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a1 1 DESCRI PTION - | 'METHOD AND

“APPARATUS FOR '3 .- READI NG CD- ROV5S OR THE LI A
~MATCHI NG SPEEDS DETERM NED . 5 li‘E*E‘!
4.6 . BACKGROUND OF, THE |

This invention relates to the recovery bf data from rotating datﬁg %SV"J
st arage di sks such as, typ| cally, conpact  di sks (CDs) used as read orsﬂy
10 nenories, (ROM5) in conputer MGMPTMNe speci ficall'y, the invention
11 concerns' how to determ ne the optinmum speed of rotation for reading
~each 12 €D ROM' OMERHOIPa ANPLgABRBARATUS g ESRhe particul ar
- eccentricityg 13 RiEADINGSKCD-ROMsS OR tripmh LIKEal | y . -
- devel oped for CONSHPR! ﬂmfdﬁ&wcgﬂubs BESEie M ED) / anal og

- phonogr aph récords, t% o gad commergi-al
‘acceptance as conpact, .hi s&%gﬁ gﬁge- oa—fl?légaggrs 17 for
“conputers. The only differen f%%\ﬂl CDs is that ' 1-8 :
-CD-ROMS are Uriven at speeds ?gcg&g%l nmes as @ (gNt he -standard 19

'_ audi o CD spetd (1.2-1.4 neters per second). T There have- been
probl ems | ef§ unsol veg| nvmnoie&n F@Qva,ewcbvery &1datunabmsmngcaaaow
dri-ves in conputer systens. =~ CD ROVs  are present|y 22 be made under

‘the same des? greterssr i qiskea Fuen #e.a STPisallyy Foompagt i ﬁg‘“‘s {(Ghy) - used 2‘3 feai'ag Yas
| ow speed awdli' Opéaldfies dmm) tiabhmputdaeaﬁ&éﬁse, uoﬁulaﬁéomaauya,l ther Reaition 24

age of CD- on the mar trul sf agt or R
25 use as hi gh®P3puBY hegnf?uldgﬁ’"g%ﬁ 3;‘%'["8?3& %@ﬁfﬁ* r°t§§ f%ave {"ﬁel rfhspl ndl e -

- 26 hol es c!ﬁt CI-ROM o dikey datat dterge Wiiskeadchmiing il the t particulpi eedentriciyks not
-cen- 27 44 eroqdth tafihe geometric center. of the disk. 28 - '_ - Such -
eccentric disks, partlcularly eccentric hol e di sks, ‘are easy t
vibrate wheM driven &l@:htalsze'édnﬂbf dptsiopad | fos 5 gonsymgsn eydie W§°dt“ﬁ'é°“sti&nd- ;30 -

ard audi o CB spasstitutidiierofli slalogi BhétoAPh CABoras, ©BSOhaved nbwit foular iwldeAt al 31,

and verti.calco ents, it being under stoo t t sk i S ori zon-
32 tally. by Tng’P??Br Fomsisreisl & tgﬁc@nfs c?ﬁ'%‘ife&‘?@?fef’ ‘T’E %ﬂ?“‘%g” s’g?lj\i]/o of .
the - 1 for computers. T_he only difference of CD-ROMs from audio CDs is that - -

18 CD-ROMS are driven at speeds several times as high as the standard '
19 audio CD apeed (1.2-1.4" meters per second). -

..20 ' ‘There have been problems left unsolved in use of CD-ROMs with

21.  high-speed CD-ROM drives in computer systems CD—ROMs are presently: |
22 'being made. under the same design epecifications 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 satiefactory quality_ for

26 use as hig'h—spe'erl computer data storage media. Some .have their spindle

26 holes cut eccentrically; others have their multiturn apiral tracka not cen—

27 tered at the geometric center of the disk. '

28 Such eccentric disks, particularly eccentric hole disks, are easy to

29  vibrate when driven at a speed as high as, gay, . twenty times the stand_—

0 ard audio CD speed. The disk vibration can be resolved into horizontal _
31. ° and vertical components, it being understood that the disk is laid horizon-
32 . tally.. The horizontal component can overload the tracking servo of the
s CD-ROM drive whereby the radial position of the beam spot on the disk |
34 s maintained in alignment with the s'pirai data track. The overloading .of |
%% the :tracking servo has resulted in the overheating of the -voic'e_-coi-l actu—'

38 ator for- 'track_ing control, in the degradation of its performance and, - in



g?t CD-ROM drive V\hereby the radial position of the beam spot on ‘the disk
is maintained in alignment with the spiral data track. The overloading
‘of 35 the tracking servo has resulted in the overheating of the

Vol ](c:e-eol | actu- .36 ator for tracking control, in the degradation of its
pe: ormance and, in 1 the worst case i'n the burning of the
actuator coil. 2 The vertical c8nponent .of disk vibration, on the

other hand, can 3. cause the overloading of the beam focusing servo of the

- CD-ROM dr| %
actuator of S‘o. f:hé gvgalr+ ngtsssm tehd Gubding e @Y SIhREr &aL of the focusing

onstruction t
performance. #nd, in tThe werticel componeny of |d:'lfr]]‘t ﬁg’ gg’?%radalt : gﬁhpf?ah?:zg?nng
actuator coils  Zhe@ 9K fovedaltiapi 6 then Gbant Godusingresmyd mﬁ thet PR tdi¥et i on,

of the tracking or, the ocusln ser S BE-asl!
because of erfsuid¥giny EEYHEE, B & ar?aer\rﬂg tm& Lf 8 SEOCQW talagatgyv\ggty(g of fl e

runni ng countser dopsttuvgiombine ghe wlaredatiqtlgﬁ §i)éi9€ﬁ°ﬂ’&?%? o P B8, EPE 1B whi ch
CD-ROVs™ are intepdgd. bdrbng f the fggugilf,g VidpiiaBérl Qéll. C aThey imalfundtivaing,o netdde t i onal .
I nconveni ences. ~ A Vi brati ng k may, cause, Vi LlOReRb bR ggrrpl ete -
SZFOW | dri ://\fu amrmpntipm totyl ‘t?e)ﬁﬁsfétfrﬁ-eﬂ e oFackifg ﬁaf‘H dt% ‘12‘ Ig, perd ( HDD

i cul ar c
Daplt or SyStem avlbit?tng?nr ?ﬂi melﬂs Hegaubeldngerpum’gereeﬁltsrmﬂf yauguratries, n¥ "‘E he

_HDD i's just db Jﬁd’es‘f"i’%f’g "bealﬁ‘émhn f%unt% (hdcgﬂea jeghlgg\i?fl the 2??%?3&{???%
detriment of 1¢ heretdietyaliod MhtchoCDtmﬁre tntendedt e conputer system Even jf

not so exces% ve as- tﬂisﬁaﬂﬁleaﬁg@a&nléwenﬂsé/\ﬁtbtﬁd&{dhﬁlr sgcoivmmucdsr atA ovi-of t he

CD- ROM dri ve certalnl ves a 19 shoddy i e
or to pr ospeé‘tlv'esfatjlug/eid mpy) cause Vibmf?fby#e%gfmfﬁfl Wt |nk hat at Ihgsﬂiﬁr

troubl es .and 1§ NCQRYRRERRE @6 tBd havotdmt Atite EDD) ssmamtmmahi@s ig feugy
81 hi gh
lit o
qual ity CD-ROVS,  al togel Dere B2y (80 iho0M. bipullY sl adaf aatis tpoiamed out

bein
earlier, weré! us’éd |ve manuf acturers cannot, sho.ul d not,
il e

:(gggt | hhtelhr 1pr ORIOM t érit hEh@Avitmstidn ovf| JheniHDP dt ciHsth 2y Hfss

" CD- ROME mjs'? .grﬁggre%?akxgdsg;ritg5err@dsf apr Ehet Idetrﬁiéhtsttﬂnﬂ& (réhqbﬂi‘ty qijaﬂhet y
17.  complete computer system. ‘Even' if not so excessive as to cause read '
18  and write errors, the vibration of the CD-ROM drive certainly gives a

19 'shoddy image of the product to the user or to prospective buyers.

20 The reader might think that all’ such "troubles. and 1nconvemences

21 would not " manifest themselves if only -high quality CD—ROMs, altogether_ :
22 free from the physical defects . pomted out - earlier, ‘were used. CD-ROM

28 drive manufacturers cannot, and should not, expect their. products to be e

24 used only with' such high quality dlsks,_ since in the .current state of

¥

affairs the existence of poor quality CD—ROMs must be more or less tak-
26 en for ‘granted. ' ' -

2 Fujimoto et. al. U.S. Pat. - Appln No.. 08/890924 filed July ‘10, 1997
.28 teaches to check the eccentricity of each CD—ROM loaded -into the disk
28 drive and to read the disk at a speed matching its particular eccentricity
30 The maximum possible 'reading speed according to this prior related a'ppli‘— o

m -cation is assumed to be eight times the standard audio CD speed. More
_'_32 _recently, however, CD—ROMs have begun to be read at as high as twenty_ :
33 or even thirty times the standard audio CD speed. The " higher - the
34 gpeed of rotation, the more will the disk vibrate if it is eccentric. A
35 more accurate determination of the amount, and "nature”, ‘as will be later

-°’_5 expl__ained, of the eccentricity of each -disk has- proved necessary for read-_



26 en for granted. 27 Fujinoto et. al U S. Pat. Appln. No.

