary data, Which is supplied to the signal 
processing circuit 16. The signal-processing circuit 16 sub 
jects a decode processing based on a speci?c modulation 
scheme to the binary data, thereby generating reconstruction 
data Which corresponds to the information recorded in the 
optical disk 1. 

[0060] The photodetector 13 for detecting the RF signal 
may be also used as the tracking control photodetector 7 for 
tracking, and further as a focus control photodetector (not 
shoWn) for auto-focusing. 
[0061] FIG. 6 shoWs the Waveform of a signal Which the 
optical pickup 3 reads out from a DVD-ROM used as the 
optical disk 1 in a condition Wherein the off-track distance 
ATO is 0.15 pm, NA is 0.6 and the Wavelength is 413 nm. 
As compared With FIG. 2B, FIG. 6 shoWs that the 
“rebound” is mitigated greatly. Further, as seen from FIG. 6, 
too, the amplitude of the signal read out from a short pit 
scarcely decreases, in spite of the off-track shift of the beam 
spot. 

[0062] FIG. 7 shoWs an optical disk apparatus according 
to the second embodiment of the invention. In the second 
embodiment, so-called differential phase detection (DPD) 
method is performed to achieve tracking control, as is 
effected in DVD-ROM drives. The components identical or 
similar to those of the ?rst embodiment are designated in 
FIG. 7 at the same reference numerals and Will not be 
described in detail. 

[0063] The second embodiment differs from the ?rst 
embodiment in respect of the tracking control system. The 
tracking control system includes a quadrant photodetector 
17a, a delay circuit 18, adders 19 and 20, and a phase 
difference detecting circuit 21. 

[0064] The photodetector 17a has four detecting elements 
A to D. The elements A to D are arranged in tWo roWs and 
tWo columns, on the light-detecting surface of the photode 
tector 17a. The boundary line betWeen the tWo roWs extends 
parallel to the stream of pits made in the optical disk 1. More 
precisely, the boundary line eXtends parallel to the tangent to 
the track. The boundary line betWeen the tWo columns 
eXtends in the radial direction of the optical disk 1. The 
elements A and B are arranged in front of the elements C and 
D With respect to the direction in Which a beam spot scans 
the track of the optical disk 1. 

[0065] In the DPD method, the outputs of the elements A 
and C arranged on a diagonal are added, forming a ?rst sum 
signal A+C, and the outputs of the elements B and D 
arranged on the other diagonal are added, forming a second 
sum signal B+D. Then, the phase difference betWeen the ?rst 
and second sum signals is detected. A signal Whose magni 
tude is proportional to the phase difference detected is used 
as a tracking error signal. 

[0066] In this embodiment, the signals output from the 
elements A and C are delayed by time "c in the delay circuit 
18. The adder 19 adds these signals thus delayed, generating 
the ?rst sum signal A+C. In the meantime, the signals output 
from the elements B and D are not delayed at all and 
supplied to the adder 20. The adder 20 adds these signals, 
generating the second sum signal B+D. The ?rst sum signal 
A+C and the second sum signal B+D are input to the 
phase-difference detecting circuit 21. The circuit 21 detects 
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the phase difference between the ?rst and second sum 
signals and generates a voltage Which is proportional to the 
phase difference. The voltage is output as a tracking error 
signal. As in the ?rst embodiment, the tracking error signal 
is supplied via a phase compensation circuit 9 to a actuator 
driver 11. 

[0067] The second embodiment is characteriZed in that the 
delay circuit 18 delays the outputs of the elements A and C 
by time '5, With respect to the outputs of the elements B and 
D. Furthermore, tWo sWitches SW1 and SW2 are connected 
to the input of the adder 19, for selecting a readout mode. 
Each of the sWitches SW1 and SW2 has a movable contact 
connected to the adder 19 and tWo input contacts H and N. 
The movable contact of either sWitch is connected to the 
input terminal H When the optical disk 1 is a high-de?nition 
DVD, and to the input contact N When the optical disk 1 is 
a DVD-ROM. 

