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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention relates to an optical disk 

5 apparatus for use with an optical disk to/from which data 

can be recorded and reproduced. More particularly, the 

present invention relates to an apparatus and a method 

for reproducing signals from an optical disk recording 

medium via an optical head, which are capable of repro-

10 ducing address data with improved accuracy. 

2. DESCRIPTION OF THE RELATED ART: 

The popularity of optical disk apparatuses such 

as CD (compact disk) players and DVD (digital video disk) 

15 players has been growing considerably in recent years. 

20 

A large-capacity optical disk apparatus which allows a 

user to record data on an optical disk is expected to be 

commercially available in the near future. 

Figure 9 is a block diagram illustrating part of 

a conventional optical disk apparatus. An optical 

head 1001 irradiates a mark string 1000 formed on a 

recording surface of an optical disk recording medium 

with a laser beam and detects the reflected light there-

25 from as an electric signal HF. A comparator 1002 com­

pares the amplitude of the signal HF with a threshold 

potential VTH and outputs a reproduced pulse signal DT. 

A charge pump 1003 charges a capacitor 1004 while the 

reproduced pulse signal DT is at a high level, and 

30 discharges the capacitor 1004 while the reproduced pulse 

signal DT is at a low level. The electric potential of 

the capacitor 1004 is provided to the comparator 1002 and 

used as the threshold potential VTH. 
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The operation of the conventional optical disk 

apparatus having such a structure will now be described. 

Binary (digital) data is recorded on the optical disk. 

More specifically, a mark string including a plurality of 

5 concav~ (or convex) marks is formed on the optical disk 

in accordance with the binary data to be recorded. The 

optical head 1001 reproduces a sinusoidal signal (not a 

pulse-like digital signal) from the mark string because 

of inter-symbol interference between adjacent marks. An 

10 appropriate threshold potential value VTH is provided to 

produce a pulse signal. Any amplitude in the sinusoidal 
signal greater than the threshold VTH is determined as a 

high level amplitude, whereas any amplitude less than the 

threshold VTH is determined as a low level amplitude. 

15 

As illustrated in the left-hand side of Fig­
ure 10, when the threshold potential VTH is relatively 

low, the reproduced pulse signal DT becomes wide on the 

high level side and narrow on the low level side. As a 
20 result, the capacitor 1004 is charged more than it is 

discharged, thereby increasing the threshold poten­

tial VTH. Thus, the threshold potential VTH is con­

trolled so that the average amount of current charged 
into the capacitor 1004 substantially equals the average 

25 amount of current discharged therefrom. In other words, 
the threshold po-t;ential VTH is controlled so that the 

average length of the "H" period of the reproduced pulse 

signal DT (a period during which the signal DT is at the 

high level) and the average length of the "L" period 
30 thereof (a period during which the signal DT is at the 

low level) are equal or at least closer to each other. 

The ratio between the "H" period and the "L" period is 

referred to as "the duty ratio" of the signal DT. 
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Such an optical disk apparatus may be advanta­

geously used with recording media such as CDs and DVDs, 

wh~re data is recorded based on the PWM (pulse width 

modulation) method. The PWM method is a recording method 

5 suitable in high density recording applications, where 

the length of a recording mark varies in accordance with 

the data to be recorded. When reproducing binary data 

based on the PWM method, however, even a slight shift in 

the threshold value VTH may cause an error in the pulse 

10 length of the reproduced pulse signal DT, thereby result­

ing in a reproduction error. 

In view of this, feedback control may be con­

stantly performed for the threshold value VTH so that the 

15 duty ratio of the reproduced pulse signal is substan­

tially constant as described above, thereby reproducing 

data without an error (see Japanese Laid-open Publication 

No. 63-201957). 

20 However, such a method assumes that data is 

recorded continuously without interruption. · When PWM 

data segments (data segments which are recorded based on 

the PWM method) exist at.intervals on the optical disk, 

the threshold value VTH ·follows (varies in accordance 

25 with) noise when an optical head scans over an area with 

no recorded data. 

As described above, the conventional method is 

used for reproducing data from read-only media such as 

30 CDs and DVDs, where data is continuously recorded based 

on the PWM method across the entire surface of the disk. 

However, an optical disk and an optical disk apparatus 

which allow a user to record data on the disk are expect-
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ed to be commercially available in the near future. 

While several different recording formats have been 

proposed, such a recordable optical disk typically 

includes address areas and data areas which are arranged 

5 alternately at predetermined intervals. In the data 

area, a film (e.g., a phase change material film or a 

magneto-optical recording film) to which data can be 

recorded by laser .heat is provided. In the address area, 

address data has been recorded as concave or convex . 

10 marks. Since a recordabie optical disk is also desired 

to have a higher recording density, the PWM method should 

be applied to the address area as well as to the data 

area. However, such a 11 recordable" medium may have a 

data area with no recorded data. In such a case, only 

15 the address area has PWM concave or convex marks (marks 

recorded based on the PWM method). When this recordable 

optical disk is reproduced by the conventional method, 

the unrecorded area is reproduced as a long low-level 

signal. In response, the feedback control system tries 

20 to decrease the threshold value VTH as low as possible. 

25 

Thus, the threshold value VTH follows the noise, and the 

optical disk apparatus generates undesired signals by 

digitizing the noise. As a result, it is not possible to 

identify the correct address. 

SUMMARY OF THE INVENTION 

According to one aspect of this invention, an 

optical disk apparatus is provided for irradiating with 

30 a laser beam an optical disk on which address marks are 

recorded at intervals based on a pulse width modulation 

method and for reproducing data from a reproduced signal 

based on reflected light. The apparatus includes: a 
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pulse signal reproduction section for producing a repro­

duced pulse signal from the reproduced signal based on a 

threshold value; a threshold value production section for 

producing the threshold value based on the reproduced 

5 pulse signal; and a gate signal production section for 

producing an address gate signal at a. timing when the 

address mark is reproduced. 

