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1 1 METHOD AND APPARATUS FOR 2 H GH SPEED DATA é%g)éﬁg\/\ ¢
CD-ROMS "OR LIKE DI SKS 4 OF VARYING. QUALITI ES
BACKGROUND OF THE INVENTION 7 8 This.invention relates to the
recovery of data from rotating data 9 storage disks such as, typically,
conpact di sks (CDs) used as read-only 110 nenori es (ROMsB) in conputer
syst ens. More specifically, the invention 11 concerns how'to determnne
opti rum speeds of rotation for CD-ROVs or 12 |ike data storage disks of
varyi ng physi cal qualMiEesHIoI® r AANIDEE AT Al Actrogspesdcsrr readi ng

reproduction i 15 SRRSEFL! SHoRshrton DA ds, BERMAVISH bund
wi despread conser ci alFRIOM cefmcBE @MSBpRRK. hlg}KﬁeeuISK@ capacity

ROVs for conputers. 17 Theyganl %,di ik F- f&e;ofd%%% phaudio CDs s
that the CD-ROVB |8 are drlven at spee s uptot ve tinmes as high as the

standard audi o® 19 CD speed (1.2-1.4 neters per second). 20 There
have beeéen probleems | eft unsol vegadcroroOuDO bFCBHERQNYEWTION 21 hi gh- speed
CD-ROM drives |n conputer systenms. CD-ROVs are presently 22 being nade
under the sane’design specifications and manufacturing stand- 23 ards as
| ow- speed audi® CDs. Tltie\/invahby retabr ef ahe, recoveth f adita efbonpebtaant-dat24 age
of CD-ROVs on {heJRk %&k@r&cﬂoss Otyszag‘ercéﬂ;gEtSf Ofdbsﬂblﬁle&téé 944—0@2 use

as hi gh-speed conputer data storage ave their cente
hol es cut ecceft rie@gries, - (RG¥fe in ‘F?&‘Péteansﬁmen Mase gprecificalis: i thet iieventiP? cum

27 ferentiallyy \Ahe&rw |h\»$ﬁntcﬁtde9erﬁﬁeedpt&§1m|s9£bd§Sof S‘@thrﬂ-zfo}'mmeoﬁt and-
28 ard audio CD ﬁ(geﬁ such eé;cent iC \Iié‘ are ve }/ ligel y to over | oad
the 29 trackPnd™8efRfp HPraghdiths ar’HP‘F b e €B§}t eI Fa i 58s 29 on of
the 30 beamsshehceonpdeliter,dteakting Sthemeofat ai ned in al i gnrrent with the spiral

data 31 track. —The AHSLLPMdAGO" abibold AK DAp ALY AR,k SO oni ! O

over heat - g of t | ce-coll actux Prack ng co in the
degr adat i on of15 33>laCPtef [paerfograph nresordpd CDs rhaNhenqmrfstendcae@spnend tdommpngishi ng

of the aCt Uat Qf acceptance as compact, high-speed, large-capacity ROMs for computers.
17 The only difference of CD-ROMs from audio CDs is that the CD-ROMS

18 are driven at speeds up to twelve times as high as the standard audio

19 CD speed (1.2-14 meters per second).

20 There héve been problems Ie_ft unsolved in use of CD-ROMs with
91 high-speed CD-ROM drives in computer syétems. CD-ROMs are presently
22 being made under the same design speci.fications and manufacturing stand-
23 ards as low-speed audio CDs. Inevitably, therefore, a substantial percent-
24 age of CD-ROMs on the market are not of truly satisfactory quality for
25 use as high-speed computer data storage media. Some have their center
96 holes cut eccentrically; others have an uneven weight distri_butibn circum-
o7 ferentially. When driven at a speed as high ‘as, say, 12 times the stand-
28 ard audio CD speed, éuch eccentric disks are very likely to overload the
29 tracking servo of the CD-ROM drive whereby the radial position of the -
30 beam spot on the disk is maintained in alignment with_ the spiral data
31 t;ack. The overloading of the tracking servo may result in the overheat-
s2 ing of the voice—coil actuator for tracking control, in the degradation of
s3 its performancé and, in thé worst case, in the burning of the actuator
24 coil ' _
35 Such low-grade disks are also very easy to wobble when driven

ss at hlgh speed. The disk wobbling may go so far as to overload the



34 coil. 35 Such | ow grade di sks are al so very easy to wobbl e when
driven 36 at high speed. The disk wobbling may go so far as to overl oad
the - 2 1 beam focusing
servo of the CD-ROM dri ve, agaln resylting in the over- 2 heating of the
focusi ng actuator of voice-coil const Fuction, in the degra- 3 dation of
its performance and, in the worst case, in the burning of the 4 focusing -
actuator coil. The mal functioning of both tracking and focusing 5 servos

i's very undesj r ahth@ BRGANS Sefo SASHL ”@)—'R@ﬁd ARYE, Ohghird Hesult@gl | 'i@sthe EoverWhi Ch
run counter to the obj ectlvgcuof hi eed data recovery. 7 which

CD-ROMs are iht €ifgligg of the focusing g aWBb | gSGP | gRFtrusHaReing |t]%‘ksdeérén gi ve
rise to additd ondakion Nof it pecformsmbe eirG.osn thé\ wipkiblasag isli thk Bi&ym@ausehe

vi bration of t hef ?—\%rb%% gét%at(o:[}cmlu_ Iﬁa\ﬂmﬂ{ Indio ahngd of 'br(‘,tﬁ:q ascﬁ‘ﬂ ﬁ%%m% nté

hard di sk dri¥ I's curren
the conputer ssysﬂe@r?ﬁ Bl CYH’Q' windesinable @E}‘-auselzbe@ﬂu@m vead ?ﬁerswam ateitw of the

HDD is even npreyuifiesir ablfeDq6abRe onjdtitd SFRVMigHWpb& hAth keeAdrandr write
errors, to the det“ﬁ,% lgf the reliabil- 14 ity of the conputer system

Even i f not sbo cRHEY S % REPeS read 15 and write errors, the
vi bration of g he corrrfmteerwosym;;em Clewt gatd \digkisV e @wel&sshedd:}ﬂilhmgan{o t he

user or to pros p%ﬁ&ény %cguy% svmbb - éilsjk_ 8ma3(,\6:g\t.|s§mvﬂ>mtmge8€a E.Fé[e eclg?plgg e@nt hat

all such troubl es and I nconveni en be” avoi onIy hi gh
quality CD RGMS RQM tdgiyet #ndy if revpseanenes.19f tthe hptd, diskadrive () sinp pamticud out

earlier, Uﬁﬁd whid B%Héﬂtl&e b{H?tn 'thto Zﬁef&ﬁbh't%{ﬂ reysted ity wadushepld not,
expect the|r products to be us at way, since in the current

e
state of affat r KQMdrivg; sfl‘éﬁc‘ébrdfm‘b&grthzzu%df|*EV3‘?“ crerROvdesitpble (becase e or
| ess taken fef gt alkethvite 2@0t24read and write errors, to the detSBAVAGEY tKd-relighil-

I NVENTI ON 14 ity of the computer system. Even if not so excessive as to cause read
15 and write errors, the vibration of the computer system certainly gives a
16 shoddy image to the user or to prospective buyers. '

17 It might be contemplated that ﬁll such troubles and inconveniences
18 would be avoidable if only high quality CD-ROMs, altogether free from
19 the physical defects pointed out earlier, were used. CD-ROM drive manu-
op facturers cannot, and should not, expect their products to be used only
g1 that way, since in the current state of affairs the existence of poor
‘92 quality CD-ROMs must be more or less taken for granted.

23

24 SUMMARY OF THE INVENTION

25 ' _

2% The present invention has it as an obJect to enable data recovery
27 from CD-ROMs or other data storage disks of low grade without any such
o8 troubles and inconveniences as have been encountered heretofore.

29 Another object of the invention is to recover data from disks of
30 Vvarying physical .qualities at the highest possible speed suiting each par-
31 ticular disk without causing read errors or retries.

32 Brieﬂy summarized in one aspect thereof, the invention provides
53 what may' be termed a disk check method, suitable for implementation in
a4 an apparatus for data recovery from rotating data storage disks of vary-
sg Ing physical qualities, the apparétus having a transducer for reading a

g¢ disk by irradiating the same with a beam of light, 2 variable gain track-



25 26 " The present invention has it as an object to enabl e data
recovery 27 from CD-ROVs or other data storage disks of | ow grade w t hout
any .such 28 troubl es and i nconveni ences as have been encountered
heret of ore. 29 - Anot her object Qf the invention is to recover data
from disks of 30 varying physical qualities at the highest possible speed
suiting each par- 31 ticular disk without causing read errors or retries.
32 Briefly summari zed in one aspect thereof, the invention '

provi des 33 \A/riatmgresxrdaefarehamgauﬂl Skan bs&klmhbmmt Switd abldgtal Sack on
|rrplerrentat|on | 34 .an ara us for_ data %/rfromrotatlng dat a

storage di sks oft % AU s n Ry L3riakle ghig) °ﬂ‘ it a'bﬁ’ﬁ]rdéﬂgug‘ BfA™g a
transducer fop rfeasedgon thBGdidt skrflge. i rradi at i ng the sane with a beam of

light, a varigble gaift k@ Kmeck method is such that a. dat disk is firgt 3
1 ing servo for holdi ne ﬁ ggm%e ot in°all narre?lt W %oragdatlsa tlsrag on 2

t he di sk surf &c&otaigd dataa vfallsF &b?@tﬂmnﬂd fepesss pr@a@&rv 0t°f ¢ata rreFayeryy there- beam

3 focused 08 ke, ik usligh@Cer at 1éhst either of faeudaakg GbReKadieh NREudify such
that a data storage disk is_first ed at . a first {%redeterm ned

speed prepar af of§f'P o*Hatta? rfé‘@b\}ﬁ?‘ﬁft?ﬂ’é‘f*‘g "atl“eG mptcBing et FirethBreggiermiid at
| east either of speetlr adkisalii werleast asithed 6f0CLS | thaking 7 sered Vands ebe afocidg r St

predet erm ned V@él?@ Eﬁthﬂd“ gnai‘fnr?ct;oh{n bgééﬁgaﬁto?r an{leq)hémgal ﬁ&g&:d of. klte sai d

at |east either tracki ng serv e focusi vo i S found
mal f uncti oni Af Biskathie ¢ek doms B??ysil‘@é!FY dafl et ipfreadhat a Issc‘t#ﬂskfed?qqr‘s di sk

I's of poor qgyal hﬁﬂédme§owh,§hri§algssatha§ grcApd predeter- 11 m ned speed,
which is | ess than the first t he other hand, if said at

| east either Bf the Fal§ ﬁ&'eée‘i“’\?é' i} s&’ﬂda'tcﬂ“e“f sither 0 Qe tacking 856
functioni ng noram Itye folisingt Seevdliis koapda Functiding )norn&nv,ecrhﬁcdheomkw qustver i ng
t he gain of | ither of t 15 .tr g a ocu5| ng
ervo 1 rom thg 1Y it EgRaef by Clyefing o guih 80 7 VIekl] Bihor O 10

| east eit her of trabdng rsaoiei pefd dhe vfecqim gdywo ffmm the first to a second prede-

16 termined value, If said at least either of the tracking servo and the fo-
17 cusing servo is found malfunctioning this time, the disk is of intermediate
- 18 quality, to be read at the first predetermined speed, with the gain of
19 said at least either of the tracking servo and the focusing servo re-
20 turned from the second to the first predetermined value. On the other
21 hand, if said at least either of the tracking servo and the focusing servo
22 ié still found functioning properly, then the disk is of good quality, fit
23 for reading at a third predetermined speed which is higher than the
24 first, with the gain of said at least either of the tracking servo and the
25 focusing servo increased from the second to a third predetermined value
26 matching the third predetermined speed. |
27 In a preferred embodiment of the invention to be disclosed subse-
28 quently,' the first predetermined speed is eight times the standard audio
20 CD speed, the second predetermined speed four times the standard audio
30 CD speed, and the third predetermined speed twelve times the standard
s1 audio CD speed. Only good quality disks are read at the maximum
32 speed, and other disks at 'leither of the two lower speeds depending upon
33 their quality. B '
34 It might be feared that reaﬂ errors were averted at the sacrifice
35 of disk speed. Such fears ére unjustified. Experiment has proved that

36 the errorless reading of poor and intermediate quality disks ‘at the re-



17 cusing servo is found mal functioning this tinme, the disk is of

I nternmedi ate 18 quality, to be read at the first predeterm ned speed, with
the.gain of 19 said at |east either of the tracking servo and the focusing
servo re- 20 turned from the second, to the first predeterm ned value. On
the other 21 hand, if said at |east effther of the tracking servo and the
focusing servo 22 is still found functioning properly, then the disk is of
good quality, fit 23 for reading at a third predeterm ned speed which is
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CD speed, thé second predeterm ned Pour times the standard audio 30
CD speed, and tAd ‘f‘ﬁl"rf‘(’feﬁ?fét?é?"erdﬂﬁf’ﬁ e% ﬁé‘é’é}‘“FV\EPVethfl high spped seadifgabld 31

audio CD speethese didkby good quality disks are read at the maxinmum

32 speed, and other . diskg at, either.of the eeds endi ng upon
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averted at tlge beiugs abowd 8% additwdalsladtapmd of Iesshvibestiog. arle anpemiutdri ed.
Experi ment has Q;fs%ﬁ{eqné atify tbbﬁx ‘trn'lﬁéﬂa €8rivd &34 ﬁﬁn thepi?eQJ xﬁﬂx‘lﬁon of

i nt er nedi ate® qual i I S t duced speeds demands
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necessarily j nveib&fnr @AGkher HODS whikh NN I itRfefore ThEfe? lesdMaAd! agESwde such
reduced speeé data recovery frompoor or internediate 4 quality disks wll
be even bett@ér &p¥feciated by taking into consideration 5 all the

af orenenti ongd diffi dutdrdieg taceriurther featuret dfe the gtsksq:heeld el mgoxdtingS t hese
di sks. 7 to_ THE ik RHGE duSPREM ofTdudihaf o3P Fuailfy 1] PLERORA AL frciual i 1Y
di sks 8 brilgs about an additi onal vantage o vi bration.: n a
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correspondi ngly | ess
P 3 yaudlo CD speed but with both servo gains lowered six decibels. This is

18 e€quivalent to rechecking the disk at twelve times the standard audio CD _
19 Speed with matching servo gains, as far as loads on the tracking and
o9 focusing servos are concerned.

