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(57) ABSTRACT 
In an optical recording system, a media disk for writing 
information has a plurality of information tracks with 
preformatted clock location indications written on the 
tracks. Writing is accomplished by making a written 
indication at a predetermined location between prefor 
matted clock locations where the predetermined loca 
tion is representative of the particular data to be writ 
ten. Proper location of the preformatted clock location 
indicia on adjacent tracks provides for proper track 
crossing information when track addressing occurs as 
well as proper address location on particular tracks. 

14 Claims, 3 Drawing Sheets 

As M6 

G?-----4---4----G-4 
O 2 3 6. 7 3 S 6 

CODE WORD VOCAONS 

WWE FORMAVEW COCV& WOCAONS 

  



U.S. Patent May 30, 1989 Sheet 1 of 3 Re32.937 

MO 

CAd/2 

ZZZZZZ 

A1 
12 22 As M6 22 

--- (e.-----4---4-- -Ge)-1- 

O 2 3 4. S 6 7 3 

so S CODE WORD vocations 

WR FORMAWe COCYK VOCAONS 

ZZZ 7 

MOU AoN CODE Y NARY 

OR 
O O. O. O O. O. O O 

O O O O O 

o o O O O 

O O O O 

ZZZ 127 



U.S. Patent May 30, 1989 Sheet 2 of 3 Re32,937 

A b c o E if G - I w LM N O CRoss YG VRACYgs --> 
22 24 

33333333 
66 - BAS Alyrton 

33 33 3-3 90 
  





Re. 32,937 
1. 

MODULATION SYSTEM FOR OPTICAL 
RECORDING 

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

BACKGROUND OF THE INVENTION 

This invention relates to optical recording systems. In 
particular, this invention relates to modulation and en 
coding of optical disk media for both reading and writ 
ing information in optical recording systems. The mod 
ulation and coding system of the present invention pro 
vides both clocking and track addressing information. 
Known in the prior art, in U.S. Pat. No. 4,238,843 

showing a disk-shaped optical record carrier medium 
having spiral information tracks where a plurality of 
sectors are divided into a data or information section 
and a synchronizing section. Each synchronizing sec 
tion has a prerecorded indicator portion and an address 
portion. The indicator portion is used to identify the 
beginning of the sector and also the address portion of 
the sector. The indicator portion has information re 
corded thereon so that the signal produced has a fre 
quency domain which is clearly distinguishable from 
any information component resulting in the address 
portion or the data portion of the record carrier. 
The present invention does not make use of a fre 

quency distinguishable signal for presentation of data 
information as described in the patent. Instead, the pres 
ent invention provides a preformatted modulation 
scheme, using concentric information tracks, for all 
information including sector, address and data informa 
tion which may be written using the preformatted clock 
locations. In addition, the clock locations on the con 
centric tracks may be varied in a predetermined fashion 
to be on one side or the other side of the center of the 
track so that track crossing information can be obtained 
as a result of detecting different signals resulting from 
adjacent tracks. This feature is of course primarily sus 
ceptible to use in a concentric track record carrier me 
dium, although, the use of concentric information 
tracks, standing alone, is certainly old in the recording 
art in general. 

SUMMARY OF THE INVENTON 

The present invention provides for a preformatted 
record carrier in optical recording having preformatted 
clock locations on concentric information tracks which 
can be used to provide clocking and track crossing 
information. The present invention includes a modula 
tion system which has particular utility for a writing 
system in optical recording. 
The optical recording disk according to the present 

invention has a plurality of prewritten spaced apart 
clock locations indicated in the recording medium. The 
recording medium is designed so that it may be written 
on by individual units in a writing and reading system. 
Writing is accomplished by writing at a particular loca 
tion between individual spaced apart clock locations, 
The particular location of the writing between clock 
locations conveys the information desired. In this way, 
for example, the non-writing or writing of a single loca 
tion between two predetermined clock locations in one 
of three possible positions can be used to distinguish 
between four possible items of information. Many com 
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2 
binations of locations and the order of significance of 
the locations are possible within the scope of the inven 
tion. Further, by writing the preformatted clock loca 
tion bit on one side of the center of the information 
track or the other, in various combinations, track cross 
ing information can be presented to the system to aid in 
track addressing procedures when shifted from one 
concentric information track to another. 

IN THE FIGURES 

FIG. 1 shows a top plan view of record carrier media 
disk for optical recording according to the present in 
vention. 

