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TRACK COUNrER 

FIELD. OF I~VENT:I,ON 

· . · ·• ·T:he .. pteaent iriventiQn r~l~te,s .to :sensing.:signals ·r~cor_ded ~n a· 

·. · . .- s -~~."~n~4·~p~l~g.th~ s~~~ed,:signa~- a~ ~n·,lndicat_io~ .of."tr~ck · . 

·.: CJ:O~Siµg, .and iP,. p~cubtr .fo~ :a 
0

tra,ck CoU~~r fo£ detecting track 
. . . . . . . . . . . 

·c~s~ing8 from ~n·,optic~ ~k. 
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DESCRIPTION OF THE PRIOR ART . 
.. · .· 

. . ... 

. . _In .alt.~p~cai .disk;: ~ppai_.~~us ot·_an.·optic81 til~~etic a,.pp~atu.s, 
-~ia.pat~~:sµeh ~ pi~s ~r. tti~~ -~ ~~~;ged-.i~·~oti~~~ttj~ ·. · · · 

5 . cir~~. 9r" s~irai tra~ks.. Ll~ht beam .is ·r~us~tf~nto: the -disk sunace 

. ~d positio~ed·to foll~W.:the track as t~fNii~k.i~·rota~d .. :.The · .. · 

. refle~·a·:ligb~ inte~itY. ~adulated by .. the" p~tte~ns ~nned" l>y .the ~ . 
. .. ·: . . . . . . 

beam spot.riarri~s inf9r~tion·t~t is ~~bseq~e~tly rec~ve~d_b; the ... 
. data recovery system. . 

10 

D~ta is arranged· in groups, for exa~ple sectors, f).-om·inner 
. . 

trackS to outer tracks·. Each se.ctor is typi~y assigned. a sequential 
. . . . . . 

number, for example·sector a4dress that incr~ases from a .. 
. . . 

predetermined number to a maximum number corresponding to the 
. . . . . . . 

15 maximum number of sectors recorded on the disk. 

When starting to play back a disk, opti~ disk p~yer; 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. 

20 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 difference between the two 

track numbers allows the microprocessor to find the number of 
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tracks ·to be jumped.: ·Acco.rdingly, tqe ~mputer·drives ~he optical_ 

·sy~tem .. pf ~he.play~r to j~p the ·calcul~~d number of .tra~b in 

' .. ·. <>~4~~:~--r~~~~ th~: .. t~e·t tra~kL:·· 1'lie ci~ter~tion.<>r th~- ·~umh~r- or · · 
. ·. . .. . . •. .. ·. . . : .• 

. 'tr~cks_ju:mped. upott.jwnp~--Qperation. req~e~ 'dete~ti~g.t.he' traverse 

. 5 .'operatfon.o~.the.op.tiCal pl¢k~p spo~ a~~~--~he.tracks. . 
. . .• . . . 

. . 

With the sp~adfug. ~se ~f Qpti~ rusk drive~··as _ ~ ex~rnal· 
storage u~t for computef$,: the demand for comp~ct. and high-speed 

ch.ta acce~s· has in~ased. While s~~kin.g, 'the:.beaD;l :spot ~sses ove"r 
. . . . ·. 

10 patterns, for exam~le pit.a~ of varying sizes that interfere in ~erent· 

am.ount with the track. cross sigrutl. Thi~ interference can lead to 

spurious ·puls_es in the traCk cross s~gnru a~d ca.;n thus erroneous 
. . : . . 

track c~unting. Furthermore, black spots whfoh. occur from· dust or 
. . 

fiber· may number in. the hu~dreds on the disk .. T_his can .lead to a . . . .· . 

15 large number of errors in the track count. T~ere is therefore need for 

an error-free track count circuit. 
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0BJECTS OF~THE INVENTION-·. · 

.: . . 
. · .. · . 

.. 

·. )t·~ -~n objec~. of.t~~ ,pre~ent invention· to .proVi.de a diS~_-player . 

capa~l~. ~f ·a~µi:~fu~y ~~ri.~Ym.g,·de~ttoed. htl-or~at~ori.~~gng .. ~: ·. · · . 
s · phiral~tt. of ~r~~:·of iaj"ormatio·n· ·~cord~d ~~ ~-diSk... . "· 

. : . 

