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1

OPTICAL DISK DRIVE AND METHODS FOR
COUNTING THE NUMBER OF TRACKS ON
AN OPTICAL DISK

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an optical disk drive, and 1s
particularly concerned with a method for counting the
number of tracks an optical head crosses during a seek
operation 1n an optical disk drive.

2. Description of the Related Art

In an optical disk drive seek operation 1in which a laser
beam (or an optical head) moves from a current position to
a target position (or a target track) over the tracks, it is
necessary to count the number of tracks the laser beam
crosses during the seek operation, based on a TES (Tracking
Error Signal), to obtain positional information of the moving
optical head.

Optical structures to generate a TES are grouped into
several classes, such as a push-pull method, a three-beam
method, etc. However, a TES 1n any method, 1s a signal of
a wavelorm showing that a positive peak and a negative
peak occur alternately each time a laser beam crosses a land
part 110 and a groove part 120 of an optical disk 100, as
shown 1n FIG. 12A. Further, the TES 1s at a zero level when
a laser beam passes through the land center 110A of the land
part 110 and the groove center 120A of the groove part 120.
FIG. 13 shows an example of conventional circuit structure
to count the number of tracks an optical head crosses, based
on a TES described above. In the figure, a window com-
parator 131, as shown 1n FIG. 14, generates a zero cross
pulse 1f a TES 1s within a predetermined range of the zero
level and a track count logic 133 counts the number of zero
cross pulses.

On the recording surface of the optical disk 100, the
positional mformation of a data recording part 1s usually
written 1immediately before the data recording part in a
pre-pitted form. Such positional information 1s called pre-
pitted positional information and a pre-pitted portion thus
obtained or a defect portion on the optical disk 100 causes
noise within the TES when a laser beam crosses the pre-
pitted portion or the defect portion. When such noise 1s
caused, the above conventional circuit structure 1s apt to err
in counting the number of tracks.

In the following, such a disadvantage in the circuit
structure of the prior art 1s described 1n detail.

FIG. 15 shows the trajectory of a laser beam during a
low-velocity seek operation. In the figure, a defect portion
150 usually spans more than one track on the recording
surface of the optical disk 100. Accordingly, 1f the seek
velocity 1s low, a laser beam passes through the defect
portion 150 while the laser beam passes through one land
part 110 and one groove part 120. This causes significant
noise within the TES, as shown 1n FIG. 16. Said noise thus
ogenerated causes a pulse and frequently count errors in
counting the number of tracks by the track count logic 133.
The same problem 1s also caused if a laser beam passes
through a pre-pitted portion. Further, other noises are apt to
cause counting errors.

SUMMARY OF THE INVENTION

The principal object of this invention 1s to ensure that the
number of tracks 1s precisely counted even 1f a defect portion
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2

or a pre-pitted portion which causes noise 1s on the recording
surface of an optical disk, or 1f noise 1s caused by other
SOUrces.

The invention 1s a positive peak level comparator for
generating a positive peak pulse when a TES (Tracking
Error Signal) 1s higher than a predetermined positive level,
a negative peak level comparator for generating a negative
peak pulse when the TES 1s lower than a predetermined
negative level, and a logic circuit for generating an output

pulse when said positive peak pulse and said negative peak
pulse have been alternately input thereto. The arrangement
prevents the TES from bemng miscounted even if the TES 1s
disturbed due to the occurrence of, for example, a noise at
a level close to either said predetermined positive level or
said predetermined negative level and either said peak pulse
or said negative pulse 1s successively generated.

The 1nvention also includes a filter circuit for passing said
tracking error signal of high frequency (generated during a
high-velocity seek operation) with high gain and, on the
other hand, passing said tracking error signal of low fre-
quency (generated during a low-velocity seek operation)
with low gain, a positive peak level comparator for gener-
ating a positive peak pulse when the output signal from said
filter circuit 1s higher than a predetermined positive level, a
negative peak level comparator for generating a negative
peak pulse when the output signal from said filter circuit 1s
lower than a predetermined negative level, and a logic
circuit for generating an output pulse when said positive
peak pulse and said negative peak pulse have been alter-
nately mput, to prevent the TES from being miscounted by
the decrease of the amplitude of TES which 1s apt to be
caused 1f a laser beam crosses a defect portion on the disk
during a high-velocity seek operation.