[0068] When the movable contacts of the sWitches SW1 
and SW2 are connected to the input contacts H, the outputs 
of the elements A and C are supplied to the adder 19, Without 
being delayed by the delay circuit 18. In this case, When the 
beam spot remains on the center line of the pit stream, no 
phase difference eXists betWeen the ?rst sum signal A+C and 
the second sum signal B+D. The tracking control is therefore 
stable. 

[0069] When the movable contacts of the sWitches SW1 
and SW2 are connected to the input contacts N, the output 
signals of the elements A and C are delayed by time "c in the 
delay circuit 18 and then supplied to the adder 19. In this 
case, the beam spot is moved, With its center shifting from 
the center line of the pit stream by a distance corresponding 
to the delay time "c. As a result, the phase difference betWeen 
the ?rst sum signal A+C and the second sum signal B+D 
decreases to nil. Thus, the tracking control becomes stable. 

[0070] In the optical disk apparatus according to the 
second embodiment, the beam spot is shifted from the 
centerline of the pit stream by the off-track distance ATO 
When the optical disk 1 is a DVD-ROM. The same advan 
tages are thereby attained as in the ?rst embodiment. Need 
less to say, the off-track distance ATO depends on the delay 
time "c. 

[0071] As may be understood from the above description, 
the off-track distance ATO has been assumed as a ?Xed 
value. HoWever, the distance ATO can be automatically 
adjusted to an optimal value in accordance With the dimen 
sions of the pits (particularly the pit depth and Width). Also, 
the relation betWeen the delay time "c and the distance ATO 
depends on the speci?c reference clock frequency. Thus, 
When the DVD-ROM is reproduced in accordance With, for 
eXample, a constant angular velocity (CAV) system, it is 
necessary to change the delay time '5 between the inner track 
and outer track of the disk. 

[0072] Like the ?rst embodiment, the second embodiment 
described above is a high-de?nition DVD drive that can read 
out the information recorded in a DVD-ROM, as Well as the 
information recorded in a high-de?nition DVD. In other 
Words, the second embodiment is an optical disk apparatus 
that can read out information from tWo types of optical disks 
having different recording densities. 

[0073] Nonetheless, the present invention can be applied 
to an optical disk apparatus designed to read out information 
from optical disks of one and same recording density. 
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[0074] Optical disks of the same recording density differ 
in the dimensions of pits, particularly the depth of each pit 
and the inclination angle of the surfaces of each pit. Hence, 
high-quality signals may not be read out from the optical 
disks under the same conditions. In order to read out 
high-quality signals from every optical disk of the same 
recording density, the beam spot must be shifted by an 
off-track distance ATO When scanning a certain optical disk. 
For the same purpose, the distance ATO must be adjusted 
either manually or automatically, in accordance With the 
dimensions of the pits made in each optical disk. In this case, 
the delay circuit 18 must be a variable circuit to be able to 
adjust the delay time. 

[0075] As mentioned above, the off-track distance ATO is 
determined in consideration With various conditions, so the 
off-tracking control should be performed by adjusting delay 
time "c in accordance With the off-track distance ATO. 
Furthermore, even if the tracking control is performed With 
a constant off-track distance ATO, the delay time "u must be 
adjusted in accordance With the reference clock frequency. 
For example, if the optimum delay time in the scanning 
velocity N-times as higher as the DVD standard scanning 
velocity is "5N, that in M-times scanning velocity is deter 
mined by the folloWing equation: 

[0076] Practically, a table including information regarding 
the delay time '5 determined in consideration With various 
conditions (reproduction linear velocity, pit shape, etc.) may 
be prepared. The variable delay circuit 18 may be adjusted 
in accordance With the delay time information read out from 
the table. Also, the variable delay circuit 18 may be directly 
adjusted by an external adjustment knob. This delay time 
information is supplied to the variable delay circuit 18 as a 
delay control signal in a system controller (not shoWn). 

[0077] FIG. 8 shoWs an optical disk apparatus according 
to the modi?cation of the second embodiment of the inven 
tion, in Which the DPD method is also performed to achieve 
tracking control as is effected in DVD-ROM drives. This 
embodiment presents another detailed description of DVD 
tracking system. 