In one embodiment of the invention, the threshold 

10 value production section produces the threshold value in 

such a manner that a duty ratio of the reproduced pulse 

signal reproduced by the pulse signal reproduction 

section becomes substantially constant. 

15 

20 

In one embodiment of the invention, the gate 

signal production produces the address gate signal based 

on an envelope of the reproduced pulse signal produced 

from the reproduced signal. 

In one embodiment of the . invention, the gate 

signal production section further includes a section for, 

if address data is detected in the reproduced pulse 

signal, producing the address gate signal at a timing 

which is delayed by a predetermined period of time from 

25 a timing at which the address data is detected. 

In one embodiment of the inv~ntion, the optical 

disk apparatus further includes a photoelectric converter 

including a light-receiving portion which is divided 
30 along a tracking direction into at least two light­

recei ving areas, for receiving the reflected light from 

the optical disk by the light-receiving areas so as to 

produce at least two reproduced signals. The gate signal 
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production section produces a pulse signal based on a 

difference between the two reproduced signa_ls and produc­

es the address gate signal based on an envelope of the 

pulse signal. 

In one embodiment of the invention, the address 

marks include a first address mark and a second address 

mark which are arranged on opposite sides of, and at a 

predetermined distance from, a track center line. 

In one embodiment of the invention, a first pulse 

signal is produced from a first difference signal which 

is produced from the first address mark based on a first 

threshold value. A second pulse signal is produced from 

15 a second difference signal which is produced from the 

second address mark based on a second threshold value. 

The address gate signal is produced from an envelope of 

the first and second pulse signals. 

20 In one embodiment of the invention, the first and 

second threshold values are controlled by feedback 

control in such a manner that respective duty ratios of 

the first pulse signal and the second pulse signal become 

substantially constant. The optical disk apparatus 

25 further includes a section for temporarily holding the 

feedback control while no address ·gate signal is pro­

duced. 

In one embodiment of the invention, the optical 

30 disk apparatus further includes a photoelectric converter 

including a light-receiving portion which is divided 

along a tracking direction and another direction 

perpendicular to the tracking direction into at least 
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four light-receiving areas, for receiving the reflected 

light from the optical disk by the light-receiving areas 

so as to produce at least four reproduced signals. The 

gate signal production section produces the address gate 

5 signal based on a phase difference between two of the 

reproduced signals which are output from diagonally­

located two of the light-receiving areas. 

In one embodiment of the invention, the address 

10 marks include a first address mark and a second address 

mark which are arranged on opposite sides of, and at a 

predetermined distance from, a track center line. 

In one embodiment of the invention, the gate 

15 signal production further includes: a section for produc­

ing a pulse signal from a difference between two of the 

reproduced signals which are output from two of the 

light-receiving areas located on opposite sides of a 

track center line and for producing the address gate 

20 signal from an envelope of the pulse signal; and a 

section for~ if address data is detected in the repro­

duced pulse signal, producing the address gate signal at 

a timing which is delayed by a predetermined period of 

time from a timing at which the address data is detected. 

25 

According to another aspect of this invention, a 

method is provided for reproducing an optical disk, for 

irradiating with ~ laser beam an opticai disk on which 

address marks are recorded at intervals based on a pulse 

30 width modulation method and for reproducing data from a 

reproduced signal based on reflected light. The method 

includes the steps of: producing a reproduced pulse 

signal from the reproduced signal based on a threshold 
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value; producing the threshold value based on the repro­

duced pulse signal; and producing an address gate signa~ 

at a timing when the address mark is reproduced. 

In one embodiment of the invention, the method 

further includes the steps of: receiving the reflected 

light from the optical disk by at least two light­

recei ving areas divided along a tracking direction so as 

to produce at least two reproduced signals; producing a 

10 pulse signal from a difference between the two reproduced 

signals; and producing the address gate signal from an 

envelope of the pulse signal. 

In one embodiment of the invention, the method 

15 further includes the steps of: receiving the reflected 

light from the optical disk by at least four light­

recei ving areas divided along a tracking direction and 

another direction perpendicular to the tracking direction 

so as to produce at least four reproduced signals; 

20 producing the address gate signal based on a phase 

difference between two of the reproduced signals which 

are output from diagonally-located two of the light­

receiving areas. 

25 Thus, the invention described herein makes-

possible the advantages of (1) providing an optical disk 

apparatus capable of setting and maintaining an appropri­

ate threshold value even when reproducing a recordable 

optical disk which includes address areas and data areas 

30 arranged alternately at predetermined intervals; and 

(2) providing such an optical disk reproduction method. 

These and other advantages of the present inven-

--------·---
This Sheet Has Been Repl d 
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tion will become apparent to those skilled in the art 

upon reading and understanding th~ fallowing detailed 

description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram illustrat~ng an 

optical disk apparatus according to Example 1 of the 

present invention; 

Figure 2 is a timing diagram illustrating an 

operation of the optical disk apparatus according to 

Example 1 of the present invention; 

15 Figure 3 is a block diagram illustrating an 

optical disk apparatus according to a variation of 

Example 1; 

Figure 4 is a block diagram illustrating an 

20 optical disk apparatus according to Example 2 of the 

present invention; 

Figure 5 is a timing diagram illustrating an 

operation of the optical disk apparatus according to 

25 Example 2 of the present invention; 

30 

Figure 6 is a block diagra~ illustrating an 

optical disk apparatus according to Example 3 of the 

present invention; 

Figure 7 is a timing diagram illustrating an 

operation of the optical disk apparatus according to 

Example 3 of the present invention; 

11i1iiiITT!Hrrr 
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Figure 8 is a diagram illustrating an operation 

of the optical disk apparatus according to Example 3 of 

the present invention; 

Figure 9 is a block diagram illustrating a 

conventional optical disk apparatus; and 

Figure 10 is a timing diagram illustrating an 

operation of the conventional optical disk apparatus of 

10 Figure 9. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Examples 1 to 3 of the present invention will now 

15 be described with reference to the accompanying figures. 

