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_The invention rel caI systens, and, in particular,= Qk Zby

" an opti cal head Immm‘“mm““mm system More specifically, but without
estriction the"part |cu ar enbodi ments hereinafter described in

accordance W|th the bé¥*node of practice, this invention relates to
deriving a track crossing count. Certair types of storage rredi a have
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Objects of the present invention together with additional features contributing
thereto and advantages accruing therefrom will be apparent from the following
description of a preferred embodiment of the invention which is shown in the
accompanying drawings wherein:

Fig. 1is a generalized representation of a storage medium adaptable for use with
the invention.

Fig. 2 is an enlargement of a portion of the storage medium shown in Fig. 1.

Fig. 3 is a generalized representation of a storage medium adaptable for use with
the invention, showing the path traveled by the optical head during a seek.

Fig. 4 is a generalized representation of one embodiment of the invention.

Fig. 5 is a generalized plot of waveforms generated by one embodiment of the
invention.

Fig. 6 is a generalized representation of another embodiment of the invention

Fig. 7 is a generalized plot of waveforms generated by another embodiment of
the invention.
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According to one aspect of the present invention, there is pr OVi'dnggg 2(002
nmet hod for noving an optical head froman initial track to a target

on 'a storage nedi um having data arranged in tracks thereon. The net hod

i ncludes the steps of determining a track crossing nunber indicating a
nunber of said tracks between said initial track and said target track
moving said optical head fromsaid initial track toward said target track
nmeasuring a reflectivity level of light fromsaid storage nedium and
deriving a tracking error signal responsive to said reflectivity level. A
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and a disk drive systemincluding such an optical head. ~ 0 E c Zooz 3 A
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crossings corresponding to the optical head crossing one of the tracks and

second ze?%d8?6%§°ﬁ§§9GHFpéépﬁMGWﬁﬁmP@féﬂéﬁégynpﬁaFﬁé@PékWEHP?WPFWPP@VEI in
response &&rééa)%n%b@o S4id 'zBFcI@réé&ﬁg%é &riees&mgs:ee QlangBaR0EH remekmy level in
reflectivity l'evel ” A data indicator signal 1s derfved fromt

refl ecti viasponhgs/isl Sal(ﬂldeiang i ndi cator points corresponding to the fal se

i ndi cators of {tr { e [
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poi nts correspondin t he second %gro crossings. A track count nunber is
i ncr enent 86§ St%fad’ﬁc"t"?ﬁ%si‘%ﬁ'&g%?a fad track crossing, and the opti cal
head is stopped when the track count nunber equals the total nunber of
tracks to be crossed. Another inplenentation includes the step of
generating a track count signal fromthe tracking error signal and the data
i ndi cator signal, wherein a waveform of the track count signal has track
crossing points corresponding to the first zero crossings. A further

i npl ementation includes increnenting track count nunmber for each zero
crossing and decrenenting the track count nunber for each zero crossing
corresponding to changes in the reflectivity |evel or increases in
frequency of changes in the reflectivity |evel. Another nmethod for noving
an optical head froman initial track to a target track on a storage nedi um
havi ng data arranged in tracks thereon is disclosed. The total nunber of
tracks to be crossed is determ ned, and the optical head is noved toward
the target track. Areflectivity level of light fromthe storage mediumis
nmeasured, and a data indicator signal responsive to the reflectivity | evel
is derived. A waveform of the data indicator signal has indicator points
corresponding to changes in the reflectivity level in response to data.
Alternatively, the indicator points correspond to increases in frequency of
changes in the reflectivity level. One inplenentation may use hi gh pass
filtering of the reflectivity signal to obtain the data indicator signal. A
tracking error signal responsive to the reflectivity |level and the data

i ndi cator signal is derived. A waveformof the tracking error signal has
zero crossings corresponding to the optical head crossing one of the tracks
and constant anplitude segnments corresponding to the indicator points. A
track count nunber is increnmented for each zero crossing. Another
|nplenentat|on generates a track count S|gnal fron1the tracklng error
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storage nedium 1 shown in exenplary Fig. 1. Additionally, the storage
medium 1 is rotating about the center 2 in the direction indicated by arrow
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at the left and the end of the seek at the right. The tinme segnment 19

i ndi cates a point when the optical head (not shown) is crossing a header
segnent 8. In line 51) there is shown a waveform 20 of the tracking error
signal generated by the tracking error signal generator 17. The waveform 20
has zero crossings 21 indicating that the optical head (not shown) has
crossed an information track 3. The waveform segnent 22 during the tine
segnent 19 shows that the reflectivity |level changes in response to data

wi thin the header segnment 8. Because the waveform segnent 22 has zero
crossings 23, the tracking error signal, if not corrected, would generate a
false track crossrng counter nunber causing the optical head (not shown)



passes the tracking error signal to a track crossing signal gene a1 32?‘:]02
The track crossing signal generator 33 generates a track crossi‘h& Q%Ga .