21 Rechecking at eight times the standard audio CD speed is prefera-
a9 ble to that at twelve times that speed, because of the shorter period of
gs time for the motor to pick up speed. Moreover, if the disk proves to
94 be of intermediate quality as a result of fhis rechecking, the disk can
g5 be read immediately without changing the motor speed. . Only when the
os disk proves to be of good quality must the motor speed be increased to
g7 twelve times the standard audio CD speed. The disk check method ac—
28 cofding. to the invention thus succeeds in a substantial curtailment of the
g9 time required for its implementation. _

30 The invention also concerns an apparatus for use in the practice
g1 ©of t_l_fxe disl_c check method summarized above. The method requires mostly
39 only préexisting parts of an apparatus for reading a CD-ROM or like data
gg Storage disk, except perhaps a system controller constructed and pro-
g4 grammed foz.' carrying out the method.

35 The above and other objects, features and advantages of this in-

g¢ vention and the manner of realizing them will become more apparent, and



fl vibration of the HDD, which will therefore suffer less read and wite

12 errors. 13 According to a further feature of the di sk check
- net hod according 14 to the invention, the disk of other than poor quality
I's rechecked at the sanme first prgdet erm ned speed as before but with

the servo gain lowered. 16 To be nore’specific, the disk is rechecked at
eight tines the standard 17 audi o CD speed but with both servo gains

| owered six decibels. This is 18 equivalent to rechecking the disk at

]Evvel ve Iti més i h&hﬁtiaﬂiﬂbﬁi_i@déﬁi egczmeét%sp@t_adrswoa,hfmtsmtm QLI ﬁﬂ&vg-S, as
ar as |loads on.the trackin n focusing, seryos are concerned. .
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that at twel ve tdrsvgsgst Biziwisppeent podeaed embdditdues ohahe énvegmelonod of 23 tinme-
for the nmotor, to pick up speed. Moreover, if the disk proves to 24 be of
internediate quality as a result of this rechecki nD%,A t he disk can 25 be

read i nmredi at®ely without chdff@FRPRKERHION 0K Jat DRABRYGS when the 26 di sk

proves to be of good quality nust the notor speed be increased to 27

twelve tines the sta rd audi speed. . The di sk ch thod ac- 28
cording to tHe i'nven&lq 'nqtﬁug g‘ﬂ‘g'tDéi an (of 931 Fyay ﬁt?fa?.ﬁ' o F¥efPi0f t he

29 tinme requia eadtruched | inSadeoylamiee witht thennovel concepts of thiéidnventiemt thenCBt SO
concerns an PROHU USivE Wes d i ge f L et hod
summari zed agygve. Tﬁg ngf#(s)gh rwglqItfllar@tehgJC ﬁgéhlt f‘y°°f£“toeg|‘§‘:“g§”e”g§<’l§§*t ﬁ%g’g‘%ﬁrts of
an appar at us1% oPorEséi ng a CD-ROM or |ike data 33 storage disk, except

perhaps a sygtem COntri@l bek £ Qbfduatict &6ktABH dRam Mokih@ MAEHorkOdetfRRe/| NY

“out the nmethod. 35 he above .and ot her objects, features
advant ages of? t fifa8squfier S‘Ba%gﬁt POR° afitFuith &ntral?Rty B7°r E5141% 9 gthfhgﬁfvx} N
beconme nore appADeROM drivd; 1 the invention itself wll best be

understood, f{rom a stydysaf étlg%efmg{i{: Oéﬁéc}gﬁ%?'l 165 Ghiwhi A0 ARd SRRenged
claims, with reference h to the attache . .
15 disk drive motor servo circuit included in the FIG. 1 CD-ROM drive;
16 FIG. 4 is an equivalent block diagram of the system controller in-
17 cluded in the FIG. 1 CD-ROM drive, particularly in regard to the imple-
12 mentation of the disk check method according to the invention; and
19 FIG. § is a flow chart of the disk check method to be practiced
20 in the FIG. 1 CD-ROM drive.

21

22 . DESCRIPTION OF THE FPREFERRED EMBODIMENT
23
24 The present invention is believed to be best embodied in the

25 computer system diagramed in FIG. 1, which shows a computer 1 connected
26 to a CD-ROM drive 2 by way of a bus 3. The CD-jROM drive 2 is
27 shown loaded with a CD-ROM oif optical data storage disk (hereinafter
28 referred to simply as the disk) 4, which is disposed in position within
29 the CD-ROM drive by receiving in its center hole 20 a drive spindle 19
30 shown as an armature shaft of an electric disk drive motor 5.

81 Other primary components of the CD-ROM drive 2 include an opto-
32 electric transducer or pickup 6, a transducer feed means 7, a disk drive
g3 motor servo circuit 8, a wave shaping circuit 9, a synchronization detec-
34 tor and demodulator circuit 10, a phase locked loop (PLL) circuit 11, an '
35 error detector and corrector circuit 12, an interface circuit 13, a system

s6 controller 14 in the forn;' of a microprocessor, a read-only memory (ROM)



3 drawi ngs showi ng sone preferred enbodi ments of the invention. 4 5

BRI EF DESCRI PTI ON OF THE DRA WNGS 6 7 . FIG 1 is a block diagram
of an exanple of CD-ROM drive con- 8 structed in accordance with the novel
concepts of this invention, the CO- 9 _ROM drive being shown together with a
conputer with which it is incor- 10 orated; 11 FIG 2is a
schematic electrical diagram showing in nore detail the 12 transducer,
tracking servo circuit, and focus servo circuit of the FIG 1 13 CD ROM
drive; 14 1 15, Rl Gariabld Sate slotlenet hcue&kvmgt serval cieduitg 1B Mmushawfdgsing nor e

detail the 15, disls diky A0 FolrekCll BB, ek 2 ! Gopthe OO ROM

“drive; 16 'S an equae 'agram o
controller in-® 1of dath udeayein at h@riﬁﬂtﬁspfédeDPR@\/Il%i rtumﬁe thg astendard audhy %"

regard to the, rg%gd nl&h:s”ﬁ&h@&lhp'lmﬂédxﬁé};? di sk check nethod according to
the invention; and Is a flow chart of the disk check

method to be practi ceﬁP Hgricted tiﬁ%ralnl"ﬁ‘&caﬂy cp- B&\ Zirthg edisk 4 can be of the

DESCRI PTI ON O TthdBBEEEFiRﬁD &WEDI\W datd 3prtfecorded theredl Cinp KIS @6t of
nvention s belieyed e Rp.besl Sabodl cdin ! he S, Coppuler syshep
drive 2 by way oheghdigi$203, Thq htbtaCE} R@Mieddmtvea Aujtipligity of hblagks| eastlecnni t h a

CD-ROM or oplei Cadsisgatbd .@sz)rﬁ@@s dne K pfidebaihg alipR’ vas rﬁtﬁraae;ﬂ ﬂchkS'im)l y as
the disk) 4, which is disposed in position within 29 the CD.ROM drive by
recei ving in °t sreakripel/? ’l'ﬁo-‘reé”?o whey thee disk g |read; 3t 3the sBdaRd a3vdipy B mat ure
shaft of an eliecdpeed diss kCDHROMS, g@tﬁr afdio 3¢Ds, data is €¥cOfed,DlhdrBieyd, at
conponents of, the ve to lectric transducer
or pickup 6, a transd Rg’YI?”f ‘8“‘%&?29’7 e eé ‘k“‘p‘ °°“§§‘ﬁ ROEEF & ¥°\?6"
circuit 8, a Wav€A¥hap nbatctirec angul®, valogyoncﬁr thei zlaﬂtl dnisddeeease@as tthe and
dermodul ator Gyl Giligkauddr 62 s8R SRe | AGK ek MR PralifalJoubhdr@ly! t 11, an 35 error

detector and corrector circuit 12, an interface circuif 13, a system 36

control ler 14% n t he Aorehewmin adeiik radser 8t ddGo?, the riEansdussr \6 e nth PrieROV)

16 art design having a light source such as a diode laser 22, a beam split-
17 ter 23, a collimat_or lens 24 for providing parallel rays of light, a quarter
18 wavelength plate 25, an objective lens 26, a semicylindrical lens. 27 dis-
19 posed on the path of the light béam that has been reflected back from
20 the disk 4 and subsequently separated from the incident bea_m by the
21  beam splitter 23, a quadruple photodetector 28, a tracking actuator 29,
22 and a focusing actuator 30.
23 Com-rerged by the objective 26, the beam of light from the laser
24 22 will hit the surface of the disk 4. The unmodulated beam on hitting
25 the disk surface will be modulated by the -pattern of pits reﬁresentati_ve
26 of data, and the thus modulated beam will be directed by the beam split-
27 ter 23 into the photodetector 28 via the semicylindrical lens 27.
28 Capable of translating the incident light into electric signals, the
29 photodetector 28 has a closely packed array of four sections designated
30 A, B C and D, not only for data recovery but for both focus and track- .
31  ing controls, too. The photodetector sections A and B, as well as the
32 gections C and D, are so divided along a line extending essentially in
33 ‘the tangential direction of the disk track 21, as indicated by the arrow
s 32
35 | Contrary to the _showir_lg_ of FIG. 2, the familiar three spots method

3 could be employed for data recovery and focus and tracking controls.



6 1 15, a variable rate clock 16, a tracking servo circuit 17, and a
focusing 2 servo circuit 18. It is understood that the CO-ROM drive 2
is capabl e 3 of data recovery at various speeds up to 12 tinmes the
standard audio CD 4 speed in this pqrticul ar enbodi nent . 5 As
depicted diagrammatically in FIG 2, the disk 4 can be of the 6 standard
CD- ROM desi gn havi ng data prerecorded thereon in the form of 7 optically
detectable pits along a multiturn spiral track 21 centered about 8 the
hol e 20. Theidarte ibsandifsbmd gk la8ér0 220 lauipht [htoCh t prindky beam kande &6d) an@id- 9
- sisting of 2352 on e.b Each | ock. I 10
read in 1/75 gec‘% d%g 16 a‘feﬁgpd\{& : E‘tl&ls rea z?teg\ %e gthgn 2—9 c??‘o?scése(?ll
speed. | n CDsRARS, batk ﬂiﬁa amrt@rmd fecuging, s apd ctbe Ay, aan%ialr}'ed&amsatfmlz

constant |inear tyfcmgl tyrhéqh\{)oaetrea&hezs Lébﬁ@ waifcnsd antinANedak alo wRl@ei ty 13
(CAY), dISk 4 is decreased as the 14

so that the a‘ﬂlg ar vel 00|try
transducer 6 Scdf8 IWEARsReHPY o2 i’a?}%\’ﬂﬁ zfl‘"l“9° outwardly. 15 As shown
in detail al s® in Fl G@hetrackieg t acaunsatuC®rtakesi sheofforpr iobra lfomiding xabméi gﬁil havi ng
a light sourcg s a d 299 & pli
collimator | eﬁs d%g;l? §°m%?'%f\71?d|§n%&§§ ﬁO% ?3 rcé)gglg(g}t%l F}b ObJJe Zt&e 26'[ é’P d %
wavel engt h pl &t erepirnentn mapjed c84.ve It enespor® tg b@irb@inln#lnamre'al floynshiﬁ" di s-

19 posed on te tRafupn, Ofnet B6vihd ABH éae%m tRIL ﬁl@ﬁ ahaaemeheid ke inxéoamhérom 20

the disk 4 and subsequently separated fromthe incident beamb }/ he 21 beam
splitter 23, % d‘!ﬁ‘&ﬂﬁtu% 2 S‘téfﬂé’t‘eeé’ﬁ!’!r syipceqst iatieatedy PoctradPleobeadsd and a
f ocusi ng act uat Qkro#035.23The ob;ectwecwwangﬂ&rebwhhmeomm icw $A6fort hﬁnbeam ‘

of light from the lLaser 24 2 hit the surfage h

nmodul at cd_ Bhartioiss A phtky 58 o Piake allfpieol G B ebltilafeat A gy e

pattern of pllisthephsksént ative 26 of data, and the thus nodul ated beam w | |
be directed by the bopm sRbiih; «2ruakd?” 2 Seivhd Ond NAaRINOPGRGR! BF sebiga the

sem cylindrical |ens ) | e o translating the |nC|dent
light into eMectthe cbeéF‘g?'P&F st° f hdesirgd oH@t“é?f‘t épripp ssels opertigie| Puphcked

array of fouks sepbti QUMpinde silgakec @ladd ab, a Bum&lgarﬁtna ign@pplfeal $roh Othe dglsa
recovery but for bot ht fl%cu% gnqhtrac - I n ,cogt1 ols, too. The

phot odet ect of T ST i BAYORT alfd "B T adraREre s§§v°t E8L *Sections C and D, are so
di vided al onge a |ine Aswthendioagblessehed af |tyacking3@ntbhés ttanmeitlonad wiroect i on

of the disk t4ag as lgieC t r 4.3 K tortnCRt rary
"to the shovm n{g OF éll'Gp g f ﬂl ?Lﬁd P%hre Fﬁrgeﬁ%ggsmﬁé"ﬂ?}%‘: aud forth B
as to keep the beam spot aligned with the disk track. .