FIG. 2 shows a preformatted clock location system 
according to the present invention for the record carrier 
of FIG. 1. 

FIG. 3 shows a possible modulation code for use with 
the system according to the present invention as shown 
in F.G. 2. 

FIG. 4 shows the derivation of track crossing infor 
mation in a record carrier according to the present 
invention. 

FIG. 5 shows a detail of a track crossing information 
signal using the system according to the present inven 
tion. a 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to FIG. 1, a record carrier media disk 
10 according to the present invention is provided with a 
plurality of concentric information tracks 12. These 
information tracks 12 are preformatted in accordance 
with the present invention so that a disk containing the 
preformatted clock information may be provided as a 
"blank” for an optical recording system in which both 
writing and reading will occur. In addition, the clock 
system according to the present invention may be used 
in a preformatted prewritten recording carrier medium 
for use with an optical recording device in which only 
reading of information may occur. The use of concen 
tric information tracks 12 is particularly suitable for a 
system in which it is desired to randomly access particu 
lar information bits as is customary in a data handling 
system, for example. 

Referring now to FIG. 2, which illustrates a short 
track segment, each of the concentric information 
tracks 12 has a plurality of prewritten, preformatted 
clock locations, shown symbolically, as locations 14 and 
16. Each information track 12 has the various clock 
locations prewritten at a predetermined distance apart. 
As shown by the scale in FIG. 2, the clock locations in 
this embodiment are spaced apart a distance that may be 
subdivided into 8 smaller intervals. According to a 
preferred embodiment of the invention, data may be 
written by writing, using the principles of the optical 
recording technology, a single location at one of three 
predetermined possible locations between the clock 
locations 14 and 16. One of the three predetermined 
code word locations is at 18, representing 4 on the sub 
division scale and exactly between the clock locations 
14 and 16. The other two locations for writing code 
words are at location 20, midway on the scale between 
two and three and at 22, midway on the scale between 
5 and 6. Other embodiments of the invention may exist 
in which the predetermined number of possible code 
word locations is 3 but, in which, the code word loca 
tions would be exactly 2, 4 and 6. Further embodiments 



3 
of the invention exist in which more than 3 possible 
code word locations may exist between clock locations. 
The number of possible code word locations would be 
related to the binary number system in a logical way. 
Thus, between two clock locations there may be no 
code word written at all or only one code word written 
in one location. Depending on the location of the code 
word which is written, different meanings are assigned. 
The most significant bit can be at either end of the inter 
val between clock locations depending upon the en 
bodiment. The proposed embodiments according to the 
present invention do not contemplate writing more than 
one code word between clock locations, although the 
scope of the invention is not so limited. 
FIG. 3 shows the modulation code and the binary 

values assigned to particular modulation codes in two 
alternative formats. In the modulation code column, the 
symbols represent the presence or absence of a data bit 
at a position location represented by 0's and 1's equiva 
lent to the three code word locations existing between 
the clock locations as shown in FIG. 2. The binary 
values shown in the binary column represent the binary 
values assigned to particular modulation codes. It is 
significant that the absence of any writing between the 
clock locations does represent a binary value. That is 
because the duty cycle of the write laser in optical re 
cording is a critical factor and, therefore, any factor 
which improves the duty cycle is important. Thus, the 
absence of a written item between clock locations helps 
the laser duty cycle. 

Referring now to FIG. 4, the track crossing informa 
tion retrieval system as related to the present invention 
is shown symbolically. The left to right direction of 
FIG. 4 represents the radial direction of an information 
record carrier disk 10 as shown in FIG. 1. The vertical 
direction on FIG. 4 represents the tangential direction 
with respect to individual data tracks 12 on the record 
carrier disk 10. Thus, traversing the record carrier, 
radially, a plurality of prewritten clock locations 40, 42, 
44, 46, 48, 50, 52, 54 and 56 are found, each associated 
with a different concentric information track, respec 
tively. Similarly, the corresponding clock location for 
the pairs of clock locations on different concentric in 
formation tracks are represented at 66,68, 70, 72, 74,76, 
78, 80 and 82, respectively. 
Guard bands between tracks exist in the vertical di 

