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(57) ABSTRACT 

New and unobvious techniques for manufacturing optical 
information recording media (Such as a phase-change type 
optical disc), including techniques for producing a master 
and StamperS for producing the optical information record 
ing media, are provided. Exposure light beams are con 
trolled to form information recording tracking tracks and 
phase pits reliably and precisely. 
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OPTICAL INFORMATION RECORDING MEDUM 
AND METHOD OF PRODUCING AMASTER AND 

STAMPERS THEREFOR 

CROSS REFERENCE TO RELATES 
APPLICATIONS 

0001. This application is a continuation of co-pending 
application Ser. No. 09/406,570, filed Sep. 24, 1999, which 
is a continuation-in-part (and incorporates by reference 
therein the entire contents) of application Ser. No. 09/140, 
975, filed Aug. 27, 1998, now abandoned. The entire con 
tents of application Ser. Nos. 09/406,570 and 09/140,975 are 
incorporated by reference herein. 

FIELD 

0002 This patent specification relates to an optical infor 
mation recording medium Such as a phase-change type 
optical disc, and to techniques for producing a master and 
StamperS for producing the optical information recording 
medium. 

BACKGROUND 

0.003 Optical recording media such as phase-change type 
optical recording media, typically have Synchronization 
Signals and/or address or other information (often called 
“pre-format information”) recorded as phase pits on the disc 
as a part of the disc manufacturing process. When the disc 
is formed by injection molding using stampers made from 
masters, Such information is recorded on the master by 
forming corresponding phase pits therein. Such pre-format 
information can be in the form of a ZigZag line (wobbling the 
groove), or can be represented by changing the length, 
distance, and position of a discontinuous groove (hereinaf 
ter, Such groove is called “phase pit”). 
0004 For the purpose of increasing the recording capac 
ity of an optical disc, it is desirable to reduce the distance 
between the grooves employed as the information recording 
track (hereinafter, Such distance is called “track pitch'). 
However, the need for a sufficient S/N (signal to noise ratio) 
restricts the recording capacity of the optical information 
recording medium in the case of utilizing the Wobbling 
method. Using other methods can also impose limitations 
when recording capacity is increased, because the need 
remains to ensure adequate S/N. 
0005 Japanese Laid-open Patent Application No. 
9-17029/1997 proposes forming phase pit on the lands that 
are between the grooves that carry the recording track. 
FIGS. 23a through 23c schematically illustrate this 
approach, and show phase pits P formed on the lands L that 
are between the recording grooves G. As illustrated in FIGS. 
23a through 23c, the phase pits P connect in the radial 
direction respective adjacent grooves where the recording 
tracks are. Viewed in the track direction, a phase pit 
resemble a rung of a ladder. Such phase pits P can be read 
with a photodiode pair arranged in the radial direction (in the 
direction perpendicular to the track direction) of the optical 
disc. The diode pair and its associated electronicS receive 
light energy modulated by the phase pits and process it into 
a differential electrical Signal. Details of this process can be 
found in connection with FIG. 8 in the published specifi 
cation of Japanese Laid-open Patent Application No. 
9-17029/1997. In this arrangement, if two phase pits Pflank 
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a groove G at the same track position, the pre-format 
information that the two phase pits represent may be read at 
the same time to cause undesirable cross-talk. 

0006. In order to reduce cross-talk, two types of pre 
format information phase pits P are formed, EVEN pattern 
for an even number and ODD pattern for an odd number, and 
those patterns are changed from one to the other in a case 
(Such as mentioned above) in which cross-talk may occur. 
For more detail, refer to FIG. 2 and the explanation corre 
sponding to FIG. 2 in the published specification of Japa 
nese Laid-open Patent Application No. 9-17029/1997. By 
adopting the above-mentioned method, cross-talk can be 
reduced. 

0007. However, it can be difficult to determine ahead of 
time the positions at which cross-talk can occur, that is, 
where phase pits P Simultaneous exist on the lands L at the 
right and left of a groove G when exposing a master, in order 
to change from one to the other of the even pattern EVEN 
and the odd pattern ODD. If there are no errors in monitoring 
tracks or revolutions or determining positions along a track 
in the mastering process, the positions at which cross-talk 
can occur may be determined by calculation and the phase 
pit pattern of the pre-format information can be encoded by 
changing from one to the other of the even pattern EVEN 
and the odd pattern ODD. However, an error can occur in the 
mastering process, and even if the error is Small (e.g., no 
larger than 0.1%), cross-talk typically is not Sufficiently 
alleviated. 

0008. In practice, an additional factor that makes it dif 
ficult to maintain accuracy is that the length of the phase pit 
P in the track direction is of the order of Sub-micron, and 
therefore it is often desirable to monitor the rotation of the 
master during exposure to nanosecond (ns) accuracy. 
0009. There is a method of reading phase pit pre-format 
information employing a push-pull signal (difference Sig 
nal), although Such method is not described in detail in the 
aforementioned published Specification. Some principles of 
reading (reproducing) the pre-format information are 
described hereinafter, referring to FIGS. 24(a), 24(b), and 
FIGS. 25(a), 25(b). 
0010 FIG.24(a) shows a plan view of a phase pit P. FIG. 
24(b) illustrates the waveform of a push-pull signal gener 
ated from the vicinity of the phase pit P by a reading beam 
B traversing the disc generally in the radius direction 
thereof, as illustrated in FIG. 24(a). The push-pull signal 
approximates a sinusoidal wave with a period corresponding 
to the track pitchTP. Since there is asymmetry in the vicinity 
of the phase pit P in the radial direction relative to the track 
center, there is a shift related to the phase pit P (in FIGS. 
24(a) and 24(b), shown by a dot-and-dash line), by a 
distance S in the radius direction from the track center of the 
groove G. 
0011 For this reason, when controlling the tracking along 
the groove G and reproducing a signal as shown in FIG. 
25(a), a peak represented by a magnitude A appears in the 
push-pull signal for the position of the phase pit P as 
illustrated in FIG. 25(b). If the presence or absence of the 
peak A or the location of Such a peak is detected, the 
pre-format information represented by the phase pit P can be 
reproduced. 
0012 However, when two phase pits P are radially adja 
cent, on two lands flanking the same groove G, for example 
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at track shown in FIG. 26(a), even though the phase pits P 
exist, there is no radial asymmetry along track Tra. A 
positional shift S does not occur at the center of the phase pit, 
as is apparent from the push-pull signal shown in FIG. 
26(b). Consequently, the peak A may not appear at all in the 
push-pull signal in the case of reproducing the Signal by 
performing tracking control, along the groove G in this case. 
Namely, in a case in which the phase pits P exist at the same 
time on the lands L situated at the right and left sides of the 
groove G, there arises a problem that the pre-format infor 
mation formed with the phase pit P cannot be detected 
reliably. Consequently, in order to Solve the above-men 
tioned problem, even in the case of reproducing with a 
push-pull signal, two types of patterns of the pre-format 
information formed with the phase pits P (for example, 
EVEN pattern for an even number and ODD pattern for an 
odd number) are prepared, the patterns are changed over, 
and one of the patterns is used in the case of an arrangement 
generating the cross-talk. 
0013. Accordingly, this patent specification is directed to 
realizing an optical information recording medium which is 
not affected by cross-talk even when phase pits exist on the 
lands situated at the right and left Sides of a groove and in 
which the address information, etc., encoded by phase pits 
can be reproduced reliably. 