21 The focusing actuator 30 is also shown as comprising a moving
22 coil 37 cdupled to the objective 26, and movable in the field of a per-
23 manent magnet 38. The objective 26 will move back and forth perpen- l.
24 dicular to the disk surface, as indicated by the double headed arrow 39,
26 in response to bidifectional current flow through the moving coil 37.
26 The beam will thus be kept focused on the disk surface.

27 As shown also in FIG. 2, the noted four sections A-D of the pho-
28 todetector 28 lare all connected to the tracking servo circuit 17 and
20 thencé ’to the moving coil 33 of the tracking actuator 29 on one hand
30 and, oﬁ the other hand, to the focusing servo circuit 18 and thence to
31 the moving coil 37 of the focusing actuator 30. The tracking servo cir-
32 cuit 17 will first be described in detail, followed by the description of
33 the focusing servo circuit 18. | .

34 The trackihg éervo circuit 17 comﬁrises two adders 40 and 41, a
35. subtracter 42, an on-off switch 43, a phase compensator circuit 44, a

36 drive amplifier 45, and a gain select means 46. The adder 40 adds to-



36 coul d be enpl oyed for data recovery and focus and tracking controls.
1 The-beamfrom the laser 22 is split into a primary beam and two auxil -
2. iary beans according to this known nethod. The primary beam is used 3

for both data recovery and focusing, d the two auxiliary beans for 4
tracking. The photodetector 28 needs nodification in this case to:.include
5 two additional sections for tracking control. 6 : The tracking

actuator 29 takes the form of a famliar voice coil 7 device conprising a
noving coil 33 geaH@l abe t@tpthe frbn et‘Hei vhotddetechsrd sectidbns par amhedt anigthet 34. -
I n response to ct} r fla , pl Vi ng

coil 33 wll rm%%dq'f)aﬁk and t%&? Erg f}ﬁ °¥¥'er gﬁ)t?deteﬁm g&?#ggngt t“]'gﬂ4n%ar al | el
to the disk 3urFh@:eﬁubtxsﬂﬂnd?cﬁtb@dctbythph@ltd%lﬁoe theaddder 141 frgmr the o5, The

obj ective 264w L m\ﬁetw bédek N, rmvwgesramnlg %paprfrdmaltﬁk shBtradtél 43 @ t he
beam spot 36 in exact alignment with the spiral track 21 on 13 ﬁ&}he di sk

4. 14 5 THJrAGkigK pigeplaFhifht Br aprtied dp\be PoYEng, $aH t F30 95 thp HHEWE of
junping 15 gheadigaoe 290peia tie %n-d»ﬁSIsﬁvEtﬁh 1432 Phade0 sbhigensutdiu irgjt S8icKand

operation. Such 16 t ] Wi | | ace a n n

applied from't hg"‘éeysampgge 45%&%’? Sf‘fs&g l.EL}}f tgjef'i’i‘ée SZP a&"L '“%8 %’r’ SJct?'r cui t
17. 18 8 MOﬂisbrstptasslbl geapetthe beah  ¢pobic36 iy alignieny| with the divki tion a
mrror og thgpath of the beam The mirror may be pivoted back and
forth so 20 as 1o keep the beam spot aligned with the disk track. 21

The focusi ngiwact uat oThgrbige Aescsibsd opiheds of RbtAiniaR nige atribinengiepsl fogi| 37

coupl fdsé 0 t’?ﬁ man Sk It Mﬁt&gﬁgc@pﬁesﬁnﬁabhgz '“ﬂ ltsag lffoteﬂeﬂv of tBe POE buz3hasrralnent
magne e 0opj ectl ve W nove ac an (6] ] en- cul ar
to the di sk BurPefdeknora ps@; diftegentigl phass dgfemiion ﬂ%ﬁ?fﬂd fﬁ‘ﬁp awtcfsgﬁ g*z

response tos bomfoffecbitamabf ahe riesdkidgl @evot hr amdér théecontrolidigac eighal37 26

he b i1l th f d k, surf
hown &l so 11 phbnet SyokS e SRy Sep®et 05, WG Tt e 6, g ™

sections A’
t odet ect or 28 atreckiid sgwnrn@c@édopebowﬂlt fhecome capiparegt froay vhe scbqeqmnt dif- and 29

thence to the naLdg &Olde dReMive! REtnbd.acki ng actuator 29 on one hand
17 The phase compensator circuit 44 is a known circuit comprising
18 both a low pass filter and a high pass filter, with the filter constants
19 changed by a signal fed from the syétem controller 14 over a line 49.
20 Since the disk 4 is driven at CLV, with the disk speed changing with
21 the radial position of the transducer on the disk, it is conventional in
22 the art to vary the constants of the phase compensator circuit 44 accord-
23 ingly. |
24 _ Notwithstanding the showing of FIG. 2 the phase compensator cir-
25 cuit 44 could be connected between subtracter 42 and switch 43. Also,
96 this figure does not show the automatic gain conmtrol circuit and the - low
27 pass filter which are customarily connected between subtracter 42 and
28 phase compensator 44, because of their impertinence to the present inven-
20 tion. '
30 It is to be noted that the tracking servo circuit 17 includes the
31 gain select means 46, shown as a variable resistor. - The gain of this
32 tracking servo is therefore variable under the control of a signal fed
s3 from the system controller 14 over a line b50. The system controller
s4 varies the tracking servo Qain according to whether the disk .is driven at
35 the standard audio CD speed or at two, four, eight or twelve times that

36 speed. The method of this invention also requires changes in tracking



30 and, on the other hand, to the focusing servo circuit 18 and thence to
31 the noving coil 37 of the focusing actuator 30. The tracking servo
cir- 382 cuit 17 will first be described in detail, followed by the
description of 33 the focusing servo circuit 18. 34 The tracking
servo circuit 17 conprises two adders %0 and 41, a 35 subtracter 42, an
on-of f switch 43, a phase conpensator circuit 44 a 36 drive anplifier :
45, and a gain select neans 46. The adder 40 adds to- . 1 get her

the outputs fromgdhe RAORAGHE GEQme SEiphled Sriesld D, and the 2 adder 41
the outputs from the _other photodetector sections B and C3 T

subtracter 42 %ubtractf&et fosuting [setvor FissHit R compeipes41wg addsre il 6‘&’( 52'4 2 put
from the adder QtﬂztracfEhes3 eanll bd-6F OwidHIt54f rDPhade ompdbisitact @fcuft? 56,5 a5 a

tracki ng signal, d to.the Vi n il ,33 of. t tracking 6
actuator 29 vi%a f Ve a'"p fr§ gv!n ?'%h 4810 JRlect, mea Egsat’%F %Jdﬁ:[}’?t ‘ifﬁ t(and 7
drive anplifier ashert Hbq! ebypwa ulpmgtheh @hobdatedtory @e@®ne o Amend ﬁaraatﬂlﬁie to 8

t he di sk surfagce k h o] h kp9
track 21. 10 WP Cadddr @ﬁghgbgvgsgg;%ﬂ E%%Gorﬁ‘iéé}h%ﬁ& obtra}%ﬁt%n& ﬁeg}tldrsagkl ng

signal from 17 #he suBtpctem 88 owbiraets othe seitpito fromAths F%deFt@e?WmnHie A8 in

the art ‘but has 11& £2RE thek BAUMP RS qrhdirfeémmbh@lut [Fhas fhdl @LmedtarnsgTed Rod.
The switch 43 fo cont ol t he tracki ng [

0 ser, ] der the
control of a di g#ﬁl’“ﬂ Si%‘ﬁ{')pﬁ’i&td iy ie‘i He Hips M8Fife ?ﬂ‘& P%I e rtgi%gc‘fff"é 1,
over a line 48 adMdor t30eviaSthet ookl pyitelerbdp plmaecwbmp:qnmmchﬁdcuibeﬁ)nmd

apparent from, thg SURSeAUess q,zﬁebglﬁauﬁﬁgsﬁn' 6O Ppi0driveG6 | BVE&IJ Y@ng zgﬁd 17

The phase corrpensator circurt wn circult conp _
| ow pass filter aWRY &romi $he shsks 4f in tasder Vg theld Hbefli’qa?’efocémsloant’!? dipk
changed by a §i gfakach.ed from the system controller 14 over a line 49 20

Since the disk 4 is dg hven CLV, with the disk Sé)eed changi n&nwth
the radial po¥ition of fh’é’”{"r Sgecaibed rmethpd pE obfaining | the | focsifg, #fpplofiem i n 22
the art to vaisy theefonengtotudetectof sebtionphAdP i€ MREENBAL W i rtheli drt st akaor d-

23 ingly. 24 Not wi t hst: nd| ho. f. FLG, 2 the. ph
conpensat or cle _been known as an as igma erlﬁod'S 'Wl %wﬁch é for on o?f cor?t g]
17 of the focusing servo is under the control of a signal supplied from the

18 system controller 14, FIG. 1, over a line 48. The focusing servo switch
19 54 will be opened along with the tracking servo switch 43 during the
20 execution of the method of this invention.

21 Like its tracking servo counterpart 44, .the phase compensator cir-
22 cuit 55 of the focusing servo circuit 18 is a known circuit comprising
23 both a low pass filter and a high pass filter, with the filter constants
24 changed by a signal fed from the system controller 14 over a line 60.
35 This phase compensator circuit 55 could also be connected between sub-
9 tractor b3 and switch 54 instead of on the output side of the switch 54.
27 The standard automatic gain control circuit and the low pass filter are
28 omitted from the focusing servo circuit 18, too, because of their imperti-
29 nence.