The 1nvention also includes a first positive peak level
comparator for generating a positive peak pulse when said
tracking error signal i1s higher than a predetermined first
positive level, a first negative peak level comparator for
generating a negative peak pulse when said tracking error
signal 1s lower than a predetermined first negative level, a
second positive peak level comparator for generating a
positive peak pulse when said tracking error signal 1s higher
than a predetermined second positive level lower than said
predetermined first positive level, a second negative peak
level comparator for generating a negative peak pulse when
said tracking error signal 1s lower than a predetermined
second negative level higher than said predetermined first
negative level, and a logic circuit for generating an output
pulse when said positive peak pulse and said negative peak
pulse have been alternately input from said first positive
peak level comparator and said first negative peak level
comparator, respectively, during a low-velocity seek
operation, and for generating an output pulse when said
positive peak pulse and said negative peak pulse have been
alternately mput from said second positive peak level com-
parator and said second negative peak level comparator,
respectively, during a high-velocity seek operation, to pre-
vent the TES from being miscounted by the decrease of the
amplitude of TES which 1s apt to be caused it a laser beam
crosses a defect portion on the disk during a high-velocity
seck operation.

The 1nvention also includes a window comparator for
generating a zero cross pulse when said tracking error signal
1s within a predetermined range including a zero level, a
positive peak level comparator for generating a positive
peak pulse when said tracking error signal 1s higher than a
predetermined positive level, a negative peak level com-
parator for generating a negative peak pulse when said



Re. 36,564

3

tracking error signal 1s lower than a predetermined negative
level, and a logic circuit for generating an output pulse when
said zero cross pulse, said positive peak pulse, and said
negative peak pulse have been input 1n predetermined order,
to prevent the TES from being miscounted even if the TES
1s disturbed by the occurrence of, for example, a noise at a
level close to either said predetermined positive level or said
predetermined negative level and either said peak pulse or
said negative pulse 1s successively generated, or the TES 1s
disturbed for the reason why said predetermined range
including the zero level 1s exceeded. The ivention also
includes a window comparator for generating a zero cross
pulse when said tracking error signal 1s within a predeter-
mined range including a zero level, a positive peak level
comparator for generating a positive peak pulse when said
tracking error signal 1s higher then a predetermined positive
level, a negative peak level comparator for generating a
negative peak pulse when said tracking error signal 1s lower
than a predetermined negative level, and a logic circuit for
generating an output pulse when said positive peak pulse
and said negative peak pulse have been alternately input
from said positive peak level comparator and said negative
peak level comparator, respectively, during a low-velocity
seck operation and generating an output pulse when a zero
cross pulse has been mput from said window comparator
during a high-velocity seek operation, to eliminate the effect
of a noise caused by a defect portion, etc. with no use of said
window comparator for generating said zero cross pulse 1f a
seck operation 1s performed at a low velocity.

The 1nvention also includes a window comparator for
generating a zero cross pulse when said tracking error signal
1s within a predetermined range including a zero level, a
filter circuit for passing said tracking error signal of high
frequency with high gain and, on the other hand, passing
said tracking error signal of low frequency with low gain, a
positive peak level comparator for generating a positive
peak pulse when an output signal from said {filter circuit 1s
higher than a predetermined positive level, a negative peak
level comparator for generating a negative peak pulse when
an output signal from said filter circuit 1s lower than a
predetermined negative level, and a logic circuit for gener-
ating an output pulse when said zero cross pulse, said
positive peak pulse, and said negative peak pulse have been
input 1n predetermined order, to relatively amplify the
amplitude of TES 1n said filter circuit so as to decrease the
ciiect of the decrease of the amplitude of TES which 1s apt
to extend during a high-velocity seek operation.

The mvention also includes a window comparator for
generating a zero cross pulse when said tracking error signal
1s within a predetermined range including a zero level, a
pulse discriminator for generating a discriminated zero cross
pulse 1n response to said zero cross pulse whose time width
1s greater than or equal to a predetermined value, a filer
circuit for passing said tracking error signal of said high
frequency with high gain and, on the other hand, passing
saild TES of said low frequency with low gain, a positive
peak level comparator for generating a positive peak pulse
when an output signal from said filer circuit 1s higher than
a predetermined positive level, a negative peak level com-
parator for generating a negative peak pulse when an output
signal from said filter circuit 1s lower than a predetermined
negative level, and a logic circuit for generating an output
pulse when said discriminated zero cross pulse, said positive
peak pulse, and said negative peak pulse have been mput in
predetermined order during a low-velocity seek operation.
On the other hand, the arrangement generates an output
pulse when said positive peak pulse and said negative peak
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4