SUMMARY 

0014) This patent disclosure provides new and unobvious 
techniques for manufacturing optical information recording 
media. One aspect of this disclosure includes optical infor 
mation recording media capable of reliably reproducing 
phase pit information, without being Significantly affected 
by mutual interference of two phase pits that are radially 
adjacent to each other. 
0.015. An optical information recording medium, accord 
ing to one exemplary embodiment, includes information 
recording tracks configured to Serve as grooves, and phase 
pits formed on the tracks in a way Such that radially opposite 
edge portions of the phase pits orthogonal to the tracks have 
tilt angles different from each other, wherein preformatted 
information is recorded as the phase pits. 
0016. In another exemplary embodiment, an optical 
information recording medium includes grooves configured 
to Serve as information recording tracks, and phase pits 
formed on the tracks in a way Such that radially opposite 
edge portions of the phase pits orthogonal to the tracks have 
tilt angles different from each other, wherein preformatted 
information is recorded as the phase pits, and wherein a 
track center of the grooves and a center of the phase pits are 
Substantially identical, gap widths of the grooves and the 
phase pits are Substantially identical, and gap depths of the 
grooves and the phase pits are Substantially identical. 
0.017. According to yet another exemplary embodiment, 
an optical information recording medium includes grooves 
configured to Serve as information recording tracks, and 
phase pits formed on the tracks in a way Such that radially 
opposite edge portions of the phase pits orthogonal to the 
tracks have tilt angles different from each other, wherein 
preformatted information is recorded as the phase pits, and 
wherein a center of the phase pits is radially displaced 
relative to a track center of the grooves, a gap width of the 
phase pits is greater than a gap width of the grooves Such that 
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each of the phase pits leaves a radial clearance from an 
immediately adjacent one of the grooves, and gap depths of 
the grooves and the phase pits are Substantially identical. 
0018. In yet another exemplary embodiment, an optical 
information recording medium includes grooves configured 
to Serve as information recording tracks, and phase pits 
formed on the tracks in a way Such that radially opposite 
edge portions of the phase pits orthogonal to the tracks have 
tilt angles different from each other, wherein preformatted 
information is recorded as the phase pits, and wherein a 
center of the phase pits is radially displaced relative to a 
track center of the grooves Such that each of the phase pits 
leaves a radial clearance from an immediately adjacent one 
of the grooves, gap widths of the grooves and the phase pits 
are Substantially identical, and gap depths of the grooves and 
the phase pits are Substantially identical. 
0019. Another aspect of the disclosure pertains to original 
medium exposing methods for exposing a master for use in 
manufacturing optical information recording medium. 
0020. According to one exemplary embodiment, an origi 
nal medium exposing method for producing an optical 
information recording medium includes arranging a groove 
exposure beam at a track-center oriented position, arranging 
a phase pit exposure beam at a place radially displaced from 
a track center, conducting a groove exposure with the groove 
exposure beam, and conducting a phase pit exposure Sub 
Stantially simultaneously with the groove exposure, wherein 
in a time of the phase pit exposure, a light amount of the 
groove exposure beam is reduced, and a light amount of the 
phase pit exposure beam is Smaller than the reduced light 
amount of the groove exposure beam. 
0021. In another exemplary embodiment, an original 
medium exposing method for producing an optical informa 
tion recording medium includes conducting a groove expo 
Sure for exposing an original medium with an exposure 
beam by arranging the exposure beam at a track-center 
oriented position, conducting a phase pit exposure for 
exposing the original medium with the exposure beam 
which is slightly displaced in a radial direction from the 
track-center oriented position, wherein a light amount of the 
phase pit exposure is reduced from a light amount used in 
the groove exposure, wherein, in the optical information 
recording medium, grooves Serve as information recording 
tracks and phase pits are formed as preformatted information 
on the tracks in a way Such that radially opposite edge 
portions of the phase pits orthogonal to the tracks have tilt 
angles different from each other, and wherein a center of the 
phase pits is radially displaced relative to a track center of 
the grooves, a gap width of the phase pits is Smaller than a 
gap width of the grooves, and gap depths of the grooves and 
the phase pits are Substantially identical. 
0022. According to yet another exemplary embodiment, 
an original medium exposing method for producing the 
optical information recording medium includes arranging a 
groove exposure beam at a track-center oriented position, 
arranging a phase pit exposure beam at a place radially 
displaced from a track center, conducting a groove exposure 
with the groove exposure beam, and conducting a phase pit 
exposure Substantially simultaneously with the groove expo 
Sure, wherein in a time of the phase pit exposure, a light 
amount of the groove exposure beam is reduced and a light 
amount of the phase pit exposure beam is Smaller than the 
reduced light amount of the groove exposure beam. 
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0023. In yet another exemplary embodiment, an original 
medium exposing method for producing the optical infor 
mation recording medium includes arranging a groove expo 
Sure beam at a track-center oriented position, arranging a 
phase pit exposure beam at a place radially displaced from 
a track center, conducting a groove exposure with the groove 
exposure beam, and conducting a phase pit exposure Sub 
Stantially simultaneously with the groove exposure, wherein 
in a time of the phase pit exposure, a light amount of the 
groove exposure beam is reduced and a light amount of the 
phase pit exposure beam is Smaller than the reduced light 
amount of the groove exposure beam. 
0024. An original medium exposing method for produc 
ing an optical information recording medium, according to 
another exemplary embodiment, includes conducting a 
groove exposure for exposing an original medium with an 
exposure beam by arranging the groove exposure beam at a 
track-center oriented position, conducting a phase pit expo 
Sure for exposing the original medium with a phase pit 
exposure beam which is slightly displaced in a radial direc 
tion from the track-center oriented position, wherein a light 
amount of the phase pit exposure beam is reduced from a 
light amount of the groove exposure beam, wherein, in the 
optical information recording medium, grooves Serve as 
information recording tracks and phase pits are formed as 
preformatted information on the tracks in a way Such that 
radially opposite edge portions of the phase pits orthogonal 
to the tracks have tilt angles different from each other, and 
wherein a center of the phase pits is radially displaced 
relative to a track center of the grooves, a gap width of the 
phase pits is greater than a gap width of the grooves Such that 
each of the phase pits leaves a radial clearance from an 
immediately adjacent one of the grooves, and gap depths of 
the grooves and the phase pits are Substantially identical. 
0.025. Another aspect of the disclosure pertains to making 
masters and StamperS for manufacturing optical information 
recording media 
0026. An exposure method for exposing a master for 
manufacturing an optical information recording medium, 
according to one exemplary embodiment, includes exposing 
a light-sensitive layer of the master, to form on the light 
Sensitive layer a first latent image corresponding to a groove, 
by applying an exposure beam having constant light inten 
sity and centered at a center of a track on the master, and 
shifting the exposure beam in a radial direction from the 
center of the track, and exposing the light-sensitive layer 
with the shifted exposure beam, to form on the light 
Sensitive layer a Second latent image corresponding to a 
phase pit. The exposure method may be included in a 
Stamper manufacturing method and an optical information 
recording medium manufacturing method. Apparatuses 
which apply the exposure method to manufacture masters, 
StamperS and/or optical information recording media are 
also provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027. The features of the present application can be more 
readily understood from the following detailed description 
with reference to the accompanying drawings wherein: 
0028 FIGS. 1(a) through 1(c) illustrate a portion of an 
optical information recording medium of a first embodi 
ment, wherein FIG. 1(a) is a plan view of the recording 
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medium, FIG. 1(b) is a cross-sectional view taken along line 
1 and FIG. 1(c) is a cross-sectional view taken along line 2; 
0029 FIGS. 2(a) through 20?) graphically illustrate a 
master and Stamper manufacturing process; 
0030 FIG. 3 shows a schematic view illustrating expo 
Sure of a master; 
0031 FIGS. 4(a) through 4(c) show explanatory dia 
grams for illustrating exemplarily a method of exposing a 
master, 

0.032 FIGS. 5(a) through 5(c) illustrate a portion of an 
optical information recording medium of a Second embodi 
ment, wherein FIG. 5(a) is a plan view of the recording 
medium, FIG. 5(b) is a cross-sectional view taken along line 
1 and FIG. 5(c) is a cross-sectional view taken along line 2; 
0033 FIGS. 6(a) and 6(b) show explanatory diagrams for 
illustrating exemplarily a method of exposing a master; 
0034 FIG. 7 shows an explanatory diagram for illustrat 
ing exemplarily a method of exposing a master for the third 
embodiment; 
0035 FIGS. 8(a) through 8(c) illustrate a portion of an 
optical information recording medium of a fourth embodi 
ment, wherein FIG. 8(a) is a plan view of the recording 
medium, FIG. 8(b) is a cross-sectional view taken along line 
1 and FIG. 8(c) is a cross-sectional view taken along line 2; 
0036 FIGS. 9(a) and 9(b) show explanatory diagrams for 
illustrating exemplarily a method of exposing a master; 
0037 FIGS. 10(a) through 10(c) illustrate a portion of an 
optical information recording medium of a fifth embodi 
ment, wherein FIG. 10(a) is a plan view of the recording 
medium, FIG. 10(b) is a cross-sectional view taken along 
line 1 and FIG. 10(c) is a cross-sectional view taken along 
line 2, 
0038 FIGS. 11(a) and 11(b) show explanatory diagrams 
for illustrating exemplarily a method of exposing a master; 
0.039 FIGS. 12(a) through 12(c) illustrate a portion of an 
optical information recording medium of a sixth embodi 
ment, wherein FIG. 12(a) is a plan view of the recording 
medium, FIG. 12(b) is a cross-sectional view taken along 
line 1 and FIG. 12(c) is a cross-sectional view taken along 
line 2, 
0040 FIGS. 13(a) and 13(b) show explanatory diagrams 
for illustrating exemplarily a method of exposing a master; 
0041 FIG. 14 shows an explanatory diagram for illus 
trating exemplarily a method of exposing a master for a 
Seventh embodiment; 
0.042 FIGS. 15(a) through 15(c) illustrate a portion of an 
optical information recording medium of an eighth embodi 
ment, wherein FIG. 15(a) is a plan view of the recording 
medium, FIG. 15(b) is a cross-sectional view taken along 
line 1 and FIG. 15(c) is a cross-sectional view taken along 
line 2, 
0043 FIG. 16 shows an explanatory diagram for illus 
trating exemplarily a method of exposing a master; 
0044) FIGS. 17(a) and 17(b) illustrates a first example, 
wherein FIG. 17(a) is an LPP property diagram (graph) and 
FIG. 17(b) is an explanatory diagram for illustrating con 
ditions thereof; 
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004.5 FIGS. 18(a) and 18(b) illustrate a second example, 
wherein FIG. 18(a) is an LPP property diagram (graph) and 
FIG. 18(b) is an explanatory diagram for illustrating con 
ditions thereof; 

0046 FIGS. 19(a) and 19(b) illustrate a third example, 
wherein FIG. 19(a) is an LPP property diagram (graph) and 
FIG. 19(b) is an explanatory diagram for illustrating con 
ditions thereof; 

0047 FIGS. 20(a) and 20(b) illustrate a fourth example, 
wherein FIG.20(a) is an LPP property diagram (graph) and 
FIG. 200b) is an explanatory diagram for illustrating con 
ditions thereof; 

0048 FIGS. 21(a) and 21(b) illustrate a fifth example, 
wherein FIG. 21(a) is an LPP property diagram (graph) and 
FIG. 21(b) is an explanatory diagram for illustrating con 
ditions thereof; 
0049 FIGS. 22(a) and 22(b) illustrate a sixth example, 
wherein FIG.22(a) is an LPP property diagram (graph) and 
FIG. 22(b) is an explanatory diagram for illustrating con 
ditions thereof; 
0050 FIGS. 23(a) through 23(c) illustrate a portion of an 
optical information recording medium of the conventional 
optical information recording medium, wherein FIG. 23(a) 
is a plan view of the recording medium, FIG. 23(b) is a 
cross-sectional view taken along line 1 and FIG. 23(c) is a 
croSS-Sectional view taken along line 2, 
0051 FIGS. 24(a) and 24(b) show explanatory diagrams 
for illustrating principles of reproducing a phase pit in a 
related-art recording medium, wherein FIG. 24(a) is a plan 
view of the phase pit and FIG.24(b) is a waveform diagram 
of the push-pull signal; 
0.052 FIGS. 25(a) and 25(b) show explanatory diagrams 
for illustrating principles of reproducing a phase pit accom 
panying tracking in a related-art recording medium, wherein 
FIG. 25(a) is a plan view of the phase pit and FIG. 25(b) is 
a waveform diagram of the push-pull signal; and 
0053 FIGS. 26(a) and 26(b) show explanatory diagrams 
for illustrating a related-art recording medium in which the 
phase pit cannot be reproduced reliably, wherein FIG. 26(a) 
is a plan view of the phase pit and FIG. 26(b) is a waveform 
diagram of the push-pull signal. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0054. In describing preferred embodiments illustrated in 
the drawings, Specific terminology is employed for clarity. 
However, the disclosure of this patent specification is not 
intended to be limited to the Specific terminology Selected 
and it is to be understood that each Specific element includes 
all technical equivalents that operate in a Similar manner. 
0.055 According to one exemplary embodiment, an opti 
cal information recording medium is provided in which a 
track for recording the information is a groove and pre 
format information is formed thereat as a phase pit. The 
phase pit is formed at the groove and its radial croSS Section 
is asymmetrical relative to the track center of the groove. 
0056 Consequently, in such structure, since the phase 
pits are formed at the groove and the shape of those phase 
pits in radial Section is asymmetrical relative to the groove 
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track center, when tracking control is carried out utilizing the 
push-pull method, the Signals reproduced (read) from the 
groove and the phase pit can be distinguished from each 
other So that the phase pit information can be read (repro 
duced). 
0057 The phase pit is formed at the groove, and even 
when two phase pits are radially adjacent at adjacent 
grooves, they do not cause Significant mutual interference. 
The phase pits are in the groove area and even if they 
protrude Somewhat in the radial direction from the groove 
area, they can Still be read reliably because they do not 
extend into the area of an adjacent groove. 
0058 Another embodiment relates to an optical informa 
tion recording medium in which a track for recording the 
information is a groove and pre-format information is 
formed thereat as phase pits. The track center of the groove 
is the same as the center of the phase pit, the width of the 
groove is the Same as that of the phase pit, and the groove 
depth of the groove is the same as that of the phase pit. The 
inclination angles of the Sides of the phase pit in radial 
Section are different from each other. 

