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OPTICAL PICKUP HEAD AND
INFORMATION
RECORDING/REPRODUCING DEVICE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical pickup head
used 1n a apparatus for recording, reproducing, or erasing
information on an optical storage medium, and to an infor-

mation recording/reproducing apparatus.
2. Description of Related Art

Optical memory technologies using optical storage media
with a pit-shaped pattern, that are storage media of high
density and large capacity, are increasingly adopted for digi-
tal audio disks, video disks, text file disks, and data files, for
example. In recent years, high-density, large capacity optical
storage media known as DVDs have been put 1nto practical
use and have garered widespread attention as information
media capable of handling large quantities of information,
such as moving pictures. These DVD optical storage media
are recorded and reproduced using a so-called red semicon-
ductor laser that emits laser light of a wavelength near 650

nm.

A conventional optical pickup head in an optical disk sys-
tem capable of recording and reproducing is described using,
FIG. 22.

A semiconductor laser light source 101, serving as the light
source, emits a linearly polarized divergent beam 700 with a
wavelength A, of 650 nm. The divergent beam 700 emitted
from the semiconductor laser light source 101 1s incident on
a diffraction grating 510 and split into three beams of zero
order, —1st order, and +1st order diffracted light. The zero
order diffracted beam 1s a main beam 700a for recording/
reproducing information and the +1st and —1st order dii-
fracted beams are sub-beams 700b and 700c used 1n a differ-
ential push-pull method (heremafter, referred to as DPP) to
detect tracking error (hereinafter, referred to as TE) signals
stably. The ratio of the diffraction efficiency of the zero order
diffracted beam to either one of the 1st order diffracted beams
1s ordinarily set from 12:1 to 20:1, and here 1t 1s 20:1. Accord-
ingly, the sub-beams 700b and 700c are prevented from
alfecting the main beam 700a, and unintentional recording on
an optical storage medium 410 can be avoided.

The three beams created by the difiraction grating 510, that
15, the main beam 700a and the sub-beams 700b and 700c,
pass through a polarizing beam splitter 520 and are converted
into parallel beams by a collimating lens 530 with a focal
length of 15 mm. The parallel beams pass through a quarter
wavelength plate 540 and are converted into circularly polar-
1zed light, after which they are converted into convergent
beams by an objective lens 560 with a 3 mm focal length. The
opening of the objective lens 560 1s restricted by an aperture
550, and its numerical aperture NA 1s 0.6.

The optical storage medium 410 1s provided with a trans-
parent substrate 410a and an information recording plane
410b, and the thickness of the transparent substrate 410a 1s
0.6 mm. The convergent beam from the objective lens 560
passes through the transparent substrate 410a and 1s focused
on the imnformation recording plane 410b.
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FIG. 23 shows the relationship between the tracks and the
beams on the optical storage medium. As shown 1n FIG. 23,
tracks, which are a plurality of continuous grooves, are

formed on the information recording plane 410b of the optical
storage medium 410 (FIG. 22). Tracks T, _,, T, ,and T, _, are
lined up 1n order, and the track pitch P,, which is the distance

—

betweenthe trackT _, andthe track T, and between the track
T, and the track T 1s 0.74 um. The beams are arranged

- 41

such that when the main beam 700a 1s positioned on the track
T, the sub-beams 700b and 700c are positioned between the
tracks T_and T__, andthetracks T_and T, _,, respectively.
Consequently, there 1s a 0.37 um wide spacing L, between the
main beam 700a and the sub-beams 700b and 700c 1n the
direction perpendicular to the track T .

The main beam 700a and the sub-beams 700b and 700c

focused on the information recording plane 410b are
reflected, and after passing through the objective lens 560 and
the quarter wavelength plate 540 and being converted into
linearly polarized light with a polarnization that 1s rotated by
90° with respect to that of the incident path, they pass through
the collimating lens 530 and are converged into convergent
light. This convergent light 1s retlected by the polarizing beam
splitter 520, passes through a cylindrical lens 570, and 1s
incident on an optical detector 300. Astigmatism 1s imparted
on the main beam 700a and the sub-beams 700b and 700c
when they pass through the cylindrical lens 570.

The optical detector 300 has eight light recerving portions
300a,300b,300c, 3004, 300¢, 3001, 300g, and 300h. The light
receiving portions 300a, 300b, 300c, and 300d are for receiv-
ing the main beam 700a, the light recerving portions 300¢ and
3001 are for receiving the sub-beam 700b, and the light
receiving portions 300g and 300h are for recerving the sub-
beam 700c. The light receiving portions 300a, 300b, 300c,
300d, 300¢, 3001, 300g, and 300h each output a current signal
corresponding to the amount of light recerved.

Using each of the signals output from the light receiving
portions 300a, 300b, 300c, and 300d for receiving the main
beam 700a, 1t 1s possible to obtain focus error (hereinaftter,
referred to as FE) signals through the astigmatism method,
TE signals through a phase difference method, TE signals
through a push-pull method, and information (hereinafter,
referred to as RF) signals recorded on the optical storage
medium. Also, when recording/reproducing continuous
groove disks such as DVD-RW disks, TE signals can be
obtained through DPP by jointly using the signals output
from the light recerving portions 300¢, 3001, 300g, and 300h
for receiving the sub-beams 700b and 700c. After being
amplified to a desired level and phase compensated, the FE
signals and the TE signals are supplied to actuators 910 and
920, and based on these signals, focusing and tracking control
are performed.

In DVDs, ROM disks for read only are standardized as
two-layered disks provided with two information planes.
Information can be read out from these two-layered disks
without any problems by detecting the TE si1gnals through the
phase difference method using the conventional optical
pickup head.

Moreover, at the research and development level, there
have been many publications of research results for two-
layered recordable disks having two information recording
planes (hereinafter, referred to as two-layered recording
disks). Initially, no information 1s written on two-layered
recording disks, so TE signals cannot be detected by a phase
difference method. For this reason, the TE signals are
detected by DPP, as 1s the case with single-layered recordable
disks.
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However, even 1l two-layered recording disks are used with
the above-mentioned conventional optical pickup head and

TE signals are detected by DPP, there 1s the problem that
letting the objective lens perform tracking generates an
uncorrectable offset in the TE signals.

This 1s because when information is recorded/reproduced
with one of the information recording planes of the two layers
(hereinafter, that information recording plane 1s referred to as
the focus plane), a portion of the beam forming a focal point
on the focus plane 1s reflected and a portion passes through the
focus plane and arrives at the other information recording
plane (hereinafter, that information recording plane 1s
referred to as the non-focus plane). This beam 1s out of focus
on the non-focus plane and 1s reflected by the non-focus plane
toward the optical detector. The beam reflected by the non-
focus plane cannot be fully cancelled during detection of the
TE signals by DPP due to aberration and variations in the
amount of beam light, for example. For this reason, tracking
with the objective lens leads to fluctuations in the amount that
cannot be cancelled and an uncorrectable ofiset 1s caused 1n
the TE signals.

This results in displacement from the track and partially
erases information recorded on adjacent tracks when record-
ing information to the optical storage medium, which causes
the problem that information recoded on the optical storage
medium can no longer be read out with fidelity.

It 1s an object of the present invention to provide an optical
pickup head with which ofiset 1s not caused 1n the TE signals
even when tracking with the objective lens 1n a case where a
two-layered recording disk 1s used. It 1s a further object of the
present mnvention to provide an information recording/repro-

ducing apparatus using this optical pickup head.

SUMMARY OF THE INVENTION

An optical pickup head of the present invention 1s provided
with a light source for emitting a light beam, a difiracting
means for creating a plurality of diffracted beams from the
beam emitted by the light source, a converging means for

tocusing the plurality of diffracted beams from the diffracting
means onto an optical storage medium, a beam branching

means for branching the plurality of beams of the plurality of

diffracted beams focused onto the optical storage medium
and reflected by the optical storage medium, and an optical
detecting means for recerving the beams branched at the beam
branching means and outputting a signal corresponding to the
amount of light of the recerved beams; wherein the optical
detecting means has main beam light recerving portions for
receiving zero order diffracted beams and sub-beam light
receiving portions for recerving first or higher order diffracted
beams of the plurality of diffracted beams that are focused;
the optical storage medium has a plurality of information
recording planes and guide grooves are formed 1n at least one
of the information recording planes; and the amount of light
of the first or higher order difiracted beams focused by the
converging means when they are substantially focused on and
reflected by a focus plane of the plurality of information
recording planes 1s equal to or greater than the amount of light
of the zero order diffracted beam focused by the converging
means when 1t 1s reflected without focusing thereon by a

non-focus plane other than the focus plane of the plurality of

information recording planes. Thus, there 1s the effect that
even 11 a two-layered disk 1s used for the optical recording
medium, there 1s no offset generated in the tracking error
signals, even during tracking with the objective lens.
Another optical pickup head of the present mvention 1s
provided with a light source for emitting a light beam, a
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diffracting means for creating a plurality of diffracted beams
from the beam emitted by the light source, a converging
means for focusing the plurality of diffracted beams from the
diffracting means onto an optical storage medium, a beam
branching means for branching a plurality of beams of the
plurality of diffracted beams focused onto the optical storage
medium and reflected by the optical storage medium, and an
optical detecting means for recerving the beams branched at
the beam branching means and outputting a signal corre-
sponding to the amount of light of the recerved beams;
wherein the optical storage medium has a plurality of infor-
mation recording planes, guide grooves are formed 1n at least
one of the information recording planes, and information 1s
recorded on the guide grooves or between the guide grooves
and the relationship 10-n.=m, 1s tulfilled, where m, 1s
diffraction efficiency of a zero order diffracted beam of the
diffracted beams created by the diffracting means and 1, 1s a
diffraction efficiency of first or higher order diffracted beams.
Another optical pickup head of the present invention 1s
provided with a light source for emitting a light beam, a
diffracting means for creating a plurality of diffracted beams
from the beam emitted by the light source, a converging
means for focusing the plurality of diffracted beams from the
diffracting means onto an optical storage medium, a beam
branching means for branching a plurality of beams of the
plurality of diffracted beams focused onto the optical storage
medium and reflected by the optical storage medium, and an
optical detecting means for recerving the beams branched at
the beam branching means and outputting a signal corre-
sponding to the amount of light of the recerved beams;
wherein the optical detecting means has main beam light
receiving portions for recerving zero order diffracted beams,
and sub-beam light recerving portions for receiving first or
higher order difiracted beams, of the plurality of diffracted
beams that are focused; the optical storage medium has a
plurality of information recording planes and guide grooves
are formed 1n at least one of the information recording planes;
and all of the sub-beam light recerving portions are arranged
within the image formed on the optical detecting means by the
light of the zero order difiracted beam focused by the con-
verging means that 1s reflected without focusing by the non-
focus plane of the plurality of information recording planes.
Another optical pickup head of the present invention 1s
provided with a light source for emitting a light beam, a
diffracting means for creating a plurality of diffracted beams
from the beam emitted by the light source, a converging
means for focusing the plurality of diffracted beams from the
diffracting means onto an optical storage medium, a beam
branching means for branching a plurality of beams of the
plurality of diffracted beams focused onto the optical storage
medium and reflected by the optical storage medium, and an
optical detecting means for recerving the beams branched at
the beam branching means and outputting a signal corre-
sponding to the amount of light of the received beams;
wherein the optical detecting means has main beam light
receiving portions for receiving zero order diffracted beams
and sub-beam light receiving portions for receiving first or
higher order difiracted beams of the plurality of diffracted
beams that are focused; the optical storage medium has a
plurality of information recording planes and guide grooves
are formed 1n at least one of the information recording planes;
and the relatlonshlp S, =4-w-(d'NA-0)*n./m,, is fulfilled,
wherem_1sa c1ffract10n elficiency of a zero order difiracted
beam of the diflracted beams created by the diffracting means
and m, 1s a diffraction efficiency of first or higher order dii-
fracted beams, NA 1s a numerical aperture of the optical

storage medium side of the converging means, ¢ 1s a lateral
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magnification of an optical system on a return path from the
optical storage medium to the optical detecting means, d 1s an
optical spacing between two information recording planes of
the optical storage medium, and S, 1s an area of one sub-beam
light receiving portion.

Another optical pickup head of the present invention 1s
provided with a light source for emitting a light beam, a
diffracting means for creating a plurality of diffracted beams
from the beam emitted by the light source, a converging
means for focusing the plurality of diffracted beams from the
diffracting means onto an optical storage medium, a beam
branching means for branching a plurality of beams of the
plurality of diffracted beams focused onto the optical storage
medium and retlected by the optical storage medium, and an
optical detecting means for recerving the beams branched at
the beam branching means and outputting a signal corre-
sponding to the amount of light of the recerved beams;
wherein the optical detecting means has main beam light
receiving portions for receiving zero order difiracted beams
and sub-beam light recerving portions for receiving first or
higher order difiracted beams of the plurality of diffracted
beams that are focused; the optical storage medium has a
plurality of information recording planes, and guide grooves
are formed 1n at least one of the information recording planes;
and the relationship S ! =4-7-(d-NA-0)*n Mo R/ R 4z, 18 1ul--
filled, where 1 1s a diffraction efficiency of the zero order
diffracted beam and 1 1s a diffraction efficiency of first or
higher order diffracted beams of the difiracted beams created
by the diffracting means, R, 1s an effective retlectance of the
focus plane among the information recording planes onto
which the beam focused by the converging means substan-
tially forms a focal point, R ;. 1s an effective reflectance ot the
non-focus plane other than the focus plane of the plurality of
information recording planes, NA 1s a numerical aperture of
the optical storage medium side of the converging means, A 1s
a lateral magnification of an optical system on a return path
from the optical storage medium to the optical detecting
means, d 1s an optical spacing between two information
recording planes of the optical storage medium, and S, 1s one
area of a sub-beam light recetving portion.

Another optical pickup head of the present mvention 1s
provided with a light source for emitting a light beam, a
diffracting means for creating a plurality of difiracted beams
from the beam emitted from the light source, a converging
means for focusing the plurality of diffracted beams from the
diffracting means onto an optical storage medium, a beam
branching means for branching a plurality of beams of the
plurality of diffracted beams focused on the optical storage
medium and reflected by the optical storage medium 1nto two
beams, an astigmatism imparting means for imparting astig-
matism on a first beam branched at the beam branching
means, a beam splitting means for further splitting a second
beam branched at the beam branching means 1nto two beams,
a first optical detecting means for recerving the beam from the
astigmatism imparting means and outputting a signal corre-
sponding to the amount of light of the received beam, and a
second optical detecting means for recerving the beams from
the beam splitting means and outputting a signal correspond-
ing to the amount of light of the recerved beams; wherein the
optical storage medium has a plurality of information record-
ing planes, and guide grooves are formed 1nto at least one of
the information recording planes; and the beam splitting
means splits the second beam 1n a direction parallel to the
guide grooves.

It 1s also possible that the diffracting means creates a zero
order diffracted beam and first or higher order diffracted
beams, the first beam includes a zero order diffracted beam
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il

and the first or higher order diffracted beams, the first optical
detecting means has four light recerving portions, and the
zero order diffracted beam and the first or higher order dii-
fracted beams are received by the light receiving portions
overlappingly.

It 1s also possible that the first optical detecting means and
the second optical detecting means each have light recerving
portions for receiving the plurality of diffracted beams that
have been focused, and all of the light recerving portions of
the first optical detecting means and the second optical detect-
ing means are arranged within the images that are formed on
the first optical detecting means and the second optical detect-
ing means by the light of the zero order diffracted beam
focused by the converging means that 1s reflected without
forming a focal point by the non-focus plane of the plurality
ol information recording planes.

Further, the beam splitting means can include a diffraction
clement.

Further, the beam splitting means can include a prism.

Further, the beams can be imaged substantially 1n focus on
the first optical detecting means and the second optical detect-
Ing means.

Further, the size of the light receiving portions can be not
less than three and not more than ten times that of an Airy
disk.

Another optical pickup head of the present invention 1s
provided with a light source for emitting a light beam, a
diffracting means for creating a zero order diffracted beam
and first or higher order diffracted beams from the beam
emitted from the light source, a converging means for focus-
ing the zero order diffracted beam and the first or higher order
diffracted beams from the diffracting means onto an optical
storage medium, a beam splitting means for respectively
splitting into two beams the zero order diffracted beam and
the first or higher order diffracted beams focused on the
optical storage medium and retlected by the optical storage
medium, and an optical detecting means for recerving the
beams split by the beam splitting means and outputting a
signal corresponding to the amount of light of the received
beams; wherein the optical detecting means has a plurality of
light receving portions positioned lined up 1n a row; the
optical storage medium has a plurality of information record-
ing planes and guide grooves are formed 1n at least one of the
information recording planes; and the beam splitting means
splits the beams with a splitting axis substantially parallel to
the guide grooves.

Further, it 1s also possible that the light receiving portion
for receiving the zero order diffracted beam of one of the
beams split by the beam splitting means 1s positioned to be
sandwiched between the light recerving portion for receiving,
the zero order diffracted beam of the other beam split by the
beam splitting means and the light receiving portion for
receiving the first or higher order diffracted beams of the other
beam split by the beam splitting means.

Further, 1t 1s also possible that the spacing between the
images formed on the optical detecting means by the zero
order diffracted beam and the first or higher order difiracted
beam of either one of the beams split by the beam splitting
means 1s wider than the spacing between the images formed
on the optical detecting means by the two zero order dii-
fracted beams split by the beam splitting means.

Further, the beam splitting means can include a diffraction
clement.

Further, the beam splitting means can include a prism.

Further, the beams can be imaged substantially in focus on
the optical detecting means.
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Further, the size of the light receiving portions can be not
less than three and not more than ten times that of an Airy
disk.

