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optical disk. A clock reference structure is permanently 
formed along servo tracks of the optical disk. An optical 
transducer is coupled to the clock reference structure and 
generates a clock reference signal simultaneously with writ 
ing new data onto the recording layer of the optical disk. The 
data is written as data marks along the servo tracks. Each of 
the data marks includes edges. The edges of the data marks 
are recorded in synchronization with a write clock. The write 
clock is phase-locked with the clock reference signal. 
Therefore, the edges of the data marks are aligned with the 
clock reference structure with sub-bit accuracy. Standard 
DVD-ROM disk readers are not able to detect the high spa 
tial frequency of the clock reference structure. Therefore, the 
optical disk structure and optical disk recorder of this inven 
tion allow production of re-writable optical disks which can 
be read by standard DVD-ROM disk readers. 
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RE-WRITABLE OPTICAL DISK HAVING 
REFERENCE CLOCK INFORMATION 

PERMANENTLY FORMED ON THE DISK 

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

This application is a reissue of US. Pat. No. 6,046,968 
entitled “Re- Writable Optical Disk Having Reference Clock 
Information Permanently Formed on the Disk” issued on 
Apr. 4, 2000 and is related to reissue application Ser. No. 
11/416,589?led on May 3, 2006. 

FIELD OF INVENTION 

This invention relates generally to storing data on 
re-writable optical disks. In particular, it relates to an optical 
disk having servo tracks including a clock reference struc 
ture for generating a clock reference signal for accurately 
controlling the placement of data marks along the servo 
tracks when writing information to a recording layer of the 
optical disk, and an optical disk recorder for writing the 
information to the optical disk. 

BACKGROUND 

Typically, data is stored on a recording layer of an optical 
disk by forming either data pits or data marks on the record 
ing layer of the disk. The data pits or marks are formed along 
servo tracks on the recording layer of the optical disk. A 
servo track is a permanent physical feature on the recording 
layer of the optical disk which provides a track-following 
reference and de?nes the path along which stat is written. 
Servo tracks may be spiral or concentric. A groove is an 
example of a servo track. In some types of prerecorded opti 
cal disks, such as read only memory (ROM) disks, the data 
pits formed on the recording layer also function as a servo 
track. 

Typically, an optical transducer which includes a focused 
laser beam is coupled to a servo track on the recording layer 
of the optical disk. When reading the optical disk, the data 
pits or marks formed along the servo track pass by the opti 
cal transducer as the optical disk rotates, causing the optical 
transducer to generate data signal representing the data 
stored on the recording layer of the disk. The optical trans 
ducer includes a focus positioner and a tracking positioner 
for maintaining alignment of the focused laser beam with 
respect to the servo track in the focus direction and the cross 
track direction as the optical disk rotates. The focus and 
tracking positioners include servo-control systems which 
respond to focus and tracking error signals produced by the 
optical transducer. 

FIGS. 1a, 1b, 10 show a typical mass-produced optical 
ROM disk in which prerecorded data is stored on an optical 
disk 10 by forming a predetermined series of data pits 12 
along a track 14 of the optical disk 10. FIG. 1a shows a 
top-view of the optical disk 10. FIG. 1b shows an expanded 
view of the track 14 shown in FIG. 1a. FIG. 10 shows a 
cross-sectional view of the track 14 shown in FIG. 1b. The 
recording layer of the optical disk 10 is permanently formed 
during manufacturing to create the data pits 12. Therefore, 
data on an optical disk 10 which is stored by forming data 
pits 12 on the recording layer of the optical disk 10 can not 
be erased or re-written. 

