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(57) ABSTRACT 

Recording of information by utilizing a holography to each 
information recording area while moving a record medium 
having information recording areas by means of a practical 
light source. For recording of information on an information 
recording area (7) of a record medium, an irradiated position 
(101) is moved so that the irradiated position (101) with 
information light and recording reference light may follow 
on information recording area (7) which moves for a pre 
determined period. Thus, one information recording area (7) 
keeps on being irradiated with information light and record 
ing reference light, so that information is recorded on this 
information recording area (7) in interference patterns due to 
the interference of the information light with the recording 
reference light. 
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OPTICAL INFORMATION RECORDING 
APPARATUS AND METHOD 

0001. This is a Continuation of application Ser. No. 
10/433,644 filed on Oct. 9, 2003 which is a U.S. National 
Stage Application of International Application No. PCT/ 
JPO 1/10681 filed on Dec. 6, 2001. The entire disclosures of 
the prior applications are hereby incorporated by reference 
herein in their entirety. 

BACKGROUND 

0002 The present invention relates to an optical infor 
mation recording apparatus and method for recording infor 
mation in each information recording area of a recording 
medium having a plurality of information recording areas 
through the use of holography. 

0003. In general, holographic recording for recording 
information in a recording medium through the use of 
holography is performed by Superimposing light that carries 
image information on reference light within the recording 
medium and by writing a resultingly generated interference 
pattern into the recording medium. For reproducing the 
information recorded, the recording medium is irradiated 
with reference light Such that the image information is 
reproduced through diffraction derived from the interference 
pattern. 

0004. In recent years, volume holography, or digital 
Volume holography in particular, has been developed and is 
attracting attention in practical fields for ultra-high density 
optical recording. Volume holography is a method for writ 
ing a three-dimensional interference pattern by making 
positive use of a recording medium in a direction of its 
thickness as well, and is characterized in that it is possible 
to enhance the diffraction efficiency by increasing the thick 
ness of the medium, and a greater recording capacity can be 
achieved by employing multiplex recording. Digital volume 
holography is a computer-oriented holographic recording 
method which uses the same recording medium and record 
ing method as with the Volume holography, whereas the 
image information to be recorded is limited to binary digital 
patterns. In the digital volume holography, analog image 
information Such as a picture is once digitized and devel 
oped into two-dimensional digital pattern information, and 
then it is recorded as image information. For reproduction, 
this digital pattern information is read and decoded to restore 
the original image information for display. Consequently, 
even if the signal-to-noise ratio (hereinafter referred to as 
SN ratio) during reproduction is somewhat poor, it is pos 
sible reproduce the original information with extremely high 
fidelity by performing differential detection and/or error 
correction on the binary data encoded. 
0005. By the way, typical recording apparatuses that 
record information on a disk-shaped recording medium 
through the use of light comprise an optical head for 
irradiating the recording medium with light for information 
recording. In these recording apparatuses, the recording 
medium is rotated while the optical head irradiates the 
recording medium with the light for information recording, 
thereby recording information on the recording medium. In 
these recording apparatuses, a semiconductor laser is typi 
cally used as the light source for generating the light for 
information recording. 
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0006 For holographic recording, as in the typical record 
ing apparatuses described above, the recording medium can 
also be rotated while the recording medium is irradiated with 
information light and reference light so that information is 
recorded in a plurality of information recording areas of the 
recording medium in Succession. In this case, as with the 
typical recording apparatuses, a practical semiconductor 
laser is desirably used as the light source of the information 
light and the reference light. 
0007 When existing photosensitive material for holog 
raphy is used to make a recording medium for holographic 
recording and this recording medium is rotated while the 
recording medium is irradiated with the information light 
and the reference light that are generated by a semiconductor 
laser, however, there arises a problem as follows. That is, in 
this case, it is difficult to give exposure energy Sufficient to 
record information in the form of an interference pattern to 
a single information recording area of the recording medium 
in a short time. To cope with this, the exposure time may be 
extended to give sufficient exposure energy to a single 
information recording area. Nevertheless, this can increase 
the moving distance of the information recording areas 
within the exposure time for a single information recording 
area, resulting in deterioration in information accuracy. 
0008 Here, the forgoing problem will be detailed with a 
concrete example. If a high-power light Source Such as a 
pulse laser is used as the light source instead of a semicon 
ductor laser, then it is satisfactorily possible to record 
information on the recording medium while rotating the 
recording medium. Take, for example, the case where a 
pulse laser which has a maximum power of several kilowatts 
and is capable of generating pulsed light of several tens of 
nanoseconds is used as the light source. Here, assume the 
light intensity on the recording medium to be 200 W. The 
pulse width of the pulsed light shall be 20 ns, and the linear 
speed of the information recording areas 2 m/s. In this case, 
the moving distance of the information recording areas 
within the exposure time for a single information recording 
area is 0.04 um, not exceeding one tenth of the wavelength 
of the light, so that it is possible to maintain sufficient 
information accuracy. The use of Such a pulse laser as 
described above for the light source is impractical, however. 
0009 Next, turn to the case where a semiconductor laser 

is used as the light Source. Here, assume that the light 
intensity on the recording medium is 20 mW and the linear 
speed of the information recording areas is 2 m/s. In this 
case, an exposure time of 200 Vs, or 10000 times as much 
as with the foregoing pulse laser, is required in order to give 
a single information recording area the same amount of 
exposure energy as with the pulse laser. The moving distance 
of the information recording areas for this exposure time 
reaches 400 um, making it difficult to record information in 
the form of interference patterns. 

SUMMARY 

0010. It is an object of the invention to provide an optical 
information recording apparatus and method in which a 
practical light source can be used to record information in 
each information recording area of a recording medium 
having a plurality of information recording areas through the 
use of holography while moving the recording medium. 
0011. An optical information recording apparatus of the 
invention is an apparatus for recording information through 
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the use of holography in each information recording area of 
a recording medium having a plurality of information 
recording areas. The apparatus comprises: 
0012 an irradiating device for irradiating the recording 
medium with information light and reference light Such that 
information is recorded in the information recording areas in 
the form of interference patterns resulting from interference 
between the information light and the reference light; 
0013 a recording medium moving device for moving the 
recording medium; and 
0014 an irradiating position moving device for moving 
an irradiating position of the information light and the 
reference light Such that the irradiating position of the 
information light and the reference light follows a single 
moving information recording area for a predetermined 
period. 

0015. In the optical information recording apparatus of 
the invention, the recording medium moving device moves 
the recording medium, and the irradiating device irradiates 
this recording medium with the information light and the 
reference light. The irradiating position moving device 
moves the irradiating position of the information light and 
the reference light such that the irradiating position of the 
information light and the reference light follows a single 
moving information recording area for a predetermined 
period. Consequently, the single information recording area 
keeps being irradiated with the information light and the 
reference light for the predetermined period. It is therefore 
possible to irradiate the information recording areas with the 
information light and the reference light for a sufficient time 
period to record information in the information recording 
areas without causing a deviation between the information 
recording areas and the irradiating position of the informa 
tion light and the reference light. 
0016. In the optical information recording apparatus of 
the invention, the recording medium moving device may 
rotate the recording medium. 
0017. In the optical information recording apparatus of 
the invention, the irradiating position moving device may 
move the position of emission of the information light and 
the reference light in the irradiating device. 

0018. In the optical information recording apparatus of 
the invention, the recording medium may contain identifi 
cation information for identifying the individual information 
recording areas, and the optical information recording appa 
ratus may further comprise a detector for detecting the 
identification information. 

0019. In the optical information recording apparatus of 
the invention, the recording medium may contain position 
ing information for adjusting the irradiating position of the 
information light and the reference light with respect to the 
individual information recording areas, and the optical infor 
mation recording apparatus may further comprise a detector 
for detecting the positioning information. 

0020. In the optical information recording apparatus of 
the invention, the irradiating device may apply the informa 
tion light and the reference light to the same side of the 
information recording area coaxially such that they converge 
to become minimum in diameter at an identical position. 
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0021. In the optical information recording apparatus of 
the invention, the irradiating device may apply the informa 
tion light and the reference light to opposite sides of the 
information recording area coaxially such that they converge 
to become minimum in diameter at an identical position. 
0022. An optical information recording method of the 
invention is a method for recording information through the 
use of holography in each information recording area of a 
recording medium having a plurality of information record 
ing areas. The method comprises the steps of: 
0023) 
0024 irradiating the recording medium with information 
light and reference light Such that information is recorded in 
the information recording areas in the form of interference 
patterns resulting from interference between the information 
light and the reference light; and 
0025 moving an irradiating position of the information 
light and the reference light Such that the irradiating position 
of the information light and the reference light follows a 
single moving information recording area for a predeter 
mined period. 
0026. In the optical information recording method of the 
invention, the information light and the reference light are 
applied to the recording medium while it is moving. In the 
step of moving the irradiating position, the irradiating posi 
tion of the information light and the reference light is moved 
to follow a single moving information recording area for a 
predetermined period. Consequently, the single information 
recording area keeps being irradiated with the information 
light and the reference light for the predetermined period. It 
is therefore possible to irradiate the information recording 
areas with the information light and the reference light for a 
sufficient time period to record information in the informa 
tion recording areas without causing a deviation between the 
information recording areas and the irradiating position of 
the information light and the reference light. 

moving the recording medium; 

0027 Other objects, features and advantages of the 
invention will become sufficiently clear from the following 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028 FIG. 1 is an explanatory diagram showing a 
recording medium used in a first embodiment of the inven 
tion. 

0029 FIG. 2 is a block diagram showing a configuration 
of an optical information recording/reproducing apparatus 
according to the first embodiment of the invention. 
0030 FIG. 3 is a plan view of an optical head according 
to the first embodiment of the invention. 

0031 FIG. 4 is an explanatory diagram illustrating the 
principle of information recording in the first embodiment of 
the invention. 

0032 FIG. 5 is an explanatory diagram illustrating the 
principle of information reproduction in the first embodi 
ment of the invention. 

0033 FIG. 6 is a waveform diagram for explaining in 
detail the principle of information reproduction in the first 
embodiment of the invention. 
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0034 FIG. 7 is an explanatory diagram showing the 
principle of information recording for the case where mul 
tiple recording by phase encoding multiplexing is performed 
in the first embodiment of the invention. 

0035 FIG. 8 is an explanatory diagram showing the 
principle of information reproduction for the case where 
multiple recording by phase encoding multiplexing is per 
formed in the first embodiment of the invention. 

0.036 FIG. 9 is a waveform diagram for explaining in 
detail the principle of information reproduction for the case 
where multiple recording by phase encoding multiplexing is 
performed in the first embodiment of the invention. 
0037 FIG. 10 is a cross-sectional view showing the 
optical head of the first embodiment of the invention. 
0038 FIG. 11 is an explanatory diagram for explaining 
an example of a method for producing focus error informa 
tion in the first embodiment of the invention. 

0.039 FIG. 12 is an explanatory diagram for explaining 
an example of a method for producing tracking error infor 
mation and a method for tracking servo in the first embodi 
ment of the invention. 

0040 FIG. 13 is an explanatory diagram for explaining 
an example of the method for producing tracking error 
information and the method for tracking servo in the first 
embodiment of the invention. 

0041 FIG. 14 is an explanatory diagram showing the 
operation of the optical head during information recording in 
the first embodiment of the invention. 

0.042 FIG. 15 is an explanatory diagram showing the 
movement of the irradiating position of the information light 
and recording-specific reference light in the first embodi 
ment of the invention. 

0.043 FIG. 16 is an explanatory diagram showing an 
example of changes in the position of the objective lens and 
changes in the driving Voltage for moving the head body in 
a direction tangential to the tracks in the first embodiment of 
the invention. 

0044 FIG. 17 is an explanatory diagram for explaining 
a method for adjusting the irradiating position of the infor 
mation light and the recording-specific reference light to the 
position of a desired information recording area in the first 
embodiment of the invention. 

0045 FIG. 18 is an explanatory diagram showing a 
concrete example of variations in the length of a pit in the 
first embodiment of the invention. 

0046 FIG. 19 is an explanatory diagram showing a 
concrete example of variations in the time for a pit and the 
time between pits in the first embodiment of the invention. 
0047 FIG. 20 is a plan view showing a driving mecha 
nism of an optical head of an optical information recording/ 
reproducing apparatus according to a second embodiment of 
the invention. 

0.048 FIG. 21 is an explanatory diagram showing essen 
tial parts of a recording/reproducing optical system of an 
optical information recording/reproducing apparatus 
according to a third embodiment of the invention. 

Jun. 29, 2006 

0049 FIG. 22 is an explanatory diagram showing 
another example of an optical information recording 
medium in the third embodiment of the invention. 

0050 FIG. 23 is an explanatory diagram showing a 
general configuration of the recording/reproducing optical 
system of the optical information recording/reproducing 
apparatus according to the third embodiment of the inven 
tion. 

0051 FIG. 24 is a block diagram showing a configura 
tion of the optical information recording/reproducing appa 
ratus according to the third embodiment of the invention. 
0052 FIG. 25 is an explanatory diagram showing a state 
of the essential parts of the recording/reproducing optical 
system during a servo operation in the third embodiment of 
the invention. 

0053 FIG. 26 is an explanatory diagram showing a state 
of the essential parts of the recording/reproducing optical 
system during a recording operation in the third embodiment 
of the invention. 

0054 FIG. 27 is an explanatory diagram showing a state 
of the essential parts of the recording/reproducing optical 
system during a reproducing operation in the third embodi 
ment of the invention. 

0055 FIG. 28 is an explanatory diagram showing a 
general configuration of a recording/reproducing optical 
system of an optical information recording/reproducing 
apparatus according to a fourth embodiment of the inven 
tion. 

0056 FIG. 29 is an explanatory diagram showing a state 
of essential parts of the recording/reproducing optical sys 
tem during a recording operation using recording-specific 
reference light whose phase is not spatially modulated in the 
fourth embodiment of the invention. 

0057 FIG. 30 is an explanatory diagram showing a state 
of the essential parts of the recording/reproducing optical 
system during a reproducing operation using reproduction 
specific reference light whose phase is not spatially modu 
lated in the fourth embodiment of the invention. 

0058 FIG. 31 is a waveform diagram for explaining in 
detail the principle of reproduction of information using the 
reproduction-specific reference light whose phase is not 
spatially modulated in the optical information recording/ 
reproducing apparatus according to the fourth embodiment 
of the invention. 

0059 FIG. 32 is an explanatory diagram showing a state 
of the essential parts of the recording/reproducing optical 
system during a recording operation using recording-spe 
cific reference light whose phase is spatially modulated in 
the fourth embodiment of the invention. 

0060 FIG.33 is an explanatory diagram showing a state 
of the essential parts of the recording/reproducing optical 
system during a reproducing operation using reproduction 
specific reference light whose phase is spatially modulated 
in the fourth embodiment of the invention. 

0061 FIG. 34 is a waveform diagram for explaining in 
detail the principle of reproduction of information using the 
reproduction-specific reference light whose phase is spa 
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tially modulated in the optical information recording/repro 
ducing apparatus according to the fourth embodiment of the 
invention. 

0062 FIG. 35 is a plan view showing an optical head and 
a recording medium of a fifth embodiment of the invention. 
0063 FIG. 36 is a cross-sectional view showing the 
configuration of the optical head of the fifth embodiment of 
the invention. 

0064 FIG. 37 is a cross-sectional view showing the 
configuration of a recording medium of the fifth embodi 
ment of the invention. 

0065 FIG. 38 is an explanatory diagram showing an 
example of changes in the position of the objective lens and 
changes in the driving voltage for moving the positions of 
the objective lenses in a direction tangential to the tracks in 
the fifth embodiment of the invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0.066 Hereinafter, embodiments of the invention will be 
described in detail with reference to the drawings. 

First Embodiment 

0067 First, with reference to FIG. 1, an overview will be 
given of a recording medium 1 used in a first embodiment 
of the invention. FIG. 1 shows a part of a track of the 
recording medium 1. The recording medium 1 is disk 
shaped and has a plurality of tracks TR. Each of the tracks 
TR has a plurality of address servo areas 6 arranged at 
regular intervals. One or more information recording areas 
7 are provided between adjacent ones of the address servo 
areas 6. FIG. 1 shows an example where four information 
recording areas 7 are arranged at regular intervals between 
adjacent ones of the address servo areas 6. 
0068 Information for generating a basic clock, i.e., a 
timing reference for various operations of an optical infor 
mation recording/reproducing apparatus, information for 
performing focus servo using a sampled servo system, 
information for performing tracking servo using the sampled 
servo system, and address information are recorded in 
advance in the form of emboss pits in the address servo areas 
6. However, the information for performing focus servo is 
not necessarily required to be recorded in the address servo 
areas 6. In that case, focus servo may be performed using an 
interface between an air gap layer and a reflecting film to be 
described later. The address information is intended for 
identifying the individual information recording areas 7, and 
corresponds to the identification information of the inven 
tion. The information for generating a basic clock, the 
information for performing focus servo, and the information 
for performing tracking servo serve to adjust the irradiating 
positions of information light, recording-specific reference 
light, and reproduction-specific reference light with respect 
to the information recording areas 7, and correspond to the 
positioning information of the invention. 
0069. Now, with reference to FIG. 1, an overview will be 
given of an optical information recording method according 
to the present embodiment. In the present embodiment, to 
record information in the information recording areas 7 of 
the recording medium 1, the recording medium 1 is rotated 
(moved) in the direction shown by the symbol R in FIG. 1, 
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for example. Address servo areas 6 and the information 
recording areas 7 thus move in the direction shown by the 
symbol R. An optical head to be described later irradiates the 
recording medium 1 with information light and recording 
specific reference light so that information is recorded in the 
information recording areas 7 in the form of interference 
patterns resulting from interference between the information 
light and the recording-specific reference light. The optical 
head moves the irradiating position of the information light 
and the recording-specific reference light Such that the 
irradiating position follows a single moving information 
recording area 7 for a predetermined period. Consequently, 
the single information recording area 7 keeps being irradi 
ated with the information light and the recording-specific 
reference light for the predetermined period. It is therefore 
possible to irradiate the information recording areas 7 with 
the information light and the recording-specific reference 
light for a sufficient time period to record information in the 
information recording areas 7 without causing a deviation 
between the information recording areas 7 and the irradiat 
ing position of the information light and the recording 
specific reference light. 
0070 Next, with reference to FIG. 2, description will be 
given of a configuration of an optical information recording/ 
reproducing apparatus including an optical information 
recording apparatus according to the present embodiment. 
The optical information recording/reproducing apparatus 10 
has: a spindle 81 on which the recording medium 1 is 
mounted; a spindle motor 82 for rotating the spindle 81; and 
a spindle servo circuit 83 for controlling the spindle motor 
82 to keep the rotation speed of the recording medium 1 at 
a predetermined value. The optical information recording/ 
reproducing apparatus 10 further has an optical head 40 and 
a driving device 84. The optical head 40 is provided for 
irradiating the recording medium 1 with information light 
and recording-specific reference light to thereby record 
information, and for irradiating the recording medium 1 with 
reproduction-specific reference light and detecting repro 
duction light to thereby reproduce information recorded in 
the recording medium 1. The driving device 84 allows the 
optical head 40 to be movable in a direction of the radius of 
the recording medium 1. 
0071. The optical information recording/reproducing 
apparatus 10 further has a detection circuit 85, a focus servo 
circuit 86, a tracking servo circuit 87, and a slide servo 
circuit 88. The detection circuit 85 detects a focus error 
signal FE, a tracking error signal TE and a reproduction 
signal RF from the output signal of the optical head 40. The 
focus servo circuit 86 performs focus servo by moving a 
head body of the optical head 40, which will be described 
later, in a direction perpendicular to the surface of the 
recording medium 1 based on the focus error signal FE 
detected by the detection circuit 85. The tracking servo 
circuit 87 performs tracking servo by moving the head body 
in a direction of the radius of the recording medium 1 based 
on the tracking error signal TE detected by the detection 
circuit 85. The slide servo circuit 88 performs slide servo by 
controlling the driving device 84 to move the optical head 40 
in a direction of the radius of the recording medium 1 based 
on the tracking error signal TE and a command from a 
controller to be described later. 