Another optical pickup head of the present mvention 1s
provided with a light source for emitting a light beam, a
diffracting means for creating a plurality of diffracted beams
from the beam emitted from the light source, a converging
means for focusing the plurality of diffracted beams from the
diffracting means onto an optical storage medium, a beam
branching means for branching a plurality of beams of the
plurality of diffracted beams focused on the optical storage
medium and reflected by the optical storage medium, an
astigmatism imparting means for imparting astigmatism on
the beams branched by the beam branching means, and an
optical detecting means for recerving the beams imparted
with astigmatism by the astigmatism imparting means and
outputting a signal corresponding to the amount of light of the
received beams; wherein the optical detecting means has
main beam light receiving portions for receiving the zero
order diffracted beams and sub-beam light receiving portions
tor recerving the first or higher order diffracted beams of the
plurality of diffracted beams that are focused; the optical
storage medium has a plurality of nformation recording
planes and guide grooves are formed 1n at least one of the
information recording planes; and the relationship
S1 MR/ (47 -d*NA*n .- Re)=0=(Z, /2/Az)"* is fulfilled,
and Az is in the range of three to ten times A/2/NA”, where Z,,
1s an astigmatic difference imparted by the astigmatism
imparting means, 1,, 1s a diffraction efficiency of the zero
order diffracted beam and 7 _ 1s a diffraction efficiency of first
or higher order diffracted beams of the diffracted beams cre-
ated by the diffracting means, R, 1s an effective reflectance of
the focus plane of the mmformation recording planes onto
which the beam focused by the converging means 1s substan-
tially focused, R ., 1s an eftective retlectance of the non-focus
plane other than the focus plane of the plurality of information
recording planes, NA 1s a numerical aperture of the optical
storage medium side of the converging means, ¢. 1s a lateral
magnification of an optical system on a return path from the
optical storage medium to the optical detecting means, A 1s a
wavelength of the beam emitted from the light source, d 1s an
optical spacing between two information recording planes of
the optical storage medium, and S, 1s an area of one sub-beam
light receiving portion.

Another optical pickup head of the present invention 1s
provided with a light source for emitting a light beam, a
diffracting means for creating a plurality of diffracted beams
from the beam emitted from the light source, a converging
means for focusing the plurality of diffracted beams from the
diffracting means onto an optical storage medium, a beam
splitting means for splitting beams of the plurality of dif-
fracted beams focused onto the optical storage medium and
reflected by the optical storage medium into two beams hav-
ing different focal points, and an optical detecting means for
receiving the beams split by the beam splitting means and
outputting a signal corresponding to the amount of light of the
received beams; wherein the optical detecting means has
main beam light recerving portions for receiving zero order
diffracted beams and sub-beam light recerving portions for
receiving first or higher order diffracted beams of the plurality
of diffracted beams that are focused; the optical storage
medium has a plurality of information recording planes and
guide grooves are formed 1n at least one of the information
recording planes; and the relationship S, n, - Rdfﬂ/
(4-7-d>NA* .- R )=0=(Z, /2/Az)"'* is fulfilled, and Az is in
the range of three to ten times A/2/NA®, where 7, is the
spacing between the two focal points given the two beams
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split by the beam splitting means, m,, 1s a difiraction eili-
ciency of the zero order ditfracted beam and n_1s a diffraction
eificiency of the first or higher order difiracted beams of the
diffracted beams created by the ditfracting means, R, 1s an
cifective reflectance of the focus plane of the information
recording planes onto which the beams focused by the con-
verging means are substantially focused, R ,, 1s an eftective
reflectance of the non-focus plane other than the focus plane
of the plurality of information recording planes, NA 1s a
numerical aperture of the optical storage medium side of the
converging means, o 1s a lateral magnification of an optical
system on a return path from the optical storage medium to
the optical detecting means, A 1s a wavelength of the beam
emitted from the light source, d 1s an optical spacing between
two information recording planes of the optical storage
medium, and S, 1s an area of one sub-beam light receiving
portion.

Another optical pickup head of the present invention 1s
provided with a light source for emitting a light beam, a
diffracting means for creating a plurality of diffracted beams
from the beam emitted from the light source, a converging
means for focusing the plurality of diffracted beams from the
diffracting means onto an optical storage medium, a beam
splitting means for splitting the plurality of diffracted beams
focused on the optical storage medium and then reflected by
the optical storage medium into two beams, an optical detect-
ing means for recerving the beams split by the beam splitting
means and outputting a signal corresponding to the amount of
light of the received beams, and an astigmatism 1mparting
means for imparting astigmatism on beams on their path from
the optical storage medium to the optical detecting means;
wherein the optical detecting means has main beam light
receiving portions for receiving the zero order diffracted
beams and sub-beam light receiving portions for recerving the
first or higher order diffracted beams of the plurality of dii-
fracted beams that are focused; the optical storage medium
has a substrate of refractive index n and a plurality of infor-
mation recording planes and guide grooves are formed 1n at
least one of the information recording planes; and the rela-
tionship S, M, 'R ./(4mwd*NA®1 R, )Za=(Z,n’/At/(n*-
1)Y/NA*)'? is fulﬁlled and At 1s 1n the range of five to thirty
times A/NA®, where 7, is an astigmatic difference imparted
by the astigmatism imparting means, 1,, 1s a diffraction effi-
ciency of the zero order diffracted beam and 1 1s a diffraction
eificiency of the first or higher order difiracted beams of the
diffracted beams created by the ditfracting means, R, 1s an
elfective retlectance of the focus plane of the information
recording planes onto which the beams focused by the con-
verging means substantially form a focal point, R ., 1s an
elfective retlectance of the non-focus plane other than the
focus plane of the plurality of information recording planes,
NA 1s a numerical aperture of the optical storage medium side
of the converging means, o 1s a lateral magnification of an
optical system on a return path from the optical storage
medium to the optical detecting means, A 1s a wavelength of
the beam emitted from the light source, d 1s an optical spacing
between two information recording planes of the optical stor-
age medium, and S, 1s an area of one sub-beam light receiving
portion.

Another optical pickup head of the present invention 1s
provided with a light source for emitting a light beam, a
diffracting means for creating a plurality of diffracted beams
from the beam emitted from the light source, a converging
means for focusing the plurality of diffracted beams from the
diffracting means onto an optical storage medium, a {first
beam splitting means for splitting the beams of the plurality of
diffracted beams focused on the optical storage medium and




US RE43,120 E

9

reflected by the optical storage medium into two beams, an
optical detecting means for recerving the beams split by the
first beam splitting means and outputting a signal correspond-
ing to the amount of light of the recerved beams, and a second
beam splitting means for splitting the beams on an optical
path from the optical storage medium to the optical detecting
means 1nto two beams of different focal points; wherein the
optical detecting means has main beam light receiving por-
tions for receiving the zero order difiracted beams and sub-
beam light recerving portions for recerving the first or higher
order diffracted beams of the plurality of diffracted beams
that are focused; the optical storage medium has a substrate of
refractive index n and a plurality of information recording,
planes and guide grooves are formed in at least one of the
information recording planes; and the relationship S;-
M, 'R/ (4m-d* NAZM R )=0=(Z,n'/At/(n*-1)/NA?) Y
if fulfilled, and At is in the range of five to thirty times A/NA”,
where 7, 1s the spacing between the two focal points given the
two beams split by the second beam splitting means, 1, 1s a
diffraction efliciency of the zero order diffracted beam and 1
1s a diffraction efficiency of the first or higher order difiracted
beams of the diffracted beams created by the diffracting
means, R ¢ 1s an effective retlectance of the focus plane ot the
information recording planes onto which the beams focused
by the converging means substantially form a focal point, R ,,
1s an effective retlectance of the non-focus plane other than
the focus plane of the plurality of information recording
planes, NA 1s a numerical aperture of the optical storage
medium side of the converging means, ¢ 1s a lateral magni-
fication of an optical system on a return path from the optical
storage medium to the optical detecting means, A 1s a wave-
length of the beam emitted by the light source, d 1s an optical
spacing between two information recording planes of the
optical storage medium, and S, 1s one area of sub-beam light
receiving portion.

Another optical pickup head of the present invention 1s
provided with a light source for emitting a light beam, a
diffracting means for creating a plurality of diffracted beams
from the beam emitted from the light source, a converging
means for focusing the plurality of diffracted beams from the
diffracting means onto an optical storage medium, a beam
splitting means for splitting a plurality of beams of the plu-
rality of diffracted beams focused on the optical storage
medium and retlected by the optical storage medium, and an
optical detecting means for recerving the beams split by the
beam splitting means and outputting a signal corresponding
to the amount of light of the recerved beams; wherein the
optical storage medium has a plurality of information record-
ing planes and guide grooves are formed 1n at least one of the
information recording planes; and the semiconductor laser
light source 1s formed on a substrate positioned such that 1t 1s
substantially parallel to the guide grooves formed in the one
or more information recording planes, and emits spontane-
ously emitted light {from a location different from the location
from which the laser beam 1s emitted.

Further, the substrate of the semiconductor laser light
source can be made of sapphire.

Further, the substrate of the semiconductor laser light
source can be made of gallium mitride.

Another optical pickup head of the present invention 1s
provided with a light source for emitting a light beam, a
diffracting means for creating a plurality of diffracted beams
from the beam emitted from the light source, a converging
means for focusing the plurality of diffracted beams from the
diffracting means onto an optical storage medium, and an
optical detecting means for recerving the beams of the plu-
rality of diffracted beams focused on the optical storage
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medium and reflected by the optical storage medium and
outputting a signal corresponding to the amount of light of the
received beams; wherein the optical detecting means has
main beam light recerving portions for receiving zero order
diffracted beams and sub-beam light receiving portions for
receiving first or higher order diffracted beams of the plurality
of diffracted beams that are focused; and dummy light receiv-
ing portions for preventing cross-talk between the main beam
light recewving portions and the sub-beam light receiving
portions are provided between the main beam light recerving
portions and the sub-beam light recerving portions.

Another optical pickup head of the present invention 1s
provided with a light source for emitting a light beam, a
diffracting means for creating a plurality of diffracted beams
from the beam emitted from the light source, a converging
means for focusing the plurality of diffracted beams from the
diffracting means onto an optical storage medium, and an
optical detecting means for recerving beams of the plurality of
diffracted beams focused onto the optical storage medium
and reflected by the optical storage medium and outputting a
signal corresponding to the amount of light of the received
beams; wherein the optical detecting means has two main
beam light receiving portions for receiving the zero order
diffracted beams and four sub-beam light receiving portions
for recerving the first or higher order diffracted beams of the
plurality of diffracted beams that are focused; and when T,
and T, are the signals output from the main beam light receiv-

ing portions and T, T,, T, and T, are the signals output from
the sub-beam light recewving portions, then tracking error
signals are detected by calculating (T, =T, )/ (T, +T,)-k[{(T ;-
T )+(Ts=T )} (T,+T,)] (wherein k is a constant).

Another optical pickup head of the present invention 1s
provided with a light source for emitting a light beam, a
diffracting means for creating a plurality of diffracted beams
from the beam emitted from the light source, a converging
means for focusing the plurality of diffracted beams from the
diffracting means onto an optical storage medium, a beam
branching means for branching a plurality of beams of the
plurality of diffracted beams focused on the optical storage
medium and reflected by the optical storage medium, and an
optical detecting means for recerving the beams branched at
the beam branching means and outputting a signal corre-
sponding to the amount of light of the received beams;
wherein the optical detecting means has two light recerving
portions; the optical storage medium has a first information
recording plane and a second information recording plane
and guide grooves are formed 1n the first information record-
ing plane; and wherein, 11 the diffracted beams focused by the
converging means form a focal point on the first information
recording plane and do not form a focal point on the second
information recording plane, then tracking error signals are
detected by calculating (1+T1,,=T,=-T )/(To+T, +1 -+
I,,) and a relationship T,+1,=5-(1,,+1,,) 1s tultilled,
wherein 1, and T, are signals output from the two light
receiving portions when the beams reflected by the first infor-
mation recording plane are recerved by the optical detecting
means, and T, and T, are signals output from the two light
receiving portions when the beams reflected by the second
information recording plane are recerved by the optical
detecting means.

Further, a first light focusing means for converging the
beams received by the first optical detecting means 1s pro-
vided on the light path from the optical storage medium to the
first optical detecting means, a second light focusing means
for converging the beams received by the second optical
detecting means 1s provided on the light path from the optical
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storage medium to the second optical detecting means and the
first and second light focusing means have a convex lens and
a concave lens respectively.

Further, a light focusing means for converging the beams
received by the optical detecting means 1s provided on the
light path from the optical storage medium to the optical

detecting means, and the light focusing means has a convex
lens and a concave lens.

An mnformation recording and reproducing apparatus of the
present mvention 1s provided with an above optical pickup
head, a drive portion for changing the relative position
between the information storage medium and the optical
pickup head, and an electric signal processing portion for
receiving signals output from the optical pickup head and
performing calculations to obtain desired information.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the configuration of the optical pickup head
according to the first embodiment of the present invention.

FIG. 2 shows the relationship between the tracks and the
beam on the optical storage medium 1n the optical pickup
head of the present invention.

FI1G. 3 shows the relationship between the optical detector
and the beam 1n the optical pickup head according to the first
embodiment of the present invention.

FIG. 4 shows the relationship between the lateral magnaifi-
cation and the light amount ratio 1n the optical pickup head
according to the first embodiment of the present invention.

FIG. 5 1s a perspective view showing the configuration of
the light source 1n the optical pickup head according to the
second embodiment of the present invention.

FIGS. 6A to 6C show the relationship between the optical
detector and the beams 1n the optical pickup head according to
the second embodiment of the present mvention (FIG. 6A
shows a case where the objective lens is oiff center, and FIG.
6B shows a case where the objective lens 1s in the center, and
FIG. 6C shows a case where the objective lens 1s off-center 1n
the opposite direction to that of FIG. 6A).

FI1G. 7 shows the configuration of the optical head accord-
ing to the third embodiment of the present invention.

FIGS. 8 A and 8B show the relationship between the optical
detector and the beams in the optical pickup head according to
the third embodiment of the present mvention (FIG. 8A
shows the optical detector on which the beams with an optical
path bent by 90° are incident on, and FIG. 8B shows the
optical detector on which the beams passing directly through
are 1ncident).

FIG. 9 15 a perspective view showing the structure of the
prism 1n the optical pickup head according to the third
embodiment of the present invention.

FIG. 10 shows the configuration of the optical pickup head
according to the fourth embodiment of the present invention.

FIG. 11 1s a structural diagram of the diffraction grating of
the optical pickup head according to the fourth embodiment
ol the present 1nvention.

FI1G. 12 shows the relationship between the optical detector
and the beams 1n the optical pickup head according to the
fourth embodiment of the present invention.

FIG. 13 shows the structure of the prism in the optical
pickup head according to the fifth embodiment of the present
invention.

FI1G. 14 15 a structural diagram of the diffraction grating of
the optical pickup head according to the sixth embodiment of
the present invention.
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FIG. 15 shows the relationship between the optical detector
and the beams 1n the optical pickup head according to the

sixth embodiment of the present invention.

FIG. 16 1s a structural diagram of the diffraction grating of
the optical pickup head according to the seventh embodiment
of the present invention.

FIG. 17 shows the relationship between the optical detector
and the beams 1n the optical pickup head according to the
seventh embodiment of the present invention.

FIG. 18 shows the configuration of the optical pickup head
according to the eighth embodiment of the present invention.

FIG. 19 shows the structure of the holographic element 1n
the optical pickup head according to the eighth embodiment
of the present invention.

FI1G. 20 shows the relationship between the optical detector
and the beams, and the structure of the circuits, in the optical
pickup head according to the eighth embodiment of the
present 1nvention.

FIG. 21 shows the configuration of the information record-
ing/reproducing apparatus according to the ninth embodi-
ment of the present invention.

FIG. 22 shows the configuration of a conventional optical
pickup head.

FIG. 23 shows the relationship between the tracks and the
beams on the optical storage medium 1n the conventional
optical pickup head.

DESCRIPTION OF THE PR
EMBODIMENTS

(L]
Y

ERRED

Herematter, embodiments of the present mmvention are
described with reference to the accompanying drawings. It
should be noted that 1n each of the drawings 1dentical numer-
als represent 1dentical structural elements or elements that
have the same action or operation.

First Embodiment

FIG. 1 shows the configuration of an optical pickup head
according to the first embodiment of the present invention.

A semiconductor laser light source 1, serving as the light
source, emits a linearly polarized divergent beam 70 with a
wavelength A, of 405 nm. After being converted into parallel
light by a collimating lens 53 with a focal length f, of 15 mm,
the divergent beam 70 emitted from the semiconductor laser
light source 1 1s incident on a diffraction grating 38 and split
into three beams of zero order, —1st order and +1st order
diffracted light. The zero order diffracted beam 1s a main
beam 70a for recording/reproducing information, and the
+1st and —1st order diffracted beams are sub-beams 70b and
70c used 1n DPP for stably detecting TE signals. The ratio of
the diffraction efficiency of the zero order difiracted beam to
either one of the 1st order diffracted beams 1s ordinarily set
from 12:1 to 20:1, and here it 1s 20:1. Consequently, the
sub-beams 70b and 70c are prevented from affecting the main
beam 70a and unintentional recording can be avoided.

The three beams created by the diffraction grating 58, that
1s, the main beam 70a and the sub-beams 70b and 70c, pass
through a polarizing beam splitter 52 and a quarter wave-
length plate 54 and are converted into circularly polarized
light, after which they are converted into a convergent beam
by an objective lens 56 with a focal length 1, of 2.1 mm and
focused onto an optical storage medium 41.

The opening of the objective lens 56 1s restricted by an
aperture 55, and i1ts numerical aperture NA 1s 0.85. The opti-
cal storage medium 41 has a transparent substrate 41a and two
informationrecording planes. These are a firstrecording layer
41b and a second recording layer 41c. The spacing o,
between the first recording layer 41b and the second record-
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ing layer 41c 1s 20 um, the thickness of the transparent sub-
strate 41a 1s 0.1 mm, and the refractive index n of the inter-
mediate layers positioned between the transparent substrate
41a and the first recording layer 41b and between the first
recording layer 41b and the second recording layer 41¢ in
both cases 1s 1.6. The convergent beam focused onto the
optical storage medium 41 more specifically passes through
the transparent substrate 41a and 1s focused on the first
recording layer 41b.