In a re-writable optical disk, such as a phase change opti 
cal disk, data is stored on the recording layer of the optical 
disk in the form of data marks by controlling the optical 
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2 
characteristics of the recording layer of the disk. Data marks 
are formed on the recording layer by heating the recording 
layer of the disk with a focused laser beam at the locations 
where the data marks are to be written. In phase change 
recording, the optical re?ectivity of the data mark is deter 
mined by the crystalline condition of the recording layer. 
The crystalline condition of the recording layer is deter 
mined by controlling the optical power in the focused laser 
beam. The optical power of the laser beam used to heat the 
recording layer determines the rate at which the temperature 
of the recording layer of the optical disk cools where the data 
mark is located. The rate at which the data mark location of 
the recording layer cools determines whether the location 
cools to an amorphous or a crystalline condition. Typically, 
the recorded data mark is amorphous and the surrounding 
area is crystalline. 

FIGS. 2a, 2b, 20 show a re-writable optical disk 20 in 
which data is stored on the optical disk 20 by forming a 
series of data marks 22 along a track 24 of the optical disk 
20. FIG. 20a shows a plan-view of the optical disk 20. FIG. 
2b shows an expanded view of the track 24 shown in FIG. 
2a. FIG. 20 shows a cross-sectional view of the track 24 
shown in FIG. 2b. 

In the prior art, placement of data to be written on a 
recording layer of a re-writable optical disk is typically 
determined by including synchronization information 
between ?xed-length data ?elds. A sector is a repeating unit 
of pro-determined length. FIG. 3a shows a plan-view of a 
prior art optical disk 30 in which data stored along a servo 
track 32 is divided into sectors 34. FIG. 3b shows an 
expanded view of a sector 34 of the optical disk shown in 
FIG. 3a. The sector 34 includes a header 36, a data ?eld 38 
having a predetermined length, and an edit gap 40. FIG. 30 
shows an expanded view of the header 36 shown in FIG. 3b. 
The header 36 includes synchronization information 42 and 
track address information 44. The synchronization informa 
tion 42 is also referred to as the sync ?eld. The synchroniza 
tion information 42 is permanently encoded on the recording 
layer of the optical disk 30 within the sectors 34. Data writ 
ten onto the recording layer of the optical disk 30 is synchro 
nized to a write clock. The write clock is synchronized to a 
clock reference signal which is generated periodically as the 
synchronization information 42 passes by the optical trans 
ducer as the optical disk 30 rotates. The clock reference 
signal provides position information of the optical trans 
ducer with respect to synchronization information 42 on the 
recording layer of the optical disk 30 when the synchroniza 
tion information 42 passes by the optical transducer. 
However, while data within data ?elds 38 is being written by 
the optical transducer, the clock reference signal drifts in 
frequency and phase. That is, when the optical transducer is 
between points where synchronization information 42 
exists, the frequency and phase of the write clock can drift 
with respect to the synchronization information 42 located 
within sectors 34. Drift of the write clock with respect to the 
synchronization information 42 can be caused by disk rota 
tion speed variations, servo track eccentricity and the cumu 
lative effect of other variations in an optical disk recorder 
such as clock frequency drift. In general, the greater the 
distance between sync ?elds, the greater the drift of the write 
clock. 
The edit gap 40 shown in FIG. 3b is included within the 

sector 34. A data ?eld which includes a ?xed number of data 
bits is typically written to the sector 34 of the recording layer 
of the optical disk 30. The edit gap 40 accommodates varia 
tions in the placement of the last data bit of a data ?eld which 
is written to the sector 34. That is, although all data ?elds 
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normally contain the same number of data bits, the edit gap 
40 allows the placement of the last data bit of a data ?eld to 
be different each time the data ?eld is re-written. Therefore, 
placement of bits written to the recording layer is not 
required to be as precise as the placement would be required 
to be if the edit gap 40 did not exist. Edit gap are needed to 
accommodate drift of the write clock in prior art re-writable 
optical disks. 

Presently existing DVD read only memory (ROM) for 
mats do not include physical sectoring of data stored on the 
recording layer of an optical disk. Therefore, synchroniza 
tion ?elds and edit gaps are not provided. When reading a 
ROM optical disk, a read clock is produced from the data 
stored on the optical disk. Therefore, no synchronization 
information is required. 