0072 The optical information recording/reproducing 
apparatus 10 further has a signal processing circuit 89, a 
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controller 90, and an operating portion 91. The signal 
processing circuit 89 decodes data outputted by a CCD array 
in the optical head 40, which will be described later, to 
thereby reproduce data recorded in the information record 
ing areas 7 of the recording medium 1. It also reproduces a 
basic clock and determines addresses from the reproduction 
signal RF from the detection circuit 85. The controller 90 
controls the optical information recording/reproducing 
apparatus 10 as a whole, and the operating portion 91 
supplies various instructions to the controller 90. 
0073. The optical information recording/reproducing 
apparatus 10 further has an inclination detection circuit 92 
and an inclination correction circuit 93. The inclination 
detection circuit 92 detects relative inclination between the 
recording medium 1 and the head body based on the output 
signal of the signal processing circuit 89. Based on the 
output signal of this inclination detection circuit 92, the 
inclination correction circuit 93 changes the position of the 
head body in Such directions that the head body changes in 
inclination with respect to the Surface of the recording 
medium 1, and thereby corrects the relative inclination 
between the recording medium 1 and the head body. 
0074 The optical information recording/reproducing 
apparatus 10 further has a follow-up control circuit 94. The 
follow-up control circuit 94 moves the head body in a 
direction generally along the tracks at the time of recording 
information, so that the irradiating position of the informa 
tion light and the recording-specific reference light is con 
trolled to follow a single moving information recording area 
7 for a predetermined period. 
0075) The controller 90 receives input of the basic clock 
and address information outputted by the signal processing 
circuit 89 and controls the parts such as the optical head 40, 
the spindle servo circuit 83, the slide servo circuit 88 and the 
follow-up control circuit 94. The spindle servo circuit 83 
receives input of the basic clock outputted by the signal 
processing circuit 89. The controller 90 has a CPU (central 
processing unit), a ROM (read only memory) and a RAM 
(random access memory). The CPU executes programs 
stored in the ROM using the RAM as a work area to perform 
the functions of the controller 90. 

0076) Next, with reference to FIG. 3, description will be 
given of a driving mechanism of the head body of the optical 
head 40. FIG. 3 is a plan view of the optical head 40. In 
FIG. 3, the symbol TR represents a track of the recording 
medium 1. The optical head 40 has the head body 41 which 
records information on the recording medium 1 and repro 
duces information from the recording medium 1. The head 
body 41 has an objective lens 11 opposing to the recording 
medium 1. Elastic arm fixing portions 14.0a and 140b are 
provided at both ends of the head body 41 in a direction 
tangential to the track (horizontal directions in FIG. 3). 
Elastic arms 149 made of elastic members such as rubber, a 
plate spring, a coil spring, and a wire are fixed at one end 
each to these elastic arm fixing portions 140a and 140b. The 
other ends of the elastic arms 149 are fixed to an arm support 
portion 150. The arm support portion 150 is attached to a 
piezoelectric actuator 170 which is capable of moving this 
arm support portion 150 in a direction of the radius of the 
recording medium 1 (vertical directions in FIG. 3) within a 
predetermined range. 
0077 Coils 151, 152 for focus servo and inclination 
adjustment, and coils 155, 156 for irradiating position fol 
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low-up, are attached to one end of the head body 41 along 
a direction of the radius of the recording medium 1. Like 
wise, coils 153, 154 for focus servo and inclination adjust 
ment, and coils 157, 158 for irradiating position follow-up, 
are attached to the other end of the head body 41 along the 
direction of the radius of the recording medium 1. 
0078. The optical head 40 further has: magnets 161, 162, 
163, and 164 which are arranged to penetrate through the 
coils 151, 152, 153, and 154, respectively; a magnet 165 
which is located in a position opposite to the coils 155 and 
156; and a magnet 166 which is located in a position 
opposite to the coils 157 and 158. 
0079. In the optical head 40, the coils 151 to 154 and the 
magnets 161 to 164 can change the position of the head body 
41 in a direction perpendicular to the surface of the record 
ing medium 1 (a direction perpendicular to the plane of the 
drawing sheet of FIG. 3) and in such a direction that the 
head body 41 varies in inclination with respect to the surface 
of the recording medium 1. Moreover, in the optical head 40, 
the piezoelectric actuator 170 can change the position of the 
head body 41 in a direction of the radius of the recording 
medium 1. Furthermore, in the optical head 40, the elastic 
arms 149, the coils 155 to 158, and the magnets 165 and 166 
can change the position of the head body 41 in a direction 
generally along the track TR. The elastic arms 149, the coils 
155 to 158, and the magnets 165 and 166 correspond to the 
irradiating position moving device of the invention. 
0080. The coils 151 to 154 are driven by the focus servo 
circuit 86 and the inclination correction circuit 93 in FIG. 2. 
The coils 155 to 158 are driven by the follow-up control 
circuit 94 in FIG. 2. The piezoelectric actuator 170 is driven 
by the tracking servo circuit 87 in FIG. 2. 
0081) Next, with reference to FIG.4, description will be 
given of the configuration of the recording medium for use 
in the present embodiment. The recording medium 1 of the 
present embodiment comprises a disk-shaped transparent 
Substrate 2 made of polycarbonate or the like, and an 
information recording layer 3, an air gap layer 4, and a 
reflecting film 5 that are arranged in this order from the 
transparent Substrate 2, on a side of the transparent Substrate 
2 opposite from the light incident/exit side. The information 
recording layer 3 is a layer on which information is recorded 
through the use of holography, and is made of a hologram 
material which varies, when irradiated with light, in its 
optical characteristics such as refractive index, permittivity, 
and reflectance, depending on the intensity of the light. The 
available hologram material includes photopolymer HRF 
600 (product name) manufactured by Dupont and photo 
polymer ULSH-500 (product name) manufactured by 
Aprils. The reflecting film 5 is made of aluminum, for 
example. Incidentally, in the recording medium 1, the infor 
mation recording layer 3 and the reflecting film 5 may be 
arranged next to each other without the air gap layer 4. 
0082 Next, description will be given of the principle of 
information recording in the optical information recording/ 
reproducing apparatus according to the present embodiment. 
In the embodiment, information light and recording-specific 
reference light are generated, and the information recording 
layer 3 of the recording medium 1 is irradiated with the 
information light and the recording-specific reference light 
so that information is recorded in the information recording 
layer 3 in the form of an interference pattern resulting from 
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interference between the information light and the record 
ing-specific reference light. The information light is gener 
ated by spatially modulating the phase of light based on the 
information to be recorded. 

0083. Hereinafter, the optical information recording 
method according to the present embodiment will be 
described in detail with reference to FIG. 4. FIG. 4 illus 
trates part of an example of a recording/reproducing optical 
system of the optical information recording/reproducing 
apparatus according to the embodiment. In this example, the 
recording/reproducing optical system has an objective lens 
11 facing toward the transparent-substrate-2 side of the 
recording medium 1, and a beam splitter 12 and a phase 
spatial light modulator 13 that are arranged in this order 
from the objective lens 11, on a side of the objective lens 11 
opposite from the recording medium 1. The beam splitter 12 
has a semi-reflecting surface 12a that is inclined at 45° in the 
normal direction with respect to the direction of the optical 
axis of the objective lens 11. The recording/reproducing 
optical system shown in FIG. 4 also has a photodetector 14. 
The photodetector 14 is provided in a direction in which 
return light from the recording medium 1 is reflected by the 
semi-reflecting surface 12a of the beam splitter 12. The 
phase spatial light modulator 13 has a number of pixels 
arranged in a matrix, and is capable of spatially modulating 
the phase of light by selecting the phase of outgoing light for 
each of the pixels. The photodetector 14 also has a number 
of pixels arranged in a matrix, and is capable of detecting the 
intensity of received light for each of the pixels. 
0084. In the example shown in FIG. 4, the phase spatial 
light modulator 13 generates the information light and the 
recording-specific reference light. Coherent parallel light 
having a constant phase and intensity is incident on the 
phase spatial light modulator 13. For information recording, 
the phase spatial light modulator 13, in a half area 13A 
thereof, selects the phase of the outgoing light for each pixel 
based on the information to be recorded, thereby modulating 
the phase of the light spatially to generate the information 
light. In the other half area 13B, it renders the phase of the 
outgoing light identical for all the pixels to generate the 
recording-specific reference light. 

0085. In the area 13A, the phase spatial light modulator 
13 sets the phase of the light after the modulation for each 
pixel, to either a first phase having a phase difference of +71/2 
(rad) with respect to a predetermined reference phase, or a 
second phase having a phase difference of -1/2 (rad) with 
respect to the reference phase. The phase difference between 
the first phase and the second phase is at (rad). Incidentally, 
in the area 13A, the phase spatial light modulator 13 may set 
the phase of the light after the modulation at any of three or 
more values for each pixel. In the area 13B, the phase spatial 
light modulator 13 sets the phase of the outgoing light for 
every pixel to the first phase having a phase difference of 
+JL/2 (rad) with respect to the predetermined reference 
phase. Incidentally, in the area 13B, the phase spatial light 
modulator 13 may set the phase of the outgoing light for 
every pixel to the second phase or a certain phase different 
from both the first phase and the second phase. 

0.086 FIG. 4 shows the phases and intensities of incident 
light on the phase spatial light modulator 13, outgoing light 
from the phase spatial light modulator 13, incident light on 
the objective lens 11 yet to be applied to the recording 
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medium 1, and return light from the recording medium 1 
reflected by the semi-reflecting surface 12a of the beam 
splitter 12. In FIG. 4, the symbol '+' represents the first 
phase, and the symbol '-' the second phase. FIG. 4 also 
shows the maximum value of intensity as “1” and the 
minimum value of intensity as “0”. 

0087. In the example shown in FIG. 4, for information 
recording, coherent parallel light 21 having a constant phase 
and intensity is incident on the phase spatial light modulator 
13. Of the light incident on the phase spatial light modulator 
13, the light that has passed through the area 13A becomes 
information light 22A, being spatially modulated in phase 
based on the information to be recorded. The information 
light 22A locally drops in intensity at the borders between 
first-phase pixels and second-phase pixels. Meanwhile, of 
the light incident on the phase spatial light modulator 13, the 
light that has passed through the area 13B becomes record 
ing-specific reference light 22B without being spatially 
modulated in phase. The information light 22A and the 
recording-specific reference light 22B are incident on the 
beam splitter 12. Part of them passes through the semi 
reflecting surface 12a, and further through the objective lens 
11 to turn into converging information light 23A and con 
Verging recording-specific reference light 23B, respectively, 
with which the recording medium 1 is irradiated. The 
information light 23A and the recording-specific reference 
light 23B pass through the information recording layer 3, 
converge to become minimum in diameter on the interface 
between the air gap layer 4 and the reflecting film 5, and are 
reflected by the reflecting film 5. Information light 24A and 
recording-specific reference light 24B that have been 
reflected by the reflecting film 5 become divergent light to 
pass through the information recording layer 3 again. 

0088. In the information recording layer 3, the informa 
tion light 23A yet to be reflected by the reflecting film 5 and 
the recording-specific reference light 24B that has been 
reflected by the reflecting film 5 interfere with each other to 
form an interference pattern, and the information light 24A 
that has been reflected by the reflecting film 5 and the 
recording-specific reference light 23B yet to be reflected by 
the reflecting film 5 interfere with each other to form an 
interference pattern. Then, these interference patterns are 
volumetrically recorded in the information recording layer 
3. 

0089. The information light 24A and the recording-spe 
cific reference light 24B having been reflected by the 
reflecting film 5 are emitted from the recording medium 1, 
and become parallel information light 25A and parallel 
recording-specific reference light 25B through the objective 
lens 11. The light 25A and the light 25B are incident on the 
beam splitter 12, and part of each of them is reflected by the 
semi-reflecting surface 12a and received by the photodetec 
tor 14. 

0090 Next, description will be given of the principle of 
information reproduction in the optical information record 
ing/reproducing apparatus according to the present embodi 
ment. In the embodiment, reproduction-specific reference 
light is generated, and the information recording layer 3 of 
the recording medium 1 is irradiated with this reproduction 
specific reference light. Then, reproduction light that is 
generated from the information recording layer 3 irradiated 
with the reproduction-specific reference light is collected. 
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The reproduction light is Superimposed on the reproduction 
specific reference light to generate composite light, and this 
composite light is detected. 
0091) Hereinafter, with reference to FIG. 5, detailed 
description will be given of the optical information repro 
ducing method according to the present embodiment. Like 
FIG. 4, FIG. 5 illustrates part of an example of the record 
ing/reproducing optical system of the optical information 
recording/reproducing apparatus according to the embodi 
ment. 

0092 FIG. 5 shows the phases and intensities of the 
incident light on the phase spatial light modulator 13, the 
outgoing light from the phase spatial light modulator 13, the 
incident light on the objective lens 11 yet to be applied to the 
recording medium 1, and the return light from the recording 
medium 1 reflected by the semi-reflecting surface 12a of the 
beam splitter 12. In FIG. 5, the phases and intensities are 
expressed in the same manner as in FIG. 4. 
0093. In the example shown in FIG. 5, for information 
reproduction, coherent parallel light 31 having a constant 
phase and intensity is incident on the phase spatial light 
modulator 13. For information reproduction, the phase spa 
tial light modulator 13 sets the phase of the outgoing light 
for every pixel to a first phase having a phase difference of 
+JL/2 (rad) with respect to a predetermined reference phase, 
thereby generating reproduction-specific reference light 32. 
The reproduction-specific reference light 32 is incident on 
the beam splitter 12, and part thereof passes through the 
semi-reflecting Surface 12a, and further through the objec 
tive lens 11 to turn into converging reproduction-specific 
reference light 33, with which the optical information 
recording medium 1 is irradiated. The reproduction-specific 
reference light 33 passes through the information recording 
layer 3, converges to become minimum in diameter on the 
interface between the air gap layer 4 and the reflecting film 
5, and is reflected by the reflecting film 5. Having been 
reflected by the reflecting film 5, the reproduction-specific 
reference light becomes divergent light to pass through the 
information recording layer 3 again. 
0094. In the information recording layer 3, the reproduc 
tion-specific reference light 33 yet to be reflected by the 
reflecting film 5 causes reproduction light that travels away 
from the reflecting film 5. The reproduction-specific refer 
ence light that has been reflected by the reflecting film 5 
causes reproduction light that travels toward the reflecting 
film 5. The reproduction light traveling away from the 
reflecting film 5 is emitted as-is from the recording medium 
1. The reproduction light traveling toward the reflecting film 
5 is reflected by the reflecting film 5 and emitted from the 
recording medium 1. 
0.095 Thus, at the time of reproduction, return light 34 
from the recording medium 1 includes the reproduction light 
and the reproduction-specific reference light that has been 
reflected by the reflecting film 5. The return light 34 is turned 
into parallel return light 35 through the objective lens 11, 
and incident on the beam splitter 12. Part of the light is 
reflected by the semi-reflecting surface 12a, and received by 
the photodetector 14. The return light 35 incident on the 
photodetector 14 includes reproduction light 36 and repro 
duction-specific reference light 37 that has been reflected by 
the reflecting film 5. The reproduction light 36 is light that 
is spatially modulated in phase according to the information 
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recorded in the information recording layer 3. For the sake 
of convenience, FIG. 5 shows the reproduction light 36 and 
the reproduction-specific reference light 37 separately, along 
with their respective phases and intensities. In reality, how 
ever, the reproduction light 36 is superimposed on the 
reproduction-specific reference light 37 to generate compos 
ite light, and this composite light is received by the photo 
detector 14. The composite light is light that is spatially 
modulated in intensity according to the information 
recorded. Thus, the photodetector 14 detects a two-dimen 
sional intensity pattern of the composite light, from which 
the information is reproduced. 
0096. As shown in FIG. 4 and FIG. 5, the optical 
information recording/reproducing apparatus according to 
the present embodiment performs the irradiation with the 
information light, the recording-specific reference light and 
the reproduction-specific reference light and the collection 
of the reproduction light on the same side of the information 
recording layer 3 so that the information light, the recording 
specific reference light, the reproduction-specific reference 
light and the reproduction light are arranged coaxially. All of 
the information light, the recording-specific reference light 
and the reproduction-specific reference light converge to 
become minimum in diameter at the same position. In FIG. 
4, the information light 23A and the recording-specific 
reference light 23B to irradiate the information recording 
layer 3 with are light beams that are semicircular in cross 
section. Those beams are coaxial since they constitute 
respective halves of a light beam that is circular in cross 
section. 

0097. Now, with reference to FIG. 6, detailed description 
will be given of the reproduction light 36, the reproduction 
specific reference light 37, and the composite light men 
tioned above. In FIG. 6, (a) represents the intensity of the 
reproduction light 36, (b) the phase of the reproduction light 
36, (c) the intensity of the reproduction-specific reference 
light 37, (d) the phase of the reproduction-specific reference 
light 37, and (e) the intensity of the composite light. FIG. 6 
shows an example where the phase of the information light 
for each pixel is set to either the first phase having a phase 
difference of +71/2 (rad) with respect to the reference phase, 
or the second phase having a phase difference of -1/2 (rad) 
with respect to the reference phase. Consequently, in the 
example shown in FIG. 6, the reproduction light 36 has 
either the first phase or the second phase pixel by pixel as the 
information light does. The reproduction-specific reference 
light 37 has the first phase for every pixel. Assuming here 
that the reproduction light 36 and the reproduction-specific 
reference light 37 are equal in intensity, the composite light 
exceeds the reproduction light 36 and the reproduction 
specific reference light 37 in intensity at pixels where the 
reproduction light 36 has the first phase, and the composite 
light theoretically becomes zero in intensity at pixels where 
the reproduction light 36 has the second phase, as shown in 
FIG. 6(e). 
0098) Now, detailed description will be given of the 
relationship between the phase of the reproduction light and 
the intensity of the composite light, including situations 
where the phase of the information light is set at either of 
two values and where the phase of the information light is 
set at any of three or more values for recording. 
0099. The composite light is made by superimposing one 
of two lightwaves, the reproduction light, on the other, the 
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reproduction-specific reference light. Thus, the intensity I of 
the composite light is given by the following equation (1), 
where ao is both the amplitude of the reproduction light and 
the amplitude of the reproduction-specific reference light, 
and ö is a phase difference between the reproduction light 
and the reproduction-specific reference light: 

I = 2a+2aicoso (1) 

2a(1 + cosd) 

4aicos’(of 2). 

0100 Since the phase of the reproduction-specific refer 
ence light is constant irrespective of pixel, from the fore 
going equation, it can be seen that the intensity I of the 
composite light varies with the phase of the reproduction 
light. Moreover, when the phase of the information light is 
set at any of n values (n is an integer no less than 2) within 
a range of, e.g., +TU/2 (rad) to -7L/2 (rad), the intensity I of the 
composite light also takes any of the n values. 
0101. As above, according to the optical information 
reproducing method of the present embodiment, the two 
dimensional intensity pattern of the composite light gener 
ated by Superimposing the reproduction light on the repro 
duction-specific reference light is detected to reproduce the 
information recorded in the information recording layer 3 in 
the form of an interference pattern resulting from the inter 
ference between the information light that is spatially modu 
lated in phase based on the information to be recorded, and 
the recording-specific reference light. 
0102. By the way, in the present embodiment, recording 
specific reference light and reproduction-specific reference 
light that are spatially modulated in phase may be used to 
achieve both multiple recording by phase encoding multi 
plexing and reproduction of the information multiple-re 
corded in this way. Hereinafter, with reference to FIG. 7 to 
FIG. 9, description will be given of the principle of infor 
mation recording and the principle of information reproduc 
tion for the case where multiple recording by phase-encod 
ing multiplex is performed. 

0103) First, with reference to FIG. 7, description will be 
given of the principle of information recording for the case 
where multiple recording by phase-encoding multiplex is 
performed. FIG. 7 shows part of an example of the record 
ing/reproducing optical system of the optical information 
recording/reproducing apparatus according to the embodi 
ment. The optical system shown in FIG. 7 has the same 
configuration as in FIG. 4. FIG. 7 illustrates the phases and 
intensities of incident light on the phase spatial light modu 
lator 13, outgoing light from the phase spatial light modu 
lator 13, incident light on the objective lens 11 yet to 
irradiate the recording medium 1 with, and return light from 
the recording medium 1 reflected by the semi-reflecting 
surface 12a of the beam splitter 12. In FIG. 7, the phases and 
intensities of the light are expressed in the same manner as 
in FIG. 4. 