[0078] The components similar on identical to those of the 
second embodiment shoWn in FIG. 7 are denoted at the 
same reference numerals and Will not be described in detail. 

[0079] The outputs of the elements A and C arranged on a 
diagonal on the light-receiving surface of the quadrant 
photodetector 17a are added, forming a ?rst sum signal 
A+C. The outputs of the elements B and D arranged on the 
other diagonal are added, forming a second sum signal B+D. 
The phase difference betWeen the ?rst and second sum 
signals is detected. A signal is generated Whose magnitude 
is proportional to the phase difference detected and used as 
a tracking error signal. 

[0080] More precisely, the currents of the elements A and 
C are added. The added current is ampli?ed by an I/V 
ampli?er 22 in a form of a voltage value, generating the ?rst 
sum signal A+C. Similarly, the currents of the elements B 
and D are added. The added current is ampli?ed by an I/V 
ampli?er 23 in a form of a voltage value, generating the 
second sum signal B+D. The ?rst sum signal A+C is delayed 
by a predetermined time "c in a delay circuit 24 and then 
converted into a binary signal a1 by a level comparator 25. 
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In the meantime, the second sum signal B+D is converted 
into a binary signal a2 by a level comparator 26. 

[0081] Both binary signals a1 and a2 are input to a phase 
comparator 27. The phase comparator 27 generates pulse 
signals b1 and b2, each consisting of pulses having a Width 
equal to the phase difference betWeen the binary signals a1 
and a2. HoW the comparator 27 generates the signals b1 and 
b2 Will be explained With reference to the timing chart of 
FIG. 9. 

[0082] When the signal a1 advances With respect to the 
signal a2, the comparator 27 generates a signal b1 consisting 
of pulses having a Width equal to the phase difference 
betWeen the signals a1 and a2. When the signal a2 advances 
With respect to the signal al, the comparator 27 generates a 
signal b2 consisting of pulses having a Width equal to the 
phase difference betWeen the signals a1 and a2. The signals 
b1 and b2 are supplied, respectively, to loW-pass ?lters 
(LPFS) 28 and 29 Which have a loW cutoff frequency much 
loWer than the band of the pulse signal b1 and b2. The 
loW-pass ?lters 28 and 29 smooth the signals b1 and b2. The 
signals b1 and b2, thus smoothed, are input to a differential 
ampli?er 30. The output of the differential ampli?er 30 is 
used as a tracking error signal. The tracking error signal is 
supplied to a actuator driver 11 via a phase compensation 
circuit 9, like the tracking error signal output from the adder 
10 in the ?rst embodiment (FIG. 4). 

[0083] In this embodiment, a sWitch SW1 is connected to 
the input of the level comparator 25, for selecting a readout 
mode. The sWitch SW1 has a movable contact connected to 
the level comparator 25 and tWo input contacts H and N. The 
movable contact is connected to the input terminal H When 
the optical disk 1 is a high-de?nition DVD, and to the input 
contact N When the optical disk 1 is a DVD-ROM. 

[0084] When the movable contact of the sWitch SW1 is 
connected to the input contact H, the ?rst sum signal A+C 
output from the UV ampli?er 22 is supplied to the level 
comparator 25, Without being delayed by the delay circuit 
24. In this case, no phase difference eXists betWeen the ?rst 
sum signal A+C and the second sum signal B+D as long as 
the beam spot remains on the centerline of the pit stream. 
The tracking control is therefore stable on the centerline of 
the pit stream. 

[0085] When the movable contact of the sWitch SW1 is 
connected to the input contact N, the ?rst sum signal A+C 
output from the UV ampli?er 22 is delayed by time "c in the 
delay circuit 24 and then supplied to the level comparator 
25. In this case, the beam spot is shifted, With its center 
shifting from the center line of the pit stream by a distance 
corresponding to the delay time "c. As a result, the phase 
difference betWeen the ?rst sum signal A+C and the second 
sum signal B+D decreases to nil. Thus, the tracking control 
becomes stable on this point. 