FIG. 2 shows the relationship between the tracks and the
beams on the first recording layer 41b of the optical storage
medium 41. The first recording layer 41b and the second
recording layer 41¢ each have tracks made from continuous
grooves, and information 1s recorded in those grooves. A
plurality of tracks are established in a periodic manner with a
track pitch p,, that1s, the spacing between the track T, and the
track T, _, and between the track T, andthe track T, | ;, 010.32
um. The beams are arranged such that when the main beam
70a 1s positioned over the track T, , the sub-beams 70b and
70c are positioned between the tracks T, and T, _, and the
tracks T, and T, ,, respectively. There 1s consequently a
spacing L. of 0.16 um between the main beam 70a and the
sub-beams 70b and 70c 1n the direction perpendicular to the

track T, .

The main beam 70a and the sub-beams 70b and 70c
reflected by the first recording layer 41b pass through the
objective lens 56 and the quarter wavelength plate 534 and are
converted into linearly polarized light with a polarization that
1s rotated by 90° with respect to that of the incident path, after
which they are reflected by the polarizing beam splitter 52.
The main beam 70a and the sub-beams 70b and 70c retlected
by the polarizing beam splitter 52 are incident on an optical
detector 31 after passing through a detector lens 59 with a
focal length 1; of 30 mm and a cylindrical lens 57. Astigma-
tism 1s imparted on the main beam 70a and the sub-beams 70b
and 70c when they pass through the cylindrical lens 57.

FI1G. 3 shows the relationship between the optical detector
31, the main beam 70a, and the sub-beams 70b and 70c. The
optical detector 31 has eight light receiving portions 31a, 31b,
31c, 31d, 31e, 311, 31g, and 31h, and the light receiving
portions 31a, 31b, 31c, 31d, 31¢, 311, 31g, and 31h output the
current signals 1, ,, 15,5, 1310 L3100 13100 L3y 13y, and 1y,
corresponding to the received amount of light.

The light receiving portions 31a, 31b, 31c¢, and 31d receive
the main beam 70a, the light recerving portions 31¢ and 311
receive the sub-beam 70b, and the light receiving portions
31g and 31h receive the sub-beam 70c. Each of the light
receiving portions 31a, 31b, 31c, and 31d 1s 60 umx60 um.
Each of the lightrecerving portions 31e, 311, 31g, and 31h has
a horizontal width W, o1 120 um and a vertical width W, o1 60
um. This means that the total size of the light recerving por-
tion for recerving the main beam 70a and that for recerving,
cach of the sub-beams 70b and 70c 1s 120 umx120 um each.

The main beam 70a and the sub-beams 70b and 70c¢ are
cach beams reflected by the first recording layer 41b of the
optical storage medium and imparted with astigmatism by the
cylindrical lens 57, and their circle of least confusion on the
optical detector 31 has a diameter of 60 um. Consequently, the
combined focal lengths forming the focal line of the combi-
nation ol the detector lens 59 and the cylindrical lens 57 are 30
mm and 29.05 mm. It should be noted that the reason there are
two focal lengths 1s that astigmatism 1s imparted on the beam.

Also, when recording and reproducing information with
respect to the first recording layer 41b (focus plane) of the
optical storage medium 41, a portion of the beam focused
onto the first recording layer 41b 1s reflected and a portion
passes through the first recording layer 41b and arrives at the
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second recording layer 41 ¢ (non-focus plane) as an unfocused
beam and 1s reflected by the second recording layer 41c.
Beams 71a, 71b, and 71c shown 1n FIG. 3 are the portions of
the main beam 70a and the sub-beams 70b and 70c¢ that are
reflected by the second recording layer 41¢ (non-focus plane)
and are significantly unfocused on the optical detector 31.
The radius r of each of the beams 71a, 71b, and 71c on the
optical detector 31 1s approximately r=2-d-NA-a.. Here, d 1s
the optical spacing between retlective planes of the optical
storage medium with d=d,/n, and «. 1s the lateral magnifica-
tion of the optical system from the optical storage medium to
the optical detector and 1s given by a=i;/1,. In the first
embodiment, d,=20 um, n=1.60, NA=0.85, {,=2.1 mm, and
t,=30 mm, so r=300 pum.

The beam 71a has a radius on the optical detector 31 of
approximately 300 um, and the light receiving portions 31e,
311, 31g, and 31h of the optical detector 31 are positioned
such that they are located within that radius. With this
arrangement, even 1f the beam reflected by the non-focus
plane moves on the optical detector 31 due to movement of
the objective lens 56 during tracking, there 1s hardly any
change 1n the amount of light of the beam 71a received at the
light recerving, portlons 31e,311,31g, and 31h, and as a result,
olffset does not occur in the TE signals.

Also, the FE signals are obtained by the astigmatism
method using the signals 1, _, I5,,, 15, and 15, , output from

the optical detector 31, that 1s, by calculating (I, +I15,.)—
(I5,,+15, ). The TE signals are obtained by DPP, that 1s, by

Calculatmg {(131a+131d) (L31pH51 )P =KAT5, 15 lg) ~(I3, 4

I,,,.)}. Here, K is a coefficient determined by the ratio of the
diffraction efficiency of the zero order diffracted light to
cither the +1st or —1st order diffracted light of the diffraction
grating 38.

After amplification to a desired level and phase compen-
sation, the FE signals and the TE signals are supplied to the
actuators 91 and 92 for moving the objective lens 56 to carry
out focus and tracking control.

FIG. 4 shows the relationship under the optical conditions
of the first embodiment between the light amount 1., of the
sub-beam 70b incident on the light recerving portion 31¢ and
the light receiving portion 311 and the light amount I, of the
beam 71a of the main beam 70a retlected by the second
recording layer (non-focus plane) 41c (hereinafter, referred to
as amount of stray light), 1n a case where the lateral magni-
fication . of the optical system 1s changed by changing the
focal length 1, of the detector lens 59. It should be noted that
this relationship 1s the same for the amount of stray light I, _
and the light amount I . of the light recerving portion 32g and
the light recerving portion 32h on which the sub-beam 70c 1s
incident.

Increasing o decreases the amount of stray light I, and
decreasing ¢ increases the amount of stray light I,, . A large
value for the amount of stray light I, results 1n offset varia-
tion in the TE signal, so it 1s preferable that the lateral mag-
nification a 1s increased to reduce the amount of stray light
I, .. In practice, this means that if the amount of stray light
I, 1s equal to or less than the light amount I-,, of the sub-
beam 70b, then TE signals are hardly ofifset for example
during tracking or when tilting occurs in the optical storage
medium. As shown 1n FIG. 4, when the lateral magnification
o 1s ten-fold, then the amount of stray light I, ~and the light
amount I, are equal, and thus a 1s preferably set to ten-fold.

Offset 1deally should not occur with DPP because the stray
light component 1s cancelled by the differential calculation,
but 1n actuality the amount of stray light may not be cancelled
completely because of aberrations and variations of the
amount of light within the beam. Considering actual aberra-
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tion and light amount variations, if the amount of stray light
I, 1s equal to or less than the light amount I, of the sub-
beam 70b, then the amount of residual offset 1s not more than
several percent of the amount of light entering the light
receiving portions, and the amount of off-track resulting from
this offset 1s small enough that it may be 1gnored.

When the amount of stray light I,, = and the sub-beam light
amount I, are equal, then the area S, of the light receiving
portions 31e and 311 recerving the sub-beam 70b 15 approxi-
mately equal to 4-7t-(d-NA o)1 /1],, and to make the amount
of stray light I,  less than the light amount I,,, of the sub-
beam 70b, the total area S, of the light recerving portions 31e
and 311 (or the light recerving portions 31g and 31h) for
receiving a single sub-beam 70b (or 70c¢) should be made less
than 4-w-(d-NA-a)*n/m,.. Here, 1, is the diffraction effi-
ciency of the main beam 70a split by the diffraction grating 58
and 1 1s the diffraction efficiency of the sub-beam 70b split
by the diffraction grating 58. Consequently, an information
recording/reproducing apparatus using the optical pickup
head of the first embodiment faithtully can read out the infor-
mation stored on the optical storage medium without erasing,
information stored on adjacent tracks, even i1 the medium 1s
a recordable two-layered disk.

It should be noted that it the effective reflectance R, of the
first recording layer 41b, which 1s the plane where the beams
70a, 70b, and 70c are focused, and the effective reflectance
R ;. ot the second recording layer 41¢, where the beams 70a,
70b, and 70c are unfocused and reflected, are different, the
same effect can be attained 11 the area S, of the light receiving
portions 32e and 32f is set to less than 4-7w-(d-NA-a)*n./
N,.'R/R 4. Here, when the reflectance of the first recording
layer 41b 1s R, ,, the transmaissivity 1s T, ,, and the retlec-
tance of the second recording layer 41c 1s R, , then the
eftectiveretlectance R, ofthe firstrecording layer41bisR, ),
and the effective reflectance R ., ot the second recording
layer d1c1s'T,,, T,;,"R,; ..

Also, configuring the detector lens 59 by combining a
convex lens and a concave lens makes 1t possible to keep the
optically equivalent focal length long while shortening the
physical length Consequently, the optical plckup head 1s not
increased 1n size even if the focal length f; 1s long, thus
making 1t possible to obtain a small optical pickup head with
little offset.

The first recording layer 41b and the second recording
layer 41¢ were described as the focus plane and the non-focus
plane, respectively, but the same effect as above also can be
achieved when recording/reproducing information with
respect to the second recording layer 41¢ simply by letting the
second recording layer 41c¢ be the focus plane and the first
recording layer 41b be the non-focus plane.

If the optical storage medium 41 1s of a type where 1nfor-
mation only can be recorded either on or between grooves,
then when recording or erasing information, the main beam 1s
positioned over the track and the two sub-beams are posi-
tioned between tracks but not on them, so that the information
stored on the tracks 1s not easily erased. Therefore, there 1s
absolutely no problem with making the ratio of the diffraction
eificiency 10:1 1n this case. When the area S, of the light
receiving portion for receiving either the beam 70b or the
beam 70c is less than 4-7-(d-NA-t)*n/m,,. then the lateral
magnification . of the optical system can be reduced for the
amount that the amount of light of the sub-beam 70b or 70c 1s
increased. Since the lateral magnification a can be reduced 1f
the focal length 1, of the objective lens 56 1s constant, the focal
length 1, of the detector lens 39 can be reduced and accord-
ingly the size of the optical pickup head can be reduced and a
small information recording/reproducing apparatus can be
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provided. Also, 1n a case where the lateral magnification . of
the optical system 1s the same, the effects of stray light are
reduced accordingly with an increase 1n the amount of light of
the sub-beam 70b or 70c, and consequently the optical pickup
head 1s capable of more stable tracking control.

Various modifications of the optical pickup head of the
present invention are possible without departing from the gist
thereol, for example changing the method for focus detection
from the astigmatism method to spot size detection or using a
beam-shaping prism to increase the efliciency of light utili-
zation. Furthermore, there are no limitations to the wave-
length of the light source or the NA of the objective lens, and
these can be adopted appropriately to suit various optical
conditions.

Second Embodiment

The optical pickup head according to the second embodi-
ment of the present invention 1s provided with a semiconduc-
tor laser light source of a configuration and arrangement
different from that of the optical pickup head of the first
embodiment. The rest of the configuration 1s the same as that
of the optical pickup head of the first embodiment.

In the second embodiment, a semiconductor laser that
emits a beam with a wavelength less than 450 nm 1s used for
the light source. In this case 1t 1s preferable that the substrate
constituting the light source and the tracks on the optical
storage medium are arranged optically parallel.

Since materials such as gallium nitride or zinc selenide
used for configuring lasers that emit a laser beam with a
wavelength less than 450 nm have numerous lattice defects,
and because of auto-compensation eflects, the confinement of
current and light within the active layer 1s weakened and
spontaneously emitted light tends to be emitted from spots
other than the emission point. There 1s a risk that this spon-
taneously emitted light will cause offset tluctuations due to
tracking.

FIG. 5 1s a perspective view of the configuration of the
semiconductor laser light source according to the second
embodiment. A laser beam 1s emitted from an emission point
10 of a semiconductor laser light source 2. As shown 1n FIG.
5, however, 1in addition to the laser beam, a beam 75 of
amplified spontancously emitted light 1s emitted from an
active layer 11 made of gallium nitride. After being focused
on and reflected by an information recording plane of the
optical storage medium 41, this beam 73, too, 1s incident on
the optical detector 31. Also, although not shown 1n the draw-
ings, the semiconductor laser light source 2 1s disposed such
that the substrate 12 1s optically parallel to the tracks of the
optical storage medium.

FIGS. 6A, 6B and 6C 1llustrate the relationship between
the optical detector 31, the main beam 70a, the sub-beams 70b
and 70c, and the beam 735 according to the second embodi-
ment. FIG. 6B 1s a case where the objective lens 56 1s cen-
tered, and FIGS. 6 A and 6C are cases where the objective lens
56 1s off-center. The direction in which the objective lens 56
moves 1s opposite in FIGS. 6A and 6C.

The beam 75 of spontanecously emitted light that 1s
reflected by an information recording plane of the optical
storage medium 41 1s incident on the optical detector 31 as
well, but since the substrate 12 constituting the light source 1s
arranged optically parallel to the tracks on the optical storage
medium 41, the beam 75 15 so as to incident spreading widely

in the direction 1n which the light recerving portions 31a, 31b,
31c, 31d, 31e¢, 311, 31g, and 31h are lined up, as shown 1n

FIGS. 6 A, 6B and 6C. Even when the position of the objective

lens 56 1s moved for tracking and 1n response the position of
the main beam 70a, the sub-beams 70b and 70c, and the beam

75 moves with respect to the optical detector 31, there 1s




US RE43,120 E

17

hardly any change 1n the amount of light of the beam 75 that
1s incident on the light recerving portions 31a, 31b, 31c, 31d.,
31e, 311, 31g, and 31h of the optical detector 31. Thus, a

tracking operation that 1s stable and without offset fluctuation
1s possible.

In the second embodiment, a configuration for the optical
pickup head was shown in which three beams, that 1s, the
main beam 70a and the sub-beams 70b and 70c, are used to
detect TE signals, but the same efiects can be obtained by a
apparatus with the same configuration that uses a single beam
to detect the TE signals by push-pull method. Also, the same
elfects can be achieved even 11 the optical storage medium has
only a single information recording plane.

It should be noted that here sapphire was used for the
substrate 12 and gallium nitride was used for the active layer
of the semiconductor laser light source 2, but the same effects
can be achieved 1n a case where gallium nitride 1s used for the
substrate 12 and gallium mitride to which indium has been
added 1s used for the active layer, for example, even 11 a
semiconductor laser of gallium nitride, which tends to gen-
erate spontanecously emitted light, or a semiconductor laser
light source 2 of a II-VI compound semiconductor such as
zinc selenide 1s used.

I1 the substrate 12 of the semiconductor laser light source 2
1s arranged optically parallel to the tracks of the optical stor-
age medium, then the effects mentioned above can be simi-
larly achieved, and there are no restrictions to the optical
structure of the optical pickup head.

Third Embodiment

The configuration of the optical pickup head according to a
third embodiment of the present invention will be described
using FIG. 7.

A beam 70 with a 405 nm wavelength emitted from the
semiconductor laser light source 1 passes through the colli-
mating lens 53, the difiraction grating 58, a compound beam-
shaping prism 4, and a mirror 5 that reflects incident beams 1n
an upward direction, and 1s then focused onto the optical
storage medium 41 by the objective lens 56. The main beam
70a for recording/reproducing and the sub-beams 70b and
70c are focused onto the optical storage medium 41. The main
beam 70a and the sub-beams 70b and 70c reflected by the
optical storage medium 41 have their light path changed by
the compound beam-shaping prism 4 and are incident on a
beam splitter 16 after further passing through the detector
lens 39.

The beam splitter 16 splits the incident main beam 70a and
sub-beams 70b and 70c¢ 1into two beams. The path of one of the
beams split by the beam splitter 16 1s turned approximately
90°, then as 1n a conventional optical pickup head, 1s imparted
with astigmatism by passing through the cylindrical lens 17
and 1s 1ncident on an optical detector 32. The other of the
beams split by the beam splitter 16 passes directly through the
beam splitter 16 and a beam that 1s parallel to the direction of
the tracks on the optical storage medium 41 1s separated by a
holographic element 18 having two blazed regions for creat-
ing push-pull signals, and i1s incident on an optical detector
33.

It should be noted that 1n place of the holographic element
18, a roof prism 22 configured as shown in FIG. 9 also can be
used as the element for splitting the beam for creating push-
pull signals into two beams. With this configuration, DPP
signals can be obtained.

FI1G. 8 A illustrates the relationship between the beams and
the optical detector 32 on which beams are incident whose
optical path has been bent by 90°. The optical detector 32 for
detecting FE signals has four light receiving portions 32a,
32b, 32c, and 32d and outputs output signals F,,F,,F;,and F
corresponding to the amount of light that 1s incident. Based on
the output signals F,, F,, F;, and F,, FE signals can be
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obtained by the astigmatism method. More specifically, FE
signals are obtained by calculating Equation 1.

FE signal=(F;+F;)-(F-+F,) (Equation 1)

FIG. 8B shows the relationship between the beams and the
optical detector 33 on which the beams passing directly
through the beam splitter are incident. The optical detector 33
for detecting the TE signals has six light recerving portions
33a, 33b, 33c, 33d, 33¢, and 331. The light receiving portions
33a and 33b together form a main beam light receving por-
tion 34a for recerving the main beam 70a, the light recerving,
portions 33¢ and 33d together form a sub-beam light recerv-
ing portion 34b for recerving the sub-beam 70b, and the light
receiving portions 33¢ and 331 together form a sub-beam light
receiving portion 34¢ for recerving the sub-beam 70c.

Between the main beam light recerving portion 34a and the
sub-beam light recerving portion 34b 1s placed a dummy light
receiving portion 34g, and between the main beam light
receiving portion 34a and the sub-beam light receiving por-
tion 34c 1s placed a dummy light receiving portion 34h.