30 It will be noted that the focusing servo circuit 18 includes the
31 gain select means 57, too. The gain of the focusing servo is- therefore
s2 variable under the control of a signal fed from the system controller 14
ss over a line 6. The system controller varies the focusing servo gain ac-
34 cording to whether the disk is driven at the standard audio CD speed or
35 at two, four, eight or twelve times that speed. The method of this in- '

" 36 vention also requires changes in tracking servo gain, as will become



25 cuit 44 could be connected between subtracter 42 and switch 43 Al so,
26 this figure does not show the automatic gain control circuit and the
| aw 27 pass filter which are custonmarily connected between subtracter 42
and 28 phase conpensator 44, because of their inpertinence to the present

i nven- 29 tion. 30 It is to betgnoted that the tracking servo
circuit 17 includes the 31 gain select neans 46, shown as a variable
resi stor. The gain of this 32 tracking servo is therefore variable under

the control of @ spghéit J,,eggnag from t he system controller 14 over a line

50. The system contrgller es the ccordi ng
to whether the disk is v%lhl \7%%“‘3?‘1 feretnﬁ% 0y 5'%’{1 &g‘ %&F%‘ESC% {(gdﬁ‘1 PA two,
four, eight or # Weddetector neestitns a#i~I3 Gray Spe e@dmbingth ¢o n@byidel aofreztdh signalnrepre— on

also r equ' res CJ‘aQ&‘%étde oit RAC lﬁaﬂ\g recovered from thel (ﬁQJ ' 1Y q{i“ he ﬁﬁsmtle& Q‘ECOITE
apparent present| focusing servo circuit 18 conprises two

adders 51 and 52, l‘/’a‘hﬂ‘”’é‘uibt"P’Vacic"él"t‘!‘5%"1""21r'?zo’l’i pryidedyifprc|9dding tggethersthe out-
conpensat or ci r.{:UIpttts55romatl(b td&la\ﬂﬂe@ﬁpbiiddemS& th Gratkygi Ber9€! @eduittasns
57. The adder 51 ddsa& )ion ugl r t ) tputs fr m ghtﬁ &hot odet gct or
sections A and C, H’ealfs Fd&Y a'§ t’?lee% bt reor%t e ot Rere

phot odet ect or sectigoricEt addFIG- ¥  Ehés selit puderartm thebhddert 82 tdegldobeput
from the adder 5ZanE&Q& tt)hﬁleowltpué of® e aﬁ@eﬁ% ﬁk'ﬁldagflq‘fméé focIQﬁg sgxsvlél ting

out put from the subtracter 53 Is a ocu5|%‘? applied to
the noving coi ko 3Firgit tife of c?cﬁ%‘%’n@flpﬁl‘ addegaeand 319 9?‘Bi°lq4ef‘6nﬂBF‘ft sfireEh 54,

pﬂasebporrpensaglgr ti6h oUtlle Four phdlodelectdir beeﬁomplmf Io@rso‘iﬁ of hﬁéem(ejﬁauel ng

t he objective t ve towar avna m_t in order to

hol d the beam f’ocﬁ’geg}’)o% tar?g_/a&?sfé‘%lgu iR e 1%“1 % & JF % M5eC ge@&rl bed
nmet hod of obt aini pgnddaeerf @cusi ng signal from 15 the four phot odet ect or

sections A-Dis itself ﬂgt ré}g‘é’n %&e &b tthi;agagﬁguig?egn H,Q,Yk%&oﬁédi

astigmatic method. The's on-of f contro of "t cusli ng
servo i s under & hef éb?1tdf“tb‘l 40197 athsﬂgwalmewpbltiyemlm comnrising] 8n elgaiyie nmotor

controller 14, .l (nd InealV Quck del B€ 148 scrdCod QC YR Gnd eﬁﬁiﬂns%&ﬁmsﬂtgféll

\M ' be opened”al gggsla“:\qntght};[eh%1dt1rrec?'t(1:ol§1|alng'otas\teul;n\/%f St\l{xmetn(l:or%oréléntg utrhlengnear recipro-
18 cation of the transducer 6. The feed means 7 functions to move the
19 transducer 6 to a desired track position across the track. turns on the
g0 disk 4 in ré_sponse' to a seek command sent from the system controller 14
.21 over a line 64. Additionally, fhe feed means 7 includes a low pass filter
9s for deriving from the tracking signal fed from the fracking servo circuit
23 17 over a line 65, the signal component indicative of the transiation of
24 the beam spot 36 radially of the disk 4. The feed means 7 thus ena-
25 bles the transducer 6 to trace the spiral track 21 in cooperation with the
26 disk drive motor 5.
27 The wave shaping circuit 9 amplifies the radio freqﬁency read
gg signal from the transducer 6 and reshapes it into a binary signal. It is
g9 understood that the disk 4 carries data encoded by the well known eight
g0 to fourteen modulation (EFM) method. The output from the wave shaping
a1 circuit 9 is therefor_e an EFM signal if the data is correctly retrieved
g2 from the disk.
33 In this particular embodiment of the invention the wave shéping
34 circuit 9 performs the. additional function of ascertaining whether the
g tracking servo is locked or, due to some physical defect of- the disk, not '

s locked. By the term “locked” is meant that the tracking servo is func-



20 execution of the nmethod of this invention. 21 Li ke its tracking
servo counterpart 44, the phase conpensator cir- 22 cuit 55 of the focusing
servo circuit 18 is a known circuit conprising 23 both a | ow pass filter
and a high pass filter, with the filt constants 24 changed by a signal
fed fromthe systemcontroller 14 over a line 60. 25 This phase
conpensator circuit 55 could al so be connected between sub- 2s tractor 53
and switch 54 instead of on the output side of the switch 54. 27 The

st andar d aut opat fishiggAipfope AN with hiel Bddint spdl CnhiMtQinkd WoPl P leds! G raligiifent 8

omtted fromthe focusi seryo ¢ircuit 18 too,, because o hei r.inperti -
29 nence. 30 2 with t?‘f %%flm’}fe' nglthé’-d et’ﬂatm’f hl?ac %cd"se? sg%hse rs%kcﬁfcaﬁrpls_ L
i ncl udes the 31 spghihas swtidettaliye dlaviated, radally ofThize gldsknowf of htwackingusérmg servo

is therefore 32 Yafb@bl fhelRUGE HBE wiP trdvRkseOlomd BadlAlirdsCh thOTBvERE oPYSL EM

controller 14 33 over a line 61. The systemcontroller varies the focusing
servo gai n acs 3ZacEMEdreye tuplagkigense thifethy SRtPuL fhem \the Wave: pheringafifar d
audi o CD speed Qfuit3® wall R, confhid .2 Gu@t efth iRl VR tHel®SspohafravepReda  The

e S R L N T S L AL
presently. 2s ures, or Watiing cetvio nurdetkings.carendegedigblé-Iffom Pheséiovageltshepisg f r om

all the pho- _3 t i.on - e j t. Loyl read
signal repre-’ 44"%§§,nt9‘§‘,?{/é’%§§4 tl_ﬁeé .atngerggacloév%erdgtgﬁ?dr gératngr tlﬁeﬂlai §s{‘i(“(;l% %fl n the
il lustrated am ths digrypviemof fhe igventisetsetbpdder 62 is provided for adding

together the jput- 6 Pad wabé QRAGRE clrolit o8 RE Sitsd uipael cldnetled t f3€LALH Akt NT

servo circuit 18. 7 The read signal thus obtained is sent over i ne 63 |
Do e wave Shagrongatiy h8Ge afld Stenoliior it 1o Bud Foha deted: Ioaf t o
adder 62 coulgl HEBLL)Ocircainnidct et BLE hdrcnitt fiutpsovidest éleckagdibes ib lsymnbio52 of
the focusing sergy i il "Gt br 1o @ bl srda RHL S dIoRRULALARE o

ec ron to the T Bctor

enpl oyed for ‘dir connec- 1 our phot odet sect 1 ons.
Al or some of tThe slderpylseg putigut by thg PLIGcieguit g2 wilhcbes dbteinaéterrre~ 42 and

53 coul d be parterred thh@ thel Fead! EIBES PsBd. OThe PLL circuit 11 has another in-
' 17 ‘put connected by way of a line 67 to the system controller 14 whereby

18 the central frequency of a voltage controlled oscillator, not shown, includ-
19 ed in the PLL circﬁit is to.be changed. '
20 The PLL circuit 11 has its output connected to the synchroniza-
21 tion detector and demodulator circuit - 10, which operates to determine
gs whether the PLL circuit is locked, that is, operating in synchronism with
23 the EFM signal. If it is, then, the circuit 10 will pass the read clock
g4 pulses from the PLL circuit 11 on to the disk drive motor servo circuit
o5 8 by way of a line 68. Also, when the PLL circuit 1l is found locked,
26 the synchronization detector and demodulator circuit 10 will use the read
a7 clock pulses to demodulate the EFM signal into, for example, a digital
28 non-return-to-zero {(NRZ) signal, for delivery to the error detector and
29 corrector circuit 12 over a line 69. The synchronization detector and
30 demodulator circuit 10 performs the additional function of demodulating the
3y recovered addresses of the ldata blocks on the disk 4, for delivery to the
32 System controller 14 over a line 70. The system controller conventionally
sg utilizes the addresses for causing the transducer 6 to be positioned over
34 any desired data block on the disk 4. '
35 The error detector and corrector circuit 12 detects errors, if any,

3¢ in the incoming NRZ signal, corrects them if possible, and causes reading



14 ' Wth reference back to FIG 1 the transducer 6 is noved radially
15 of the disk 4 by the feed neans 7 typically conprising an electric

motor 16 and neans such as a lead-screw or a rack and pinion nechani sm
for 17 translating the bidirectional tation of the nmotor into the |inear
recipro- 18 <cation of the transducer 6. The feed neans 7 functions to
nove the 19 transducer 6 to a desired track position across the track
turns on the 20 disk 4 in response to a seek command sent from the system

control ler 14,21y, @¥6&ktrfedl iiNSorfidtion A&i%a&smﬁl | Yrhet SiRpidteed tﬁ@%ﬁ%r Taetdes| udes

a low pass filter 22 for deriving from the.tr akln ro t he
tracking servd cloF Afft cosrgcto] Cipgpl 12, iy |‘ﬂ‘H’°8t§d tt"h 8ﬁ%ff’ Eoﬂfﬁ’ﬁ‘e :{ ad

i ndi cati ve of st hgstemaasitm@tierom. ofTEln.4 intediscebeindnit sqbolts Sfandctedi detweenfcothe di sk

4. The feed t hus r t.he
spiral track geaguﬁ coo%'grasp%n W (Hgf ﬁi E%E%vetgl gﬁ%gwe\% %D%’Qte}?ggdig
The wave shapPngotidetesiar Shdappréctiresiredie 12.adi o frequency read 28 - signal

fromthe trangducer 6TRNGafiRsbaRRS clolk 169 &nsuceear Yo saag%kem cbﬁmnrer 49
understood that the disk 4 .carries data encoded uXtrthe wel known elﬁht SO

to fourteen nbdubat@Bnci EFRYE AltRothe mate sgryepeifcwl §nbY h"é""vvﬁ(/e’l e pig 31
circuit 9is ahearnefmraxealanBCMetestogrbaid btfrréchﬁ‘ ciadat 13 Kyorwraecaﬂ ¥ ligd rnoeved 32

from the dis n arti.cul nt of, th nventi on
the ave: shapt na oBoled P2t oleR. PRETNE tfcBoReH BF dentist osh B
ascert ai ni ng 10 whast éigrer t dfea Jreddteratied ngmkmmvoeneﬁtibrocmd and twolu bour.0eighvie
physi cal defg¢t of f(&?vedhﬁxgs tﬂé)tm xﬁﬁum'z%ﬁé%ﬁ?’on ratd, fnhSrfTe?rtU‘m 't%@ex%t#;

meant that the trac Servo roper |
with the beari?sprie spaedst at wédc%he maton Ssdrives ghe ghisherfk 2Thwaq*ﬁe9her0d| sk

track. The tier rauceOly hRC kst BRI bd1¢BrelBR tol BE theafFuS cl&motpuiae& in
accidentally deviated radially of the_ disk out of trackl n

control . Thé* beSepiradiphinctign Ift“’“l rthe cread doshe Pilpesc put (PhsP %h? fé‘lefé‘ﬁl‘“of 5-
tracki ng serue uml oTke rtgue glack Millseé e Glatijpared fto Othe lﬁdﬂﬁ' mve @hanimgnci r- 6

cuit 9 wll t{: calnt ain ulose each rtltrrp he b My S ol FAVepses .3 :
track turn, r‘kﬁeam ef)efn ‘fﬁ%én cﬁ?fﬁf@ % gf Pad EI'rackl ng f7a| I -

17 and 109.

18 The motor servo circuit 8 has connected thereto the synchroniza-

19 tion detector and demodulator circuit 10 by way of the read clock pulse

20 line 68, the system controller 14 by way of the bus 71 and a CAV/CLV

21 control line 75, the clock 16 by way of the line 72, and a motor speed

22 sensor 73 by way of a line 74. The output line 76 of the motor servo

23 circuit 8 is connected to the disk drive motor 5.