The DVD read only memory (ROM) format speci?cation 
organizes data into ?xed-length data ?eld for error correc 
tion code (ECC) purposes. Each data ?eld has an associated 
header containing synchronization and address information 
to facilitate data readout. This synchronization and address 
information is stored on the disk in the form of data pits 
which are indistinguishable from the data pits used to 
encode data. Although a DVD-ROM data ?eld, together with 
its associated header information makes up a “physical sec 
tor” for the purposes of a read-only memory, it does not 
satisfy the requirements of a physical sector for the purposes 
of a re-writable optical disk memory. For this reason, all 
sectoring of the DVD format is treated as “logical sectoring.” 
A logical sector is contained within the data, whereas a 
physical sector contains the data. Therefore, all synchroniza 
tion information, addressing and other DVD formatting are 
treated as if they were data, and are written on the disk in the 
form of data marks at the same time data is written. 

Writing data to the recording layer of a re-writable optical 
disk which is compatible with DVD-ROM formats therefore 
requires the data to be written to a disk having no physical 
sectors on the unwritten disk, and therefore, no address or 
synchronization information in dedicated ares within the 
physical sectors. Furthermore, edit gaps can not be included. 
Without edit gaps, the data marks must be written with sub 
bit accuracy during overwriting of pre-existing data. 

U.S. Pat. Nos. 4,238,843, 4,363,116, 4,366,564, 4,375, 
088, 4,972,401 teach methods of permanently providing 
additional synchronization information along the tracks of 
an optical disk within data ?elds. The teachings of these 
patents also include synchronization information within 
sync ?elds between the data ?elds. Further, the spatial fre 
quency of the synchronization information which is within 
the data ?elds must correspond with nulls in the spatial fre 
quency of the data. This requires the data to be encoded 
using special codes so that nulls in the spatial frequency of 
the data correspond with the spatial frequency of the syn 
chronization information. 

It is desirable to have a re-writable optical disk and an 
optical disk recorder capable of recording data on the optical 
disk wherein the recorded disk is compatible with DVD 
ROM standard formats, and is readable by a standard DVD 
reader, and wherein pre-existing data on the optical disk can 
be re-written (sometimes called over-written) with new data 
with sub-bit accuracy. The optical disk and optical disk 
recorder must be capable of generating a write clock which 
is synchronized with sub-bit accuracy to absolute position 
along the servo tracks of the optical disk. Further, it is neces 
sary to be able to write standard DVD data formats. 

The present invention provides a re-writable optical disk 
having a recording layer which includes a permanent clock 
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4 
reference structure provides a clock reference signal gener 
ated by an optical transducer as the clock reference structure 
passes by the optical transducer as the optical disk rotates. A 
write clock is phase-locked to the clock reference signal. 
The write clock enables new data to be written to the record 
ing layer of the optical disk with sub-bit accuracy. Further, 
the write clock eliminates the need for sync ?elds and edit 
gaps and provides a means for writing and re-writing data in 
data ?elds of indeterminate length. 
A ?rst embodiment of the invention includes an optical 

disk. The optical disk includes a recording layer having 
servo tracks. A clock reference structure is formed along the 
servo tracks. The clock reference structure permits data to be 
written to the recording layer in data ?elds of indeterminate 
length. The clock reference structure comprises a reference 
spatial frequency which is greater than a predetermined spa 
tial frequency. An extension of this embodiment includes the 
predetermined spatial frequency being greater than the 
maximum spatial frequency detectable by a standard DVD 
ROM reader. 