0059 Consequently, by causing the inclination angles of 
the sides of the phase pit in radial Section to differ from each 
other and thereby making asymmetric the Shape of the 
groove croSS Sections relative to the track center, the phase 
pit can be kept from extending into an adjacent groove, and 
phase pits that are radially adjacent can Still be read out 
reliably. 

0060 Another embodiment relates to an optical informa 
tion recording medium in which a track for recording the 
information is a groove and pre-format information is 
formed thereon as phase pits. The center of the phase pit is 
shifted radially from the track center of the groove, the width 
of the phase pit is less than that of the groove, and the 
inclination angles of the Sides of the phase pit in radial 
Section are equal to each other. 
0061 Consequently, by reducing the width of the phase 
pit relative to the width of the groove, shifting the center of 
the phase pit radially from the track center, and causing the 
shape of the phase pit to be asymmetric relative to the track 
center, the phase pit is prevented from extending into the 
groove(s) of the track(s) adjacent thereto and can be read 
reliably even when radially adjacent to another phase pit. 

0062 Another embodiment relates to an optical informa 
tion recording medium in which a track for recording the 
information is a groove and pre-format information is 
formed thereon as phase pits. The center of the phase pit is 
shifted radially from the track center of the groove, the width 
of the phase pit is greater than that of the groove but the 
phase pit does not extend radially into an adjacent groove, 
the groove depth of the groove is equal to that of the phase 
pit, and the inclination angles of Sides of the phase pit in 
radial Section are different from each other. 

0063 Consequently, by causing the inclination angles of 
the sides of the phase pit in radial Section to differ from each 
other, widening the groove width of the phase pit but not So 
much as to make the phase pit extend into an adjacent 
groove, and making asymmetric the shape of the phase pit 
in radial Section relative to the track center, the phase pit can 
be read reliably even when radially adjacent to another 
phase pit. 
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0064. Another embodiment relates to an optical informa 
tion recording medium in which a track for recording the 
information is a groove and pre-format information is 
formed thereon as phase pits. The center of the phase pit is 
shifted radially from the track center of the groove without 
extending the phase pit into an adjacent groove, the width of 
the groove is equal to that of the phase pit, the groove depth 
of the groove is also equal to that of the phase pit, and the 
inclination angles of the Sides of the phase pit in radial 
Section are different from each other. 

0065 Consequently, by causing the inclination angles of 
the Sides of the phase pit in radial Section to differ from each 
other, shifting the phase pit radially without extending it into 
an adjacent groove, and making asymmetrical the shape of 
the phase pit in radial Section relative to the track center, the 
phase pit can be read reliably. 
0.066 Another embodiment relates to an optical informa 
tion recording medium in which a track for recording the 
information is a groove and pre-format information is 
formed thereon as phase pits. The center of the phase pit is 
shifted radially from the track center, the width of the phase 
pit is greater than that of the groove without allowing the 
phase pit to extend into an adjacent groove, the depth of the 
groove is equal to that of the phase pit, and the inclination 
angles of the Sides of the phase pit in radial Section are equal 
to each other. 

0067 Consequently, by widening the phase pit without 
allowing it to extend into an adjacent groove, and making 
asymmetric the shape of the phase pit radial Section relative 
to the track center, the phase pit can be read reliably even 
when radially adjacent to another phase pit. 
0068 Another embodiment relates to an optical informa 
tion recording medium in which a track for recording the 
information is a groove and pre-format information is 
formed thereon as phase pits. The center of the phase pit is 
shifted radially from the track center of the groove without 
extending the phase pit into an adjacent groove, the width of 
the groove is equal to that of the phase pit, and the depth of 
the groove is also equal to that of the phase pit, and the 
inclination angles of the Sides of the phase pit in radial 
Section are equal to each other. 
0069 Consequently, by shifting the phase pit radially 
without extending it into an adjacent groove, and making 
asymmetric the shape of the phase pit in radial Section 
relative to the track center, the phase pit can be read reliably 
even when radially adjacent to another phase pit. 
0070 Another embodiment relates to a method of expos 
ing a master for manufacturing the optical information 
recording medium as defined in the Second embodiment and 
comprising the Steps of: using two exposing light beams, 
namely, a groove exposing light beam centered at the center 
of a track and a phase pit exposing light beam centered at a 
position radially spaced from the center of the track, expos 
ing a master by use of the groove exposing light beam when 
forming a groove; and Simultaneously exposing the master 
by use of the groove exposing light beam having a lower 
light intensity than when exposing a groove and the phase pit 
exposing light beam having another light intensity lower Still 
than that of the groove exposing light beam, when exposing 
the phase pit. 
0071. Because the master can be exposed for forming the 
groove and the phase pit by controlling the distance between 
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the two exposing light beam and the light intensities of the 
exposing light beams, the phase pit can be formed reliably 
and precisely. 

0072 Another embodiment relates to a method of expos 
ing a master for manufacturing the optical information 
recording medium as defined in the third embodiment and 
comprising the Steps of using two exposing light beams 
having equal light intensities and Spaced from each other 
radially, arranging the two exposing light beams radially 
Symmetrically about the center of a track and Simultaneously 
exposing the master to the two beams when exposing the 
groove; and shifting only one of the exposing light beams 
radially to reduce the Spacing between the two beams and 
Simultaneously exposing the master for exposing the phase 
pit. 

0073. Because the distance between the two beams and 
the light intensities of the exposing light beams can be 
controlled, the phase pits can be formed reliably and pre 
cisely. 

0074 Another embodiment relates to a method of expos 
ing a master for manufacturing the optical information 
recording medium as defined in the third embodiment, 
comprising the Steps of centering an exposing light beam at 
the center of a track and exposing the master to form a 
groove; and shifting the exposing light beam radially from 
the center of the track and exposing the master with lower 
light intensity to form the phase pit. 

0075 Because of the control over the radial shifting of 
the exposing light beam and the light intensity of the 
exposing light beam, the phase pit can be formed reliably 
and precisely. 

0076 Another embodiment relates to a method of expos 
ing a master for manufacturing the optical information 
recording medium as defined in the fourth embodiment and 
comprising the Steps of using two exposing light beams, a 
groove exposing light beam centered at the center of track 
and a phase pit exposing light beam centered at a position 
radially shifted from the center of the track, exposing a 
master by use of the groove exposing light beam to form a 
groove; and Simultaneously exposing the master by use of 
the groove exposing light beam having a lower light inten 
sity and the phase pit exposing light beam having a lower 
Still light intensity to form a phase pit. 

0077 Because of the control over the distance between 
the two exposing light beams and the light intensities of the 
exposing light beams, the phase pit can be formed reliably 
and precisely. 

0078. Another embodiment relates to a method of expos 
ing a master for manufacturing the optical information 
recording medium as defined in the fifth embodiment and 
comprising the Steps of using two exposing light beams, a 
groove exposing light beam centered at the center of track 
and a phase pit exposing light beam at a position shifted 
radially from the center of the track, exposing a master by 
use of the groove exposing light beam when forming a 
groove; and Shifting radially the groove exposing light beam 
and lowering its light intensity and using it together with the 
phase pit exposing light beam to expose the master for 
forming a phase pit. 



US 2006/0028975 A1 

0079 Because of the control over the distance between 
the two exposing light beams and the light intensities of the 
exposing light beams, the phase pit can be formed reliably 
and precisely. 
0080. Another embodiment relates to a method of expos 
ing a master for manufacturing the optical information 
recording medium as defined in the Sixth embodiment and 
comprising the Steps of using an exposing light beam at the 
center of a track and exposing the master there with for 
forming a groove; and shifting radially the exposing light 
beam exposing the master at a higher light intensity for 
forming the phase pits. 
0081. Because of the control over the shifting and the 
light intensity of the exposing light beams, the phase pit can 
be formed well. 