rection of the drawing as shown by the letters C, I and 
O. The center of a track may be taken as being in a 
vertical orientation with the letter A. Thus, clock loca 
tion 40 may be written on the track centerline while the 
second clock location may be written off the center line 
to one direction as at B or, alternatively it could be 
written off the center line to the other direction. The 
clock locations could also be all written on the center 
line of the information track. Similarly, a track center 
line may be taken as a line between D and E in the 
vertical direction with both clock locations 42 and 68 
written off the center line, however, in different direc 
tions radially. It is to be noted that the zero crossing of 
sunnation waveform 96 occurs at the track center between 
D and E. This tracking information may be used by servo 
systems to track the track center line. In any event, for a 
read head mechanism to be crossing tracks in the radial 
direction, a pattern of clock locations, which may be 
paired as being close together, separated by a space can 
be identified. 
The read signal detecting these clock locations may 

be represented by a read signal curve 60 having a null at 
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61 and a twin detecting peaks at 62 and 64 and another 
null at 63 representing the pattern of clock locations 
traversed. Further, because the clock locations 66 
through 80 are paired in the opposite pattern another 
curve 84 is formed having twin detecting peaks at 86 
and 88 and a null at 90 while another pair of detecting 
peaks at 92 and 94 is formed. Because the record carrier 
is assumed to be turning at the same time that the read 
ing head element is traversing the tracks, a composite 
pattern will be formed while traversing clock signals on 
various tracks. This composite signal comprised of 
crossing tracks having the clock locations alternated in 
a pattern as shown will produce a net output read signal 
curve 96 having flattened peaks at 100, 102 and 108 
which represents the summation of the individual 
curves 60 and 84. The flattened peaks at 100, 102 and 
108 represent the twin detecting peaks of curves 60 and 
84 as modified by the null value of the offsetting curve. 
In effect, what is generated is somewhat similar to a 
square wave and it is possible to count track crossings 
and numbers of tracks using a wave of the wave shape 
of the form shown at 96. Thus, using the system of the 
present invention provides a method by which track 
crossing may be counted using preformatted clock sig 
mals. The data as written according to a code shown in 
FIG. 3 provides insufficient additional detecting values 
to interfere significantly with the detecting curve for 
clock signals shown at 96 because the data occurs at 
sufficiently random places on the data tracks and, in 
effect, represents a noise value which is not seen in the 
track crossing mode. Thus, the present invention has 
the advantage that there is a minimum interaction of 
data and tracking information in the track crossing 
mode. 

Referring now to FIG. 5, a detailed showing of a 
curve 206 representative of the type of curve found in 
FIG. 4 at 96 is shown. It is assumed for the purposes of 
FIG. 5 that concentric tracks 12 are spaced radially 
apart a distance of 1.6 micrometers. Track crossings are 
therefore shown on intervals at 202 and 204 for the 
curve shown generally at 200. The curve consists of 
three separate components which represent curves 208 
and 210 added together to form a net resulting curve 
206 representative of the track crossing signal as de 
tected. Also, the twin peaks of the net resulting curve 206 
between the zero-valued track crossings occur approxi 
mately halfway between track crossings and are indicative 
of a track center line which may be used by a servo system 
to track the center line. 

It is anticipated that, using the present invention, 
where a disk might be turning in the vicinity of 8 to 10 
revolutions per second and where the track crossing 
rate might be in the range of 25 to 40 centimeters per 
second, several clock locations will pass under the read 
head during the time that the read head is crossing each 
track. Thus, the track crossing information signal would 
read several clock locations per track during the cross 
ing movement, all of which would be averaged using 
appropriate electronic circuitry having the appropriate 
time constant to average this track crossing informa 
tion. Also, as a result of this track crossing rate, the 
clock locations need not be alternated at each clock 
location but many clock locations may be written on 
each side of the center of the information track before 
switching to the other side and still achieve the desired 
average track crossing signal which represents an ap 
proximation of a square or pulse wave which provides 
track crossing information as well as track count infor 
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mation. Using the clock locations spaced apart approxi 
mately 2 micrometers with the concentric tracks spaced 
apart approximately 1.6 micrometers, it is possible to 
obtain approximately 1,000M bytes capacity on a 30 
centimeter disk where an appropriate data rate may be 
obtained with approximately 8 revolutions per second. 
Looking at this another way, track density may be on 
the order of 15,000 to 20,000 tracks per inch. 
The present invention provides clock information for 

control of an optical recording system during both the 
data write and data read cycles. A preformatted record 
media disk may be provided with clock locations al 
ready indicated thereon for a data recording system. 
For a data reading system, only, both data and clock 
locations may be prewritten. Using clock locations in an 
appropriate pattern displaced from track centers to 
create a track crossing signal, tracking information for 
the tracking servo and track addressing may be ob 
tained. The track crossing information may be used for 
coarse positioning of the read and write head with a 
reasonable access time using this track counting system. 