‘which is a square waveformfromthe tracking error signal. The track
crossing signal indicates the nunber of changes in the reflectivity |evel
indicated in the tracking error signal. A - 4 D E C 200?. 8 track
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generated by the tracking error signal generator 32. The waveform 45 of the
track crossing signal has zero crossings 46 corresponding to the zero
crossings 44 in the waveform 41 of the tracking error signal. Therefore, a
track crossing counter can count the nunber of zero crossings 46 in the
wavef orm 45 of the track crossing signal to determ ne the nunber of
information tracks 3 the optical head (not shown) has crossed. It will be
obvious to one skilled in the art that nodifications to the above




WE CLAIM 1. A nethod for noving an optical head froman initial track to a
target track on a storage medi um having data arranged in tracks thm
"said nethod conprising the steps of: determining a track crossi n 2002
i ndi cating a nunber of said tracks between said initial track and said
target track; noving said optical head fromsaid initial track toward said
target track; measuring a reflectivity I'evel of light fromsaid storage
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Crossi ng rRﬂWJt 132 A nethod for novi ng an optical head froman initial
track to a tar g%ﬁfemngdxkemmwla&tlbg dgdhereds shovravhne gmibatienent ohthgeidventian: acks

thereon, The apparatus comprises a sensor 14 for detecting a reflectivity level of light reflected
from the storage medium 1. The sensor 14 passes the reflectivity level to a preamplifier
15. The preamplifier 156 generates a data signal which is indicative of changes in the
reflectivity level in response to data located in the information tracks 3. The preamplifier
15 may contain a high pass filter, through which the data signal is passed. The
preamplifier 15 then passes the data signal to a track/hold selector 16.

The sensor 14 also passes a signal representing a returning optical pattern to a
tracking error signal generator 17. Tracking error can be, and usually is, generated by
split or quad detectors. Quad sum detectors (outputting the sum signal of the quad
detectors) for servos can also generate track crossing indications. As shown in Figs.
5 and 7, a "bipolar” signal, generated by split detectors in push pull represents the
pattern produced by interference fringes. The tracking error signal generator 17 derives
a tracking error signal. The tracking error signal indicates changes in the reflectivity
level both in response to data located in the information tracks 3 and in response to the
optical head (not shown) crossing an information track 3. The tracking error signal
generator 17 then passes the tracking error signal to the track/hold selector 16.

The track/hold selector 16 generates a control signal in response to the data
signal. The track/hold selector 16 then passes the control signal and the tracking error
signal to a track crossing signal generator 18. The track crossing signal generator 18
creates a track crossing signal in response to the tracking error signal. The track
crossing signal is a generally a square waveform corresponding to the tracking error
signal. The control signal directs the track crossing signal generator 18 to ignore the
portions of the tracking error signal corresponding to portions of the data signal
indicating changes in the reflectivity level in response to data located in the information
tracks 3. The track crossing signal generator 18 thus generates a track crossing signal
indicating changes in the reflectivity level in response to the optical head (not shown)
crossing an information track 3.
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Referring to exemplary Fig. 5, there are shown the waveforms of the signals
created by components of the above-described embodiment. Each of the waveforms
is plotted against time on the horizontal axis, with the beginning of the seek at the left
and the end of the seek at the right. The time segment 19 indicates a point when the
optical head (not shown) is crossing a header segment 8.

In line 51, there is shown a waveform 20 of the tracking error signal generated
by the tracking error signal generator 17. The waveform 20 has zero crossings 21
indicating that the optical head (not shown) has crossed an information track 3. The
waveform segment 22 during the time segment 19 shows that the reflectivity level
changes in response to data within the header segment 8. Because the waveform
segment 22 has zero crossings 23, the tracking error signal, if not corrected, would
generate a false track crossing counter number, causing the optical head (not shown)
to stop seeking before reaching the target track 11.

In line 52, there is shown a waveform 24 of the data signal generated by the
preamplifier 15. The waveform 24 plots the sum reflectivity level from the storage
medium 1. As shown, the waveform 24 is relatively flat except at a waveform segment
25 during the time segment 19 where data within the header segment 8 may cause
changes in the sum reflectivity level. The data signal therefore indicates the time
segment 19 by the waveform segment 25.