Another embodiment of the invention includes an optical 
disk recorder in which an optical disk is rotatably mounted 
on the recorder. The optical disk includes a recording layer 
containing servo tracks. An optical transducer radially fol 
lows a servo track as the optical disk rotates. A clock refer 
ence structure pre-exists along the servo tracks and provides 
data ?elds of indeterminate length. The clock reference 
structure causes the optical transducer to produce a clock 
reference signal as the optical disk rotates. The optical disk 
recorder further includes a means for recording data marks 
on the recording, layer of the optical disk. The data marks 
are recorded so that a standard DVD-ROM reader can read 
the data marks but the optical disk is constructed so that the 
reader cannot detect the clock reference structure. A write 
clock determines the physical placement of data marks writ 
ten on the recording layer of the optical disk. The write clock 
is phase locked to the clock reference signal. 

Another embodiment of the invention includes an optical 
disk recorder for receiving an optical disk. The optical disk 
is rotatably mountable on the recorder. The optical disk 
includes a recording layer having servo tracks and a clock 
reference structure having a spatial frequency which is too 
high to be detected by a standard DVD-ROM reader. The 
clock reference structure is formed along the servo tracks 
and provides data ?elds of indeterminate length. The optical 
disk recorder includes an optical transducer which is opti 
cally coupled to the recording layer of the optical disk. The 
optical transducer follows the servo tracks of the optical disk 
as the optical disk rotates. The clock reference structure 
formed along the servo tracks of the optical disk causes the 
optical transducer further includes a means for writing data 
marks on the recording layer of the optical disk. A write 
clock determines the physical placement of data marks writ 
ten on the recording layer of the optical disk. The write clock 
is phase locked to the clock reference signal. 

Other aspects and advantages of the present invention will 
become apparent from the following detailed description, 
taken in conjunction with the accompanying drawings, illus 
trating by way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1a shows a plan-view of a prior art ROM optical 
disk. 

FIG. 1b shows a expanded view of a track shown in FIG. 
1a. 

FIG. 1c shows a cross-sectional view of the track shown in 
FIG. 1b. 
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FIG. 2a shows a plan-view of a prior art re-writable opti 
cal disk. 

FIG. 2b shows an expanded view of a track shown in FIG. 
2a. 

FIG. 2c shows a cross-sectional view of the track shown in 
FIG. 2b. 

FIG. 3a shows a plan-view of a prior art optical disk 30 in 
which data stored along a servo track 32 is divided into 
sectors 34. 

FIG. 3b shows an expanded view of a sector 34 of the 
optical disk shown in FIG. 3a. 

FIG. 3c shows expanded view of the header 36 shown in 
FIG. 3c. 

FIG. 4a, 4b, 4c shows the components of various types of 
sectors on an optical disk. 

FIG. 5a shows a prior art embodiment of a low frequency 
reference structure for encoding address information. 

FIG. 5b shows a high frequency clock reference structure. 

FIG. 5c shows a structure obtained by combining the 
structures of FIG. 5a and FIG. 5b. 

FIG. 6a shows a plan-view of an embodiment of the 
invention. 

FIG. 6b shows an expanded view of the servo tracks of the 
optical disk shown in FIG. 6a including data marks. 

FIG. 7 shows a cross-sectional view of the servo tracks of 
the optical disk shown in FIG. 6a. 

FIG. 8 shows a relationship between the edges of data pits 
and a channel bit length. 

FIG. 9a shows a clock reference structure formed along a 
servo track. 

FIG. 9b shows a clock reference signal produced by the 
clock reference structure of FIG. 9a. 

FIG. 9c shows a square wave clock reference signal 
formed by electronically processing the clock reference sig 
nal of FIG. 9b. 

FIG. 9d shows a write clock formed by electronically pro 
cessing the signal of FIG. 9c. 

FIG. 10 shows an embodiment of an optical disk and an 
optical disk recorder in accordance with the invention. 

FIG. 11 shows the modulation transfer function (MTF) of 
an optical transducer of an optical disk recorder constructed 
in accordance with the invention, and the MTF of a standard 
DVD optical disk reader. 

FIG. 12 shows an embodiment of the electronic control 
circuitry used to generate the write clock from the clock 
reference signal. 