pulse have been alternately input during a high-velocity seek
operation, to decrease or increase a level detected by the
level comparators which detect a positive peak and a nega-
tive peak of TES 1if the seek operation of the optical head 1s
at a high or low velocity, respectively, by the filters placed
ahead of the level comparator, in which the more frequency
becomes low, gain decreases, and prevents tracks from being
miscounted by the decrease of the amplitude of TES due to
disturbance during a period of high seek velocity and by a
noise within TES during a period of low seek velocity, by the
pulse discriminator preceded by the window comparator
detecting a zero cross of TES, in which a pulse with short
time width 1s not regarded as a pulse.

The foregoing and other objects, features, and advantages
of the invention will be apparent from the following more
particular description of the preferred embodiment of the
invention, as illustrated in the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a block diagram showing a part of an embodi-
ment of an optical disk drive according to the invention.

FIG. 2 1s a perspective view showing another part of said
embodiment.

FIG. 3 1s a graph showing a velocity profile of said
embodiment.

FIG. 4 1s a ground plane showing the trajectory of a laser
beam on an optical disk during a high-velocity seek opera-
tion.

FIGS. 5(A)—~(D) shows charts showing the waveforms of
a TES, a TES which has passed through a high-pass filter, a
positive peak pulse, and a negative peak pulse during a
high-velocity seek operation.

FIGS. 6(A)—(B) shows charts of the waveforms of a TES,
a zero cross pulse, a discriminated zero cross pulse, a
positive peak pulse, and a negative peak pulse during a
low-velocity seek operation.

FIG. 7 to FIG. 11 are block diagrams showing alternative
embodiments.

FIGS. 12(A)—(C) shows charts of the waveforms of a TES
and a TCS with respect to the structure of an optical disk.

FIG. 13 1s a block diagram showing the structure of a
conventional track number counting means.

FIG. 14(A) and (B) shows waveform charts representing
the fundamentals of operations 1 said conventional track
number counting means.

FIG. 15 15 a ground place showing the trajectory of a laser
beam on an optical disk during a low-velocity seek opera-
tion.

FIG. 16(A) and (B) shows waveform charts representing
a failure 1n counting the number of tracks in said conven-
fional track number counting means.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now more particularly to the drawing, like
numerals denote like features and structural elements 1n the

various figures.

FIG. 2 shows a part of an embodiment of an optical disk
drive according to the invention. In the figure, an optical
head 10 1s composed of a coarse actuator 20 and a fine
actuator 30. The coarse actuator 20 1s supported by a rail 22
so that 1t can move freely 1n the radial direction of an optical
disk 100 (in the direction of a seek operation), and is driven
in the direction of the seek operation by a coarse actuator

VCM (Voice Coil Motor) 24.
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The fine actuator 30 1s supported by the coarse actuator 2()
through a shaft 32 so that 1t can move in the focusing and
tracking directions and 1s driven in the focusing direction
and 1n the tracking direction by a focus VCM 34 and a
tracking VCM 36, respectively. The fine actuator 30 has a
fixed objective lens 38 which a laser beam 40 1s projected
onto optical disk 100.

Also, coarse actuator 20 1s provided with a relative
position error (RPE) detecting sensor 25, a focus error signal
(FES) detecting sensor 27, and a tracking error signal (TES)
detecting sensor 29. The relative position error (RPE) detect-
ing sensor 25 1s, for example, a photo sensor with two split
sensifive parts to detect the quantity of a relative deflection
(rotational deflection from a neutral position) of the fine
actuator 30 from the coarse actuator 20. The focus error
signal (FES) detecting sensor 27 is, for example, a photo
sensor with four split sensitive parts to detect a positional
difference of a spot of the laser beam 40 from a focusing
point on the optical disk 100. The tracking error signal (TES)
detecting sensor 29 1s, for example, a photo sensor with two
split sensitive parts to detect a positional difference of a spot
of laser beam 40 from the center of a track on the optical disk

100.