According to Example 1, it is possible to detect 

the address area and reproduce the address data therefrom 

so as to set a threshold value, which is held only in an 

20 unrecorded area, thereby successively and accurately 

reproducing PWM address data segments which exist at 

intervals. 

According to Example 2, even when the PWM address 

25 data marks are shifted by a predetermined distance from 

a track center line, it is possible to detect the address 

area and reproduce tQe address data therefrom so as to 

set a threshold value, which is held only, thereby 

successively and accurately reprod~cing PWM address data 

30 segments which exist at intervals. 

According to Example 3, even when the PWM address 

data marks are shifted by a predetermined distance from 
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a track center line, it is possible to detect the address 
area, and the detection of the address data is free from 

disturbance caused by a tracking offset. 

5 Example 1 

Example 1 of the present invention will now be 

described in detail. Figure 1 is a block diagram 
illustrating an optical disk apparatus according to 
Example 1. An address area 100 is provided on the 

10 recording surface of an optical disk recording medium. 
Address data is recorded in the address area 100 as an 
address mark string (e.g. , presence and absence of a 
concave (or convex) mark) • An area provided between two 
adjacent address areas 100 is used as a data area 101. 

15 In the present example, it is assumed that no data is 
recorded in the data area 101. 

An optical head 1 irradiates the recording 
surface of the optical disk with a laser beam, converts 

20 the reflected light therefrom into an electric signal HF, 
and outputs the electric signal HF. A comparator 2 
compares the amplitude of the signal HF with a threshold 
potential VTH and outputs a repro~uced pulse signal ADR. 
A charge pump 3 charges a capacitor 4 while the repro-

25 duced pulse signal ADR is at a high level, and discharges 
the capacitor 4 while the reproduced pulse signal ADR is 
at a low level. The electric potent~al of the capaci­
tor 4 is provided to the comparator 2 and used as the 
threshold potential VTH. Thus, the comparator 2, the 

30 charge pump 3 and the capacitor 4 together form a loop 

for generating the threshold value VTH while performing 
feedback control of the threshold value VTH. 
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The operation of the optical disk apparatus 

having such a structure will now be described. The 

optical head 1 reproduces the string including concave 

(or convex) address marks which have been recorded on the 

5 optical disk as the signal HF. The signal HF has a sinu­

soidal waveform due. to the inter-symbol interference 

occurring between adjacent marks. Therefore, an appro­

priate feedback control is performed for the threshold 

value VTH so that any amplitude greater than the thresh-

10 old VTH is determined as a high level amplitude, whereas 

any amplitude less than the threshold VTH is determined 

as a low level amplitude, thus obtaining binary address 

data. 

15 When the threshold potential VTH is relatively 

low, the reproduced pulse signal ADR becomes wide on the 

high level side and narrow on the low level side. As a 

result, the capacitor 4 is charged more than it is 

discharged, thereby increasing the threshold poten-

20 tial VTH. Conversely, when the threshold potential VTH 

is relatively high, the capacitor 4 is discharged more 

than it is charged, thereby decreasing the threshold 

potential VTH. Thus, the threshold potential VTH is con­

trolled so that the average amount of current charged 

25 into the capacitor 4 substantially equals the average 

amount of current discharged therefrom. In other words, 

the threshold potential VTH is controlled so that the 

average length of the "H" period of the reproduced pulse 

signal ADR (a period during which the signal ADR is at 

30 the high level) and the average length of the 11 L11 period 

thereof (a period during which the signal ADR is at the 

low level) are equal or at least closer to each other. 
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Referring to Figure 2, when the optical head 1 

scans the unrecorded data area 101 where no data has been 

recorded in the initial stage of the feedback loop, the 

threshold potential VTH controlled by the feedback loop 

5 follows a ba·se level (a potential level of the reproduced 

signal HF when there is no recorded signa"i) • Even when 

there is "no recorded signal", there exists a small 

amount of noise. Therefore, the threshold value VTH is 

controlled so that the duty ratio of the pulse signal 

10 becomes substantially constant. When the optical head 1· 

then scans the address area 100, the threshold value VTH 

is increased so that the duty ratio of the reproduced 

pulse signal ADR in the address area 100 becomes substan­

tially constant. 

15 

Without the present invention, when the feedback 

control is continued after scanning the address area 100, 

the threshold value VTH follows the base level (the "no 

signal" level) again as the optical head 1 enters the 

20 next unrecorded data area 101. If the address area 100 

is provided with sufficient length, the behavior of the 

threshold value VTH in the unrecorded data area 101 may 

not cause a significant problem. However, to have such 

an increased length for the address area 100, the length 

25 (and thus the recording capacity) of data area 101 is 

sacrificed because the total capacity of the disk _is 

fixed. Therefore, the length of the address area 100 

should be minimized. 

30 When the address area 100 is too short, however, 

the laser beam passes over the address area 100 before 

the threshold value VTH reaches a desired level. Al­

though it is possible to avoid such a problem by increas-
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ing the speed at which the threshold value VTH varies 
(e.g., by decreasing the capacitance of the capacitor 4, 
or by increasing the current output of the charge 
pump 3), it would still be impossible to distinguish data 

5 obtained by digitizing address data from data obtained by 
digitizing noise. 