·.Another. object of .th~ ·pteserit inventiop. ·is. to provide a track 

cou~ter circ~t :cap~bl~'o.f _aoo\lr~~iy co~ting. ~he ·n~ber ~t t~~cks a 
. . . . . 

pickup has cros"sed. Fl:ntherm.ore, it. is· an object.oft~e pres.ent ... 
. . . . . . 

10 · invention to proyide ~ tr$.c1:c counter circuit. ~~pable of a,ccura~ly 

15 

20 

. . . 

counting·the number of tracks a 'pickup has crossed even ·th.r.ough the 
. . . . .. 

pickup acce.sses ·and move ac;ross the track at high speeds and 
. . . 

crosses black spots callf'.'ed by dust or fiber without changin~ the 

numb.er of tracks. 

. Furthermore, it is an object of the p~sent inventio~ to 

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 invention 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 tha first track, a 
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. ci.J:cQit for determining when a .tbird·track sh()uld have been crossed 

· and.·generathtg r(~s4ig-si~ to~in:dica~_the thlrd traclr; ~·Cµ-c~t 
. fo~: de~~~g a ~a.lid trac~·perlod based on the .firs•t si~aJ.-:and the 
: s~®-~d· s~: ~d ~:~~t.f~~:.m•~i~irig the ~~4 t~~ck .~eriod : . 

. 5 ... wb~ri--s~4: mis~irig s~~ ~- gene.~~~~L· The···tia~k ~~~~··ch'cuit:for .· 
· : ·. ~~~iµg ~r~~ -~ay use :~~e .. ~st ~i~~ as-~ Mii:iR.slgn~L.·.- .. 

. Addition~ly; the ~econd.·si~ ma;:·b~ a MIRR. si.irtal. . 
. . ·. 

· The foregoing and othei- objects~ feat\lres, aspects and 

10 .~dvantages of.the p~~sent in~e~tiOri Will be~me :more appru.~nt f~om 
the f~llowing detailed. description of the present in~~nti~n when 

taken in conjun~tion with the accompanying drawings. 
. . 
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BRIEF ·DESCRIPTION ·.OF ·THE DRAWINGS .... 

~g.· i' i.SJt ·bloclt·d:~agra~ showjng·a.eonfiguratiort of~ t~ack . . . . . . . ; 

. counting ·circ¢t o~ the .PreSeJ?.t. inv~nti9~; · . . . . .. . 

·. ·s. 

. }!ig. 2 ill~strates ~n 'optical $y~tem of the. prese~t 'lnvention; . . . . . . . . . . . . . . . . 

:Fig. 3 ijlustrates _anothe~ c4'cUlt _a~~dfug to. thej~v~rition; 

10 . Fig. 4 illust1:°ates waveforms. correspon_ding to the disk; and, 

Fig. 5. illustrates waveforms ·Of the circuits of Fig. 1; 
. . 

Fig. 6a illustrates ~other circuit of the present invention; 

15 

Fig. 6b illustrates a waveform of the present invention. 
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·DETAIL DESCRIPTION oF·THE INVENTION 

.... 

. :~·Fig~-2,. the iilfoimati~~ rec0:r;de~ 9n .~k200._IS ·re~d· by picl<up .· ·. :· . . . 

. . ·_devi~e' 260 ~ ~-information si~. Thepl~k~p 4eyic~ 2~0. ~s a r~sult of 

5 the r~ad operation·~d·m respense tOthe ~oni:iatlon si~~l .ge~erates a 
. . . . . . . . . .. . . . . . . . . ·.: . . ~. . . . 

. -RF signal which is inpu~-tri RF amplifier 210.-. The.~ signal gen'.~ating · 
. . . . . . . . . . . . . . . . 

. C~t 270-~ives lltJ?Ut ~O~ mUltlple. phot~etectar. sigilals of~ the · . 
. . . . . . 

pi~up 260 •. ~ere are· V~OUs ways· tO generate TE signal .. One example 
•' . . . . . 

. (a-~eam method for CD) ~TE; E-~ where TE passed through a 

10 Io:wp~s fil~, and wh~ B _and Fare photodetector outputs 

corre$:Pondill.g to tWo satellite beams~ Ano~er is--the·DPD (for· DVD-. . . . . .· . . . 

