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tracks is precisely counted even if a defect portion or a pre-pitted
portion which causes a noise is on the record- This present invention
relates to optical disk drive  ing surface ofan optical disk ora noise is
caused by other apparatus, and particularly to apparatus for and a meth-
sources. od for counting the number of tracks crossed by the op-  5  In a
preferred embodiment of the present invention, tical head during a
seekoperation in an optical diskdrive.    there is provided a positive peak
level comparator for In an optical disk drive, during a seek operation an
generating a positive peak pulse when a TES (Tracking optical head moves a
laser beam over the tracks of an  Error Signal) is higherthan a
predetermined positive lev- optical disk from a current position to a
target position  el, a negative peak level comparator for generating a (or
a target track). The number of tracks crossed by the  10 negative peak
pulse when the TES is lower than a pre- laser beam during the seek
operation can be counted by  determined negative level, and a logic circuit
for gener- monitoring a TES (Tracking Error Signal) to obtain posi-
ating an output pulse when the positive peak pulse and tional information
relating to the moving optical head.  the negative peak pulse have been
alternately inputted There are several optical methods for generating a
thereto, this prevents the TES from being miscounted TES. These include the
well-known push-pull and  15 even if the TES is disturbed, for example,
noise at either three-beam methods. The TES generated by such meth-  the
predetermined positive level or the predetermined ods has a waveform with a
positive peak and a negative  negative level and either the peak pulse or
the negative peak occurring alternately each time a laser beam cross-
pulse is successively generated. es a land part and a groove part of an
optical disk The  In a particularly preferred embodiment of the present TES
has a zero level when the laser beam passes 20 invention, there is provided
a filter circuit for passing the through the centre of the land part and
the centre of the  tracking error signal of high frequency (generated
during groove part.                                       a high-velocity
seek operation) with high gain and, pass- As shown in Figures 13 and 14, an
example of con-  ing the tracking error signal of low frequency (generated
ventional circuit for counting tracks from the TES com-  during a
low-velocity seek operation) with low gain, a prises a window comparator to
generate a zero cross 25 positive peak level comparator for generating a
positive pulse if the TES is within predetermined range of the zero  peak
pulse when an output signal from the filter circuit is level and track
count logic to count the number of the  higher than a predetermined
positive level, a negative zero cross pulses.
peak level comparator for generating a negative peak On the recording
surface of the optical disk the po-  pulse when an output signal from the
filter circuit is lower sitional information corresponding to a data
recording  30 than a predetermined negative level, and a logic circuit part
is usually written immediately before the data re-    for generating an
output pulse when the positive peak cording part in pre-pitted form.
However, if the pre-pitted  pulse and the negative peak pulse have been
alternately portion contains defects, noise is generated in the TES
inputted, this prevents the TES from being miscounted when the laser beam
crosses the pre-pitted portion. The  by the decrease of the amplitude of
TES which is pro- conventional circuit hereinbefore described responds to
35 duced caused if the laser beam crosses a defect portion such noise by
generating an error in the number of tracks  on the disk during a
high-velocity seek operation. counted.
A preferred embodiment of the present invention In accordance with the
present invention, there is  comprises a first positive peak level
comparator for gen- nowprovidedan optical disk drive apparatus comprising:
erating a positive peak pulse when the tracking error sig- an optical head
for projecting a laser beam onto the re- 40 nal is higher than a
predetermined first positive level, a cording surface of an optical disk
compatible with the ap-  first negative peak level comparator for
generating a paratus; seek control means for moving the beam from  negative
peak pulsewhen the tracking errorsignal is low- a current track on the
disktoatarget track; tracking error  er than a predetermined first negative
level, a second signal generating means for generating a tracking error
positive peak level comparator for generating a positive signal (TES), the
TES indicating the deviation of the  45 peak pulse when the tracking error
signal is higher than beam from the centre of a track in the radial
direction of  a predetermined second positive level lower than the the
disk; and tracking number counting means for count-  predetermined first
positive level, a second negative ing, as a function of the TES, the number
of tracks  peak level comparator for generating a negative peak crossed by
the optical head; characterised in that the  pulse when the tracking error
signal is lower than a pre- tracking number counting means comprises: peak
de- 50 determined second negative level higher than the pre- tection means
for generating a positive peak pulse when  determinedfirst negative level,
anda logic circuit for gen- the TES is higherthan apredetermined positive
leveland  eratingan output pulse when the positive peak pulse and for
generating a negative pulse when the TES is lower    the negative peak
pulse have been alternately inputted than a predetermined negative level;
and logic means  from the first positive peak level comparator and the
first forgeneratingan output pulse in responseto the positive  55 negative
peak level comparator, respectively, during a peak pulse and the negative
peak pulse being generated  low-velocity seek operation and generating an
output in a predetermined sequence.                       pulse when the
positive peak pulse and the negative 



This advantageously ensures that the number of  peak pulse have been
alternately inputted from the sec- 2    3                 EP 0 479 473 B1
4 ond positive peak level comparator and the second neg-  level, and a
logic circuit for generating an output pulse ative peak level comparator,
respectively, during a  when the zero cross pulse, the positive peak pulse,
and high-velocity seek operation, this prevents the TES from  the negative
peak pulse have been inputted in predeter- being miscounted by the decrease
of the amplitude of  mined order. This relatively amplifies the amplitude
of TES which is produced if a laser beam crosses a defect  5  TES in the
filter circuit so as to reduce the effect of the portion on the disk during
a high-velocity seekoperation.  reduce in the amplitude of TES which occurs