08/ 890924, filed July 10, 1997, 28 teaches to check the eccentr|C|ty of
each CD-ROM | oaded into the disk 29 drive and to read the disk at a speed
matching its particular eccentricity. 30 The naxinum possible reading
speed according to this prior related appli- 31 cation is assunmed to be
eight times the standard audi o CD speed. 3 More 32 recently, however, :
CD- ROVB have begun to be read at as high as twenty 33 or even'thirty times
the standard audigy Gy SRACHuaity THEkeNbOGkn Wilburith o gaeedmaf oftie} adiiidNat the
nore wll the dISk V|brate i f ¥ IS eccentric. nore accurate _
det er ni nati on %of ltsnespa?ﬁ&umwhiaﬁdheﬁamti@ﬂar a‘éce%fﬁt‘ebe | ater 36 - expl ai ned,
of the eccentmsicity of each disk has proved necessary for read- -

1 ing only high quality disks éé?] and other disks
at 2 Iessuspeeds mat chi ng th ‘l’ﬁ tblg(‘: @I@ﬁﬁﬁl C|t|es ' 4

SUMVARY OF THE | NVENTI ON The present invention has it as
an obj ect to gscertai rrhtehaeeawﬂtenﬁoz maadasnat Wofect fro { d36erfifs AL Mdufokihty O
each di sk nore accurately than hereto- fore and to drive the disk at-

a speed suitifg @Ak B8HIFe | 9y the eereptaicity; of F?Fh digk pporepaecyataly than dhereto-
Anot her obj ecs Offore hendi 1 QiptvieOthei @isk Catl £Capeal sdRing {heO partidulaK Secedntridily
-varying physi gal gqﬁl |es at the highest possible speed suiting each par-
12 ticular disk (nﬁ cau5|ng read errors or retries. 13 . o Sti
anot her obj ed® of the Anpthentobisat iof the frakwsiont ipde tecevenfdatsdroy disks of

preexi sting part S.3igd GARADRbEA! OB efl! PRI bpde ufp Yadl Yl N 15

or der that the i nventive concepts nay I npl enented -1 n such apparatus
ttcular disk without causing read errors or retries. '
13 ~ Still another obJect of the invention is to make utmost use of the

14 ,preexrstmg parts and components of CD-ROM drives or like apparatus in
15 order that the inventive concepts may be unplemented in’ such apparatus
16 without any substantial alteration of its construction. _ ' _'
17 o Brieﬂy summarized in one - aspect thereof, the present invention
18 c':oncerns, in an apparatus for data recovery from rotating data storage_
19 dislts having varying degrees of hole ementﬂcity and track eccentricity, a
.20 . method of reading each disk at 'a ‘speed suiting the particular _nole eccen—
-2t tricity of that disk. The method comprises making a first measu_r'ement of
22 the hole eccentricitjr’ and” track eccentricity of a disk in rotation 'at' a .'
28 first disk eccentricity check speed and a second measurement of the hole
' 2 eccentncity and track eccentrimty of the disk in rotation at a second
% disk eccentricity check speed which is higher than -the first. The sub- .
2 traction.- of the first measurement from the 's.eco'nd' measurement provides
27 ' the hole eccentricity of the disk, according to which a matchmg speed of
28 '.rotatmn for readmg .the disk .is determined.
2 Stated in another aspect thereof, the present 1nvention provides an -
30 apparatus for carrying the foregoing method of this invention into prac-
81 tice. A rotating disk data recovery. apparatus, particulaily a CD-ROM
32 drive, of standard design is readﬂy adaptable for implementatxon of the
33  method. '
84 " The invention as snmmarized above is based upon' thel fact that:
35 there are two types of disk '__eecentricities, namely, hole eccentricity - and

36 .track eccentricity. Hole eccentricity is such that the spindle hole is sit-



16> without any substantial alteration of its construction. 17

Briefly summarized in one aspect thereof, the present invention 18
concerns, in an apparatus for data recovery from rotating data storage 19
_dlsks haV|ng varyi ng degrees of hole eccentricity and track eccentricity, a
20 met hod of reading each disk at a sLPeed suiting the partlcul ar hol e
eccen- 21 tricity of that disk. "The*nethod conprises naking-a first
measur enent of 22 the hoI e eccentricity and track .eccentricity of a disk
in rotation .at st e trpc eck. s =Tl nd
measur enent gf tage% °ff gegﬁé%lé‘en'tg%?%l t* dhgyaﬁpral& ggt%ceintrl g‘li‘?tysqut he
di sk i n rot afi ordata traclséem %tﬂeddPgléh%thti‘FePSP’c?fe@P Sisked Upralh is

hi gher than the gt Hole e&]@ﬂtrﬁ:ﬁb andbtrack reaé‘éntrﬁﬂtyof:oéxhb? ini edch mansunemaent
from the second measure

i des ol e ce t eth
di sk, ‘accor di‘ng P8 5‘ﬂ W}éﬁgﬁ'gbe"ga”%f 'g?tgnr%ft ?FI o‘ir.i: aréefa 'hg. tehe
- disk i.s detemsn ridk diiYe upon rotatioBt oft ¢lte idiskarvdtthdahe dsteasity phe#mbtudet pe :
present inventiqp paf, V'198-§ ?r% %ch ﬁs%p%&tdus 9k C&E&Mh&ﬂytb@ g‘hgr 8t NY -

met hod of this invention r ot at di sk .data
recovery appdr athasd, jsare |iE|lﬁra¥‘I‘;'ﬂus%1 of pilikwitystion, d’l"ﬂv@e Y}P’ 8o itk gn
is readily adaptabig &g} td¥R| SRBM}IGkY,0N &y, tda6s %3t incikbaH. indehsity with . The
i nvention as summari zed above is based upon the fact that 35 = there are
two types of %di Heko8R&&ft ricities, nanely, hole eccentricity and 36 track
eccentricityiw Hole engenthe pidsynti tventtin bixakatbdcospeasutiec theolhelei sceent - '

1 uated off t t h I '
Lt ed O I ! NEcRE O benlic SEOLhcif of "Gl i ot thol WBfSRCGRAI Gbdy the

"2 data track is not Cent geonetric center
Usual |y, . 3 12bot'lfhehslltéraet;erewtrthe| Fiﬁeﬁn@itfrmuré%'énﬁ ithe tlyw‘%oé}ﬂ‘s’fl’ef’% each

di sk. It i Si3  from that at the higher results in the ehmination of the track eccentrici~
| 14 ty, leaving only the “hole eccentricity. The hole eccentrimty_ thus detect-
_15_' ed is solely relied upon "in deter_mination of the speed f_or reading the
16 disk with a minimum of vibration and :theref_ore' a minimum of _read errors
17- ‘and retries. ' | _ | _ .
18 The invention is particularly well ‘applicable to optical disk drive
19 as typified by CD-ROM drives, such devices having a transducer for
20  reading data recorded on ‘each optlcal disk along a mult1turn spiral track
‘21 thereon by irradiating the disk with a beam of hght The hole eccen- .
22 tricity of an olotical disk manifests itself during diek rotation as .periodic_.
28 'vib'ration of the disk and, in consequence, periodic departnres of the
24 light beam from the track to an extent proportional to the speed .of disk
25 rotation. ) The track .eccen'trieity manifests itself during disk ' rotation as
26 periodic departures of the light beam from the track to 2 constant extent
27 regardless of the speed of disk. rotation.
28 - In optical disk drives, therefore, the hole eccentr1c1ty "and track
29 .eccentrlcity of each d_isk are measurable from ‘a ‘tracking error s_tgn_al. or a
30 tracking actuator drive signal, since 'i_:hese signals both. _include ‘a compo-
81 nent indicative of periodic departures of the light- beam fro'nn' the track.
32 . The tracking error signal and the .tracki'ng actuator drive signal may be
38 utilized either individually or in combination’ for eccentricity _measurement."
34 Either way the eccentricity measurement from these - eignals _is preferred
3% to, for instance, the provision of an eccentricity or v_ibration'_'sensor' be-

36 cause the signals are both produced by parts of the .s_tandard- trackiné '



4 however, hole eccentricity that causes vibration of the disk and of the
5 disk drive upon rotation of the disk, with the intensity or anplitude
of 6 vibration increasing with disk speed.  Track eccentricity, on the
ot her 7 hand, is no inherent .cause of disk vibration, and the vibration.
of a disk 8 having only track eccentrigity, if any, does not .increase-in
intensity with 9 disk speed. 10 - - Thus the present.invention
advocat.es to neasure the hol e eccen- 11 tricity and track eccentricity of

each disk at |wogegid fifd;,pdgtatgg K opbefd&isk lpivedle subtraction of the _
eccentricity nmeasurenent at the ower disk speed 13 fromthat at the hi gher_

results-in tht elinm nd®Hsh déﬁk firjges P%Y(?ka%c?é@‘ﬁif’?ﬁ]ﬁ“"’ifm“l yPhiche sEAeRYicH ) y
‘the hol e ecce#it ritgihéssureddn® {0 pessibleC abédrdifg ttp tHisiSinckationt - Thit sewce Sissol el y
~relied upon in determnatio f_the spee r adj 1 [ Lth a
oy vt by SEAEBAD B DSl ol 2T DG M ittt " 2
retries. 18 & turn.ThWith the rirschisgi serr;artvqneﬁlcdf.lk}nevienrst aaépllhﬁcmlé measopt i cal

di sk drive 19 a&eamsfafedhe b1 cRElWici Iyﬁs,tra%uctccedﬁmtsesréﬁ%degbya:
transducer for 20 .rea |nqrdata Tecorded on each optical disk al on

mul titurn spi T al COHptiRg, tha AEREICE (PUERE | RYlseR ditringg 2t ARestioB% SRPPIFten T %‘@ém of
light. The h®l dutiec @f-th82disk rdtCibieyfink d el sedhd dicedatmaty fehedks spdeael f '

during disk rot pe a
consequence, pe?feé tcﬁepaﬂ'%?“e‘% %&epﬁi&% b Qﬂe #katég%bgw t ubh?r ack to
an extent  préporipg o’i#al firat mepgurepentdfrop thies Rec%?l r Shertqounting Phetransduder :

eccentricity,manjy ibdsSR! hladl HbdonBlestied Kas R @lsh&Bes ithO an RRELRALSy. or
departures of ‘the fgf}gtét beamfromthe track to a constant extent 27 .

regardl ess of?t P e di sk rotation. 28 In optical disk
drives, therefore, t hmdﬂabs/eeemiarbttreh-cbﬁjgcts,andtutésaekd A8vanegee Ndfr tids tiy- of
each dISk ar ACK] [ il or r.a .'ng
‘actuator dri \?%n&%% ﬂa%‘g t&l‘%e ese slj%lna sh{)%[ ot %IL? T emglaecg ol"'{t?»%iﬁl

i ndi cative_ofis pélw GGV@tﬂep’éﬁelqu@b hest tbRcunderstqodiydrom af study  of hthet fallow- 32

The tracking er rigg lon2 Rl tabsenheacdﬁiﬂa #th UREREncd! hae t81 EHeakichdiabe 33 -
utilized either |nd|V| ual | I n conbination for eccentrjcity

measur enent . 34 SRR W”gﬁémee(?&fﬁ'f’?‘l cﬁ"ﬁ’?ﬁiﬁ?‘é%ﬂfe%n’t“ﬂq?m these signals

is preferredig5 to, for i nstance, the provision of an eccentricity or

“vibration sensor be- ca%&h&mﬁ 8Fer, pgtﬁkﬁlﬁggced by parts of

the standard tracki ng
.2

21 : FIG. 1 is a block diagram of the CD-ROM drive const_ructed ) in 'ac—; o
22 cordance with the novel concepts of this invention for carrying out the
2s disk eccentricity check method, the CD-ROM drive being shown together