0104. When recording information, coherent parallel 
light 21 having a constant phase and intensity is incident on 
the phase spatial light modulator 13. A half area 13A of the 
phase spatial light modulator 13 selects the phase of outgo 
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ing light from between two values or from among three or 
more values for each pixel based on information to be 
recorded, thereby generating information light 22A that is 
spatially modulated in phase. Here, for ease of explanation, 
the area 13A shall modulate the phase of the outgoing light 
spatially by setting the phase of the outgoing light to either 
a first phase having a phase difference of +7L/2 (rad) with 
respect to a predetermined reference phase or a second phase 
having a phase difference of -1/2 (rad) with respect to the 
reference phase for each pixel. Meanwhile, the other half 
area 13B of the phase spatial light modulator 13 selects the 
phase of the outgoing light from between two values or from 
among three or more values for each pixel, thereby gener 
ating recording-specific reference light 22B that is spatially 
modulated in phase. Here, for ease of explanation, the area 
13B shall modulate the phase of the outgoing light spatially 
by setting the phase of the outgoing light at any of the 
reference phase, the first phase, and the second phase for 
each pixel. 

0105 The information light 22A and the recording-spe 
cific reference light 22B are incident on the beam splitter 12. 
Part of them pass through the semi-reflecting Surface 12a. 
and further through the objective lens 11 to turn into 
converging information light 23A and converging recording 
specific reference light 23B, respectively, with which the 
recording medium 1 is irradiated. The information light 23A 
and the recording-specific reference light 23B pass through 
the information recording layer 3, converge to become 
minimum in diameter on the interface between the air gap 
layer 4 and the reflecting film 5, and are reflected by the 
reflecting film 5. Information light 24A and recording 
specific reference light 24B that has been reflected by the 
reflecting film 5 become divergent light to pass through the 
information recording layer 3 again. 

0106. In the information recording layer 3, the informa 
tion light 23A yet to be reflected by the reflecting film 5 and 
the recording-specific reference light 24B that has been 
reflected by the reflecting film 5 interfere with each other to 
form an interference pattern, and the information light 24A 
that has been reflected by the reflecting film 5 and the 
recording-specific reference light 23B yet to be reflected by 
the reflecting film 5 interfere with each other to form an 
interference pattern. Then, these interference patterns are 
volumetrically recorded in the information recording layer 
3. 

0.107 The information light 24A and the recording-spe 
cific reference light 24B having been reflected by the 
reflecting film 5 are emitted from the recording medium 1, 
and become parallel information light 25A and parallel 
recording-specific reference light 25B through the objective 
lens 11. The light 25A and the light 25B are incident on the 
beam splitter 12. Part of them are reflected by the semi 
reflecting surface 12a, and received by the photodetector 14. 

0108) Next, with reference to FIG. 8, description will be 
given of the principle of information reproduction for the 
case where multiple recording by phase-encoding multiplex 
is performed. FIG. 8 shows, like FIG. 7, part of an example 
of the recording/reproducing optical system in the optical 
information recording/reproducing apparatus according to 
the present embodiment. FIG. 8 illustrates the phases and 
intensities of incident light on the phase spatial light modu 
lator 13, outgoing light from the phase spatial light modu 
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lator 13, incident light on the objective lens 11 yet to 
irradiate the recording medium 1 with, and return light from 
the recording medium 1 reflected by the semi-reflecting 
surface 12a of the beam splitter 12. In FIG. 8, the phases and 
intensities are expressed in the same manner as in FIG. 7. 

0109 When reproducing information, coherent parallel 
light 31 having a constant phase and intensity is incident on 
the phase spatial light modulator 13. The half area 13B of the 
phase spatial light modulator 13 selects the phase of the 
outgoing light from between two values or from among 
three or more values for each pixel, thereby generating 
reproduction-specific reference light 32B that is spatially 
modulated in phase in the same modulation pattern as that of 
the recording-specific reference light 22B. On the other 
hand, the half area 13A of the phase spatial light modulator 
13 selects the phase of the outgoing light from between two 
values or from among three or more values for each pixel, 
thereby generating reproduction-specific reference light 
32B, that is spatially modulated in phase in a pattern that is 
point-symmetric to the modulation pattern of the reproduc 
tion-specific reference light 32B about a position of optical 
axis of the optical system that irradiates the information 
recording layer 3 with the recording-specific reference light 
and the reproduction-specific reference light. 

0110. The reproduction-specific reference light 32B and 
the reproduction-specific reference light 32B are incident 
on the beam splitter 12. Part of them pass through the 
semi-reflecting Surface 12a, and further through the objec 
tive lens 11 to turn into converging reproduction-specific 
reference light 33B and 33B, respectively, with which the 
recording medium 1 is irradiated. The reproduction-specific 
reference light 33B and the reproduction-specific reference 
light 33B pass through the information recording layer 3, 
converge to become minimum in diameter on the interface 
between the air gap layer 4 and the reflecting film 5, and are 
reflected by the reflecting film 5. Having been reflected by 
the reflecting film 5, the reproduction-specific reference 
light become divergent light to pass through the information 
recording layer 3 again. 

0111. In the information recording layer 3, the reproduc 
tion-specific reference light 33B. yet to be reflected by the 
reflecting film 5 causes reproduction light that travels away 
from the reflecting film 5, while the reproduction-specific 
reference light 33B having been reflected by the reflecting 
film 5 causes reproduction light that travels toward the 
reflecting film 5. The reproduction light traveling away from 
the reflecting film 5 is emitted as-is from the recording 
medium 1. The reproduction light traveling toward the 
reflecting film 5 is reflected by the reflecting film 5 and 
emitted from the recording medium 1. Both of the repro 
duction light are represented by reference numeral 34A. 

0112 In the information recording layer 3, on the other 
hand, the reproduction-specific reference light 33B yet to 
be reflected by the reflecting film 5 causes reproduction light 
that travels away from the reflecting film 5, while the 
reproduction-specific reference light 33B having been 
reflected by the reflecting film 5 causes reproduction light 
that travels toward the reflecting film 5. The reproduction 
light traveling away from the reflecting film 5 is emitted 
as-is from the recording medium 1. The reproduction light 
traveling toward the reflecting film S is reflected by the 
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reflecting film 5 and emitted from the recording medium 1. 
Both of the reproduction light are represented by reference 
numeral 34A. 
0113 Meanwhile, the reproduction-specific reference 
light 33B is reflected by the reflecting film 5 and becomes 
reproduction-specific reference light 34B that travels in the 
same direction as the reproduction light 34A does. The 
reproduction-specific reference light 33B is reflected by the 
reflecting film 5 and becomes reproduction-specific refer 
ence light 34B that travels in the same direction as the 
reproduction light 34A does. 
0114. The reproduction light 34A, 34A and the repro 
duction-specific reference light 34B, 34B are turned into 
parallel reproduction light 35A, 35A and parallel repro 
duction-specific reference light 35B, 35B through the 
objective lens 11, respectively, and are incident on the beam 
splitter 12. Then, part of them are reflected by the semi 
reflecting surface 12a and received by the photodetector 14. 
0115 Both the reproduction light 35A and the reproduc 
tion light 35A are spatially modulated in phase as the 
information light for recording. The phase modulation pat 
terns of the reproduction light 35A, and the reproduction 
light 35A are mutually symmetrical with respect to a point. 
0116 Composite light produced by superimposing the 
reproduction light 35A on the reproduction-specific refer 
ence light 35B, is incident on a half area of the photodetector 
14. Composite light produced by Superimposing the repro 
duction light 35A on the reproduction-specific reference 
light 35B is incident on the other half area of the photo 
detector 14. Both of the two types of composite light are 
spatially modulated in intensity according to the information 
recorded. The intensity modulation patterns of the two types 
of composite light are mutually symmetrical with respect to 
a point. Thus, the photodetector 14 can reproduce informa 
tion by detecting a two-dimensional pattern of intensity of 
one of the two types of composite light. Here, information 
shall be reproduced by detecting the two-dimensional pat 
tern of intensity of the composite light produced by Super 
imposing the reproduction light 35A on the reproduction 
specific reference light 35B. 
0.117 Next, the reproduction light, the reproduction-spe 
cific reference light, and the composite light mentioned 
above will be described in detail with reference to FIG. 9. 
In FIG. 9, (a) shows the intensity of the reproduction light, 
(b) the phase of the reproduction light, (c) the intensity of the 
reproduction-specific reference light, (d) the phase of the 
reproduction-specific reference light, and (e) the intensity of 
the composite light. FIG. 9 shows an example where the 
phase of the information light is set at either the first phase 
or the second phase for each pixel, and the phases of the 
recording-specific reference light and the reproduction-spe 
cific reference light are set at any of the reference phase, the 
first phase, and the second phase for each pixel. In this case, 
the phase of the reproduction light for each pixel is either the 
first phase or the second phase like the information light. 
Consequently, the phase difference between the reproduc 
tion light and the reproduction-specific reference light is any 
of Zero, +TI/2 (rad), and it (rad). Suppose here that the 
intensity of the reproduction light and the intensity of the 
reproduction-specific reference light are equal. In that case, 
as shown in FIG. 9(e), the intensity of the composite light 
becomes maximum at pixels where the phase difference 
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between the reproduction light and the reproduction-specific 
reference light is Zero, and becomes theoretically Zero at 
pixels where the phase difference between the reproduction 
light and the reproduction-specific reference light is tat 
(rad). At pixels where the phase difference between the 
reproduction light and the reproduction-specific reference 
light is +1/2 (rad), the intensity becomes /2 that at a 
Zero-phase-difference pixel. In FIG. 9(e), the intensity at the 
pixels where the phase difference is +3t (rad) is represented 
by “0”, the intensity at the pixels where the phase difference 
is +1/2 (rad) is represented by “1”, and the intensity at the 
pixels where the phase difference is zero is represented by 
“2. 

0118. In the example shown in FIG. 7 through FIG. 9, 
the intensity of the composite light has three values for each 
pixel. Then, for example, the intensity “0” can be associated 
with two bits of data “00, the intensity “1” with two bits of 
data “01, and the intensity “2 with two bits of data “10 
as shown in FIG. 9(e). Thus, in the example shown in FIG. 
7 through FIG. 9, the composite light can carry an increased 
amount of information with the same intensity and phase of 
the reproduction light as compared to the cases where the 
intensity of the composite light has two values for each pixel 
as shown in FIG. 4 through FIG. 6. As a result, the 
recording medium 1 can be enhanced in recording density. 

0119). Where the phase difference between the reproduc 
tion light and the reproduction-specific reference light is 
expressed as Ö, the intensity I of the composite light is given 
by the equation (1) mentioned previously. The equation (1) 
shows that the intensity I of the composite light varies 
according to the phase difference between the reproduction 
light and the reproduction-specific reference light. Conse 
quently, when the absolute value of the phase difference 
between the reproduction light and the reproduction-specific 
reference light, i.e., the absolute value of the phase differ 
ence between the information light and the reproduction 
specific reference light, has n values (n is an integer no less 
than 2) within the range of 0 to at (rad), for example, the 
intensity I of the composite light also has the n values. 

0120 Meanwhile, when the information light and the 
recording-specific reference light that are spatially modu 
lated in phase are used to record information on the infor 
mation recording layer 3 of the recording medium 1 as 
described above, the phase modulation pattern of the infor 
mation light is determined based on the information to be 
recorded and the phase modulation pattern of the recording 
specific reference light to be used in recording the informa 
tion. This will be described in detail with reference to FIG. 
9. Since the information recorded on the information record 
ing layer 3 is reproduced based on the intensity pattern of the 
composite light, the information to be recorded is converted 
into data on a desired intensity pattern of the composite light 
as shown in FIG. 9(e). The phase modulation pattern of the 
recording-specific reference light is the same as the phase 
modulation pattern of the reproduction-specific reference 
light as shown in FIG. 9(d). By means of phase calculation 
using the data on the desired intensity pattern of the com 
posite light as shown in FIG. 9(e) and the data on the phase 
modulation patterns of the reproduction-specific reference 
light and the recording-specific reference light as shown in 
FIG. 9(d), the phase modulation pattern of the information 
light is determined so as to be the same as or point 
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symmetric to the desired phase modulation pattern of the 
reproduction light as shown in FIG. 9(b). 
0121 The information recording layer 3 on which infor 
mation is recorded by using the information light having the 
phase modulation pattern determined as described above and 
the recording-specific reference light may be irradiated with 
the reproduction-specific reference light having the phase 
modulation pattern as shown in FIG. 9(d), which is the same 
as the phase modulation pattern of the recording-specific 
reference light. In Such a case, composite light having the 
intensity pattern as shown in FIG. 9(e) is obtained. The 
information recorded on the information recording layer 3 is 
reproduced based on the intensity pattern of this composite 
light. 
0.122 The phase modulation patterns of the recording 
specific reference light and the reproduction-specific refer 
ence light may be produced from information unique to an 
individual who is a user. Such information unique to an 
individual includes a personal identification number, a fin 
gerprint, a Voiceprint, and an iris pattern. In that case, 
information can be reproduced only by the certain individual 
who recorded the information on the recording medium 1. 
0123. As has been described, the use of the recording 
specific reference light and the reproduction-specific refer 
ence light that are spatially modulated in phase allows both 
the multiple recording by phase encoding multiplexing and 
reproduction of the information multiple-recorded in this 
way. 

0124) Next, with reference to FIG.10, description will be 
given of the recording/reproducing optical system provided 
in the optical head 40. FIG. 10 is a cross-sectional view 
showing the optical head 40. As shown in FIG. 10, the 
optical head 40 has a head body 41 that accommodates 
individual components to be described later. A semiconduc 
tor laser 43 is fixed to the internal bottom of the head body 
41 via a Support 42. A phase spatial light modulator 44 of 
reflection type and a photodetector 45 are also fixed thereto. 
A microlens array 46 is attached to the light-receiving 
surface of the photodetector 45. In the head body 41, a prism 
block 48 is provided above the phase spatial light modulator 
44 and the photodetector 45. A collimator lens 47 is provided 
near an end of the prism block 48 closer to the semicon 
ductor laser 43. The head body 41 has an opening at the 
Surface facing toward the recording medium 1. An objective 
lens 11 is provided in this opening. A quarter-wave plate 49 
is provided between the objective lens 11 and the prism 
block 48. 

0.125 The phase spatial light modulator 44 has a number 
of pixels arranged in a matrix, and is capable of spatially 
modulating the phase of light by setting the phase of 
outgoing light for each pixel to either of two values differing 
by It (rad) from each other. Furthermore, the phase spatial 
light modulator 44 rotates the direction of polarization of the 
outgoing light by 90° with respect to the direction of 
polarization of the incident light. For example, a reflection 
type liquid crystal device may be used for the phase spatial 
light modulator 44. 
0.126 The photodetector 45 has a number of pixels 
arranged in a matrix, and is capable of detecting the intensity 
of received light for each pixel. The microlens array 46 
includes a plurality of microlenses arranged to oppose to the 
light-receiving Surfaces of the respective pixels of the pho 
todetector 45. 
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0127 ACCD-type solid image pick-up device or a MOS 
type solid image pick-up device may be used as the photo 
detector 45. Alternatively, a smart light sensor in which a 
MOS type solid image pick-up device and a signal process 
ing circuit are integrated on a single chip (for example, see 
the literature “O plus E, September 1996, No. 202, pp. 
93-99) may be used. Since this smart light sensor has a high 
transfer rate and high-speed operation facilities, the use of 
this Smart light sensor allows high-speed reproduction. For 
example, reproduction can be performed at transfer rates on 
the order of Gbit/s. 

0128. The prism block 48 has a polarization beam splitter 
surface 48a and a reflecting surface 48b. Of the polarization 
beam splitter surface 48a and the reflecting surface 48b, the 
polarization beam splitter surface 48a is located closer to the 
collimator lens 47. The polarization beam splitter surface 
48a and the reflecting surface 48b are both inclined at 45° in 
the normal direction with respect to the direction of the 
optical axis of the collimator lens 47, and they are arranged 
in parallel to each other. 
0129. The phase spatial light modulator 44 is placed 
below the polarization beam splitter surface 48a, and the 
photodetector 45 is placed below the reflecting surface 48b. 
The quarter-wave plate 49 and the objective lens 11 are 
placed above the polarization beam splitter surface 48a. The 
collimator lens 47 and the objective lens 11 may be holo 
gram lenses. 
0130. The polarization beam splitter surface 48a of the 
prism block 48, as will be detailed later, achieves separation 
between the optical path of the information light, the record 
ing-specific reference light, and the reproduction-specific 
reference light yet to pass through the quarter-wave plate 49 
and the optical path of the return light from the recording 
medium 1 having passed through the quarter-wave plate 49, 
according to the difference in directions of polarization. 
0131 The prism block 48, the phase spatial light modu 
lator 44, and the photodetector 45 in FIG. 10 correspond to 
the beam splitter 12, the phase spatial light modulator 13, 
and the photodetector 14 in FIG. 4, respectively. 
0132) Next, description will be given of the operation of 
the recording/reproducing optical system in information 
recording. The semiconductor laser 43 emits coherent S-po 
larized light. S-polarization refers to linear polarization the 
direction of which is perpendicular to the incidence plane 
(plane of the drawing sheet of FIG. 10), whereas P-polar 
ization to be described later refers to linear polarization the 
direction of which is parallel to the incidence plane. 
0133. The S-polarized laser light emitted from the semi 
conductor laser 43 is turned into parallel light through the 
collimator lens 47, incident on the polarization beam splitter 
surface 48a of the prism block 48, reflected by the polar 
ization beam splitter Surface 48a, and incident on the phase 
spatial light modulator 44. In a half area, the outgoing light 
from the phase spatial light modulator 44 becomes infor 
mation light that is spatially modulated in phase based on the 
information to be recorded. In the other half area, the 
outgoing light becomes recording-specific reference light 
having an identical phase for all the pixels or recording 
specific reference light that is spatially modulated in phase. 
The outgoing light from the phase spatial light modulator 44 
is subjected to a rotation of the direction of polarization by 
90° to become P-polarized light. 
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0.134 Since the information light and the recording 
specific reference light, which have exited the phase spatial 
light modulator 44, are P-polarized light, they are transmit 
ted through the polarization beam splitter surface 48a of the 
prism block 48, and become circularly polarized light by 
passing through the quarter-wave plate 49. The information 
light and the recording-specific reference light are con 
densed by the objective lens 11 to irradiate the recording 
medium 1 with. The information light and the recording 
specific reference light pass through the information record 
ing layer 3, converge to become minimum in diameter on the 
interface between the air gap layer 4 and the reflecting film 
5, and are reflected by the reflecting film 5. Having been 
reflected by the reflecting film 5, the information light and 
the recording-specific reference light become divergent light 
to pass through the information recording layer 3 again. 
When the power of the semiconductor laser 43 is set at a 
high level Suitable for recording, an interference pattern 
resulting from the interference between the information light 
and the recording-specific reference light is recorded on the 
information recording layer 3. 

0.135 The return light from the recording medium 1 is 
turned into parallel light through the objective lens 11, and 
passes through the quarter-wave plate 49 to become S-po 
larized light. This return light is reflected by the polarization 
beam splitter surface 48a of the prism block 48, further 
reflected by the reflecting surface 48b, and incident on the 
photodetector 45 through the microlens array 46. 

0.136. When recording information, while the light beam 
from the objective lens 11 passes through the address servo 
areas 6 of the recording medium 1, the power of the 
semiconductor laser 43 is set at a low level suitable for 
reproduction and the phase spatial light modulator 44 emits 
light having an identical phase for all the pixels, without 
modulating the phase of the light. Basic clock, address 
information, focus error signals and tracking error informa 
tion can be obtained based on the output of the photodetector 
45 at this time. 

0.137 Next, description will be given of the operation of 
the recording/reproducing optical system in information 
reproduction. In information reproduction, the power of the 
semiconductor laser 43 is set at a low level suitable for 
reproduction. The S-polarized laser light emitted from the 
semiconductor laser 43 is turned into parallel light through 
the collimator lens 47, incident on the polarization beam 
splitter surface 48a of the prism block 48, reflected by the 
polarization beam splitter Surface 48a, and incident on the 
phase spatial light modulator 44. The light that has exited the 
phase spatial light modulator 44 becomes reproduction 
specific reference light having an identical phase for all the 
pixels, or reproduction-specific reference light that is spa 
tially modulated in phase. The light that has exited the phase 
spatial light modulator 44 is subjected to a rotation of the 
direction of polarization by 90° to become P-polarized light. 