Generated current 1s generally leaked between the light
receiving portions ol optical detectors, causing cross-talk
between the light recerving portions. Particularly in the case
of tracking formats using DPP, cross-talk from the light
receiving portions for receving the main beam, which has a
large optical itensity, to the light receiving portions for
receiving the sub-beams, which have a small optical intensity,
cannot be 1gnored. Because dummy light recetving portions
34¢ and 34h are provided, however, current leaked from the
main beam light receiving portion 34a tlows into the dummy
light receiving portions 34g and 34h and does not mix into the
sub-beam light receiving portions 34b and 34c. Although not
shown 1n the drawings, the dummy light receiving portions
34g and 34h are connected to a suitable potential so that
current mixed into the dummy light recerving portions 34g
and 34h from the main beam light recerving portion 34a does
not then flow into the sub-beam light recerving portions 34b
and 34c. Consequently, there 1s a reduction 1n cross-talk
between the main beam light receiving portion 34a and the
sub-beam light recerving portions 34b and 34c, and high
optical and electrical 1solation between the main beam 70a
and the sub-beam 70b or 70c can be maintained 1n the optical
detector 33.

The light receiving portions 33a, 33b, 33c, 33d, 33¢, and
331 put out output signals T,, T,, T5, T,, T<, and T corre-
sponding to the amount of incident light. Based on these
output signals, TE signals can be obtained by DPP. More
specifically, TE signals are obtained by calculating Equation
2 (wherein k 1s a constant).

TE signal=(T;-T5)-k{(T3-T,)+(T5-Tg) } (Equation 2)

TE signals, however, change 1n signal amplitude due to
changes in the reflectance, for example, of the optical storage
medium. Accordingly, an automatic gain control (hereinafter,
referred to as AGC) circuit for dividing the TE signals by the
total signal light amount ordinarily 1s provided to keep track-
ing control gain constant even if the reflectance of the optical
storage medium changes 1n practice. That 1s, 1t 1s preferable
that TE signals are obtained by dividing the push-pull signal
obtained from the main beam 70a by the total of the signals T,
and T, output from the light receiving portions 33a and 33b
for receiving the main beam 70a and dividing the push-pull
signal obtained from the sub-beams 70b and 70c¢ by the total
ofthesignals T, T, T, and T ; output from the light receiving
portions 33c, 33d, 33e, and 331 for recerving the sub-beams.




US RE43,120 E

19

More specifically, 1t 1s preferable that TE signals are obtained
by calculating as shown 1n Equation 3.

TE signal=(T-T5)/(T |+ T5)-k[{(T3-T4)+(T5s-T¢)}/

(T3+ T4+ Ts+Tg)] (Equation 3)

When recording and reproducing two-layered recording
disks, however, the sum signal of the signals T3, T.,, T, and T4
output from the light recerving portions 33c, 33d, 33¢, and 331
for receiving the sub-beams 70b and 70c includes too much
stray light, due to the portion of the main beam 70a reflected
by the non-focus plane, with respect to the amount of light of
the sub-beams 70b and 70c¢ retlected by the recording/repro-
ducing layer ({ocus plane), thus causing an unstable operation
different from the originally intended AGC operation and as a
result negatively atfecting the AGC operation of TE signals
by DPP. To prevent this, 1n a case where two-layered record-
ing disks are used, AGC 1s performed for both the push-pull
signal obtained from the main beam and the push-pull signal
obtained from the sub-beams using the total of the signals
output from the light receiving portions for receiving the main
beam, and thus the AGC operation can be kept from becoming,
unstable. More specifically, 1t 1s preferable that TE signals are
obtained through the calculation shown 1n Equation 4.

TE signal=(T-T5)/(T |+ T5)-k[{(T3-T4)+(T5s-T¢)}/
(T,+15)]

In addition to detecting TE signals by DPP as illustrated
above, TE signals also may be detected by adopting a simple
push-pull method using only output signals corresponding to
the amount of light in the main beam 70a, 1n which case
division 1s performed using the total of the signals T, and T -,
as was the case with detection by DPP. Consequently, servo
gain can be kept constant even 1f there are changes in the
reflectance of the information recording plane of the optical
storage medium. More specifically, TE signals are obtained
through the calculation shown i Equation 5.

(Equation 4)

TE signal=(T;-T5)/(T+T5) (Equation 3)

Here, when T, and 1, are the signals output by the beam
reflected by the focus plane being incident on the light recerv-
ing portions 33aand33band T, and T, are the signals output
by the beam reflected by the non-focus plane being incident
on the light receiving portions 33a and 33b, then Equation 5
becomes TE signal=(T +1, =TT )/(To+T, +T+T,,).
As can be seen from this calculation, the more the beam
reflected by the non-focus plane 1s incident on the light
receiving portions 33a and 33b, the smaller the gain of the
tracking control. Accordingly, if T +T1»=5-(1,,+1,) 1s sat-
isfied, then the change in tracking control gain 1s 20% or less,
and stable tracking control without practical problems are
possible.

Also, the amount of the main beam 70a 1s greater than the
amount of the sub-beams 70b and 70c, so that the impact of
stray light 1s less with a simple push-pull method than with
DPP, and accordingly the lateral magnification o of the opti-
cal system can be reduced. Moreover, by using a simple
push-pull method, the optical pickup head can be made even
smaller.

It 1s also possible to obtain information signals RF
recorded on the optical storage medium 41 through the fol-
lowing calculation by using the signals T, and T, output from
the light recerving portions 33a and 33b.

RF=T,+T,

Also, using the signals F,, F,, F,, and F_, output from the
light recerving portions 32a, 32b, 32¢, and 32d of the above-
mentioned optical detector 32 for detecting FE signals, TE
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signals also can be obtained by a so-called phase difference
method through the calculation of Equation 6.

TE signal=(F +F;)<phase comparison>(F,+F,) (Equation 6)

In the <phase comparison> in Equation 6, the phase differ-
ence of the sum signal A, of the signals F, and F; and the sum
signal A, of the signals F, and F, 1s calculated to obtain a
signal corresponding to the polarity of the phase difference
(whether the signal A, 1s ahead or behind the signal A,) and
the absolute value of the amount of phase difference.

Thus, the optical pickup head of the third embodiment has
a configuration capable of obtaining TE signals by DPP to
perform tracking control in the case of an optical storage
medium for recording and reproducing in which continuous
grooves are formed, and of obtaining TE signals by the phase
difference method to perform tracking control in the case of a
read-only optical storage medium 1n which a line of pits 1s
formed.

Further, the distance between the light of the main beam
70a and the sub-beam 70b or 70c on the information record-
ing plane of the optical storage medium 41 1s set to 4 um, so
that there 1s hardly any drop 1n tracking gain even i1 the optical
storage medium 41 has a narrow track pitch of 0.32 um or
there 1s eccentricity of several dozen um 1n the optical storage
medium 41. For this reason, the main beam 70a and the
sub-beams 70b and 70c are incident 1in an overlapping state on
the light receiving portions 32a, 32b, 32c¢, and 32d of the
optical detector 32 for detecting FE signals. Thus, the greater
the amount of light of the sub-beams 70b and 70c with respect
to the main beam 70a, the more the amplitude of the TE
signals obtained by phase difference drops. For example,
when the ratio of the amount of light of the sub-beams 70b
and 70c to the main beam 70a 1s 9:1, the amplitude of the TE
signals drops approximately 10%, and a drop of this amount
causes no problems at all.

Since the amount of light of the sub-beams 70b and 70c
with respect to the main beam 70a ordinarily 1s set smaller
than % so that the signals recorded on the optical storage
medium are not erased, the TE signals can be obtained by the
phase difference method without problems with the configu-
ration of the optical pickup head of the third embodiment.

Of course, since the main beam 70a and the sub-beams 70b
and 70c on the optical detector 34 for detecting TE signals by
DPP are focused onto a spot with little aberration and an
extremely small diameter, the main beam 70a can be sepa-
rated easily from the sub-beam 70b or the sub-beam 70c.
Fourth Embodiment

An optical pickup head according to a fourth embodiment
of the present invention will be described with reference the
drawings.

FIG. 10 shows the configuration of the optical pickup head
according to the fourth embodiment of the present invention.
This optical pickup head ditfers from that of the first embodi-
ment with regard to the optical system through which the
beam passes after being reflected at the polarizing beam split-
ter 52, and more specifically in that 1t 1s provided with a beam
splitter 60, a holographic element 61, a diffraction grating 62,

and optical detectors 35 and 36 1n place of the optical detec-
tors 32 and 33.

The main beam 70a and the sub-beams 70b and 70c
reflected at the polarizing beam splitter 52 become conver-
gent beams at the detector lens 59 of a focal length 1 of 30
mm, and at the beam splitter 60 the incident light 1s split 1nto
two beams, with 10% of the incident light transmitted and the
remaining 90% reflected.

The beam transmitted through the beam splitter 60 1s 1nci-
dent on the holographic element 61, creating +1st and —1st
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order diffracted beams 72b and 72¢. The +1st and —1st order
diffracted beams 72b and 72c are received by the optical
detector 35. An off-axis zone plate that enables the detection
of FE signals by spot size detection 1s stored as a pattern in the
holographic element 61.

On the other hand, the beam that 1s reflected by the beam
splitter 60 1s incident on the diffraction grating 62 and two
+1st order diffracted beams are created. These are recerved by
the optical detector 36. FIG. 11 shows the structure of the
diffraction grating 62 according to the fourth embodiment.
Two types of simple grating patterns 62a and 62b are formed
in the diffraction grating 62, each with a sawtooth pattern and
structured to suppress —1st order diffracted beams. The saw-
tooth pattern can be formed as a general blazed pattern by for
example sloped 1on beam etching or etching 1n which a plu-
rality of masks are combined.

A boundary 62c between the pattern 62a and the pattern
62b has a parallel relationship to the image created on the
tracks on the optical storage medium 41 by the main beam 70a
and the sub-beams 70b and 70c. The patterns 62a and 62b
have the same pitch but are different 1n the direction of their
sawtooth profile. The pattern 62a creates diffracted beams
73a,73b, and 73c and the pattern 62b creates difiracted beams
74a, 74b, and 74c. The diffracted beams 73a and 74a are
created from the main beam 70a, the diffracted beams 73b and
74b are created from the sub-beam 70b, and the diffracted
beams 73c and 74c are created from the sub-beam 70c. Also,
diffracted beams 71d and 71¢ are created from the main beam
70a that 1s reflected by the non-focus plane.

FI1G. 12 shows the relationship between the optical detector
36 and the diffracted beams 73a, 73b, 73c, 74a, 74b, and 74c.
The optical detector 36 has six light receiving portions 36a,
36b, 36¢, 36d, 36¢, and 361 for receiving the diffracted beams
73a,73b, 73c, 74a, 74b, and 74c, respectively. The difiracted
beams 73a, 73b, 73c, 74a, 74b, and 74c¢ created by the dii-
fraction grating 62 are arranged such that they form focal
points on the surface formed by the light receiving portions of
the optical detector 36. The spacing d, on the optical detector
36 between adjacent beams (for example, the spacing
between 73a and 73b or 73a and 74a) 1s 80 um.

The Airy disk diameter w of a focused Gaussian beam, 1n
general, 1s given by w=1.22x(light source wavelength)/(lens
numerical aperture). In the fourth embodiment the main beam
70a and the sub-beams 70b and 70c are split into two beams
by the diffraction grating 62, so that the diameter on the
optical detector 36 1n the direction not split (vertical diameter)
1s 13 um and the diameter 1n the direction split (horizontal
diameter) 1s 26 um.

Crosstalk caused by the diffracted beams 73a and 74a
created from the main beam 70a mixing into the light receiv-
ing portions 36b, 36¢, 36¢, and 361 for recerving the difiracted
beams 73b, 74b, 73c, and 74c created from the sub-beams 70b
and 70c fluctuates when the optical storage medium 41 tilts or
the beams are unfocused, and may make the tracking
unstable. Also, when the beams split into two mix into the
other light recetving portions, the amplitude of the TE signal
drops. In both cases, making the spacing between the each of
beams three or more times the Airy disk diameter makes the
impact msignificant enough that it may be ignored and makes
stable tracking control possible.

If the optical storage medium 41 1s a two-layered recording,
disk having two information recording planes, then, with the
optical pickup head of the fourth embodiment, there 1s hardly
any oilset caused 1n the TE signals even during tracking or
when the optical storage medium 1s tilted, because the diam-
cter d. on the optical detector 36 of the beams 71d and 71e¢
reflected by the non-focus plane 1s made larger than the width
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d, of the light recerving portions 36a, 36b, and 36c¢ of the
optical detector 36. Thus, by using the optical pickup head of
the fourth embodiment 1t 1s possible to achieve a highly
reliable information recording/reproducing apparatus. Here,
the diffracted beams of the sub-beams 70b and 70c that are
reflected by the non-focus plane have been omitted.

Also, like 1n the second embodiment, the substrate of the
light source and the tracks on the optical storage medium can
be positioned optically parallel so as to eliminate the effect of
the beam 75 of spontaneously emitted light and obtain an
optical pickup head without offset fluctuations 1n the TE
signals.

Fifth Embodiment

The optical pickup head according to a fifth embodiment of
the present invention will be described with reference to the
drawings.

FI1G. 13 shows the configuration of a prism according to the
fifth embodiment. The optical pickup head of the fifth
embodiment uses a prism 63 in place of the diffraction grating
62 employed as a beam splitting element 1n the optical pickup
head of the fourth embodiment.

Using the prism 63 to split the beams does not create
unnecessary diffracted light, as 1s the case when the diffrac-
tion grating 62 1s used. Thus, light utilization efficiency can be
increased, the signal-to-noise ratio of the detected signals can
be made larger, and information recorded to an optical storage
medium can be reproduced with greater fidelity.

Sixth Embodiment

The optical pickup head according to a sixth embodiment
of the present invention will be described with reference to the
drawings. The optical pickup head of the sixth embodiment
has the same configuration as that of the fourth embodiment,
but differs therefrom 1n that it 1s provided with a difiraction
grating 64 1n place of the diffraction grating 62 and an optical
detector 37 1n place of the optical detector 36.

FIG. 14 1s a diagram of the configuration of the diffraction
grating 64 according to the sixth embodiment. FIG. 15 shows
the relationship between the optical detector 37 and the
beams.

The diffraction grating 64 has two types of sawtooth pat-
terned regions 64a and 64b. A boundary 64c between the
patterns 64a and 64b has a parallel relationship to the image
on the tracks on the optical storage medium 41 by the main
beam 70a and the sub-beams 70b and 70c. The difference
between the diffraction grating 62 of the fourth embodiment
and the diffraction grating 64 of the sixth embodiment 1s the
orientation and periodicity of the grating. The pattern 64a
creates diffracted beams 75a, 75b, and 75¢ and the pattern 64b
creates diffracted beams 76a, 76b, and 76c¢c. The diffracted
beams 75a and 76a are created from the main beam 70a, the
diffracted beams 75b and 76b are created from the sub-beam
70b, and the diffracted beams 75c¢ and 76¢ are created from
the sub-beam 70c.

As shown in FIG. 15, the optical detector 37 has light
receiving portions 37b, 37a, 37c,37¢,37d, and 371 lined up in
arow 1n that order for receiving the diffracted beams 73b, 75a,
75c, 76b, 76a, and 76c, respectively. The size of each of the
light receiving portions 37a, 37b, 37c, 37d, 37¢, and 371 1s the
same as that of each of the light receiving portions 36a, 36b,
36¢c, 36d, 36¢, and 361 of the optical detector 36 of the fourth
embodiment. The diffracted beams 75a, 75b, 75c, 76a, 76D,
and 76c¢ created by the diffraction grating 64 are positioned so
as to form a focal point on the optical detector 37.

Beams 76d and 76¢ are diffracted beams created by the
main beam 70a retlected by the non-focus plane being inci-
dent on the diffraction grating 64. For the sake of simplifica-
tion, the diffracted beams of the sub-beams 70b and 70c
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reflected by the non-focus plane are omitted here. Movement
of the objective lens during tracking moves the 1mage of the
beams 76d and 76¢ on the optical detector 37. However, since
the optical detector 37 1s structured with the light receiving
portions 37a, 37b, 37¢,37d, 37¢, and 371 lined up 1n a row, the
beams 76d and 76¢ are incident on the light recerving portions
evenly, and thus are cancelled during the calculations for
detecting TE E

signals, and no oiffset 1s generated in the TE
signals. Thus, the TE signals are hardly offset even during
tracking or when the optical storage medium 1s tilted, for
example. Consequently, a highly reliable information record-
ing/reproducing apparatus can be achieved.

Seventh Embodiment

The optical pickup head according to a seventh embodi-
ment of the present invention will be described with reference
to the drawings. The optical pickup head of the seventh
embodiment has the same configuration as the optical pickup
head of the sixth embodiment, but 1s different theretfrom in
that 1t 1s provided with a diffraction grating 63 1n place of the
diffraction grating 64 and an optical detector 38 in place of the
optical detector 37.

FI1G. 16 shows the structure of the diffraction grating 65 of
the seventh embodiment. FI1G. 17 1llustrates the relationship
between the optical detector 38 and the beams.

The diffraction grating 65 has two types of sawtooth pat-
terned regions 65a and 65b, as does the diffraction grating 64
of the sixth embodiment. A boundary 635c¢ between the pat-
terns 65a and 65b has a parallel relationship to the image
created on the tracks on the optical storage medium 41 by the
main beam 70a and the sub-beams 70b and 70c. The diffrac-
tion grating 65 and the diffraction grating 64 have a different
grating periodicity, with the diffraction grating 635 having a
wider sawtooth profile than the diffraction grating 64.

The pattern 65a creates difiracted beams 77a, 77b and 77¢
and the pattern 65b creates diffracted beams 78a, 78b and 78c.
The diffracted beams 77a and 78a are created from the main
beam 70a, the diffracted beams 77b and 78b are created from
the sub-beam 70b, and the diffracted beams 77¢ and 78c are
created from the sub-beam 70c.