during a Preferred embodiments of the present invention  high-velocity seek
operation. may include a window comparator for generating a zero
Particularly preferred embodiments of the present cross pulse when the
tracking error signal is within a pre-  invention may include a window
comparator for gener- determined range including a zero level, a positive
peak  10 ating a zero cross pulse when the tracking error signal level
comparator for generating a  positive peak pulse  is within a predetermined
range including a zero level, a when the tracking error signal is higher
than a predeter-  pulse discriminator for generating a discriminated zero
mined positive level, a negative peak level comparator  cross pulse in
response to the zero cross pulse whose for generating a negative peak pulse
when the tracking  time width is greater than or equal to a predetermined
error signal is lowerthan a predetermined negative level, 15 value, a
filter circuit for passing the tracking error signal and a logic circuit
for generating an output pulse when  of the high frequency with high gain
and, for passing the the zero cross pulse, the positive peak pulse, and the
TES of the low frequency with low gain, a positive peak negative peak pulse
have been inputted in predeter-  level comparator for generating a positive
peak pulse mined order. This prevents the TES from being mis-
whenanoutputsignalfromthefiltercircuitishigherthan counted even if the TES
is disturbed by for example, 20 a predetermined positive level, a negative
peak level noise ata level closeto etherthe predetermined positive
comparator for generating a negative peak pulse when level or the
predetermined negative level and either the  an output signal from the
filter circuit is lower than a pre- peak pulse or the negative pulse is
successively gener-  determined negative level, and a logic circuit for
gener- ated, or if the TES is disturbed the predetermined range  ating an
output pulse when the discriminated zero cross including the zero level is
exceeded.           25 pulse, the positive peak pulse, and the negative
peak In an especially preferred embodiment of the    pulse have been
inputted in predetermined order during present invention, there is provided
a window compara-  a low-velocity seek operation for generating an output
tor for generating a zero cross pulse when the tracking  pulse when the
positive peak pulse and the negative error signal is within a predetermined
range including a  peak pulse have been altemately inputted during a zero
level, a positive peak level comparator for generat- 30 high-velocity
seekoperation, to decrease or increase the ing a positive peak pulse when
the tracking error signal  levels detected by the level comparators which
detect is higher than a predetermined positive level, a negative  the
positive peak and a negative peak of TES if the seek peak level comparator
for generating a negative peak  operation of the optical head is at a high
or low velocity, pulse when the tracking error signal is lower than a pre-
respectively, by filters placed ahead of the level compa- determined
negative level, and a logic circuit for gener- 35 rator, in which the gain
decreases as the frequency de- ating an output pulse when the positive peak
pulse and  creases. This prevents tracks from being miscounted by the
negative peak pulse have been alternately inputted  the decrease of the
amplitude of TES by a disturbance from the positive peak level
comparatorand the negative  during a period of high seekvelocity and bya
noise within peak level comparator, respectively, during a low-veloc-  TES
during a period of low seek velocity, because the ity seek operation and
generating an output pulse when  40 pulse discriminator is preceded by the
window compa- a zero cross pulse has been inputted from the window  rator
detecting a zero cross of TES, in which a pulse with comparator during a
high-velocity seek operation. This  short time width is not regarded as a
pulse. substantially eliminates the effect of noise caused by a  Preferred
embodiments of the present invention will defect portion etc with no use of
the window comparator  now be described with reference to the accompanying
for generating the zero cross pulse if a seek operation is 45 drawings in
which- performed at a low velocity.                           Figure 1 is a
block diagram showing a part of an em- Preferred embodiments of the present
invention  bodiment of an optical disk drive apparatus concerning may
include a window comparator for generating a zero  this invention. cross
pulse when thetracking error signal is within a pre-  Figure 2 is a
perspective view showing another part determined range including a zero
level, afilter circuitfor 50 of the embodiment. passing the tracking error
signal of high frequency with  Figure 3 is a graph showing a velocity
profile of the high gain and for passing the tracking error signal of low
embodiment. 



frequency with low gain, a positive peaklevel comparator  Figure 4 is a
plan view showing the trajectory of a for generating a positive peak pulse
when an output sig-  laser beam on an optical diskduring a high-velocity
seek nal from the filter circuit is higher than a predetermined  55
operation. positive level, a negative peak level comparator for gen-
Figure 5 shows charts showing the waveforms of a erating a negative peak
pulse when an output signal from  TES, a TES which has passed through a
high-pass filter, the filter circuit is lower than a predetermined negative
a positive peak pulse, and a negative peak pulse during 3    5
EP 0 479 473 B1                  6 a high-velocity seek operation.
TES, as shown in Figure. 16. Said noise thus generated Figure.6 shows
charts of the waveforms of a TES,  cause a pulse and thus count errors in
counting the a zero cross pulse, a discriminated zero cross pulse, a
number of tracks by a track count logic 133. The same positive peak pulse,
and a negative peak pulse during a  problem may also be encountered if a
laser beam passes low-velocity seek operation.                    5
through apre-pitted portion. Further, otherforms of noise Figure 7 to
Figure.11 are block diagrams showing  cause counting errors. other
embodiments different from one another.          Referring to Figure 1, the
output of the relative po- Figure 12 shows charts of the waveforms of a TES
sition error (RPE) detecting sensor 25 is connected to a and aTCS with
respecttothe structure of an optical disk.  RPE calculator52. The RPE
calculator52, calculatesthe Figure 13 is a block diagram showing the
structure  10 difference between signals from the two photo-sensitive of a
conventional track number counting means.     parts of the RPE detecting
sensor 25 and outputs an un- Figure 14 shows waveform charts representing
the  adjusted or raw RPE. The gain or offset of unadjusted fundamental of
operation in the conventional means.  RPE is adjusted by a RPE adjuster54.