24 with a computer with which it is mcorporated

8

FIG. 2 is a schematic electncal diagram showing in more detail the
26 '. transducer, trackmg ‘servo circuit, and focusmg servo circuit of the FIG.
27 1 CD-ROM drive; .
28 . FIG. 3 is an equivalent block diagram of the system controller in-
20 cluded in the FIG. 1 CD-ROM drzve, showmg in particular the means pos-.
.80 sessed by the controller for implementation of the disk eccentncity check
81 method accordmg to ‘the invention, '
82 : FIG. 4 is a schematlc electrlcal diagram showmg the lowpass filter'
. 38 of the FIG. 3 system controller ih' more detail; .
84 . - FIG. 5, consistmg of (A) and (B), is a waveform diagram showmg
s5 the track eccentricity components included in the tracking error signal of
ss ‘the FIG. 1 CD-ROM drivé when the disk is driven at two different



-1 -servo incorporated in optical disk drives. -2 .. . Optical disk
drives have an additional source from which eccentric- 3 ity
measurenent is . possible according to this invention. That:source is 4
‘transducer output pul ses each produced as the |'ight beam crosses a track

5 “turn. ‘Wth the tracking servo turngd off, the first and the second
meas- 6 urenents of the hole eccentricity and track eccentricity"

are made by 7 counting the transducer - output pul ses during at.|east one

conpl ete revQ- ‘g gédslfdtléggen@,fimWQ,eguuséﬁea{, the first and the second
eccentricity check S ively e h eccentricity of the .
di sk i s obtaitned by gﬁgt ?ai?t“ plan atﬁé ‘??"F -E'fm gﬂéﬁer efﬁen?étfiryém t he
second.  Thescount i ngFIGf 7t isamsnhnceﬂew oila CDRON thapink stracki sceghtsisityecomenced
as it dispenses with gg %Cﬁeﬂtﬂd&'ci,%t% thelaisk\/écbén%hwﬂ chESKS Prograud akhe

~above and ot Her ob cts, features and advantages of .this in- i4 @ ion
and the manner prdi [t Zthe gPresratn inygntion, htac S s¥SHiEd afp she FIG: 1GPROM ¢ he
invention i t%el-fdrwe-ll best be understood, from a study of the follow 16

ing description and ended cl wi threference had to th tﬁﬁped 17
dr awi ngs showi ng sor‘r&%‘rg Peaﬁﬁﬂgﬁﬁﬁ%n?fs aﬁ‘g{‘?r 7f%r§%ntf?13'n LS e&

BRI EF DESCRI RTI @NvEOFactbidingRA/ KGRt icE FIG 1 is a block diagram .
of the CD-ROMdrive ggastpugt ed e({]xifaﬁentz ockc ;{g@{h?ceofv“tﬁé" dyBenn QukouepNCEPt S

of this inverftion for carrying centri C|ty check method, - -
the CD-ROM dr i veclidednip sthevﬁGt c?gé?cn-rBQMzarivw thowinec Shprpcdeulay the RREH it i s

I ncor porat ed,; 2§>ossessed by Rh&G cogtrblferafécnﬁim{ehﬁu&i et &1 Acdifidl AgkageehoOW Ng
in nore detall the 26 transducer, tracking,ser o circuit, and focusing -

servo circuii? oftrifife dhpek msthod jacegsdisgyfo Hq jayen "FIG 3is an -
equi val ent bjsock di agne.rm.l aé atnheqnnysezenbtoolntditdrhlerofl A- sy26n chntehller ifor t he

FIG 1 CD-ROM drivig ushei g ¢olrBit! 5}1%”13' S‘t By PRS- Fl@ 10SEne&d by

the control | & for i rr%i enentation of eccentricity check 31 nethod
-accor di ng t o1t heontmilent iskawingg2in particular Fthe meanss passewspd By | thiv| Aterraie

~diagram ShO\M nQoﬁthﬁlei' Oi'waﬁnalétlﬂehtﬁﬁon 3 affthdrh@okikid sk Yédc@itrickP nédeak | er in
nore detail; consi,stihg of (A and (B), is a wavef orm
di agram showt ng“eg‘j’d pqqerding, by t@%d%‘fﬁ‘? PRty components included in the

tracking errqf signalFief 136is &hwbloElt Ghag‘raxﬁ:[,‘efR@\/lyedranmeﬂ\mafetdeé fcahns Rf is
drl ven at tWO cHD—f(Sﬂl Ertive according to the invention, ' -
'30 . FIG. 13 is an equivalent block diagram of the read’ circuit and the
21 sjrstem controller . included_ in the FIG. 12 CD-ROM drive, showing .in par- .
22 tieular the means possessed by the read circnit and the system controller
‘23 for implementation of a further 'modified disk eccentricity check method
24 according to the invention. and | .
25 . FIG. 14 is a schematic electrical diagram of an analog lowpass f‘.ll"
26 ter for use in place of digital lowpass . filters’ used in ‘the foregoing em-
27 bodiments.

2 DESCRIPTION OF THE PREFERRED EMBODIMENTS

% .

- _ ' o Apparatus

32 ' _

83 | The present invention is beheved to be best embodied in the

34 computer system diagramed in FIG. 1, which shows a computer 1 connected -
35 to a CD-ROM drive 2 by way of a bus 3.. The CD-ROM drive 2 is
36 shown loaded with a CD-ROM' or optical data storage disk 4. The CD-



1 “speeds for eccentricity rreasUrerrent-; 2 " FIG 6 is apl an vi ew

of a CD-ROM having hol e eccentricity; 3 FIG 7 is a plan view of a
"~ GD-ROM having track eccentricity; 4 FIG 8 is a flowchart of the
di sk eccentricity check program ac- 5 cording. to the present invention,
to be executed inthe FIG 1 CD-ROM 6. rive; 7 " FIG 9is a -
bl ock di agram of another preferred form of CD ROM 8 drive according to
‘the invention; 9 FIG 10 is an ‘equival ent bl ock diagram of the .

system control | geu1 whiCle'dRrkibdiiel NRckit@ 9 QD-ROVESK %G MHBOWDABON N

partlcul ar the nmeans 11 possessed bfy the controller forﬁgngl enment atlon of

a modified di sk @dteR-as 1123 diski driyey for, SiaplGY-nodbedith di Qv disposed

invention; 13; in a ﬁbﬁsigaaa la&aafbceewy Vﬁbbem w Qedeidig) 3k At cai‘terahaysmem
controller for 14 . use h1

substi tuti.gn QL t he
EPG 90 yst ot AseivRomipyr 18, o oth 5 e shn 4, 5 releehng, ) defve [ OC
by this altesnassoerl®. chntfaro|akethef presentpinyemsining i mqn@tnedn(thhetiisltmﬁlﬁﬁl ed

di sk eccentrigi t»xoaﬁ&e% lﬂe kN @Gve SCRhel M0 if Qnt B8 Weelatnne 161&s pic- FIG
12 is a block diagram of a yet another preferred form: IgzO\/Idrlve

accordi ng to thetured dht F@h L ‘2@ “unloaded” [whep i3 i gmoyRd eﬂ]‘lfl \?él %’lﬁag‘fﬂe%k
di agram of the rwiKl thé rarivet spide.t he 21 system controller included in the.

FIG 12 CD-ROM dri ve, ~show r 3. R9SSES ed by
the read circlit and ?li‘ ﬂ'%reym“ x%tl’)l Ehe 1(;jlfdé%r % fip éﬁeent at ffon of a

further rmdu fie eckrigi n'knsdemnorr prkuy G;taemnmma'ansport means 7, a disk drive
11 motor servo circuit 8, a read circuit 9, an. interface circuit 10, a system

12 controller 11 which may take the form of a nncroprocessor or digital sig-
| 1s mnal processor, a disk: drive motor speed sensor 12, a focusing servo cii-
14 cuit .13, a track-ing servo circuit . 14, and 'an analog to digital converter
15 (ADC) 15 for use in detection of the eccentricity of each loaded disk-' 4
16 according to this invention. ' . o
17 As depicted diagrammatically in FIG. 2, the disk 4 can be of the
18 . standard CD-ROM design having data prerecorded thereon in the form of
19 minute bumps or pits impressed into the disk surface' along'.a multiturp
20 = spiral track 18. Ideally, the data track 18 is centered about the spindle
21 . _hole' 17, and this spindle hole is at the geometric center of the disk.
22 Practically, however, the data track may not be centered about the spin—
23 dle hole or about the geometric center of the disk, and the spindle hole’
.24 may not be centered on the disk. The present invention seeks to find
25 the speed of rotation matching the hole eccentricity, rather than the track
26 eccentricity, of each disk, More will be said presently about such track
27 eccentncity and hole eccentricity _ o
28 ~ In. CD-ROMs, as in audio CDs, the current practice 1s to record |
29 data at constant linear velocity (CLV), rather than at constant angular
30 velocity (CAV). and to read the data at either CLV or CAV. For CLV |
81 read:ng of the disk the angular velocity of the disk is increased as the
s2 disk track is scanned radially outwardly by the transducer. ' '
.83 As shown in. detail also in FIG, 2, the transducer 6 is of prior
34 art construction having a light source such as a diode -laser 19, a dif-
35 fraction grating 20, a beam sphtter 21 a collimator lens 22 for providmg

36 parallel rays of light, a quarter wavelength plate 23, an objective lens- 24



24 ’according to the i nventi on; and 25 ' FIG 14 is a schematic

el ectrical diagram of an analog |lowpass fil- 26 ter for use in place of
~digital lowpass filters used in the foregoing em 27 bodinents. 28 29
DESCRI PTI ON OF THE ‘PREFERRED EMBODI MENTS 30 31

Apparatus.32 33 - The present inventdon is believed to be best enbodl ed
in the 34 conputer system diagraned in FIG 1, which shows a conputer 1
connected 35 to a CDOROMdrive 2 by way of a bus 3. The CD-ROMdrive 2 is
36 shown | oaded aMisediiclindRcs?Qvho 125 Ofiposed oflatha mmitlbraf(thedlight . that hik cbe@D-

7. r t ref err S
CD ROM 2 d? r\éhl}'l %aﬁ? fgdmgzﬁed?{s\lfeg a?d %erﬁ%‘% ;@S s%}g?at%]%l‘u(? E‘QJL I's shown
di sposed 3. si rdest Jightidyi yrre@e@atsaliﬂt@calae# hgigdeteston 2B,y ar fogusing Agtvan its
center hole 17 r 23 Qﬁd\éetﬁgkiaglaetu}@,sﬁwvm as an armature shaft of an -
electric disk drive resent ent

concerned, th® disk ‘l“ge"ge‘% by. I%%ld@i“ﬁvﬁ éj}lhetHl E’%‘t Vethf lgt lti on
the drive spiedltbe Istirfaces opithe disk 4t udieds iunddrsigod lhataindth'euiilmudcdl"trmen it

s moved out pf g P8 igeeeriol F;Hnikgez blekfhs SD'pflhfy besh, used for EICT

primary conpone A optoel e¢- tric .
transducer or 8 piresdigg @nd afoﬂsﬁiSs genseof, ilidaFP!,‘pGPi“Hh'@ahea"‘F fop tm°§l€‘8d?9“lﬁ91 11