As shown 1 FIG. 17, the optical detector 38 has light
receiving portions 38b, 38¢, 38a, 38d, 38¢, and 381 lined up in
a row 1n that order for receiving the diffracted beams 77b,
78b, 77a, 78a, 77c, and 78c, respectively. Because the difirac-
tion grating 635 1s used, the diffracted beam 77a 1s positioned
between the diffracted beams 78a and 78b and the diffracted
beam 78a 1s positioned between the diffracted beams 77a and
7’7c. The light recerving portions 38a, 38b, 38c, 38d, 38¢, and

381 are the same size as the light recerving portions 37a, 37b,
37c, 37d, 37¢, and 371 of the optical detector of the Slxth

embodiment. Also, they are arranged such that the difiracted
beams 77a, 77b, 77c, 78a, 78b, and 78c created by the dii-
fraction grating 63 form tocal points on the optical detector
38.

Beams 78d and 78¢ are diffracted beams created by the
main beam 70a that 1s reflected by the non-focus plane being,
incident on the diffraction grating 63. For ease of understand-
ing, the diffracted beams of the sub-beams 70b and 70c that
are reflected by the non-focus plane are omitted here. If the
optical storage medium 41 i1s a two-layered recording disk,
then depending on the settings for the spacing between the
two information recording planes and the numerical aperture
of the objective lens, a large spherical aberration 1s imparted
on the beam reflected by the non-focus plane. For example,
when the spacing between the two information recording
planes 1s 40 um and the numerical aperture of the objective
lens 15 0.85, the beams 78d and 78¢ retlected by the non-focus
plane form a large distorted spot on the optical detector 38 and
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the distortion increases when the position of the objective lens
1s moved during tracking. However, because the optical
pickup head has the above configuration, offset remaining in
the TE signals 1s significantly reduced.

In the seventh embodiment, since the light receiving por-
tions for outputting the signals for performing differential
calculations are disposed adjacent to one another, such as the
light recerving portions 38c¢ and 381, adjacent light receiving
portions recerve light substantially equally even 11 the beams
78d and 78e retlected by the non-focus plane are distorted on
the optical detector 38. Thus, hardly any offset 1s generated in
the TE signals even during tracking or when the optical stor-
age medium 1s tilted, for example, and by using the optical
pickup head of the seventh embodiment 1t 1s possible to obtain
a more highly reliable immformation recording/reproducing
apparatus.

A configuration 1s also possible 1n which the spacing
between the main beam 70a and the sub-beams 70b and 70c 1s
designed to be wider and spaces are provided between the
light recerving portions 38a and 38¢ and between the light
receiving portions 38d and 38c. This makes the spacing on the
optical detector 38 between the diffracted beam 77a created
from the main beam 70a and the difiracted beam 78b created
from the sub-beam 70b or between the difiracted beam 78a
created from the main beam 70a and the diffracted beam 77c¢
created from the sub-beam 70c wider than the spacing
between the diffracted beams 77a and 78a created from the
main beam 70a. Consequently, because the spacing on the
focus plane between the main beam and the sub-beams 1is
wider, drops 1n the amplitude of the tracking error signal due
to eccentricity on the optical storage medium 41, for example,
occur more readily, but on the other hand, cross-talk from the
main beam mixing into the light recerving portions for receiv-
ing the sub-beams can be reduced, even when the beam
focused on the focus plane 1s out of focus or when a large
aberration 1s added to the beam on 1ts path from being
reflected by the focus plane and arriving at the optical detector
38 because of tolerances during assembly of the optical
pickup head or residual aberration 1n the components that are
used. Thus, tracking error signals with even less offset can be
obtained. Furthermore, an mexpensive optical pickup head
can be provided because greater tolerances can be allowed
during assembly of the optical pickup head.

It should be noted that in the third to seventh embodiments,
the diffraction gratings and prisms for sphttmg the beam 1n
two can be fabricated inexpensively by resin molding. Also,
the optical storage medium 1s not limited to a disk, and may be
of various shapes, such as a card, in accordance with the
application. Moreover, the optical pickup head of the present
invention also can be adopted without a problem for optical
storage media having three or more information recording
layers.

Bighth F

Embodiment

The optical pickup head according to an eighth embodi-
ment of the present invention will described with reference to
the drawings.

FIG. 18 shows the configuration of the optical pickup head
according to the eighth embodiment of the present invention.
The optical pickup head of the eighth embodiment separates
the light reflected by the optical storage medium 41 into an
internal beam and an external beam by a holographic element,
obtains spherical aberration error (hereinatter, referred to as
SAFE) signals from the 1st order diffracted light of the holo-
graphic element, and obtains RF signals from the zero order
diffracted light of the holographic element.

The beam emitted from the optical laser light source 1 1s

turned into a parallel beam by the collimating lens 53 and
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separated 1nto the three beams of zero order diffracted light
and +1st and —1st order diffracted light created by a difirac-
tion grating 38. The beams are transmitted through a com-
pound lens 104 made of a concave lens and a convex lens and
serving as a spherical aberration correction means, the wave
front 1s converted, and the beams are focused on the optical
storage medium 41 by the objective lens 56. The three beams
focused on the optical storage medium 41 are reflected/dit-
fracted by the optical storage medium 41 and once again pass
through the objective lens 56, the compound lens 104, and the
quarter wavelength plate 54 and are incident on the beam
splitter 532 and retlected.

The three beams reflected by the beam splitter 52 pass
through a holographic element 108 serving as a branching,
means and are branched into +1st and —1st order diffracted
beams and a zero order diffracted beam. After passing
through the holographic element 108, the ratio of diffraction
eificiency of the zero order diffracted beam to one of the 1st
order diffracted beams 1s 20:1, so that the S/N ratio of the RF
signals 1s good. The three beams of zero order diffracted light
that passed straight through the holographic element 108 are
tocused by the detector lens 59, imparted with astigmatism by
the cylindrical lens 57 1n a direction of 45° relative to the
track, and are received by the optical detector 39. The signals
output from the optical detector 39 are mnput to an RE/FE/TE
signal generation circuit 201.

The RF signals created and output by the RF/FE/TE signal
generation circuit 201 are used for reproducing information
recorded on the optical storage medium 41, and the FE signals
and the TE signals are input into a control/drive circuit 204.
The control/drive circuit 204 drives the actuators 91 and 92
for the objective lens 56 1n accordance with the FE and TE
signals that are input.

On the other hand, the +1st order beam and the —1st order
beam of the main beam 70a that are created by the holo-
graphic element 108 are also focused by the detector lens 59,
imparted with astigmatism by the cylindrical lens 57 1n a
direction of 45° relative to the track, and are recerved by the
optical detector 39.

Signals output from the optical detector 39 due to these
light beams are input to an SAFE signal generation circuit 202,
which outputs SAE signals based on these signals. The SAE
signals are amplified and phase compensated by a control/
drive circuit 203, after which they are supplied to an actuator
93.The actuator 93 changes the distance between the concave
lens and the convex lens of the compound lens 104 serving as
the spherical aberration correction means 1n order to keep the
spherical aberration 1n the beams focused onto the optical
storage medium 41 to a minmimum level. The holographic
clement 108 and the SAE signal generation circuit 202
together make up a spherical aberration detecting means.

FIG. 19 shows the structure of the holographic element
108. Difiraction gratings, each with a different grating spac-
ing, are fabricated 1n a region 109 outside a circle with the
radius R, and a region 110 inside the circle with the radius R ;.
The projection onto the holographic element 108 of the beam
reflected/diffracted by the optical storage medium 41 and
passed through the objective lens 56 corresponds to the circle
with theradius R, (broken line circle in F1G. 19). When R, /R,
1s about 0.75, the area of the beam falling into the outer region
109 and the area of 1t that falls into the iner region 110 are
substantially equal, and therefore the signal intensity 1s also
substantially equal. At this time there 1s the highest detection
sensitivity, that is, the highest degree of SAE signal change
with respect to spherical aberration due to thickness discrep-
ancies 1n the optical storage medium 41, for example. Con-

sequently, R,/R, 1s optimally about 0.75.
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FIG. 20 shows the relationship between the optical detector
39 and the beams and a detailed structural example of the
RFE/TE/FE signal generation circuit and the SAFE signal gen-
eration circuit, for example, according to the eighth embodi-
ment. Broadly speaking, the optical detector 39 has three light
receiving portions. These are a main beam light recerving
portion 153 made of light recerving portions 1353a, 153b,
153c, and 153d, a sub-beam light receiving portion 152 made
of light receiving portions 152a, 152b, 154a, and 154b, and an
SAFE signal light receiving portion 151 made of light recerv-
ing portions 151a, 151b, 151c, 151d, 151e, 1511, 155a, 155b,
155¢, 155d, 155¢, and 1551. The zero order light of the main
beam 70a that passes through the holographic element 108 15
a beam 121, the zero order light of the sub-beams 70b and 70c¢
that pass through the holographic element 108 are beams
124a and 124b, and the beams of +1st and —1st order light of
the main beam 70a that are diffracted by the region 109 of the
holographic element 108 are beams 122a and 122b, respec-
tively, and the beams of +1st and —1st order light that are
diffracted by region 110 are beams 123a and 123b, respec-
tively.

The light receiving portions 153a, 153b, 153c, and 153d
receive the beam 121 and output a current signal correspond-
ing to that light amount. A current/voltage conversion circuit
241 converts the current signal into a voltage signal and
outputs 1t. An adder 228 adds the signals output from the light
receiving portion 153a and the light receiving portion 153c¢
disposed at opposite corners of the main beam light receiving
portion 153, which 1s 1n the shape of a square partitioned into
four quadrants. An adder 229 adds the signals output from the
other light receiving portions 133b and 153d disposed at
opposite corners of the main beam light recerving portion
153, which 1s 1n the shape of a square partitioned into four
quadrants.

A differential circuit 230 outputs a signal of the difference
between the signal output from the adder 228 and the signal
output from the adder 229, that is, 1t outputs an FE signal. A
phase difference TE generation circuit 231 receives the sig-
nals output from the adders 228 and 229, compares their
phase, and outputs a phase difference TE signal. An adder 232
adds the signals output from the light recerving portions 153a
and 153b disposed on one side of the main beam light rece1v-
ing portion 153, which 1s 1n the shape of a square partitioned
into four quadrants, and an adder 233 adds the signals output
from the light receiving portions 153¢ and 153d disposed on
the other side of the main beam light receiving portion 153,
which 1s 1n the shape of a square partitioned nto four quad-
rants. A differential circuit 234 outputs a signal of the differ-
ence between the signal output from the adder 232 and the
signal output from the adder 233, that 1s, 1t outputs a push-pull
TE signal (PP-TE). Also, an adder 235 outputs a signal of the
total of the signals from the adder 232 and the adder 233, that
1s, 1t outputs an RF signal for reproducing information
recorded on the optical storage medium.

The light receiving portions 152a, 152b, 154a, and 154b
are for recerving the beams 124a and 124b and outputting
current signals corresponding to the amount of light i the
beams. A current/voltage conversion circuit 240 receives the
current signals and outputs voltage signals. A differential
circuit 236 outputs a signal of the difference between the sum
signal of the light recerving portions 152a and 154a and the
sum signal of the light recerving portions 152b and 154b, that
1s, 1t outputs a sub-beam 70b and 70c TE signal (SUB-TE).

A differential circuit 237 receives the signals output from
the differential circuit 234 and the differential circuit 236 and
outputs a signal of the difference in those signals. Thisisa TE

signal for DPP (TEDPP). Thus, the RF/FE/TE signal genera-
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tion circuit 201 1s made of the adders 228, 229, 232, 233, and
235, the differential circuits 230, 234, 236, and 237, and the
phase difference TE generation circuit 231.

The light receiving portions 151a, 151b, 151c, 151d, 151e¢,
and 1511 recerve the beams 122a and 123a and output current

signals corresponding to the amount of light that 1s received.
Also, the light receiving portions 155a, 155b, 155¢, 155d,

155¢, and 1551 receive the beams 122b and 123b and output
current signals corresponding to the amount of light that 1s
received. A current/voltage conversion circuit 242 receives
these current signals and outputs voltage signals. An adder
221 adds the signals output from the light recerving portions
151b, 151d, and 1511, and the light recerving portions 155a,
155c, and 13535¢. Also, an adder 222 adds the signals output
from the light recerving portions 151a, 151c, and 151e, and
the light recerving portions 155b, 155d, and 1551. A differen-
t1al circuit 223 outputs a signal of the difference between the
signal output from the adder 221 and the signal output from
the adder 222. This becomes the SAE signal. The SAE signal
generation circuit 202 1s made of the two adders 221 and 222
and the differential circuit 223.

On the other hand, an adder 224 adds the signals output
from the light recerving portions 151a, 151b, 151c¢, and the
light recerving portions 155d, 155¢, and 1551. Also, an adder
225 adds the signals output from the light recerving portions
151d, 151e, and 1511, and the light recerving portions 155a,
155b, and 155c¢. A differential circuit 226 outputs a signal of
the difference between the signal output from the adder 224
and the signal output from the adder 225. This signal becomes
a rotation error signal (heremafiter, referred to as ROT)
expressing the rotation disparity between the beams 122a and
122b, 123a and 123b, and the light receiving portions 151a,
151b, 151c, 151d, 151e, and 1511, 155a, 155b, 155¢, 153d,
155¢, and 1551. The ROT signal 1s used for adjusting, during
adjustment of the head, the angle of the rotation direction of
the optical detector 39 and the holographic element 108 for
creating a beam for spherical aberration. If the value of this
angle 1s adjusted to zero, then the holographic element 108 1s
set 1n the correct position with respect to the optical detector
39.

As shown 1n FIG. 20, 1n the case of detecting SAFE signals
and TE signals by DPP, the beams 124a and 124b, which are
the sub-beams 70b and 70c for DPP, and the beams 122a,
122b, 123a, and 123b for detection of the SAE signal are
positioned on the optical detector 39 1n a substantially per-
pendicular direction to the beam 121, which 1s the main beam
70a. Thus, interference between the beams 124a and 124b for
DPP and the beams 122a, 122b, 123a, and 123b for detection
of the SAE signal can be mmlmlzed It should be noted that in
the example shown here, the beams 124a and 124b, which are
the sub-beams 70b and 70c, are used for DPP, however, the
eifect of minimizing interference also can be obtained
through adopting this arrangement even if the sub-beams 70b
and 70c are used for tracking 1n a three-beam method.

Moreover, lining up and detecting the light of the inner
region 110 and the light of the outer region 109 makes 1t
possible to use jointly the two outside light receiving portions
for detecting the light of the mner region 110 and the two
inside light recerving portions for detecting the light of the
outer region 109. The light receiving portions thus can be
reduced, so that smaller and simpler light recerving portions
can be achieved. Accordingly, the optical pickup head can be
made smaller.

Also, the zero order light of the main beam 70a reflected by
the non-focus plane spreads substantially circularly, the
radius R thereot being expressed by R =2-d-NA-a, where d 1s
the optical spacing between the two layers of the disk, NA 1s
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the numerical aperture of the information storage medium
side of the condensing optical system, and ¢ 1s the lateral
magnification of the return path from the condensing optical
system to the detector.

There are local discrepancies in the amount of light
reflected by the non-focus plane, and changes 1n the light’s
position on the optical detector 39 due to lens shaft or disk tilt,
for example, result 1n error in the SAE signal. Such discrep-
ancies constitute about several percent of the total light
amount, so that 1f the amount of light reflected by the non-
focus plane and the amount of light on the focus plane origi-
nally intended for detection are substantially the same, then
the effect on the SAE signal 1s also about several percent.
Consequently, the area S, of the light recetving portion of the
optical detector 39 for obtaining the SAE signal 1s given as
S,=2PD_-PD,, where S,=m-R ‘R ;n,/M,,, as should be ful-
filled. That is, S,=4-m-(d'NA-a)* 1, /M,,,. Here, PD, and PD_,
are the length 1n the X direction and the length in the Y
direction of the light receiving portion made of the light
receiving portions 151a, 151b, 151c, 151d, 151e, and 1511,

1., 15 the amount of light used for SAE detection, and 1, __ 1s
the amount of zero order light of the main beam 70a.

In an optical system where this relationship 1s fulfilled,
SAFE signal error 1s small even 11 there 1s light reflected from
the non-focus plane, and information on the focus plane can
be read and recorded accurately. Moreover, as 1s the case
when detecting TE signals, the larger the lateral magnifica-
tion ., the more the amount of stray light can be reduced.

On the other hand, by combining the detector lens and the
cylindrical lens for an astigmatic difference (distance
between front focal line and rear focal line) of the focused
beam of 7, and a refractive index of the substrate or the
intermediate layer of n, then the range of detection Az of the
FE signal with respect to optical storage medium 41 displace-
ment is given as Az=7,,/2/c.* and the range of detection At of
the SAE signal with respect to a thickness error 1n the sub-
strate or intermediate layer is given as At=Z7,-n>/a’/(n”-1)/
NA~. Both Az and At become smaller when the lateral mag-
nification a 1s increased, so that if the lateral magnification c.
1s made too large the range of detection for the FE signal or the
SAFE signal 1s narrowed and the focus servo and the spherical
aberration correction servo become unstable. Consequently,
when a desired range of detection 1s given for Az and At, 1t the
lateral magmﬁcatlen o tulfills the equation S;m, R/
(4-7-d>NA*1 R ) =A=(L, n>/At/(n*~1)/NA*)"? in a case
where the TE 31gnals and the SAE signals are detected by
DPP using the same detector lens and cylindrical lens, and
fulfills the equation S, - dfﬂ/(4 - d*NAZ N R )=a=
(Z,/2/Az)""? in a case where the TE signals and the F_* signals
are detected by DPP using the same detector lens and cylin-
drical lens, then servo operations for controlling focus, track-
ing, and spherical aberration correction are performed stably.

Here, when A 1s the wavelength of the light source, then Az
is three to ten times A/2/NA”, and At is five to thirty times
AMNA®,

It should be noted that absolutely no restrictions have been
placed on the method for SAFE signal detection according to
the optical pickup head of the eighth embodiment, and 1t goes
without saying that a variety of different methods, such as any
of the methods set forth 1n Japanese Patent Application No.
2001-294622, can be adopted.

Also, the configuration presented here was one 1n which
the beams were imparted with astigmatism, but other FE
signal detection methods such as spot size detection also can
be employed suitably. In the case of spot size detection, the
spacing between the focal points of the two beams 1s equal to
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the astigmatic difference 1n the astigmatism method, and the
spacing between the focal points of the two beams can be
assigned as 7.