Theadjusted RPE Figure 15 is a plan view showing the trajectory of a  thus
obtained is provided to a coarse servo controller 56 laser beam on an
optical disk during a low-velocity seek  15 and a tracking servo controller
76. operation.                                             The RPE to which
low-pass filtering and compensa- Figure 16 shows waveform charts
representing a  tion for phase lead have been applied by the coarse ser-
failure in counting the number of tracks in the conven-  vo controller 56,
is provided to a coarse actuator VCM tional means.
driver58 from which driving current according tothe am- Referring to Figure
2, an optical disk drive of the  20 plitude and sign of the RPE, that is,
the quantity and di- present invention comprises an optical head 10 com-
rection of the deflection of the fine actuator 30 relative to posed of a
coarse actuator 20 and a fine actuator 30.  the coarse actuator 20 is
provided to the coarse actuator The coarse actuator 20 is supported by a
rail 22 so that  VCM 24. it can move freely in the radial direction of an
optical disk  The output of the FES detecting sensor 27 is con- 100 (in the
direction of a seek operation), and is driven  25 nected to a FES
calculator 62. The FES calculator 62, inthe direction of theseekoperation
by acoarseactuator  calculates the difference between a sum of detecting
sig- VCM(Voice Coil Motor) 24. The fine actuator 30 is sup-  nals from one
pair of two photosensitive parts of the FES ported by the coarse actuator
20 through a shaft 32 so  detecting sensor 27 and a sum of detecting
signals from that it can move in focusing and tracking directions and  the
other pair of two photo-sensitive parts and outputs is driven in the
focusing and tracking directions by a fo- 30 an unadjusted or raw FES. The
offset of the unadjusted cus VCM 34 and a tracking VCM 36, respectively.
The  FES is adjusted by a FES adjuster 64, the FES thus ob- fine actuator
30 has a fixed objective lens 38 from which  tained is provided to a focus
servo controller 66. a laser beam 40 is projected onto the optical disk 100
The FES to which low-pass filtering and compensa- the coarse actuator 20 is
provided with a relative position  tion for phase lead have been applied by
the focus servo error (RPE) detecting sensor 25, a focus error signal  35
controller 66 is provided to a focus VCM driver 68 from (FES) detecting
sensor 27, and a tracking error signal  which driving current according
totheamplitude and sign (TES) detecting sensor 29. The relative position
error  of the FES, that is, the positional difference and direction (RPE)
detecting sensor 25, which is, for example, a pho-  of a spot of the laser
beam 40 from the focus point is to sensor with two split sensitive parts,
detects the quan-  provided to the focus VCM 34. tity of a relative
deflection (rotational deflection from a  40  The output of the TES
detecting sensor 29 is con- neutral position) of the fine actuator 30 from
the coarse  nected to a TES calculator 72. The TES calculator, cal-
actuator 20. The focus error signal (FES) detecting sen-  culates the
difference between detecting signals from sor 27, which is, for example, a
photo sensor with four  thetwophotosensitive partsofthe TES detecting
sensor split sensitive parts detects a positional difference of a  29 to
output an unadjusted or a raw TES. When the gain spot of the laser beam 40
from a focusing point on the  45 and offset of the unadjusted TES are
adjusted by the optical disk 100. The tracking error signal (TES) detect-
TES adjuster 74. The TES thus obtained is provided to ing sensor 29 which
is, for example, a photo sensor with    the tracking servo controller 76, a
tracking VCM driver 



two split sensitive parts, detects a positional difference  78 providing a
drivng signal for tracking to the tracking of a spot of the laser beam 40
from the centre of a track  VCM 36. on the optical disk 100.
50     The adjusted TES is also connected to a window Referring to Figure
15, as mentioned earlier the tra-  comparator 300 for zero cross detection
in which a TES jectory of the laser beam during a low-velocity seek op-  is
checked to see whether the TES is within a predeter- eration may cross a
defect portion 150. The defect por-  mined range including a reference
level (zero level). A tion 150 usually spans more than one track on the re-
zero cross pulse is outputted only if the TES is within the cording surface
of the optical disk 100. Accordingly if a  55 range. As is obvious from the
above, the window com- seek velocity is low, the laser beam passes through
the  parator 300 is used to detect whether the TES has defect portion 150
as it passes through one land part 110  crossed the zero level. and one
groove part 120. This causes noise within a    The zero cross pulse is
connected to a pulse dis- 4    7                 EP 0 479 473 B1
8 criminator 301. The pulse discriminator 301 is a digital  ROM 86 so far
as the seek velocity is under the control low-pass filter that only outputs
a pulse with time width  of the velocity profile ROM 86. greater than or
equal to a predetermined value within  The controller 200 is provided with
the velocity pro- zero cross pulses. The pulse outputted from the pulse
file ROM 86 in which information used for controlling the discriminator 301
will be called hereafter a discriminated  5  seek velocity, for example,
the relation between a track zero cross pulse. The discriminated zero cross
pulse is  distance from a current position to a target position and
inputted totrackcount logic 500 that generates an output  a desirable
velocity, as in Figure.3, used for controlling pulse, or counts the number
of tracks only if predeter-    the seek velocity is stored. When
information about the mined pulses are inputted in predetermined order.
current position is provided based on the value of the The adjusted TES is
also connected to a filter circuit 10 track counter 84, the velocity
profile ROM 86 outputs a (peak detecting filter) 400. The filter circuit
400 is a  desirable velocity, in the form of a digital value, at the
high-pass filter for passing the TES of high frequency  current position to
avelocity profile generator 88 in which with high gain and passing the TES
of lowfrequency with    the digital value is converted to an analog value.