0082 Another embodiment relates to a method of expos 
ing a master for manufacturing the optical information 
recording medium as defined in the Sixth embodiment and 
comprising the Steps of using two exposing light beams 
having equal light intensity and Spaced from each other 
radially, arranging the two exposing light beams Symmetri 
cally radially relative to the center of track and Simulta 
neously exposing by use of the two exposing light beams 
when forming a groove; and shifting only one of the 
exposing light beams to increase its distance from the other 
beam and Simultaneously exposing the original board to 
form the phase pit reliably. 
0.083 Another embodiment relates to a method of expos 
ing a master for manufacturing the optical information 
recording medium as defined in the Seventh embodiment and 
comprising the Steps of using an exposing light beam of 
constant light intensity; disposing the exposing light beam at 
the center of the track and exposing the original board to 
form a groove; and Shifting the exposing light beam in the 
radius direction from the center of the track and exposing the 
master to form a phase pit reliably. 
0084. A first embodiment is described hereinafter refer 
ring to FIGS. 1(a) through 4(c). In the first as well as in the 
other embodiments, the groove employed as the information 
recording track is labeled G, the land between adjacent 
grooves G is L., the phase pit signifying pre-format infor 
mation is P, the groove width of the groove G is Wg, and the 
width of the phase pit P is Wp. 
0085. In the optical information recording medium of the 

first embodiment, the phase pit P is formed on the groove G. 
The inclination angles on the respective right and left Sides 
of the phase pit P in the radius direction (perpendicular to the 
length of the track Tr) are made different from each other. 
Namely, assuming that the respective inclination angles of 
the Sides of the phase pit P are 01 and 02, those angles are 
not equal (01z02, here 01<02). 
0.086 The inclination angles of the sides of the groove G 
are Set to 02. In other respects, the phase pit Pand the groove 
Gare the same. Namely, the groove width Wg at the top of 
the groove G and the width Wp at the top of the phase pit 
P are the same (Wg=Wp), although this does not always 
need to be the case. The groove G and the phase pit P are 
equally deep. Furthermore, the center of the width Wp of the 
phase pit P coincides with the track center of the groove G. 
0.087 As compared with a conventional optical informa 
tion recording medium as shown in FIGS. 23(a) through 
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23(c), the phase pit P of the first embodiment is directly 
formed on the groove G instead of forming it on the land L, 
and the inclination angles 01 and 02 of the Sides of the phase 
pit P are made different from each other. Thereby, the cross 
Section of the phase pit P is made asymmetrical relative to 
the center of track G. Consequently, for instance as shown 
at trackS Tr3 and Trá, even though there are two phase pits 
P next to each other in the radial direction at two adjacent 
trackS G, it is possible to arrange those phase pits P, with 
their asymmetrical shape, next to each other in the radial 
direction. Therefore, those phase pits P can be stably repro 
duced and detected from the push-pull signal without being 
affected by the interference between them. 
0088. Therefore, a large number of such optical informa 
tion recording discS can be replicated utilizing an injection 
molding method using a metal “stamper'. Such a Stamper 
can be made in accordance with the Stamper manufacturing 
process as illustrated in FIG. 2. In this process, a photoresist 
film 2 is applied and cured on a glass master Substrate 1 to 
start forming a glass master 3. Refer to FIG. 2(a). Next, the 
master 3 is exposed to a focused laser beam, e.g., an Arlaser 
4 in this embodiment, to form a latent image therein corre 
sponding to the location of grooves G. Refer to FIG. 2(b). 
The exposed resist-covered master 3 is developed to thereby 
form a groove pattern 5 in the photoresist film 2. Refer to 
FIG. 2(c). An Ni film is formed thereon, e.g., by sputtering, 
to thereby form an electrically conductive film 6 on the 
surface of the master 3 having the groove pattern 5 formed 
on the photoresist film 2 thereof. Refer to FIG. 2(d). A 
thicker Ni layer is formed (for example, by electrolytic 
deposition) on the conductive film 6 to thereby form a Ni 
plate 7 thereon. Refer to FIG. 2(e). The Niplate 7 is peeled 
off form the glass base plate 1. The plate 7 thus peeled off 
is completed as a Stamper 8 by cleaning, rear Surface 
polishing, inner diameter Surface treatment, and Outer diam 
eter surface treatment. Refer to FIG. 2(f). 
0089. The process of exposing the photoresist layer on 
master 3, illustrated in FIG. 2(b), is further illustrated in 
FIG. 3. The master 3 is rotated by a turn table 9 while being 
conveyed laterally, and the laser beam of an Ar laser 4 is 
focused onto the resist layer on master 3. In this way, a 
groove pattern 5 matching the position of the grooves G is 
formed, e.g., as a Spiral. The reference numeral 10 identifies 
an object lens. 

0090 The exposure of the resist layer on the master 3 to 
form a latent image of recording track grooves G and phase 
pits P is further illustrated in FIGS. 4(a) through 4(c). In the 
present embodiment, two beams of exposing light are 
employed for exposing the groove G and the phase pit P. One 
of them is a groove exposing light beam PWg aligned with 
the track center of the groove G, and the other is a phase pit 
exposing light beam PWp spaced or shifted from beam PWg 
by a distance BD in the radius direction from the center of 
the track. 

0091. When only a groove G is being exposed, the resist 
on master 3 is exposed by use of only the groove exposing 
light beam PWg centered on the track center, as shown by 
dot-and-dash line in FIG. 4(a). When the light intensity of 
the groove exposing light beam PWg is decreased, the sides 
of the groove G have Smaller inclination angles, as illus 
trated in FIG. 4(b). This illustrates the principle of control 
ling the inclination angles of the groove Sides by controlling 
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the light intensity of the exposing light beam. When a phase 
pit is exposed, the light intensity of the groove exposing 
light beam PWg is reduced as compared with exposing a 
groove G, as illustrated in FIG. 4(c), and the phase pit 
exposing light beam PWp spaced in the radial direction by 
the distance BD from the center of the track is used 
concurrently increase the inclination angle of one side in 
FIG. 4(c), right side), so that the resist on master 3 is 
exposed at the same time with the two exposing light beams 
PWg and PWp. As seen in FIG. 4(c), the light intensity of 
the phase pit exposing light beam TWp is Set to a value 
Smaller than the light intensity of the groove exposing light 
beam PWg. 
0092. In this manner, it is possible to form a phase pit P 
such that, as seen in FIGS. 1(b) and 1(c), its sides are 
asymmetrical relative to the track center of the groove G, the 
groove width Wp of the phase pit P is substantially the same 
as the groove width Wg of the groove G, and the relationship 
between the inclination angles 01 and 02 at the right and left 
sides of the phase pit P becomes: 

0093) 01<02. 
0094. A second embodiment is described hereinafter 
referring to FIGS. 5a through 6(b). 
0.095. In the optical information recording medium of the 
Second embodiments, the phase pit P is formed on the 
groove G, and the center of the phase pit P(the center of the 
groove cross Section in the radial direction) is shifted by the 
distance S in the radius direction from the track center of the 
groove G. Furthermore, the groove width Wp of the phase 
pit P is set to a value Smaller than that of the groove width 
Wg (Wg->Wp), and the groove depths of the phase pit Pand 
the groove G are set to an equal value. 
0096. The inclination angles of the sides of the phase pit 
P in a radial Section perpendicular to the length of the track 
Tr, are also set to an equal value. (The inclination angles of 
the Sides of the groove G in a Similar Section are set to 
another equal value.) AS compared with a conventional 
optical information recording medium as shown in FIG. 23, 
in this second embodiment the phase pit P is not formed on 
the land L, and instead the groove width Wp of the phase pit 
P is made somewhat smaller than that (Wg) of the groove G 
and the center of the phase pit P is shifted by the distances 
from the track center, and thereby the croSS Section of the 
phase pit P can be made offset from the track center of the 
groove G. Consequently, for instance as shown in the tracks 
Tr3 and Trá, two phase pits P exist side-by-side radially at 
adjacent tracks. Those phase pits P can be stably reproduced 
and detected from the push-pull Signal without interfering 
with each other. 

0097. A method of exposing the resist on master 3 for 
forming the groove G including the phase pit P of this 
second embodiment status, illustrated in FIGS. 5(a)-5(c), is 
described hereinafter referring to FIGS. 6(a) and 6(b). Two 
exposing light beams PW1 and PW2 are employed for 
exposing the groove G and the phase pit P. The light 
intensities of those exposing light beams PW1 and PW2 are 
Set to a Same value but the two beams are offset from each 
other by the distance BD in the radius direction. 
0.098 When exposing a groove G, the exposing light 
beams PW1 and PW2 are at position flanking the track 
center of the groove G Symmetrically in the radius direction 
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(the track center is shown by the dot-and-dash line), and the 
resist on master 3 is exposed at the same time by the two 
exposing light beams PW1 and PW2, as illustrated in FIG. 
6(a). 
0099 When exposing a phase pit, one of the exposing 
light beams PW1 is shifted radially to reduce the distance 
BD between the two beams, as illustrated in FIG. 6(b), and 
the resist original board 3 is exposed at the same time by 
those exposing light beams PW1 and PW2. 

0100. In this manner, it is possible to form the phase pit 
Psuch that the center of the phase pit P is shifted radially by 
a distance S from the track center of the groove G, the groove 
width of the phase pit P is smaller than that of the groove G, 
and the phase pit is asymmetrical relative to the track center. 

0101 Namely, by controlling the beam distance and the 
light intensity of the two exposing light beam PW1 and 
PW2, the resist on maser 3 to expose the location for a 
groove G or a phase pit Pas needed and, therefore, a stable 
phase pit P can be formed and read. 

0102) A third embodiment is described hereinafter, refer 
ring to FIG. 7. 

0103) The third embodiment relates to a method of 
exposing the resist on the master 3 for forming grooves G 
and phase pits P in the configurations illustrated in FIGS. 
5(a) through 5(c). In this third embodiment, only one 
exposing light beam (here, the groove exposing light beam 
PWg) is employed. 
0104. When exposing for the groove G, the groove 
exposing light beam PWg is centered on the center of the 
track. This beam is shown by the solid line in FIG. 7. That 
is the same as in the case of FIG. 4(a). 
0105. When exposing for the phase pit P, the groove 
exposing light beam PWg is shifted by the distances in the 
radius direction from the center of the track and the light 
intensity for exposing the phase pit is made lower than that 
for exposing the groove. This light beam is shown by the 
dotted line in FIG. 7. 

0106. In this manner, it is possible to form the phase pit 
Psuch that, as seen in FIGS. 5(b) and 5(c), the center of the 
phase pit P is shifted radially by the distances from the track 
center of the groove G, the groove width of the phase pit P 
is Smaller than that of the groove G, and the phase pit croSS 
Section is offset from and asymmetrical relative to the track 
Center. 

0107 Namely, by controlling the amount by which the 
exposing light bean is shifted radially and by controlling the 
light intensity of the light beam PWg, the resist on the master 
3 can be exposed for forming the groove G and the phase pit 
P, and a stable phase pit P can be formed. A fourth embodi 
ment is described hereinafter, referring to FIGS. 8(a) 
through 9(b). 

0108. In the fourth embodiment, the phase pit P is formed 
on the groove G, and the inclination angles of the Sides of 
the phase pit P(right and left) differ in a section in the radius 
direction perpendicular to the track Tr. Namely, assuming 
that the inclination angles are 01 and 02, respectively, the 
relationship of 01 and 02 is: 01z02. (Here, the relationship 
thereof is 01<02.) 



