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FIELD OF INVENTION

_ The present mventmn relates to sensmg s1gnals recorded on a
_-d.lsk and applymg the sensed mgnals as an md1cat1on of track

crossmg, and in. partlcular for a track counter for detectmg track
' '_ 'crossmgs from an: optlcal dlsk
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"' DES CRIPTION OF THE PRIOR ART

In an optlcal dlsk apparatus oF- an optlcal magnetlc apparatus, |

data patterns such as p1ts or marks are arranged in concentnc

'c1rcu1ar or spiral tracks Lrght beam is focused onto the drsk surface
“and pos1t10ned to follow the track as the drsk is rotated The

'reﬂected hght mtenslty modulated by the patterns scanned by the

' beam spot carrres mformatlon that is subsequently recovered by the
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- data recovery system '

Data is arranged in groups, for exampie sectors, £rom-inner

tracks to outer tracks Each sector is typlcally assrgned a sequentlal

number, for example sector address that increases from a -
predetermmed number to & maximum n_um_ber corresponding to the

maximum number of sectors recorded on the disk.

When starting to play back a disk, optical disk player,' such as
CD players or DVD players, read and store TOC (table of contents)
data before playback from a lead-in area of the currently set disk.
Upon access to a desired track based on a search command, the
microprocessor in the optical disk player uses the current sector
address to find the current track number and target sector address
to find the target track number. The di.ffere_nce between the two

track numbers allows the microprocessor to find the number of
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| racks to be Jumped Accordmgly, the computer dnves the opt1cal '
-system of the player to Jump the calculated number of tracks in
: order to reach the: target track The determmatmn of the number of -
"tracks jumped upon Jumps operatron reqmres detectmg the traverse

-'operatlon of the optlcal p1ckup spot 8cross the tracks.

Wrth the spreadmg use of opt1cal dxsk dr1ves as an external

; storage umt for computers, the demand for compact and hlgh-speed

data access has increased. While seekmg, the: beam spot crosses over '
patterns, for example plts, of yarymg s_1zes that interfere in different
amount with the track cross signal. This interference can lead to

.spunous pulses in the track cross s1gnal and can thus erroneous

track counting. Furthermore, black spots which occur from dust or
fiber may number m the hundreds on the disk. This can. lead to a

large number of errors in the track count. There i is therefore need for

an error-free track count circuit.
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) OBJECTS OF THE INVENTION

It 1s an obJect of the present 1nvent10n to prov1de a d1sk player -

L capable of aocurately retnevmg des:red mformatmn among a _'

: plurahty of tracks of 1nformat1on recorded on a d1sk.

Another object of the present mventmn 1s to prov1de a track

counter cn'cult capable of accurately countmg the number of tracks a |

plckup has crossed. Furthermore, it is'an object.of the present _
invention to proyide a track counter circuit capable of accurateljr_ E
counting-the number of tracks a 'pickup has crossedl even through t.he-
p1ckup accesses ‘and move across the track at hlgh speeds and

crosses black spots caused by dust or fiber without changmg the

number of tracks.

Furthermore, it is an object of the present inventionto

maintain a track valid period which is the time between valid two

tracks. These valid two tracks cause two valid pulses indicating
tracks. |

The track counter circuit of the present i.n(rention is for
counting tracks. The circuit indicates a circuit for generating a first
signal indicating a first track has been crossed and a second signal

indicating a second track has been crossed after the first track, a
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c1rcu1t for determlmng when a th1rd track shOuld have been crossed |

" and. generating a mlssmg signal to. 1nd1cate the third track, al circuit
"for determmmg a vahd. track penod based on the first 81gna1 and the _

o second slgnal, and a c1rcu1t for. mamtammg the va.hd track penod '.