The an- low gain. In other words, the filter circuit 400 causes the  alog
value is connected to a seek block 90. The seek amplitude of TES during a
low-velocity seek operation in  15 block 90 compares the value obtained
from the velocity which the optical head 10 (that is, a beam spot) crosses
profile generator 88 with the current velocity information tracks at a low
velocity to become smaller than the am-  conveyed by the TES to produce a
positioning error sig- plitude of TES during a high-velocity seekoperation.
The  nal (PES) which is an integrated value of the result of output signal
from the filter circuit 400 will be called here-  comparison. The PES and
the TES are connected to a after a peak detection track cross signal to
distinguish it 20 selector 92. In seek operation mode, the selector 92 pro-
from the TES.                                     vides the PES to the fine
servo controller 76. In tracking The peak detection track cross signal is
connected  operation mode, the selector 92 provides the TES to the toa
positive peak level comparator 401 in which the peak  fine tracking servo
controller76. In seek operation mode, detection track cross signal is
compared with a constant    the selector 92 may provide PES to the fine
tracking ser- value close to a positive peak. The peak detection track  25
vo controller 76 and the coarse servo controller 56. cross signal is also
connected to a negative peak level  Figure.4 shows the trajectory of the
laser beam on comparator 402 in which the peak detection track cross  the
optical disk 100 during a high-velociy seek opera- signal is compared with
a constant value close to a neg-  tion. The laser beam crosses more than
one track in a ative peak. The positive peak pulse and the negative  defect
portion 150. As shown on Figure 5, the defect por- peak pulse from the
positive peak level comparator 401  30 tion 150 causes the amplitude of TES
to decrease as a and the negative peak level comparator 402, respective-
laser beam moves across the disc. The amplitude of TES ly, are connected to
the track count logic 500.   therefore does not reach the reference levels
of the level The trackcount logic 500 functions in a high-velocity
comparators 401 and 402. However, in this embodiment, mode and a
low-velocity mode. In high-velocity mode,    theTES is
relativelyamplifiedduringahigh-velocityseek an output pulse is generated if
the positive peak pulse  35 operation by the filter circuit 400 at the
input to the level and the negative peak pulse have been alternately in-
comparators 401 and 402, so that the positive and neg- putted. In
low-velocity mode, an output pulse is generat-  ative peakpulses can
bedetected. The amplitude of TES ed if the positive peak pulse, the
discriminated zero cross  is relativelyamplified only during a
high-velocity seek op- pulse, and the negative peak pulse have been
inputted  eration, because the defective portion 150 decreases the in this
order. Each time the track count logic 500 outputs 40 amplitude of TES only
during the high-velocity seek op- an output pulse, the content of a track
counter 84 is de-  eration. Amplification of the TES during a low-velocity
creased by one. Accordingly, the track counter 84 is de-  seek operation
results in a decrease in the reference lev- 



creased when the positive peak pulsetransitstothe neg-  els of the level
comparators 401 and 402 and thus makes ative peak pulse and vice versa in
high-velocity mode.    them more responsive to noise. During the
high-velocity The trackcounter84 is also decreased when the positive  45
seek operation, the content of the track counter 84 is de- peak pulse, the
negative peak pulse, and the discrimi-  creased only when a positive peak
pulse and a negative nated zero cross pulse transit in the predetermined
order  peak pulse have been alternately generated. in low-velocity mode.
Referring now to Figure 16, during the low-velocity The track count logic
500 is switched from high-ve-  seek operation, the defective portion 150
generates locity mode to low-velocity mode and vice versa by a ser- 50
noise in the TES that exceeds the window level (refer- vo system controller
(CPU and logic circuit) 200. The  ence range) of the window comparator 300.
The TES controller 200 can determine whether a current seek ve-  containing
such noise, as shown in Figure.6, causes a locity is high or low, based on
positional information as  pulse with short time width in a zero cross
pulse. How- well as velocity information obtained from the TES, or  ever,
such a pulse is removed from the zero cross pulse thecontentof
thetrackoounter84. Theseekvelocitycan  55 by the pulse discriminator 301. A
discriminated zero be determined based on the content of the track counter
cross pulse is generated, as shown in Figure.6, by the 84 because the
relationship between the seek velocity  pulse discriminator. During the
low-velocity seek opera- and the numberof tracks is indicated by avelocity
profile    tion, the track count logic 500 may decrease the content    9
EP 0 479 473 B1                 10 of the track counter 84 in response to
only the discrimi-    is not used, as shown in Figure.8, the number of
tracks nated zero cross pulse. However, in this embodiment of  may be
counted based on a zero cross pulse during the the present invention, to
count the number of tracks with  high-velocity seek operation and on a
positive peak high accuracy, the track count logic 500 decreases the  pulse
and a negative peak pulse during the low-velocity content of the track
counter 84 in response to the gen-  5  seek operation. eration of three
types of pulses, a positive peak pulse, a  As shown in Figure 9, a first
positive peak level com- negative peak pulse, and a discriminated zero
cross  parator 421 generates a positive peak pulse when the pulse in a
predetermined order by means of the level  TES is above a predetermined
first positive level. A-first comparators 401 and 402. The pulse
discriminator 301  negative peak level comparator 422 generates a nega- is
used only during the low-velocity seek operation be- 10 tive peak pulse
when the TES is below a predetermined cause if the pulse discriminator 301
is used in a high-ve-  first negative level. A second positive peak level
compa- locity seek operation, the window comparator 300 would  rator 431
generates a positive peak pulse when the TES generate only a pulse with
short time width and the out-    is above a predetermined second positive
level lower put from the pulse discriminator 301 would remain at a  than
the predeterminedfirst positive level. Asecond neg- zero level.