0.138 Since the reproduction-specific reference light, 
which has exited the phase spatial light modulator 44, is 
P-polarized light, it is transmitted through the polarization 
beam splitter surface 48a of the prism block 48 and circu 
larly polarized through the quarter-wave plate 49. The 
reproduction-specific reference light is condensed by the 
objective lens 11 to irradiate the recording medium 1 with. 
The reproduction-specific reference light passes through the 
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information recording layer 3, converges to become mini 
mum in diameter on the interface between the air gap layer 
4 and the reflecting film 5, and is reflected by the reflecting 
film 5. Having been reflected by the reflecting film 5, the 
reproduction-specific reference light becomes divergent 
light to pass through the information recording layer 3 again. 
The reproduction-specific reference light causes reproduc 
tion light to be generated from the information recording 
layer 3. 

0.139. The return light from the recording medium 1 
includes the reproduction light and the reproduction-specific 
reference light. The return light is turned into parallel light 
through the objective lens 11, and S-polarized through the 
quarter-wave plate 49. The return light is reflected by the 
polarization beam splitter surface 48a of the prism block 48, 
further reflected by the reflecting surface 48b, and incident 
on the photodetector 45 through the microlens array 46. The 
information recorded on the recording medium 1 can be 
reproduced based on the output of the photodetector 45. 

0140. When reproducing information, while the light 
beam from the objective lens 11 passes through the address 
servo areas 6 of the recording medium 1, basic clock, 
address information, focus error signals and tracking error 
information can be obtained based on the output of the 
photodetector 45. 

0141. The phase spatial light modulator 44 may be one 
that causes no rotation in the direction of polarization of 
light. In this case, the polarization beam splitter Surface 48a 
of the prism block 48 in FIG. 10 is replaced with a 
semi-reflecting Surface. Alternatively, a quarter-wave plate 
may be provided between the prism block 48 and the phase 
spatial light modulator 44, so that the S-polarized light from 
the prism block 48 is converted into circularly-polarized 
light through the quarter-wave plate and incident on the 
phase spatial light modulator 44, and so that the circularly 
polarized light from the phase spatial light modulator 44 is 
converted into P-polarized light through the quarter-wave 
plate and transmitted through the polarization beam splitter 
surface 4.8a. The phase spatial light modulator that is 
capable of setting the phase of the outgoing light to any of 
three or more values for each pixel is not limited to the one 
using liquid crystal. For example, it may have such con 
figuration that micromirror devices are used to adjust the 
position of the reflecting surface in the traveling direction of 
the incident light for each pixel. 

0142 Next, with reference to FIG. 11, description will be 
given of an example of a method for producing focus error 
information in the present embodiment. FIG. 11 is an 
explanatory diagram showing the outline of incident light on 
the light-receiving surface of the photodetector 45. In the 
method for producing focus error information of this 
example, focus error information is produced based on the 
size of the outline of the incident light on the light-receiving 
surface of the photodetector 45 in the following manner. 
Initially, in a focused state where the light beam from the 
objective lens 11 converges to become minimum in diameter 
on the interface between the air gap layer 4 and the reflecting 
film 5 of the recording medium 1, the incident light on the 
light-receiving surface of the photodetector 45 shall have the 
outline designated by the reference numeral 60 in FIG. 11. 
If the position at which the light beam from the objective 
lens 11 has the minimum diameter shifts back from the 
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interface between the air gap layer 4 and the reflecting film 
5, the outline of the incident light on the light-receiving 
surface of the photodetector 45 decreases in diameter as 
shown by the reference numeral 61 in FIG. 11. On the other 
hand, if the position at which the light beam from the 
objective lens 11 has the minimum diameter shifts forward 
beyond the interface between the air gap layer 4 and the 
reflecting film 5, the outline of the incident light on the 
light-receiving surface of the photodetector 45 increases in 
diameter as shown by the reference numeral 62 in FIG. 11. 
Consequently, a focus error signal can be obtained by 
detecting a signal responsive to a change in the diameter of 
the outline of the incident light on the light-receiving Surface 
of the photodetector 45, with reference to the focused state. 
Specifically, for example, the focus error signal can be 
produced based on fluctuations in the number of pixels 
corresponding to a bright area in the light-receiving Surface 
of the photodetector 45 with reference to the focused state. 

0.143. In present the embodiment, the position of the 
optical head body 41 in a direction perpendicular to the 
recording medium 1 is adjusted based on the focus error 
signal So that the light beam is always in the focused State, 
thereby effecting focus servo. When the light beam passes 
through the information recording areas 7, no focus servo is 
performed and the State at the passing of the previous 
address servo area 6 is maintained. 

0144) Next, with reference to FIG. 12 and FIG. 13, 
description will be given of an example of a method for 
producing tracking error information and a method for 
tracking servo in the present embodiment. In this example, 
as shown in FIG. 12(a), the address servo areas 6 of the 
recording medium 1 have two pits 71A, a single pit 71B, and 
a single pit 71C that are formed in this order in a traveling 
direction of a light beam 72 along a track 70, as positioning 
information to be used for tracking servo. The two pits 71A 
are arranged at a position designated by the symbol A in 
FIG. 12, symmetrically across the track 70. The pit 71B is 
located at a position designated by the symbol B in FIG. 12, 
being shifted to one side with respect to the track 70. The pit 
71C is located at a position designated by the symbol C in 
FIG. 12, being shifted to the side opposite from the pit 71B. 
with respect to the track 70. 

0145 As shown in FIG. 12(a), in the case where the light 
beam 72 travels on the track 70 accurately, the respective 
total amounts of light received by the photodetector 45 at the 
time when the light beam 72 passes through the positions A, 
B, and C are as shown in FIG. 12(b). That is, the amount of 
light received is greatest at the time of passing through the 
position A, and the amounts of light received at the time of 
passing through the position B and at the time of passing 
through the position C are the same, which are lower than 
the amount at the time of passing through the position A. 

0146) On the other hand, as shown in FIG. 13(a), in the 
case where the light beam 72 travels off the track 70 with a 
deviation toward the pit 71C, the respective total amounts of 
light received by the photodetector 45 at the time when the 
light beam 72 passes through the positions A, B, and C are 
as shown in FIG. 13(b). That is, the amount of light received 
is greatest at the time of passing through the position A, 
second greatest at the time of passing through the position C, 
and Smallest at the time of passing through the position B. 
The absolute value of difference between the amounts of 
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light received at the time of passing through the position B 
and at the time of passing through the position C increases 
with increasing amount of deviation of the light beam 72 
from the track 70. 

0147 Although not shown, when the light beam 72 
travels off the track 70 with a deviation toward the pit 71B, 
the amount of light received is greatest at the time of passing 
through the position A, second greatest at the time of passing 
through the position B, and Smallest at the time of passing 
through the position C. The absolute value of difference 
between the amounts of light received at the time of passing 
through the position B and at the time of passing through the 
position C increases with increasing amount of deviation of 
the light beam 72 from the track 70. 
0148. From the foregoing, the direction and magnitude of 
deviation of the light beam 72 with respect to the track 70 
can be seen from a difference between the amounts of light 
received at the time of passing through the position B and at 
the time of passing through the position C. Consequently, 
the difference between the amounts of light received at the 
time of passing through the position B and at the time of 
passing through the position C can be used as a tracking 
error signal. The pits 71A serve as the reference of timing for 
detecting the amounts of light received at the time of passing 
through the position B and at the time of passing through the 
position C. 
0149 Specifically, the tracking servo in this example is 
performed in the following manner. Initially, the timing at 
which the total amount of light received by the photodetec 
tor 45 reaches a first peak, i.e., the timing of passing through 
the position A, is detected. Next, the timing of passing 
through the position B and the timing of passing through the 
position C are estimated with reference to the timing of 
passing through the position A. Next, the amount of light 
received at the time of passing through the position B and 
the amount of light received at the time of passing through 
the position C are detected at the respective estimated 
timing. Finally, a difference between the amounts of light 
received at the time of passing through the position B and at 
the time of passing through the position C is detected as a 
tracking error signal. Then, based on the tracking error 
signal, tracking servo is performed so that the light beam 72 
follows the track 70 all the time. However, when the light 
beam 72 passes through the information recording areas 7. 
no tracking servo is performed and the state at the time of 
passing through the previous address servo area 6 is main 
tained. 

0150. A method for producing the tracking error infor 
mation and a method for tracking servo in the present 
embodiment are not limited to the foregoing ones, but a 
push-pull method may also be used, for example. In this 
case, the address servo areas 6 are provided with a row of 
pits along the direction of the track, as positioning informa 
tion to be used for tracking servo, and then, a variation in the 
shape of light incident on the light-receiving Surface of the 
photodetector 45 is detected to produce tracking error infor 
mation. 

0151. Now, with reference to FIG. 14, description will be 
given of the operation of the optical head 40 at the time of 
recording information. FIG. 14 shows how a track TR and 
an irradiating position 101 of the information light and the 
recording-specific reference light move during information 
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recording. In FIG. 14, the symbol R represents the moving 
direction of the recording medium 1. Although for the sake 
of convenience FIG. 14 shows the irradiating position 101 
so as not to fall on the track TR, in fact the irradiating 
position 101 falls on the track TR. 
0152. In the present embodiment, as shown in FIG. 
14(a), the irradiating position 101 is moved off the neutral 
position in a direction (hereinafter referred to as leading 
direction) that is opposite to the moving direction R of the 
recording medium 1 before information is recorded in an 
information recording area 7 of the recording medium 1. 
Then, the irradiating position 101 passes through an address 
servo area 6, and the information recorded in the address 
servo area 6 is detected by the optical head 40. 
0153. Next, as shown in FIG. 14(b), when the irradiating 
position 101 has reached the end E1 of its moving range in 
the leading direction, the irradiating position 101 is then 
moved in the moving direction R of the recording medium 
1 (hereinafter referred to as lagging direction). Immediately 
after the start of movement of the irradiating position 101 in 
the lagging direction, the moving speed of the irradiating 
position 101 is lower than the moving speed of a desired 
information recording area 7 in which information is to be 
recorded. Hence, the irradiating position 101 finally overlaps 
the desired information recording area 7. 
0154 As shown in FIG. 14(c), when the irradiating 
position 101 overlaps the desired information recording area 
7, the moving speed of the irradiating position 101 is 
adjusted to become equal to the moving speed of the 
information recording area 7. Consequently, the irradiating 
position 101 is moved so as to follow the desired informa 
tion recording area 7. 

0.155) Next, as shown in FIG. 14(d), when the irradiating 
position 101 has reached the end E2 of its moving range in 
the lagging direction, the irradiating position 101 is then 
moved in the leading direction again to perform the opera 
tion shown in FIG. 14(a). In this way, the operations shown 
in FIG. 14(a)-(d) are repeated. 
0.156. As described above, in the present embodiment, the 
irradiating position 101 of the information light and the 
recording-specific reference light is moved Such that the 
irradiating position 101 follows a single moving information 
recording area 7 for a predetermined period. Consequently, 
the single information recording area 7 is kept being irra 
diated with the information light and the recording-specific 
reference light for the predetermined period. Information is 
thereby recorded in this information recording area 7 in the 
form of an interference pattern resulting from interference 
between the information light and the recording-specific 
reference light. Hereinafter, the period for which the irradi 
ating position 101 follows the information recording area 7 
is referred to as a follow-up period, while the other period 
is referred to as a catch-up period. 

O157 FIG. 15 shows the above-described movement of 
the irradiating position 101 on the coordinates with the 
absolute position on the abscissa and the time on the 
ordinate. As in the foregoing description, the symbols R, E1, 
and E2 in FIG. 15 represent the moving direction of the 
recording medium 1, the end of the moving range of the 
irradiating position 101 in the leading direction, and the end 
of the moving range of the irradiating position 101 in the 
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lagging direction. In FIG. 15, the symbol T1 represents the 
follow-up period, and the symbol T2 represents the catch-up 
period. 

0158 As shown in FIG. 15, in the present embodiment, 
a single information recording area 7 keeps being irradiated 
with the information light and the recording-specific refer 
ence light over the follow-up period T1. An interference 
pattern resulting from interference between the information 
light and the recording-specific reference light, i.e., an 
information-carrying hologram is thereby formed in the 
information recording area 7. In FIG. 15, the symbols H1 to 
H6 represent holograms which are recorded in this order. 
0159. The movement of the irradiating position 101 is 
effected by moving the head body 41 which includes the 
objective lens 11, or the point of emission of the information 
light and the recording-specific reference light, in a direction 
generally along the tracks. Here, FIG. 16 shows an example 
of changes in the position of the objective lens 11 and 
changes in the driving voltage of the coils 155 to 158 for 
moving the head body 41 in the direction generally along the 
tracks. In FIG. 16, (a) illustrates changes in the position of 
the objective lens 11, and (b) illustrates changes in the 
driving Voltage. 

0160 In the example shown in FIG. 16(a), for the 
follow-up period T1, the objective lens 11 moves at a 
constant speed that is equal to the moving speed of the 
information recording area 7. During the catch-up period T2. 
the objective lens 11 stops temporarily at the position of the 
end of the moving range in the lagging direction, and then 
starts moving in the leading direction. Reaching the end of 
the moving range in the leading direction, the objective lens 
11 stops temporarily at that position, and then starts moving 
in the lagging direction at a speed lower than the moving 
speed of the information recording area 7. 
0161 In the example shown in FIG. 16(b), the driving 
Voltage gives the head body 41 power for moving in the 
leading direction when it has a positive value. The driving 
Voltage gives the head body 41 power for moving in the 
lagging direction when it has a negative value. 

0162 Next, with reference to FIG. 17, description will be 
given of a method for adjusting the irradiating position 101 
of the information light and the recording-specific reference 
light to the position of a desired information recording area 
7. FIG. 17(c) shows three tracks TR1, TR2, and TR3. In 
each of the tracks, four information recording areas 7 are 
arranged between two adjacent address servo areas 6. In 
FIG. 17(c), the positions of these four information recording 
areas 7 are designated by the symbols a, b, c, and d. 

0163. In FIG. 17, (d) and (e) show the traces of the 
irradiating position 101 of the information light and the 
recording-specific reference light in performing recording 
on the tracks TR1 and TR2, respectively. In FIG. 17(d) and 
FIG. 17(e), the abscissa represents a relative position of the 
irradiating position 101 with respect to the tracks shown in 
FIG. 17(c), while the ordinate represents the time. In the 
present embodiment, during the catch-up period T2, the 
irradiating position 101 passes through an address servo area 
6 so that the information recorded in the address servo area 
6 is detected by the optical head 40. Based on the detection 
output of the optical head 40, the controller 90 in FIG. 2 
recognizes the addresses of the information recording areas 
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7 that lie between the address servo area 6 which the 
irradiating position 101 has just passed through and the next 
address servo area 6. While the irradiating position 101 
passes through an address servo area 6, a basic clock is 
generated based on the detection output of the optical head 
40. 

0164. The controller 90 selects an information recording 
area 7 to record information in, out of the four information 
recording areas 7 lying between two adjacent address servo 
areas 6. The positions of the four information recording 
areas 7 lying between the two adjacent address servo areas 
6, or the positions a to d in FIG. 17(c), can be determined 
by the time that is expressed using the basic clock mentioned 
above. In accordance with the position of the information 
recording area 7 to record information in, the controller 90 
changes the profile of the driving Voltage Such as the one 
shown in FIG. 16, thereby adjusting the irradiating position 
101 to the position of that information recording area 7. 

0.165. In the present embodiment, as shown in FIG. 17(d) 
and FIG. 17(e), information recording on a predetermined 
track is performed as follows. Initially, while the recording 
medium 1 makes a single turn, information is recorded in 
each of the information recording areas 7 that fall on the 
position a of FIG. 17 (c) on a single track. During the next 
turn, information is recorded in each of the information 
recording areas 7 that fall on the position b of FIG. 17 (c) 
on the same track. Subsequently, during the next turn, 
information is likewise recorded in each of the information 
recording areas 7 that fall on the position c of FIG. 17(c) on 
the same track. During the yet next turn, information is 
recorded in each of the information recording areas 7 that 
fall on the position d of FIG. 17(c) on the same track. When 
the recording of information on the information recording 
areas 7 lying in all the positions a to d on the single track is 
completed, recording is performed on the next track in the 
same manner. In FIG. 17(d) and FIG. 17(e), the traces of the 
irradiating position 101 for respective turns of the recording 
medium 1 are shown compressed in the direction of the time 
aX1S. 

0166 By the way, in the catch-up periods T2, the relative 
speed of the irradiating position 101 with respect to the 
recording medium 1 (address servo areas 6) varies in the 
order of an increase, constant, and decrease. In the case 
where the information recorded in the address servo areas 6 
is detected only in the periods where the relative speed of the 
irradiating position 101 is constant, the lengths of pits to be 
recorded in the address servo areas 6 and the lengths 
between two adjacent pits may be integer multiples of a 
reference length, for example. In this case, however, the 
address servo areas 6 cannot be made so great in length. 

0.167 If the information recorded in the address servo 
areas 6 is rendered detectable not only in the periods where 
the relative speed of the irradiating position 101 is constant 
but also in the periods where the relative speed of the 
irradiating position 101 increases or decreases, the address 
servo areas 6 can be made greater in length to record a 
greater amount of information in the address servo areas 6. 
In this case, however, the time of pits and the time between 
pits in the detection output of the optical head 40 vary 
depending on the relative speed of the irradiating position 
101 even if the lengths of the pits and the lengths between 
two adjacent pits are constant. Some measures are thus 
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required in order to generate accurate basic clocks and 
recognize the information recorded in the address servo 
areas 6 with accuracy. Hereinafter, two examples will be 
given of Such measures. 

0168 For a first measure, as shown in FIG. 17(a), the 
reference length to the lengths of the pits P to be recorded 
in the address servo areas 6 and to the lengths between two 
adjacent pits P is changed in proportion to the relative speed 
of the irradiating position 101. In FIG. 17(a), the center pit 
is a special pit indicating the center position of the address 
servo area 6. 

0169. For a second measure, as shown in FIG. 17(b), the 
reference length to the lengths of the pits P to be recorded 
in the address servo areas 6 and to the lengths between two 
adjacent pits P is unchanged while the signal processing 
circuit 89 in FIG. 2 converts the time of pits and the time 
between pits in the detection output of the optical head 40 
into actual lengths of the pits and actual lengths between the 
pits. 

0170 FIG. 18 shows a concrete example of changes in 
the length of a pit when the foregoing first measure is 
adopted. In FIG. 18, the ordinate shows the relative speed 
of the irradiating position 101 with respect to the recording 
medium 1 (address servo areas 6), and the abscissa shows 
the time. In FIG. 18, the symbols P1 to P8 represent the pits 
at the respective timing. The pits P1 to P8 shall be consid 
ered to have the same length in terms of signal processing. 
In FIG. 18, the symbol LP represents a change in the power 
of the semiconductor laser 43. In the first measure, the pits 
P1 to P8 have lengths proportional to the relative speed of 
the irradiating position 101. In the detection output of the 
optical head 40, the pits P1 to P8 are thus of constant time. 
Consequently, when the first measure is adopted, the lengths 
of pits and the lengths between pits can be recognized from 
the time of the pits and the time between the pits in the 
detection output of the optical head 40 as is, which allows 
recognition of the information recorded in the address servo 
areas 6. 

0171 FIG. 19 shows a concrete example of changes in 
the time of a pit and the time between pits when the 
foregoing second measure is adopted. FIG. 19 shows the 
case where the irradiating position 101 passes through a pit 
row having pits of constant length and constant intervals, in 
a period where the relative speed of the irradiating position 
101 decreases. In FIG. 19, (a) shows a reproduction signal 
RF outputted from the detection circuit 85 in FIG. 2; and (b) 
shows the system clock used in the optical information 
recording/reproducing apparatus. In (a), a high-level period 
corresponds to the period of a pit, and a low level period 
corresponds to the period between two adjacent pits. As 
shown in FIG. 190a), in the period where the relative speed 
of the irradiating position 101 decreases, the time of pits and 
the time between pits in the reproduction signal RF increase 
gradually even if the lengths of the pits and the lengths 
between the pits are constant. The signal processing circuit 
89 in FIG. 2 obtains the information on the relative speed of 
the irradiating position 101 from the controller 90, and 
multiplies the time of the pits and the time between the pits 
in the reproduction signal RF by the relative speed of the 
irradiating position 101 to determine the lengths of the pits 
and the lengths between the pits. The lengths of the pits and 
the lengths between the pits calculated in this way coincide 
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with the actual lengths of the pits and the actual lengths 
between the pits. Thus, when the second measure is adopted, 
the lengths of the pits and the lengths between the pits 
obtained by calculation can be used to recognize the infor 
mation recorded in the address servo areas 6. 