- when sald m1ss1ng mgnal is generated The track counter c1rcu1t for o

- i countmg tracks may use the ﬁrst s1gna1 asa MIRR srgnal
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_Add1t1ona11y the second s1gnal may be a ME[RR 81gnal

~ The foregomg and other obJects features, aspects and

_advantages of the present 1nvent1on wﬂl become more apparent from

the following detailed descnptlon of the present mventmn when

taken in conjunction with the accompanymg drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

F1g 1 isa block dlagram showmg a conﬁguratlon of a tl,:ack _

countmg c1rcu1t of the present mventlon,

| Flg 2 ﬂlustrates .;.il_.dpttical_'ss.'__é.tem_df 'fi':_lé_'prés.e._r'.xt;:ihvér;tiox.l; .

| F1g 3111ustrates another c1rcu1t accordmg to the mventmn,

10 ._ Fig. 4 illus'tl_'atj,e;s ﬁavefdrms _cqrre's.p'o.ndi_t;g.to thé disk:; éﬁd,
Fig. 5 illustrates Wavéférms of t;he c1rcu1ts of F1g 1;

Fig. 6a illustrates another cu'cult of the present invention; |
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Fig. 6b illustrates a waveform of the present invention.
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'DETAIL DESCRIPTION OF THE INVENTION '

‘T F1g 2 the xnformatlon recorded on dlsk 200 is read by pleup

_ "'deV1ce 260 as an mformahon sxgnal The plckup dev1ce 260 asa result of '
. the read operahon andin response tothe mformatxon s1gnal generates a
_RE slgnal wh1ch is mput to RF amphfxer 210.. The TE s1gnal generatmg

" circuit 270 receives mput f.tom multlple photodetector signals ofithe

| plckup 260 There are various Ways to generate TE sxgnal One example

- (3-beam method for CD) is TE E-F where TE passed through a
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lowpass fdter and where E and F are photodetector outputs
correspondmg to two satellite beams Another is'the DPD (for DVD-

' ROM), which is TE = phase (A)-phase(B)+phase(C)—phase(D) and

passed through a lowpass filter. Then there is the push-pull method
which is TE = A-B-C+D passed through a lowpass filter. On the other
hand, RF normally is generated as RE = A+I§+C+D (without the lowpass
filter). The tracking error generating circuit 270 generates a tracking
error (TE) signal based on the output of pickup 260. The TE signal has a
sine curve characteristic such as shown in Fig. 4c. 'Ifhe TE signal is input

to the track traverse detecting circuit 220, Additionally, the RF signal

which is output from the RF amp'lifier 210 is input to the track traverse
detecting circuit 220. The track traverse detecting circuit 220 is coupled
to DSP 230 via DSP data bus 112, The DSP 230 includes tracking
controller 240. Accordingly, the tracking controller 240 operates a
tracking actuator 250 to move the pickup 260 across the disk 200. Fig. 3
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3 __illustrates that the RF s1gnal and the TE s1gnal are mput to the MIRR
- generatmg arcult 320 and the TZC generatxng c1rcu1t 350 respectrvely
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The output of the TZC 51gnal generatmg c1rcu1t 350 1s a TZC

. 'srgnal ‘and thls s1gna1 is mput to track counter c1rcu1t 9.

The m1rror generator c1rcu1t 320 of Flg 3 generates a

’ helghtened level mgnal a8 ﬂlustrated in Flg 4b by detectmg a mirror
: face between tracks (plt area) on d1sk 200 ‘The N[[RR signal is hrgh |

when the optical spot is 1rrad1ated at the d.lsk mirror face (area

"between tracks or pit arrays) and islow when the optical Spot is

1rrad1ated ata track Th1$ MIRR s1gna1 is mput to the track counter '

o clrcmt 90.

As illustrated in Fig. 1, the MIRR signal is inputted to the
track control circuit 100. The-trac_k' period counter 118 is coupled to
the track counter control circuit 100. The track period.-counter 118
counts a series of clock pulses which may be set at a_hig‘her :
frequency than the frequency of the MIRR signal. The track period-
counter 118 counts up and is activated from a rising edge of the
MIRR signal to the next or second rising edge of the MIRR signal
which stops the track period counter 118 from counting. At the time
when the second rising edge is received by the track counter control

circuit 100, the track period counter 118 stops counting and loads
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the value from the track period counter 118 into the track period
register 116. The track control circuit 100 then clears the track

penod counter 118. The track period counter 118 agaln counts the

clock s1gna1s unt11 the next MIRR rising edge e

The track penod reglster 116 is loaded from the track penod

~ counter 1 18 only when vahd rising edges of the MIRR signal is

- received and not after spunous MIRR s1gnals are recelved nor after

one or more pulses are missing. Thus, turning. to Fig. 5 the track .
period register 116 stores the count pulses between rising: edge 501
and rising edge 502 and not between rising edge 502 and nsmg edge

503, where there are two missing MIRR edges,

Thus, the-treck period register 116 contains a count of clock
signals representing the last valid time period. Trat:k period register
116 does not contain an invalid time penod smce track penod
register 116 i is not changed when a spurious mirror pulse is received

nor when pulses are missing.