In line 53, there is shown a waveform 26 of an uncorrected track crossing signal
generated by a track crossing signal generator according to the prior art. The waveform
26 has zero crossings 27 corresponding to the zero crossings 21 of the waveform 20 of
the tracking error signal. However, the waveform 26 also has zero crossings 28
corresponding to the zero crossings 23 of the waveform 20 of the tracking error signal.
These zero crossings 28, however, are not indicative of the optical head (not shown)
crossing an information track 3. A track crossing counter is based on the number of
zero crossings 27, 28 in the waveform 26 of the track crossing signal generator.
However, using the waveform 26 from line 53, the track crossing counter would be
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indicate that data from the header segment 8 is causing the zero crossing 23. If both
' conditions are satisfied, the track crossing signal generator 18 generates a zero
crossing 30. Therefore, a track crossing counter can count the number of zero
crossings 30 in the waveform 29 of the track crossing signal to determine the number

of information tracks 3 the optical head (not shown) has crossed.

Referring to exemplary Fig. 6, there is shown a second embodiment according
to the invention. The apparatus comprises a sensor 14 for detecting a reflectivity level
of light reflected from the storage medium 1. The sensor 14 passes the reflectivity level
to a preamplifier 156. The preamplifier 15 generates a data signal which is indicative of
changes in the reflectivity level in response to data located in the information tracks 3.
The preamplifier 15 may contain a high pass filter, through which the data signal is
passed. The preamplifier 15 then passes the data signal to a track/hold selector 31.

The track/hold selector 31 generates a control signal in response to the data
signal. The track/hold selector 31 passes the control signal to a tracking error signal
generator 32. The sensor 14 also passes the reflectivity level to the tracking error signal
generator 32.

The tracking error signal generator 32 generates a tracking error signal in
response to the reflectivity level from the sensor 14 and in response to the control signal
from the track/hold selector 31. When the data signal does not indicate that changes
in the reflectivity level are in response to data located in the information tracks 3, the
control signal directs the tracking error signal generator 32 to generate the tracking error
signal in a standard manner known in the art. However, when the data signal indicates
that changes in the reflectivity level are in response to data located in the information
tracks 3, the control signal directs the tracking error signal generator 32 to generate a
flat waveform for a short period of time. The tracking error signal generator 32 then
passes the tracking error signal to a track crossing signal generator 33.

The track crossing signal generator 33 generates a track crossing signal, which
is a square waveform from the tracking error signal. The track crossing signal indicates
the number of changes in the reflectivity level indicated in the tracking error signal. A
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In line 71, there is shown a waveform 35 of the data signal generated by the
preamplifier 16. The waveform 35 plots the sum reflectivity level from the storage
medium 1. As shown, the waveform 35 is relatively flat except at a waveform segment
36 during the time segment 34 where data within the header segment 8 may cause
changes in the sum reflectivity level. The data signal therefore indicates the time
segment 34 by the waveform segment 36.

In line 72, there is shown a waveform 37 of an uncorrected tracking error signal
generated by a tracking error signal generator according to the prior art. The waveform
37 has zero crossings 38 which correspond to changes in the reflectivity level in
response to the optical head (not shown) crossing an information track 3. The
waveform also has a waveform segment 39 corresponding to the time segment 34 when
the optical head (not shown) is crossing a header segment 8. The waveform segment
39 plots indicates changes in the reflectivity level in response to data within the header
segment 8. The waveform segment 39 has zero crossings 40 which correspond to
those changes. A track crossing signal created from this waveform 37 would appear
similar to the waveform 26 in line 53 of exemplary Fig. 5, and could not be relied on
accurately by a track crossing counter.

In line 73, there is shown a waveform 41 of a corrected tracking error signal
generated by the tracking error signal generator 32. The waveform 41 is generated as
follows. When the changes in the reflectivity level are low frequency, the tracking error
signal generator 32 generates a tracking error signal in the standard manner known in
the art. This is represented by a waveform segment 42. However, when the tracking
error signal generator 32 detects a higher frequency change in the reflectivity level,
corresponding to the waveform segment 39 in line 72, the tracking error signal generator
32 looks at the data signal represented by the waveform 35 in line 71. If the data signal
is not flat, as in the waveform segment 36, the tracking error signal generator 32
generates a flat waveform segment 43 at the amplitude of the tracking error signal just
prior to the detection of the high frequency changes in the reflectivity level. Once the
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3 crossed by the optical head (not shown).