15 ative peak level comparator 432 generates a negative At the start of the
seek operation, the number of  peak pulse when the TES is below a
predetermined sec- tracks from the seek start position to the target
position  ond negative level higher than the predetermined first is stored
in the track counter 84. The stored value is de-  negative level. The
number of tracks may be counted creased by subtraction for each track
crossing during the  during the low-velocityseekoperation if the positive
peak seek operation. The seek velocity is determined based  20 pulse and
the negative peak pulse have been alternately on the value stored in the
track counter 84 by reference  inputted from the first positive peak level
comparator 421 to a velocity profile (Figure.3) in the velocity profile ROM
and negative peak level comparator 422, respectively. 86.
The number of tracks may be counted during the For a short time after the
seek operation starts, as  high-velocity seek operation if the positive
peak pulse is obvious from the velocity profile (Figure.3), the seek  25
and negative peak pulse have been alternately inputted operation is
performed at high velocity. During such a  from the second positive peak
level comparator 431 and high-velocity seek operation, the track count
means are  negative peak level comparator 432, respectively. In- in
high-velocity mode in which a count is made based on  stead of using the
filter circuit 400 to equivalently vary transition in the states of a
positive peak pulse and a neg-  the detection levels of the positive and
negative peak ative peak pulse. If the controller 200 detects that the  30
pulses in accordance with the frequency of the inputted value contained in
the track counter 84 is a predeter-  TES, the levels to be compared may be
varied according mined value when the seek operation is nearly complet-
to seek velocity information or a stored value in the track ed, the
controller 200 changes the track count means  counter 84. from
high-velocity mode to low-velocity mode in which a  It will further be
appreciated that the number of count is made based on transition in the
states of a pos- 35 tracks may be counted, as shown in Figure. 10, based on
itive peak pulse, a negative peak pulse, and a discrimi-    two types of
pulses, a positive peak pulse and a negative nated zero cross pulse. The
peak detecting filter 400 is  peak pulse whether the seek operation is
performed at tuned in such a manner that the detection levels of the  a
high velocity or a low velocity and further, as shown in 



positive peak and the negative peakare equivalently de-  Figure.1 1,
without using the filter circuit 400. creased during the high-velocity seek
operation and are  40    In this embodiment of the present invention, a TES
increased during the low-velocity seek operation to al-    indicating the
deviation of a beam from the centre of a ways generate positive and
negative pulses. Further, the  track in the radial direction of the diskhas
been described pulse discriminator 301 generates a zero cross pulse in-  as
a TES shown in Figure. 12(B). However, it will be ap- dependent of noise.
preciated that a signal shown in Figure.12(C) may be In this embodiment of
the present invention, a pulse  45  used as a signal indicating the
deviation. The signal with short time width caused by noise can be removed
shown in Figure. 12(C) is sometimes called a TCS (Track by the pulse
discriminator 301. However, it will be recog-  Cross Signal). As is obvious
from the figure, the respec- nised that noise may be removed directly from
the TES  tive polarities of the TCS corresponding to the land part by
placing the low-pass filter ahead of the window com-  110 and the groove
part 120 are opposite to each other. parator 300 instead of using the pulse
discriminator 301. 50    It will now be appreciated that, in accordance
with It will be appreciated that if the pulse discriminator  the present
invention, even if there is a defect portion or 301 or the low-pass filter
are not used, as shown in Fig-  a pre-pitted portion on the recording
surface of an optical ure.7, the number of tracks may be counted based on a
disk or undesired noise is generated by other sources, zero cross pulse, a
positive peak pulse, and a negative  the number of tracks can be precisely
counted. peak pulse during the high-velocity seek operation, and  55 on a
positive peak pulse and a negative peak pulse dur- ing the low-velocity
seek operation. It will also be appreciated that if the filter circuit 400
6    11                EP 0 479 473 B1                     12 Claims
detection means comprises: a first positive peak level comparator (421) for
generating a positive 1. Optical disk drive apparatus comprising:
peak pulse when the TES is higher than a first pre- determined positive
level; a first negative peak level an optical head for projecting a laser
beam onto  5  comparator (422) for generating a negative peak the recording
surface of an optical disk compat-  pulse when the TES is lower than a
first predeter- ible with the apparatus;                      mined
negative level; a second positive peak level comparator (431) for
generating a positive peak seek control means (90) for moving the beam
pulse when the TES is higher than a second prede- from a current track on
the disk to a target track; 10    termined positive level lower than the
first predeter- mined positive level; a second negative peak level tracking
error signal generating means (72) for  comparator (432) for generating a
negative peak generating a tracking error signal (TES), the  pulse when the
TES is lower than a second prede- TES indicating the deviation of the beam
from  termined negative level higher than the first prede- the centre of a
track in the radial direction of the  15    termined negative level; the
logic means (500) gen- disk; and