US 2006/0028975 A1 

0109 The inclination angles of both sides of the groove 
G equal 02, and the center of the phase pit P (the center of 
the radial cross section, at the level of Wp) is shifted by the 
distance S in the radius direction from the track center of the 
groove G. The groove width Wp of the phase pit P is set to 
a value larger than that (Wg) of the groove G (Wg<Wp). The 
groove depths of both G and P are Set to an equal value. 
Although the groove width Wp of the phase pit P is larger 
than that (Wg) of the groove G, the groove width Wp is set 
to the value within a range Such that the phase pit P is not 
connected to the groove G of the adjacent tracks in the radial 
direction. 

0110. As compared with a conventional optical informa 
tion recording medium as illustrated in FIG. 23, in this 
fourth embodiment a part of a phase pit P on a groove G and 
in part is on a land L adjoining that groove G, but the 
position of the phase pit P and its width Wp are controlled 
Such that the phase pit P does not extend radially to another 
land L or another groove G. Thereby, the center of the phase 
pit P can be offset from the center of the groove G, and the 
phase pit P can be made asymmetrical in the radial direction 
relative to the center of the groove G. 
0111. Therefore, for instance as shown at tracks Tr3 and 
Trá in FIGS. 8(a) through 8(c), even though two phase pits 
P exist at adjacent tracks radially next to each other, they are 
Still spaced from each other radially. Consequently, those 
phase pits P can be stably reproduced and detected form the 
push-pull signal without causing mutual interference. 
0112 A method of exposing the resist on a master 3 for 
forming the grooves G and the phase pits P of this fourth 
embodiment illustrated in FIGS. 8(a) through 8(c) is 
described hereinafter, referring to FIG. 9. Two exposing 
light beams are employed in order to expose the groove G 
and the phase pit P. One of the beams is the groove exposing 
light beam PWg centered at the track center of the groove G, 
and the other is the phase pit exposing light beam PWp 
shifted by the distance BD in the radius direction from the 
track center. 

0113. When exposing for the groove, the resist on master 
3 is exposed by use of only the groove exposing light beam 
PWg centered at the track center (shown by the dot-and-dash 
line) as seen in FIG. 9(a). That is the same as in FIG. 4(a). 
0114. When exposing for the phase pit, utilizing the 
principle controlling the inclination angles of the Sides of the 
phase pit P by controlling the light intensity of the exposing 
light beam as earlier discussed, the light intensity of the 
groove exposing light beam PWg is made decreased as 
compared with using it for exposing for the groove Gas Seen 
in FIG. 9(b), and the exposing light beam PWp for the phase 
pit, centered at a point shifted radially by the distance BD 
from the track center, is used at the same time used in order 
to increase the inclination angle at one side of the phase pit 
Pin FIG. 9(b), right side). Thus, the resist on master 3 is 
exposed at the same time with the two exposing light beams 
PWg and PWp. 

0115. As seen in FIG. 9(b), the light intensity of the 
phase pit exposing light beam PWp is set to the value lower 
than that of the groove exposing light beam PWg. Here, in 
comparison with the method of exposing the original board 
for forming the phase pit P of the type seen in FIG. 1, the 
distance BD between the exposing light beams PWg and 
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PWp is greater than that shown in FIG. 4(c), and the light 
intensity of the phase pit exposing light beam PWp is Set to 
a somewhat higher value as shown by the dotted line in FIG. 
9(b). Namely, in order to widen the groove width Wp of the 
phase pit Pradially, the distance between the exposing light 
beam PWg and PWp is made greater than that in the method 
illustrated in FIG. 4, and the light intensity of the phase pit 
exposing light beam is Set to the value a Somewhat greater 
than that of the phase pit exposing beam PWp of FIG. 4. 
0.116) Though this process, it is possible to form the 
configuration illustrated in FIGS. 8(a) through 8(c), where 
the center of the phase pit P (at the level of width Wp) is 
shifted by the distances from the track center of the groove 
G, the relationship between the inclination angles 01 and 02 
of the left and right sides of phase pit P is 01<02, the groove 
width Wp of the phase pit P is greater than the width (Wg) 
the groove G, and the phase pit PS radial Section is 
asymmetrical relative to the track center. 
0117 Namely, since the resist on the master 3 for the 
groove G and that for the phase pit P can be exposed by 
controlling the position and spacing and the light intensity of 
the he exposing light beams PWg and PWp, the phase pit P 
can be formed Stably and precisely. 
0118. A fifth embodiment is described hereinafter, refer 
ring to FIGS. 10(a) through 11(b). 
0119). In the optical information recording medium of the 
fifth embodiment, the phase pit P is formed on the groove G 
and the inclination angles of the Sides of the phase pit P 
(right and left) in the radius direction perpendicular to the 
track Tr, are made different from each other. Namely, 
assuming that the inclination angles at the edge portions are 
respectively 01 and 02, the relationship between the angles 
is 01202 (here, 01-02). 
0120) The inclination angles of the sides of the groove G 
are both equal to 02. The center of the width Wp of the phase 
pit P is shifted by the distances in the radius direction from 
the track center of the groove G. The widths Wg of the 
groove G and Wp of the phase pit Pare the same (Wg=Wp), 
and the depths of both also are the same. The shift amount 
S from the track center of the phase pit P is Set Such that a 
phase pit Premains Spaced from an adjacent groove G in the 
radial direction. 

0121 AS compared with a conventional optical informa 
tion recording medium of the type illustrated in FIG. 23, 
although in this fifth embodiment a part of the phase pit P 
extends radially to the land L, the shift amounts is controlled 
Such that the phase pit P does not connect to the groove G 
of the adjacent tracks, and the width Wp of the phase pit P 
can be made asymmetrical relative to the track center of the 
groove G. Consequently, for instance, as Seen at trackS Tr3 
and Tral, even though two phase pits P are next to each other 
in the radial direction on two adjacent tracks, it is possible 
to arrange the phase pits P Such that they remain radially 
Spaced from each other and can be stably reproduced and 
detected from the push-pull signal without mutual interfer 
CCC. 

0.122 The method of exposing the original board for 
forming the groove G including the phase pit Pof the present 
embodiment status as shown in FIG. 10 is described here 
inafter, referring to FIG. 11. The present embodiment status 
also uses the two lines of the exposing light beam for 
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exposing the groove G and the phase pit P. One of those 
beams is the groove exposing light beam PWg disposed on 
the track center of the groove G, and another one of those 
beams is the phase pit exposing light beam PWp shifted by 
the distance BD in the radius direction from the track center. 

0123. When exposing the resist on the master 3 for 
forming the groove, only one groove exposing light beam 
PWg is used, centered at the track center as shown by 
dot-and-dash line in FIG.11(a). The method is same as that 
of FIG. 4(a). 
0.124. When exposing for forming the phase pit, utilizing 
the principle of controlling the inclination angle of the Sides 
of the phase pit by controlling the light intensity of the 
exposing light beam as mentioned before, as Seen in FIG. 
11(b), the light intensity of the groove exposing light beam 
PWg is made smaller than that at the time of exposing for 
forming the groove G, and the resist on master 3 is exposed 
at the same time with the two exposing light beams PWg and 
PWp, with the phase pit exposing light beam PWp spaced 
radially from the track center) by the spacing BD in order to 
increase the inclination angle of one Side of the phase pit P 
in FIG. 11(b), right side). 
0125. As seen in FIG. 11(b), the light intensity of the 
phase pit exposing light beam PWp is Set to a lower value 
than that of the groove exposing light beam PWg. In order 
to shift the center of the phase pit P in the radius direction 
from the track center, the two exposing light beam PWg and 
PWp are shifted at the same time by the distance s in the 
radius direction from the track center as shown by the dotted 
line in FIG. 11(b). 
0.126 By exposing the resist on the master 3 in this 
manner, it is possible to form the Structure illustrated in 
FIGS. 10(a) through 10(c), where the center of the width Wp 
of the phase pit P is shifted radially by the distance S from 
the track center of the groove G, the relationship between the 
inclination angles 01 and 02 of sides of the phase pit P is 
01<02, and the phase pit P is asymmetrical relative to the 
track center. 

0127. Namely, since the resist on the master 3 can be 
exposed for forming the groove G and the phase pit P by 
controlling the beam positions and spacing and the light 
intensity of the two exposing light beams PWg and PWp, the 
phase pit P can be stably and precisely formed. 

0128. A sixth embodiment is described hereinafter, refer 
ring to FIGS. 12 and 13. 
0129. In the optical information recording medium of the 
sixth embodiment, the phase pit P is formed on the groove 
G and the center of the radial croSS Section of the phase pit 
P is shifted by the distances in the radius direction from the 
track center of the groove G. The groove width Wp of the 
phase pit P is greater than the groove width Wg of the groove 
G (Wg<Wp), and the depths of both are equal. 
0130. Although the width Wp of the phase pit P is more 
than the groove width Wg of the groove G, the width Wp is 
Set Such that the phase pit P does not connect to the groove 
G of the adjacent tracks. The inclination angles of the Sides 
of the phase pit P (right and left) in the radius direction 
perpendicular to the track Tr are set to an equal value. (The 
inclination angles of the Sides of the groove G also are 
equal.) AS compared with a conventional optical information 
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recording medium of the type illustrated in FIG. 23, 
although the phase pit P of this sixth embodiment extends 
into a part of the land L, the width of the phase pit P in 
controlled Such that the phase pit P does not connect to the 
groove G of the adjacent tracks, and in radial croSS Section 
the phase pit P is asymmetrical relative to the track center of 
the groove G. Consequently, for instance, as shown by the 
tracks Tr3 and TrA, even if two phase pits P exist side-by 
Side in the radial direction at the adjacent tracks, those phase 
pits P can be stably reproduced and detected from the 
push-pull Signal without mutual interference. 
0131) A method of exposing the resist on the master 3 in 
order to form a groove G and a phase pit Paccording to this 
sixth embodiment, as illustrate in FIGS. 12(a) through 12(c) 
is described hereinafter, referring to FIGS. 13(a) and 13(b). 
Two exposing light beams PW1 and PW2 are used for 
exposing the groove G and the phase pit P. The light 
intensities of those exposing light beams PW1 and PW2 are 
Set to an equal value, and the two beams are separated by the 
distance BD in the radius direction. 