[0086] In the optical disk apparatus according to the 
modi?cation of the second embodiment, the beam spot is 
shifted from the centerline of the pit stream by the off-track 
distance ATO When the optical disk 1 is a DVD-ROM. The 
same advantages are thereby attained as in the ?rst and 
second embodiments. Needless to say, the off-track distance 
ATO depends on the delay time "c. 

[0087] Furthermore, the off-track distance ATO is deter 
mined in consideration With various conditions, and the 
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off-tracking control can be performed by adjusting delay 
time )t in accordance With the off-track distance ATO in the 
same Way as mentioned in the second embodiment With a 
variable delay circuit. 

[0088] As has been described, the present invention can 
provide an optical disk apparatus Which has a light source 
for applying a light beam having a wavelength A to a 
high-density optical disk to read out information from the 
optical disk, Which can read out high-quality signals also 
from a loW-density optical disk at loW cost, Without using 
special optical elements, though the loW density optical disk 
is designed for longer Wavelength than the wavelength 7». 

[0089] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

1. An optical disk apparatus comprising: 

a light source for emitting a light beam; 

an optical system for focusing the light beam emitted 
from the light source to form a beam spot on an optical 
disk in Which information is recorded in the form of a 
pit stream; 

a tracking unit for detecting light re?ected from the 
optical disk, generating a tracking error signal from the 
light by a differential phase detection method, and 
moving the beam spot in accordance With the tracking 
error signal in a radial direction of the optical disk; 

a spot-shifting section for shifting a center of the beam 
spot from a centerline of the pit stream by a predeter 
mined distance in a radial direction of the optical disk; 
and 

an information-readout section for reading out the infor 
mation from the optical disk. 

2. An optical disk apparatus according to claim 1, Wherein 
the tracking unit comprises: 

a quadrant photodetector having four detecting regions 
arranged in tWo roWs and tWo columns; 

a detecting section for detecting a phase difference 
betWeen a ?rst sum signal obtained from tWo of the 
detecting regions arranged in a diagonal and a second 
sum signal obtained from the remaining tWo of the 
detecting regions arranged in the other diagonal and for 
generating a tracking error signal Which is proportional 
to the phase difference detected, and 

a drive section for moving the beam spot in accordance 
With the tracking error generated by the detecting 
section. 

3. An optical disk apparatus according to claim 2, Wherein 
the spot-shifting section comprises: 

a delay circuit for delaying one of the ?rst and second sum 
signals in accordance With the predetermined distance; 
and 

means for supplying the delayed one of the sum signals 
and the other thereof to the detecting section. 
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4. An optical disk apparatus according to claim 3, wherein 
the delay circuit has a delay time Which can be adjusted in 
accordance With a type of the optical disk. 

5. An optical disk apparatus according to claim 3, Wherein 
the delay circuit has a delay time Which can be adjusted in 
accordance With a tracking position With respect to the radial 
direction of the optical disk. 

6. An optical disk apparatus according to claim 3, Wherein 
the delay circuit has a delay time Which can be adjusted in 
accordance With a scanning linear velocity, When reading out 
the information from the optical disk. 

7. An optical disk apparatus comprising: 

a light source for emitting a light beam; 

an optical system for focusing the light beam emitted 
from the light source to form a beam spot on an optical 
disk in Which information is recorded in the form of a 
pit stream; 

a quadrant photodetector having four detecting regions 
arranged in tWo roWs and tWo columns for detecting 
light re?ected from the optical disk; 

a delay circuit for delaying one of ?rst and second sum 
signals, the ?rst sum signal obtained from tWo of the 
detecting regions arranged in a diagonal and the second 
sum signal obtained from the remaining tWo of the 
detecting regions arranged in the other diagonal; 

a detecting section for detecting a phase difference 
betWeen the ?rst and second sum signals and generat 
ing a tracking error signal Which is proportional to the 
phase difference detected; and 

a drive section for moving the beam spot in accordance 
With the tracking error generated by the detecting 
section to shift a center of the beam spot from a 
centerline of the pit stream by a predetermined distance 
in a radial direction of the optical disk; and 

an information-readout section for reading out the infor 
mation from the optical disk. 