0.172. As has been described, in the present embodiment, 
the irradiating position of the information light and the 
recording-specific reference light is moved so as to follow a 
single moving information recording area 7 for a predeter 
mined period. As a result, the single information recording 
area 7 is kept being irradiated with the information light and 
the recording-specific reference light for the predetermined 
period. Therefore, according to the embodiment, it is pos 
sible to irradiate the information recording areas 7 with the 
information light and the recording-specific reference light 
for a sufficient time period to record information in the 
information recording areas 7 without causing a deviation 
between the information recording areas 7 and the irradiat 
ing position of the information light and the recording 
specific reference light. Consequently, according to the 
embodiment it is possible to record information in each of a 
plurality of information recording areas 7 through the use of 
holography with the semiconductor laser 43, which is a 
practical light source, while rotationally moving the record 
ing medium 1 having the plurality of information recording 
areas 7. 

0.173) In the present embodiment, the recording medium 
1 is provided with the address servo areas 6. The address 
servo areas 6 contain address information for identifying the 
individual information recording areas 7 and positioning 
information for adjusting the irradiating position of the 
information light, the recording-specific reference light, and 
the reproduction-specific reference light with respect to the 
individual information recording areas 7. The optical infor 
mation recording/reproducing apparatus detects the address 
information recorded in the address servo areas 6 and 
thereby identifies the individual information recording areas 
7. According to the present embodiment, it is thus easy to 
identify the individual information recording areas 7. In 
addition, the optical information recording/reproducing 
apparatus detects the positioning information recorded in the 
address servo areas 6, and thereby adjusts the irradiating 
position of the information light, the recording-specific 
reference light, and the reproduction-specific reference light 
with respect to the individual information recording areas 7. 
According to the present embodiment, the irradiating posi 
tion of the information light, the recording-specific reference 
light, and the reproduction-specific reference light can thus 
be easily adjusted to the individual information recording 
areas 7. 

0.174. In the present embodiment, for information record 
ing, the information recording layer 3 of the recording 
medium 1 is irradiated with the information light that is 
spatially modulated in phase based on information to be 
recorded, and the recording-specific reference light, so that 
the information is recorded on the information recording 
layer 3 in the form of an interference pattern resulting from 
interference between the information light and the record 
ing-specific reference light. For information reproduction, 
the information recording layer 3 is irradiated with the 
reproduction-specific reference light. Then, reproduction 
light thereby generated from the information recording layer 
3 is Superimposed on the reproduction-specific reference 
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light to produce composite light, and this composite light is 
detected to reproduce the information. 

0175 Consequently, according to the present embodi 
ment, the reproduction light and the reproduction-specific 
reference light need not be separated from each other at the 
time of information reproduction. Then, at the time of 
information recording, it is not necessary that the informa 
tion light and the recording-specific reference light form a 
predetermined angle therebetween when incident on the 
recording medium. In fact, in the embodiment, irradiation 
with the information light, the recording-specific reference 
light and the reproduction-specific reference light, and col 
lection of the reproduction light are performed on the same 
side of the information recording layer 3 such that the 
information light, the recording-specific reference light, the 
reproduction-specific reference light and the reproduction 
light are arranged coaxially. Accordingly, the present 
embodiment allows a compact configuration of the optical 
system for recording and reproduction. 

0176). In conventional methods for reproduction, the 
reproduction light and the reproduction-specific reference 
light are separated to detect the reproduction light alone. 
Hence, there has been a problem that the reproduced infor 
mation deteriorates in S/N ratio if the reproduction-specific 
reference light is also incident on the photodetector for 
detecting the reproduction light. On the contrary, in the 
present embodiment, both the reproduction light and the 
reproduction-specific reference light are used to reproduce 
information, and therefore the S/N ratio of the reproduced 
information cannot be deteriorated by the reproduction 
specific reference light. Consequently, the present embodi 
ment can improve the S/N ratio of the reproduced informa 
tion. 

0177 Moreover, according to the present embodiment, 
the information light, the recording-specific reference light, 
and the reproduction-specific reference light are all arranged 
coaxially and converge to become minimum in diameter at 
the same position. The optical system for recording and 
reproduction can thus be simplified in configuration. 

Second Embodiment 

0178 Next, description will be given of an optical infor 
mation recording/reproducing apparatus according to a sec 
ond embodiment of the invention. FIG. 20 is a plan view 
showing the driving mechanism of an optical head of the 
optical information recording/reproducing apparatus 
according to the present embodiment. The present embodi 
ment differs from the first embodiment as to the driving 
mechanism of the optical head. 

0179 The optical head 40 of the present embodiment has 
a fixed portion 201, a first movable portion 202, and a 
second movable portion 203. The fixed portion 201 is fixed 
to the body of the optical information recording/reproducing 
apparatus. Two rails 221 extending in a direction of the 
radius of the recording medium 1 (vertical direction in FIG. 
20) are attached to the body of the optical information 
recording/reproducing apparatus. The first movable portion 
202 is supported by the two rails 221 so as to be movable in 
a direction of the radius of the recording medium 1. The 
optical head 40 further has linear motors 222 for moving the 
first movable portion 202 with respect to the body of the 
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optical information recording/reproducing apparatus in a 
direction of the radius of the recording medium 1. 
0180. Two rails 231 extending in a direction tangential to 
the tracks (horizontal direction in FIG. 20) are attached to 
the first movable portion 202. The second movable portion 
203 is supported by the two rails 231 so as to be movable in 
a direction tangential to the tracks. The optical head 40 
further has linear motors 232 for moving the second mov 
able portion 203 with respect to the first movable portion 
202 in a direction tangential to the tracks. 
0181. A support plate 204 for supporting the objective 
lens 11 to be movable in a direction perpendicular to the 
Surface of the recording medium 1 (a direction orthogonal to 
the plane of the drawing sheet of FIG. 20) is attached to the 
second movable portion 203. The optical head 40 also has an 
actuator 241 for moving the objective lens 11 with respect to 
the second movable portion 203 in a direction perpendicular 
to the surface of the recording medium 1. 
0182. In the optical head 40 of the present embodiment, 
of the recording/reproducing optical system, the objective 
lens 11 is attached to the support plate 204, while most of the 
other parts are provided on the fixed portion 201. The first 
movable portion 202 and the second movable portion 203 
have a relay optical system for directing the light LB from 
the optical system provided on the fixed portion 201 to the 
objective lens 11 and for directing the light incident on the 
objective lens 11 from the recording medium 1 to the optical 
system provided on the fixed portion 201. FIG. 20 shows a 
mirror 223 which is fixed to the first movable portion 202 
and constitutes part of the relay optical system. 
0183 According to the optical head 40 of the present 
embodiment, the actuator 241 can change the position of the 
objective lens 11 in a direction perpendicular to the surface 
of the recording medium 1, thereby allowing focus servo. In 
addition, according to the optical head 40, the linear motors 
222 can change the position of the objective lens 11 in a 
direction of the radius of the recording medium 1, thereby 
allowing access to a desired track and tracking servo. 
Furthermore, according to the optical head 40, the linear 
motors 232 can change the position of the objective lens 11 
in a direction tangential to the tracks, i.e., in a direction 
generally along the tracks. This allows control of the irra 
diating position of the information light and the recording 
specific reference light to follow the information recording 
areas 7. The linear motors 232 correspond to the irradiating 
position moving device of the invention. 
0.184 The actuator 241 is driven by the focus servo 
circuit 86 shown in FIG. 2. The linear motors 222 are driven 
by the tracking servo circuit 87 and the slide servo circuit 88 
shown in FIG. 2. The linear motors 232 are driven by the 
follow-up control circuit 94 shown in FIG. 2. 
0185. In the present embodiment, the driving device 84 
shown in FIG. 2 is not provided because the optical head 40 
has the function of the driving device 84. The present 
embodiment is not provided with the function of correcting 
the relative inclination between the recording medium 1 and 
the optical head 40. Thus, the inclination correction circuit 
93 shown in FIG. 2 is not provided. 
0186 The remainder of the configuration, operations, and 
effects of the present embodiment are the same as those of 
the first embodiment. 
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Third Embodiment 

0187 Next, description will be given of an optical infor 
mation recording/reproducing apparatus according to a third 
embodiment of the invention. FIG. 21 is an explanatory 
diagram showing essential parts of a recording/reproducing 
optical system of the optical information recording/repro 
ducing apparatus according to the present embodiment. 

0188 First, with reference to FIG. 21, description will 
given of a configuration of a recording medium according to 
the present embodiment. The recording medium 301 accord 
ing to the present embodiment is disk-shaped and has a 
plurality of tracks, like the recording medium 1 of the first 
embodiment. Each of the tracks has a plurality of address 
servo areas 306 arranged at regular intervals. One or more 
information recording areas 307 are provided between adja 
cent ones of the address servo areas 306. 

0189 The recording medium 301 comprises two disk 
shaped transparent substrates 302 and 304 made of polycar 
bonate or the like, an information recording layer 303 
provided between the transparent substrates 302 and 304, 
and a protective layer 305 provided to be adjacent to a 
surface of the transparent substrate 302 opposite to the 
information recording layer 303. 
0190. The information recording layer 303 is a layer on 
which information is recorded through the use of hologra 
phy, and is made of the same hologram material as that for 
the information recording layer 3 of the recording medium 
1 of the first embodiment. 

0191 In the recording medium 301, the surface of the 
protective layer 305 opposite to the transparent substrate 302 
(the lower surface in FIG. 21) acts as a first surface 301a on 
which recording-specific reference light and reproduction 
specific reference light are incident and from which repro 
duction light exits. The surface of the transparent substrate 
304 opposite to the information recording layer 303 (the 
upper surface in FIG. 21) acts as a second surface 301b on 
which information light carrying information to be recorded 
is incident. 

0192 In the address servo areas 306, emboss pits for 
expressing address information and the like are formed in 
the interface between the transparent substrate 302 and the 
protective layer 305. Focus servo may also be performed by 
using the interface between the transparent substrate 302 and 
the protective layer 305. 
0193 As shown in FIG. 22, the recording medium 301 
may be designed Such that the emboss pits for expressing 
address information and the like are formed in the interface 
between the transparent substrate 302 and the information 
recording layer 303 in the address servo areas 306. In this 
case, the protective layer 305 is unnecessary. 

0194 Now, with reference to FIG. 21, description will be 
given of essential parts of the recording/reproducing optical 
system of the optical information recording/reproducing 
apparatus according to the present embodiment. The record 
ing/reproducing optical system has an objective lens 321 
that faces toward the transparent substrate 304 of the record 
ing medium 301, and a quarter-wave plate 322 and a 
polarization beam splitter 323 that are arranged in this order 
from the objective lens 321, on a side of the objective lens 
321 opposite from the recording medium 301. The polar 
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ization beam splitter 323 has a polarization beam splitter 
surface 323a for reflecting S-polarized light and transmitting 
P-polarized light. The polarization beam splitter surface 
323a forms 45° with the surface of the recording medium 
301. In the polarization beam splitter 323, the surface on the 
right side in FIG. 21 serves as an information light incidence 
surface 323b. The recording/reproducing optical system 
further has a spatial light modulator 327 which is disposed 
on the optical path of light incident on the information light 
incidence surface 323b of the polarization beam splitter 323. 
The spatial light modulator 327 has a number of pixels 
arranged in a matrix, and is capable of generating informa 
tion light that carries information by spatially modulating 
the intensity of outgoing light, by selecting, for example, a 
light-transmitting state or a light-blocking state for each of 
the pixels. For example, a liquid crystal device may be used 
as the spatial light modulator 327. 
0.195 The recording/reproducing optical system further 
has an objective lens 331 that faces toward the protective 
layer 305 of the recording medium 301, and a quarter-wave 
plate 332, a polarization beam splitter 333, and a photode 
tector 334 that are arranged in this order from the objective 
lens 331, on a side of the objective lens 331 opposite from 
the recording medium 301. The polarization beam splitter 
333 has a polarization beam splitter surface 333a for reflect 
ing S-polarized light and transmitting P-polarized light. The 
polarization beam splitter surface 333a forms 45° with the 
surface of the recording medium 301. In the polarization 
beam splitter 333, the surface on the right side in FIG. 21 
serves as a reference light incidence surface 333b. The 
recording/reproducing optical system further has a phase 
spatial light modulator 338 which is disposed on the optical 
path of light incident on the reference light incidence Surface 
333b of the polarization beam splitter 333. The phase spatial 
light modulator 338 has a number of pixels arranged in a 
matrix, and is capable of spatially modulating the phase of 
light by selecting the phase of outgoing light from between 
two values or from among three or more values for each of 
the pixels. 
0196) The photodetector 334 has a number of pixels 
arranged in a matrix, and is capable of detecting the intensity 
of light received by each pixel. A CCD type solid state image 
pick-up device, a MOS type solid state image pick-up 
device, or a Smart optical sensor may be used for the 
photodetector 334. 
0.197 A general configuration of the recording/reproduc 
ing optical system of the optical information recording/ 
reproducing apparatus according to the present embodiment 
will now be described with reference to FIG. 23. 

0198 Initially, description will be given of the parts of 
the recording/reproducing optical system related to infor 
mation light. The recording/reproducing optical system has 
the objective lens 321, the quarter-wave plate 322, and the 
polarization beam splitter 323 described above. The record 
ing/reproducing optical system further has a convex lens 
324, a pinhole 325, a convex lens 326, and the spatial light 
modulator 327 that are arranged in this order from the 
polarization beam splitter 323 on the optical path of light 
incident on the information light incidence surface 323b of 
the polarization beam splitter 323. 

0199 The convex lens 324 and the convex lens 326 have 
the same focal length. The focal length shall be indicated by 
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fs. The center of the convex lens 324, the pin hole 325, the 
center of the convex lens 326, and the image forming plane 
of the spatial light modulator 327 are arranged at intervals of 
the focal length fs. Thus, parallel beams having passed 
through the spatial light modulator 327 are collected by the 
convex lens 326 to become minimum in diameter at the 
position of the pin hole 325, and pass through the pin hole 
325. The light having passed through the pin hole 325 
becomes diverging light, and is incident on the convex lens 
324. It then becomes parallel beams to be incident on the 
information light incidence surface 323b of the polarization 
beam splitter 323. An image plane 351 conjugate to the 
image forming plane of the spatial light modulator 327 is 
formed between the convex lens 324 and the polarization 
beam splitter 323 at a distance of the focal length fs from the 
center of the convex lens 324. 

0200 Where f1 represents a distance between the center 
of the polarization beam splitter 323 and the image plane 
351, f2 represents a distance between the center of the 
polarization beam splitter 323 and the center of the objective 
lens 321, and frepresents the focal length of the objective 
lens 321, there holds fifl+f2. The interface between the 
transparent substrate 302 and the protective layer 305 of the 
recording medium 301 is located at a distance of the focal 
length f from the center of the objective lens 321. With such 
a configuration, it is possible to locate the spatial light 
modulator 327 at a distance from the objective lens 321, 
which allows greater design flexibility in the optical system. 

0201 Now, description will be given of the parts of the 
recording/reproducing optical system related to recording 
specific reference light, reproduction-specific reference 
light, and reproduction light. The recording/reproducing 
optical system has the objective lens 331, the quarter-wave 
plate 332, the polarization beam splitter 333, and the pho 
todetector 334 described previously. The recording/repro 
ducing optical system further has a polarization beam split 
ter 335 which is disposed on the optical path of light incident 
on the reference light incidence surface 333b of the polar 
ization beam splitter 333. The polarization beam splitter 335 
has a polarization beam splitter surface 335a for reflecting 
S-polarized light and transmitting P-polarized light. The 
polarization beam splitter surface 335a lies in parallel with 
the polarization beam splitter surface 333a of the polariza 
tion beam splitter 333. 
0202 The recording/reproducing optical system further 
has a convex lens 336, a concave lens 337, and the phase 
spatial light modulator 338 that are arranged in this order 
from the polarization beam splitter 335, below the polariza 
tion beam splitter 335 in FIG. 23. The phase spatial light 
modulator 338 is of reflection type. An image plane 352 
conjugate to the image forming plane of the phase spatial 
light modulator 338 is formed between the polarization 
beam splitter 335 and the polarization beam splitter 333. 

0203 The distance between the center of the polarization 
beam splitter 333 and the image plane 352 is fl, the same as 
the distance between the center of the polarization beam 
splitter 323 and the image plane 351. The distance between 
the center of the polarization beam splitter 333 and the 
center of the objective lens 331 is f2, the same as the 
distance between the center of the polarization beam splitter 
323 and the center of the objective lens 321. The focal length 
of the objective lens 331 is f, the same as the focal length of 
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the objective lens 321. The interface between the transparent 
substrate 302 and the protective layer 305 of the recording 
medium 301 is located at a distance of the focal length f from 
the center of the objective lens 331. With such a configu 
ration, it is possible to locate the phase spatial light modu 
lator 338 at a distance from the objective lens 331, which 
allows greater design flexibility in the optical system. 
0204. Above the polarization beam splitter 335 in FIG. 
23, the recording/reproducing optical system further has a 
mirror 339 disposed to form 90° with respect to the polar 
ization beam splitter surface 335a, and a mirror 340 dis 
posed in parallel with the mirror 339. 
0205 Now, description will be given of the parts of the 
recording/reproducing optical system common to the infor 
mation light, the recording-specific reference light, and the 
reproduction-specific reference light. The recording/repro 
ducing optical system has a semiconductor laser 342 that 
emits coherent linearly polarized laser light, and a collimator 
lens 343, a mirror 344, a rotation-causing optical element 
345, and a polarization beam splitter 346 that are arranged 
in this order from the semiconductor laser 342 on the optical 
path of the light emitted from the semiconductor laser 342. 
For example, a half-wave plate or an optical rotation plate is 
used as the rotation-causing optical element 345. The polar 
ization beam splitter 346 has a polarization beam splitter 
surface 346a for reflecting S-polarized light and transmitting 
P-polarized light. 
0206 For plain representation of the essential parts of the 
recording/reproducing optical system shown in FIG. 23. 
FIG. 21 shows the spatial light modulator 327 as being 
located at the position of the image plane 351 and the phase 
spatial light modulator 338 as being transmission type and 
located at the position of the image plane 352. 
0207. Description will now be given of the outline of 
operation of the recording/reproducing optical system 
shown in FIG. 23. The semiconductor laser 342 emits 
S-polarized linear light or P-polarized linear light. The 
collimator lens 343 collimates the light emitted by the 
semiconductor laser 342 into parallel beams for exit there 
from. The rotation-causing optical element 345 optically 
rotates the light that has exited the collimator lens 343 and 
has been reflected by the mirror 344, to emit light including 
S-polarized components and P-polarized components. 
0208. The S-polarized components of the light having 
exited the rotation-causing optical element 345 are reflected 
by the polarization beam splitter surface 346a of the polar 
ization beam splitter 346 to be incident on the spatial light 
modulator 327. The spatial light modulator 327 spatially 
modulates the intensity of the light to generate information 
light. The information light having exited the spatial light 
modulator 327 passes through the convex lens 326, the pin 
hole 325, and the convex lens 324 in succession, and is 
reflected by the polarization beam splitter surface 323a of 
the polarization beam splitter 323 to be incident on the 
quarter-wave plate 322. The information light having passed 
through the quarter-wave plate 322 becomes circularly 
polarized light, is collected by the objective lens 321, and is 
applied to the recording medium 301 while converging to 
become minimum in diameter on the interface between the 
transparent substrate 302 and the protective layer 305. The 
optical system consisting of the convex lens 326, the pin 
hole 325, and the convex lens 324 may exercise spatial 
filtering. 
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0209. On the other hand, the P-polarized components of 
the light having exited the rotation-causing optical element 
345 are transmitted through the polarization beam splitter 
surface 346a of the polarization beam splitter 346, reflected 
by the mirrors 340 and 339, transmitted through the polar 
ization beam splitter surface 335a of the polarization beam 
splitter 335, pass through the convex lens 336 and the 
concave lens 337, and impinge on the phase spatial light 
modulator 338 as parallel beams. For example, the phase 
spatial light modulator 338 sets the phase of outgoing light 
to either of two values differing by JC (rad) from each other 
for each pixel, thereby spatially modulating the phase of the 
light. The light modulated by the phase spatial light modu 
lator 338 serves as recording-specific reference light or 
reproduction-specific reference light. Furthermore, the 
phase spatial light modulator 338 rotates the direction of 
polarization of outgoing light by 90° with respect to the 
direction of polarization of incident light. The light that exits 
the phase spatial light modulator 338 thus becomes S-po 
larized light. The light having exited the phase spatial light 
modulator 338 passes through the concave lens 337 and the 
convex lens 336, is reflected by the polarization beam 
splitter surface 335a of the polarization beam splitter 335, 
and is further reflected by the polarization beam splitter 
surface 333a of the polarization beam splitter 333 to be 
incident on the quarter-wave plate 332. The light having 
passed through the quarter-wave plate 332 becomes circu 
larly polarized light, is collected by the objective lens 331, 
and is applied to the recording medium 301 while converg 
ing to become minimum in diameter on the interface 
between the transparent substrate 302 and the protective 
layer 305. 
0210 Return light that results when the light applied to 
the recording medium 301 by the objective lens 331 is 
reflected off the interface between the transparent substrate 
302 and the protective layer 305, or reproduction light that 
occurs from the information recording layer 303 according 
to the reproduction-specific reference light applied to the 
recording medium 301 by the objective lens 331 is colli 
mated through the objective lens 331, passes through the 
quarter-wave plate 332 to become P-polarized light, and 
passes through the polarization beam splitter surface 333a of 
the polarization beam splitter 333 to be incident on the 
photodetector 334. 
0211 When the recording medium 301 is configured as 
shown in FIG. 22, the light from the objective lens 321 and 
the light from the objective lens 331 are both applied to the 
recording medium 301 while converging to become mini 
mum in diameter on the interface between the transparent 
substrate 302 and the information layer 303. 
0212 Next, with reference to FIG. 24, description will be 
given of the configuration of the optical information record 
ing/reproducing apparatus according to the present embodi 
ment. The optical information recording/reproducing appa 
ratus 310 has an optical head lower portion 40A, an optical 
head upper portion 40B, and a fixed portion 40C instead of 
the optical head 40 and the driving device 84 in the optical 
information recording/reproducing apparatus 10 according 
to the first embodiment which is shown in FIG. 2. The 
optical head lower portion 40A is placed under the recording 
medium 301 to irradiate the recording medium 301 with 
recording-specific reference light or reproduction-specific 
reference light and to collect reproduction light. The optical 
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head upper portion 40B is placed over the recording medium 
301 to irradiate the recording medium 301 with information 
light. The fixed portion 40C is fixed to the body of the 
optical information recording/reproducing apparatus 310. 