erating the output pulse in response to the positive peak pulse and the
negative peak pulse being after- tracking number counting means for
counting,  nately generated by the first positive peak level com- as a
function of the TES, the number of tracks  parator (421) and the first
negative peak level com- crossed by the optical head;           20
parator (422) respectivelyduringa low-velocity seek operation and for
generating the output pulse when characterised in that the tracking number
count-  the positive peak pulse and the negative peak pulse ing means
comprises:                          have been alternately generated by the
second pos- iive peak level comparator (431) and the second peak detection
means for generating a positive  25  negative peak level comparator (432)
respectively peak pulse when the TES is higher than a pre-  during a
high-velocity seek operation. determined positive level and for generating
a negative pulse when the TES is lower than a  5. Apparatus as claimed in
any claim preceding claim predetermined negative level; and             4
wherein the peak detection means comprises a 30     window comparator (300)
for generating a zero logic means (500) for generating an output    cross
pulse when the TES is within a predetermined pulse in responsetothe
positive peak pulse and  range including a zero level, the logic means
(500) the negative peak pulse being generated in a  generating the output
pulse in response to the zero 



predetermined sequence.                       cross pulse, the positive
peak pulse, and the nega- 35    tive peak pulse being generated in a
predetermined 2. Apparatus as claimed in claim 1 wherein the logic
sequence. means (500) generates the output pulse in response to the
positive peak pulse and the negative peak  6. Apparatus as claimed in claim
5 wherein the logic pulse being generated alternately.                means
(500) generates the output pulse in response 40    to the positive peak
pulse and the negative peak 3. Apparatus as claimed in claim 2, wherein the
peak  pulse being alternately  generated during a detection means comprises
a positive peak level   low-velocity seek operation, and generates the out-
comparator (401), a negative peak level comparator  put pulse in response
to a zero cross pulse being (402), and a filter circuit (400) connected
tothe pos-  generated during a high-velocity seek operation. itive peak
level comparator and the negative peak  45 level comparator, the filter
circuit passing the TESto  7. A method for counting the number of tracks on
an the positive peak level comparator and the negative  optical disk when a
laser beam is moving from a cur- peak level comparator with a higher gain
at higher  rent track to a target track on the recording surface
frequencies and a lower gain at lower frequencies,  of the optical disk the
method comprising: generat- the positive peak level comparator generating
the  50    ing a tracking error signal (TES) which indicates a positive
peak pulse when the TES passed by the fil-  deviation of the laser beam
fromthe centre of atrack ter is higher than the predetermined positive
level,  in the radial direction of the disk, and the negative peak level
comparator generating the negative peak pulse when the TES passed by
generating a positive peak pulse when the TES the filter is lower than a
predetermined negative  55  is higher than a predetermined positive level,
level. generating a negative peak pulse when the TES 4. Apparatus as
claimed in claim 2 wherein the peak      is lower than a predetermined
negative level, 7    13                EP 0 479 473 B1                  14
and                                                see, wenn das TES
niedriger ale sin vorbe- stimmter negativer Pegel let; und generating a
signal which indicates that the laser beam is crossing a track when the
positive  sin Logikmittel (500) zur Erzeugung sines Aus- peak pulse and the
negative peak pulse have  5     gangsimpulses, wenn der
Positivspitzenimpuls been alternately generated.                        und
der Negativspitzenimpuls in einer vorbe- stimmten Reihenfolge erzeugt
werden. 8. A method as claimed in claim 7 comprising: 2. Ein Gernt nach
Anspruch 1, bel dem das Logikmittel passing the TES of high frequency with
high  10    (500) den Ausgangsimpuls erzeugt, wenn der Posi- gain andthe
TES of lowfrequencywith lowgain.   tivspitzenimpuls und der
Negativspitzenimpuls abwechselnd erzeugt werden. 9. A method as claimed in
claim 7 or claim 8 compris- ing:
3. Ein Genrt nach Anspruch 2, bei dem das Spitzener- 15     kennungemittel
umfaFit: einen Positivspitzenpegel- generating a zero cross pulse when the
TES is  komparator (401), einen Negativspitzenpegelkom- within a
predetermined range including a zero   parator (402) und elnen
Filterschaltkreis (400), der level, and
mit dem Positivspitzenpegelkomparator und dem Negativspitzenpegelkomparator
verbunden ist, generating a signal which indicates that the  20  wobei der
Filterschaltkreis das TES bei h6heren laser beam is crossing a track when
the all or a  Frequenzen mit groBerer Verstarkung und bei nied- part of the
zero cross pulse, the positive peak  rigeren Frequenzen mit geringerer
VerstArkung an pulse, and the negative peak pulse used        den
Positivspitzenpsgelkomparator und den Nega- according to a seek velocity
have been gener-  tivepitzenpegelkomparator weiterleitet, der Pos-itv- ated
in a predetermined order.          25      spitzenpegelkomparator den
Positivspitzenimpuls erzeugt, wenn das von dem Filter weitergeleitete TES
hoher als der vorbestimmte Wert ist, und der Patentanspruche
Negativspitzenpegelkomparator den Negativepit- 



zenimpuls erzeugt, wenn das von dem Filter weiter- 1. Eine optische
Scheibenlaufwerksvorrichtung, die  30  geleitete TES niedriger alse in
vorbestimmter Wert umfaBt:                                           ist.