In the data write operation, the amount and duration 
of time that the write laser beam must be activated 
represents the laser duty cycle. The duty cycle using 
preformatted clock locations according to the present 
invention is advantageous because the duty cycle is 
sufficiently short so as to prolong laser lifetime. Reli 
ability of the data system according to present invention 
is comparatively high because the ratio of data bits per 
clock cycle is sufficiently low. In systems relying on a 
high number of data bits per clock cycle, the reliability 
tends to decrease. Therefore, the present invention has 
a comparatively high reliability. Similarly, there is com 
paratively little signal interaction of the data and track 
ing information using the preformatted clock locations 
according to the present invention, in the track crossing 
mode. In some systems, interference between the track 
ing signal and the data or information signal can be a 
problem and this is avoided in the present invention. 
What is claimed is: 
1. A disk shaped record carrier for optical recording 

comprised of: 
a plurality of concentric information tracks each 

track having a track center line, each track having 
a plurality of preformatted clock locations prewrit 
ten into each of said concentric information tracks 
at equally spaced intervals, 

the record carrier having said preformatted clock 
locations placed on adjacent concentric informa 
tion tracks in a predetermined pattern of locations 
away from the track center line and within a guard 
band separating tracks to have the concentric 
tracks present a radial pattern indicative of track 
crossing patterns as a result of the predetermined 
pattern of off-center clock locations, 

said record carrier being adapted to record informa 
tion using a selected one or none of a predeter 
mined plurality of possible writing locations be 
tween each pair of clock locations, where the par 
ticular location between clock locations is repre 
sentative of two binary data bits. 

2. A disk shaped carrier for optical recording comprised 
of 
a plurality of information tracks, each track having a 

track center line, each track having in at least one 
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6 
portion thereof a plurality of preformatted locations 
offset from said track center line in a predetermined 
pattern, said pattern including at least one preformat 
ted location offset to one side of a track followed by at 
least one preformated location offset to the other side. 

3. The disk shaped carrier of claim 2 wherein said tracks 
are concentric. 

4. The disk shaped carrier of claim 2 wherein said loca 
tions lie within the guard band between tracks. 

5. A disk shaped carrier for optical recording comprised 
of: 

a plurality of information tracks, each track having a 
track center line, each track having in at least one 
portion thereof a plurality of preformated locations 
offset from track center in a predetermined pattern 
which provides tracking information on reading 
thereof for the tracking servo. 

6. Apparatus comprising 
a disk shaped carrier for optical recording 
a plurality of tracks for recording information on the 

disk, each track having a track center line on which 
data locations are recorded in at least a portion 
thereaf and 

a plurality of discrete preformatted offset locations offset 
from said track center line in a predetermined pat 
tern, the pattern including locations offset to one side 
of track center alternating with locations offset to the 
other side, the offset locations placed in a pair of lines 
parallel to the track center line and offset one each on 
opposite sides of the track center line, 

7. Apparatus according to claim 5 in which data loca 
tions are recorded on the track center line only between 
preformatted offset locations, 

8. Apparatus according to claim 7 wherein said prefor 
matted offset locations are located on the disk in an area 
separate from any data location. 

9. Apparatus according to claim 7 wherein those prefor 
matted offset locations of adjacent tracks which are offset 
to the side closest to the adjacent tracks are placed radially 
adjacent one another. 

10, Apparatus according to claim 5 wherein said prefor 
matted offset locations lie in guard bands between tracks. 

11. Apparatus according to claim 6 wherein those prefor 
natted offset locations of adjacent tracks which are offset 
to the side closest to the adjacent track are placed radially 
adjacent one another. 

12. Apparatus according to claim 5 wherein those prefor 
matted offset locations of adjacent tracks which are offset 
to the side closest to the adjacent tracks are placed radially 
adjacent one another. 

13. Apparatus according to claim 5 in which a plurality 
of preformatted offset locations offset to one side are foll 
lowed by a plurality of preformatted locations offset to the 
other side of the track center. 

14. A disk shaped carrier for optical recording comprised 
of 
a plurality of tracks, each track having a track center 

line on which data locations are recorded in at least 
one portion thereof and 

a plurality of discrete offset locations offset to both sides 
of the track center line in a predetermined pattern 
which provides tracking information on the reading 
thereof 

: t s 
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