ROM), wl;rlch ~TE= phase (A)~p~(B)+phase(q-phase(D) and· 
. . . . . , . . 

pas8ed through a lo~ass. filter. Then there is the push-pull ~ethod, 

w~ch is TB= A-B..C+P pass~d through a lowpass.filter. On the~other 

15 hand, RF norDiallyis_generated as RF= A+B+C+D (without thelowpass 

filt~r). 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 charac~ristic such as shown in Fig. ~. The TE signal is input 
. . 

. to the track traverse detecting circuit 220. Additionally, the RF ~ignal 
. . . 

20 which is output from the RF amplifier 210 is input to the track traverse 

detecting circuit 220. Th~ track traverse detecting circuit 220 is coupled 

to P5P 230 via DSP data bus 112 The DSP 230 includes tracking 

controller 240.. Accordingly, the tracking controller 240 operate$ a 

tracking actuator 250 to move the pickup 260 across the disk 200. Fig. 3 
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. : .. iliitstra.tes that the RF si~l and .~e 'IE, sisnai ar~ input to the. MIRR 
· · . gen~atirig cirCuit 320 and-~e·TZC ~a.tin~drcUit.3SO,.~pectjv~y. 

~· . . .. . . 

The otitpu~ of the TZC signal ·g~erafutg __ drcuit 350 ~ a TtC 
... ~ -

. s · si~l, and ~: sigrlal is ·~p.~t to tra~~ co~ter -~~td~ 90. 

. . 

- . .The mirror generator.circuit 320 Qf Fig. 3 generates a 
. . . . . •. .. . .. 

. · heightened level signal-as ill~trated· ~Fig. 4h·hy".det~ctlng a mirror 

: fa~ betw.e~n tra~ks cPit ~a): on disk ~00. ·The MIRR ~ignal is high_ 

10 when the op.tieal spQt is irradiated.at the diSk mirror f~ce (area . . ·. . . . . . 

-'betwee_n traclcs·or pit arrays) ·and i~;-low when the optical.spot.is . : 

irradia~d at a· track .. T~ MII~R signal is input to the track counter 

· · circuit 90. 

1s As illustrated in Fig. 1, the MIRR signal is inputted to the 

track control circuit 100. The track 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_ higher· 

frequency than the frequency of the MIRR signal. The track petj.od 

20 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 11 ~. The track control circuit· 100 theJi clears the tr~ck 
. . ' 

period counter 118. The·track period counter 118 again counts the 

clock signals until the next MIRR rising edge.· ·.-

The t:rack period register 116 is loaded from the track period 
. . . 

counter.118 only.wh~n valid rlsing edge~ ofthe·iv.IIRR sign.al.is 

received and not after _spurious MIRR signals are ~ecei:ved ·nol' after 

one or ·more pulses are missing. Thus,· turning .to Fig. 5. the· t~_ack ·. 

10 period register 116 sto~s the ·count pulses betw~en rising·edge_501 

and rising edge 502 and· not between rlSing edge 502 and rising edge 
. . 

503, where ther~.are two m.is$iJlg·MIRR edges~ 

Thus, the track periodregister·11s contaln,s a count of clock 

15 signals representing the last v~d· time period. Track perj.od register 

116 does not. contain an invalid time period sin~ track perio~ 

register 116 is not changed when a spurious mirror pulse is received 

nor when pulses are missing. 

20 Furthermore, the missing period counter 120 and the track· 

max register 124-are coupled to the track counter.cont.rot circuit 100. 

The missing period counter-120 counts the same clock pulses up to a 

value of count pulses_ that are stored in track period.register .J.16, 

after which the missing period counter 120 is reset by the track 
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. count contr~l c~c.uit 100 and" then :con~inu~s oo:untjng ·up ~gafn. 

Thus, wh~n no MIR~·edge ~s-been re~ive·d du~ing ~ period. of.time 

: . when.th~ ~4ge.wa~r ~xp~cted,.~he miss:iil.gperl9d eounter l20~~ reset 
. . . . . . . . . 

tQ ze·i-0· whil~ the track-.p.eriod ~unte;r.1·is eon.tiniies tO count up~: . 

s · After. ~he-.fu.~~ s·~ch. ~se.t, -~ach time ~he :~~sing-.p~~iod ~ounter 118 
. . . . . . . . . . . . . : . . 