The optical pickup head can be used similarly for an optical
storage medium having three or more recording layers.

In a case where the optical storage medium has three or
more recording layers, the main beam 70a 1s reflected by each
of the non-focus planes (number of recording layers minus
one) and the total amount of light that 1s incident on the light
receiving portions for receiving the sub-beams should have
the aforementioned relationship with respect to the amount of

light of the sub-beams 70b and 70c.
Ninth Embodiment

An information recording/reproducing apparatus accord-
ing to a ninth embodiment of the present mvention will be
described with reference to the drawings. FIG. 21 shows the
configuration of the information recording/reproducing
apparatus with optical pickup head according to the ninth
embodiment. The information recording/reproducing appa-
ratus 1s made of an optical pickup head 80, an optical storage
medium drive portion 81, an optical pickup head drive appa-
ratus portion 82, an electrical circuitry portion 83, and a
power source portion 84. Any of the optical pickup heads
according to the first to eighth embodiments may be used for
the optical pickup head 80.

The optical storage medium drive portion 81 1s for rotating,
the storage medium 41. Signals corresponding to the posi-
tional relationship between the optical pickup head 80 and the
storage medium 41 are sent to the electrical circuitry portion
83. The electrical circuitry portion 83 amplifies or calculates
the signals corresponding to this positional relationship,
based on which 1t slightly moves the optical pickup head 80 or
the objective lens (not shown) 1n the optical pickup head 80.

The optical pickup head 80 reads out information stored on
the storage medium 41 and sends those signals to the electri-
cal circuitry portion 83. In the electrical circuitry portion 83
the information stored on the storage medium 41 1s demodu-
lated from the signals that have been sent. The actuators 91
and 92 drive the objective lens 1n the optical pickup head 80.
With these signals and the optical pickup head drive portion
82 or the actuators 91 and 92, the focus servo and the tracking
servo are performed with respect to the storage medium 41,
and information 1s read out, written, or erased. The power
source portion 84, which 1s the power source or an external
power source, for example, supplies power to the electrical
circuitry portion 83, the optical pickup head drive apparatus
portion 82, the optical storage medium drive portion 81, and
the actuators 91 and 92. Terminals connected to the power
source or an external power source can be provided at each of
the drive circuits.

An effect of the optical pickup head of the present inven-
tion 1s that 1t does not generate ofiset in the TE signals, even
if the objective lens 1s tracked, when recording and reproduc-
ing multi-layered disks having two or more layers.

An effect of the information recording/reproducing appa-
ratus of the present invention 1s that 1t 1s possible to achieve an
information recording/reproducing apparatus that does not
generate offset i the TE signals, even 11 the objective lens 1s
tracked, when recording and reproducing multi-layered disks
having two or more layers.

The mvention may be embodied 1n other specific forms
without departing from the spirit or essential characteristics
thereol. The embodiments disclosed 1n this application are to
be considered in all respects as illustrative and not restrictive,
the scope of the invention being indicated by the appended
claims rather than by the foregoing description. All changes
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that come within the meaning and range of equivalency of the
claims are intended to be embraced therein.

What 1s claimed 1s:

1. An optical pickup head, comprising;:

a light source for emitting a light beam:;

a diffracting means for creating a plurality of diffracted
beams from the beam emitted by the light source;

a converging means for focusing the plurality of diffracted
beams from the diffracting means onto an optical stor-
age medium;

a beam branching means for branching a plurality of beams
of the plurality of diffracted beams focused onto the
optical storage medium and reflected by the optical stor-
age medium; and

an optical detecting means for receiving the beams
branched at the beam branching means and outputting a
signal corresponding to the amount of light of the
recetrved beams;

wherein the optical detecting means has main beam light
receiving portions for receiving zero order diffracted
beams and sub-beam light recerving portions for recerv-
ing first or higher order difiracted beams of the plurality
of focused diffracted beams:

wherein the optical storage medium has a plurality of infor-
mation recording planes and guide grooves are formed
in at least one of the information recording planes; and

wherein the amount of light of the first or higher order
diffracted beams focused by the converging means when
they are substantially focused on and reflected by a focus
plane of the plurality of information recording planes 1s
equal to or greater than the amount of light of the zero
order diffracted beam focused by the converging means
when 1t 1s retlected without focusing thereon by a non-
focus plane other than the focus plane of the plurality of
information recording planes.

2. An optical pickup head, comprising:

a light source for emitting a light beam:;

a diffracting means for creating a plurality of diffracted
beams from the beam emitted by the light source;

a converging means for focusing the plurality of difiracted
beams from the diffracting means onto an optical stor-
age medium;

a beam branching means for branching a plurality of beams
of the plurality of diffracted beams focused onto the
optical storage medium and reflected by the optical stor-
age medium; and

an optical detecting means for recerving the beams
branched at the beam branching means and outputting a
signal corresponding to the amount of light of the
recerved beams:

wherein the optical storage medium has a plurality of infor-
mation recording planes, guide grooves are formed 1n at
least one of the information recording planes, and infor-
mation 1s recorded on the guide grooves or between the
guide grooves; and

wherein the relationship 10-m_=n  1s tulfilled, wheren,  1s
a diffraction efficiency of a zero order difiracted beam of
the diffracted beams created by the diffracting means
and 1. 1s a diffraction efficiency of first or higher order
diffracted beams.

3. An optical pickup head, comprising;:

a light source for emitting a light beam;

a diffracting means for creating a plurality of diffracted
beams from the beam emitted by the light source;

a converging means for focusing the plurality of diffracted
beams from the diffracting means onto an optical stor-
age medium;

il

il

il




US RE43,120 E

31

a beam branching means for branching a plurality of beams
of the plurality of diffracted beams focused onto the
optical storage medium and reflected by the optical stor-
age medium; and

an optical detecting means for receiving the beams
branched at the beam branching means and outputting a
signal corresponding to the amount of light in the
recetved beams:;

wherein the optical detecting means has main beam light
receiving portions for receiving zero order diffracted
beams and sub-beam light recerving portions for recerv-
ing first or higher order diffracted beams of the plurality
of diffracted beams that are focused;

wherein the optical storage medium has a plurality of infor-
mation recording planes, and guide grooves are formed
in at least one of the information recording planes; and

wherein all of the sub-beam light receiving portions are
arranged within the 1mage formed on the optical detect-
ing means by the light of the zero order diffracted beam
focused by the converging means that 1s reflected with-
out focusing by the non-focus plane of the plurality of
information recording planes.

4. An optical pickup head, comprising;:

a light source for emitting a light beam;

a diffracting means for creating a plurality of diffracted
beams from the beam emitted by the light source;

a converging means for focusing the plurality of diffracted
beams from the diffracting means onto an optical stor-
age medium;

a beam branching means for branching a plurality of beams
of the plurality of diffracted beams focused onto the
optical storage medium and reflected by the optical stor-
age medium; and

an optical detecting means for receiving the beams
branched at the beam branching means and outputting a
signal corresponding to the amount of light of the
recetved beams;

wherein the optical detecting means has main beam light
receiving portions for receiving zero order diffracted
beams and sub-beam light recerving portions for recerv-
ing first or higher order diffracted beams of the plurality
of diffracted beams that are focused;

wherein the optical storage medium has a plurality of infor-
mation recording planes, and guide grooves are formed
in at least one of the information recording planes; and

wherein the relationship S,=4-w-(d'-NA-a)*n_m, is ful-
filled, where 1 1s a diffraction efficiency of zero order
diffracted beams of the diffracted beams created by the
diffracting means and m_ 1s a diffraction efliciency of
first or higher order diffracted beams, NA 1s a numerical
aperture of the optical storage medium side of the con-
verging means, ¢. 1s a lateral magnification of an optical
system on a return path from the optical storage medium
to the optical detecting means, d 1s an optical spacing
between two information recording planes of the optical
storage medium, and S, 1s an area of one sub-beam light
receiving portion.

5. An optical pickup head, comprising:

a light source for emitting a light beam:;

a diffracting means for creating a plurality of diffracted

beams from the beam emitted by the light source;

a converging means for focusing the plurality of diffracted
beams from the diffracting means onto an optical stor-
age medium;
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a beam branching means for branching a plurality of beams
of the plurality of diffracted beams focused onto the
optical storage medium and reflected by the optical stor-
age medium; and

an optical detecting means for receiving the beams
branched at the beam branching means and outputting a
signal corresponding to the amount of light of the
recerved beams:

wherein the optical detecting means has main beam light
receiving portions for receiving zero order diffracted
beams and sub-beam light rece1ving portions for recerv-
ing first or higher order diffracted beams of the plurality
of diffracted beams that are focused;

wherein the optical storage medium has a plurality of infor-
mation recording planes, and guide grooves are formed

in at least one of the information recording planes; and

wherein the relationship S,Z4-mw-(d-NA-o)*1 IMnRe/
R ;5 1s fulfilled, where n,, 1s a ditfraction efficiency of
zero order diffracted beams and 1. 1s a diffraction eili-
ciency of first or higher order diffracted beams of the
diffracted beams created by the ditfracting means, R, 1s
an elfective retlectance of the focus plane of the infor-
mation recording planes onto which the beams focused
by the converging means substantially form a focal
point, R ., 1s an etfective reflectance of a non-focus
plane other than the focus plane of the plurality of infor-
mation recording planes, NA 1s a numerical aperture of
the optical storage medium side of the converging
means, & 1s a lateral magnification of an optical system
on a return path from the optical storage medium to the
optical detecting means, d 1s an optical spacing between
two information recording planes of the optical storage
medium, and S, 1s an area of one sub-beam light receiv-
ing portion.

6. An optical pickup head, comprising:

a light source for emitting a light beam:;

a diffracting means for creating a plurality of diffracted
beams from the beam emitted from the light source;

a converging means for focusing the plurality of difiracted
beams from the diffracting means onto an optical stor-
age medium;

a beam branching means for branching a plurality of beams
of the plurality of diffracted beams focused on the opti-
cal storage medium and reflected by the optical storage
medium into two beams;

an astigmatism imparting means for imparting astigma-
tism on a first beam branched by the beam branching
means;

a beam splitting means for further splitting a second beam
branched by the beam branching means into two beams;

a first optical detecting means for recerving the beam from
the astigmatism imparting means and outputting a signal
corresponding to the amount of light of the received
beam; and

a second optical detecting means for receiving the beams
from the beam splitting means and outputting a signal
corresponding to the amount of light of the received
beams:;

wherein the optical storage medium has a plurality of infor-
mation recording planes, and guide grooves are formed
into at least one of the information recording planes; and

wherein the beam splitting means splits the second beam 1n
a direction parallel to the guide grooves.

7. The optical pickup head according to claim 6,

wherein the diffracting means creates a zero order dii-
fracted beam and first or higher order diffracted beams;
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wherein the first beam includes the zero order diffracted
beam and the first or higher order diffracted beam:;

wherein the first optical detecting means has four light
receiving portions; and

wherein the zero order diffracted beam and the first or
higher order diffracted beam are recerved by the light
receiving portions overlappingly.

8. The optical pickup according to claim 6,

wherein the first optical detecting means and the second
optical detecting means each have light recerving por-
tions for recerving the plurality of difiracted beams that
have been focused:;

wherein all of the light receiving portions of the first optical
detecting means and the second optical detecting means
are arranged within the 1mages that are formed on the
first optical detecting means and the second optical
detecting means by the light of the zero order difiracted
beams focused by the converging means that are
reflected without forming a focal point by the non-focus
plane of the plurality of information recording planes.

9. The optical pickup head according to claim 6, wherein
the beam splitting means comprises a difiraction element.

10. The optical pickup head according to claim 6, wherein
the beam splitting means comprises a prism.

11. The optical pickup head according to claim 6, wherein
the beams are imaged substantially 1n focus on the first optical
detecting means and the second optical detecting means.

12. The optical pickup head according to claim 11, wherein
the size of the light receiving portions 1s not less than three
and not more than ten times that of an Airy disk.

13. An optical pickup head, comprising:

a light source for emitting a light beam;

a diffracting means for creating a zero order diffracted
beam and first or higher order diffracted beams from the
beam emitted from the light source;

a converging means for focusing the zero order diffracted
beam and the first or igher order diffracted beams from
the diffracting means onto an optical storage medium;

a beam splitting means for respectively splitting into two
beams the zero order diffracted beam and the first or
higher order diffracted beams focused on the optical
storage medium and reflected by the optical storage
medium; and

an optical detecting means for receiving the beams split by
the beam splitting means and outputting a signal corre-
sponding to the amount of light of the recerved beams;

wherein the optical detecting means has a plurality of light
receiving portions positioned lined up 1n a row;

wherein the optical storage medium has a plurality of infor-
mation recording planes, and guide grooves are formed
in at least one of the information recording planes; and

wherein the beam splitting means splits the beams with a
splitting axis substantially parallel to the guide grooves.

14. The optical pickup head according to claim 13, wherein
the light receiving portion for receiving the zero order dii-
fracted beam of one of the beams split by the beam splitting
means 1s positioned to be sandwiched between the light
receiving portion for recerving the zero order diffracted beam
of the other beam split by the beam splitting means and the
light receiving portion for receiving the first or higher order
diffracted beams of the other beam split by the beam splitting
means.

15. The optical pickup head according to claim 14, wherein
the spacing between the images formed on the optical detect-
ing means by the zero order diffracted beam and the first or
higher order diffracted beam of either one of the beams split
by the beam splitting means 1s wider than the spacing between
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the images formed on the optical detecting means by the two
zero order diffracted beams split by the beam splitting means.

16. The optical pickup head according to claim 13, wherein
the beam splitting means comprises a diffraction element.

17. The optical pickup head according to claim 13, wherein
the beam splitting means comprises a prism.

18. The optical pickup head according to claim 13, wherein
the beams are imaged substantially in focus on the optical
detecting means.

19. The optical pickup head according to claim 18, wherein
the size of the light recetving portions 1s not less than three
and not more than ten times that of an Airy disk.

20. An optical pickup head, comprising:

a light source for emitting a light beam:;

a diffracting means for creating a plurality of difiracted

beams from the beam emitted from the light source;

a converging means for focusing the plurality of diffracted
beams from the diffracting means onto an optical stor-
age medium;

a beam branching means for branching a plurality of beams
of the plurality of diffracted beams focused on the opti-
cal storage medium and retlected by the optical storage
medium;

an astigmatism imparting means for imparting astigma-
tism on the beams branched by the beam branching
means; and

an optical detecting means for receiving the beams
imparted with astigmatism by the astigmatism 1mpart-
ing means and outputting a signal corresponding to the
amount of light of the recerved beams;

wherein the optical detecting means has main beam light
receiving portions for receiving zero order diffracted

beams and sub-beam light rece1ving portions for recerv-
ing first or higher order difiracted beams of the plurality
of diffracted beams that are focused;

wherein the optical storage medium has a plurality of infor-
mation recording planes, and guide grooves are formed
in at least one of the information recording planes; and

wherein the relationship S,-m, ‘R ./ (4-7-d” -NAz-nS-RfG)‘é
a=(7Z,/2/Az)"?1s fulfilled, and Az is in the range of three
to ten times A/2/NA”, where 7, is an astigmatic differ-
ence 1imparted by the astigmatism imparting means, 1.,
1s a diffraction efficiency of the zero order difiracted
beams and m. 1s a diffraction efficiency of the first or
higher order diffracted beams of the diffracted beams
created by the diffracting means, R, 1s an etfective
reflectance of the focus plane of the information record-
ing planes onto which the beams focused by the con-
verging means are substantially focused, R ., 1s an eftec-
tive reflectance of the non-focus plane other than the
focus plane of the plurality of information recording
planes, NA 1s a numerical aperture of the optical storage
medium side of the converging means, o 1s a lateral
magnification of an optical system on a return path from
the optical storage medium to the optical detecting
means, A 1s a wavelength of the beam emitted from the
light source, d 1s an optical spacing between two nfor-
mation recording planes of the optical storage medium,
and S, 1s an area of one sub-beam light receiving portion.

21. An optical pickup head, comprising:

a light source for emitting a light beam;

a diffracting means for creating a plurality of diffracted
beams from the beam emitted from the light source;

a converging means for focusing the plurality of diffracted
beams from the diffracting means onto an optical stor-

age medium;
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a beam splitting means for splitting the beams of the plu-
rality of diffracted beams focused on the optical storage
medium and reflected by the optical storage medium
into two beams having different focal points; and

an optical detecting means for recerving the beams split by
the beam splitting means and outputting a signal corre-
sponding to the amount of light of the recerved beams;

wherein the optical detecting means has main beam light
receiving portions for receiving zero order diffracted
beams and sub-beam light recerving portions for recev-
ing first or higher order difiracted beams of the plurality
of diffracted beams that are focused;

wherein the optical storage medium has a plurality of infor-
mation recording planes, and guide grooves are formed
in at least one of the information recording planes; and

wherein the relationship S,-m, ‘R ./ (4-7-d* -NAZ'nS*RfG)‘é
a=(Z,/2/Az)""*is fulfilled, and Azis in the range of three
to ten times A/2/NAZ, where Z,, is the spacing between
the two focal points given the two beams split by the
beam splitting means, 1,,, 1s a diffraction efliciency of the
zero order diffracted beams and m_ 1s a diffraction efii-
ciency of the first or higher order diffracted beams of the
ditfracted beams created by the diffracting means, R, 1s
an eflective reflectance of the focus plane of the infor-
mation recording planes onto which the beams focused
by the converging means are substantially focused, R ,,
1s an elfective retlectance of the non-focus plane other
than the focus plane of the plurality of information
recording planes, NA 1s a numerical aperture of the
optical storage medium side of the converging means, o
1s a lateral magnification of an optical system on a return
path from the optical storage medium to the optical
detecting means, A 1s a wavelength of the beam ematted
from the light source, d 1s an optical spacing between
two information recording planes of the optical storage
medium, and S, 1s an area of one sub-beam light recerv-
ing portion.