2 Mechanically coupled to the disk drive motor 5, the motor speed
25 sensor 73 generates pulses at a rate proportional to the rﬁtational speed
26 of the motor and hence of the disk 4. Six motor speed pulses are gen~
27 erated with each complete revolution of the motor in this particular em-
2 bodiment. Besides being connected to the motor servo circuit 8, the
29 motor speed sensor 73 is coupled to the system controller 14 by way of
s0 the line 74 in order to enable the same to know the rotational gpeed of
31 the disk in real time, as well ‘as ‘to detect each complete revolution of

32 the disk. _

33 FIG. 1 further indicates that the system controller 14 is connected
34 by way of' a line 94 to the output line 63 of the transducer 6. The
35 system controller 14 relies on the transducer output in practicing the

36 method of this invention for determining if the beam spot is kept more



8" ures, or tracking servo unlockings, are detectable fromthese wave
shaping 9 <circuit output pulses in a manner to be detailed later in the
caurse of 10 the discussion of the inventive nethod. 11 . The wave
shaping circuit 9 has its output connegtg'ed to both syn- 12 chronization
detector and denodul ator circuit 10 and "phase | ocked 1oop 13 (PLL)
circuit 11. The PLL circuit 11 provides clock pulses in synchro- 14 nism
with the bits of the EFM signal from the wave shaping circuit 9. 15 The
cl ock pul ses puyt eritledsy facheedPloh thier diskt sukface tddebethbeewitrobfdfether docubing
ferred to as the read cl ock pul ses. The. P iycuif 11. ha ot - 17
put connected lfy \7\%§°0 ’ g’eﬁu%% %7°76 P e§m§{§s e%ﬁ# °co§1 °r é1sP’e?°t%§' go;cg .e;;/l 18
the central frequéexopdothegsevel cenjeol.c oA rhob | kedn st ifhitht igr connegtiosh®ith, the

i DCl u_d' 19 ed 4! ntrtal:'lf‘;‘méD I-Jer&)'. fﬁui iochsiné Osep‘f(') Ciba"mﬁéh’_ %Qen the b_ealn-rhé%o{D Lis
circuit 11 has its output connected to the synchroniza-_ 21 tion_ detector
and denodul at &r Belfcifre ofolesgyfpqused gpethst rack garryag ctusdape ofothe,disk 1w t he

PLL circuit isel oakests édatrbl,i dad OffdcRéd”NFhén the/ ekt QsposS s Wiféduse3 out hd EFM
signal. If it is, then, the circuit 10 will pass the read clock 24 pul ses
from the PLL dirSFY 8 £°58 #9*Phe di sk drive notor servo circuit 25 8 by
way of a line @8. Al sds ilhgratédidn Riekailiin cEIGt 3] the guotayusmive oddcoit, 826om-t he
synchroni zati on det.ect or akOle. £y GU| i ] 27

ol 00k pul s6s 1 JENRE, O3 apab I b ol ICLE Ihuehf oF e MBE k€ dR o2
non-r et ur n-t o-Per #nd ENRAY sergmatircujto Bbgfor | GAY \contrgl of hibatemotar. (ckhec C6V and
29 corrector GirgdHd clréufVEd itldded@ ERquencyN® SMBGHr @averdd:i @VC) dat agd-or
and 30 denodulator circuit 10 perfar t he, addi ti onal ,fu%ﬁtion of .~
dendul ating tHe B8 5P o8k <atrekis, B dhy B (Fleekqgiiae ine, B8 [t EMYeRig 4,
for delivery ta tthe 3éetisipstmr of Othier edakieclodid milses mtd | ane eqd@ivalediharoBaget em

control |l er convenf.. onal 3 ti)igze d for causj t o
transducer 6 t6 bLelg%(l)'si tl‘ ¥%n‘gﬁ(§p 1%)lvlégr téﬁ%"tadqnél glgs%ogg%?%attg %‘?o@éhgﬁft%:&ifdi sk
4. 35 Fhefesentigl agplifiert 83- and corrector circuit 12 detects errors,

if any, 36 ingthe incepiReeARG Sh&R&! infifl" bEGhe &iPRMneikif amgﬁﬁérblsg, 1said
causes reading : 1 ]l to be
retried i f cor¥ectsi¥Rnges vollage sesnefiater 82rppbichy Pt oWt 2 taslectef (e efefize -dif-> { of

and corrector @irfedédt feferleficeC ABIBRGE C6brietpdading tolaepkdaleferBined Uhibimbian QRstt
19 rotation speed, which in this particular embodiment is the standard audio
20 CD speed, and two, four, eight, and twelve times the minimum speed, in
21 response to the speed data sent from the system controller 14 by way of
22 the bus 71. Thus the differential amplifier 83 puts out a voltage signal
23 indicative of the difference between the selected reference voltage and
24 the FVC output voltage representative of the read clock pulse rate.
25 A further member of the CLV servo circuit .8la is a phase compa-
26 rator 84 having an input connected to the read clock pulse line 68, and
97 another input to the true clock pulse line 72. .The butput from the
28 phase comparator 84 is therefore indicative of the phase departure of the
96 read clock pulses from the true clock pulses.
30 The differential amplifier 83 and the phase combarator 84 are both
31 connected to an adder 85, an additional component of the CLV circuit 8a
s2 The output from the adder 85 is the sum of the repetition rate error
33  signal from the differential amplifier 83 and the phase error signal from
a4 the phase comparator 84, This output from the adder 66 is therefore
g5 termed a total error signal. '

36 The CAV servo circuit 85 likewise comprises an FVC 86 and a



3" system controller 14. The interface circuit 13 is connected between
com 4 .puter 1 and system controller 14, as well as between conputer 1
and er- 5 ror detector. and corrector circuit 12. 6 The vari abl e
rate clock 16 is connected to the systen% controller 14 7 by way of a bus
71, to the notor servo circuit 8 by may f aline 72, 8 and to the error
detector and corrector circuit 12 by way of a line 109. 9 Controlled by
the system controller 14, the clock 16 generates clock pulses 10 at

ei ther of a pr ?dexteﬁreaoaeeblﬁhaigmmmr eavetv'om Q&ufeaﬁ’ee toa Eigk um;s fobur difeérght |,

11 d twel t th t

Tt 12 pra sPERleRaPAPEn DeSiet b 8% ity up A BE e, ol boodllF
pro- 13 duced bsentdne73;| thek FYG 84 |drovidesr af mﬂaed mroptusonahemt thee re:l'eb%%n

pul ses in 15 1:%14 %ﬁ ! Dok O%e%{ nglseg Néhat €20 tf' Q.ridiéﬁo%ﬁs spela eptshpy the

PLL CII‘CUIt e true cl se€s are delivered to the notor .servo
circuit 8 and sledisk girivigemeter db’tkEcttbrma?foR?ﬁr iocther ClY reetya cirsuihy84ay of

the lines 72 17 in@angterBbe véithge generator-r@'l"3 HEPL B4 BRItV Bonabdtdlith thehdpeed
connected thereto,the synfhron za- tIO% detector and denmpdul gqt Ofhe

circuit 10 by Wayd®® e 7t i B‘I‘%‘ER ﬁ‘tﬁ B¢ TelsEpnce | YRllagy COFRFRPOGinE o
controller 14 Ry spayd Ghedifial IbgiSthélsydtesh aoffAUACILY PHe differemtinl dmpiifier7®8 t he

clock 10 by vay {]owag d Ruedge O AdIP 8 B R erefle BEISA ehd LikpiRY Of

a line 74. not or servo circuit IS
connected to tie i!h’%kthelrlf\(ﬁ‘e 8fpangr ti®, refergnce voltage gamenatayi 8%l | y coupl ed to

the disk dri Ve, mot or Stpd hgot6f0teRFvoS REEALL §5xs 33&&5}" p?&nmnaﬁﬁi &5 dallcfoRs at
arate proportlonal to the rotational édp E ({1 vﬁt'%] and hence of
the disk 4. Sex $FiicBr 8¢ jaw gelstiels Pyt gg@ﬁt t °2'/CL ePad &8 Y LAEN E8npl et e
revol uti on of lfsh&am)tp@didubéﬁ t4) Shacitduits| 84 M 8528 ThHeodelawmt .switcBe89 dies
being connected to not or S8V On

rgoui 9 P
sensor 73 is c‘dupﬁ egnt f%mémses em confa%%I C(Enfgctgé *}‘3 th% ?dégg & o E ﬁ'lgl ne
74 in order tosenchi @eltVIqecisqwe 8moanatlesy fixdde consacht %nmnestpéetd e d@@renrhe

disk in real tj W%axaémmﬁel s of qhg%ﬁptse%car&@mlb,efaﬁa r£\Rb4e Wnke 982

the disk. 331 further indicates that the system controller
14 is connect ed '-3’4“5%‘5*1 \7\?;1y'=1 érive amplifen A3t gnd; ﬁ@n%ttﬁuﬁhel fiise dyiyeomotop 5,

transducer 6. ,Theg. 35 bys)h&}e&f‘ £ Hnk OFd, €1 Tt moRhti1€ScoRfhct 192€ is tengdpeaibieer
? Etepgtealmn SBL? gf !sclkl'g?ﬁt ﬁxb'oé tge tw }1xed ch];taétp |9% anrliv??{' t n(agr ftl?er dg'gct:t%;xr%fn Lng if
90 CAV/CLV select signal sent from the system controller 14 over the line
n 75 .
29 The system controller 14, FIG. 1, can take the form of a micro-
g3 Drocessor of conventional design comprising a central processor umit (CPU)
94 81 and a random access memory. An external ROM 15 is shown connected
25 to the controller 14. The ROM 15 may be factory preprogrammed to ena-
os ble the controller 14 to perform various operations automatically. The
97 programs on the ROM 15 include a disk check program according to the
28' present invention, which dictates a sequence of steps to be followed for
' g9 determining a speed of rotation suiﬁng each loaded disk according to its
g0 physical quality as detected from the petformances of the tracking and
g1 focusing servos in connection with that disk.
39 Block diagrammatically illustrated in FIG. 4 are some of the means
s3 that may be considered equivalently included in the system controller 14
g4 for performing the disk check program according to the -invention. A

35 control means 95 generates various signals for setting the CD-ROM drive

s 2 in either disk check mode or read mode, and for various other control



13 1 or less focused on the disk surface under the control of the
focusing- 2 servo or, because of sonme physical defect of the disk, totally
unf oeused 3 beyond the servo control. As has been set forth in -
connection with the 4 tracking servo, the focusing servo. is "locked" when-
the beamspot is 5 held nore or |ess fidcused on the track carrying surface
of the disk un- 6 der its control, and "unl ocked" when the beam spot is
unf ocused out of 7 focusing servo control. 8 As illustrated in
detail in FIG 13, fuh&t&nabh&émmérvmaaé r@piu*enﬁB CPoR disk chédksamda tBk\/ carrol O

circuit 8a for_CLV cony r oJ ﬁhe di sk dr $ngb£\$m Tlcagm? sggcﬁ &‘Ay‘tsﬁervo.
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rate of the read C kK pul ses into an equival ent voltage 14 signal. The
out put of the FVGhslli‘!eg Wopk 61 der eetivatian | the gainfeelgctympans 146 apd (3¢ iFer

arrp: i ]]: i er gg 46 read mode.f tsvp et &Cﬁltlto!) meand hesr wiﬂmpnggomﬁdnﬁ foi f ey tthal
anplifier i's a ref erence vaolta ener at or | pu out a

sel ected one of ffaf g‘“&l pervg gswich, 4 2 ﬁ?‘gffgf‘ésﬁt?e 701t ﬁﬁﬁg‘ g%‘rreé‘gﬁnﬁ?%ﬁ’lto a
predeterm ned smtanaIrds oilbkald9 praviteati signd ptoedronnkitilg ithe tdvivablpacdntacti| ar
embodi ment i s %heezstﬁ&d@ G Adi Qele%Qor %Rtéxp%gdto 3pd é)téﬁ’fnieﬁurc%fu&étgbé , foftNd

twel ve tinmes the m ni num Speed, response to e speed data sent
fromthe systeém @dhidrisiugept the b&rslwéywefmozg 5¢ |sud ﬁasthnsecoqqqﬁifeé heentact

differential applafiercHB Qiise OUThed ovfPut ABR 24 Wialhe2 Aotol NiPebflskNddr Of3, t he
di fference bet Weelﬁ the sel ected reference vol ta%g and 24 theb FVC out put
vol tage repredent®Fi belsopronnfeied 48 4the| eopkrol, eans P9, ordes to enable the (sgp¢ o,

menber of the:ﬁ_\iosxbfwaheisigmi tto S bpplﬁdphaﬂe sﬂéqm'-siiﬁch B8at or 84 havi ng an
e g oA (ERYE AG YRS’ BeankCon Bthifls (LURLNEL WRAML 1O

the true clock pul se 1t conparat or 84
is therefore ithdiesatheybeagf spﬂelSphaldemehepa!r tlensealen‘neti ham 2@8 diska dirack owikdepul ses

from the trugs ClipLkinpUles RS cofPol or has de-vqa&ddl-afd;aﬁf'e@ 'tl?é dmpbﬁtf e TerdlR- and

t he phase conparator 84 are both 31 connected to an ad 85, an

addi ti onal ‘conporigitsesr FPF&“@LV‘“’& isc (Rhethgy tho t’?%‘é“ot??’dﬂt isf Aested t e YBT der
85 is the sumg ofiedkB@ I TRettidckaR faRtli aédé&iion331ean%| maJomfnﬁam a (ddGater 101,

differenti al 19rrpllfler 83 and the phase_error from 3% tt&% hase
conparator 841 PnfEeisHt GEAFUR mF Gqard &6C “g’af‘?ﬂ?r BFSP 1935 ‘1?”&1 a
total error segnahch Imtput pulse fidme aChrdqueney vdivider 981 torfhedted | toethes @utput
conprises an 'L’:IVC lin§67 r‘l)fi t8e motor speed sensor 73, FIG. }, the counter 101 counts the -
22 output pulses of the wave shaping circuit 9. The frequerncy divider 98
23 divides the repetition frequency of the motor speed pulses into one sixth.
24 Since the motor speed sensor 73 produces six pulses during eﬁch com-
2% plete revolution of the disk’ _dri&'e motor 5, as has been stated, the fre-
28 quency divider 98 puts out a pulse with each complete disk revolution.
27 - Both tracking servo switch 43 and fpcusing servo switch 54 are
28 .closed shortly after the start of the disk check program. The ivave
29 shaping circuit 9 will therefore put out a large number of pulses during
30 each disk revolution as the read béam 'ié modulated by the disk pits,
31 provided, of course, that both tracking and focusing servos are locked.
32 -Contrastingly, in event the tracking servo is unlocked, with the beam ir-
"33 recoverably deviating out of tracking servo control, the wave shaping cir-
34 cuit 9 will produce a pulse only each time the beam traverses a track
35 turn. Whether the tracking servo is locked or unlocked can therefore be