In view of this, the optical disk apparatus 
according to Example 1 is provided with a section for 

10 appropriately holding the threshold value VTH while 
scanning the unrecorded data area 101 based on an address 
gate signal ADRG. More specifically, the feedback loop 
is closed by closing a switch 6 while the address gate 
signal ADRG is at a low level (e.g., while scanning the 

15 unrecorded data area 101). Thus, the threshold value VTH 
at the time when the address gate signal ADRG goes low is 
maintained. The feedback control of the threshold 
value VTH resumes when the address gate signal ADRG goes 
high at the beginning of the next address area 100. 

20 Thus, feedback control (such that the duty ratio becomes 
substantially constant) is performed at intervals only 
while scanning the address areas 100. Accordingly, it is 
possible to obtain the reproduced pulse signal ADR which 
has been digitized with the optimal threshold value VTH. 

25 The reproduced pulse signal ADR is then provided to an 
address decoder, thereby accurately reproducing the 
address data segments. 

An exemplary method for producing the address 
30 gate signal ADRG will now be described. Since address 

data segments are typically provided periodically, once 
an address data segment is detected, it is possible to 
estimate the time when the next address segment should be 
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reproduced and to produce the address gate signal ADRG at 

the estimated time. Referring to Figure 1, as soon as an 

address mark detection section 7 (including, for example, 

a pattern match detection circuit) detects an address 

5 identification flag in the reproduced pulse signal ADR, 

the address mark detection section 7 generates a trigger 

pulse to activate a timer counter 8. Upon receiving the 

trigger pulse, the timer counter 8 starts counting clock 

pulses from a quartz oscillator 81. After a predeter-

10 mined time interval, the timer counter 8 generates a gate 

signal, which is provided to the switch 6 as the address 

gate signal ADRG. The time interval can be uniquely 

determined by the address interval defined by the optical 

disk format and the linear velocity of the optical disk. 

15 

While the above-described operation assumes that 

an address mark can be detected without the address gate 

signal ADRG, there is no address gate signal ADRG provid­

ed when detecting the first address mark after the start-

20 up of the apparatus or after a track jump. Detecting an 

address without using the address gate signal ADRG but 

only using the reproduced pulse signal ADR may not be 

successful in some situations. For example, one of the 

pulse signal strings obtained by digitizing noise may 

25 happen to have a data pattern that is identical to that 

of an address mark, whereby subsequent operations may be 

performed at erroneous timings based Qn this erroneously­

detected address. 

30 In view of this, in the present example, the 

first address mark is detected using a re-triggerable 

monostable multi-vibrator 5, not the address mark detec­

tion section 7, thereby ensuring detection of the first 

-------. 



P16768 
- 16 -

address mark. 

Ref erring to Figure 1, the re-trigger able 

monostable multi-vibrator 5 holds a fixed high (or low) 

5 level output for a ·certain period of time (a "holding 

period") once the monostable multi-vibrator 5 receives a 

pulse edge. If the monostable multi-vibrator 5 receives 

another pulse edge during the holding period, the 

monostable multi-vibrator 5 begins a new holding period. 

10 As a result, the obtained signal substantially represents 

an envelope of the reproduced pulse signal ADR, as illus­

trated in Figure 2. While scanning an address area 100, 

pulse edges of the reproduced pulse signal ADR are 

successively provided to the monostable multi-vibrator 5. 

15 Therefore, while scanning an address area 100, by setting 

the holding period to be longer than the possible longest 

address mark, it is ensured that a pulse edge is input 

before a holding period ends, thereby maintaining the 

output of the monostable multi-vibrator 5 at the high 

20 level. 

The obtained signal can be used as the address 

gate signal ADRG to allow the threshold value VTH to be 

appropriatel.y varied and hel.d without using the address 

25 mark detection section 7, thereby accurately reproducing 

the address data. In this method, however, spike-l.ike 

noise may occur in an unrecorded area, and an erroneous 

address gate signal. may be generated therefrom. In view 

of this, the monostabl.e multi-vibrator 5 is used to 

30 generate the address gate signal ADRG, only before the 

first address mark is detected. Once an address mark is 

detected, the operation mode is switched to the mode 

where the timer counter 8 is empl.oyed. Referring to 

i1iil~Hrrr 
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Figure 1, a switch 9 receives an instruction from a 

controller 10 and switches the mode of detecting the 

address gate signal ADRG. 

5 As described above, according to the present 

example, address data segments can be accurately repro­

duced from an optical disk on which PWM data segments 

exist at intervals. 

10 In the present example, a single comparator (the 

comparator 2) is used to generate a pulse signal to be 

provided to the monostable multi-vibrator 5 for address 

gate generation and to generate a pulse signal to be 

provided to the address decoder. However, separate 

15 comparators may alternatively be provided without depart­

ing from the spirit of the present invention. 

Figure 3 illustrates a variation of Example 1. 

Referring to Figure 3, a comparator 202, a charge 

20 pump 203 and a capacitor 204 together form a separate 

threshold value control circuit which produces a repro­

duced pulse signal ADR used for address reproduction. 

Since the threshold value control circuit does not have 

a function to hold the threshold value VTH, a pulse 

25 signal may be generated by digitizing noise as described 

above. However, this can be eliminated by using an AND 

gate 205 to which the address gate signal ADRG is provid­

ed through one of the terminals thereof. 

30 An advantage of this variation is that the 

respective threshold value control circuits for gate 

generation and for address reproduction can be indepen­

dently optimized. It is typically desirable that the 



--- ------------------·----·· 

P16768 
- 18 -

threshold value VTH varies at a relatively high speed for 

address reproduction and at a relatively low speed for 

gate generation which involves the holding operation. 