In line 74, there is shown a waveform 45 of a track crossing signal generated by
the track crossing signal generator 33. The waveform 45 is a square waveform of the
waveform 41 of the corrected tracking error signal generated by the tracking error signal
generator 32. The waveform 45 of the track crossing signal has zero crossings 46
corresponding to the zero crossings 44 in the waveform 41 of the tracking error signal.
Therefore, a track crossing counter can count the number of zero crossings 46 in the
waveform 45 of the track crossing signal to determine the number of information tracks
3 the optical head (not shown) has crossed.

It will be obvious to one skilled in the art that modifications to the above
description of the invention may be made without departing from the spirit and scope of
the invention. The scope of the invention, therefore, is indicated by the appended
claims rather than the above description.
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track;

measuring a reflectivity level of light from said storage medium;

deriving a tracking error signal responsive to said reflectivity level,
wherein a waveform of said tracking error signal has zero crossings
corresponding to said optical head crossing one of said tracks and to
changes in said reflectivity level in response to said data;

incrementing a track count number for each said zero crossing; and

passing said reflectivity level through a high pass filter to obtain a
data indicator signal, wherein a waveform of said data indicator signal has
indicator points corresponding to said zero crossings corresponding to
changes in said reflectivity level in response to said data;

decrementing said track count number for each said zero crossing
corresponding to changes in said reflectivity level in response to said data;
and -

terminating the step of moving said optical head when said track

count number equals said track crossing number.

2. A method for moving an optical head from an initial track to a
target track on a storage medium having data arranged in tracks thereon,
said method comprising the steps of:

determining a track crossing number indicating a number of said
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deriving a tracking error signal responsive to said reflectivity level,
wherein a waveform of said tracking error signal has zero crossings
corresponding to said optical head crossing one of said tracks and to
increases in frequency of changes in said reflectivity level,

incrementing a track count number for each said zero crossing; and

passing said reflectivity level through a high pass filter to obtain a
data indicator signal, wherein a waveform of said data indicator signal has
indicator points corresponding to said zero crossings corresponding to
changes in said reflectivity level in response to said data;

decrementing said track count number for each said zero crossing
corresponding to changes in said reflectivity level in response to said data;
and

terminating the step of moving said optical head when said track

count number equals said track crossing number.

3. A method for moving an optical head from an initial track to a
target track on a storage medium having data arranged in tracks thereon,
said method comprising the steps of:

determining a track crossing number indicating a number of said
tracks between said initial track and said target track;

moving said optical head from said initial track toward said target
track;

measuring a reflectivity level of light from said storage medium;

deriving a tracking error signal responsive to said reflectivity level,

¥
wherein a waveform of said tracking error signal has zero crossings
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corresponding to changes in said reflectivity level in response to said data;
and
terminating the step of moving said optical head when said track

count number equals said track crossing number.

4. A method for moving an optical head from an initial track to a
target track on a storage medium having data arranged in tracks thereon,
said method comprising the steps of:

determining a track crossing number indicating a number of said
tracks between said initial track and said target track;

moving said optical head from said initial track toward said target
track;

measuring a reflectivity level of light from said storage medium;

deriving a tracking error signal responsive to said reflectivity level,
wherein a waveform of said tracking error signal has zero crossings
corresponding to said optical head crossing one of said tracks and to
increases in frequency of changes in said reflectivity level,

incrementing a track count number for each said zero crossing; and

deriving a data indicator signal responsive to said reflectivity level,
wherein a waveform of said data indicator signal has indicator points

corresponding to said zero crossings corresponding to changes in said
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and
terminating the step of moving said optical head when said track
count number equals said track crossing number.

5. An optical head operable according to the method of claim 1 or
2, comprising:

determining means operable to perform said determining step;

moving means operable to perform said moving step;

measuring means operable to perform said measuring step;

deriving means operable to perform said deriving step;

incrementing means operable to perform said incrementing step;

passing means operable to perform said passing step;

decrementing means operable to perform said decrementing step;
and

terminating means operable to perform said terminating step.

6. An optical head operable according to the method of claim 3 or
4, comprising:

determining means operable to perform said determining step;

moving means operable to perform said moving step;

measuring means operable to perform said measuring step;

error deriving means operable to perform said error signal deriving
step;

incrementing means operable to perform said incrementing step;

indicator deriving means operable to perform said indicator signal
deriving step;
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terminating means operable to perform said terminating step.

7. A disc system drive having an optical head according to claim
5 or6.