. exceeds: the value ·fo~d· ill the track max· register i.24, the .miss . 
. . . . . . . . . :·· . 

· · ·_co¥i~r.117 is ~c~e~~~ted ~. ~~~ .t~e-· .miss. .~un~r 112·~ incr~ment 
for each pW,se missin;g.fr9ni the MIJtR signal.· The track nia.X 
.. : . : . . 

. re.gister 124 -8ilows for _variations in the timiD.g:of the MIRR edge for 
. . . : . . . .· . ·. . 

10 ex~ple the MIR~ edge .may arrive sligptly later than ~xpected. and, 
. . .. 

· not be de~med as. missing. SimiJ~ly, the edge sign~ could arrive· 

_ea:r:lie~ than expe~ted. The.value.in the track max.register 124 is. 
. . 

. programmed by the DSP from tiin~ to time, for instance as 
approximately 50% of the value of the-track period register 116. 

For the present. invention; the. valid period is available in spite 
. . . . . 

of the spurious MIRR edge is received or a missing MIRR· edge is 

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

any circuit to calculate ihe valid period between MIRR signals occur 

20 after a missing MIRR signal has been detected. MIRR edg~s 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 atlow for. early:edge (i.e. edge that.arrives somewhat earlier. th~n 
. . ... · 

th:e e~ac~ petjod in t~e tra~k period regi.Ster)~ . 

. . 

C~~~~qll~ti~Jy; ·~be J?~S~nt inyenti?ii .is vecy efficieµt ~iric~ th~ 
5 v~lid p~nod of thne iS ~lwajfs ·.avail~bl~· ... 'J.1he .valid. perfod is i~t~ntly 

. . . . . . . . . . . . . . 

. available w_hen. a· missing MIRR signal ha~: been dete~ted. When a 
. . .. . . . . . ... 

mi.Ss~g ~~R f!J~nal is d~~cted,. ther~ is -no need to _subseque11tly . · 

·. · deterµiine th~·-valid perl6d. · Cons~quently, the valid ~erio~i" is . · · 
. . .· . .· . .. . . . 

. . . . .·. . . . . . 
.av8:ilii~le for .. use b~tween.the.·time .. of a·missing ~ sigrial and 

to when the proper sequence ofva~~·MIRR signals.have been 

reestablished. -N~ DSP lntel"Vention is ~quired, and ther~ is- no 

delay in determining.the_v~d, period when th~ value is· n~eded .. For 

example, in-operation, as rising e4ge -501 of a valid MIRR edge is 
·. . 

detected, it is deternrin~d to. be a valid MIRR edge since _it is ~ithin 
. .• 

15 the expec~d tinie period $D.d consequently the missing perio·d· 

count.er 120 .and the track perio.d counter 118 are. cleared and reset· 

to zero. These counters count up clock pulses until the leading edge 

of another valid MIRR edg~ ·represented by rising edge 502 is 

received. Since this second MIRR edge is valid, the number of 

20 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 period counter 120 and the track period ·counter 118 

again count up. When the missing period counter 120 reaches the 
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value s~red in. the track p~riod regis~r 1J6, -there is no_ MJ;RR pulse 

8,ri.d ~nsequentJy, the" tra~ peri6d ~Un.ter118 continuef? couqting 
. . . . . . . . . . 

-~hil~_the.~idngperiOd:coun,~r-120.is ~sett<? zer(). ·.When the ·. 
; .... 

~~i.llg p~rio4 cou~ter 210 again c0unts.up.and cros.ses the track .. 

5 max val tie, the mi~s .eou:nter 1~0 iS incremented. 

Th~, th~·.presentI.y c~ed·inventioti is abie ·to determiai.e·· 

. whe~~ t~~c~ ·sh~Uld b~ lQca~ci ·b;. the Ioc~ti~n. ·of riussi.iig ·MI~R · 
signal _dUring_.~· period oft~~ ~f ~sing.°j1$e~ of th~ MI~R sig~l 

10 ·which could be-caus~d by a black _spot on the disk~ This.is. 

determine~ sufficiently with no DSP interyention ~d eonsequ~ntly 
. . . . . 

saves time of the DSP and "allows for faster frequency ·disk as. well. 