- Furthermore, the missing period counter 120 and the track
max register 12'4-are coupled to the treck counter'cont'rol circuit 100.
The missing pericd counter 120 counts the same clock pulses up to a
value of count pulses that are stored in track period'register 116,

after which the missing period counter 120 is reset by the track
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" count control cucu1t 100 and then oontmues countmg up agam

) Thus, when no MIRR edge has been recewed durmg a perlod of tlme

" _'- 'when the edge Was expected, the m1ss1ng perlod counter 120 is reset _ |

- to zero wh11e the track perrod counter 118 contmues to count up.
" After the ﬁrst such reset each time the mlssmg per1od counter 118

~ exceeds the value found in the track max reg:ster 124 the mxss :'

= 'counter 1121s mcremented Thus the mlss counter 1121s mcrement

‘10

‘ .for each pulse mlssmg from the MIRR slgnal ‘The track max
' ,regrster 124 a]lows for vanatrons in the t1mmg of the MIRF. edge for

example the MIRR edge may arrive slightly later than expected and

" not be deemed as missing. Slmllarly, the edge s1gna1 could arrive -
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'earher than expected The value in the track max reglster 1241is’

' programmed by the DSP from time to time, for instance as

approximately 50% of the value of- the track period register 116.

For the present. mventmn, the. vahd penod is avallable in splte

" of the spunous MIRR edge is recewed ora m1ssmg MIRR edge is

detected. With the present invention, there is no need for a DSP or

any circuit to calculate the vahd period between MIRR signals occur
after a missing MIRR signal has been detected. MIRR edges 501
and 502 are determined to be valid because for both instances the
track period counter exceeds the value in the track 'min.register,
which is programmed by the DSP (from time to time) with a

reasonable minimum period value (e.g. 70% of the valid track period)
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to allow for early edge (ie. edge that arrives somewhat earher than

- the exact penod in the track‘ penod reg15ter)

Consequently, the present mventlon is very efﬁclent smce the

. vahd perlod. of time is always avallable The vahd penod is lnstantly
: avaﬂable when a. mlssmg MIRR S1gna1 has been detected When a
missing MIRR 81gnal is detected there is no need to subsequently
. .determme the vahd penod Consequently, the vahd perlod is .:'
| '.avallable for use between the t1me of a mlssmg MIRR signal and

when the proper sequence of vahd MIRR signals have been
reestablished. No DSP mterventlon is requlred and there isno -
delay in deter.mmmg the yahd_ per10d when the value is needed. For
example, in-operation, as rising edge 501 of a valid MIRR edge is
detected, it is determined to be a valid MIRR edge sinoe_it. is w1th1n
the expected time pe_riod and consequently the missing perio'-('i-
counter 120 and the tra‘eh period counter 118 are_eleared and reset:
to zero. These counters count up clock pulses until the leading edge
of another valid MiRR edge represented by rising edge 502 is
received. Since this second MIRR edge is valid, the number of
counts in the track period counter 118 is transferred to the track
period register 116 and both the track period counter 118 and the
missing period counter 120 are again cleared and reset to zero. Both
the missing p_eriod.counter 120 and the track period'connter 118

again count up. When the missing period counter 120 reaches the
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‘ value stored in the track penod reglster 1 16 there is no MIRR pulse'

. and consequently the track permd counter 118 contmues countmg

whﬂe the. mssmg penod counter 120 is reset to zero ‘When the
mlssmg penod counter 210 again counts up and crosses the track

max value, the mlss counter 120 i is mcremented

Thus, the presently clalmed mventmn is able to determme

) where tracks should be located by the Jocation of i m1ss1ng MIRR

signal duringa penod of time of m1ssmg pulses of the MIRR szgnal

'wh1ch could be caused by a black spot on the disk. Th1s is.