FIG. 13 shows the frequency spectrum of a prior art opti 
cal disk structure in which the clock reference structure has a 
spatial frequency where the spatial frequency of the data has 
been speci?cally nulled. 

FIG. 14 shows the frequency spectrum an embodiment of 
the invention in which the clock reference structure has a 
spatial frequency which is greater than the spatial frequency 
spectrum of the data. 

FIG. 15 show the frequency spectrum of another embodi 
ment of the invention in which the clock reference structure 
has a spatial frequency which overlaps the spatial frequency 
spectrum of the data. 

FIG. 16 shows a clock reference structure consisting of 
pits formed along a servo track. 

FIG. 17 shows a quadrant detector used to produce clock 
reference signals. 
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6 
FIG. 18 shows MTF curves for split detection and push 

pull detection. 
FIG. 19 shows servo tracks having a clock reference struc 

ture consisting of groove edges that oscillate substantially 
180 degrees out of phase. 

FIG. 20 shows servo tracks having a clock reference struc 
ture consisting of groove edges that oscillate in phase. 

FIG. 21 shows an embodiment of the invention having a 
second optical transducer for reading data. 

FIG. 22 shows an embodiment of the invention having 
another con?guration of a second optical transducer which 
shares a combination objective lens with a ?rst optical trans 
ducer. 

DETAILED DESCRIPTION 

As shown in the drawings for purposes of illustration, the 
invention is embodied in an optical disk structure and optical 
disk recorder which enables data to be written or re-written 
onto the recording layer of the optical disk. The data can be 
written or re-written with sub-bit accuracy without requiring 
the unwritten optical disk to be divided into physical sectors. 
Furthermore, synchronization ?elds and edit gaps are not 
required on an optical disk on which data is to be written. 
The optical disk recorder includes an optical transducer 
which can resolve and detect a high spatial frequency clock 
reference structure located on the optical disk. Standard 
DVD-ROM disk readers are not able to resolve and detect 
the clock reference structure. Therefore, the optical disk 
structure and optical disk recorder of this invention allow 
production of re-writable optical disks which can be read by 
standard DVD-ROM disk readers. Additionally, the optical 
disk recorder can read optical disks. 
A clock reference structure is permanently formed along 

servo tracks of the optical disk. An optical transducer is 
coupled to the clock reference structure and generates a 
clock reference signal simultaneously with writing new data 
onto the recording layer of the optical disk. The data is writ 
ten as data marks along the servo tracks. Each of the data 
marks includes a ?rst and a second edge. During recording, 
the edges of the data marks are formed in synchronization 
with a write clock. Therefore, each time the edge of a data 
mark is formed, the write clock had completed the dame 
fraction of a cycle. The write clock is phase-locked to the 
clock reference signal. Therefore, the edges of the data 
marks are formed in synchronization with the clock refer 
ence signal with sub-bit accuracy. Therefore, the edges of 
the data marks are accurately aligned with the clock refer 
ence structure. The edge of the data mark is only recorded 
when required by the data written and the data encoding 
scheme. Many cycles of the clock reference structure will 
not have a corresponding data mark edge. 
FIGS 4a, 4b, 4c illustrate a comparison of the ?elds of 

information along the tracks of two prior art optical disks, 
and the data ?elds of the present invention. FIG. 4a shows a 
prior art sector which includes a sync ?eld 42, a servo ?eld 
46, an address ?eld 44, a data ?eld 38 and an edit gap 40. 
FIG. 4b shows a prior art sector which includes a sync ?eld 
42, an address ?eld 44, a data ?eld 38 and an edit gap 40. 
FIG. 4c shows a data ?eld 50 of the invention. The present 
invention does not require a sync ?eld, an address ?eld, a 
servo ?eld or an edit gap. Furthermore, the data ?eld 50 of 
the invention is arbitrary in length. The clock reference 
structure provides synchronization information which is pre 
cise enough to allow elimination of edit gaps. The track 
address information is included within the clock reference 
structure. 




