FIG. 1 shows another part of said embodiment. In the
figure, an output of the relative position error (RPE) detect-
ing sensor 25 1s mput to a RPE calculator 52. The RPE
calculator 52, if the RPE detecting sensor 25 1s a photo
sensor with two split sensitive parts, calculates the difference
between detecting signals from the two photo-sensitive parts
and then outputs an unadjusted or a raw RPE. When the gain
or oifset of unadjusted RPE 1s adjusted to a RPE adjuster 54,
an adjusted RPE can be obtained and the adjusted RPE thus
obtained 1s provided to a coarse servo controller 56 and a
tracking servo controller 76.

The RPE, to which low-pass filtering and compensation
for phase lead have been applied by the coarse servo
controller 56, 1s provided to a coarse actuator VCM driver 58
from which the driving current, according to the amplitude
and sign of the RPE, that 1s, the quantity and direction of a
deflection of the fine actuator 30 relative to the coarse
actuator 20, 1s provided to the coarse actuator VCM 24.

An output of the FES detection sensor 27 1s input to a FES
calculator 62. The FES calculator 62, if the FES detecting
sensor 27 1s a photo sensor with four split sensitive parts,
calculates the difference between a sum of detecting signals
from a pair of photo sensitive parts and a sum of detecting
signals from another pair of photo-sensitive parts and then
outputs an unadjusted or a raw FES. When the offset of the
unadjusted FES 1s adjusted by a FES adjuster 64, an adjusted
FES can be obtained. The FES thus obtained is provided to

a focus servo controller 66.

The FES, which low-pass filtering and compensation for
phase lead have been applied by the focus servo controller
66, 1s provided to a focus VCM drive 68 from which the
driving current, according to the amplitude and sign of the
FES, that 1s, a positional difference and direction of a spot
of the laser beam 40 from the focus point, 1s provided to the

focus VCM 34.

An output of the TES detecting sensor 29 1s input to a TES
calculator 72. The TES calculator, if the TES detecting
sensor 29 1s a photo sensor with two split sensitive parts,
calculates the difference between detecting signals from a
pair of photo sensitive parts and outputs an unadjusted or a
raw TES. When the gain and offset of the unadjusted TES
are adjusted by the TES adjuster 74, an adjusted TES can be
obtained and provided to the tracking servo controller 76, a
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tracking VCM driver 78 providing a driving signal for
tracking to the tracking VCM 36.

The adjusted TES 1s also input to a window comparator
300 for zero cross detection 1n which a TES 1s checked to see
whether the TES 1s within a predetermined range including
an electric reference level (zero level). A zero cross pulse is
output if the TES 1s within said range and a zero cross pulse
1s not generated if the TES 1s not within said range. As 1s
obvious from the above, the window comparator 300 1s used
to detect whether the TES has crossed said zero level.

The zero cross pulse 1s 1nput to a pulse discriminator 301,
a digital low-pass filter which outputs only a pulse with a
time width greater than or equal to a predetermined value

within zero cross pulses. The pulse outputted from the pulse
discriminator 301 1s called herecafter a discriminated zero
cross pulse. The discriminated zero cross pulse 1s inputted to
a track count logic 500 which 1s a logic circuit that generates
an output pulse, or counts the number of tracks only 1f
predetermined pulses are mput in predetermined order.

Further, the adjusted TES is input to a filter circuit (peak
detecting filer) 400. The filter circuit 400 is a high-pass filter
for passing the TES of high frequency with high gain and
passing the TES of low frequency with low gain. In other
words, the filter circuit 400 1s a filter having an amplitude of
TES during a low-velocity seek operation 1s smaller than the
amplitude of TES during a high-velocity seek operation. An
output signal from the filter circuit 400 1s called hereafter a
peak detection track cross signal to distinguish the output
signal from the TES.

The peak detection track cross signal 1s input to a positive
peak level comparator 401 1n which the peak detection track
cross signal 1s compared with a constant value approaching
a positive peak and changes to a positive peak pulse whose

state changes near the appropriate level, and, at the same
fime, 1S 1nput to a negative peak level comparator 402 1n
which the peak detection track cross signal 1s compared with
a constant value approaching a negative peak and change to
a negative peak pulse whose state changes near the appro-
priate level. The positive peak pulse and the negative peak
pulse output from positive peak level comparator 401 and
negative peak level comparator 402, respectively, are mput
to track count logic 500.