determmed sufficlently with no DSP mterventlon and consequently '

saves time of the DSP and allows for faster frequency d1sk as we]l

Furthermore, there is a facility in the track counter for
reJectmg spunous MIRR edges. There is a track min register 114
coupled to the track contiol logic 100 and is ‘accessible by the DSP.
During seek, DSP determines an appropriate value to write into the
track min register 114 from time totime as track crossing velocity
varies during seek. As the track penod counter 118 counts up, any
MIRR rising edge that occurs before the track period counter reaches
the value in the track min register is deemed as spurious edge of a

spurious MIRR signal and ignored. As aforementioned, MIRR is

- high when beam spot is positioned at the mirror and low when the

beam spot is positioned at track. Spurious edges eccur more
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frequently at mirror and rarely at track therefore settmg track mm

reg1ster 118 to approximately greater than 60% to 80% of the vahd
track penod effectwely reJects most | spumous MIRR edges Thls
value may be adJusted Flgure 6 Jllustrates the cause of spurlous :

' edge and shows why 1t occurs more frequently when MIRR is hlgh

The RF s1gnal mcludes pulses that has W1dths varymg from 3T

_to 11T for CD and 14T for DVD Tis a time mterval which is -

| 231.5ns for .CD played at 1x speed and T for DVD is’ 38._2ns for DVD '.
.-'played at.1x _speed. F1g 6(a) shows one po'ssible impler'ne_ntationlof .
MIRR generating circuit 320 th‘e RF signal lnput through a lowpass | :
filter whose output is fed into a comparator The lowpass filter may

be a single-pole lowpass ﬁlter The comparator outputs the MIRR
signal. As the RF signal passes through the lowpass filter, the
pulses with width of 8T are attenuated much more than the pulse
which has a large width for euery 11T or the 14T pulses. For high-
speed seek, track crossing can be as high as 1MHz or above. The
lowpass filter cutoff frequency therefore may be set to above this -

frequency. This means that the wide pulse of the RF signals ; are not

attenuated much as the RF s1gnal passes through the lowpass filter.
Th1s is shown in the bottom curve in Fig. 6(b). As a result, a
discontinuity appears in the output of the comparator. This

discontinuity results in the spurious MIRR signal.
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' CLAms ' n|||||| I |||u i !

1. A track counter c1rcu1t for countmg tracks compnsmg,

a c1rcu1t for generatmg a first s1gnal 1nd1cat1ng a ﬁrst track has 5

'been crossed and a second s1gnal 1nd1cat1ng a second track has been

crossed after sald first track; | _
a circuit for determmmg when a third track should have been
crossed and generatmg a missing sugnal to indicate said thlrd track

a. circuit for determmmg a valid track period based on said first

s1gna1 and said second s1gnal

a circuit for maintaining said valid track per_iod when said

missing signal is generated.

2. Atrack counter circuit for counting tracks as in Claim 1

- wherein said first signal is a MIRR signal.

3. A track counter circuit for counting tracks as in Claim 1

wherein said second signal is a MIRR signal.

4. A track counter circuit for counting tracks as in Claim 1

wherein said circuit for maintaining said valid track period includes

~ acircuit to maintain said valid track period when a spurious signal

is generated.
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) -5. A method for oountmg tracks comprlsmg the steps of;
-generating.a ﬁrst 31gna1 mdlcatmg a ﬁrst track has been
crossed and a second s1gna1 1nd1cat1ng a second track has bcen
crossed after sa1d first track _ o |
determlmng when a th.u'd track should have been crossed and-
generatmg a m1ssmg signal to md1cate said third track; -
determmmg a valid track penod based on sald first s1gna1 and

- said second s1gnaL and; .

mamtammg said valid track perlod when said missing s1gna1 is

generated.

. 6. A method for countmg tracks as in Clalm 5, wherein said

step of generating including the step of generating is a MIRR signal.

7. A method for counting tracks as in Claim 5, wherein said

step of generating including the step of generating a MIRR signal.

8. A method for counting tracks as in Claim 5, wherein said
step of maintaining said valid track period includes a step of
maintaining said valid track period when a spurious signal is

generated.