0213 Among the components of the recording/reproduc 
ing optical system shown in FIG. 23, the optical head lower 
portion 40A contains the objective lens 331, the quarter 
wave plate 332, the polarization beam splitter 333, the 
photodetector 334, the polarization beam splitter 335, the 
convex lens 336, the concave lens 337, the phase spatial 
light modulator 338, and the mirror 339. Among the com 
ponents of the recording/reproducing optical system shown 
in FIG. 23, the optical head upper portion 40B contains the 
objective lens 321, the quarter-wave plate 322, the polar 
ization beam splitter 323, the convex lens 324, the pin hole 
325, the convex lens 326, and the phase spatial light modu 
lator 327. The fixed portion 40C contains the semiconductor 
laser 342, the collimator lens 343, the mirror 344, the 
rotation-causing optical element 345, the polarization beam 
splitter 346, and the mirror 340. 
0214) The optical head lower portion 40A and the optical 
head upper portion 40B are each driven by the same driving 
mechanism as that of the optical head 40 shown in FIG. 20. 
while maintaining an opposite positional relationship with 
each other with the recording medium 301 in between. In the 
present embodiment, the driving device 84 shown in FIG. 2 
is not provided because the optical head lower portion 40A 
and the optical head upper portion 40B each have the 
function of the driving device 84. The present embodiment 
is not provided with the function of correcting the relative 
inclinations of the recording medium 301 to the optical head 
lower portion 40A and the optical head upper portion 40B. 
Thus, the inclination correction circuit 93 shown in FIG. 2 
is not provided. The circuit configuration of the optical 
information recording/reproducing apparatus 310 is other 
wise the same as that of the optical information recording/ 
reproducing apparatus 10 shown in FIG. 2. 

0215 According to the optical head lower portion 40A 
and the optical head upper portion 40B of the present 
embodiment, the actuator 241 in FIG. 20 can change the 
positions of the objective lenses 321, 331 in a direction 
perpendicular to the surface of the recording medium 301, 
thereby allowing focus servo. Additionally, according to the 
optical head lower portion 40A and the optical head upper 
portion 40B, the linear motors 222 in FIG. 20 can change 
the positions of the objective lenses 321, 331 in a direction 
of the radius of the recording medium 301, thereby allowing 
access to a desired track and tracking servo. Furthermore, 
according to the optical head lower portion 40A and the 
optical head upper portion 40B, the linear motors 232 can 
change the positions of the objective lenses 321, 331 in a 
direction tangential to the tracks, i.e., in a direction generally 
along the tracks. This allows control of the irradiating 
position of the information light and the recording-specific 
reference light to follow the information recording areas 
3.07. 

0216) The semiconductor laser 342, the spatial light 
modulator 327, and the phase spatial light modulator 338 are 
controlled by the controller 90 shown in FIG. 24. The 
controller 90 holds information on a plurality of modulation 
patterns for spatially modulating the phase of light with the 
phase spatial light modulator 338. The operating portion 91 



US 2006/O140074 A1 

can select any one of the plurality of modulation patterns. 
Then, the controller 90 supplies the information on a modu 
lation pattern selected by itself according to predetermined 
conditions or a modulation pattern selected by the operating 
portion 91 to the phase spatial light modulator 338. In 
accordance with the information on the modulation pattern 
supplied by the controller 90, the phase spatial light modu 
lator 338 spatially modulates the phase of light in the 
corresponding modulation pattern. 
0217 Servo, information recording, and information 
reproducing operations of the optical information recording/ 
reproducing apparatus according to the embodiment will 
now be separately described in Succession. 
0218. The servo operation will now be described with 
reference to FIG. 23 and FIG. 25. FIG.25 is an explanatory 
diagram showing a state of the essential parts of the record 
ing/reproducing optical system during the servo operation. 
During the servo operation, all the pixels of the spatial light 
modulator 327 are brought into a blocking state. The phase 
spatial light modulator 338 is set Such that light passing 
through every pixel thereof has the same phase. The power 
of light emitted by the semiconductor laser 342 is set to a 
low level suitable for reproduction. The controller 90 pre 
dicts the timing at which light that has exited the objective 
lens 331 passes through the address servo areas 306 based on 
the basic clock reproduced from the reproduction signal RF, 
and maintains the foregoing setting while the light that has 
exited the objective lens 331 passes through the address 
servo areas 306. 

0219. The light emitted by the semiconductor laser 342 is 
collimated by the collimator lens 343 and passes through the 
mirror 344 and the rotation-causing optical element 345 to 
be incident on the polarization beam splitter 346. S-polar 
ized components of the light incident on the polarization 
beam splitter 346 are reflected by the polarization beam 
splitter surface 346a and are blocked by the spatial light 
modulator 327. 

0220 P-polarized components of the light incident on the 
polarization beam splitter 346 are transmitted through the 
polarization beam splitter Surface 346a, pass through the 
mirrors 340 and 339, are transmitted through the polariza 
tion beam splitter surface 335a of the polarization beam 
splitter 335, pass through the convex lens 336 and the 
concave lens 337, and are incident on the phase spatial light 
modulator 338. Since the phase spatial light modulator 338 
rotates the direction of polarization of outgoing light by 90° 
with respect to the direction of polarization of incident light, 
the light that exits the phase spatial light modulator 338 
becomes S-polarized light. The light that has exited the 
phase spatial light modulator 338 passes through the con 
cave lens 337 and the convex lens 336, is reflected by the 
polarization beam splitter surface 335a of the polarization 
beam splitter 335, and is further reflected by the polarization 
beam splitter surface 333a of the polarization beam splitter 
333 to impinge on the quarter-wave plate 332. The light 
having passed through the quarter-wave plate 332 becomes 
circularly polarized light, is collected by the objective lens 
331, and is applied to the recording medium 301 while 
converging to become minimum in diameter on the interface 
between the transparent substrate 302 and the protective 
layer 305. 
0221 Return light that is generated when the light 
applied to the recording medium 301 by the objective lens 
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331 is reflected off the interface between the transparent 
substrate 302 and the protective layer 305 is collimated 
through the objective lens 331, passes through the quarter 
wave plate 332 to become P-polarized light, and passes 
through the polarization beam splitter surface 333a of the 
polarization beam splitter 333 to impinge on the photode 
tector 334. Based on the output of the photodetector 334, the 
detection circuit 385 generates a focus error signal FE, a 
tracking error signal TE, and a reproduction signal RF. 
Focus servo and tracking servo are performed, the basic 
clock is reproduced, and addresses are determined based on 
these signals. 
0222 For the above-described setting for the servo opera 
tion, the configuration of the optical head lower portion 40A 
is similar to that of the optical head for recording and 
reproduction on a typical optical disk. Thus, the optical 
information recording/reproducing apparatus of the embodi 
ment allows recording and reproduction using a typical 
optical disk. 
0223) An information recording operation will now be 
described with reference to FIG. 23 and FIG. 26. FIG. 26 
is an explanatory diagram showing a state of the essential 
parts of the recording/reproducing optical system during the 
recording operation. During the recording operation, the 
spatial light modulator 327 spatially modulates the intensity 
of light passing therethrough by selecting a transmitting 
state (hereinafter also referred to as ON) or a blocking state 
(hereinafter also referred to as OFF) for each pixel according 
to the information to be recorded, to thereby generate 
information light. The phase spatial light modulator 338 
spatially modulates the phase of light passing therethrough 
by selectively giving the light a phase difference of either 0 
(rad) or at (rad) from a predetermined reference phase for 
each pixel according to a predetermined modulation pattern, 
to thereby generate recording-specific reference light having 
a spatially modulated phase. 
0224. The controller 90 supplies the information on the 
modulation pattern selected by itself in accordance with 
predetermined conditions or the modulation pattern selected 
by the operating portion 91 to the phase spatial light modu 
lator 338, and the phase spatial light modulator 338 spatially 
modulates the phase of light passing therethrough in accor 
dance with the information on the modulation pattern Sup 
plied by the controller 90. 
0225. The power of light emitted by the semiconductor 
laser 342 is set to reach high levels on a pulse basis suitable 
for recording. Under the control of the controller 90, while 
the light that has exited the objective lenses 321 and 331 
passes through an area other than the address servo areas 
306, neither focus servo nor tracking servo is performed. 
0226. The light emitted by the semiconductor laser 342 is 
collimated by the collimator lens 343 and passes through the 
mirror 344 and the rotation-causing optical element 345 to 
be incident on the polarization beam splitter 346. S-polar 
ized components of the light incident on the polarization 
beam splitter 346 are reflected by the polarization beam 
splitter Surface 346a and pass through the spatial light 
modulator 327, at which time the light is spatially modulated 
in intensity in accordance with the information to be 
recorded, to become information light. This information 
light passes through the convex lens 326, the pin hole 325, 
and the convex lens 324 in succession, and is reflected by the 
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applied to the recording medium 301 while converging to 
become minimum in diameter on the interface between the 
transparent substrate 302 and the protective layer 305. As 
shown in FIG. 27, the reproduction-specific reference light 
passes through the information recording layer 303 in the 
recording medium 301 while diverging. 
0237 Upon application of the reproduction-specific ref 
erence light, reproduction light that corresponds to the 
information light used for recording is generated in the 
information recording layer 303. The reproduction light 
travels toward the transparent substrate 302 while converg 
ing, becomes minimum in diameter on the interface between 
the transparent substrate 302 and the protective layer 305, 
and exits the recording medium 301 while diverging. Then, 
the light is collimated through the objective lens 331, passes 
through the quarter-wave plate 332 to become P-polarized 
light, and passes through the polarization beam splitter 
surface 333a of the polarization beam splitter 333 to 
impinge on the photodetector 334. 

0238. On the photodetector 334 is formed an image of the 
ON/OFF pattern caused by the spatial light modulator 327 in 
the recording operation, so that information is reproduced by 
detecting this pattern. When a plurality of pieces of infor 
mation are recorded in the information recording layer 303 
on a multiplex basis by changing modulation patterns of the 
recording-specific reference light, among the plurality of 
pieces of information, the one corresponding to the modu 
lation pattern of the reproduction-specific reference light is 
only reproduced. 

0239). In this way, for reproduction, the reproduction 
specific reference light is applied to the recording medium 
301 to converge to become minimum in diameter on the 
interface between the transparent substrate 302 and the 
protective layer 305. The application of the reproduction 
specific reference light and the collection of the reproduction 
light are performed on the incidence side for the recording 
specific reference light on the recording medium 301. The 
reproduction-specific reference light and the reproduction 
light are arranged coaxially. 

0240 AS has been described, in the present embodiment, 
the optical head upper portion 40B and the optical head 
lower portion 40A move the irradiating position of the 
information light and the recording-specific reference light 
Such that the irradiating position of the information light and 
the recording-specific reference light follows a single mov 
ing information recording area 307 for a predetermined 
period. As a result, the single information recording area 307 
is kept being irradiated with the information light and the 
recording-specific reference light for the predetermined 
period. 

0241 Moreover, according to the present embodiment, 
the information light, the recording-specific reference light, 
and the reproduction-specific reference light are all arranged 
coaxially and converge to become minimum in diameter at 
the same position. The optical system for recording and 
reproduction can thus be simplified in configuration. 

0242. According to the embodiment, the information 
light can carry information using the entire cross section of 
the beam thereof. Likewise, the reproduction light can also 
carry information using the entire cross section of the beam 
thereof. 
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0243 From the foregoing, the embodiment makes it 
possible to record and reproduce information through the 
use of holography and to simplify the configuration of the 
optical system for recording and reproduction without caus 
ing a reduction in the amount of information. 
0244. In the embodiment, the recording medium 301 is 
provided with positioning areas (address servo areas 306) in 
which information for alignment of the information light, 
the recording-specific reference light, and the reproduction 
specific reference light is recorded. The recording/reproduc 
ing optical system applies the information light, the record 
ing-specific reference light, and the reproduction-specific 
reference light to the recording medium 301, letting them 
converge to become minimum in diameter at the position 
where the positioning areas are provided. The positioning 
areas are irradiated with light that converges, like the 
recording-specific reference light and the reproduction-spe 
cific reference light, to become minimum in diameter at the 
position where the positioning areas are provided, and return 
light from the positioning areas is detected. It is thereby 
possible to position the information light, the recording 
specific reference light, and the reproduction-specific refer 
ence light by using the information recorded in the posi 
tioning areas. Thus, the embodiment allows precise 
positioning of the information light, the recording-specific 
reference light, and the reproduction-specific reference light 
with respect to the recording medium 301 without compli 
cating the configuration of the recording/reproducing optical 
System. 

0245) Furthermore, in the embodiment, because the posi 
tioning areas are located on the incidence side for the 
recording-specific reference light with respect to the infor 
mation recording layer 303, return light from the positioning 
areas will not pass through the information recording layer 
303. This prevents the light used for positioning from being 
disturbed by the information recording layer 303, and it is 
thus possible to prevent deterioration in the reproduction 
accuracy of the information for positioning. 
0246 The remainder of the configuration, operations, and 
effects of the present embodiment are the same as those of 
the first or second embodiment. 

Fourth Embodiment 

0247 Now, description will be given of an optical infor 
mation recording/reproducing apparatus according to a 
fourth embodiment of the invention. FIG. 28 is an explana 
tory diagram showing a general configuration of a recording/ 
reproducing optical system of the optical information 
recording/reproducing apparatus according to the present 
embodiment. 

0248. In the present embodiment, information light is 
generated by spatially modulating the phase of light based 
on the information to be recorded. The recording/reproduc 
ing optical system of the embodiment has a phase spatial 
light modulator 347 instead of the spatial light modulator 
327 in FIG. 23. Besides, a shutter 348 for selecting a 
light-transmitting state or a light-blocking state is provided 
between the phase spatial light modulator 347 and the 
polarization beam splitter 346. The phase spatial light modu 
lator 347 has a number of pixels arranged in a matrix, and 
is capable of spatially modulating the phase of light by 
selecting the phase of outgoing light from between two 
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values or from among three or more values for each of the 
pixels. For example, a liquid crystal device may be used for 
the phase spatial light modulator 347. The shutter 348 may 
also be a liquid crystal device. 
0249 Servo, information recording, and information 
reproducing operations of the optical information recording/ 
reproducing apparatus according to the embodiment will 
now be separately described in Succession. 
0250) The servo operation will now be described. During 
the servo operation, the shutter 348 is brought into a 
blocking state. The remainder of the servo operation is the 
same as in the third embodiment. 

0251 Now, with reference to FIG. 29, a recording opera 
tion will be described for situations where information is 
recorded using information light whose phase is spatially 
modulated and recording-specific reference light whose 
phase is not spatially modulated. FIG. 29 is an explanatory 
diagram showing the state of essential parts of the recording/ 
reproducing optical system during the recording operation. 
During the recording operation, the shutter 348 is brought 
into a transmitting state. The phase spatial light modulator 
347 spatially modulates the phase of light by selecting the 
phase of outgoing light from between two values or from 
among three or more values for each pixel according to the 
information to be recorded. Here, for ease of explanation, 
the phase spatial light modulator 347 shall spatially modu 
late the phase of the light by setting the phase of the outgoing 
light to either a first phase having a phase difference of +7L/2 
(rad) from a predetermined reference phase or a second 
phase having a phase difference of -1/2 (rad) from the 
reference phase for each pixel. The phase difference between 
the first phase and the second phase is at (rad). In this way, 
information light having a spatially modulated phase is 
generated. The information light locally drops in intensity at 
the borders between first-phase pixels and second-phase 
pixels. 

0252. As in the third embodiment, the information light 
is collected by the objective lens 321 and applied to the 
recording medium 301 while converging to become mini 
mum in diameter on the interface between the transparent 
substrate 302 and the protective layer 305. Then, the infor 
mation light passes through the information recording layer 
303 in the recording medium 301 while converging. 
0253 Here, the phase spatial light modulator 338 gener 
ates recording-specific reference light by setting the phase of 
outgoing light to the first phase having a phase difference of 
+JL/2 (rad) from the predetermined reference phase for every 
pixel, without spatially modulating the phase of the light. 
The phase spatial light modulator 338 may set the phase of 
the outgoing light for every pixel to the second phase or a 
certain phase different from both the first phase and the 
second phase. 
0254. In FIG. 29, the symbol “+” represents the first 
phase, and the symbol “- the second phase. FIG. 29 also 
shows the maximum value of intensity as “1”, and the 
minimum value of intensity as “0”. 
0255 As in the third embodiment, the recording-specific 
reference light is collected by the objective lens 331 and 
applied to the recording medium 301 while converging to 
become minimum in diameter on the interface between the 
transparent substrate 302 and the protective layer 305. Then, 
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the recording-specific reference light passes through the 
information recording layer 303 in the recording medium 
301 while diverging. 

0256 As in the third embodiment, the information light 
and the recording-specific reference light interfere with each 
other to form an interference pattern in the information 
recording layer 303. When the power of the light emitted by 
the semiconductor laser 342 has reached a high level suit 
able for recording, the interference pattern is volumetrically 
recorded in the information recording layer 303 to form a 
reflection-type (Lippmann-type) hologram. 

0257). Now, with reference to FIG. 30, an operation for 
reproducing information that is recorded using the informa 
tion light whose phase is spatially modulated and the record 
ing-specific reference light whose phase is not spatially 
modulated. FIG. 30 is an explanatory diagram showing the 
state of the essential parts of the recording/reproducing 
optical system during the reproducing operation. During the 
reproducing operation, the shutter 348 is brought into a 
blocking state. The phase spatial light modulator 338 gen 
erates reproduction-specific reference light by setting the 
phase of outgoing light to the first phase having a phase 
difference of +71/2 (rad) from the predetermined reference 
phase for every pixel, without spatially modulating the 
phase of the light. In FIG. 30, the phases and intensities are 
indicated in the same manner as in FIG. 29. 