The track count logic 500 functions 1n two types of count
operation modes, high-velocity mode and low-velocity
mode. In high-velocity mode, an output pulse 1s generated 1t
the positive peak pulse and the negative peak pulse have
been alternately mput and, on the other hand, 1n low-velocity
mode, an output pulse 1s generated 1f the positive peak pulse,
the discriminated zero cross pulse, and the negative peak
pulse have been 1nput 1n this order. Each time the track count
logic 500 outputs an pulse, the content of a track counter 84
1s decreased by one. Accordingly, the track counter 84 is
decreased when the positive peak pulse changes to the
negative peak pulse and vice versa in high-velocity mode
and 1s discriminated zero cross pulse changes 1n the prede-
termined order in low-velocity mode.

A change of track count logic 500 from high-velocity
mode to low-velocity mode and vice versa takes place by
means of a servo system controller (CPU and logic circuit)
200. The controller 200 can determine whether a current
seck velocity 1s high or low, based on positional information
as well as velocity information obtained from the TES, or the
content of track counter 84. The seek velocity can be
determined based on the content of track counter 84 since
the relationship between the seek velocity and the number of
tracks 1s 1ndicated by a velocity profile ROM 86 so far as a
seck velocity 1s under the control of the velocity profile
ROM 86.
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The controller 200 1s provided with the velocity profile
ROM 86 1n which information used for controlling the seek
velocity, for example, the relation between a track distance
from a current position to a target position and a desirable
velocity, as in FIG. 3, used for controlling the seek velocity
1s stored. When information about the current position 1s
provided based on the value of the track counter 84, the
velocity profile ROM 86 outputs a desirable velocity, rep-
resented as a digital value, at the current position to a
velocity prolile generator 88 1n which the digital value 1s
converted to an analog value to output the analog value to a
seeck block 90. The seek block 90 compares the value
obtained from the velocity profile generator 88 with the
current velocity information conveyed by the TES to prod-
uct a positioning error signal (PES) which is an integrated
value of the result of the comparison. The PES is provided
to a selector 92 to which the TES as well as the PES 1s
provided. In seek operation mode, the selector 92 provides
the PES to the fine servo controller 76 and, on the other
hand, 1n tracking operation mode, the selector 92 provides
the TES to the fine tracking servo controller 76. In seek
operation mode, the selector 92 may provide PES to not only

the fine tracking servo controller 76 but the coarse servo
controller 56.

In the following, the operation of this embodiment 1s
described by reference to FIG. 4 to FIG. 6.

FIG. 4 shows the trajectory of a laser beam on the optical
disk 100 during a high-velocity seek operation. If a seek
operation 1s performed at a high-velocity, a laser beam
crosses more than one track over a defect portion 150. As the
result of the effect due to the defect portion 150 on the TES
during such a high-velocity seek operation, the amplitude of
TES decreases while the laser beam moves through the
defect portion 150. If the TES (whose amplitude has
decreased) 1s 1nput, as it 1s, to the level comparators 401 and
402, the amplitude of TES does not reach the reference
levels of the level comparators 401 and 402 and the positive
and negative peak pulses cannot be detected. In the
embodiment, the TES (whose amplitude has decreased) is
relatively amplified only during a high-velocity seek opera-
tion by the filter circuit 400 before mputting the TES to the
level comparators 401 and 402, so as to be able to detect the
positive and negative peak pulses.

The amplitude of TES, as described above, 1s relatively
amplified only during a high-velocity seek operation, since
the effect due to the defective portion 150 on the TES
appears as a decrease 1n the amplitude of TES only during
the high-velocity seek operation. The amplitude of TES
during a low-velocity seek operation results in a decrease in
the reference levels of the level comparators 401 and 402
and as a result of the decrease 1n the reference levels, extra
undesired noises, which are apt to generate a peak and
negative pulses, are picked up. During the high-velocity
secck operation, the content of the track counter 84 1is
decreased only when a positive peak pulse and a negative
peak pulse have been alternately generated.

During a low-velocity seek operation, the effect due to the
defective portion 150 on the TES, as shown in FIG. 16,
appears as the generation of a noise that exceeds the window
level (reference range) of the window comparator 300. The
TES containing such a noise, as shown 1n FIG. 6, causes a
pulse with short time width 1n a zero cross pulse, however,
such a pulse with short time width 1s removed from the zero
cross pulse by the pulse discriminator 301 and then a
discriminated zero cross pulse 1s generated, as shown 1n
FIG. 6, by the pulse discriminator. During the low-velocity
seck operation, the track count logic 500 may decrease the
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content of the track counter 84 1n response to the discrimi-
nated zero cross pulse. However, to count the number of
tracks with a high accuracy, the track count logic 500
decreases the content of the track counter 84 1n response to
the generation of three types of pulses, a positive peak pulse,
a negative peak pulse, and a discriminated zero cross pulse,
in a predetermined order by means of the level comparators
401 and 402. The pulse discriminated 301 1s used only
during the low-velocity seek operation since if the pulse
discriminator 301 1s used when the high-velocity seek
operation, during which the RES of high frequency is
ogenerated, 1s performed, the window comparator 300 gen-
erates only a pulse with short time width and an output from
the pulse discriminator 301 remains a zero level.