Furthermore, there is a facility in the track counter for 

1s rejecting spurious MIRR edges. There ·is a track min register 114 

coupled to the track control 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 to time as track cr~ssing velocity 
. . 

vaties during seek. As the track period counter 118 counts up, any 
. ~ . 

20 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 occur more 
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rn;quently at "mirror.a~d,i'~ly at track, th~refoi'e setting.track min 

~~~r 1~8 to appro~ateJ.ygrea~r ~ruin-69% ~ :80%~<:>ithe ~alld 
track period ·effectively rejects. most.spurious. MiRR. edges. This 

. . . ··. . . . . . . . 
.. . ' ... 

v~ue may :be .adjuated. · Figure 6. illustrates. the cal,lse. of""spur.ious 

s · ~dge ·and. sho~~7s why it ·occurs ~~re frequ~ntly ~hen-Mi~R is h~h. ·_ · 

. , The RF sigrial illcbides pulses that ·has w!dths ·var:Yfng from 3T . 
. ' .. . . . . . . 

t~_llT:fo~ CP and·14~l\for DY-J?. Tis~ tune:i1:1terval whlch is .. 

231~5ns for.CD .played a.t lx speed.and r·for DVD is"88.2ns for DVD . . . . . . . . . . . ' . 

10 :played at.Ix.speed. ·Fig 6{a) shows o~e possible implementation._of . 

. MI:a,~ _gener~ting circuit 820 -~he RF signal input through a l~wpass . 

filter whose output is fed into a comparator. The lowpass filter may 
. . . . . . ' . 

be a single-pole lowpa,.ss filter~ The comparator outputs the MIRR 

signal. As the RF· s~gnal passes through the lowpass filter, the 

15 pulses with width of 3T are attenuated much more than the pulse 
. . 

which has a large width for every llT or the 14T pulses. For high-

speed seek, track crossing can.be as. high as· lMHz or above. The 

lowpass filter cutoff frequency therefo~ may be set to above. t.his 

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

20 atte.nuated much as the RF signal p.asses_ through ~he lowpass filter. 

This 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 MIR.R signal. 
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CLAIMS 11111111111111 11111 1111111 1111 
* C L M S' * 

1. · A tra~~ counter circui~ for counting tracks, comprising;· 

a clrcUit fo~· generating ~ first signai."indicating a' fi~s·t track has' ' 
. . . .. . . . . . . . 

' : 5 be.en crossed ~nd ~ second ~i~al h;_dicating 'a s~cond ti-ack has been, 
crossed ¢'ter ~aid first·track; 

a circuit for determining when a third.track should-have been . . . . . . : . . 

crossed ~nd. generating a missing signal to iridfo~te said t~d track; 

.a.circuit_for d~terniining a valid tr~ck perio4 based on said first 
. ' ' 

.10 · signal -~d said second signal; 

a circuit for maintaining said valid track period when t:1;1id 

missing signal is generated. 

2. A track col1:nter_ circuit for counting tracks as in Claim 1 

15 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 l\1IRR signal. 

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

wherein said circuit for maintaining said valid trackperiod includes 

a circuit to maintain said valid track period when a spurious signal 

is generated. 
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* C L . M S * 

5. A, metho4for cOUI)ting tracks, comprising the steps of; 

.. generating. a first_ signai .in~cati.ng a fust. track has bee;n 

·ctos,sed and a ·second. si~al iridicating a. ·second track has been · 
. . •. 

crossed af~r said:first track; 
... -

determining when a third track sho¢d hav¢ been ~rossed and· 

generating a missing signal ~ indicate said third track; 

determinillg.a_valid track period.based on said first -~i.gnal and 

said second .signal, and; . 

10 maintaining said valid track period when said missing signal is 
. . : 

generated. 

6. A method for counting tra~ks as in.Claim 5, wherein said 

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

15 

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 

20 step of maintaining said valid track period includes a step of 

maintaining said valid track period when a spurious signal is 

generated. 