36 determined from the number of pulses produced by the wave shaping cir-



1" reference voltage generator 87, both connected to the inputs of a
differ- 2 ential anplifier 88. Connected to the output line 74 of the

not or- speed 3 sensor 73, the FVC 86 provides a voltage proportional to the
repetition 4 rate of the notor speed pulses, that if, to the rotational
speed of the 5 disk drive notor 5. Li&e its counterpart in the CLV .servo
circuit 8a, 6 the reference voltage generator 87 has its input connected to
the speed 7 data bus 71 for putting out a reference voltage correspondi ng
to the 8 speed apee) for ey biye thasduped 6/NperC @Rftr BhetRr ofléime. The differenti al

anplifier 88 9_ provi d:aE ﬁeat\é%cf‘tggee 259 ortlon%l P of ttﬂe dlcfkmden RS O(}rget ween

the outputs 18 from & enicd vof era
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75. 22 10 Thenlaphed. e nThe; gerpatibine mem 108| @il produem at gigral tipdicstivenef af a
mcro- 23  pragesgkingf fa@xqm/ &hkh Omal véi'ﬁﬁiegﬂu@ﬂégpm Sedhed 16RNtHag! tHM REESSOr
unit (CPU) 24 81 and a randgm ,access nmenory. An external 15,1 s shown
connected 25 o ‘t’ﬁ‘@ecﬁ‘fﬂq"’élﬁ Thie outpyt Trem\the; cpuReriser mepts, W is direct-

prepr ogr anmed 1§ 0 ednénto 2fwth hio&trblhﬂeah@ rasr ehd @peelidditd geesrhtingmesdy O there~

operations aUtIP Wjogglﬂeyu?ed ?%ed%ZrmuBEtglgro?n&eo e%g' Pi‘%c% %«Heg %kdi sk

check program ac din resent 1nv ntlon es a
sequence of stiepsistio b@rﬁiﬂ | owed for 29 determning a speed of rotation

suiting each lpaded di glouak CRieHtM E&pbﬁe?xt%? tthFfd calcnuitly by 2Jodishgct ed
from the performances of the trackin ocusing servos in

connection wi th tfalregdetgctionyyeans 97 wgisho%qterern&grwl 8| bepmj 9 mere &f ed i n
FIG 4 are son® Qésst RRudbAAHS the disk surface under focusing servo control or is unfo-

19 cused beyond focusing servo control, that is, the focusing servo is locked
20 or uniocked. The focusing servo is unlocked when the distance between
21 disk 4 and objective lens 26 goes out of a predetermined range in which
22 the focusing servo is capable of functioning. Since the output from the
23 transducer 6 will inordinately decrease in magnitude in the event of an
24 irrecoverable focusing failure, this trouble is detectable ox; the basis of
25 the magnitude of the tranéducér output.

26 Toward that end the detection means 97 comprises an analog to
27  digital converter (ADC) 104, a maximum detection means 105, a reference
28 generating means 106,. and a comparison means 107. Connected to the
29 transducer 6 by way of the line 94, the ADC 104 digitizes the analog
30 output from the transducer. The maximum detection means 105 has an
8t  input connected to the ADC 104 and another to the frequency divider 98
82 for detecting the maximum value V. of the ADC output during each com-
33  plete revolution of the disk 4. The reference generating means 106 pro-
3¢ vides a reference value V. which corresponds to the minimum of the
35  transducer output voltage when the focusing servo is locked.

36 Comparing the two inputs V, and V,, the comparison means 107



33 that may be considered equivalently included in the system controller
14 34 for performng the disk check program according to the invention.
A .35 . control means 95 generates various signals for setting the CD ROM
drive 36 2 in either di sk check nmode or read node, and for various ot her

control 17 15 1 functions
herei nafter nade apparent. For di sk check node the control 2 nmeans 95
wi |l supply signals over a line 108 for indicating speeds of disk 3

rotation, over fheglhif8vidé £ Wigdal QRdiOBiveN6r tal fdckibing RAEMOwEN tRE thkimdnl G
4 2 over the I|ne 59 for cl osing the_ focusi n‘ge Z;rvg sw.t ch 54 and over
5 the |ines 50%af@¥81" df !eit thoR iR grefHenchaTas dire c Lo ifs CHBU LA 5 12 For
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10 CLV dri Vi ngg ofy; th8cifliealn d8adf Rt @ 1o bedfiddt 0 the second fi xed cont act
11 91 for CAV driving._ The out line 74 of the m)][or sp eedﬂfz6 sor
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A tracking failure,detectio 6_functiqns t ascert th- 15
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18 locked. The tra ure et ection neans onprises count er
101, 19 a refeés erpbesegemeawqrg cirpites 4402nd Hd HGc @npfaf i @Gmin%awglrléiyer

Reset by 20 eqfh contidned aBetr&fg fthOie Aothy Qg&ancy d| Vi der 98 connected to
the output 21 line 74 of the notor speed sen e_counter 101
counts the 22 “butput RFFEEEEfs PAR GESAkeds fa o ﬁgﬂ?:‘T“?'E'lﬁl ’L% EﬁG ghg’ f?e%fﬁ—ency

di vider 98 23 i vusks fohetheepisk i theok progguesoredobnt the ROMOIS spewdingukses

100 one 1 Xt Dy, 24 SR b Sed O oo RERHIAE" e TP LANCHREAN D th 52

during each comt =t e revolutlon 0 rive no as has
been stated, the ﬁm@ke@@“t%w@y eicli g aodish s slogded ep the <eive matorespin-

conpl ete di sk 'iseVQllé“lsb OnFon%Zri 5 the startBQE hthé rﬁG&hﬂgatS 8L, Ve S¥kik GE didvernsh
focusing servo switch are cl osed shortl I}/eama er the start of the

di | sk check pllgog,thoﬁnstanc}q,fg Wi"b‘b CD speed, and the spot 36 is positioned in the
20 radially inmost position of the track 21 on the disk 4, according to a

21 block Sa Further, with both tracking and focusing servos set into oper-
92 ation by closing the switch 43 and b4, the table of contents is read
28 from the disk in order to make sure that the loaded disk is a CD-ROM.
24 After the disk has proved to be so, both tracking and focusing servos
26 may be cut off by way of preparation for a rise in disk speed which is
26 to follow. ' -

27 The next block Ss dictates the driving of the disk at eight times
98 the standard audio CD speed. The control means 95, FIG. 4, of the
29 system controller 14 will put out the various disk check mode_ signals
3o - toward this end. Such signals include one sent over the line 75 to the
81 sélector switch 89, FIG. 3, for connecting the CAV servo circuit 8b to
s2 the disk drive motor 5, and another sent over the line 108 for causing
33 the speed data generating means 99 to supply data indicative of 8 times
s4 the standard audio CD speed to the reference voltage generator 87 of the
ss CAV servo circuit 8h The disk is now conditioned for rotation at the

| ss required speed. The control means 95 will also deliver gain control sig-



29 shaping circuit 9 will therefore put out a |arge nunber of pulses
during 30 each disk revolution as the read beam is nodul ated by the disk
pits,. 31 provided, of course, that both tracking and focusi-ng servos are
| ocked. 32 Contrastingly, In event the_tracking servo is unlocked, with
the beam ir- 33 recoverably deviati ngsout ‘of tracking servo control t he
wave shaping cir- 34 cuit 9 wll produce a pulse only each tine the beam
traverses a track 35 turn. \Wether the tracking servo is | ocked or

unl gckeg gan th herﬁﬁ@b@ﬁb%e?)@ineggbeiddi BEdo ftheNgaid heletU Mg @6 4adl SESFIG.
roduce t he wave shaping cir- . . s
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4 101 and a predeterm ned reference se'nu err romt erence
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beconmes | ess timarent bee disk- surfaﬁ@ erence nunber N[err] This output fromthe

conpari son meaps 103 ifpdll khifds 1§5gfcgl 'nG&éD @0%1&0%1€s0|1f r@o@fpstr%,&nqngpeed
data generati ngj neans 99 there- 14 by to be “used for determination of the

speed at whi cH? edefisingadergotiiask leakeds {The pigagkingg and focusing failupg, Aetegtion
i mport ant corrponeﬁgan@fsatm b1,GriG} 4;i6fcuiet eygténs oanﬁ-axéusésngimlhéraiﬂem@c—
det ection means 97 whi erm nes nor e 18 |
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21 disk 4 and objective goes ‘out of a etermned fange in whi
17 or two times the standard audio CD speed as indicated at a block Sio

18 Most of poor quality disks will be read satisfactorily at four times the
19 standard speed.

20 If both servos are found locked at the node Ss on the other
21 hand, then their _gains are decreased from the current values, which suit
22 the current disk speed of eight times the standard audio CD speed, by a
28 prescribed quantity of, say, six decibels at a block Ss. The gains can
24 be dedreased as the gaiﬁ control signals are fed from the control means
25 95 to the gain select means 46 and 57 over the lines 50 and 61,

26 Decreasing the servo gains as above, with the disk speed left
27 unchanged, means that the tracking and focusing servos become more dif-
28 fi(_:ult of locking. Driving the disk at eight times the standard audio CD
29 speed, with the servo gains set six decibels below the values matching
30 that disk speed, is equivalent, as far as the tracking and focusing servos
31 are concerned, to driving the disk at twelve times the standard audio CD
- 32 speed with the matching tracking and focusing servo gains. Higher disk
33 speed incui-s greater loads on the servos, causing their coils 33 and 37
34 to become heated more, deteriorating their performances, and making the
35 servos easier of unlocking. .

36 . Then comes another node S; which again asks whether both ser-



22 the focusing servo is capabl-e of functioning. Since the output from

the 23 transducer 6 will inordinately decrease in magnitude in the event of
an 24 irrecoverable focusing failure, this trouble is detectable on the
basis of 25 the nagnitude of the transducer output. 26 Towar d t hat

end the detection means 97 conprises ah%analog to 27 digital converter
(ADC) 104, a maxi mum detection neans 105, a reference 28 generating neans
106, and a conpari son neans 107. Connected to the 29 transducer 6 by way
of the line 94, tvbe afdlocked difgitiey z6, tﬂeednnado@g i3 Qotatiett P tof f goodn quality

transducer. The Xi mum tection 5 h n u e ed to
the ADC 104 arfd é’ﬁot‘ﬁ’erre?da fahe'g;ftlh %ﬁ?y &%’é@ §§éldor%9d%t gﬂllgngﬁth

maxi mum val ue V[ etanfardfaudive CRD&Desdrt p'ﬂiherdiqrq. ngtteab@w senvp Bdtcherd 48 cand 54

revol ution of f h?enfyoﬁalfﬂf" ope;gae :L@R%Pv%”ﬁ&n&%?@ﬁﬁ&ﬂe&gd Bake YORed idtchity
vides a reference value V[err] which corresponds to the mnimum of the

35 transducer outMumaFiratrReefiin® (HRekr e didnifies dish ooneed |1 cpasimizegg at @
Conparing the ¢ WeldeipgsS Y aXaklmiziag Cthe Vdisk Nepeed nepar disio m:meamroioaay be

17 1 will rV|d a sign cative.of. ajfo |g i Lur n_the
maxi num 2 vaI i gf’?’Tn vgaa}%%se& FYhe "C‘e"fte?én%gfvgtl uetgvt %]'m1 ‘@c?(e t he
output from téeheld overacke rrgdiblly | nmest debdcttivon omedbs didk, umls thrutgater from
the focusing fail 'lékg ro‘c"atfiﬁté‘tcié Qﬁeﬁﬁ@ssta?nﬁaﬂdsa&li:&%ﬁi & ”t ‘} BPthe rol

means 95 and spee generating means her e be used for
det er ni nat i on%bf t‘l’hé‘”‘éﬁ\e@ﬂ ngy be {fIrieRted atch dﬂG&d@G ﬂ?tgk ‘f‘% the GV reerty 7

FIG 4 also Show@u&upmse Boft tFa0kingBAAS fobQéingd sePRE tml bk Nédt Siifor opatiéeM
controller 14, he ptg controi negns 100 detects the actual speed 9 of
rotation of tHe d’rhgrk ¢ ik ABTe8r B5OBHYPRE basis of the notor speed 10

pul ses supplied over theithemer 74oth dihehed ataeking damitforusinpe estvess atd i foumied 11

for produci ng, SI g&ald%kwaatt %re gp%%egﬁ:qgrofﬁgeh“dnetﬁe hgn(?ﬁelr ‘?I H]gr 2

phase conpensator circult for thangin
const ants acctr ditergedistet h@llmbt oil‘h%pé’e’el may] gherefore be mRef cate @ eredetermined

directed to tle flioelated sfed FtCeight fifdles @néli standard audio CD speed.
17 - It is clear from the foregoing discussion of the disk check pro-
18° gram that each loaded disk is judge_d _to be of either poor, intermediate,
19 or good quality and read at oxie of the three predetermined speeds suit-
20 ing that particulaf disk. The read speed thus determined is held, as on
21 the RAM of the system controller 14, until that disk is unloaded from the
22 drive. Once the read speed is determined, therefore, the disk will be
23 read at that same speed no matter how many times the disk drive motor
24 is set into and out of rotation, as long as the disk stays on the drive
25 motor spindle. The disk check program must be run only when a disk
26 is initially loaded into the drive.
27 Notwithstanding thé foregoing detailed disclosure it is not desired .
28 that the present invention be limited '_by the exact showing of the draw-
20 ings or the description thereof; rather, the invention should be construed
so broadly and in a manner consistent with the fair meaning or proper scope
st of the attached claims. The following is a brief list of possible modifi:
32 cations of the illustrated embodiment which are all believed to fall within
33 the scope of the invention:
84 1. The quality of the loaded disk could be checked in terms of

ss only _ either of the tracking and focusing servos, instead of both as in

36 the illustrated embodiment.