Tz)t or. Servﬁ Chr ?]I_G;[AﬁSshoaler tlkié r&ﬁiﬁ %bea ot oAl HRC Qiski 4 Cati B4,10hd anSysStem
L2 S L e e ek S S AR . SRBOSST Sl g Y
servo cir- 11 on hitting the disk surface will . be modulated. by the pattern of optical
o 12 pits representative of data, and this modulated primary beam, as well as
13 the reflected ~auxiliary beams, will be directed by the beam splitter 21
14 into the ‘photodetector 26 via. the semicylindrical lens 29. The arrow des-
15 ignated 29 indicates the reflected primary beam thus irradiating the pho- :
18 todetector 26, and the arrows ZQa and 29b the two reflected auxiliary
7 beams for tracking control purposes. o o
18 : Capable of translating the incident light beams into electric signals,
19 the photodetector 2 is shown to have a closely packed gro_up of four
20 photosensitive sections designated A, B, C and D, both for data recovery
21 and for . focusing control, and two other separate photosensitive sections E
. 22 and F for tracking control. The photodetector sections A and B as well
33 as the sections C and D, are divided along a line extending essentially o
. tangentially of the disk track 18, as indicated by the arrow ‘30. The
%5 other two photodetector sections E and F are aligned in the direction of
26 the arrow -30. ‘The reflected primary beam 29 irradiates the sections A-D,
27 and. the reflected auxiliary beams 292 and 29b the sections E and F
28 respectively
29 The focusing actuator 27 is shown as a voice coil actuator com-—
30 prising a moving coil 31 coupled to the objective 24, and ‘a -permanent
81 magnet 32. The: objective 24 moves back and forth perpendicular to the
s2 disk surface, as indicated by the double headed arrow 33, in .reSponse to
"33 bidirectional current flow .through the moving coil 8L ~The beams will
34 thus be kept focused on the disk surface. , _
35 The tracking actuator 28 which functions to maintain the read
36 _beam ‘spot 34 in centerline alignment with the disk track 18, is also -



14 “cuit 13, a track| ng servo circuit 14, and an anal og to digital
converter 15 (ADC) 15 for use in det ectlon of the eccentricity of each

" l-oaded disk 4 16 according to this invention. 17 As depicted .
diagranmatically in FIG 2, the disk 4 can be of the 18 standard CD ROM
desi gn havi ng data prerecorded thereon in the form of 19 nminute bunps or
pits inpressed into the disk surface al 091g a multiturn 20 spiral track 18
| deal 'y, the data track 18 is centered about the spindle 21 hole 17, and

- this spindl e nolggagyS 58t béiHE &e‘%}gﬁér&ﬁl %&E&Eﬁ&ﬁ Joﬂ?rigﬁgska go%ingprcaﬁtk!?al Ly,

‘however, the data track may not be centered about I n- dl.e hole or
about the gectretcPiRled dpithe Qiedtie 2 srd % RerPaRents BagRst o300l Bhep #bleptYe not be -

centered on the 26 fidves LRAIE 208 CHAR! parklEE tbi e aioe keurfher, fusnﬂaizﬁedttwtsqoeed of -
LB o T P Dl oS5 59 ok B B 3 B

27 eccentri di t yheamuving| @ile83enThe GmcymzZ&tuatO'r 28 | servep- RO\Wditional pumrudi o _
CDs, the Cu”sen%ﬁ&r %Ptjhﬁ&nksmkobéaﬁcgfgr&g fegaha&?rb% h g%.ﬂ&asea:e' ocity

- (CLV), . rather an at” constant angu ci-t to read the
data at eithér @V”%?nSCA\ﬁ“ChFWthO‘P@S Wﬁlba‘i&l‘%gpltﬁe Pﬁea dfuBRing hgigadl g iR ar
velocity of theagpied Fomi ﬂféreﬁmd cefitréllee - 182 FIGlT Kol e knokrfagS 66N 188d viaadi al | y
outwardly by { thgltr ducer " As shown in detail also in FIG 2,
the transducer 5P ?ﬁc‘gﬁtl "construction having a |ight source such
as a diode -4 aser lg‘heafoeirfphowetfeclact*cﬁpngrétﬂngeZﬂ cennpetadn tos fhie tfeer 21,

a collimatorl epgigy ebiRb BF&Yt' i 'lgd %ﬁeneﬁ%&h't%' tHeWSviR ol T4l of nd14a t €T
wavel engt h pI ate 2 an objective |ens

8 1 a sent’cyFrsig .aeaatore??s agd, (‘j’rasﬁﬁs%@e‘bﬁst e thet readrcirquis @ JHE- dhat has
been 2 refl8Ct gHe bpclsidg @BIvoheiréliic K84 canpised) RF6 Jaaasds! B8 sa@asat adsds-om t he.

et 8, e bl B, oGRS ARk oh ' oiP ShSSRUSCLSE B «ggm o
obj ective 245t tndt [ 42ghtThier adder taﬁeaﬁasthe m@tphtSt rof tl@hnh@edetm sectipire  di sk
4. It is unfter §lt ngfj CE Qﬁﬁ ﬂhg otné' hddei"%‘f ﬁﬂfeegutbﬁénﬁom the photodetector sec—
17 tions- B and D The subtracter 40 -subtracts the output from the adder '
18 39 from the output from the adder 38 The resultmg output_ from the
19  gubtracter 40 is a focusing control signal. which is' applied via the _.
20 gwitch 41 and phase compensator and driver cxrcuit 42 to the moving <coil
21 31 of the focusing _actuator 27. - The o‘b;ective 24 will ‘thus be moved .
22 .'toward or 'aw_ay from the  disk _surface .to keep the read ‘beam focnsed'
" 2 thereon. - B . |
- The focusing ‘-method set forth above is- known to the speciahsts.
% as the astigmatic method. The switch 41 is operated hy a signal sup-
'25 plied from the system controller 11 over a conductor 43, and the phase
27 compensator and driver clrcuit 42 by a s1gnal supphed from the system
. 28 controller over a conductor 44,
20 - The noted two photodetector sections E and F are both connected
% to the tracking servo circuit 14 and thence to the moving coil 35 of the
81 tracking actuator 28. The tracking servo.circuit 14 comprises a subtract-
32 er 45, an “on-off switch 46, and ._a phase compensator' and driver circuit _
38 47. The subtracter 45 snbtracts, the outpﬁt from the photo'detector sec-
34 tion F from the output from the photodetector section - E The resulting
3% output from the subtracter 45 is a tracking error signal, which is applied

38 yia the switch 4_6 and phase compensator and driver circuit 47 to the



7 ducer 6, the diffraction grating 20 creates a prinmary beam used for
hoth 8 reading and focusing control, and two auxiliary beans for tracking
control. 9 FIG 2 shows only the primary beam spot on the disk 4 at 34,
and the 10 two auxiliary beam spots at 34a and 34 b. The unnodul at ed
primary beam 11 on hitting the disk surface will be nodul ated by the
pattern of optical 12 pits representatﬂ&b of data, and this nodul ated

primary beam as well as 13 ‘the reflected auxiliary beans, will be
directed by the P@ﬁﬁ@ caﬁlsstkﬁrthg%ratﬁang'met&hss p&e} geaﬁesgrtrzfiowe&wtehe
semcylindrical [ens . arrow des- i gnated I ndircates the

refl ect ed pnhar?“tf%a‘f‘ﬁ‘?hﬂ%"ail‘?lr'é’df‘%& idisl ?‘H@cph@ kagp the, qeado PeR o8t %4nd t he
arrows 29a ang 28bcé&l&1ihm1irgﬁﬁénec&iad tawaiém ek 18. beans. for track| ng

“control purposes Th C%Q 1be tran;lat the| mdeng { t bearrs
e]_gab{)% sﬁzr ed eth Fs no qxle :

:in ntrol
into electric? S|gnals shown Have osely

‘packed group of fmothe 28t phwt (l)ssarhaplll k@wseeq |tbnssmi31isjﬂa18edh¢\ thEPe @potad D,
both for datagreg@ysd.y Ardotgddpdeaiblel Gethod NS G@Nkffakential Sniesd0 aQblifi, SERAT at €

phot osensitive sections E 22 and F for tracki ng control. The phot odetector =

sections A antl Beon¥entigasl| inthe cart,, Fhich  rregics & t&?f'ﬂfi‘ié expe 5879} egrdyio8ng a .
li ne extendi ng emeeaifferbdey Béweanghet duvad lof tHe toiiﬁmds Flont I’thékpﬂoﬁiodeﬁ&tor
i ndicated by the_ a row , 30 The ot:her. g det ect

F are aligned®in' ef’{i%“ Sai4 888 §no% ztg% s, of ar oW %6‘98 1 e trR%f? %?de%ca’f
beam 29 i rr ado at ®stiedse Bssik ﬂbrdsspﬁnsag Fthathe. diffractiosf gretite @0 camdi thleapl}o-beams '

29a and 29b the %ggtg&gpgegwggdlg =nd 28 respectively. 29 . - The focusing
actuator 27 i's shown as a voice coil actuator, com 30 prising a nmoving coil

31 coupled td2the obj EBe jayitch 446 aﬁdt%neﬁepmwﬂpff3rvmg figpal3 supplipd o from

obj ective 24 ,govs Batda aaﬁ:éuaf ti, PEE. PENétie€ Ld arona@t&he&SZTdesimawréoaee as
i ndi cated by the do bI e Qegg d c{cﬁyvg;ﬁ ‘lzhrgd response to en A rect I onal
current row“tI"Pe(S‘fug oV ng" cor | 3ncludes, phase  GRUPRRS ”3 %u feye kept.
focused on the ohndkssmrcfoatrel mgdns, both notTkowny admhngreasonmﬂleﬁ 382 wignalh
functions to Uﬁ'ﬂhafrﬂmth{% "sf‘si‘é’m 3&:1991?&1” 1SR 34 chdduboPt & | | Afe alfofbadrENt

W th t he di skt rack 18, -i s al
9. . 17 jumping pulses are supplied over another conductor 50 to the driver sec-