5 Example 2 

Example 2 of the present invention will now be 

described in detail. Figure 4 is a block diagram 

illustrating an optical disk apparatus according to 

Example 2. Referring to Figure 4, in the address ar-

10 ea 100 on the optical disk, address mark strings lOOa and 

lOOb are formed on opposite sides of, and a particular 

distance from, the track center line. The track center 

line corresponds to the center of a mark recorded in the 

data area 101, and is an ideal track for the laser beam 

15 from an optical head to scan while recording and 

reproducing marks to/from the data area 101. An optical 

head 11 includes a photosensor which is divided into two 

photosensor elements lla and llb along the track center 

line. A differential amplifier 12 is used to obtain a 

20 difference signal based on respective outputs from the 

photosensor elements lla and llb. Comparators 13 and 14 

produce binary pulse signals ADRP and ADRN from the 

difference signal based on threshold values VTHP and 

VTHP, respectively. An OR gate 15 (an addition section) 

25 logically adds the binary pulse signals ADRP and ADRN to 

provide the logical sum as the reproduced pulse sig­

nal ADR. The charge pump 3, the capacitor 4, the 

monostable multi-vibrator 5 and the switch 6, respective­

ly, function in the same manner as those illustrated in 

30 Figure 1. A differential output amplifier 16 provides a 

positive output and a negative output to the 

comparators 13 and 14 as the threshold values VTHP and 

VTHN, respectively. 
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The reason for separating the address mark 

strings lOOa and lOOb from each other, as illustrated in 

Figure 4, is as follows. When the track density of the 

data area is increased, a read error rate is also in-

5 creased due to crosstalk noise between adjacent tracks. 

However, a read error rate to a certain degree can be 

tolerated since data is recorded in the data area with an 

error correction code attached thereto. However, such an 

error correction code is not typically attached to 

10 address data because as soon as an optical disk drive 

recognizes the address data in an address area, the drive 

has to start recording or reproducing data to/from the 

data area following the address area, and therefore there 

is no time for the optical disk drive to perform an error 

15 correction process for the address data. Thus, in order 

to suppress or eliminate the influence of the crosstalk 

noise, address marks are typically arranged at a track 

pitch which is twice as great as that used in the data 

area, while the address marks are shifted from the track 

20 center line by 1/2 track pitch so that the address marks 

can be equally reproduced along any one of the tracks on 

which the marks are present. 

When the laser beam from the optical head 11 

25 scans along the track center line of the optical disk, . 

. the laser beam is diffracted by the address mark 

strings lOOa and lOOb. More specif~cally, the address 

mark strings lOOa and lOOb cause optical interference 

which results in a diffraction pattern on the photosensor 

30 elements lla and llb. The address mark strings lOOa and 

lOOb are detected based on the brightness of the 

diffraction pattern. Consequently, the address mark 

strings lOOa and lOOb can be considered as being detected 
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by the photosensor elements lla and llb, respectively. 
A signal DHF is obtained as the difference between the 
respective outputs from the photosensor elements lla and 
llb. Thus, the address represented by the address mark 

5 strings lOOa and lOOb can be detected as the signal DHF. 

10 

As illustrated in Figure 5, the signal DHF goes high and 
low with respect to the base level in accordance with the 
address mark strings lOOa and lOOb. 

As described above, the threshold values VTHP and 
VTHN used by the comparators 13 and 14, respectively, are 
provided as the positive and negative outputs from the 
differential output amplifier 16. Thus, the threshold 
values VTHP and VTHN respectively vary symmetrically with 

15 respect to the base potential, as illustrated by broken 
line A in Figure 5 in accordance with an input signal 
(the potential at the terminal of the capacitor 4). The 
comparator 13 generates a pulse signal ADRP which is at 
a high level while the signal DHF is over the threshold 

20 value VTHP. The comparator 14 generates a pulse sig­
nal ADRN which is at a high level while the signal DHF is 
below the threshold value VTHN. The pulse signals ADRP 
and ADRN are logically added together to obtain the 
reproduced pulse signal ADR. Therefore, this detection 

25 system is substantially equivalent to that illustrated in 
Figure 1 (which uses only one com~arator) for the charge 
pump 3 and the capacitor 4 of the feedback control 
section. Thus, feedback control is performed so that the 
pulse duty ratio of the reproduced pulse signal ADR (= 

30 ADRP + ADRN) becomes substantially constant. As in Exam­
ple 1, the reproduc.ed pulse signal ADR is then provided 
to an address decoder, thereby accurately reproducing the 
address data segments~ 



P16768 
- 21 -

Thus, it is possible to perform the threshold 

value VTH feedback control at intervals in the same 

manner as described in Example 1 by operating the 

switch 6 using the output of the monostable multi-vibra-

5 tor 5 as the address gate signal ADRG. Also as described 

in Example 1, after the first address mark is detected by 

the address mark detection section 7, the switch 9 is 

operated by the controller 10 so that a pulse signal 

generated by the timer counter 8 is used as the address 

10 gate signal ADRG. 

As described above, according to the present 

example, the address data can be reproduced from a pair 

of address mark strings lOOa and lOOb (which are shifted 

15 from each other with respect to the track center line) as 

accurately as when the address mark strings are arranged 

along the track center line. 

Example 3 

20 Example 3 of the present invention will now be 

described in detail. Figure 6 is a block diagram 

illustrating an optical disk apparatus according to 

Example 3. Referring to Figure 6, in the address ar­

ea 100 on the optical disk, the address mark strings 100a 

25 and lOOb are formed on opposite sides of, and a particu­

lar distance from, the track center line, in the same 

manner as illustrated in Figure 3. .An optical head 21 

includes a photosensor which is divided into four 

photosensor elements 21a, 21b, 21c and 21d along the 

30 track center line and a direction perpendicular thereto. 