At the start of a seek operation, the number of tracks from
a seek start position to a target position 0 1s stored 1n the
track counter 84 and the stored value 1s decreased by
subtraction for each track crossing during the seek operation.
A seek velocity 1s determined based on the value stored in

the track counter 84 by reference to velocity profile (FIG. 3)
in the velocity profile ROM 86.

For a short time after the seek operation starts, as 1s
obvious from the velocity profile (FIG. 3), the seek opera-
tion 1s performed at a high velocity. During a period of such
a high-velocity seek operation, said track count means are 1n
high-velocity mode 1n which a count 1s made based on
transition 1n the states of a positive peak pulse and a negative
peak pulse. If the controller 200 detects that the value
contained 1n the track counter 84 1s a predetermined value at
a time when the seek operation 1s nearly completed, the
controller 200 changes said tack count means from high-
velocity mode to low-velocity mode in which a count 1s
made based on transition in the states of a positive peak
pulse, a negative peak pulse, and a discriminated zero cross
pulse. Further, according to the peak detecting filter 400, the
detection levels of a positive peak and a negative peak are
equivalently decreased during the high-velocity seek opera-
tion and, on the other hand, the detection levels of the
positive peak and the negative peak are increased during the
low-velocity seek operation to always generate proper posi-
tive and negative pulses. Further, the pulse discriminator 301
generates a zero cross pulse independent of noise.

In said embodiment, a pulse with short time width caused
by noise can be removed by the pulse discriminator 301,
however, 1t will be recognized that the noise may be
removed directly from the TES by placing the low-pass filter
ahead of the window comparator 300 1nstead of using the
pulse discriminator 301.

It will be appreciated that if the pulse discriminator 301 or
the low-pass filter as not used, as shown 1n FIG. 7, the
number of tracks may be counted based on a zero cross pulse
or three types of pulses, a zero cross pulse, a positive peak
pulse, and a negative peak pulse, during the high-velocity
seck operation and based on two types of pulses, a positive
peak pulse and a negative peak pulse during the low-velocity
seck operation.

It will also be appreciated that 1f the filter circuit 400 1s not
used, as shown i FIG. 8, the number of tracks may be
counted based on a zero cross pulse during the high-velocity
seck operation and based on a positive peak pulse and a
negative peak pulse during the low-velocity seek operation.

Referring to FIG. 9, 1t will also be appreciated that the first
positive peak level comparator 421 generates a positive peak
pulse when the TES 1s above a predetermined {first positive
level, the first negative peak level comparator 422 generates
a negative peak pulse when the TES 1s below a predeter-
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mined first negative level, the second positive peak level
comparator 431 generates a positive peak pulse when the
TES 1s above a predetermined second positive level lower
than said predetermined first positive level, and the second
negative peak level comparator 432 generates a negative
peak pulse when the TES 1s below a predetermined second
negative level higher than said predetermined first negative
level being used. The number of tracks may be counted
during a low-velocity seek operation if said positive peak
pulse and said negative peak pulse have been alternately
input from said first positive peak level comparator 421 and
negative peak level comparator 422, respectively and, on the
other hand, the number of tracks may be counted during a
high-velocity seek operation 1if said positive peak pulse and
negative peak pulse have been alternately input from said
second positive peak level comparator 431 and negative
peak level comparator 432, respectively. Instead of using the
filter circuit 400 to equivalently vary the detection levels of
the positive and negative peak pulses 1n accordance with the
frequency of the mput TES, the levels to be compared may
be varied according to seek velocity information or a stored
value 1n the track counter 84.

It will be appreciated also that the number of tracks may
be counted, as shown 1n FIG. 10, based on two types of
pulses, a positive peak pulse and a negative peak pulse
whether the seek operation 1s performed at a high velocity or
a low velocity and further, as shown 1n FIG. 11, without
using the filter circuit 440.