18 tion of the circuit 47. . The three input conductors 48 49 and 50 of

E and

. 19 the tracking servo circuit 14 are shown as a smgle line in FIG, 1 for
20 snnphcity of illustration. An output conductor 51 shown extending from

o2 the subtracter 45 of the tracking servo circuit 14 is mtended for deliv-
22  ery of the tracking error signal to th_e' system controller 11 via the (ADC
28 15, enabling the system controller to detect di_sk eccentricity according to
24 the. present invention. The output from the tracking servo circuit 14 is

applied not . only to the tracking nctuator 28 but also to. the transducer

B

26 transport means 7, FIG. 1, by way of a conductor B2 in order to enable
'. 27 'the transducer 6 to trace the spiral track on the disk 4. ' _
28 It is apparent that the addition of all the outputs from the pho— _

29 todetector sections’ A-D provides a read signal representative of the  data
30 read out from the (iisk 4.. " The _.illustrat_ed embodiment emplojs _th_e adder

31 53 for adding together the outputs from the two adders 38 and 39 of

32 the focusing servo circuit 18, al_thoug’h, of course, the outputs from the

33 photodetector sections A-D could be directly added together. The read

34 sgignal thus' obtained .i's sent over the conductor 54 to the FIG. 1 read .
35 circuit 9. ' ' S o

36. In FIG. 1 the connectmns between the transducer 6, read circuit 9,



1 ‘shown as being of voice coil construction conprising a noving coil 35 2
coupled to the objective 26, and a perrmanent magnet 36. The objective '3
26 noves back and forth parallel to the disk surface, as indicated by the

4 doubl e. headed arrow 37, in response to. bidirectional current flow
through 5 the noving coil The tr%fklng actuator 28 serves the

addi ti-onal pur- 6 pose of Junplng t he beam spot-to a desired track :
position during seek 7 operatlons Such spot junping will take pl ace as

aj Upi 19 i gNakochsing GerddPBebf 1 A chlfn® USKELekiHA Gl Shodhl ekl 1. 10

t he novi-ng coil I Ng Servo circu
four phot odet"’ecPiGP“fé,@cPF‘brFe de I}}°'ar°(¥a‘§lyl reflegh dbe e‘l?nﬁﬁtl?lﬁe ifdicated) in lﬂﬁm ng

servo circuit 13 apgo! kenae. tz,otah 610 64l of Yk NGId&A1 38, 2o, %atkueaha subl? -
cusi ng act uat,or 27 an VI a gﬁp?r 53, .to t%a [ea L 13
e

ci r 9
The focusing*sef" \7‘3e5| rBe Barts, §f T"E‘% ?ﬁ‘, - d s“ﬂlc}%-d' 14
tracter _40 an be-mde owablehwdth tlandpﬂnapha&ﬂng:wmnsanm theddalni weckscir-
cuit 42. ¢ apdel 28 Agd§athe outputs fromthe photodetector sections 16
- A and C, and the ot her a der 39 the outputs fromthe photodetector sec- 17
tions B and B. The Fhettrapsduser £ i%LHRVFgc’i“S“Ph@eoﬁ‘Fpﬂt“f themtrack el 9ger 18

39 from the soUiHgUldisk! @Mbyt h& aeiBporBOmeand NP £ypiddlly | BupPidinRUlan f Eﬁ@ﬂrict he 19 |
subtracter 40Q is a fog ?Hg nt rol égnal which is: a |ed the 20
switch 41 and phY%%: 2 5P #na I |°r"c'Eu't°°lﬁ2’“Fo coi | 21

31 of the fooUsfonguammonhemdiraammbmeﬁweofzmw thdtort hmn bnae rruneml 22

toward or avgy ,feenpacaﬁnf saxa‘s &r L6 kegnr tLEa %o%évidm&ﬁ@ ny haruSed 23

t hereon. 24 ocu5|ng nmet hod set e q’s known to the
speci al i sts %5 fugetiqnre Wy sto; goia ithe fepttyger 6Tt desifedciracky Prstipnsernt @ by a
si gnal sup- 126 digd |4eeh frewsettbeasy&kemmmeﬁmtsegﬂ (7Y ﬂhL eweém ofpelRECHOr 43,

and the phasg 27 Lver uit 4 a Si gn li ed
from the: sygt em® ﬁ&a gg%dr?i‘f%ﬁo%se g(g t%l e@ ora® “ce trach ?he'l' £'ﬂot ed-
two phot odet¥€cttoacks extthendisk ianchoperation bmhhtlmldtakcﬂﬂmb Iifotortﬁm t Rer tthiacki ng
servo circuife lgandyj {%Hcﬂxet Qrahib%rt”%\ééﬂagzc ﬁééect§5th%f ridif ﬁﬁplacénéﬁt( 439

actuator 28. The tracking servo rcult nprises a subtract-

45, an on-of¥ s‘%FtE‘ﬁMSP“a?ﬁj fﬁ’”p#b?sé"‘é’brﬂﬁeh%aﬁ‘fﬂ“t%dn@r By oW @P?‘cﬁiltﬁfvSS 47. -
~ The sgb]g ractmsr b &Bbﬁrﬁfﬁt &a&lhﬁg Q:Uihtﬁoltsdiﬁdai)rfedtﬂﬂﬁn FtHOtt%iﬁfn@CEé?ﬁo 5(.@1‘2:1111:'34 |
tion rom out put fr t phot odet ect or sectjon eresutlng
55" ot put | FPorike NP oU FOREURT 55" P SRR Wi Gt BPveL i, BRRACGRET, o

appl-ied 36 i % theordinglych 46 and phase conpensator and driver circuit- 47

to the 21 Connected to the disk drive motor 5, controller 11, and motor

22 speed sensor 12, the motor servo c_ircuit 8 contro_ls the motor for rotation

" 28 at the speed indicated by the controller. For CLV reading of data tiiat- o
24 has been CLV recorded on the disk, the motor servo 'c_ircuit' 8 .conven-'-'
25 tionally operates to vary the rotational speed of the motor according to
26 the radial position. of the read bealn on the disk 4 . -The motor servo _
27 circuit 8 is also conventionally equipped to drive the motor at a constant.
28 . speed for CAV readmg o .
29 - The read circuit 9 is connected as aforesaid to the conductor 54
30 for inputting the data that has beén recove_red from the disk 4. Con-
31 ventionally comprising a wave shaping circuit, synchronization detector cir-
32 cuit, demodnlator circnit; error detection and correction circuit, 'etc., the . -
33 read circuit 9 ‘processes the input sighal aCcofdi_n'gly and puts out a data

'~ 34 gignal in a form suitable for delivery to the computer 1 via the interface .
35 10.

- 38 The system controller 11" is shown in FIG. 1 as comprising a cen-



10 © 1 noving coil 35 of the tracking actuator 28, thereby causing the
abj ective 2 24 to nove parallel to the disk surface to keep.the read
heam spot 34 3 in centerline alignment with the disk track 18. 4

The above described nethod of tracking control is per se not new 5 "~ in
the art but has been known to the speC|aI|sts as the:three spots 6 o
met hod.  Anot her possi bl.e nmethod is the 1gi fferenti al phase detection, ‘al so
7 . conventional in the art, which creates a tracking error si gnal based on

'8 the differenge hlugep ddie @), 58! o' RO lsd b m@nptptmetect or

9 sections A and C'and the sum. of puts from e photodetector. 10:
‘sections B arfd D"eado‘?”é)bé‘?ﬁ‘PWg (BN, 5% heTb‘f PP?‘&?!FTO‘I\ 'Qﬁ‘a?‘ftﬁ‘g“zﬁm&?ﬁﬂe‘t H8 pho-
t odet'ect or septlﬂiesuﬁns’lnderthiéimrt means 7,/ SdMi @Rivd Ométor tdefvlaediremtamd of f
by a signal supp from 13 te 0 .IIer 11, . FI over a

conductor 48.% T*%'éa pcg’g csgﬁvf {jcul%)ei?fsarﬁortﬁea&r g‘ v‘sesfv°0|c%rgﬁlt 4 " Rel-udes
phase conpensat i ventipdliyecontsliing them imdrdgnite terieveoldataefrom, thyodiak nbtasshown,

- which are conf rOJnl:ﬁELdb}S Beomintita| fr&ﬁ th& e&mbﬁt@m thedﬁasﬁ;l@mth& Qhiralldrens 11
over a conductor_49. e aforesaid q:? pul ses are suppl.ied_over
b (

anot her condutct off SUHRRSd; te asRertpid, “‘feéc"el |6fne6‘fh tl‘r‘?ée‘tzlqi"ll,‘uﬁ'dzf? de—The .
three input condieshine &hé&nat&ﬁn@rb‘ﬂeﬂ) obfrofadion t fof thafGldkn gccofdingly,C aé Cwillt 14
are shown as a Sé“%'e edq‘e |pceFIG 1 for 20 sinplicity of illustration.
An out put conuctoreBied M8t et endi ng from21 the subtracter 45 of the -
tracking serwo cir cuiPisk Jeccentricitye risl oupapwred chobirding 2@ this yinvdntioheby rdrbki ng
error signal o iEEethﬁyﬁirsfrHt %md{f?érlaﬁr speeds! | Bt NEssAlan 2Re haximh sbi0J the

system controller to detect disk eccentri Clt% accordi n% to 24 . the present
invention.  The B6t99atd of e tdies driecrarer Sempd B fekipg sdwentagersf sppiered not
only to the hd acdet r\geﬁﬁhuﬂieOEta&ﬁrdJLti'acEin&Ocdn&oI o the atistidaees €6 The awsport

means 7, FIG_ 1, of. a_conduct.or an LN order nab 20 the
transducer 6o %i%}é?\é@tsﬁeeds i ?‘C?I'r ack 6 o% e léen fol %1%8 trlcltyl "is

appar ent thats t hoenehdi Uvilbrbeofheeﬁmafteher@%rr%tts fs dhe disk pdeontrielly th‘—bt ector

sections A-D 1or Q%eéiﬁs sﬁ’mpﬁ?aﬁ $hed Bk rcﬁ&!i@%ﬁé’éh@t bx"emdi‘é édﬂﬁydﬁ& athaOchdcfad out
fromthe dISk4 he illustrated enbodi ment enp . der 31 53for