0.132. When the resist on the master 3 is being exposed 
for forming the groove, both of the exposing light beams 
PW1 and PW2 symmetrically flank the track center (shown 
by dot-and-dash line) in the radial direction, as seen in FIG. 
13(a). The resist on the master 3 is exposed at the same time 
with those exposing light beams PW1 and PW2. The method 
is same as that of FIG. 6(a). 
0133. In order to expose the resist on the master 3 for 
forming the phase pit P, as shown by the dotted line in FIG. 
13(b), the exposing light beam PW2 is shifted in a radial 
direction to increase the distance BD between the two 
beams. The resist on the master 3 is exposed at the same time 
with both exposing light beams PW1 and PW2. 
0.134. By carrying out such exposure of the master 3 in 
order to form grooves and phase pits of the type illustrated 
in FIGS. 12(a) through 12(c), it is possible to form the phase 
pit Psuch that the center of the phase pit P is shifted radially 
by the distance S from the track center of the groove G, the 
groove width Wp of the phase pit P is made greater than that 
(Wg) of the groove G, and the phase pit P has a radial cross 
Section that is asymmetrical relative to the track center. The 
resist on the master 3 can be exposed for forming the groove 
G and the phase pit P by controlling the distance between, 
and the light intensity of, the two exposing light beam PW1 
and PW2 so as to form the phase pit P stably and precisely. 

0.135 A seventh embodiment is described hereinafter, 
referring to FIG. 14. The seventh embodiment relates to a 
method of exposing the resist on the master 3 for forming a 
groove G and a phase pit P of the type illustrated in FIGS. 
12(a) through 12(c). 
0.136. In the seventh embodiment, only one exposing 
light beam (here, the groove exposing light beam PWg) is 
employed. 

0.137 At the time of exposure for forming the groove, the 
groove exposing light beam PWg is centered at the track 
center and the resist on the master 3 is exposed as shown by 
the Solid line in FIG. 14. The method is same as that of FIG. 
4(a). 
0.138. At the time or exposing the resist on the master 3 
for forming the phase pit, the groove exposing beam PWg is 
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shifted by the distances in the radius direction from the track 
center and its light intensity is increased as compared with 
the case of exposing the groove, as shown by the dotted line 
in FIG. 14. The resist is exposed in this shifted position and 
at this increased intensity of the beam PWg in order to form 
the phase pit. 
0.139. Though practicing this method of exposing the 
resist on the master 3, it is possible to achieve the configu 
ration illustrated in FIGS. 12(a) through 12(c), where the 
center of the phase pit P is shifted by the distances from the 
track center, the phase pit groove width Wp of the phase pit 
P is greater than that (Wg) of the groove G, and the phase 
pit P has a radial croSS Sections that is asymmetrical relative 
to the track center. 

0140 Namely, by controlling the degree of shifting and 
the light intensity of the groove exposing light beam PWg, 
the resist on the master 3 can be exposed appropriately for 
forming the groove G and the phase pit P, and the phase pit 
P can be formed stably and precisely. 
0141 An eighth embodiment is described hereinafter, 
referring to FIGS. 5, 15 and 16. 
0142. In an optical information recording medium 
according to the eighth embodiment, the phase pit P is 
formed at the groove G, and the center of the phase pit P(the 
center of the phase pit in a radial cross Section) is shifted by 
the distance S in the radius direction from the track center of 
the groove G. The shifting amounts of the phase pit P from 
the track center is Selected Such that the phase pit P is not 
connected to the groove G of either adjacent track. The 
groove width Wg of the groove G and that Wp of the phase 
pit Pare set to an equal value (Wg=Wp). The groove depths 
of the groove G and the phase pit P are also set to another 
equal value. The inclination angles of the Sides of the phase 
pit P (in a radial Section perpendicular to the track Tr) are 
also set to an equal value. 
0143 AS compared with a conventional optical informa 
tion recording medium of the type illustrated in FIG. 23, in 
the 8th embodiment a part of the phase pit P is at a groove 
and a part is at a land but, cy controlling the amount of offset 
or shifting, the phase pit is prevented from connecting to a 
groove G of an adjacent tracks. In radial Section, the phase 
pit P is asymmetrical relative to the track center. Therefore, 
for instance as shown at tracks Tr3 and TrA, even if two 
phase pits P exist Side-by-Side in the radial direction at two 
adjacent tracks, those phase pits P can be stably reproduced 
and detected from the push-pull signal, without mutual 
interference. 

0144. A method of exposing the resist on the master 3 for 
forming the groove G and the phase pit P of the 8th 
embodiment, in the configuration illustrated in FIGS. 15(a) 
through 15(c), is described hereinafter referring to FIG. 16. 
Only one exposing light beam (here, the groove exposing 
light beam PWg) is employed. 
0145 At the time of exposing the resist on the master 3 
for forming the groove, the exposing light beam PWg is 
centered at the track center, as shown by the Solid line in 
FIG. 16. The method is same as that of FIG. 4(a). 
0146 For exposing the resist on the master 3 for forming 
the phase pit, the groove exposing light beam PWg is shifted 
by the distance S from the track center, as shown by the 
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dotted line in FIG. 16. The exposure for the phase pit takes 
place with the beam so shifted. 
0147 Through this method of exposing the resist on the 
master 3 to achieve a structure of the type illustrated in 
FIGS. 12(a) through 12(c), it is possible to form the phase 
pit P Such that in radial Section its center is Spaced radially 
by the distance S from the track center, and the phase pit P 
in radial Section is asymmetrical relative to the track center. 
Namely, by controlling the amount of offset or shift and the 
light intensity of the groove exposing light beam, the phase 
pit P can be formed stably and precisely. 
Results 

0.148. As earlier discussed in connection with FIGS. 
25(a) and 25(b), there is a relationship between the shape 
and position of the phase pit P relative to the groove G and 
the difference value A of the push-pull signal at the phase pit. 
In the discussion below, a numerical value LPP is used for 
convenience, obtained by dividing the value A of the push 
pull signal by the Sum Signal (level) at the time of reading 
the groove G (and the phase pits thereat). For reading, a 
reproducing beam B is used comprising a laser beam having 
a wavelength of 635 nm and a beam diameter of approxi 
mately 0.9 tum. The track pitch TP is approximately 0.8 um. 
Phase change recording material is used as the recording 
medium along the tracks, formed as a recording film on a 
Substrate that carries other layerS as well, including a pro 
tective layer. 

FIRST EXAMPLE 

0149 Results regarding the first embodiment, illustrated 
in FIGS. 1(a) through 1(c), are described hereinafter, refer 
ring to FIGS. 17(a) and 17(b) illustrating the effect on LPP 
of varying the inclination angle 01 of one side (in radial 
Section) of the phase pit P. In this example, the angle 02 of 
the other side, e.g., the right-hand side in FIG. 17(b), is fixed 
at 02=45°. The width Wp of the phase pit P is set to 0.4 um 
and the groove depth thereof is set to 600 A. 
0150. In FIG. 17(a), the mark “o” represents the numeri 
cal value of LPP when reading a phase pit when no other 
phase pit is radially adjacent thereto at an adjacent track, 
while the mark “” represents the numerical value of LPP 
when reading a phase pit that has another phase pit radially 
adjacent thereto at an adjacent track (so that the two phase 
pits that are radially Side-by-Side can potentially interfere 
with each other). 
0151. In order to produce the appropriate configuration of 
grooves and phase pits through exposure of the resist on the 
master 3 for this example, two exposing light beams are 
used, as discussed in connection with FIGS. 4(a) through 
4(c), and Samples that differ from each other in various 
parameters can be made by Suitably controlling the distance 
between the exposing light beams and the light intensities 
thereof. 

0152 According to the illustration of FIG. 17(a), when 
there is no radially adjacent phase pit to the one being read, 
in general the Smaller the inclination angle 01 at one side of 
the phase pit (in radial Section), the greater the value of LPP, 
and the inclination angle of 01s10 yields a maximum value 
of LPP (LPP-0.20). 
0153. As illustrated in FIG. 17(a), even when there is a 
radially adjacent phase pit at the next track, as shown by the 
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mark “”, the value of LPP decreases by only up to approxi 
mately 0.05, in comparison with the case shown by the mark 
“o”. It can be appreciated that an inclination angle of 01s10 
enhances the stability of the LLP signal and the stable 
detection of the phase pits even when two phase pits are 
radially Side-by-Side at adjacent trackS. 

SECOND EXAMPLE 

0154 Results regarding the second embodiment, illus 
trated in FIGS. 5(a) through 5(c), are described hereinafter, 
referring to FIGS. 18(a) and 18(b) illustrating the effect on 
LPP of radially shifting only one side (in radial section) of 
the phase pit P to thereby reduce the width Wp of the phase 
pit P. 

O155 As illustrated in FIG. 18(b), both of the inclination 
angles 01 and 02 at the Sides (in radial Section) of the phase 
pit are 45. The width Wp and depth Dp of the phase pit P 
are respectively 0.4 um and 600A. In FIG. 18(a), the mark 
“o” represents the numerical value of LPP from reading a 
phase pit when no other phase pit is radially adjacent thereto 
at an adjacent track, while the mark “” represents the 
numerical value of LPP from reading a phase pit when 
another phase pit is radially adjacent thereto at an adjacent 
track (So that the two phase pits that are radially side-by-side 
can potentially interfere with each other). Two exposing 
beams were used, as discussed in connection with FIGS. 
6(a) and 6(b) to produce samples having different param 
eters by controlling the distance between the exposing light 
beams and the light intensities thereof. 
0156) As illustrated in FIG. 18(a), even when there is a 
radially adjacent phase pit at the next track, as shown by the 
mark “”, the value of LPP decreases by only up to approxi 
mately 0.05, in comparison with the case as shown by the 
mark “o'. It can be appreciated that the presence of two 
radially adjacent phase pits does not cause Significant inter 
ference. 

O157. In the case of the second embodiment, it is pref 
erable that the width Wp of the phase pit P be approximately 
0.2 um and the center (in radial Section) of the phase pit be 
shifted radially from the track center by approximately 0.06 
plm. 

THIRD EXAMPLE 

0158 Results related to the fourth embodiment, illus 
trated in FIGS. 8(a) through 8(c), are described hereinafter, 
referring to FIGS. 19(a) and 19(b). In that fourth embodi 
ment, the inclination angles 01 and 02 at of the sides (in 
radial Section) of the phase pit are different from each other. 
FIGS. 19(a) and 19(b) illustrate the effect on LPP of shifting 
only ones side of the phase pit P to thereby increase the 
width Wp (while maintaining the two different inclination 
angles). 
0159. As illustrated in FIG. 19(b), the inclination angles 
C. 