15 cussion of the disk check program stored on the ROM 15 according to
16 the nethod of the present invention. The disk check program is to be
17 .invoked automatically each tinme a disk is |oaded on the drive notor
spin- 18 dle 19. Following the start, of the program at S[err], the disk
is driven at 19 the standard audio o] speed, and the beam spot 36 is
positioned in the 20 radially innost position of the track 21 on the disk
4, according to a 21 block S[err] Further, with both tracking and
focusing servog set inko 19RCkniocidrg ¥t kiR thikkink OfddN GodudfigS bbb chdlaand 54,
the table of contents is read, 23 _from the disk in order to make sure
that the |oaded dgﬁtﬁaf‘% of BS PR °f 7924 AFP®r the di sk has proved to be so,
bot h tracki ng and focu8i Bgtts aracking BEhlurdTedstdediol Uikeadd f 960 \andafocudingdriejpaeat i on
for arisein dis d I i 6 0 Y/ The next
block S[err] it dorBRREallle &‘3%%' o e pki@lial 18 fthe controller T4 10X
standard audi 05CD speédThe spheo @aint paltct npepns 465and-pG, FIS. % cquite bepgro-

system controlgl egiadd W pdsitioMé oohlr fBR ohAEAOUSvE i mk1igE8CIs afDdB, Signals 30
over_the line 75 to the 31

toward this end. Such_signals. include one_ sen

sel ector switcH 89, FI& Tg‘," %S)Vr sE’d’ﬁn‘é"E‘i“i‘tngb’t ﬁé"&\\/@g& 78 Witehit 8 b to 32
the di sk drivesnotor 5¢ ahe givdddesictad caduldVigy splite intoNewol @8ctions inatesd naf 33

t he speed data _ge ti to y data indicative of 8 tines 34
the standard addi gO%E:aDassgngé%Et%gg r%ee'iree"f%?%%lété vol t age generator 87 of the 35
CAV servo circwit 8 b 7. The idvenkion scopldwbe capptied it rfedicso fon GAYt segve aead-he 36
required speed, e of WUV UisIEXRY F0adiid lof SEEP @lSlsl Vit GAhHIGOYAOland! 9-
18 | nals over the |ines 50 and 61 to the gain select neans 46 and 57,
FIG 2 2, forsettY rgadine of r@eiditfsand focusi ng servo gains at val ues
suiting the 3jspresently required di sk speed of eight tines the standard
audio CD speed.. 4 It is understood that the beam spot is still maintained
on the radiallv 5 innost track turn on the disk. 6 ' After the

di sk has gained the required speed, both tracking servo 7 switch 43 and
focusing servogswitch 54 may be reclosed according to 9 block S[err]. The

tracking servo will 'then start operation to hold the beam
17

18
19
20
21
22

28
%
25
26
27
28
29
30
st
32
33

24
35

36



9 spot on the disk track, and the focusing servo to hold the
0. on the disk surface. 11 Then cones a | ogi cal nodg'm lﬂﬂlmmm,l"l
asks 4 f both tracking and 12 focusing servos are |ocked. The trac

and focusing failure detection 13 neans 96 and 97, FIG 4, of the system
controller 66 will then be func- 14 ®&floning to find an answer to this
question. |If either or both of the 15 tracking and focusing servos are
found not | ocked, this disk is of poor 16 quality and so readable only at

a predeterm ne¢d nypATuB cshmes & four 17 or two tinmes the standard audio
CD speed, as indicated at a block S[err]. 18 Most of poor quality disks

will be read sétisfactorily at four tines the 19 standard speed. 20 :

| f both servossare found | omkesl sppatatie f@deatd] eedvery (front [retatibdiatata 2for- hand,

then their gains r Lr , c 2
the current di sk : dl F%%ﬁ? lpﬂ?fécatl %Fy?séﬁﬁ AP Jgu ] oha%‘gsgeég&hgvga 23
prescri bed quahntifey reidlni!saydiskl Ry deredipidngs the samﬁbletik aSpean pf lighheagedrns can

24 be decreasgd @fet fifin Q@acﬂmrgogarwlfmsuﬁmlgs 1R Defof Cpbt’ AN alighiedt ORith Ok
means 25 95 to the gain select neans 46 and 57 qver the lines 50 and 61.

26 Decf ea®th dtack o dhe odigh iefacss 3o Pe Varighle, gaim docrsiog serpReldr | ef t

27 unchanged, s Meiuding haé Bl tdcasddi bY RBUAEICIISIa0E &Chathed hogpHEngOme dif--
28 ficult of Igockl ng. .. Driving the disk at eight times . the standard audio
CD 29 speed, *witH R servo gai ns set six decibels below the values

mat ching 30 1rhat di st) spedag a datequeregd divk, atas firslr peietelmined apded npreand
focusing servqs 31 are co%qgt;)@eqo dafl gjgcb% r;,\gthgpe?mgj sk at twelve tines the

standard audio CD 32 speed wth the tracki ng and focusing servo
gai ns. Higher2di sk 33 §ﬁt§@e fitn deats etjh%aeferthq Jatiable gaim drasking oterve 28d i ng

the:cr coils 33s agd SZ 34 Lﬂxebeﬁ@dﬂh haat efdcumrgeserdet fitd OJpRidtiof, (N Ithe
performances, and naking the,635 VQS, easi n

Then cones andfher node S| ¥4} ‘V\h?aé % g5t %@1?5 é\hg‘?ﬁﬂﬂgﬁeggr and the

19 1 VOSwmre | ocked. fobudidge\sevoesett e adfisit medeterminegdt abiuenmatehiof good

quality 2 andgso readable gt khe &g&@&hﬁ HjJ};‘EQd- maxi num speed of 12 tines
t he ’

17 {c) ascertaining whether said at least either of the trﬁcking servo
18 and the focusing servo is locked or unlocked while the
19 . disk is rotating at the first predetermined speed;

20 (d) lowering the gain of said at least either of the tracking servo
21 aﬁd the focusing servo from the first to a second prede-
22 termined value 'if said at least eifher of the tracking servo
23 and the focusing servo is found locked at step (c);

24 ' (e} instead of step (d), reading the disk at a second predetermined-
2% speed, which is less than the first bredetermined speed, if
26 said at least either of the tracking servo and the focusing
27 servo is found unlocked at step (c); -

28 {f) following step (d), again ascertaining if said at least either of
29 the tracking servo and the focusing servo is locked or
30 unlocked after the gain thereof is lowered to the second
31 predetermined value, while the disk is rotating at the first
32 _ predetermined speed;

33 (g) reading the disk at a third .predetermined speed, which is high-
34 er than .the first predetermined speed, with the gain of
35 said at least either of the tracking servo and the focusing

36 . servo increased from the second to a third predetermined



3" standard audio CD speed. Therefore, with both servo swit Irmmmim”llm““l
4.tenporarily opened, the servo gains are increased to the val i
5.the nmaxi nrum speed at a block S[err], and the disk speed is nhxi®n 2ed"atsa *
6 block S[err]. In maxim zing the disk speed the disk drive notor may be

7 first driven via the CAV servo circui®®8 b, FIG 3, with the transducer

8 held over the radially innpobst track turn on the disk, until the notor 9
starts rotation at 12 tinmes the standard audi o CD speed. Then the sel ec-

10 tor switch,89 may be reggheahfehihd el viRrd Ntedddrained i sped)e iClaiidS &4t VO
11 circuit 8a. "Bot h tracl’}i ng aggl f?(r:]‘gsi{%g Servos mad l%ﬁg sfet Lnto
operation - 12 2when the di sEEpEBEET 8F iR HPSH® serFg ¢ Topysing fHEP or
both of the tracking and fotusiung bekedogt arep Fowmd 14 not | ocked at the
node S[err], on the otRer, ne ten ih i SK..l.S . N i.ale
quality. Thi s *di sk rragst'ﬁ%rgg#jgf esliJ e(é)’eg%?qg" g{e ‘rhg%egttet;hfﬁ ﬁ%(tj ﬁr%&i&ﬂh@ﬁ

i ntermedi ate speed of ei ght sheedp#ith hthe sgaim i #ih 3t leasCithpe @f . the tmcking

It is clear frgm the foreggips iiSmes fdclBngf sebit? rétufitea ChesKinkl Bscondl 8o gr am
that each | oaded disk is judged to be of either pgor, internediate 19 or

good quality afd read at onEofirtherefsipramined, ¥alus of faifbdt Jepsk Ritheyiof .thepg
ing that partigular disk. faéeikgaervspardiientsusing aerffonidfduid hedlétkedaton
21 the RAM of the system controller 14, until that disk is unloaded from
the 22 drive® Once the r¥88 Ypheed is determined, therefore, the disk
will be 23 rmwad at that same speed no matter how many tinmes the disk
drive notor is se; int n f tati : o] 1 st ays
on the drive %35 not o%’ spi (r%a?e'gaﬂ%eo?dfléﬁ ?hé@ ebn?ostglﬁ agnki%l?rdsus‘%r%égbﬁ%donl y
when a disk 28 vaus ¢f tthg| gajn |Satpid) at nleept t ¢itherir ofy ghe tragking servo and the

Not wi t hst andi ng tfeudiQ) @eRbNG: dedmlithRdrdlithiy OFdlla®ki bt ithe NGist RSadi@dinedS
that the present | nv(?nt{' on.be Limted FZ thedexagt ShO\éli n%' of , the draw 29
ings or the dedcrRSEPolitt HEP iR SPafhdPe FFRd| RTEFIETIFds FBEP o0 ETHENEYEr Led
30 broadly and i|iw sotatdmyche cidsksritbetthinlt bretidtersfizedr speednivith the paiopeat

scope 31 of the 4t Lachagh Gl HelMPpined 151k Ohd B 91008 G Wil kit cillr of

possi bl e nodi fr1 - cat1 ons ustrate nent Ich are all
believed to fall thet agkimgs servp cand cthgelfoghsing, setvayisnedngerned 4 L The
qual ity of theggl oaded di sk could be checked in terns of 35 only either of
t he tracking and focusing servos, instead of both as in 36 the illustrated
enbodi nent . 19 3. The method of claim 1 wherein whether the tracking servo

20 is locked or unlocked is ascertained on the basis of a number of pulses

21  produced by the transducer per unit length of time

- 28 4, The wmethod of claim 1 wherein whether the focusing servo
24 1is locked or unlocked is ascertained on the basis of the magnitude of an

25 output from the transducer during each preassigned length of time.

27 5. The method of claim 1 wherein "the data storage disk has
28 data recorded thereon at conétant linear velocity along a multiturn track,
29 and wherein the disk is rotated at constant lineér velocity, with the
sd -iransducer‘ held on a radially inmost frack turn on the disk, while being -
31 checked as to whether the disk should be read at the first, the second,
s2  or the third predetermined speed.