~addi ng toget fer ?ﬁ%‘souf gecentrice the tdigk fyep éﬁtﬂ'é?"swé‘ ‘QFF& ‘5’9""8? mgehapical-
focusing servp Qyradd o l&usealvtﬁmﬁtghpf Ghe Cdisl S€ive  BRoO Wt piid Xhé I Riksdidee 33

phot odet ect Orm Se!i?t in?orx‘é Ather partsd b§uc(l11| | (%gtl ai'gs% vcest Rge‘:ftt hlg{o -l:ge(aarti;:el'f;1 d
' 20 co_mponent (ie. component in the direction in which the drive spindle 16
21 . .ex'tends) and .a “horizontal” component at 'rig'ht' angles' with the vertical.
22 component. It is the horizontal component that caﬁsee deviations of the
28 read beam spot 34 arzd two tracking beam spots 342 and 34_b_ out -of_.cen-
24 terline alignment with the track 18 on the disk -14. Such deviations,
2% commonly referred to as tracking errors, are therefore a- measure of disk
26 'eccentrimty . '
e Trackmg errors are represented by the output from the subtracter
28 45, FIG. 2, of the tracking servo circuit 14. The treckmg errors as .rep-. -
" 29 resented by the tracking" error stghal froih the subtracter 45, however, are
30 only. partly due, and partly not due, to disk vibration caused 't:y disk
31 eccentricity. But, luckily, tracking errors due to dlsk eccentncity are
. 32 clearly distinguishable from those not" due to that catse because the for-
33  mer have a penodicity that is coincident with each complete revolution of
3 the disk. _ _ _
35 Thus the present invention advecates to lﬂeasur.e disk eccentrici_ty_ }

% by deriving the horizontal component of disk vibration due to disk eccen-



34 signal thus .obtained is sent -over the conductor 54 to the FIG ‘1 read 35

circuit 9. 36 - I'n FI G 1 the connections between the transdticer 6,
read circuit 9, 1 focusi ng servo Ci rcuit 13, and tracking-
servo circuit 14 are shown greatly 2. si rrpllfled and.so do not .exactly -
reflect the connections indicated in FI 3 "Also, in FIG 2, .all :or

sone of the adders 38, 39, and 53 and su tract.ers 40 a'nd 45 coul d form
parts of the transducer 6, that is, could 5 be nade.nmovable with the :
optical reading. ssﬁsiuenironctms§rqcl¢ezdata t r ok spreducgd ohy { the @itbitacter 45.

The transducer, 6 foga/d0uas e%ﬁrtﬂSSAﬁé‘EiSt wid)s1, ab dolﬂﬁ‘ectéda‘tni( tfxg At cdnlaﬁc-d' sk
4 by -the transport means /7 typical ag/ compri sin ectric not or -
and neans ‘suctf a$eradl fiqthec piRiractsy 4P o |digitiging Foﬁa‘ilfé‘@h&ﬁf‘"srﬁi% 87 .

transl ati ng the patatody reocadimesl té- c:hatswem @htrblRe 11NoxePTa icBhiductor N6, | i near

11 reciprocation of e ranﬁcg ansport nea {1a two
12 functlonsts (D toﬁrr%ve 5nr'1as u@lé’Ptr%t nooftlevs"'lrirglt’a”d °?'?fc%§g%siln |\é]§es on

the 13 disk 4 i sontedlgorid efdr oderiveg kthe o rerentdicity noniponent filow thestigenming :
~controller 11, 1ﬁif%tQiV ‘%&cﬁn& OMCEQEal’S@or Hathubing h &Qébécﬁedtifl&ty e qycer to

trace the spiral track on disk in cooperatlon with the disk drive
notor 5. For 8t hFS‘eTB“inﬁa‘?‘PeﬁPef‘hr‘?&t‘l"B?P that disls 8 gy be rreadh acqordiagctor $he he
radi al di- spl aeeNpedsuftinedt/  The Rp@Ncofditor 350 16 OBannkdted,t Figt K ofl Salhyto a-

di t t 8 i trol
i nal fod frim aefil 1P flret By miet sutitond 45 ey Fom (RS SO PP s,
and- control s Bhesigeadi thle . peripdkal viliratidne campamsnd] Uthatr vlest with creveltigrisy of Hie
Connect ed - t oy, tﬁ'ﬁﬁedbﬁ&e bl \eBcentilily) 1;5 neliLd %l o a&fermedchemtat ol

speed sensor notor servo clircuit control s for rot atIOI’l
23 at the sp'éeda'i éAresaide thecuteff fsenvepen I°§rth° Lot id sﬁl_‘iiu‘itehﬂl‘ﬁg‘e@)f“dﬁlea that
24 has been GV agE ospded! iﬁrbﬂabﬁddlfﬁﬂﬁ oidﬂ&omahoaths.ervm GhisCénd t8e COPREDN- .

16 has an input connected by way of a conductor 62 to speed command - -
16  means 78, which is also connected to the disk drive motor servo circuit

17 8, FIG. l, to cause disk rotation . at either of the two disk eccentricity .
18 check speeds or at any chosen read speed.

19 As depicted highly schematically in FIG. 4, the digital LPF 60 may'
20 ' be envisaged as comprising .an adder 63. a sample delay circuit 64 and a-
a coefficient unit or multiplier 65, which are - connected as, shown. The _
22 _adder 63 adds the d:gitlzed tracking error signal and ' its delayed signal. :
23_-. This construction permits a variety of modifications, however. For exam-
24 ple, there may be provided two or. more, instead of one, delay stages, or, '
as indicated by the dashed line, the output from the adder 63 may be
26 input to the delay circuit 64 instead of the tracking error signal. Either
27 way, the cutoff frequency of the LPF 60 may be changed by varying

R

28 the coefficient of the ‘multiplier 65.

2.  Diagramed at (A) and (B) in FIG. 5 are analog equivalents of :the'
30 outputs (horizontal' vibration components) from the LPF 60 wlien an eccen-
P tric ‘disk is driven at the . two eccentncity ‘check speeds The  periods:
82  Ta and Th of vibrations in these diagrams correspond to each complete
s revo_lution of the .disk at the two check speeds. "It will "be noted - that..
3¢ even though the disk is the- same, th'e amplitude of vibration is greater
35 when the speed of disk rotation is higher, as at (B), than when .the

88 speed is lower as at (A)



25 tionally operates to vary the rotational speed of the notor accordi ng. to

26 the radial position of the read beam on the disk 4 .. The notor servo
27 circuit 8 is also conventionally equi pped to drive the mbtor at ‘a |
constant 28 speed for CAV reading. 29 : The read circuit 9 is

connected as aforesaid to the conductor ,84 30 for in '

putting the data that
has been recovered from the disk 4. C& - 31 ventionally gorrprl sing a wave
- shaping circuit, synchronization detector cir- 32 cuit, denpdul at or

CIFCUIt error detectjiqgn and cofrec C u hes3 | |
9 processes t he mputé"g? naﬂmcg?:co dHﬁ e Htg ltl]tif’t s&gﬁttiptg)hdgf &ie??g%yc?hta :

f or m sui t abl e2f oneage [bulle rigtot thet M@tf@bﬁwi'@? g \}F*a“f Hiiefly Hpdy, Fhah £%
The system. cgnty go;sl Geant 1 by SeoS leaNa f'é%c&itﬁt Hisk& csﬁmr idtslcen ocan  be rbroadly

12 1 tral cessor t(CPU) |
oo EeS b S0 i BRI SRS TRARLY A 5O and

a2 read onl‘y as out
uts connected’
to 3 thet rans&uggﬁﬁctnmsmﬂr,tslmanm TFIGt lGe aud sﬂhe@iﬂ Vebeladt 3# daYiP8 Rircuit

8, 4 the fogu5| n rv defifc [
: of Gkhe €d CTHe WkHer 14 f
con--5 " venti on‘zﬂi'fq?f i‘ i?t } ols t&%& %fgthea?go or de%gitig}(r et r e\;iggdal%l;é) e:n t hgr

di sk 4 as 6 7diist amﬂdb%;bycerrﬁﬁ?radé digly 14 b (whick diap Lt efPindle IRIR t he

gog}(rglnlje[ o1ée7 %gﬂt 5 m“ﬁgﬁfﬁt’o“‘@fqﬁﬁtﬁ' Q,h{chet}ﬁco&nitﬁnncsp:yaloframd& isoaded
- e M

Scoordingly, *Ss wti pentered (36 Hhoy SOPSH GREET 18 the Ak ° S Pk e &1 K

~eccentricity oS yBaRUkseral aor ab rsg ccentrics tiaak edisk.on Ofy cepireey - in] Practigy t he

di sk at tvvodfferen d nwzkis
speed of the dl si’(’tﬁrf‘?}gp?eﬁ%faﬁcg and(atga%k ﬁé&n&{&ﬁ et pOﬁSIWelamk’bl o

d
used in the sanmaedexactykinesy diekst mest nefseahéo%r gw\égﬂ%g ‘?f‘"“% g\/\d‘s nal
di.fferent Speﬁds oal UahGhed Neridssle iafd 07 iv@nmdagt piiralk ecdibmtmicithy twoas- 15

urement wil |l erelnafter referred
types of defects, and the de%ects %§e,t ne dij kto %Eyc,eE‘ﬁJanC_'gfrééuyCheCk
15 _exaggerated. ' -
16 ~ The instant invention is based upon the finding that, being dy-

17. namically unbalanced ‘abotit the spindle hole 17, the eccentric hole disk 4a '
18 _vibrates more w1th an increase in the speed of rotation. causing perrodic
19 deviations of the beam spot from the track- to extents that are dependent '
20 upon the disk speed. The eccentric track disk 4b, on the other hand
21  causes periodic departures of the beam spot from the track as a direct
22 result of - its track ‘eccentricity. However, the mtensity of vrbratron, if
= any, of the eccentric track disk 4b is totally mdependent of the speed
24 of disk rotation, this disk being dynamically balanced about its spindle
2%  hole 17. .It is therefore necessary to make a clear distinction between
26 hole eccentricity and track eccentricity of any given disk, to accurately
_' 27  measure its hole eccentricity, and to determine. the fittmg read speed for
28 that disk solely on the basis of the hole eccentricity _
-2 . From these considerations the present mvention utilizes the afore—
80 gaid tracking error signal produced by the subtracter 45, .FIG. ‘9, of the
31 tracking servo circuit 14, for accurate detection and ‘measurement of the
32 hole eccentric1ty of each loaded disk The trackmg error srgnal contains
33 both a component representative of hole eccentricity and a component rep- |
34 - resentative of track eccentricity. The hole eccentnc1ty of any disk is
% detectable by drivmg the disk at two different check speeds and by

36 ehmmatmg ‘from the tracking error S1gnal the component representative of.



16 - speeds, si mply ‘as the disk check speeds or rmre sinply as the check 17

speeds. |f eccentric, the disk 4 on rotation will itself vibrate
mechanical- 18 |y and so cause vibration of the disk drive notor 4 and the
transducer 19 6, anong ot her parts. Such . vibration resolves itself

into a "vertical" 20 conponent (i.e. ggyponent in the direction in which
the drive spindle 16 21 extends) and a ™horizontal " conponent at right
angles with the vertical 22 conponent. It is the horizontal conponent

t hat causes deviations of .the 23 read beam spot 34 and tvvo tracki ng beam
‘spots 34a and! 3#BcKoGEcBI¥IN- 24 terline align % g grol:LB on
‘the disk 14. 2 Such Ueki sfereme, bas t%é‘rﬁmﬁl?"r’e?% e\# > rac |ng

errors, are therefore a neasy t@ £ a 1&&&3 @eteCE editauitc 7Q ywhi¢217 detects the .