22. An optical pickup head, comprising;:

a light source for emitting a light beam;

a diffracting means for creating a plurality of diffracted
beams from the beam emitted from the light source;

a converging means for focusing the plurality of difiracted
beams from the diffracting means onto an optical stor-
age medium;

a beam splitting means for splitting the plurality of dif-
fracted beams focused on the optical storage medium
and then reflected by the optical storage medium into
two beams;

an optical detecting means for recerving the beams split by
the beam splitting means and outputting a signal corre-
sponding to the amount of light of the recerved beams;
and

an astigmatism imparting means for imparting astigma-
tism on the beams on their path from the optical storage
medium to the optical detecting means;

wherein the optical detecting means has main beam light
receiving portions for receiving zero order diffracted
beams and sub-beam light receiving portions for receiv-
ing first or higher order difiracted beams of the plurality
of diffracted beams that are focused;

wherein the optical storage medium has a substrate of
refractive index n and a plurality of information record-
ing planes, and guide grooves are formed 1n at least one
of the information recording planes; and

wherein the relationship S, -, ‘R ./ (4--d° -NAZ-T]S-RfD)‘é
a=(Z,n’/At/(n*-1)/NA*)"* is fulfilled, and At is in the
range of five to thirty times A/NA®, where Z,, is an astig-
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matic difference imparted by the astigmatism imparting
means, 1, 1s a diffraction efficiency of the zero order
diffracted beams and m_ 1s a diffraction efliciency of the
first or higher order dififracted beams of the difiracted
beams created by the diffracting means, R, 1s an effec-
tive reflectance of the focus plane of the mformation
recording planes onto which the beams focused by the
converging means substantially form a focal point, R
1s an eflective reflectance of the non-focus plane other
than the focus plane of the plurality of information
recording planes, NA 1s a numerical aperture of the
optical storage medium side of the converging means, o
1s a lateral magnification of an optical system on a return
path from the optical storage medium to the optical
detecting means, A 1s a wavelength of the beam ematted
from the light source, d 1s an optical spacing between
two information recording planes of the optical storage
medium, and S, 1s an area of one sub-beam light receiv-
ing portion.

23. An optical pickup head, comprising:

a light source for emitting a light beam:;

a diffracting means for creating a plurality of diffracted
beams from the beam emitted from the light source;

a converging means for focusing the plurality of diffracted
beams from the diffracting means onto an optical stor-
age medium;

a {irst beam splitting means for splitting the beams of the
plurality of diffracted beams focused on the optical stor-
age medium and reflected by the optical storage medium
into two beams;

an optical detecting means for receiving the beams split by
the first beam splitting means and outputting a signal
corresponding to the amount of light of the recerved
beams; and

a second beam splitting means for splitting beams on an
optical path from the optical storage medium to the
optical detecting means into two beams of different focal
points;

wherein the optical detecting means has main beam light
receiving portions for receiving the zero order diffracted
beams, and sub-beam light recerving portions for receiv-
ing the first or higher order diffracted beams, of the
plurality of diffracted beams that are focused;

wherein the optical storage medium has a substrate of
refractive index n and a plurality of information record-
ing planes, and guide grooves are formed 1n at least one
of the information recording planes; and

wherein the relationship S, m, ‘R ./ (4-7-d” -NAZ-nS-RfG)‘é
0= (7,1’ /At/(n*-1)/NA*)"? is fulfilled, and At is in the
range of five to thirty times ANA®, where Z, is the
spacing between the two focal points given the two
beams split by the second beam splitting means, 1, 1s a
diffraction efficiency of the zero order diffracted beams
and m_ 1s a diffraction efficiency of the first or higher
order diffracted beams of the diffracted beams created
by the diffracting means, R, 1s an etfective retlectance
of the focus plane of the information recording planes
onto which the beams focused by the converging means
substantially form a focal point, R ., 1s an eftective
reflectance of the non-focus plane other than the focus
plane of the plurality of mformation recording planes,
NA 1s a numerical aperture of the optical storage
medium side of the converging means, ¢ 1s a lateral
magnification of an optical system on a return path from
the optical storage medium to the optical detecting
means, A 1s awavelength of the beam emaitted by the light
source, d 1s an optical spacing between two information
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recording planes of the optical storage medium, and S, 1s
an area of one sub-beam light receiving portion.

24. An optical pickup head, comprising;:

a light source for emitting a light beam:;

a diffracting means for creating a plurality of diffracted
beams from the beam emitted from the light source;

a converging means for focusing the plurality of diffracted
beams from the diffracting means onto an optical stor-
age medium;

a beam splitting means for splitting a plurality of beams of
the plurality of diffracted beams focused on the optical
storage medium and reflected by the optical storage
medium; and

an optical detecting means for recerving the beams split by
the beam splitting means and outputting a signal corre-
sponding to the amount of light of the receirved beams;

wherein the optical storage medium has a plurality of infor-
mation recording planes, and guide grooves are formed
in at least one of the information recording planes; and

wherein the light source 1s formed on a substrate positioned

such that it 1s substantially parallel to the guide grooves
formed 1n the one or more information recording planes,
and emaits spontaneously emitted light from a location
different from the location from which the laser beam 1s
emitted.

25. The optical pickup head according to claim 24, wherein

[l

the substrate of the light source 1s made of sapphire.

26. The optical pickup head according to claim 24, wherein

the substrate of the light source 1s made of gallium nitride.

277. An optical pickup head, comprising;:

a light source for emitting a light beam;

a diffracting means for creating a plurality of diffracted
beams from the beam emitted from the light source;

a converging means for focusing the plurality of diffracted
beams from the diffracting means onto an optical stor-
age medium; and

an optical detecting means for recerving the beams of the
plurality of diffracted beams focused on the optical stor-
age medium and reflected by the optical storage medium
and outputting a signal corresponding to the amount of
light of the received beams;

wherein the optical detecting means has main beam light
receiving portions for receiving zero order diffracted
beams and sub-beam light recerving portions for recerv-
ing first or higher order difiracted beams of the plurality
of diffracted beams that are focused; and

wherein dummy light receiving portions for preventing
cross-talk between the main beam light recerving por-
tions and the sub-beam light receiving portions are pro-
vided between the main beam light recerving portions
and the sub-beam light receiving portions.

28. An optical pickup head, comprising;:

a light source for emitting a light beam:;

a diffracting means for creating a plurality of diffracted
beams from the beam emitted from the light source;

a converging means for focusing the plurality of difiracted
beams from the diffracting means onto an optical stor-
age medium; and

an optical detecting means for recerving the beams of the
plurality of diffracted beams focused onto the optical
storage medium and reflected by the optical storage
medium, and outputting a signal corresponding to the
amount of light of the recerved beams;

wherein the optical detecting means has two main beam
light receiving portions for receiving zero order dii-
fracted beams and four sub-beam light receiving por-

.
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tions for recerving first or higher order difiracted beams
of the plurality of diffracted beams that are focused; and

wherein, when T, and T, are the signals output from the
main beam light receiving portions and T, T,, T., and
T are the signals output from the sub-beam light receiv-
ing portions, then tracking error signals are detected by
calculating (T, =T,/ (T +T,)-K[{(T5-T)+(Ts-T¢)}/
(T,+1,)] (wherein k 1s a constant).

29. An optical pickup head, comprising:

a light source for emitting a light beam:;

.

a diffracting means for creating a plurality of diffracted
beams from the beam emitted from the light source;

[

a converging means for focusing the plurality of difiracted
beams from the diffracting means onto an optical stor-
age medium;

a beam branching means for branching a plurality of beams
of the plurality of diffracted beams focused on the opti-
cal storage medium and retlected by the optical storage
medium; and

an optical detecting means for recerving the beams
branched at the beam branching means and outputting a
signal corresponding to the amount of light of the
recetved beams:

wherein the optical detecting means has two light receiving
portions;

wherein the optical storage medium has a first information
recording plane and a second information recording
plane, and guide grooves are formed 1n the first infor-
mation recording plane; and

wherein, 11 the diffracted beams focused by the converging
means form a focal point on the first information record-
ing plane and do not form a focal point on the second
information recording plane, then tracking error signals
are detected by calculating (To+T,,—1,-T,)(T4+
T, +T»+T,) and a relationship T4 +1,=5-(T,,+T,,) 18
tulfilled, wherein T, and 1, are signals output from the
two light recerving portions when the beams retlected by
the first information recording plane are received by the
optical detecting means, and T, and T_, are signals
output from the two light receiving portions when the
beams reflected by the second information recording
plane are received by the optical detecting means.

30. The optical pickup head according to claim 1,

turther comprising, on the light path from the optical stor-
age medium to the optical detecting means, a light focus-
ing means for converging the beams recerved by the
optical detecting means;

wherein the light focusing means comprises a convex lens
and a concave lens.

31. The optical pickup head according to claim 2,

turther comprising, on the light path from the optical stor-
age medium to the optical detecting means, a light focus-
ing means for converging the beams received by the
optical detecting means;

wherein the light focusing means comprises a convex lens
and a concave lens.

32. The optical pickup head according to claim 3,

turther comprising, on the light path from the optical stor-
age medium to the optical detecting means, a light focus-
ing means for converging the beams recerved by the
optical detecting means;

wherein the light focusing means comprises a convex lens
and a concave lens.
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33. The optical pickup head according to claim 4,

further comprising, on the light path from the optical stor-
age medium to the optical detecting means, a light focus-
ing means for converging the beams received by the
optical detecting means;

wherein the light focusing means comprises a convex lens
and a concave lens.

34. The optical pickup head according to claim 5,

further comprising, on the light path from the optical stor-
age medium to the optical detecting means, a light focus-
ing means for converging the beams recerved by the
optical detecting means;

wherein the light focusing means comprises a convex lens
and a concave lens.

35. The optical pickup head according to claim 6,

further comprising, on the light path from the optical stor-
age medium to the first optical detecting means, a {irst
light focusing means for converging the beams recerved
by the first optical detecting means;

on the light path from the optical storage medium to the
second optical detecting means, a second light focusing
means for converging the beams recerved by the second
optical detecting means;

wherein the first and second light focusing means comprise
a convex lens and a concave lens respectively.

36. The optical pickup head according to claim 13,

further comprising, on the light path from the optical stor-
age medium to the optical detecting means, a light focus-
ing means for converging the beams received by the
optical detecting means;

wherein the light focusing means comprises a convex lens
and a concave lens.

37. The optical pickup head according to claim 20,

further comprising, on the light path from the optical stor-
age medium to the optical detecting means, a light focus-
ing means for converging the beams recerved by the
optical detecting means;

wherein the light focusing means comprises a convex lens
and a concave lens.

38. The optical pickup head according to claim 21,

further comprising, on the light path from the optical stor-
age medium to the optical detecting means, a light focus-
ing means for converging the beams received by the
optical detecting means;

wherein the light focusing means comprises a convex lens
and a concave lens.

39. The optical pickup head according to claim 22,

further comprising, on the light path from the optical stor-
age medium to the optical detecting means, a light focus-
ing means for converging the beams recerved by the
optical detecting means;

wherein the light focusing means comprises a convex lens
and a concave lens.

40. The optical pickup head according to claim 23,

further comprising, on the light path from the optical stor-
age medium to the optical detecting means, a light focus-
ing means for converging the beams received by the
optical detecting means;

wherein the light focusing means comprises a convex lens
and a concave lens.

41. The optical pickup head according to claim 24,

further comprising, on the light path from the optical stor-
age medium to the optical detecting means, a light focus-
ing means for converging the beams recerved by the
optical detecting means;

wherein the light focusing means comprises a convex lens
and a concave lens.
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42. The optical pickup head according to claim 27,

turther comprising, on the light path from the optical stor-
age medium to the optical detecting means, a light focus-
ing means for converging the beams received by the
optical detecting means;

wherein the light focusing means comprises a convex lens
and a concave lens.

43. The optical pickup head according to claim 28,

turther comprising, on the light path from the optical stor-
age medium to the optical detecting means, a light focus-
ing means for converging the beams recerved by the
optical detecting means;

wherein the light focusing means comprises a convex lens
and a concave lens.

44. The optical pickup head according to claim 29,

turther comprising, on the light path from the optical stor-
age medium to the optical detecting means, a light focus-
ing means for converging the beams recerved by the
optical detecting means;

wherein the light focusing means comprises a convex lens
and a concave lens.

45. An miformation recording and reproducing apparatus,

comprising;

the optical pickup head according to claim 1;

a drive portion for changing a relative position between an
information storage medium and the optical pickup
head; and

an electric signal processing portion for receiving signals
output from the optical pickup head and performing
calculations to obtain desired information.

46. An mformation recording and reproducing apparatus,

comprising;

the optical pickup head according to claim 2;

a drive portion for changing a relative position between an
information storage medium and the optical pickup
head; and

an electric signal processing portion for recerving signals
output from the optical pickup head and performing
calculations to obtain desired information.

4’7. An information recording and reproducing apparatus,

comprising:

the optical pickup head according to claim 3;

a drive portion for changing a relative position between an
information storage medium and the optical pickup
head; and

an electric signal processing portion for recerving signals
output from the optical pickup head and performing
calculations to obtain desired information.

48. An miformation recording and reproducing apparatus,

comprising;

the optical pickup head according to claim 4;

a drive portion for changing a relative position between an
information storage medium and the optical pickup
head; and

an electric signal processing portion for receiving signals
output from the optical pickup head and performing
calculations to obtain desired information.

49. An mformation recording and reproducing apparatus,

comprising;

the optical pickup head according to claim 5;

a drive portion for changing a relative position between an
information storage medium and the optical pickup
head; and

an electric signal processing portion for recerving signals
output from the optical pickup head and performing
calculations to obtain desired information.
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50. An mformation recording and reproducing apparatus,
comprising;
the optical pickup head according to claim 6;
a drive portion for changing a relative position between an
information storage medium and the optical pickup

head; and

an electric signal processing portion for recerving signals
output from the optical pickup head and performing
calculations to obtain desired information.

51. An mformation recording and reproducing apparatus,

comprising;

the optical pickup head according to claim 13;

a drive portion for changing a relative position between an
information storage medium and the optical pickup

head; and

an electric signal processing portion for recerving signals
output from the optical pickup head and performing
calculations to obtain desired information.

52. An miformation recording and reproducing apparatus,

comprising:

the optical pickup head according to claim 20;

a drive portion for changing a relative position between an
information storage medium and the optical pickup
head; and

an electric signal processing portion for recerving signals
output from the optical pickup head and performing
calculations to obtain desired information.

53. An mformation recording and reproducing apparatus,

comprising;

the optical pickup head according to claim 21;

a drive portion for changing a relative position between an
information storage medium and the optical pickup
head; and

an electric signal processing portion for receiving signals
output from the optical pickup head and performing
calculations to obtain desired information.

54. An mformation recording and reproducing apparatus,

comprising:

the optical pickup head according to claim 22;

a drive portion for changing a relative position between an

information storage medium and the optical pickup
head; and

an electric signal processing portion for recerving signals
output from the optical pickup head and performing
calculations to obtain desired information.

55. An mformation recording and reproducing apparatus,

comprising;

the optical pickup head according to claim 23;

a drive portion for changing a relative position between an
information storage medium and the optical pickup
head; and

an electric signal processing portion for receiving signals
output from the optical pickup head and performing
calculations to obtain desired information.

56. An mformation recording and reproducing apparatus,

comprising:

the optical pickup head according to claim 24;

a drive portion for changing a relative position between an
information storage medium and the optical pickup
head; and

an electric signal processing portion for recerving signals
output from the optical pickup head and performing
calculations to obtain desired information.

57. An mformation recording and reproducing apparatus,

comprising;
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the optical pickup head according to claim 27;

a drive portion for changing a relative position between an
information storage medium and the optical pickup
head; and

an electric signal processing portion for receiving signals
output from the optical pickup head and performing
calculations to obtain desired information.

58. An information recording and reproducing apparatus,

comprising;

the optical pickup head according to claim 28;

a drive portion for changing a relative position between an
information storage medium and the optical pickup
head; and

an electric signal processing portion for recerving signals
output from the optical pickup head and performing
calculations to obtain desired information.

59. An miformation recording and reproducing apparatus,

comprising;

the optical pickup head according to claim 29;

a drive portion for changing a relative position between an
information storage medium and the optical pickup
head; and

an electric signal processing portion for receiving signals
output from the optical pickup head and performing
calculations to obtain desired information.

60. An optical pickup head, comprising:

a light source for emitting a light beam,

a diffracting unit opervable to create a plurality of diffracted
beams from the beam emitted by the light source;

a converging unit operable to focus the plurality of dif-
fracted beams from the diffracting unit onto an optical
storage medium;

a beam branching unit operable to branch for branching a
plurality of beams of the plurality of diffracted beams
Jocused onto the optical storage medium and veflected
by the optical storage medium,; and

an optical detecting unit operable to receive the beams
branched at the beam branching unit and outputting a
signal corresponding to the amount of light of the
received beams;

wherein the optical detecting unit has main beam light
receiving portions for receiving zero order diffracted

beams and sub-beam light receiving portions for receiv-
ing first or higher order diffracted beams of the plurality
of focused diffracted beams;

wherein the optical storage medium has a plurality of
information rvecovding planes and guide grooves are
formed in at least one of the information rvecording
planes; and

wherein the amount of light of the first or higher ovder
diffracted beams focused by the converging unit when
they ave substantially focused on and veflected by a focus
plane of the plurality of information vecording planes is
equal to orv greater than the amount of light of the zero
orvder diffracted beam focused by the converging unit
when it is reflected without focusing thereon by a non-
Jocus plane other than the focus plane of the plurality of
information vecording planes.

61. An optical pickup head, comprising:

a light source for emitting a light beam;

a diffracting united operable to create a plurality of dif-
fracted beams from the beam emitted by the light source;

a converging unit operable to focus the plurality of dif-
fracted beams from the diffracting unit onto an optical
storage medium;
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a beam branching unit operable to branch a plurality of
beams of the plurality of diffracted beams focused onto
the optical storage medium and veflected by the optical
storage medium; and

an optical detecting unit operable to receive the beams >
branched at the beam branching unit and outputting a
signal corrvesponding to the amount of light of the
received beams;

wherein the optical storage medium has a plurality of
information rvecorvding planes, guide grooves ave formed
in at least one of the information recording planes, and
information is vecorded on the guide grooves or between
the guide grooves; and

wherein the rvelationship 10 2, is fulfilled, wherem  is
a diffraction efficiency of a zero ovder diffracted beam of
the diffracted beams created by the diffracting unit and
1. is a diffraction efficiency of first or higher order dif-
fracted beams.