0160) 01=10°, and 02=45°. 
0161 The depth Dp of the phase pit P is 600 A. In FIG. 
19(a), the mark “o” represents the numerical value of LPP 
from reading a phase pit when no other phase pit is radially 
adjacent thereto at an adjacent track, while the mark “” 
represents the numerical value of LPP from reading a phase 
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pit when another phase pit is radially adjacent thereto at an 
adjacent track (So that the two phase pits that are radially 
side-by-side can potentially interfere with each other). Two 
exposing beams were used, as discussed in connection with 
FIGS. 9(a) and 9(b) to produce samples having different 
parameters by controlling the distance between the exposing 
light beams and the light intensities thereof. 
0162 As illustrated in FIG. 19(a), even when there is a 
radially adjacent phase pit at the next track, as shown by the 
mark “”, the value of LPP decreases by only up to approxi 
mately 0.05, in comparison with the case as shown by the 
mark “o'. It can be appreciated that the presence of two 
radially adjacent phase pits does not cause significant inter 
ference. 

0163 As seen in FIG. 19(a), in the case of the fourth 
embodiment (FIGS. 8(a)-8(c)) it is preferable that the width 
Wp of the phase pit P be greater than in the case of the first 
embodiment (FIGS. 1(a) through 1(c)) and that the center of 
the phase pit (in radial Section) be shifted in the arrow 
direction, so as to increase the value of LLP. A Suitable width 
Wp is approximately 0.65 lum. 
0164. In order to ensure reliably that no phase pit P 
extends into a groove G of an adjacent tracks, it is preferable 
to keep the width Wp of the phase pit P in the range of 0.5 
through 0.7 u?m when a track pitch PT of approximately 0.8 
tum is used, taking into account probabilities inherent in 
manufacturing Such as those involving variations in the track 
pitch TP and light intensity variation of the respective 
beams. 

FOURTH EXAMPLE 

0.165 Results related to the fifth embodiment, illustrated 
in FIGS. 10(a) through 10(c)), are described hereinafter 
referring to FIGS. 200a) and 200b). In the fifth embodiment, 
the inclination angles 01 and 02 at the sides (right and left) 
in a radial Section through the phase pit are different from 
each other, where 

0166 01=10°, and 02=45° 
0167. The width Wp of the phase pit P is 0.4 um, as is the 
groove G, and the depth Dp of the phase pit is 600 A. In FIG. 
20(a), the mark “o” represents the numerical value of LPP 
from reading a phase pit when no other phase pit is radially 
adjacent thereto at an adjacent track, while the mark “” 
represents the numerical value of LPP from reading a phase 
pit when another phase pit is radially adjacent thereto at an 
adjacent track (So that the two phase pits that are radially 
side-by-side can potentially interfere with each other). Two 
exposing beams were used, as discussed in connection with 
FIGS. 11(a) and 11(b) to produce samples having different 
parameters by controlling the distance between the exposing 
light beams and the light intensities thereof. 
0168 As illustrated in FIG. 20(a), as the phase pit P is 
shifted further from the track center in the radius direction, 
the value of LPP increases until the shift reaches approxi 
mately 0.15 um, and the value of LLP is optimum at 
approximately that range. 

FIFTH EXAMPLE 

0169. Results regarding the sixth embodiment, illustrated 
in FIGS. 12(a) through 12(c), are discussed below in con 



US 2006/0028975 A1 

nection with FIGS. 21(a) and 21(b). In the sixth embodi 
ment, the inclination angles 01 and 02 of the sides (right and 
left) of the phase pit in radial Section are equal to each other, 
C.9. 

0170 01-02-45°. 
0171 the depth Dp of the phase pit P is 600 A and the 
widths Wp and Wg are the same. FIG.21(a), illustrates 
the effect on the value of LLP of shifting only the one 
side (in radial section) of the phase pit P to thereby 
increase the width Wp of the phase pit P, where the 
mark “o” represents the numerical value of LPP from 
reading a phase pit when no other phase pit is radially 
adjacent thereto at an adjacent track, while the mark “” 
represents the numerical value of LPP from reading a 
phase pit when another phase pit is radially adjacent 
thereto at an adjacent track (so that the two phase pits 
that are radially Side-by-Side can potentially interfere 
with each other). Two exposing beams were used, as 
discussed in connection with FIGS. 13(a) and 13(b) to 
produce Samples having different parameters by con 
trolling the distance between the exposing light beams 
and the light intensities thereof. As illustrated in FIG. 
20(a), as the phase pit P is made wider and the center 
thereof (in radial section) is shifter more from the track 
center, the value of LPP increases until the value of 
LLP becomes optimal at approximately 0.60 um shift, 
where the value of LLP is approximately 0.40 when 
two phase pits are Side-by-Side in the radial direction at 
two adjacent trackS. 

SIXTH EXAMPLE 

0172 Results regarding the eighth embodiment, illus 
trated in FIGS. 15(a) through 15(c), are discussed below in 
connection with FIGS. 22(a) and 22(b). In the eighth 
embodiment, the inclination angles 01 and 02 of the sides 
(right and left) of the phase pit in radial Section are equal to 
each other, e.g. 

0173 01-02-45°. 
0174 the depth Dp of the phase pit P is 600 A and the 
widths Wp and Wg are the same. FIG.22(a), illustrates 
the effect on the value of LLP of shifting the phase pit 
P in the radial direction relative to the track, where the 
mark “o” represents the numerical value of LPP from 
reading a phase pit when no other phase pit is radially 
adjacent thereto at an adjacent track, while the mark “” 
represents the numerical value of LPP from reading a 
phase pit when another phase pit is radially adjacent 
thereto at an adjacent track (so that the two phase pits 
that are radially Side-by-Side can potentially interfere 
with each other). One exposing beam was used, as 
discussed in connection with FIG. 16 to produce 
Samples having shift values. 

0175. As illustrated in FIG. 22(a), as the center (in radial 
section) of the phase pit P is shifted further in the radial 
direction from the track center, the value of LPP increases 
until the value of LLP becomes optimal at approximately 
0.20 um shift, where the value of LLP is approximately 0.40 
when two phase pits are side-by-side in the radial direction 
at two adjacent trackS. 
0176). According to a first aspect of the disclosed optical 
information recording media, Since the phase pit is formed 
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at the groove and the shape of the phase pit in a radial Section 
is made asymmetrical relative to the track center of the 
groove, the phase pit can be reliably distinguished from the 
rest of the groove when reproducing the Signal and tracking 
the groove utilizing the push-pull method. Although the 
phase pit is formed at the groove, there is no significant 
mutual interference between phase pits even when they are 
radially adjacent at adjacent tracks. 

0177 According to a second aspect of the disclosed 
optical information recording media, only by making dif 
ferent from each other the inclination angles of the phase pit 
sides (in radial Section) and thereby making asymmetrical 
the shape of the groove in radial Section relative to the track 
center, the phase pit can be kept from encroaching on the 
grooves of adjacent tracks and thereby prevent significant 
mutual interference between phase pits even when they are 
radially adjacent at adjacent tracks. 

0.178 According to a third aspect of the disclosed optical 
information recording media, the center of the phase pit is 
shifted from the track center of the groove in the radius 
direction perpendicular to the track, the width of the phase 
pit is Smaller than that of the groove, the depths of the phase 
pit and the groove are equal to each other, and the inclination 
angles of the Sides of the phase pit in radial Section are equal 
to each other. 

0179 Consequently, only by making the width of the 
phase pit Smaller than that of the groove, Shifting the center 
of the phase pit radially from the track center and thereby 
obtaining a phase pit which in radial Section is asymmetrical 
relative to the track center, the phase pit can be kept from 
extending to the groove of an adjacent track, and thereby the 
phase pit can be read reliably, without significant interfer 
ence even when there are two radially adjacent phase pits at 
adjacent trackS. 

0180 According to a fourth aspect of the disclosed 
optical information recording media, the inclination angles 
of the Sides of the phase pit in radial Section are made 
different from each other, the width of the phase pit is 
increased but not So much Such that the phase pit extends to 
the groove of the adjacent track, and the shape of the radial 
Sections thereof is made asymmetrical relative to the track 
center. Thus, the phase pit is kept from extending into the 
groove of an adjacent track, and the phase pit can be reliably 
read without significant interference even when two phase 
pits are radially adjacent at adjacent trackS. 

0181. According to a fifth aspect of the disclosed optical 
information recording media, the inclination angles of the 
Sides of the phase pit in radial Section are made different 
from each other, the phase pit is shifted in the radius 
direction but not So much Such that it extends into the groove 
of an adjacent tracks, and the radial Section thereof is made 
asymmetrical relative to the track center. Thus, the phase pit 
is kept from extending into the groove of an adjacent tracks, 
and the phase pit can be reliably read without significant 
interference even when two phase pits are radially adjacent 
at adjacent trackS. 
0182. According to a sixth aspect of the disclosed optical 
information recording media, the width of the phase pit is 
increased but not So much Such that the phase pit extends 
into the groove of an adjacent tracks, and the radial Section 
thereof is made asymmetrical relative to the track center. 
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Thus, the phase pit is kept from extending into the groove of 
an adjacent tracks, and the phase pit can be reliably read 
without Significant interference even when two phase pits 
are radially adjacent at adjacent tracks. 
0183 According to a seventh aspect of the disclosed 
optical information recording media, the phase pit is shifted 
in the radius direction but not So much Such that it extends 
into the groove of an adjacent track, and the radial Section 
thereof is made asymmetrical relative to the track center. 
Thus, the phase pit is kept from extending into the groove of 
an adjacent track, and the phase pit can be reliably read 
without Significant interference even when two phase pits 
radially adjacent at two adjacent tracks. 
0184. According to an eighth aspect of the disclosed 
optical information recording media, Since the master can be 
exposed for forming the groove and the phase pit by 
controlling the distance between two exposing light beams 
and the light intensities thereof, the phase pit can be reliably 
and precisely formed at the time of manufacturing an optical 
information recording medium according to the Second 
aspect of the disclosed media. 
0185. According to a ninth aspect of the disclosed optical 
information recording media, Since the master can be 
exposed for forming the groove and the phase pit by 
controlling the distance between two exposing light beams 
and the light intensities thereof, the phase pit can be formed 
reliably and precisely at the time of manufacturing the 
optical information recording medium according to the third 
aspect of the disclosed media. 
0186 According to a tenth aspect of the disclosed optical 
information recording media, Since the master can be 
exposed for forming the groove and the phase pit by 
controlling the radial shifting of one exposing light beam 
and the light intensity thereof, the phase pit can be formed 
reliably and precisely at the time of manufacturing an optical 
information recording medium as defined in the third aspect 
of the disclosed media. 