Tracking errofs %ire represented b URifepdnkce be28 45,
FIG. 2, of the. p%cknﬂt}u%‘er“&oﬂﬁ P%'B}"t i%’ ttgel'r{‘e;ﬁf ?‘g%:tkfiﬂ%hgrrors 29

as p-

resented by’ tbet&.{eﬁ%engos&weopeﬁl ¥pal FIGr $manf cnegatbye 263k VP50t ﬁ*bfmé\r?% Care -

30 only partly due, P“ o rtl%', %hdq plithi@e Cebderof b{raiit(m measses bye  di sk
Bu ra

31 - eccentri cPt gutpPy C |ng errors dye KecRfGRALTICitY
are 32 cl ear by iflesitynofupetiadid evﬂfrm?n ehote dith * dﬁ‘ée% aﬁ' geaﬁg‘% gecause -

the for- 33 ner hat% € %kpggéeggic%ty that -is coincident with each conpl ete

revol.ution of 83 S. r g6t gi-L¥& N thidagRdy ocat es ..
to nmeasure di sk eccer’ithel entpyt Jeom Wﬂ?ﬁmﬂ & &hg?:lgo‘ri#al cg %?nt of

di Sk vi brati Gl Qéi@attp seitsl BCELR- memory 73. Operating under the direction

e LTy e ol 1 | den PYOdus@Tbnbytot Bendsuhe r act er -
45, 2 Towhr @viteh s°°é‘Ff81 %@“%nglgg IEFI(L‘J&M ¥ch °

1,.1s copnect £d,f ot Wt put
conduc- 3 12t QipAthdefdetdveorsediputate e Jdiffeesnt cﬁaﬁﬁ‘tfy} deqﬁ Tr gﬁek?'ng error
si gnal pre- s mog)pa,rsaa&;exdilté? ‘q;g}llylee%yertﬂrethﬂekaysﬁeﬁm admotme o tBYer a

conduct or IS a s he S t bsticaf t/&heous
means bui | t mt @theneof the twe ofith cﬂhF%kr SRT% (E] % dkol td’ﬂ y

) IVIn.g)'i e eccentrl (y,(é
conponent frop ABE dneaPdpedd, = ﬁrstdngputade t(nacmmg tb'brm%%"ﬁﬁf“ f

measuring the di sk eccentiic it 810 48t 86 NvAitagy videhs padhat.
whi ch that di page By (58S raé’ght“é?:c%tc |°r'1' oo

17 contact a on the first part 73a of the memory 73. * A second amplitude
18 (ie. eccentricrty) measurement TE, will be written via the switch contact

' .19 b on the second memory part 730 durmg disk rotation at the second

20 check speed. In practice this memory 73 can be ‘part of the "RAM 56,

.2.1 FIG. 1, built into the system controller 11.
2 A subtracter 74 has its two mputs shown connected to the two :
" 28 parts 73a and 73b of the memory 73 for computing the hole eccentncrty o
‘24 E, of the disk by subtracting the first  eccentricity measurement TR, from,_. T
25 the second TEa that is, B = TE - TE. |

2% The hole" eccentricity - output E; from the subtracter 74 is sent
.27. fnto the positive input of a comparator 75, the negative input of which

28 is connected to reference means 76 for inputting a reference value Refg |

20 The reference means 76 may be part of the ROM 57, FIG 1 The out-

30 put from the comparator 75. mdicates whether the hole eccentricity E; | is

31 not less than the. reference Refz or not. |

32 Inputting this output from the comparator 75, the speed determina-

33 tion means 77 determmes the speed at which the disk is to be driven, "

34 accordmg to whether its hole eccentricrty B, is not less than the refer-

35 ence Refa or not. The disk is judged to be of poor ‘quality if the hole

35. eccentricxty E; is equal to or more than the reference Refg, and of good



.9 heasurenent. The input conductor 59 is connected, fi rst of all, to a
10 digital |owpass filter 60 which functions to derive fromthe tracking

.error’ 11 signal the periodic vibration conponent that varies with .
revolutions of the 12 disk. Since disk eccentricity is neasured at two

~different check speeds = 13 as aforesaigd, the cutoff frequency of the LPF
60 nust be varied as the 14 di sk speed is changed from: one to the

other. .To this end the LPF60 15 has an input connected-by way of a.

conductor 62 toqaaeedafcammnﬂ;elﬁpeemmﬁéﬁomem 78 ﬁt&.&e&wrstmﬁdnio the
di sk drive notor rvo Ci.rcui - FIG 1, ause k rotatlon at
either of the? t\ﬂfagf’%lffe%c“é’ﬁﬂ |“E?Ft\;an the maipun é‘éﬁs’pﬁ? LofAHoBK 85

‘read speed. s1%he disk drivAsmdepl&tiEdhhlghlkyhaschem|toabé yOfI podr| Guauty,the _
digital LPF 6 V, d i p sampl e
delay circui t%m of 4 mmmwc%%‘?gﬁcfngﬁf u%li21r %rtﬂg ‘g% \/\hl ch are
connected as §h6f/v|¥°°d qFH’é‘Y 22 adder 63 adds the di gltlzed tracki ng error

Si gn?I a{ld ite ﬁel ayedcaalg:mthe comparatdr 7§ m&:% Wabthen sﬂﬁﬂiﬁﬂtéﬁc@uld’aﬁdt ety of
noadirti catl ons oweve or ex e r ovi WO Or -
more, instead’ oi"""ﬁ‘ﬁ'&iz“"E P! g‘é%"te’ % a‘PdIZB‘pe qi’ it‘,’é'? “B’?“‘t ﬂg ¥shed

line, the outpuspefedodatemﬂhatnanlcbcozﬁﬁgnw the difféence bptieed dndldwecclaluaqit;cl rcuit ,' |
64 instead oft e r i-the y cut of f
frequency of ?hg‘efb{la%gérme épchzﬂngﬁg %?E\?%P &ne of b %e% giéfeg%éf eg‘lisent of -
the multiplié¢ &g twopdour, eight. Bixtgena nand avenm) tiramd tieR)stindard) @udip &Pe

anal og equi Vg egedd)Otay e chodln RFtdakl saiékh@aaaz@ntﬁt a\ﬂbi%xatdlﬂfhaﬁ%m%ents)
fromthe LPF 60 when an_eccen- . 31 tric disk is driven at the

eccentri ci ty 'th¥aEBels. cothePhetarpried - ditectly oty nhe THPRs \FF??F'&*PF'&?‘PS in
these di agrams aeums erandsiﬁg) thel ddttes OtD Hetesmine 3fe diskvspeddl | a2Bordingt toetili Sk at -
the two check, s | be noted. that, 34 even though the disk is
t he sane, thg4 90?%%%@(511:111&]@ él“bratlon is greater 35 when the speed of

di sk rotatio#f i s hi gBbe speed detefniyatiop hnepnatidninferas theGiforopentioned; spesder as -

at (A). 16 command means 78 of the chosen disk s eed. Conn]eﬂted :{so' the disk Bef Or €
proceedi ng furé her with the sg E?P(S I on the FIG :
o rive motor servo- c:rcuit

_ 1L, by way of - 62 conductor, the speed

18 command means 78 causes disk rotation at the chosen speed. . o

19 " As an anciliary feature of this invention, the FfG_. 3 system - con—

20 troller is provided with additional means for determination of the second
_21' ‘disk check speed according to the first ampfitude measurement TE,. Such

22 means include a comparator 79 having one input connectéd the first part
23 73a of the memory 73, and reference means 80, such as part of the ROM
24 57 connected to another input of the comparator 79. - The _comparator 79
"25 causes the speed command means 78 to make the second disk check speed |
2 lower when the first eccentricity measurement TE, proves greater than a

o7 'reference Ref;

28 o o
29'_ . S R Method :

30 ' _ _ .
-é: _ Flowcharted in FIG. 8 is the disk eccentricity | .checl-:'-,_routine .ac—'

32 cording to the method of this invention which is to be factory prepro-
.8$ grammed on the ROM 57 of the - controller 1. The routine starts at -So
34 when a CD-ROM disk 4 is loaded on the drive spindle 16. The first
85 block S indicates driving_ of the disk at the first check speed of, say,' _
% four times the standard audio’ CD speed. Further, with . both tracking and



2 neans built into the system - controller 11, let us briefly study what
~exact- 3 ‘ly is meant by so called "eccentric disks. Such disks can be
broadly 4 classified into two categories. One of them is what ‘is herein
“called an 5 eccentric hole disk,~shown in FIG 6 and therein | abel ed 4a,
having a 6 spindle hole 17 S|tuated foijhe geonetric center of the disk.
The other 7 is typified by a FIG 7 disk 4b which has a spindl.e hole 17 in
the 8 right position on the disk but in which the multiturn spiral track

18 is 9 not ge '?B&fsﬁg ?érvdshgetgﬁﬁgPJpE}aﬁoﬁemee&aﬁgdch?eti Ol ObositioSU& hor 1l Sk 4 b -
is 10 herein referred as an eccentric track course, in

dis
practice, 11 Boti‘f“‘iﬁbltg’“eef:éh‘f rdes fpck df o ghac de‘tfcénfli“i"ﬁl?‘ﬁ tahle ol eRpst
. one disk; 12 snmems eixaatstqn;arityos-ecodieaks map;rtmssmwﬁoém thytpdkofof any .

eccentri.citieg i dss §nt¥iéi%§ a‘ilé’ar%L %t folx:r Qﬁheg s&P&E MR cpurel y.

toillustrate t s are, needless
to say, shom5gﬁe¢ﬂil 99595f@kh@g@r @F'edlimﬁé : The | nstant invention is
based upon the findi Rgehhae, ﬁhﬁl Bet¥ieit 7mea9lﬁ'gi1éiﬁ‘| eV abiid akah@iRg eb%u the
Splnd|e hol e 17 t he eccentric _hole dis 18 vibrates npre with an

i ncrease. in t Ae Plogkede of A8 ohas |bS‘Ff‘ seéufgftﬂg%r rereaceide Byi 4t thsndigls t he
‘beam 'spot from ebeatrickyk i Gneandredt By tthat amplitudic @erdpnt ci?&it A0 Naidh @heli sk
speed. The egcentric track n,the, ot her ha us

periodi c depargt (FEs oGP nt{ﬁﬁyb'g%?gnure’g%ngt g‘r i RS reig r}g“ 5“(5 ?ggac F%‘f _ .
result of 'itdJot memwryetkentricity. However the [ nten5| ty of vibration, if -