0258 As in the third embodiment, the reproduction 
specific reference light is collected by the objective lens 331 
and applied to the recording medium 301 while converging 
to become minimum in diameter on the interface between 
the transparent substrate 302 and the protective layer 305. 
Then, the reproduction-specific reference light passes 
through the information recording layer 303 in the recording 
medium 301 while diverging. 
0259. Upon application of the reproduction-specific ref 
erence light, reproduction light that corresponds to the 
information light used for recording is generated in the 
information recording layer 303. The reproduction light has 
a spatially modulated phase, as is the case with the infor 
mation light used for recording. The reproduction light 
travels toward the transparent substrate 302 while converg 
ing, becomes minimum in diameter on the interface between 
the transparent substrate 302 and the protective layer 305, 
and exits the recording medium 301 while diverging. Then, 
the light is collimated through the objective lens 331, passes 
through the quarter-wave plate 332 and the polarization 
beam splitter surface 333a of the polarization beam splitter 
333, and is incident on the photodetector 334. 
0260 Part of the reproduction-specific reference light 
applied to the recording medium 301 is reflected off the 
interface between the transparent substrate 302 and the 
protective layer 305, and exits the recording medium 301 
while diverging. It is then collimated through the objective 
lens 331, and passes through the quarter-wave plate 332 and 
the polarization beam splitter surface 333a of the polariza 
tion beam splitter 333 to impinge on the photodetector 334. 
0261. In reality, the reproduction light is superimposed 
on the reproduction-specific reference light that is reflected 
off the interface between the transparent substrate 302 and 
the protective layer 305 to generate composite light, and this 
composite light is received by the photodetector 334. The 
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composite light has an intensity that is spatially modulated 
according to the information recorded. Thus, the photode 
tector 334 detects a two-dimensional intensity pattern of the 
composite light, from which the information is reproduced. 

0262 Now, with reference to FIG. 31, detailed descrip 
tion will be given of the reproduction light, the reproduction 
specific reference light, and the composite light used for 
reproduction mentioned above. In FIG. 31, (a) shows the 
intensity of the reproduction light, (b) shows the phase of the 
reproduction light, (c) shows the intensity of the reproduc 
tion-specific reference light, (d) shows the phase of the 
reproduction-specific reference light, and (e) shows the 
intensity of the composite light. FIG. 31 shows an example 
where the phase of the information light for each pixel is set 
to either the first phase having a phase difference of +71/2 
(rad) from the reference phase, or the second phase having 
a phase difference of -1/2 (rad) from the reference phase. 
Consequently, in the example shown in FIG. 31, the repro 
duction light has either the first phase or the second phase 
pixel by pixel as the information light does. The reproduc 
tion-specific reference light has the first phase for every 
pixel. Assuming here that the reproduction light and the 
reproduction-specific reference light are equal in intensity, 
the composite light exceeds the reproduction light and the 
reproduction-specific reference light in intensity at pixels 
where the reproduction light has the first phase, and the 
composite light theoretically becomes Zero in intensity at 
pixels where the reproduction light has the second phase, as 
shown in FIG. 31(e). 
0263. Now, with reference to FIG. 32, a recording opera 
tion will be described for situations where information is 
recorded using information light whose phase is spatially 
modulated and recording-specific reference light whose 
phase is spatially modulated. FIG. 32 is an explanatory 
diagram showing the state of the essential parts of the 
recording/reproducing optical system during the recording 
operation. During the recording operation, the shutter 348 is 
brought into a transmitting state. The phase spatial light 
modulator 347 spatially modulates the phase of light by 
selecting the phase of outgoing light from between two 
values or from among three or more values each pixel 
according to the information to be recorded. Here, for ease 
of explanation, the phase spatial light modulator 347 shall 
spatially modulate the phase of the light by setting the phase 
of the outgoing light to either the first phase or the second 
phase for each pixel. In this way, information light having a 
spatially modulated phase is generated. 

0264. As in the third embodiment, the information light 
is collected by the objective lens 321 and applied to the 
recording medium 301 while converging to become mini 
mum in diameter on the interface between the transparent 
substrate 302 and the protective layer 305. Then, the infor 
mation light passes through the information recording layer 
303 in the recording medium 301 while converging. 

0265. The phase spatial light modulator 338 spatially 
modulates the phase of light by selecting the phase of 
outgoing light from between two values or from among 
three or more values for each pixel. Here, the phase spatial 
light modulator 338 shall spatially modulate the phase of the 
light by setting, for each pixel, the phase of the outgoing 
light to any one of a predetermined reference phase, a first 
phase having a phase difference of +1/2 (rad) from the 
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reference phase, and a second phase having a phase differ 
ence of -1/2 (rad) from the reference phase. In FIG. 32, the 
reference phase is represented by the symbol “0”. In FIG. 
32, the phases and intensities are otherwise indicated in the 
same manner as in FIG. 29. The recording-specific refer 
ence light locally drops in intensity at portions where the 
phase changes. 

0266. As in the third embodiment, the recording-specific 
reference light is collected by the objective lens 331 and 
applied to the recording medium 301 while converging to 
become minimum in diameter on the interface between the 
transparent substrate 302 and the protective layer 305. Then, 
the recording-specific reference light passes through the 
information recording layer 303 in the recording medium 
301 while diverging. 

0267 As in the third embodiment, the information light 
and the recording-specific reference light interfere with each 
other to form an interference pattern in the information 
recording layer 303. When the power of the light emitted by 
the semiconductor laser 342 has reached a high level suit 
able for recording, the interference pattern is volumetrically 
recorded in the information recording layer 303 to form a 
reflection-type (Lippmann-type) hologram. 

0268. Now, with reference to FIG. 33, an operation for 
reproducing information that is recorded using the informa 
tion light whose phase is spatially modulated and the record 
ing-specific reference light whose phase is spatially modu 
lated. FIG. 33 is an explanatory diagram showing the state 
of the essential parts of the recording/reproducing optical 
system during the reproducing operation. During the repro 
ducing operation, the shutter 348 is brought into a blocking 
state. As is the case with the recording operation, the phase 
spatial light modulator 338 spatially modulates the phase of 
outgoing light to generate reproduction-specific reference 
light having a spatially modulated phase. In FIG. 33, the 
phases and intensities are indicated in the same manner as in 
FG. 32. 

0269. As in the third embodiment, the reproduction 
specific reference light is collected by the objective lens 331 
and applied to the recording medium 301 while converging 
to become minimum in diameter on the interface between 
the transparent substrate 302 and the protective layer 305. 
Then, the reproduction-specific reference light passes 
through the information recording layer 303 in the recording 
medium 301 while diverging. 
0270. Upon application of the reproduction-specific ref 
erence light, reproduction light that corresponds to the 
information light used for recording is generated in the 
information recording layer 303. The reproduction light has 
a spatially modulated phase, as the information light used for 
recording does. The reproduction light travels toward the 
transparent Substrate 302 while converging, becomes mini 
mum in diameter on the interface between the transparent 
substrate 302 and the protective layer 305, and exits the 
recording medium 301 while diverging. Then, the light is 
collimated through the objective lens 331, and passes 
through the quarter-wave plate 332 and the polarization 
beam splitter surface 333a of the polarization beam splitter 
333 to impinge on the photodetector 334. 
0271 Part of the reproduction-specific reference light 
applied to the recording medium 301 is reflected off the 
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interface between the transparent substrate 302 and the 
protective layer 305, and exits the recording medium 301 
while diverging. It is then collimated through the objective 
lens 331, and passes through the quarter-wave plate 332 and 
the polarization beam splitter surface 333a of the polariza 
tion beam splitter 333 to impinge on the photodetector 334. 
0272. In reality, the reproduction light is superimposed 
on the reproduction-specific reference light that is reflected 
off the interface between the transparent substrate 302 and 
the protective layer 305 to generate composite light, and this 
composite light is received by the photodetector 334. The 
composite light has an intensity which is spatially modulated 
according to the information recorded. Thus, the photode 
tector 334 detects a two-dimensional intensity pattern of the 
composite light, from which the information is reproduced. 
0273) Now, with reference to FIG. 34, detailed descrip 
tion will be given of the reproduction light, the reproduction 
specific reference light, and the composite light used for 
reproduction mentioned above. In FIG. 34. (a) shows the 
intensity of the reproduction light, (b) shows the phase of the 
reproduction light, (c) shows the intensity of the reproduc 
tion-specific reference light, (d) shows the phase of the 
reproduction-specific reference light, and (e) shows the 
intensity of the composite light. FIG. 34 show an example 
where the phase of the information light is set at either the 
first phase or the second phase for each pixel, and the phases 
of the recording-specific reference light and the reproduc 
tion-specific reference light are set at any one of the refer 
ence phase, the first phase, and the second phase for each 
pixel. In this case, the phase of the reproduction light for 
each pixel is either the first phase or the second phase, as is 
the case with the information light. Consequently, the phase 
difference between the reproduction light and the reproduc 
tion-specific reference light is any of Zero, +TU/2 (rad), and 
+TI (rad). Suppose here that the intensity of the reproduction 
light and the intensity of the reproduction-specific reference 
light are equal. In that case, as shown in FIG. 34(e), the 
intensity of the composite light becomes maximum at pixels 
where the phase difference between the reproduction light 
and the reproduction-specific reference light is Zero, and 
becomes theoretically Zero at pixels where the phase differ 
ence between the reproduction light and the reproduction 
specific reference light is tit (rad). At pixels where the phase 
difference between the reproduction light and the reproduc 
tion-specific reference light is tTU/2 (rad), the intensity 
becomes /, that at a Zero-phase-difference pixel. In FIG. 
34(e), the intensity at the pixels where the phase difference 
is tit (rad) is represented by “0”, the intensity at the pixels 
where the phase difference is +7L/2 (rad) is represented by 
“1”, and the intensity at the pixels where the phase differ 
ence is Zero is represented by “2. 
0274) In the example shown in FIG. 32 to FIG. 34, the 
intensity of the composite light at each pixel has three 
values. Then, for example, the intensity “0” can be associ 
ated with two bits of data “00, the intensity “1” with two 
bits of data “01, and the intensity “2 with two bits of data 
“10 as shown in FIG. 34(e). Thus, in the example shown 
in FIG. 32 to FIG. 34, the composite light can carry an 
increased amount of information with the same intensity and 
phase of the reproduction light as compared to the cases 
where the intensity of the composite light at each pixel has 
two values as shown in FIG. 29 to FIG. 31. As a result, the 
recording medium 301 can be enhanced in recording density. 
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0275. As described in the foregoing, in the present 
embodiment, to record information, the information record 
ing layer 303 of the recording medium 301 is irradiated with 
the information light that is spatially modulated in phase 
based on information to be recorded and the recording 
specific reference light, so that the information is recorded 
in the information recording layer 303 in the form of an 
interference pattern resulting from interference between the 
information light and the recording-specific reference light. 
Then, to reproduce the information, the information record 
ing layer 303 is irradiated with the reproduction-specific 
reference light. Reproduction light thereby generated from 
the information recording layer 303 is superimposed on the 
reproduction-specific reference light to produce composite 
light, and this composite light is detected to thereby repro 
duce the information. 

0276 Consequently, according to the present embodi 
ment, the reproduction light and the reproduction-specific 
reference light need not be separated from each other when 
reproducing information. Thus, when recording information, 
it is not necessary that the information light and the record 
ing-specific reference light form a predetermined angle 
therebetween when incident on the recording medium. The 
embodiment therefore allows a compact configuration of the 
optical system for recording and reproduction. 

0277. In the conventional methods for reproduction, the 
reproduction light and the reproduction-specific reference 
light are separated to detect the reproduction light alone. 
Hence, there has been a problem that the reproduced infor 
mation deteriorates in S/N ratio if the reproduction-specific 
reference light is also incident on the photodetector for 
detecting the reproduction light. On the contrary, in the 
present embodiment, since the reproduction light and the 
reproduction-specific reference light are both used to repro 
duce information, the reproduction-specific reference light 
will not deteriorate the S/N ratio of the reproduced infor 
mation. Consequently, the present embodiment makes it 
possible to improve the S/N ratio of the reproduced infor 
mation. 

0278. The remainder of the configuration, operations, and 
effects of the present embodiment are the same as those of 
the third embodiment. 

Fifth Embodiment 

0279 Next, description will be given of an optical infor 
mation recording/reproducing apparatus according to a fifth 
embodiment of the invention. As with the fourth embodi 
ment, the present embodiment is designed such that infor 
mation light is generated by modulating the phase of light 
spatially based on the information to be recorded. It differs 
from the fourth embodiment, however, as to the driving 
mechanism of the optical head and the configuration of the 
recording/reproducing optical system. 

0280 FIG. 35 is a plan view showing the optical head 
and a recording medium of the present embodiment. FIG. 
36 is a cross-sectional view showing the configuration of the 
optical head of the present embodiment. FIG. 37 is a 
cross-sectional view showing the configuration of the 
recording medium of the present embodiment. 

0281. As shown in FIG. 35 and FIG. 36, the optical 
information recording/reproducing apparatus according to 
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the present embodiment has an optical head 440 and a 
driving device 484 instead of the optical head 40 and the 
driving device 84 in the optical information recording/ 
reproducing apparatus 10 according to the first embodiment 
which is shown in FIG. 2. The present embodiment is not 
provided with the function of correcting the relative incli 
nations of a recording medium 401 to the optical head 440. 
Thus, the inclination correction circuit 93 shown in FIG. 2 
is not provided. The circuit configuration of the optical 
information recording/reproducing apparatus according to 
the embodiment is otherwise the same as that of the optical 
information recording/reproducing apparatus 10 shown in 
FG, 2. 

0282. The optical head 440 has a first movable portion 
441 and a second movable portion 442. The first movable 
portion 441 is moved by the driving device 484 in a direction 
of the radius of the recording medium 401 of the present 
embodiment. The second movable portion 442 has a lower 
arm portion 442A to be placed under the recording medium 
401, an upper arm portion 442B to be placed over the 
recording medium 401, and a coupling portion 442C for 
coupling the lower arm portion 442A and the upper arm 
portion 442B at a position outside the outer periphery of the 
recording medium 401. The extremities of the lower arm 
portion 442A and the upper arm portion 442B are located at 
opposite positions across the recording medium 401. 

0283 The coupling portion 442C is rotatably coupled to 
the first movable portion 441 via ball bearings 443. Two 
coils 444 for irradiating-position follow-up are attached to 
an end of the coupling portion 442C opposite from the lower 
arm portion 442A and the upper arm portion 442B. In the 
first movable portion 441, two magnets 445 are placed at 
opposite positions across each of the coils 444. In the optical 
head 440, the second movable portion 442 can be rotated 
with respect to the first movable portion 441 by means of the 
coils 444 and the magnets 445 So as to change the positions 
of the extremities of the lower arm portion 442A and the 
upper arm portion 442B in directions generally along the 
tracks of the recording medium 401. 

0284) Next, with reference to FIG. 36, description will be 
given of the configuration of the recording/reproducing 
optical system provided inside the second movable portion 
442. The recording/reproducing optical system has a record 
ing/reproducing semiconductor laser 411 and a servo semi 
conductor laser 412 which are fixed to an inside end of the 
coupling portion 442C opposite from the lower arm portion 
442A and the upper arm portion 442B. The recording/ 
reproducing optical system further has a collimator lens 413. 
a dichroic mirror 414, a phase spatial light modulator 415 of 
transmission type, a polarization beam splitter 416, a relay 
lens system 417, a quarter-wave plate 418, and a mirror 419 
that are arranged in this order from the servo semiconductor 
laser 412 on the optical path of light emitted from the 
semiconductor laser 412. The dichroic mirror 414 has a 
reflecting surface which reflects light of predetermined 
wavelengths and transmits light of other wavelengths. This 
reflecting surface reflects the light emitted from the record 
ing/reproducing semiconductor laser 411, and transmits the 
light emitted from the servo semiconductor laser 412. The 
polarization beam splitter 416 has a polarization beam 
splitter Surface which reflects or transmits light depending 
on the direction of polarization of the light. 
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0285) The recording/reproducing optical system further 
has an objective lens 420 which is disposed in the extremity 
of the lower arm portion 442A and faces the bottom surface 
of the recording medium 401, and an actuator 421 which 
moves the objective lens 420 in a direction perpendicular to 
the surface of the recording medium 401. The mirror 419 
reflects light that is incident from the quarter-wave plate 
418, and guides the light to the objective lens 420. The 
recording/reproducing optical system further has a photo 
detector 422 for receiving light that is incident on the 
polarization beam splitter 416 from the relay lens system 
417 and reflected by the polarization beam splitter surface 
thereof. 

0286 The recording/reproducing optical system further 
has a collimator lens 423, a half-wave plate 424, a polar 
ization beam splitter 425, and a mirror 426 that are arranged 
in this order from the recording/reproducing semiconductor 
laser 411 on the optical path of the light emitted from the 
semiconductor laser 411. The polarization beam splitter 425 
has a polarization beam splitter surface. The mirror 426 
reflects light incident from the polarization beam splitter 
425, and guides the light to the reflecting surface of the 
dichroic mirror 414. 

0287. The recording/reproducing optical system further 
has a polarization beam splitter 427 disposed on the optical 
path of light that is incident on the polarization beam splitter 
425 from the half-wave plate 424 and reflected by the 
polarization beam splitter surface thereof. The recording/ 
reproducing optical system further has a shutter 428, a 
half-wave plate 429, a phase spatial light modulator 430 of 
transmission type, a polarization beam splitter 431, a relay 
lens system 432, a quarter-wave plate 433, and a mirror 434 
that are arranged in this order from the polarization beam 
splitter 427 on the optical path of light that is incident from 
the polarization beam splitter 425 on the polarization beam 
splitter 427 and reflected by the polarization beam splitter 
surface thereof. The polarization beam splitter 431 has a 
polarization beam splitter Surface. 
0288 The recording/reproducing optical system further 
has an objective lens 435 which is disposed in the extremity 
of the upper arm portion 442B and faces the top surface of 
the recording medium 401, and an actuator 436 which 
moves the objective lens 435 in a direction perpendicular to 
the surface of the recording medium 401. The mirror 434 
reflects light that is incident from the quarter-wave plate 
433, and guides the light to the objective lens 436. The 
recording/reproducing optical system further has a photo 
detector 437 for receiving light that is incident on the 
polarization beam splitter 431 from the relay lens system 
432 and reflected by the polarization beam splitter surface 
thereof. 

0289 Next, with reference to FIG. 37, description will 
given of the configuration of the recording medium 401 of 
the present embodiment. The recording medium 401 is 
disk-shaped and has a plurality of tracks, like the recording 
medium 1 of the first embodiment. Each of the tracks has a 
plurality of address servo areas arranged at regular intervals. 
One or more information recording areas are provided 
between adjacent ones of the address servo areas. 
0290 The recording medium 401 comprises two disk 
shaped transparent substrates 402 and 404 made of polycar 
bonate or the like, a spacer 406 for separating these trans 
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parent substrates 402 and 404 at a predetermined distance, 
an information recording layer 403 provided between the 
transparent Substrates 402 and 404, and a transparent Sub 
strate 405 bonded to a surface of the transparent substrate 
404 opposite from the information recording layer 403 via a 
bonding layer 407. 
0291. The information recording layer 403 is a layer in 
which information is recorded through the use of hologra 
phy, and is made of a hologram material having sensitivity 
to light of a predetermined wavelength range. The recording/ 
reproducing semiconductor laser 411 emits light having a 
wavelength to which the hologram material constituting the 
information recording layer 403 has sensitivity. The servo 
semiconductor laser 412 emits light having a wavelength 
that falls outside the wavelength range to which the holo 
gram material constituting the information recording layer 
403 has sensitivity. Possible combinations of wavelength of 
the light emitted from the recording/reproducing semicon 
ductor laser 411 and the wavelength of the light emitted from 
the servo semiconductor laser 412 include a combination of 
650 nm and 780 nm, a combination of 523 nm and 650 nm, 
and a combination of 405 nm and 650 nm. 