einen optischen Kopf zum Projizieren sines  4. Ein Gerat nach Anspruch 2,
bei dem das Spitzener- Laserstrahls auf die Aufzeichnungsoberflache
kennungsmittel umfaflt: einen ersten Positivspitzen- einer optischen
Scheibe, die mit der Vorrichtung  35  pegelkomparator (421), der einen
Positivspitzenim- kompatibel ist;                                puls
erzeugt, wenn das TES hoher let als ein erster vorbestimmter positiver
Pegel; einen ersten Nega- ein Posftionierungssteuerungsmittel (90) zum
tivspitzenpegelkomparator (422), der einen Nega- Bewegen des Strahis von
einer aktuellen Spur   tivspitzenimpuls erzeugt, wenn das TES niedriger ist
auf der Scheibe auf eine Zielspur;      40     als ein erster vorbestimmter
negativer Pegel; einen zweiten Positivspitzenpegelkomparator (431), der ein
Spurffhrungsfohlersignalerzeugungsmittel   einen Positivspitzenimpuls
erzeugt, wenn das TES (72) zum Erzeugen eines Spurflhrungsfehler-    hoher
ist als ein zweiter vorbestimmter positiver signals (TES), wobei das TES
die Abweichung     Pegel, derniedrigerals dererstevorbestimmteposi- des
Strahls von der Mitte einer Spur in radialer 46    tive Pegel ist, und
einen zweiten Negativspitzenpe- Richtung der Scheibe anzeigt; und
gelkomparator (432), der einen Negativspitzenim- puls erzeugt, wenn das TES
niedriger ist als ein ein Spurenzihlmittel zum Zahlen der Anzahl
zweiter vorbestimmter negativer Pegel, der hoher der Spuren, die von dem
optischen Kopf Ober-   als der erste vorbestimmte negative Pegel ist; und
quert wurden, als Funktion des TES;     50      ein Logikmittel (500), das
den Ausgangsimpuls erzeugt, wenn der Positivspitzenimpuls und der dadurch
gakennzeichnet, daB das Spurenzahl-     Negativepitzenimpuls wahrend einer
langsamen mittel umfaBt:
Positionierungsoperation abwocheslnd von dem ersten
Posfitvspitzenpegelkomparator (421) und ein Spitzenerkennungsmittel zur
Erzeugung  55  dem ersten Negativspitzenpegelkomparator (422) eines
Positivspitzenimpulses, wenn das TES      erzeugt werden, und das den
Ausgangsimpuls h6her als ein vorbestimmter positiver Pegel let,  erzeugt,
wenn der Positivspitzenimpuls und der und zur Erzeugung eines
Negativspitzenimpul-   Negativspitzenimpuls wahrend einer schnellen    15
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Positionierungsoperation abwechselnd von dem          stimmten Bereiche
befindet, der einen Nullpe- zweiten Positivspitzenpegelkomparator (431) und
gel einschlieBt, und dem zweiten Negativspitzenpegelkomparator (432)
erzeugt wurden.                                        Erzeugen eines
Signals, das anzeigt, daB der 5         Laserstrahl eine Spur Oberquert,
wenn der Null- 5. Ein Gernt nach einem beliebigen Anspruch vor
durchgangsimpuls, der Positivspitzenimpuls Anspruch 4, bel dem das
Spitzenerkennungsmittel        und der Negativspitzenimpuls, die entspre-
umfal3t: einen Fensterkomparator (300), der einen     chend der
Positionierungsgeschwindigkeit ver- Nulidurchgangsimpuls erzeugt, wenn sich
das TES       wendet wurden, alle oder teilweise in einer vor- innerhalb
elnes vorbestimmten Bereichs beflndet, 10    bestimmten Reihenfolge erzeugt
wurden. der einen Nullpegel einschlielt, und ein Logikmittel (500), das den
Ausgangsimpuls erzeugt, wenn der Nulldurchgangsimpuls, der
Positivspitzenimpuls  Rovendicatlons und der Negativspitzenimpuls in einer
vorbestimm- ten Reihenfolge erzeugt werden.             15 1. Appareil
lecteur de disque optique comprenant: 6. Ein Gerat nach Anspruch 5, bei dem
des Logikmittel     une tOte optique pour projeter un faisceau laser (500)
den Ausgangsimpuls erzeugt, wenn wahrend        sur
lasurfaced'enregistrementd'undisqueopti- elner langsamen
Positionierungsoperation der Posi-     que compatible avec l'appareil;
tivspitzenimpuls und der Negativspitzenimpuls 20 abwechselnd erzeugt
werden, und den Ausgangs-          un 461ment de commande de recherche (90)
impuls erzeugt, wenn wahrend einer schnellen Posi-     pour deplacer le
faisceau entre une piste cou- tionierungsoperation  ein
Nulldurchgangsimpuls        rante sur le disque et une piste cible; erzeugt
wird. 25        une element generateur de signaux d'erreur de 7. Ein
Verfahren zum Zahlen der Anzahl von Spuren         piste (72) pour generer
un signal d'erreur de 



auf einer optischen Scheibe, wenn ein Laserstrahl      piste (TES), le
signal TES indiquant la deviation sich von einer aktuellen Spur zu elner
Zielepur auf    du faisceau par rapport au centre d'une piste der
Aufzeichnungsoberfiiche  der  optischen           dans la direction radiale
du disque; et Scheibe bewegt, wobei das Verfahren umfaBt:  30 un dispositif
de comptage du nombre de pistes Erzeugen eines Spurfuhrungsfohlersignals
pour compter, en fonction du signal TES, le (TES), das die Abweichung des
Laserstrahls         nombre de pistes traversees par la tOte von der Minte
einer Spur in radialer Richtung der  optique; Scheibe anzeigt,
35 caract6ris6 en ce que le dispositif de comptage Erzeugen eines
Positivspitzenimpulses, wenn        du nombre de pistes comprend: das TES
hoher al ein vorbestimmter positiver Pegel ist,
un detecteur de cretes pour gen6rer une impul- 40        sion de crate
positive lorsque le signal TES est Erzeugen eines Negativspitzenimpulses,
wenn        sup6rieur a un niveau positif predetermine, et das TES
niedriger ale ein vorbestimmter nega-      pour g6nerer une impulsion de
crete negative tiver Pegel ist, und                               loreque
le signal TES est inferieur & un niveau negatif predetermmin; at Erzeugen
eines Signals, des anzeigt, daB der 45 Laserstrahl eine Spur Oberquert,
wenn der Posi-    un element logique (500) pour generer une
tivspitzenimpuls und der Negativspitzenimpuls      impulsion de sortie en
reponse A la generation abwechselnd erzeugt wurden.