33

34 6 An apparatus for data recovery from rotating data storage
'35 disks of varying physical qualities, qach . disk having data prerecorded

36 thereon along a multiturn track, wherein the improvement resides in the



égul d bé 2 det e(2:t eghgnu?lhgcgiaglgsogftPgafjrgflr(:)pg and fOcuﬂmﬂl"mﬂmﬂml'”m
tracking failure detection neans 96 and focusing . failure # deteéct |"ons *

means 97, FIG 4, could be external to $he controller 14 5

The servo gain select neans 46 and 57, FIG 2, could be pro- 6 V|ded in
positions other than on the drive anplifiers 45 and 56. 7 5. The
CAV servo circuit 8b, FIG 3, could be omtted. 8 6. The

phot odet ect or GouédhblftisPldet i nto two sections instead of g four as in
the illustrated enbodi I nvention.cou lied
to devices for 2CAV ser{}gr}l{‘é'ﬁomeanﬁinﬁl%"%F ?5&‘(7 3?t§f<sf°r &R?ﬂf'?aguﬁ’@po?p CE

di sks, and conhki ned CAV androtdt®nCioVar gmalistapagef disk di sks. 13 14 15 16

17 18 19. (b) a transducer for reading the disk by irradiating the same with a

5 _ beam of light; _
6 (c) variable gain tracking servo means for holding the beam aligned
7 ' with the track on disk; '
8 (d) variable gain-_focusing servo means for holding the beam focused
9 on the disk;
10 {e) speed data generating means connected to the drive means for
1 _ causing the same to rotate the disk at either of a first, a
12 _ second, and a third predetermined speed;
13 - D) faildre detecting means for detecting whether at least ‘either of
14 the tracking servo means and the focusing servo means is
15 locked or unlocked; and |
16 ' (g) control means connected to all of the tracking servo means and
17' the focusing servo means and the speed data generating
18 means and the failuré detecting means for causing a data
19 _ - storage disk to be rotated at the first predetermihed speed
20 preparatory to data recovery therefrom, for setting at least
21 either of' the tracking servo and the focusing servo into
23 opération with a gain thereof set at a first predetermined
23 value matching the first predetermined speed, for lowering
24 the gain of said at least either of the tracking servo and
25 the fdcusing servo from the first to a second predetermined
26 . value if said at least either of the tracking servo and the
27 focusing servo is found locked by the failure detecting
28 means while the ‘disk is in rotation at the first predeter-
20 _ ' mined speed, for causing the disk to be read at the sec-
30 ond predetermined speed, which is less than first predeter-
31 "mined speed, if said at least either of the tracking servo
32 _ and the focusing servo is found unlocked by the failure
33 detecting - means while the disk is in rot#tion at the first
34 predetermined speed, for causing the disk to be read at
35 the third predetermined speed, which is higher than the

36 first predetermined speed; if said at least either of the
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tracking servo and the focusing servo is found locked
while ‘the disk is in rotation at the first predetermined
speed and after the gain of said at least either of the
tracking servo and the focusing servo is lowered to the
second predetermined value, and for causing the disk to be
read at the first predetermined speed, if said at least ei-
ther of the tracking servo and the focusing servo is found
unlocked 'while the disk is in rotation at the first prede-
termined speed and after the gain of said at least eithez_'
of the tracking servo and the focusing servo is lowered to

the second predetermined value.

7. The apparatus of claim 6 wherein the failure detecting

means is a tracking failure detecting means comprising: _ '

{a} a counter for counting pulses produced by the transducer per
unit length of time; -

(b) reference generating means for generating a signal indicative of
a prescribed reference number which is less than an ex-
pected minimum number of pulses to be produced by the
transducer during each unit length of time when the track-
ing servo is locked and more than an expected maximum
number of pulses to be produced by the transducer during
each unit length of time when the tracking servo is un-—
locked; and

(c) comparison means for comparing the count of the counter with

the reference number.

8 The apparatus of claim 7 further comprising:

(a) a motor speed sensor coupled to the drive motor for producing a
signal indicative of the speed of rotation thereof; and

(b) a frequency divider connected between the motor speed sensor
and the counter for causing the latter to count the pulses
produced by the transducer during each complete revolution

of the motor.

9. The apparatus of claim 6 wherein the failure detecting



rzgcover§ :‘Ar'g\-r; | rsog_af\il %Ddiatséa stzor? 4 agé dllsks of {/gr §Pn3pgﬁummml|mllﬂmﬂ| I"I
gqual ities, the apparatus having a transducer 5 for reading a

irradiating the sane with a beam of Iig@g, a var- 6 iable gai n track| ng
servo for holding the beamspot in alignhent with a 7 data track on the
di sk surface, and a variable gain focusing servo for 8 holding the beam
focused on the disk surface, a nethod conprising the 9 steps of: 10
(a) rotati ngda1dahaanst@rage?]@ingkfaahmad&jeeﬁg aeﬁde&cm)pﬁhia@d speed pr e- 11
paratory to data recovery therefro etti st.
ei ther of the %arl abl e?éjé’faﬁ’ ur'“a(d,?fie%}j’ sBFD °§’Pﬂf°tef 1 riasdibed for g%ﬁ%t
variabl e gain sfocusing seingoa mmtioun opreabf dhe autpdt thenefroml 4luring each

gain of said af |east elthe;,,eggte;nngedt basdd gg thfef Vo and the 15
focusing servo set at a first predeterm ned val ue matching

the first pred@terninetP) Sgtesepce generating means  fof PAQHEPE A ﬁ'igﬁ‘ﬁ %’é?tii]‘f-?r of5ai d at
| east either ok the tracki Ngefer@hdkO vath® which corresponds to adi exb&ﬁed fnﬁﬁidﬁinng
servo is locked or unlocke

rotating at thé first pr edef’gl’?nvgge@esﬁé’ésgucer oPjitput when tf'%l)f"f‘mfﬁr is'i"‘l'§°tiﬁe

gain of said ag | east eithelockdd;tané tracki ng servo and
the focusing sgrvo fro _
term ned value if sal d(%tcw‘gaé;ss el t'Ler o racgls\’ﬁﬁu%érﬂ\?g of gle trans

and the focusilhg servo is fdegsd qu@mkemthtthst@&rgr@y valyeq (e)
instead of stqp (d), reading the disk at a second predetermned 25

speed, which is less than the first predetermined speed, if 26

said at |east Rither of®theThe APRIAYS sUr GRima gfurther fompsing 27

servo is foundsunl ocked) at m&beape(ea)sensoz&oupled to the (drive f tdrORdr NFodichiy 6d) ,
again ascertaining if said at . . t he
t racki ng serl?/o and the fo?:lﬁ'éﬁl 6 1°§té V8F tf’e SP%ec kgfd rotation ébeteof' and

unl ocked aftensthe gai tb)tdhdregoéncysdivisipe raponected betiweers dbormbtor3dpeed sensor’

predeterm nedyal ue, while [he gl %J&xim%mr Q%;Qtwﬂgm@;nst& dalubif tﬁx@zlatter to

predeterm ned speed; 33 rea at a
predet er mi ned '$peed, which fees 6}‘? mSH““““‘ valte of the tran?élmrhawput Hiwringj r st
predet er mi ned s speed, with edchACconpRitd) refiutida of the motor. . said at | east
ei ther of the trackl ng servo and the focusing 36 servo
i ncreased froM the second to a third pr edet er m ned :
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22 I value matching the third predeterm ned speed, if
sald at: 2 - | east either of the tracking servo and the
focusi ng servo 3 is found | ocked at step (f); and 4

(h) instead of step (g), reading the disk at the first predetermned 5
speed, with the gain of said at |east either of the tracking 6

servo and the focusing servo returned from .the second to 7

the first predeterm ned value, if said at |east either of the 8
tracki ng servo and the focusing servo is found unl ocked at 9

step (f). 10 11 2. The nethod of claim 1 wherein the
second predetermned 12 value of the gain of said at |east either of the
tracking servo and the 13 focusing servo is such that rotating the disk
at the first predetermned 14 speed, with the gain set at the second
predeterm ned value, is equivajgite,d> to rotating the disk at the third
predeterm ned speed with the gain set 16 at the third predeterm ned val ue
as far as load on said at least either of 17 the tracking servo and the
focusing servo is concerned. 18 19 3. The nethod of claim 1
wher ei n whet her the tracking servo 20 is locked or unlocked is

?f;ﬁ;éﬁicg?d gp’r'i@;@tel?aghi'ﬂ% ﬁNDPKb@hR@fI'UBUt‘@QS HIG?llsPE’EQd%‘iﬂelﬁﬁectbﬁgﬁgYof
e oy cFHOM; cbrERBMS, Ok LARE. prsks, 0F varving Puapagths®un ooved’ s
25

ascertai ned on the basis of the nmagnitude of an output from the
transducer during each preassigned length of time. 26 27 5.
The nethod of claim 1 wherein the data storage disk has 28 data recorded
thereon at constant $PROMS ¢&|rser tqpaieoriycl 3pulthase ubaying segentrio ocenter

wherein. the ditvles lof Givad Edleightt dEdBItRAL Litdi@dredtBIIPCithat 91 blerichdie
' tracking and focusing servos and to invite read errors and retries. Each
CD-ROM on being loaded into a CD-ROM- drive is therefore checked as to
its quality preparatory to reading. The disk is first rotated at eight
times the standérd audio CD speed, with both tracking and focusing servo
gains set at matching values. If then ét least either servo malfunctions,
the disk is of poor quality, fit for reading at four 61'_ two times the
standard audio CD speed. If both Iservos function normally, on the other
hand, then the disk quality is rechecked at fhe same speed as before

but with the servo gains lowered six decibels.

( FIG.5)



30 transducer held on a radially innpobst track turn on the disk, while
being 31 checked as to whether the disk should be read at the first, the
second, 32 or the third predeterm ned speed. 33 34 6. An
apparatus for data recovery from rotating data storage 35 disks of
varying physical qualities, each disk aving data prerecorded 36
thereon along a multiturn track, wherein tthe inprovenent resides in the

23 1 conbi nation of: 2 (a) drive neans including a drive notor
for inmparting multiple speed 3 rotation to a data storage
disk; 4~ (b) a transducer for reading the disk by irradiating the
sane with a 5 ____ggggL_QL_LLgnt ______ Lgl_yaLLabLﬁ_
tracki ng servo nees#s [ gq
the track on di fjor

hol di ng the bean

causing the sa
second, and a t
means for det ect bng—w
tracki ng servo meaps and

]he f

| ocked or unl ockea=~ and 1 )| control neans cofnegied tlo all of %he
tracki ng servo neans and 17 t he focusing
the speed data generating 48 Eg -y —0Eahs—and-y ategﬁing
means for causing e data 19~ o a Sgor-age—drsk d il at| | he
first predeterm ned>speed;20 o 7 g recpveryj
therefrom for s¢tiiRamt (eajt @l | : theg trafkinp
servo and the fogusi T Z tAtZon fth h g p
t hereof set at alfi et—23 g;ua mat hlng th
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24 the gain of said at |east either of the tracking servo and

25 . the focusing servo fromthe first to a second

predet ermi ned 26 value if said at |east either of the
tracki ng servo and the 27 _ focusing servo is found | ocked
by the failure detecting 28 means while the disk is in
rotation at the first predeter- 29 2 m ned speed, for causing
the disk to be read at the sec- 30 ond predeterm ned speed,
which is |less than first predeter- 31 = m ned speed, if said at
| east either of the tracking servo 32 and the focusing servo

I's found unl ocked (5ure 33 : detecting neans while

the disk is in rg¥atigp at Q§t 34 predet ermi ned speed,
for causing thg dU" gd " at 35 F: . the third

pr edet er mi ned g0 sggher-than the 36 first
pr edet er m ned atY™l east either of the

24 1

found | ocked
first predeterm
| east either of t% rac ?
is lowered to the / secogg
causi ng the di sk TobE® A“-—-— —=
speed, if said togeast ei

the focusing se vo,gl SB%OU d: 30l '
rotation at theykit-si",pr de-§@9 37
gain of said a elther w1
the focusing s¢k
val ue. 12 13
failure detecf
conpr|3|ng

P servo and the focusing servo is
ile the disk is in rotation at ;he




(a) a counter for counting pul ses produced by the transducer per 16

unit length of tinme; 17 (b) reference generating neans for
generating a signal indicative of 18 a prescribed reference
nunber which is less than an ex- 19 pected m ni nrum nunber
of pulses to be produced by the 20 3 transducer during each
unit length of tinme when the track- 21 ing servo is |ocked
and nore than an expected naxi mum 22 nunber of pul ses to be
produced by the transducer during 23 each unit length of
time when the tracking servois un- 24 | ocked; and 25
(c) conparison neans for conparing the count of the counter with 26
the reference nunber. 27 28 : 8. The apparatus of claim 7
further conprising: 29 (a) a notor speed sensor coupled to the
drive notor for producing a 30 signal indicative of the
speed of rotation thereof; and 31 (b) a frequency divider connected
bet ween the notor speed sensor 32 ' and the counter for
causing the |att@ to count g he pyl e§ 33 ' produg¢ed by the
transducer during™gach cggpliete Cottoh 34 < v _of the notor.
35 36 9. The ¢gpdaratus Bf clajm 6 Bidrein the ~failure
detecting _ ' _ 25 | 1 neans is
a focusing failure de{EETin ,FT§”Tgr“*“1————- 7
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2. (a) maxi num detection neans connected to the transducer for
3

det ect - . i ng a maxi num val ue of the output therefrom
duri ng each 4 predet erm ned period of tinme; 5

(b) reference generating neans for providing a signal indicative of a 6
reference val ue which corresponds to an egpected m ni num 7

val ue of the transducer output when the focusing servo is 8

| ocked; and 9 (c) conparison neans for conparing the maxi mum
val ue of the trans- 10 ducer output with the reference
value. 11 12 10. - The apparatus of claim 9 further conprising:
13 (a) a notor speed sensor coupled to the drive

i ndi cative of De g8
n i vider confcted |o
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producing a 14 si gnal
t hereof; and 15
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