8. An optical disk apparatus according to claim 7, Wherein 
the delay circuit has a delay time Which can be adjusted in 
accordance With a type of the optical disk. 

9. An optical disk apparatus according to claim 7, Wherein 
the delay circuit has a delay time Which can be adjusted in 
accordance With a tracking position With respect to the radial 
direction of the optical disk. 

10. An optical disk apparatus according to claim 7, 
Wherein the delay circuit has a delay time Which can be 
adjusted in accordance With a scanning linear velocity When 
reading out the information from the optical disk. 

11. An optical disk apparatus comprising: 

a optical disk mounting device for selectively mounting 
?rst and second optical disks Which have a relatively 
high recording density and a relatively loW recording 
density, respectively, and in each of Which information 
is recorded in a form of pit streams; 

a light source for emitting a light beam; 

an objective lens for focusing the light beam emitted from 
the light source to form a beam spot on the optical disk; 

a tracking unit for detecting light re?ected from the 
optical disk, generating a tracking error signal from the 
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light by a differential phase detection method, and 
moving the beam spot in accordance With the tracking 
error signal; 

a spot-shifting section for shifting a center of the beam 
spot from a centerline of the pit stream formed in the 
second optical disk, by a predetermined distance in a 
radial direction of the second optical disk; and 

an information-readout section for reading out the infor 
mation from the optical disk. 

12. An optical disk apparatus according to claim 11, 
Wherein the tracking unit comprises: 

a quadrant photodetector having four detecting regions 
arranged in tWo roWs and tWo columns; 

a detecting section for detecting a phase difference 
betWeen a ?rst sum signal obtained from tWo of the 
detecting regions arranged in a diagonal and a second 
sum signal obtained from the remaining tWo of the 
detecting regions arranged in the other diagonal and for 
generating a tracking error signal Which is proportional 
to the phase difference detected, and 

a drive section for moving the beam spot in accordance 
With the tracking error generated by the detecting 
section. 

13. An optical disk apparatus according to claim 12, 
Wherein the spot-shifting section gives a predetermined 
delay time relatively to the ?rst and second sum signals. 

14. An optical disk apparatus according to claim 11, 
Wherein the second optical disk is based on the DVD-ROM 
standard, and the folloWing relation holds: 7t/NA<1.0 (,um) Where 

7» is the Wavelength of the light beam applied by the 
light source and NA is the numerical aperture of an 
objective lens incorporated in the optical system. 

15. An optical disk apparatus according to claim 11, 
Wherein the second optical disk is one based on DVD-ROM 
standards, and the light beam applied by the light source has 
a Wavelength ranging from 400 nm to 450 nm. 

16. An optical disk apparatus according to claim 11, 
Wherein the predetermined distance ranges from 1/2 to 1A1 of 
the top Width of the pit stream, as measured in the radial 
direction of the optical disk held by the disk-holding means. 

17. An optical disk apparatus according to claim 11, 
Wherein the tracking unit has tracking control means for 
generating a tracking error signal representing a distance by 
Which the beam spot is displaced from the center line of the 
pit stream in the radial direction of the optical disk and for 
controlling the optical system to make the beam spot folloW 
the pit stream, and voltage-applying means for applying a 
predetermined beam-shifting voltage to the tracking error 
signal. 

18. An optical disk apparatus according to claim 11, 
Wherein the tracking unit comprises: 

a quadrant photodetector having four detecting regions 
arranged in tWo roWs and tWo columns; 

detecting means for detecting a phase difference betWeen 
a ?rst sum signal obtained from tWo of the detecting 
regions arranged in a diagonal and a second sum signal 
obtained from the remaining tWo of the detecting 
regions arranged in the other diagonal; 

signal-generating means for generating a tracking error 
signal Which represents a distance by Which the beam 
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spot is displaced from the center line of the pit stream 
in the radial direction of the optical disk; and 

tracking control means for controlling the optical system 
to make the beam spot folloW the pit stream, and 
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the spot-shifting section is designed to delay the ?rst and 
second sum signals, one With respect to the other, by a 
predetermined time. 

* * * * * 