The photosensor elements 21a, 21b, 21c and 21d output 

signals HF2la, HF21b, HF21c.and HF2ld, respectively. An 

addition amplifier 22 computes and outputs HF21a + HF21b, 



P16768 
- 22 -

and another addition amplifier 23 computes and outputs 

HF21c + HF21d. The output sum signals HF21a + HF21b and 

HF2lc + HF21d are substantially equ1valent to the sig­

nals HFA and HFB in Figure 4. An addition amplifier 24 

5 computes and outputs HF21a + HF2lc, and another addition 

ampl.ifier 25 computes and outputs HF21b + HF21d. The 

differential amplifier 12, the comparators 13 and 14, the 

OR gate 15, the differential output amplifier 16, the 

charge pump 3, the capacitor 4 and the switch 6 function 

10 in the same manner as those illustrated in Figure 3. 

15 

Thus, the feedback control system for the threshold 

values VTHP and VTHN also functions in the same manner as 

that of Example 2. 

A distinctive feature of the present example is 

the use of an additional detection section, in addition 

to the monostable multi-vibrator 5, for holding the 

threshold value feedback control. Comparators 26 and 27 

_digitize the sum signals HF2la + HF2lc and HF21b + HF21d, 

20 respectively. An EXOR gate 28 detects a phase difference 

between respective pulse signals output from the 

comparators 26 and 27. Using the photosensor ele­

ments 21a, 21b, 21c and 21d and the addition amplifi­

ers 24 and 25, a received light beam is appropriately 

25 divided into two portions, from which first and second 

reproduced signals are produced, respectively. The 

comparators 26 and 27 and the EXOR gate 28 detect a 

relative phase difference between the first and second 

reproduced signals. A determination section 29 deter-

30 mines whether the phase difference is greater than a 

predetermined value (VO), and outputs a pulse signal HLD 

based on the determination. The output signal HLD is 

used to operate the switch 6. 
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The operation of the optical disk apparatus 
having such a structure will now be described. In an 
actual optical disk drive, a tracking control is per­
formed so as to accurately scan a laser beam along the 

5 data segments recorded in· the data areas 101. Referring 
to Figure 6, a tracking groove lOOc has been provided in 
an optical disk, and a tracking error signal TE is 
obtained using the tracking groove lOOc. A tracking 
actuator 21e is controlled so that the tracking error 

10 signal TE is kept substantially at a target value. The 
output of the differential amplifier 12 can be used 
directly as the tracking error signal TE. When the laser 
beam is shifted from the tracking groove lOOc, the 
reflected light becomes asymmetric between the 

15 photosensor elements 21a and 21b and the photosensor ele­
ments 21c and 21d, thereby generating a difference 
between the respective detected signal amplitudes, which 
is used as the tracking error signal. In particular, the 
obtained difference is provided back to the tracking 

20 actuator 21e of the optical head 21 via a drive amplifi­
er 30 so as to perform the feedback tracking control. 

However, since the address mark strings lOOa and 
lOOb are shifted from the track center line, the address 

25 mark strings lOOa and lOOb create tracking disturbance. 
When the laser beam scans the address area 100, the 
tracking feedback system functions to shift the laser 
beam toward the address mark string lOOa first, and then 
toward address mark string lOOb. Since the response of 

30 the tracking actuator 21e is not so fast, the actual 
shifting of the laser beam toward the address mark 
strings lOOa and lOOb occurs with some delay. As a 
result, in the beginning of the data area 101, the laser 
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beam is shifted from the track center line, and then 

starts winding about the tracking groove until the laser 

beam starts running stably along the tracking center line 

(as indicated by broken line D in Figure 7). According-

5 ly, the difference signal DHF also winds widely for a 

while and then starts converging to the base level. 

When the difference signal DHF winds widely and 

goes beyond the threshold value VTHP or VTHN, the 

10 monostable multi-vibrator 5 is activated, as indicated by 

11 A11 in Figure 7. With the structure illustrated in Fig­

ure 4, the switch 6 would be operated, thereby starting 

an erroneous threshold value control, as indicated by the 

broken line B in Figure 7. In view of this, the optical 

15 disk apparatus of the present example uses the following 

means to effecti.vely identify the address mark 

stri.ngs lOOa and lOOb whi.ch are shifted from the track 

center line. 

20 First, the additi.on amplifiers 24 and 25 output 

the di.agonal sum signals HF21a + HF21c and HF21b + HF2ld, 

respectively. The signals HF2la + HF21c and HF21b + 

HF21d are converted into pulse signals by the 

comparators 26 and 27, respecti.vely, and then provided to 

25 the EXOR gate 28. As wi.11 be discussed later, the 

comparators 26 and 27 and the EXOR gate 28 together form 

a type of phase comparison section. The determinati.on 

section 29 produces a pulse signal ADRHLD which is at a 

high level when a phase difference EXOUT i.s greater than 

30 a predetermined value. The swi.tch 6 is operated by the 

pulse signal ADRHLD. 

It is known that when the laser beam scans along 
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the concave (or convex) marks provided in a non-continu­

ous, broken pattern on an optical disk, there is general­

ly some relative phase difference between the diagonal 

sum signals HF21a + HF2lc and HF2lb + HF21d in accordance 

5 with the amount by wh~ph the scanning track is shifted 

from the track center line (see, for example, Japanese 

Publication for Opposition No. 5-80053) • This is be­

lieved to be due to optical diffraction caused by an edge 

of each mark along the tangential direction of the disk. 

10 Since the address mark strings lOOa and lOOb are shifted 

from the track center line, when the laser beam scans 

approximately along the track center line, the diagonal 

sum signals HF21a + HF21c and HF2lb + HF2ld have a phase 

difference with respect to each other, -as illustrated in 

15 Figure 7. 

This will be briefly discussed with reference to 

Figure 8. Assuming that the laser beam scans substan­

tially along the track center line, the address mark 

20 string lOOa is projected onto the photosensor ele­

ments 21a and 21b. As the laser beams moves on, the 

projected image moves from the photosensor element 21b 

toward the photosensor element 2la. Therefore, the 

diagonal sum signal HF21a + HF21c for the pair of the 

25 photosensor elements 21a and 21c, which are hatched in 

Figure 8, has a phase lag with respect to the other 

diagonal sum signal HF21b + HF2ld f o~ the other pair of 

the photosensor elements 21b and 21d, as illustrated in 

Figure 8. Similarly, the address mark string lOOb is 

30 projected onto the photosensor elements 21c and 21d. 