0292. In the address servo areas, emboss pits for express 
ing address information and the like are formed at a surface 
of the transparent substrate 405 closer to the transparent 
substrate 404. Focus servo may also be performed by using 
the surface of the transparent substrate 405 closer to the 
transparent substrate 404. 
0293. In the recording medium 401, the total optical 
thickness of the transparent substrate 402, the information 
recording layer 403, the transparent substrate 404, and the 
bonding layer 407 is equal to the optical thickness of the 
transparent substrate 405. 
0294. In the recording medium 401, the surface of the 
transparent substrate 405 opposite from the transparent 
substrate 404 (the bottom surface in FIG. 37) serves as the 
Surface on which recording-specific reference light and 
reproduction-specific reference light are incident and from 
which reproduction light is emitted. The surface of the 
transparent substrate 402 opposite from the information 
recording layer 403 (the top surface in FIG. 37) serves as the 
Surface on which information light that carries information 
to be recorded is incident. 

0295 Servo, information recording, and information 
reproducing operations of the optical head 440 in the present 
embodiment will now be separately described in succession. 
Initially, description will be given of the servo operation. 
During the servo operation, the servo semiconductor laser 
412 emits light, whereas the recording/reproducing semi 
conductor laser 411 will not emit light. The servo semicon 
ductor laser 412 emits P-polarized light. The light emitted 
from the semiconductor laser 412 is collimated by the 
collimator lens 413, is transmitted through the reflecting 
Surface of the dichroic mirror 414, passes through the phase 
spatial light modulator 415, is transmitted through the polar 
ization beam splitter surface of the polarization beam splitter 
416, passes through the relay lens system 417, and passes 
through the quarter-wave plate 418 to become circularly 
polarized light. This light is reflected by the mirror 419 to 
impinge on the objective lens 420, and is collected by the 
objective lens 420. Then, the light is applied to the recording 
medium 401 while converging to become minimum in 
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diameter on the surface of the transparent substrate 405 
closer to the transparent substrate 404. 
0296. The light applied to the recording medium 401 
from the objective lens 420 is reflected by the surface of the 
transparent substrate 405 closer to the transparent substrate 
404 to cause return light. The return light is collimated 
through the objective lens 420, reflected by the mirror 419. 
and passes through the quarter-wave plate 418 to become 
S-polarized light. This light passes through the relay lens 
system 417 and is reflected by the polarization beam splitter 
Surface of the polarization beam splitter 416 to impinge on 
the photodetector 422. Based on the output of the photode 
tector 422, a focus error signal on the objective lens 420 is 
obtained by the same method as that described in conjunc 
tion with FIG. 11, for example. Based on this focus error 
signal, the actuator 421 adjusts the position of the objective 
lens 420 to effect focus servo on the objective lens 420. 
0297. The light that has been applied to the recording 
medium 401 from the objective lens 420 and has passed 
through the recording medium 401 is collimated through the 
objective lens 435, reflected by the mirror 434, and passes 
through the quarter-wave plate 433 to become S-polarized 
light. This light passes through the relay lens system 432 and 
is reflected by the polarization beam splitter surface of the 
polarization beam splitter 431 to impinge on the photode 
tector 437. Based on the output of the photodetector 437, a 
focus error signal on the objective lens 435 is obtained by 
the same method as that described in conjunction with FIG. 
11, for example. Based on this focus error signal, the 
actuator 436 adjusts the position of the objective lens 435 to 
effect focus servo on the objective lens 435. 
0298 Based on the output of at least either one of the 
photodetectors 422 and 437, a tracking error signal is 
obtained by the same method as that described in conjunc 
tion with FIG. 12 and FIG. 13, for example. In addition, 
based on the output of at least either one of the photode 
tectors 422 and 437, a basic clock is generated and addresses 
are recognized. 

0299 Next, description will be given of an information 
recording operation. At the time of recording, the recording/ 
reproducing semiconductor laser 411 emits light, whereas 
the servo semiconductor laser 412 will not emit light. During 
the recording operation, the shutter 428 is brought into a 
transmitting state. The phase spatial light modulator 430 
selects the phase of outgoing light from between two values 
or from among three or more values for each pixel based on 
the information to be recorded, thereby modulating the 
phase of the light spatially to generate information light. The 
phase spatial light modulator 415 selects the phase of 
outgoing light from between two values or from among 
three or more values for each pixel in accordance with a 
predetermined modulation pattern, thereby modulating the 
phase of the light spatially to generate recording-specific 
reference light. 
0300. The controller 90 supplies the information on the 
modulation pattern selected by itself in accordance with 
predetermined conditions or the modulation pattern selected 
by the operating portion 91 to the phase spatial light modu 
lator 415, and the phase spatial light modulator 415 spatially 
modulates the phase of light passing therethrough in accor 
dance with the information on the modulation pattern Sup 
plied by the controller 90. The power of the light emitted by 
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the recording/reproducing semiconductor laser 411 is set to 
reach high levels on a pulse basis Suitable for recording. 
Under the control of the controller 90, while the light that 
has exited the objective lenses 420 and 435 passes through 
an area other than the address servo areas, neither focus 
servo nor tracking servo is performed. 

0301 The recording/reproducing semiconductor laser 
411 emits P-polarized or S-polarized light. The light emitted 
from the semiconductor laser 411 passes through the half 
wave plate 424 to become light that contains a P-polarized 
component and an S-polarized component. The light of the 
P-polarized component from the half-wave plate 424 is 
transmitted through the polarization beam splitter Surface of 
the polarization beam splitter 425, reflected by the mirror 
426, and reflected by the reflecting surface of the dichroic 
mirror 414. This light passes through the phase spatial light 
modulator 415 to become recording-specific reference light. 
This recording-specific reference light is transmitted 
through the polarization beam splitter surface of the polar 
ization beam splitter 416, passes through the relay lens 
system 417, and passes through the quarter-wave plate 418 
to become circularly-polarized light. This recording-specific 
reference light is reflected by the mirror 419 to impinge on 
the objective lens 420, and is collected by the objective lens 
420. Then, the light is applied to the recording medium 401 
while converging to become minimum in diameter on the 
surface of the transparent substrate 405 closer to the trans 
parent substrate 404. The recording-specific reference light 
passes through the information recording layer 403 in the 
recording medium 401 while diverging. 

0302 Meanwhile, the light of the S-polarized component 
from the half-wave plate 424 is reflected by the polarization 
beam splitter surface of the polarization beam splitter 425, 
and further reflected by the polarization beam splitter sur 
face of the polarization beam splitter 427. Then, it passes 
through the shutter 428 and through the half-wave plate 429 
to become P-polarized light. This light passes through the 
phase spatial light modulator 430 to become information 
light. This information light is transmitted through the 
polarization beam splitter Surface of the polarization beam 
splitter 431, passes through the relay lens system 432, and 
passes through the quarter-wave plate 433 to become circu 
larly-polarized light. This information light is reflected by 
the mirror 434 to impinge on the objective lens 435, and is 
collected by the objective lens 435. Then, the light is applied 
to the recording medium 401 while converging to become 
minimum in diameter on the Surface of the transparent 
substrate 405 closer to the transparent substrate 404. The 
information light passes through the information recording 
layer 403 in the recording medium 401 while converging. 

0303. In the present embodiment, the optical length of the 
optical path that leads from the recording/reproducing semi 
conductor laser 411 to the objective lens 420 is equal to the 
optical length of the optical path that leads from the record 
ing/reproducing semiconductor laser 411 to the objective 
lens 435. 

0304. The information light and the recording-specific 
reference light interfere with each other to form an interfer 
ence pattern in the information recording layer 403. When 
the power of the light emitted by the semiconductor laser 
411 has reached a high level suitable for recording, the 
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interference pattern is volumetrically recorded in the infor 
mation recording layer 403 to form a reflection-type (Lipp 
mann-type) hologram. 
0305 Next, description will be given of an information 
reproducing operation. At the time of reproduction, the 
recording/reproducing semiconductor laser 411 emits light, 
whereas the servo semiconductor laser 412 will not emit 
light. During the reproducing operation, the shutter 428 is 
brought into a blocking state. The phase spatial light modu 
lator 415 selects the phase of outgoing light from between 
two values or from among three or more values for each 
pixel in accordance with a predetermined modulation pat 
tern, thereby modulating the phase of the light spatially to 
generate reproduction-specific reference light. The repro 
duction-specific reference light follows the same path as 
with the recording-specific reference light, and is applied to 
the recording medium 401 while converging to become 
minimum in diameter on the Surface of the transparent 
substrate 405 closer to the transparent substrate 404. The 
reproduction-specific reference light passes through the 
information recording layer 403 in the recording medium 
401 while diverging. 
0306 Upon application of the reproduction-specific ref 
erence light, reproduction light that corresponds to the 
information light used for recording is generated in the 
information recording layer 403. This reproduction light has 
a spatially modulated phase, as with the information light 
used for recording. The reproduction light travels toward the 
transparent Substrate 405 while converging, becomes mini 
mum in diameter on the Surface of the transparent Substrate 
405 closer to the transparent substrate 404, and exits the 
recording medium 401 while diverging. Then, the light is 
collimated through the objective lens 420, reflected by the 
mirror 419, and passes through the quarter-wave plate 418 to 
become S-polarized light. This reproduction light passes 
through the relay lens system 417, and is reflected by the 
polarization beam splitter Surface of the polarization beam 
splitter 416 to impinge on the photodetector 422. 
0307 Part of the reproduction-specific reference light 
applied to the recording medium 401 is reflected by the 
surface of the transparent substrate 405 closer to the trans 
parent substrate 404, and exits the recording medium 401 
while diverging. Then, the light is collimated through the 
objective lens 420, reflected by the mirror 419, and passes 
through the quarter-wave plate 418 to become S-polarized 
light. This reproduction light passes through the relay lens 
system 417, and is reflected by the polarization beam splitter 
Surface of the polarization beam splitter 416 to impinge on 
the photodetector 422. 
0308. In reality, the reproduction light is superimposed 
on the reproduction-specific reference light that is reflected 
by the surface of the transparent substrate 405 closer to the 
transparent Substrate 404 to generate composite light, and 
this composite light is received by the photodetector 422. 
The composite light has an intensity that is spatially modu 
lated according to the information recorded. Thus, the pho 
todetector 422 detects a two-dimensional intensity pattern of 
the composite light, from which the information is repro 
duced. 

0309 The principles of information recording and repro 
duction in the present embodiment are the same as those of 
the fourth embodiment. 



US 2006/O140074 A1 

0310. In the present embodiment, the actuators 421 and 
436 can change the positions of the objective lenses 420 and 
435 in a direction perpendicular to the surface of the 
recording medium 401, thereby effecting focus servo. In 
addition, in the present embodiment, the driving device 484 
shown in FIG. 35 can move the entire optical head 440 in 
a direction of the radius of the recording medium 401 to 
change the positions of the objective lenses 420 and 435 in 
the direction of the radius of the recording medium 401. This 
allows access to desired tracks and tracking servo. Further 
more, in the present embodiment, the second movable 
portion 442 is rotatably moved by the coils 444 and the 
magnets 445 with respect to the first movable portion 441, 
so that the positions of the objective lenses 420 and 435 are 
changed in a direction generally along the tracks. This 
allows such control that the irradiating position of the 
information light and the recording-specific reference light 
follows the information recording areas. In this control, as 
with the first embodiment, such driving Voltages as shown in 
FIG. 16(b) may be supplied to the coils 444 to change the 
positions of the objective lenses 420 and 435 as in FIG. 
16(a). The positions of the objective lenses 420 and 435 may 
also be changed by a simpler method as described below. 
0311. Here, with reference to FIG.38, description will be 
given of the simpler method for changing the positions of the 
objective lenses 420 and 435. FIG. 38 shows an example of 
changes in the positions of the objective lenses 420, 435 and 
changes in the driving voltage of the coils 444. In FIG. 38. 
(a) shows changes in the positions of the objective lenses 
420 and 435, and (b) shows changes in the driving voltage. 
In this method, as shown in FIG. 38(a), the positions of the 
objective lenses 420 and 435 are put into simple harmonic 
motion about a neutral position. Then, in this method, the 
period where the moving speed of the positions of the 
objective lenses 420 and 435 becomes nearly equal to the 
moving speed of the information recording areas in the 
recording medium 401 shall be referred to as a follow-up 
period T1. The other period shall be referred to as a catch-up 
period T2. 
0312 The positions of the objective lenses 420 and 435 
can be changed as shown in FIG.38(a) by using the driving 
voltage that traces a sine wave as shown in FIG. 38(b). Such 
a driving Voltage can be generated easily by configuring an 
oscillating circuit and a resonant circuit. When a plurality of 
information recording areas are provided between two adja 
cent address servo areas, an information recording area for 
the positions of the objective lenses 420 and 435 to follow 
up is selectable by controlling the phase of the driving 
Voltage. 
0313 The simplified control method shown in FIG. 38 
may also be used in the first to fourth embodiments. 
0314. The remainder of the configuration, operations, and 
effects of the present embodiment are the same as those of 
the fourth embodiment. 

0315. The present invention is not limited to the forego 
ing embodiments but may be modified in various ways. For 
example, the invention is applicable not only to the appa 
ratuses that record information on a rotating disk-shaped 
recording medium, but to ones that record information on 
Such a recording medium as card-shaped one which moves 
linearly. 
0316. In the foregoing embodiments, the address infor 
mation and the like are recorded in advance in the form of 
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emboss pits in the address servo areas of the recording 
medium. However, the address information and the like may 
be recorded in the following manner without providing the 
emboss pits in advance. In this case, the information record 
ing layer is irradiated with high-power laser light selectively 
at a portion closer to one of its surfaces. The portion is 
thereby selectively changed in refractive index so that 
address information and the like are recorded for formatting. 
0317. As has been described, in the optical information 
recording apparatus or method of the invention, the irradi 
ating position of the information light and the reference light 
is moved so as to follow a single moving information 
recording area for a predetermined period. As a result, the 
single information recording area is kept being irradiated 
with the information light and the reference light for the 
predetermined period. Therefore, according to the invention, 
it is possible to irradiate the information recording areas 
with the information light and the reference light for a 
sufficient time period to record information in the informa 
tion recording areas without causing a deviation between the 
information recording areas and the irradiating position of 
the information light and the reference light. Consequently, 
according to the invention, it is possible to record informa 
tion in each information recording area of a recording 
medium having a plurality of information recording areas 
through the use of holography with a practical light source, 
while moving the recording medium. 
0318. The optical information recording apparatus of the 
invention may comprise a detector for detecting identifica 
tion information for identifying the individual information 
recording areas. In this case, it becomes easy to identify the 
individual information recording areas. 
0319. The optical information recording apparatus of the 
invention may comprise a detector for detecting positioning 
information for adjusting the irradiating position of the 
information light and the reference light with respect to the 
individual information recording areas. In this case, it 
becomes easy to adjust the irradiating position of the infor 
mation light and the reference light with respect to the 
individual information recording areas. 
0320 In the optical information recording apparatus of 
the invention, the information light and the reference light 
may be applied to the same side of the information recording 
area coaxially so as to converge to become minimum in 
diameter at an identical position. In this case, the optical 
system for recording can be simplified in configuration. 
0321) In the optical information recording apparatus of 
the invention, the information light and the reference light 
may be applied to opposite sides of the information record 
ing area coaxially so as to converge to become minimum in 
diameter at an identical position. In this case, the optical 
system for recording can be simplified in configuration. 
0322. It is apparent from the foregoing description that 
the invention may be carried out in various modes and may 
be modified in various ways. It is therefore to be understood 
that within the scope of equivalence of the appended claims 
the invention may be practiced in modes other than the 
foregoing best modes. 
What is claimed is: 

1. An optical information recording apparatus for record 
ing information on a recording medium by irradiating the 
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recording medium with recording light, the recording 
medium includes an information recording layer in which 
information is recorded using holography and a servo layer 
in which servo information is formed, the optical informa 
tion recording apparatus comprising: 

a recording laser for emitting recording laser light used to 
generate the recording light; 

a servo laser for emitting servo laser light with a wave 
length which differs from a wavelength of the recording 
laser light, the servo laser being used for performing 
servo to determine a position of the recording light on 
the recording medium; and 

recording means for recording information on the record 
ing medium by generating the recording light using the 
recording laser light and irradiating the information 
recording layer of the recording medium with the 
recording light, and for performing servo by irradiating 
the servo layer with the servo laser light, wherein 

the recording means comprises: 

an information light generating means for generating 
information light carrying information by spatially 
modulating the recording laser light, 

recording reference light generating means for gener 
ating recording reference light using the recording 
laser light, and 

a recording optical system for coaxially irradiating the 
recording medium with the information light and the 
recording reference light, the information being 
recorded on the recording medium by interference 
patterns that are generated by interference between 
the information light and the recording reference 
light. 

2. The optical information recording apparatus according 
to claim 1, further comprising control means for controlling 
emission of the recording laser light from the recording laser 
and emission of the servo laser light from the servo laser. 

3. The optical information recording apparatus according 
to claim 2, wherein the recording medium has the servo 
layer in which address information is recorded, the recording 
means irradiating the servo layer with the servo laser light 
and reproducing address information, the control means 
determining whether a current state is a servo state or a 
recording of information state based on reproduced address 
information. 

4. The optical information recording apparatus, according 
to claim 2, wherein the recording medium has the servo 
layer, the recording means irradiating the servo layer with 
the servo laser light and performing servo, the control means 
preventing emission of the recording laser light from the 
recording laser when the servo laser light is irradiating the 
servo layer. 

5. The optical information recording apparatus according 
to claim 2, wherein the control means selectively performs 
emission of the recording laser light from the recording laser 
and emission of the servo laser light from the servo laser 
based on whether a current state is a servo state or a 
recording of information state. 

6. The optical information recording apparatus according 
to claim 1, wherein the recording reference light generation 
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means comprises a spatial modulator for spatially modulat 
ing a phase of the recording laser light to generate the 
recording reference light. 

7. An optical information reproducing apparatus for 
reproducing information from a recording medium by irra 
diating the recording medium with reproducing light, the 
recording medium including an information recording layer 
in which information is recorded using recording light by 
holography, and a servo layer in which servo information is 
formed, the optical information reproducing apparatus com 
prising: 

a reproducing laser for emitting reproducing laser light 
used to generate reproducing light, the reproducing 
laser light having a same wavelength as a recording 
laser light used to generate the recording light; 

a servo laser for emitting servo laser light with a wave 
length which differs from a wavelength of the repro 
ducing laser light, the servo laser being used for per 
forming servo to determine a position of the 
reproducing light on the recording medium; and 

reproducing means for reproducing information from the 
recording medium by generating the reproducing light 
using the reproducing laser light and irradiating the 
information recording layer of the recording medium 
with the reproducing light, and for performing servo by 
irradiating the servo layer on the recording medium 
with the servo laser light. 

8. The optical information reproducing apparatus accord 
ing to claim 7, further comprising control means for con 
trolling emission of the reproducing laser light from the 
reproducing laser and emission of the servo laser light from 
the servo laser. 

9. The optical information reproducing apparatus accord 
ing to claim 7, wherein the reproducing means comprises: 

reproducing reference light generating means for gener 
ating reproducing reference light using the reproducing 
laser light; and 

a reproducing optical system for illuminating the infor 
mation recording layer with the reproducing reference 
light generated by the reproducing reference light gen 
erating means and for collecting a reproduction light 
generated at the information recording layer when 
illuminated with the reproducing reference light, the 
reproducing reference light and the reproduction light 
being coaxial. 

10. The optical information reproducing apparatus 
according to claim 8, wherein the recording medium has the 
servo layer on which address information is recorded, the 
reproducing means reproducing address information by irra 
diating the servo layer with the servo laser light, the control 
means determining whether a current state is a servo State or 
a reproducing information state based on reproduced address 
information. 

11. The optical information reproducing apparatus 
according to claim 8, wherein the recording medium has the 
servo layer, the reproducing means irradiating the servo 
layer with the servo laser light and performing servo, the 
control means preventing the emission of the reproducing 
laser light from the reproducing laser when the servo laser 
light is irradiating the servo layer. 
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12. The optical information reproducing apparatus 13. The optical information reproducing apparatus 
according to claim 8, wherein the control means selectively according to claim 9, wherein the reproducing reference 
performs emission of the reproducing laser light from the light generating means has a spatial modulator for spatially 

modulating a phase of the reproducing laser light to generate reproducing laser and emission of the servo laser light from the reproducing reference light. the servo laser based on whether a current state is a servo 
state or a reproducing of information state. k . . . . 