ATES 1ndicating the deviation of a beam from the center
of a track in the radial direction of the disk has been
described as a TES shown in FIG. 12(B). However, it will
be appreciated that a signal shown in FIG. 12(C) may be
used as a signal indicating the deviation. The signal shown
in FIG. 12(C) is sometimes called a TCS (Track Cross
Signal). As is obvious from the figure, the polarity of the
TCSs corresponding to the land part 110 and the groove part
120 are opposite to each other.

While the invention has been particularly shown and
described with reference to a preferred embodiment thereof,
it will be understood by those skilled in the art that various
changes 1n form and details may be made therein without
departing from the spirit and scope of the mvention.

What 1s claimed 1s:

1. An optical disk drive comprising:

an optical head for projecting a laser beam onto the
recording surface of an optical disk;

seek control means for moving said beam from a current
track to a target track over the tracks;

tracking error signal generating means for generating a
tracking error signal (TES) which indicates the devia-
tion of said beam from the center of a track in the radial
direction of the disk; and

track number counting means for counting, based on said

TES, the number of tracks over which said optical head

has moved, said track number counting means 1nclud-

Ing a positive peak level comparator for generating a

positive peak pulse when said TES 1s higher than a

predetermined positive level, a negative peak level

comparator, for generating a negative peak pulse when

said TES 1s lower than a predetermined negative level,

and a logic circuit for generating an output pulse when

said positive peak pulse and said negative peak pulse
have been alternately mputted thereto.

2. The optical disk drive of claim 1 wherein said track

number counting means further comprises a filter circuit for

passing said TES of high frequency with high gain and
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passing said TES of low frequency with low gam; said
positive peak level comparator generating a positive peak
pulse when said TES output from said filter circuit 1s higher
than a predetermined positive level, said negative peak level
comparator generating a negative peak pulse when said TES
output from said filter circuit 1s lower then a predetermined
negative level.
3. An optical disk drive comprising:

an optical head for projecting a laser beam onto the
recording surface of an optical disk;

seek control means for moving said beam form a current
rack to a target track over the tracks;

tracking error signal generating means for generating a

tracking error signal (TES) which indicates the devia-
tion of said beam from the center of a track in the radial

direction of the disk; and

track number counting means for counting, based on said
TES, the number of tracks over which said optical head
has moved, said track number counting means 1nclud-
ing a first positive peak level comparator for generating
a positive peak pulse when said TES 1s higher than a
predetermined positive level, a first negative peak level
comparator, for generating a negative peak pulse when
said TES 1s lower than a predetermined negative level,
a second positive peak level comparator for generating,
a positive peak pulse when said TES 1s higher than a
second predetermined positive level lower than said
first predetermined positive level and a second negative
peak level comparator for generating a negative peak
pulse when said TES 1s lower than a second predeter-
mined negative level higher than said first predeter-
mined negative level, and a logic circuit generating an
output pulse when said positive peak pulse and said
negative peak pulse have been alternately input thereto

from said first positive peak level comparator and said

first negative peak level comparator during a low-
velocity seek operation and generating an output pulse
when said positive peak pulse and said negative peak
pulse have been alternately input thereto form said
second positive peak level comparator and said second
negative peak level comparator during a high-velocity
seck operation.

4. An optical disk drive comprising;:

an optical head for projecting a laser beam onto the
recording surface of an optical disk;

seek control means for moving said beam from a current
track to a target track over the tracks;

tracking error signal generating means for generating a
tracking error signal (TES) which indicates the devia-

tion of said beam from the center of a track 1n the radial
direction of the disk; and

track number counting means for counting, based on said
TES, the number of tracks over which said optical head
has moved, wherein said track number counting means
includes a window comparator for generating a zero
cross pulse 1n response to a time when said TES 1s
within a predetermined range including a zero level, a
positive peak level comparator for generating a positive
peak pulse 1n response to a time when said TES 1s
higher than a predetermined positive level, a negative
peak level comparator for generating a negative peak
pulse 1 response to a time when said TES 1s lower than
a predetermined negative level, and a logic circuit for
generating an output pulse 1n response to a time when
said zero cross pulse said positive peak pulse, and said
negative peak pulse have been input thereto 1n a
predetermined order.
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5. The optical disk drive of claim 4 wherein said track
number counting means further comprises a filter circuit for
said TES of high frequency with high gain and passing said
TES of low frequency with low gain, said positive peak level
comparator generating positive peak pulse when said TES
output from said filter circuit 1s higher than a predetermined
positive level, said negative peak level comparator generat-
ing a negative peak pulse when said TES output from said
filter circuit 1s lower than a predetermined negative level.