Then, the diagonal sum signal HF21a + HF21c has a phase 

lead with respect to the other diagonal sum signal HF21b 

+ HF2ld, as illustrated in Figure 8. Thus, it is possi-
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ble to distinguish the address area 100 from other areas 

by detecting the phase difference between the diagonal 

sum signals and ·comparing the phase difference with a 

predetermined value. In the present example, the diago-

5 nal sum signals are converted into pulse signals EXINl 

and EXIN2 by the comparators 26 and 27 and then input to 

the EXOR gate 28. The EXOR gate 28 outputs the pulse 

signal EXOUT having a width in accordance with the phase 

difference, regardless of whether it is a phase lead or 

10 a phase lag. The determination section 29 smoothes the 

phase difference pulse signal EXOUT using a low pass 

filter, and produces the pulse signal ADRHLD which is at 

a high level while the value of the smoothed signal 

represents is greater than a predetermined value VO. 

15 

Since the winding of the difference signal DHF 

due to the vibration of the objective lens actuator is 

caused by a tracking groove, which is formed continuous 

manner unlike the recording marks, such winding does not. 

20 cause a phase difference. Even if a slight phase differ­

ence is generated, it is not recognized by the 

comparators 26 and 27. Therefore, the outputs EXINl and 

EXIN2 are not influenced by the tracking groove. Thus, 

the EXOR gate 28 outputs the pulse signal EXOUT which is 

25 purely based on the address mark strings lOOa and lOOb. 

30 

In other words, the address mark strings lOOa and lOOb 

are detected by detecting the above-described phase 

difference, thereby avoiding an erroneous detection due 

to such winding. 

By using the phase difference between the diago­

nal sum signals as described above, it is possible to 

distinguish the address area 100 from other areas without 
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being influenced by the tracking control residue. Howev­

er, according to this method, the pulse signal represent­

ing the phase difference has to be smoothed through the 

low pass filter, thereby generating a detection delay 

5 (see ADRSHLD in Figure 7). Particularly, when the 

falling edge is· delayed (indicated by "C" in Figure 7), 

the gate is opened in an area other than the address 

area 100, the threshold value varies toward the base 

level before starting a holding operation. Although the 

10 amount of delay can be reduced by increasing the cut-off 

frequency of the low pass filter, the smoothing efficien­

cy is then reduced, whereby the optical disk apparatus 

may malfunction due to a ripple component. In view of 

this, in the present example, the del"ay of the signal is 

15 eliminated by employing the output of the monostable 

multi-vibrator 5 (which functions in the same manner as 

described in the preceding examples) and an AND gate 91. 

As in the preceding examples, after the first address 

mark is detected by the address mark detection section 7, 

20 a switch 92 is operated by the controller ~O so that a 

pulse signal generated by the timer counter 8 is used as 

the address gate signal ADRG. 

Al though it is assumed in the above-described 

25 examples that the data area 101 (a tracking groove) is 

unrecorded, recording marks may be recorded in the data 

area 101 in practice. It is believed :that such recording 

marks would not influence the operation of the above­

described examples. A significant phase difference is 

30 generated between the diagonal sum signals only when the 

laser beam scans over concave (or convex) marks formed on 

the recording surf ace of the optical disk. A very slight 

or no phase difference is generated when the laser beam 
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scans over flat marks in the data area 101 which are 

formed by varying the refractive· i.ndex of a porti.on of 

the fi.lm materi.al by heating the recording fi.lm (e.g., a 

phase change film) wi.th a laser beam. The phase di.ffer-

5·· ence generated by address mark stri.ngs and the phase 

difference generated by data recordi.ng marks can be 

distingui.shed from each other by setti.ng an appropriate 

threshold value VO. Moreover, the marks recorded 

substanti.ally along the track center li.ne are equally 
10 projected onto the photosensor elements 21a and 21b and 

the photosensor elements 21c and 21d. Therefore, these 
si.gnal components are cancelled out by the di.fferenti.al 

calculation performed by the differential amplifier 12, 
thereby preventing the recording mark components from 

15 being mixed in the difference signal DHF. As a result, 

the address gate signal ADRG produced by the monostable 

multi-vibrator 5 is not influenced. 

As described above, the optical disk· apparatus of 
20 the present example is provided with a· section for 

detecting the phase difference between the diagonal sum 

signals based on the output signals from the group of 

photosensor elements. Therefore, it is possible to 
accurately detect the address data even when there is 

25 some tracking winding. 

In Examples 2 and 3, a single set of comparators 

(the comparators 13 and 14) is used to generate a pulse 

signal to be provided to the monostable multi-vibrator 5 
30 for address gate generation and to generate a pulse 

signal to be provided to the address decoder. However, 

without departing from the spirit of the present inven­

tion, separate sets of comparators may alternatively be 
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provided. As in the variation of Example 1, a separate 

comparator can be separately provided for generating a 

pulse signal to be provided to the address decoder, where 

a noise component can be removed by an AND gate. 

As described above, it is possible to detect the 

address area and reproduce the address data therefrom so 

as to set a threshold value, which is held only in an 

unrecorded area, thereby successively and accurately 

10 reproducing PWM address data segments which exist at 

intervals. 

Moreover, even when the PWM address data marks 

are shifted by a predetermined distance from a track 

15 center line, it.is possible to detect the address area 

and reproduce the address data therefrom so as to set a 

threshold value, which is held only, thereby successively 

and accurately reproducing PWM address data segments 

which exist at intervals. 