0187. According to an eleventh aspect of the disclosed 
optical information recording media, Since the master can be 
exposed for forming the groove and the phase pit by 
controlling the distance between two exposing light beams 
and the light intensities thereof, the phase pit can be formed 
reliably and precisely at the time of manufacturing the 
optical information recording medium as defined in the 
fourth aspect of the disclosed media. 
0188 According to a twelfth aspect of the disclosed 
optical information recording media, Since the master can be 
exposed for forming the groove and the phase pit by 
controlling the distance between two exposing light beams 
and the light intensities thereof, the phase pit can be formed 
reliably and precisely at the time of manufacturing the 
optical information recording medium as defined in the fifth 
aspect of the disclosed media. 
0189 According to a thirteenth aspect of the disclosed 
optical information recording media, Since the master can be 
exposed for forming the groove and the phase pit by 
controlling the degree of radially shifting one exposing light 
beam and the light intensity thereof, the phase pit can be 
formed reliably and precisely at the time of manufacturing 
the optical information recording medium as defined in the 
Sixth aspect of the disclosed media. 
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0190. According to a fourteenth aspect of the disclosed 
optical information recording media, Since the master can be 
exposed for forming the groove and the phase pit by 
controlling the distance between two exposing light beams 
and the light intensities thereof, the phase pit can be formed 
reliably and precisely at the time of manufacturing the 
optical information recording medium as defined in the Sixth 
aspect of the disclosed media. 
0191). According to a fifteenth aspect of the disclosed 
optical information recording media, Since the master can be 
exposed for forming the groove and the phase pit by 
controlling the degree of radially shifting one exposing light 
beam and the light intensity thereof, the phase pit can be 
formed reliably and precisely at the time of manufacturing 
the optical information recording medium as defined in the 
Seventh aspect of the disclosed media. 
0.192 The above specific embodiments are illustrative, 
and many variations can be introduced on these embodi 
ments without departing from the Spirit of the disclosure or 
from the Scope of the appended claims. It is therefore to be 
understood that within the Scope of the appended claims, the 
disclosed material may be practiced otherwise than as Spe 
cifically described herein. For example, elements and/or 
features of different illustrative embodiments may be com 
bined with each other and/or Substituted for each other 
within the Scope of this disclosure and appended claims. 
0193 This application is based on Japanese Patent Appli 
cation No. JPAP-09-230696, filed on Aug. 27, 1997, the 
entire contents of which are incorporated by reference 
herein. 

What is claimed is: 
1. An optical information recording medium comprising: 
information recording tracks configured to Serve as 

grooves, and 
phase pits formed on the tracks in a way Such that radially 

opposite edge portions of the phase pits orthogonal to 
the tracks have tilt angles different from each other, 

wherein preformatted information is recorded as Said 
phase pits. 

2. An optical information recording medium comprising: 
grooves configured to Serve as information recording 

tracks, and 
phase pits formed on the tracks in a way Such that radially 

opposite edge portions of the phase pits orthogonal to 
the tracks have tilt angles different from each other, 

wherein preformatted information is recorded as Said 
phase pits, and 

wherein a track center of the grooves and a center of the 
phase pits are Substantially identical, gap widths of the 
grooves and the phase pits are Substantially identical, 
and gap depths of the grooves and the phase pits are 
Substantially identical. 

3. An optical information recording medium comprising: 
grooves configured to Serve as information recording 

tracks, and 
phase pits formed on the tracks in a way Such that radially 

opposite edge portions of the phase pits orthogonal to 
the tracks have tilt angles different from each other, 
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wherein preformatted information is recorded as Said 
phase pits, and 

wherein a center of the phase pits is radially displaced 
relative to a track center of the grooves, a gap width of 
the phase pits is greater than a gap width of the grooves 
Such that each of the phase pits leaves a radial clearance 
from an immediately adjacent one of the grooves, and 
gap depths of the grooves and the phase pits are 
Substantially identical. 

4. An optical information recording medium comprising: 
grooves configured to Serve as information recording 

tracks, and 
phase pits formed on the tracks in a way Such that radially 

opposite edge portions of the phase pits orthogonal to 
the tracks have tilt angles different from each other, 

wherein preformatted information is recorded as Said 
phase pits, and 

wherein a center of the phase pits is radially displaced 
relative to a track center of the grooves Such that each 
of the phase pits leaves a radial clearance from an 
immediately adjacent one of the grooves, gap widths of 
the grooves and the phase pits are Substantially iden 
tical, and gap depths of the grooves and the phase pits 
are Substantially identical. 

5. An original medium exposing method for producing the 
optical information recording medium of claim 2, Said 
method comprising the steps of: 

arranging a groove exposure beam at a track-center ori 
ented position; 

arranging a phase pit exposure beam at a place radially 
displaced from a track center; 

conducting a groove exposure with the groove exposure 
beam; and 

conducting a phase pit exposure Substantially simulta 
neously with the groove exposure, 

wherein in a time of the phase pit exposure, a light amount 
of the groove exposure beam is reduced, and a light 
amount of the phase pit exposure beam is Smaller than 
the reduced light amount of the groove exposure beam. 

6. An original medium exposing method for producing an 
optical information recording medium, Said method com 
prising the Steps of 

conducting a groove exposure for exposing an original 
medium with an exposure beam by arranging the 
exposure beam at a track-center oriented position; and 

conducting a phase pit exposure for exposing the original 
medium with the exposure beam slightly displaced in a 
radial direction from the track-center oriented position, 

wherein a light amount of the phase pit exposure is 
reduced from a light amount used in the groove expo 
Sure, 

wherein, in the optical information recording medium, 
grooves Serve as information recording tracks and 
phase pits are formed as preformatted information on 
the tracks in a way Such that radially opposite edge 
portions of the phase pits orthogonal to the tracks have 
tilt angles different from each other, and 
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wherein a center of the phase pits is radially displaced 
relative to a track center of the grooves, a gap width of 
the phase pits is Smaller than a gap width of the 
grooves, and gap depths of the grooves and the phase 
pits are Substantially identical. 

7. An original medium exposing method for producing the 
optical information recording medium of claim 3, Said 
method comprising the Steps of 

arranging a groove exposure beam at a track-center ori 
ented position; 

arranging a phase pit exposure beam at a place radially 
displaced from a track center; 

conducting a groove exposure with the groove exposure 
beam; and 

conducting a phase pit exposure Substantially simulta 
neously with the groove exposure, 

wherein in a time of the phase pit exposure, a light amount 
of the groove exposure beam is reduced and a light 
amount of the phase pit exposure beam is Smaller than 
the reduced light amount of the groove exposure beam. 

8. An original medium exposing method for producing the 
optical information recording medium of claim 4, Said 
method comprising the Steps of 

arranging a groove exposure beam at a track-center ori 
ented position; 

arranging a phase pit exposure beam at a place radially 
displaced from a track center; 

conducting a groove exposure with the groove exposure 
beam; and 

conducting a phase pit exposure Substantially simulta 
neously with the groove exposure, 

wherein in a time of the phase pit exposure, a light amount 
of the groove exposure beam is reduced and a light 
amount of the phase pit exposure beam is Smaller than 
the reduced light amount of the groove exposure beam. 

9. An original medium exposing method for producing an 
optical information recording medium, Said method com 
prising the Steps of 

conducting a groove exposure for exposing an original 
medium with an exposure beam by arranging the 
groove exposure beam at a track-center oriented posi 
tion; and 

conducting a phase pit exposure for exposing the original 
medium with a phase pit exposure beam which is 
slightly displaced in a radial direction from the track 
center oriented position, 

wherein a light amount of the phase pit exposure beam is 
reduced from a light amount of the groove exposure 
beam, 

wherein, in the optical information recording medium, 
grooves Serve as information recording tracks and 
phase pits are formed as preformatted information on 
the tracks in a way Such that radially opposite edge 
portions of the phase pits orthogonal to the tracks have 
tilt angles different from each other, and 

wherein a center of the phase pits is radially displaced 
relative to a track center of the grooves, a gap width of 
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the phase pits is greater than a gap width of the grooves 
Such that each of the phase pits leaves a radial clearance 
from an immediately adjacent one of the grooves, and 
gap depths of the grooves and the phase pits are 
Substantially identical. 

10. An exposure method for exposing a master for manu 
facturing an optical information recording medium, Said 
method comprising the Steps of 

exposing a light-sensitive layer of the master, to form on 
the light-sensitive layer a first latent image correspond 
ing to a groove, by applying an exposure beam having 
constant light intensity and centered at a center of a 
track on the master; and 

shifting the exposure beam in a radial direction from the 
center of the track, and exposing the light-sensitive 
layer with the shifted exposure beam, to form on the 
light-sensitive layer a Second latent image correspond 
ing to a phase pit. 

11. A Stamper manufacturing method comprising: 
forming a glass master including a light-sensitive layer; 
exposing the glass master including the light-sensitive 

layer by applying the exposure method of claim 10, 
developing the light-sensitive layer to form a groove 

pattern on the glass master; 
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forming an electrically conductive film on a Surface of the 
glass master having the groove pattern thereon; 

applying an electroforming process to form a Stamper 
plate on the conductive film; and 

peeling the Stamper plate from the glass master, and 
processing the Stamper plate to form a Stamper. 

12. A Stamper formed by the Stamper manufacturing 
method of claim 11. 

13. An optical information recording medium manufac 
turing method including the exposure method of claim 10. 

14. An optical information recording medium manufac 
tured by the optical information recording medium manu 
facturing method of claim 13. 

15. An optical information recording medium master 
manufacturing apparatus comprising: 

a laser light Source; and 
a laser control unit, 
wherein Said laser control unit controls Said laser light 

Source to apply an exposure beam to a master, in 
accordance with the exposure method of claim 10. 

16. A Stamper manufacturing apparatus including the 
master manufacturing apparatus of claim 15. 
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