6. An optical disk drive comprising;:

an optical head for projecting a laser beam onto the
recording surface of an optical disk;

seek control means for moving said beam from a current
track to a target track over the tracks;

tracking error signal generating means for generating a
tracking error signal (TES) which indicates the devia-
tion of said beam from the center of a track 1n the radial
direction of the disk; and

track number counting means for counting, based on said
TES, the number of tracks over which said optical head
has moved, wherein said track number counting means
includes a window comparator for generating a zero
cross pulse 1n response to a time when said TES 1s
within a predetermined range including a zero cross
level, a positive peak level comparator for generating a
positive peak pulse 1n response to a time when said TES
1s higher than a predetermined positive level, a negative
peak level comparator for generating a negative peak
pulse 1n response to a time when said TES 1s lower than
a predetermined negative level, and a logic circuit for
generating an output pulse 1n response to a time when
said positive peak pulse and said negative peak pulse
from said positive peak level comparator and said
negative peak level comparator, respectively, have been
alternately mput thereto during a low-velocity seek
operation and, on the other hand, for generating an
output pulse 1n response to a time when a zero cross
pulse has been input thereto from said window com-
parator during a high-velocity seek operation.

7. An optical disk drive comprising:

an optical head for projecting a laser beam onto the
recording surface of an optical disk;

seck control means for moving said beam from a current
track to a target track over the tracks;

tracking error signal generating means for generating a
tracking error signal (TES) which indicates the devia-
tion of said beam from the center of a track in the radial
direction of the disk; and

track number counting means for counting, based on said
TES, the number of tracks over which said optical head
has moved, said track number counting means includ-
ing a window comparator for generating a zero Cross
pulse 1n response to a time when said TES 1s within a
predetermined range including a zero level, a pulse
discriminator for generating a discriminated zero cross
pulse 1n response to said zero cross pulse of which time
width 1s longer than a predetermined value, a filter
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circuit for passing said TES of high frequency with
high gain and passing said TES of low frequency with
low gain, a positive peak level comparator for gener-
ating a positive peak pulse in response to a time when
an output signal from said filter circuit 1s higher than a
predetermined positive level, a negative peak level
comparator for generating a negative peak pulse 1n
response to a time when an output signal from said filter
circuit 1s lower than a predetermined negative level,
and a logic circuit for generating an output pulse 1n
response to a time when said discriminated zero cross
pulse, said positive peak pulse, and said negative peak
pulse have been input thereto 1 a predetermined order
during a low-velocity seek operation and generating an
output pulse 1n response to a time when said positive
peak pulse and said negative peak pulse have been
alternately input thereto during a high-velocity seek
operation.
8. A method for counting the number of tracks on an
optical disk as a laser beam moves from a current track to a

target track on the recording surface of said optical disk, the
method comprising the steps of:

generating a tracking error signal (TES) which indicates
a deviation of said laser beam from the center of a track
1n the radial direction of said disk;

generating a positive peak pulse when said TES 1s higher
than a predetermined positive level;

generating a negative peak pulse when said TES 1s lower
than a predetermined negative level; and

ogenerating a signal which indicates that said laser beam 1s
crossing a track when said positive peak pulse and said
negative peak pulse have been alternately generated.

9. The method of claim 8 further comprising, after said
step of generating a TES, passing said TES of high fre-
quency with high gain and said TES of low frequency with
low gain and then proceeding to the remaining steps.

10. A method for counting the number of tracks on an
optical disk as a laser beam moves from a current track to a
target track on the recording surface of said optical disk, the
method comprising the steps of:

generating a tracking error signal (TES) which indicates
a deviation of said laser beam from the center of a track

in the radial direction of said disk;

generating a zero cross pulse when said TES 1s within a
predetermined range including a zero level;

generating a positive peak pulse when said TES 1s higher
than a predetermined positive level;

generating a negative peak pulse when said TES 1s lower
than a predetermined negative level; and

generating a signal which indicates that said laser beam 1s
crossing a track when all or part of said zero cross
pulse, said positive peak pulse, and said negative peak
pulse used according to a seek velocity have been
generated m a predetermined order.
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