20 

Furthermore, even when the PWM address data marks 

are shifted by a predetermined distance from a track 

center line, it is possible to detect the address area, 

and the detection of the address data is free from 

25 disturbance caused by a tracking offset. 

Various other modifications will be apparent to 

and can be readily made by those skilled in the art 

without departing from the scope and spirit of this 

30 invention. Accordingly, it is not intended that the 

scope of the claims appended hereto be limited to the 

description as set forth herein, but rather that the 

claims be broadly construed. 
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WHAT IS CLAIMED IS: 

1. An optical disk apparatus for irradiating with a laser 
beam an optical disk on which address marks are recorded 
at intervals based on a pulse width modulation method and 
for reproducing data from a reproduced signal based on 
reflected light, the apparatus comprising: 

a pulse signal reproduction section for producing 
a reproduced pulse signal from the reproduced signal 
based on a threshold value; 

a threshold value production section for produc­
ing the threshold value based on the reproduced pulse 
signal; and 

a gate signal production section for producing an 
address gate signal at a timing when the address mark is 
reproduced. 

2. An optical disk apparatus according to claim 1, 
wherein the threshold value production section produces 
the threshold value in such a manner that a duty ratio of 
the reproduced pulse signal reproduced by the pulse 
signal reproduction section becomes substantially con­
stant. 

3. An optical disk apparatus according to claim 1, 
wherein the gate signal production produces the address 
gate signal based on an envelope of the reproduced pulse 
signal produced from the reproduced signal. 

4. An optical disk apparatus according to claim 3, 
wherein the gate signal production section further 
comprises a section for, if address data is detected in 
the reproduced pulse signal, producing the address gate 

111111111111111111111111111111 
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signal at a timing which is delayed by a predetermined 

period of time from a timing at which the address data is 

detected. 

5. An optical disk apparatus according to claim 1, 

further comprising a photoelectric converter including a 

light-receiving portion which is divided along a tracking 

direction into at least two light-receiving areas, for 

receiving the reflected light from the optical disk by 

the light-receiving areas so as to produce at least two 

reproduced signals, wherein 

the gate signal production section produces a 

pulse signal based on a difference between the two repro­

duced signals and produces the address gate signal based 

on an envelope of the pulse signal. 

6. An optical disk apparatus according to claim 5, 

wherein the address marks include a first address mark 

and a second address mark which are arranged on opposite 

sides of, and at a predetermined distance from, a track 

center line. 

7• An optical disk apparatus according to claim 5, 

wherein: 

a first pulse signal is produced from a first 

difference signal which is produced from the first 

address mark based on a first thresho.ld value; 

a second pulse signal is produced from a second 

difference signal which is produced from the second 

address mark based on a second threshold value; and 

the address gate signal . is produced from an 

envelope of the first and second pulse signals. 

I lllllll llllll llllUllll 111111 
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8. An optical disk apparatus according to claim 5, 

wherein: 

the first and second threshold values are 

controlled by feedback control in such a manner that 

respective duty ratios of the first pulse signal and the 

second pulse signal become substantially constant: and 

the optical disk apparatus further includes a 

section for temporarily holding the feedback control 

while no address gate signal is produced. 

9. An optical disk apparatus according to claim 1, 

further comprising a photoelectric converter including a 

light-receiving portion which is divided along a tracking 

direction and another direction perpendicular to. the 

tracking direction into at least four light-receiving 

areas, for receiving the reflected light from the optical 

disk by the light-receiving·areas so as to produce at 

least four reproduced signals, wherein 

the gate signal production section produces the 

address gate signal based on a phase difference between 

two of the reproduced signals which are output from 

diagonally-located two of the light-receiving areas. 

10. An optical disk apparatus according to claim 9, 

wherein the address marks include a first address mark 

and a second address mark which are arranged on opposite 

sides of, and at a predetermined distance from, a track 

center line. 

11. An optical disk apparatus according to claim 9, 

wherein the gate signal production further comprises: 

a section for producing a pulse signal from a 

difference between two of the reproduced signals which 

111111111111111111111111111111 
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are output from two of the light-receiving areas located 

on opposite sides of a track center line and for produc­

ing the address gate signal from an envelope of the pulse 

signal: and 

a section for, if address data is detected in the 

reproduced pulse signal, producing the address gate 

signal at a timing which is delayed by a predetermined 

period of time from a timing at which the address data is 

detected. 

12. A method for reproducing an optical disk, for 

irradiating with a laser beam an optical disk on which 

address marks are recorded at intervals based on a pulse 

width modulation method and for reproducing data from a 

reproduced signal based on reflected light, the method 

comprising the steps of: 

producing a reproduced pulse signal from the 

reproduced signal based on a threshold value: 

producing the threshold value based on the 

reproduced pulse signal: and 

producing an address gate signal at a timing when 

the address mark is reproduced. 

13. A method for reproducing an optical disk according to 

claim 12, further comprising the steps of: 

receiving the reflected light from the optical 

disk by at least two light-receiving areas divided along0 

a tracking direction so as to produce at least two 

"'·-- reproduced signals: 

producing a pulse signal from a difference 

between the two reproduced signals: and 

producing the address gate signal from an enve­

lope of the pulse signal. 

111111111111111111111111111111 
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14. A method for reproducing an optical disk according to 
claim 12, further comprising the steps of: 

receiving the reflected light from the optical 
disk by at least four light-receiving areas divided along 
a tracking direction and another direction perpendicular 
to the tracking direction so as to produce at least four 
reproduced signals; 

producing the address gate signal based on a 
phase difference between two of the reproduced signals 
which are output from diagonally-located two of the 
light-receiving areas. 
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