dans un ordre predetermine de l'impulsion de crete positive et de
l'impulsion de crete nega- 8. Ein Verfahren nach Anspruch 7, das umfaBt:
50         tive. Weiterleiten des hochfrequenten TES mit hoher Verstarkung
und des niederfrequenten TES  2. Appareil selon la revendication 1, dans
lequel l'e1l- mit geringer Verstirkung.                          ment
logique (500) genere l'impulsion de sortie en reponse & la generation en
altemance de l'impulsion 9. Ein Verfahren nach Anspruch 7 oder 8, das
umfaBt: 55  de crate positive et de 'impulsion de crete negative. Erzeugen
eines  Nulldurchgangsimpulses,    3. Appareil selon la revendication 2,
dans lequel le wenn sich das TES innerhalb eines vorbe-        detecteur de
crAtes est compose d'un comparateur 9    17                EP 0 479 473 B1
18      I l!IJ111  I11111   II I! de niveaux de crAte positifs (401), d'un
comparateur  ment logique (500) generant I'impulsion de sortie en de
niveaux de crete negatifs (402) et dun circuit de  r6ponse a la gen6ration
dans un ordre pred6termine filtrage (400) connecte au comparateur de
niveaux  de l'impulsion de passage par zero, de l'impulsion de crete
positifs et au comparateur de niveaux de  de crite positive at de
l'impulsion de cr0te negative. crote negatifs, le circuit de filtrage
transmottant le  5 signal TES au comparateur de niveaux de crete  6.
Appareil solon la revendication 5, dans loquel le16- positifs et au
comparateur de niveaux de crete n6ga-  ment logique (500) genbre
I'impulsion de sortie en tifs avec un grand gain & des frequences elev6es
et  reponse & la g6n6ration en altemance de I'imppulsion un gain plus
faible a des frequences plus basses, le  de crete positive et de
l'impulsion de crete n6gative comparateur de niveaux de crite positifs
g6n6rant 10  au cours d'une operation de recherche & basso l'impulsion de
crate positive lorsque le signal TES  vitesse, et genbre I'impulsion de
sortie en reponse transmis par le filtre est de niveau superieur A un  a la
generation dune impulsion de passage par zero niveau positif preddtermine,
et le comparateur de  au cours d'une operation de recherche a grande
niveaux de crite negatifs generant limpulsion de   vitesse. crete negative
lorsque le signal TES transmis par le  15 filtre est de niveau inferiour &
un niveau ndgatif pri-  7. Proc6dd pour compter le nombre de pistes sur un
d6termine.                                         disque optique lorsqu'un
faisceau laser so deplace entre une piste couranto et une piste cible a la
sur- 4. Appareil selon la revendication 2, dans lequel le  face
d'enregistrement du disque optique, ledit pro- detecteur de cretes
comprend: un premier compa- 20  cede comprenant les Mtapes consistent a:
rateur de niveaux de cr0te positife (421) pour gen6- rer une impulsion de
crete positive lorsque le signal  generer un signal d'erreur de piste (TES)
qui 



TES est de niveau superieur & un premier niveau       indique une d6viation
du faisceau laser par rap- positif pridetermin6; un premier comparateur de
port au centre dune piste dans la direction niveaux de crate negatifs (422)
pour gdn6rer une  25  radiale du disque; impulsion de cr0te negative
lorsque le signal TES est de niveau inf6rieur a un premier niveau n6gatif
gen6ror une impulsion de crAte positive lorsque predetermine; un deuxibme
comparateur de              le signal TES est superieur a un niveau positif
niveaux de crete posHtifs (431) pour g6nerer une       pred6tormine;
impulsion de crAte positive lorsque le signal TES est 30 de niveau
superieur a un deuxibme niveau positif       g6nerer une impulsion de crite
negative lors- pred6termine inf6rieur au premier niveau positif       quo
le signal TES est inferieura un niveau nega- predetermind; un deuxieme
comparateur de               tit pr6d6termin6; et niveaux de crete negatifs
(432) pour generer une impulsion de crOte ndgative lorsque le signal TES
35  generer un signal qui indique quo le faisceau est de niveau inferieur a
un deuxibme niveau negatif  laser est en train de traverser une piste
lorsque predetermin6 superieur au premier niveau negatif      l'impulsion
de crate positive et l'impulsion de pr6determind; I'elment logique (500)
g6n6rant          crate negative ont 4te gen6rees alternative- l'impulsion
de sortie en reponse a la g6neration en    ment. altemance de l'impulsion
de cr0te positive at de  40 rimpulsion de cretl negative par le premier
compa-  8. Procede solon la revendication 7 comprenant los rateurde niveaux
de crate positis (421) et le premier  etapes consistant A: comparateurde
niveaux de crete ndgatifs (422), res-     transmettre le signal TES de
frequence elevde pectivement, au cours d'une op6ration de recherche  avoc
un grand gain et le signal TES de frdquence a basso vitesse, et g6nerant
l'impulsion de sortie  45  basse avec un gain faible. loreque l'impulsion
de cr0te positive et l'impulsion de cr0te n6gative ont 416 generdes
altemativement par  9. Procede solon la revendication 7 ou 8 compronant le
deuxibme comparateur de niveaux de crate posi-  les 6tapes consistant A:
its (431) at le deuxibme comparateur de niveaux de cr0te negatifs (432),
respectivement, au cours d'une  50  g6nerer une impulsion de passage par
zero op6ration de recherche & grande vitesse.               lorsque le
signal TES est dans une plage pre- d6termin6e incluant un niveau zero, et
5. Appareil solon l'une quelconque des revendications precedant la
revendication 4, dans lequel le d6tec-    ginerer un signal qui indique quo
le faisceau tour de crates est compose d'un comparateur a  65     laser est
en train de traverser une piste lorsque fenetre (300) pour gendrer une
impulsion de pas-      tout ou partie de l'impulsion de passage par sage
par zero lorsque le signal TES est dans une       zero, de l'impulsion de
crate positive et de plage pred6terminee incluant un niveau zero, 1'416-
l'impulsion de crite negative utilisees solon une 10    19
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