62. An optical pickup head, comprising: 20

a light source for emitting a light beam;

a diffracting unit operable to create a plurality of diffracted
beams from the beam emitted by the light source;

a converging unit operable to focus the plurality of dif-
fracted beams from the diffracting unit onto an optical 25
storage medium;

a beam branching unit operable to branch a plurality of
beams of the plurality of diffracted beams focused onto
the optical storage medium and rveflected by the optical
storage medium; and 30

an optical detecting unit operable to veceive the beams
branched at the beam branching unit and outputting a
signal corrvesponding to the amount of light in the
received beams;

wherein the optical detecting unit has main beam light 35
receiving portions for receiving zervo ovder diffracted
beams and sub-beam light receiving portions for receiv-
ing first or higher order diffracted beams of the plurality
of diffracted beams that arve focused;

wherein the optical storage medium has a plurality of 40
information vecovding planes, and guide grooves are
formed in at least one of the information recording
planes; and

wherein all of the sub-beam light receiving portions are
arranged within the image formed on the optical detect- 45
ing unit by the light of the zevo ovder diffracted beam
Jocused by the converging unit that is veflected without
Jocusing by the non-focus plane of the plurality of infor-
mation recording planes.

63. An optical pickup head, comprising: 50

a light source for emitting a light beam;

a diffracting unit operable to create a plurality of diffracted
beams from the beam emitted by the light source;

a converging unit operable to focus the plurality of dif-
fracted beams from the diffracting unit onto an optical 55
storage medium,

a beam branching unit operable to branch a plurality of
beams of the plurality of diffracted beams focused onto
the optical storage medium and veflected by the optical
storage medium; and 60

an optical detecting unit operable to veceive the beams
branched at the beam branching unit and outputting a
signal corrvesponding to the amount of light of the
received beams;

wherein the optical detecting unit has main beam light 65
receiving portions for receiving zervo ovder diffracted
beams and sub-beam light receiving portions for receiv-
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ing first or higher ovder diffracted beams of the plurality
of diffracted beams that ave focused;

wherein the optical storage medium has a plurality of
information recording planes, and guide grooves are
formed in at least one of the information recording
planes; and

wherein the relationship S,=4-w-(d-NA-oY M/, is ful-
filled, where M is a diffraction efficiency of zero order
diffracted beams of the diffracted beams created by the

diffracting unit and v\_is a diffraction efficiency of first or
higher ovder diffracted beams, NA is a numerical aper-

turve of the optical storage medium side of the converging

unit, d.is a lateral magnification of an optical system on
a return path from the optical storage medium to the

optical detecting unit, d is an optical spacing between

two information vecording planes of the optical storage
medium, and S, is an area of one sub-beam light receiv-
Ing portion.

64. An optical pickup head, comprising:

a light source for emitting a light beam,

a diffracting unit opervable to create a plurality of diffracted
beams from the beam emitted by the light source;

a converging unit operable to focus the plurality of dif-
fracted beams from the diffracting unit onto an optical
storage medium;

a beam branching unit operable to branch a plurality of
beams of the plurality of diffracted beams focused onto
the optical storage medium and rveflected by the optical
storage medium; and

an optical detecting unit operable to receive the beams
branched at the beam branching unit and outputting a
signal corresponding to the amount of light of the

received beams;

wherein the optical detecting unit has main beam light
receiving portions for receiving zervo ovder diffracted
beams and sub-beam light receiving portions for receiv-
ing first or higher order diffracted beams of the plurality
of diffracted beams that ave focused;

wherein the optical storage medium has a plurality of
information recovding planes, and guide grooves are
formed in at least one of the information recording
planes; and

wherein the relationship S,=4-n-(d-NA-oy’ /M, Ro/R e,
is fulfilled, wheve v, is a diffraction efficiency of zero
orvder diffracted beams andn_is a diffraction efficiency of
first or higher order diffracted beams of the diffracted
beams created by the diffracting unit, R, is an effective
reflectance of the focus plane of the information recovd-
ing planes onto which the beams focused by the converg-
ing unit substantially form a focal point, R ;. is an effec-
tive rveflectance of a non-focus plane other than the focus
plane of the plurality of information recorvding planes,
NA is a numerical aperture of the optical storage
medium side of the converging unit, o is a laterval mag-
nification of an optical system on a return path from the
optical storage medium to the optical detecting unit, dis
an optical spacing between two information recording
planes of the optical storage medium, and S, is an area
of one sub-beam light receiving portion.

65. An optical pickup head, comprising:

a light source for emitting a light beam;

a diffracting unit opervable to create a plurality of diffracted
beams from the beam emitted from the light source;

a converging unit operable to focus the plurality of dif-
fracted beams from the diffracting unit onto an optical
storage medium;
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a beam branching unit operable to branch a plurality of
beams of the plurality of diffracted beams focused on the
optical storage medium and reflected by the optical stor-
age medium into two beams;

an astigmatism imparting unit operable to impart astigma- >
tism on a first beam branched by the beam branching
unit;

a beam splitting unit operable to further split a second
beam branched by the beam branching unit into two
beams;

a first optical detecting unit opevable to receive the beam
from the astigmatism imparting unit and outputting a
signal corresponding to the amount of light of the
received beam; and

a second optical detecting unit operable to receive the
beams from the beam splitting unit and outputting a
signal corresponding to the amount of light of the
received beams;

wherein the optical storage medium has a plurality of 0
information vecovding planes, and guide grooves are
Jormed into at least one of the information vecovding
planes; and

whevrein the beam splitting unit splits the second beam in a
dirvection parallel to the guide grooves. 25

66. An optical pickup head, comprising:

a light source for emitting a light beam;

a diffracting unit operable to create a zevo order diffracted
beam and first or higher order diffracted beams from the
beam emitted from the light source; 30

a converging unit operable to focus the zevo order dif-
fracted beam and the first or higher ovder diffracted
beams from the diffracting unit onto an optical storage
medium,

a beam splitting unit operable to vespectively split into two 35
beams the zevo ovder diffracted beam and the first or
higher ovder diffracted beams focused on the optical
storage medium and rveflected by the optical storage
medium; and

an optical detecting unit operable to receive the beams 40
split by the beam splitting unit and outputting a signal
corresponding to the amount of light of the received
beams;

wherein the optical detecting unit has a plurality of light
receiving portions positioned lined up in a vow; 45

wherein the optical storage medium has a plurality of
information vecording planes, and guide grooves are
Jormed in at least one of the information rvecorvding
planes; and

wherein the beam splitting unit splits the beams with a 50
splitting axis substantially parallel to the guide grooves.

67. An optical pickup head, comprising:

a light source for emitting a light beam;

a diffracting unit operable to create a plurality of diffracted
beams from the beam emitted from the light source; 55

a converging unit operable to focus the plurality of dif-

fracted beams from the diffracting unit onto an optical
storage medium,

a beam branching unit operable to branch a plurality of
beams of the plurality of diffracted beams focused on the 60
optical storage medium and reflected by the optical stor-
age medium;

an astigmatism imparting unit opevable to impart astigma-
tism on the beams branched by the beam branching unit;
and 65

an optical detecting unit operable to veceive the beams
imparted with astigmatism by the astigmatism impart-
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ing unit and outputting a signal corresponding to the
amount of light of the received beams;

wherein the optical detecting unit has main beam light
receiving portions for receiving zero order diffracted
beams and sub-beam light receiving portions for receiv-
ing first or higher order diffracted beams of the plurality
of diffracted beams that arve focused;

wherein the optical storage medium has a plurality of
information rvecording planes, and guide grooves are
formed in at least one of the information rvecording
planes; and

wherein the velationship S; 1, 'R ;/(4 T0-d” -NA” Ny Ry )=
0= (Z,/2/Az)"” isfulfilled, and Az is in the range of three
to ten times M2/NA”, where 7, is an astigmatic difference
imparted by the astigmatism imparting unit, 1|, Is a
diffraction efficiency of the zervo order diffracted beams
and 1 is a diffraction efficiency of the first or higher
ovder diffracted beams of the diffracted beams created by
the diffracting unit, R, is an effective reflectance of the
Jocus plane of the information recovding planes onto
which the beams focused by the converging unit are
substantially focused, R, is an effective reflectance of
the non-focus plane other than the focus plane of the
plurality of information recovding planes, NA is a
numevrical aperture of the optical stovage medium side of
the converging unit, o. is a lateral magnification of an
optical system on a return path from the optical storage
medium to the optical detecting unit, \ is a wavelength of
the beam emitted from the light source, d is an optical
spacing between two information recovding planes of
the optical storage medium, and S, is an area of one
sub-beam light veceiving portion.

68. An optical pickup head, comprising:

a light source for emitting a light beam;

a diffracting unit opervable to create a plurality of diffracted
beams from the beam emitted from the light source;

a converging unit operable to focus the plurality of dif-
fracted beams from the diffracting unit onto an optical
storage medium;

a beam splitting unit operable to split the beams of the
plurality of diffracted beams focused on the optical stor-
age medium and reflected by the optical storage medium
into two beams having different focal points; and

an optical detecting unit operable to receive the beams
split by the beam splitting unit and outputting a signal
corresponding to the amount of light of the received
beams;

wherein the optical detecting unit has main beam light
receiving portions for receiving zervo ovder diffracted
beams and sub-beam light receiving portions for receiv-
ing first or higher order diffracted beams of the plurality
of diffracted beams that ave focused;

wherein the optical storage medium has a plurality of
information recovding planes, and guide grooves are
formed in at least one of the information recording
planes; and

wherein the relationship S; ", 'R ;./(4 Tv-d” -NAg-nS-Rﬁ,)‘i::
O=(Z,/2/Az)"” isfulfilled, and Az is in the range of three
to ten times N2/NA°, where Z , is the spacing between the
two focal points given the two beams split by the beam
splitting unit, v, is a diffraction efficiency of the zero
orvder diffracted beams andn_is a diffraction efficiency of
the first ov higher order diffracted beams of the diffracted
beams created by the diffracting unit, R, is an effective
reflectance of the focus plane of the information recovd-
ing planes onto which the beams focused by the converg-
ing unit are substantially focused, R ., is an effective
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reflectance of the non-focus plane other than the focus
plane of the plurality of information recording planes,
NA is a numerical aperture of the optical storage
medium side of the converging unit, o is a lateral mag-
nification of an optical system on a rveturn path from the
optical storage medium to the optical detecting unit, \is
a wavelength of the beam emitted from the light source,
d is an optical spacing between two information record-
ing planes of the optical storage medium, and S, is an
area of one sub-beam light receiving portion.

69. An optical pickup head, comprising:

a light source for emitting a light beam;

a diffracting unit operable to create a plurality of diffracted
beams from the beam emitted from the light source;

a converging unit operable to focus the plurality of dif-
fracted beams from the diffracting unit onto an optical
storage medium;

a beam splitting unit operable to split the plurality of

diffracted beams focused on the optical storage medium
and then reflected by the optical storage medium into
two beams:;

an optical detecting unit operable to receive the beams
split by the beam splitting unit and outputting a signal
corresponding to the amount of light of the received
beams; and

an astigmatism imparting unit operable to impart astigma-
tism on the beams on their path from the optical storage
medium to the optical detecting unit,

whevrein the optical detecting unit has main beam light
receiving portions for receiving zero order diffracted
beams and sub-beam light receiving portions for receiv-
ing first or higher order diffracted beams of the plurality
of diffracted beams that are focused;

3
wherein the optical storage medium has a substrate of

refractive index n and a plurality of information record-
ing planes, and guide grooves are formed in at least one
of the information recording planes; and

wherein the relationship S; 1, R /(4 v d 'NAQ'T]S‘RfD)‘:::
a=(Z,n /At =1VNAY" is fulfilled, and At is in the
range of five to thirty times 80 /NA?, where Z, is an

astigmatic difference imparted by the astigmatism
imparting unit, 1|, is a diffraction efficiency of the zevo
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the first or higher order diffracted beams of the diffracted
beams created by the diffracting unit, Ry, is an effective

reflectance of the focus plane of the information record-
ing planes onto which the beams focused by the converg-
ing unit substantially form a focal point, R ;,, is an effec-
tive reflectance of the non-focus plane other than the
Jocus plane of the plurality of information recovding
planes, NA is a numevrical aperture of the optical storvage
medium side of the converging unit, o is a lateral mag-
nification of an optical system on a return path from the
optical storage medium to the optical detecting unit, his
a wavelength of the beam emitted from the light source,
d is an optical spacing between two information record-
ing planes of the optical storage medium, and S, is an
area of one sub-beam light receiving portion.

70. An optical pickup head, comprising:

a light source for emitting a light beam;

a diffracting unit operable to create a plurality of diffracted
beams from the beam emitted from the light source;

a converging unit operable to focus the plurality of dif-
fracted beams from the diffracting unit onto an optical
storage medium;
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a first beam splitting unit operable to split the beams of the
plurality of diffracted beams focused on the optical stor-
age medium and rveflected by the optical storage medium
into two beams;

an optical detecting unit operable to receive the beams
split by the first beam splitting unit and outputting a
signal corrvesponding to the amount of light of the
received beams; and

a second beam splitting unit opervable to split beams on an
optical path from the optical storage medium to the
optical detecting unit into two beams of different focal
points;

wherein the optical detecting unit has main beam light
receiving portions for veceiving the zevo ovder diffracted
beams, and sub-beam light receiving portions for receiv-
ing the first or higher ovder diffracted beams, of the
plurality of diffracted beams that are focused;

wherein the optical storage medium has a substrate of
refractive index n and a plurality of information record-
ing planes, and guide grooves are formed in at least one
of the information recording planes; and

wherein the relationship S;m,, 'R ;./(4 v-d” -NA‘Q-nS-Rﬁ})‘ﬂ::
O=(Z, 1w /At/(n°=1)/NA"Y"* is fulfilled, and At is in the
range of five to thirty times MNA®, where Z, is the spac-
ing between the two focal points given the two beams
split by the second beam splitting unit, v, is a diffraction
efficiency of the zero order diffracted beams and n_is a
diffraction efficiency of the first or higher order diffracted
beams of the diffracted beams created by the diffracting
unit, R, is an effective reflectance of the focus plane of
the information recording planes onto which the beams
Jocused by the converging unit substantially form a focal
point, R, is an effective reflectance of the non-focus
plane other than the focus plane of the plurality of infor-
mation recording planes, NA is a numevrical aperture of
the optical storage medium side of the converging unit, .
is a lateral magnification of an optical system on a return
path from the optical storvage medium to the optical
detecting unit, A is a wavelength of the beam emitted by
the light source, d is an optical spacing between two
information recording planes of the optical storage
medium, and S, is an area of one sub-beam light receiv-
Ing portion.

71. An optical pickup head, comprising:

a light source for emitting a light beam;

a diffracting unit operable to create a plurality of diffracted
beams from the beam emitted from the light source;

a converging unit operable to focus the plurality of dif-
fracted beams from the diffracting unit onto an optical
storage medium;

a beam splitting unit operable to split a plurality of beams
of the plurality of diffracted beams focused on the optical
storage medium and reflected by the optical storage
medium; and

an optical detecting unit operable to receive the beams
split by the beam splitting unit and outputting a signal
corresponding to the amount of light of the received
beams;

wherein the optical storage medium has a plurality of
information vecording planes, and guide grooves are
formed in at least one of the information rvecording
planes; and

wherein the light source is formed on a substrate posi-

tioned such that it is substantially parallel to the guide
grooves formed in the one or more information vecord-
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ing planes, and emits spontaneously emitted light from a
location different from the location from which the laser
beam is emitted.

72. An optical pickup head, comprising:

a light source for emitting a light beam;

a diffracting unit operable to create a plurality of diffracted
beams from the beam emitted from the light source;

a converging unit operable to focus the plurality of dif-
fracted beams from the diffracting unit onto an optical
storage medium; and

an optical detecting unit operable to rveceive the beams of
the plurality of diffracted beams focused onto the optical
storage medium and rveflected by the optical storage
medium, and outputting a signal corresponding to the
amount of light of the received beams;

whevrein the optical detecting unit has two main beam light
receiving portions for receiving zervo ovder diffracted
beams and four sub-beam light veceiving portions for
receiving first or higher order diffracted beams of the
plurality of diffracted beams that are focused; and

wherein, when T, and T, arve the signals output from the
main beam light veceiving portionsand T, T, Ts, and T,
are the signals output from the sub-beam light receiving
portions, then tracking ervor signals are detected by
calculating (T, =TT +T,)-kf{(T,-T )+(T-T,)}/
(1',+71,)] (wWherein k is a constant).

73. An optical pickup head, comprising:

a light source for emitting a light beam;

a diffracting unit operable to create a plurality of diffracted
beams from the beam emitted from the light source;
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a converging unit operable to focus the plurality of dif-
fracted beams from the diffracting unit onto an optical
storage medium;

a beam branching unit operable to branch a plurality of
beams of the plurality of diffracted beams focused on the
optical storage medium and reflected by the optical stor-
age medium; and

an optical detecting unit operable to receive the beams
branched at the beam branching unit and outputting a
signal corresponding to the amount of light of the
received beams;

wherein the optical detecting unit has two light veceiving
portions;

wherein the optical storage medium has a first information
recording plane and a second information recording
plane, and guide grooves are formed in the first infor-
mation vecording plane; and

wherein, if the diffracted beams focused by the converging
unit form a focal point on the first information recorvding
plane and do not form a focal point on the second infor-
mation vecording plane, then tracking evvor signals are
detected by calculating (1 ,+1 ;=T o~T )1 +T,+
To+1 ;) and a relationship 1,+1 =51, +1 ;) is ful-
filled, wherein 1, and 17, are signals output from the two
light receiving portions when the beams reflected by the
first information vecovding plane are veceived by the
optical detecting unit, and T, and T _, are signals output
from the two light receiving portions when the beams
reflected by the second information vecording plane are
received by the optical detecting unit.
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