23 any, of Hhe ecce%@lﬁa&rﬁﬁ& dsashic%eé %ﬂm&au Y¥nd rlﬁﬁpeaad@mec&fd khe speed

24 of disk rotation, this disk being dynam cally bal anced about its
spindle 25 HB gentricity qhecks spegdy of Thig i‘?@i"ésﬁ%ﬁ‘i} frsedamay Decpeedetegpiaed et | on :
between 26 hel Bugcachis kbt heed Nbentionak 118 CodfticEibie | ith FHG. a8y ifipréreradiysk,

- accurately 2 ne e its CESGENt i Gt Yoy ter e the |tt|ng o
read speed f(z)r 5%&%? det(?mi eroafeﬂr& 5n{°t ﬁfé" tfgg 9’?% eccgn Eﬂm ty. .
29 . ... Fionin the JBustiates; Gebqﬂﬂmeehs The fpmeeemtrﬁqive meemmt | TBeds t he

afore: 30 sakdcnparddl RetnCIHeOReR! B'athe péoe.gwaed Y UhR Sedshd aglear sﬁéed FIG
2, of the 31 tracki ngetservo circult 14 or accurate det ectlon and

‘measur ement  8f. PRe beoset, gt éoeeﬁré?ﬂtrf’fcﬂ‘? wyEingupe poteihiei ipten SReed ek 3G acki ng
error signal icotihei ke Q&ndabatiudao W@,ﬂbr afProRRARIA 10,000 efm)niEl B, is
The hol e ccedhn PrcRB B Rrt B 7 49555aGol Beompyndp PR PN ok at
two di fferengo cépeek if pEEdSs ok bhan3Refiel Vmittaelsegmﬂrdmckt&peedsrareklprg- error
Si gnal the CQFP&P;%Ht s ep r ﬁ§§d1té§:$n\de cﬂLck speed because overly. eccentric disks .
22 might develop too much vibration when driven at. the fixed speed
23 * Then the ,eccentricity “of the disk is  measured again at the _second'
‘24 check speed according to the 'bloclt S _The second eccentricity check is
.2.5 also done by the amplitude detector circuit 70, and the eecond eccentrici- |
28 ty xheasu_remex_it TE,_ is’ written on the second ‘part: 73b of the mem_oi'y_ '7'3.
2 ._ © Then the difference .E, between the two eccentricity measurements .
% TE and Th is computed according to the block Ss. This difference 5
20 represents as aforesaid the hole eccentricity of the disk. . _
30 - Then a maximum allowable speed of rotation for the particular ;
81 disk 4, now on the drive spindle 16, is determined at the block. Sg on
'82. the basis of the hole eccentricity E, ascertained as above. The. thus
83 determined maximum allowable disk speed is retained on the RAM 56 until
34 the disk is ejected, With the- disk eccentricity check routine completed -
35 .at S;, the disk is read thereafter at a speed not. exceeding the maximum

36 allowable speed



15 1 track eccentricity. 2 Wth reference back to FIG -3 the LPF
60 of the system control- 3 ler 11 is connected to an anplitude detector
ci‘rcuit 70 which detects the 4 peak anplitude of the output from the LPF, -
that is, the difference be- 5 tween the positive peak V[err], FIG 5, and
negative peak V[err] of the LPF 6 output. 18 n other words, the anplitude
detector circuit 70 neasures the 7 intensity of periodic V|brat|on of the
di sk 4 due to both hole eccentrici- 8 ty and track eccentricity. 9

The output fram the %@'d&&ﬂ&aﬁ&l %@tai)rma%&uhsaﬂﬂw‘hﬁﬁt S‘;Qxe& NoP Ubh Sidh0 on

selector switgh 71 to a nenory Oper.ati'ng under the direction of a 11

switech cont roI% cthec bpses 5 e"("ﬁ@'@ﬁ?e‘&i‘&‘?""%ﬁt‘t @h tFe Fiéﬁ?ﬁ"f’ oFheCH FPesdadathe 12
anpl i tgdgI det gCt&irdiﬁglthzhé (gnw«ﬁoﬁh&éyekrbenthepﬁtibalygzepmdd 7ab telfowt he‘hme 13-
mory 73 dependin n_whet her IS riven at..one o

other of the twog Li‘g% S?f&&k“%‘%é'a?"ﬂyﬁa msdﬁ?tlgn% g, ﬁ it é({ e 15
first check sﬁeeﬂhrniommstthenﬁlﬁ-tmd@lq iecesntrixitye of rihei digk Masupmmnt '
TE[err] 16 made Byptde @MRhd tﬁée—,-d&L&CteQJenﬁ{cﬁtsuy o dfdidl | I-hﬁze\Mr' tif Efpe Vi @

the switch 17 _contact a on the first par he menor A second
bl tude 18" (1 B cditlorAerk, gsd 11Bas PSRRI e By (epuasy IFackgali oy dinky
the.switch coft agibratBn, hxeomirithecoemmd HRSieMeRATE, Agproflikatddy diuslé thet at i on.
at the secondgy20 ch{eck stp‘e Dra i.% e this menory 73 can be part of the
RAM 56, 21 FI. G Hacky, gpqepts °H?'o°°tm|‘?8° Bncontroller 11. 22 A
subtracter 74%has its two inputs shown connected to the two 23 parts 73a

and 73b of the nenory 513 f qpconputing the hole eccentricity 24 Eferr] - of
the di sk by btractlng the Plrst eccentr|C|ty measur enent TE[err] ‘from 25

the second TE[err]; that is, FEerr] TE[err] - TEerr]. 26 The
hol e eccent il tyy @t fudbndElagkr Lhecf;rgma tihesusﬁe&mscwa o ch@seS@idk vABra-i nto

t he positi ve 4 nput of a conparator the negal.i i.npyt_ of which 28 °
connected t.o ref®f%etbe S SCFERLFiGHY | FREHERGRY 2&,‘, &P REn Gefingd) 3% Ref[err]
29 The ref er’%nce nmeans’ 76 may be part of the ROM 57, FIG 1. The out- 30

put from thae corrpara%.%% 1‘é‘angll Y €s whet her the hole eccentricity Elerr]
is 31 not | ss t han reference Ref[err] or not. 32 I'nputting -
t hi s out put Tom the conparator 75, the speed determna- 33 tion neans 77

det erm nes . the sfged i Mbleah hiAGdh Sttadts 1@ B8 df k&kBNspeed for each disk
19 according to the difference B between the two eccentricity measurements
. '20_ TE; and TEg, as in the block Sa of the FIG. 8 flowchart,

_E,=TEz-TE1=TEa+'TEb_-TEb=TEa..

In - other words, to compute the difference E, is to ascertain the hole
eccentricity TEa of . the disk. ' '

Possibly, the first eccentricity measurement TF,; may include a vi-
- bration component due to the EIG. 6 hole eccentricity. The track eccen-.
tricity_ component is the eame, however, for both first and second eccen-
2 tricity measurements TE, and TEs so that the subtraction of' TE, from
TE, will elnninate the track eccentricity component and yield only the

‘hole eccentricity component. T
It is the hole eccentricity of each disk that needs accurate meas~

= urement to anticipate its vibration during high speed rotation. The
4 present invention meets this requirement by eliminating the track eccen-
s tricity component and relying only on the- hole eccentricity “to determine B
36 _ -

the optimum read speed for each disk.



34 according to whether its hole eccentr|C|ty E[err] Is not less than the
refer- 35 ence Ref[err] or not. The disk is judged to be of poor quality-
if the hole 36 eccentricity Eferr] |s equal to' or nore than the reference
Ref[err], and of good : . .16

1 quality if not. The speed determ natygn means. 77- produces a signal in-

2 dicative of a speed | ess than the maxi num possi ble speed of rotation of -
3 the disk drive nmotor ‘5. if the disk has proved to be of poor quality; 4
~and of the maximim pegs BhBodHRne" ofS REE inbvntiol® bl kinBas BhReCdabifiohf S of -
good qual Ity. - I nstead of the conparator 75,. ?mwever .ano :

- subtracter c&ul?fvﬁ'&ages’7 connected between subtracter 74 and speed

- determinati o means F7Dfskr ecceBitriinyeds Oféagiinddl N akih® N nd C ¢bFdliond sbBofsh Gr

di fference bet centricity 9 E[err] and reference Ref[err].

- In this case a\é!;q%gbr?%ggﬁ“ g%sveral different speeds 10- (e.g. two, four, -
eight, sixteen, and #whhtthe toptimum treed Speaddfor deagl cHisk @dﬁtrnég@edjepmy be
chosen for egchogi 9k haad&dmerﬁstha&%h.ertha| &gk ”@ﬁl' %6e vitiGiel 30 SHRLT geter 74

could be connecte di r%ctl - the speed determnation 13 neans 77,
causi ng the FatPEF“t¥ Mol ‘H’é’“‘i H?%F?R"sﬁ’é%‘ifhatftﬂﬁ‘%ﬁ Ayorspand, focysingo| e
eccentriCitygE[esrord.. - A5 reading ofTh@rSﬁ%!dy dakier &t NAki aRxikREN sotoy épﬂ;@&)r ne .the

af or ement i oned n 8 of . the.chqgsen di sk sp

Connected to® trré%ggesﬂév%?g%rl Ve no orggér Py 80 Py TS 15? K‘l ‘S'S’F vigy of 62
conduct or, tine Teyéngd a18nik meuridofrdatss  Eessc auroreswill 9¢curorthetua3moat quile chosen
speed. 19 u ARkafn ARG 4t @rmw&eaﬁéé&ethgé‘ sﬁi*t'u $hd I%X:‘iﬂhiap %eﬂrg" 3

system -con- troller is provided with additional neans term nation
of the secon‘a skak hUsle indeedy ereers Hf'ng"‘f‘ﬂ’ P e mRGh le“ari*pﬂtl gudach '
nmeasur eiment f{E[slmte]r reaBU Gime2 Arillreben Sreljiedd. ARard wHEED ARk A9 Feadi g pne.

I nput connect ecﬂégf %hédst part- 23 73a of the nmenory 73, and reference neans
80, such as art 0 ROM 24 57, connected to another input of the . -
conparator 78. The Sedthsatracking MS%@sésfocwgsmd @ilsmaadkepbafren 78 t 0

make the secgndedlietios NARK tPG8EhcAEn JrONRE Whiaflod he firTst eccentrici ty

measur enent TE[err] pr,[(i1 es 9reater than a.27 reference Ref[err]. .
driving of a low duality disk at a reduced speed causes

18 less vibration of the dlsk of the disk drive, and of other device ‘such

19 as an HDD.

éo . 5. The two disk eccentncity check speeds are both less than the

21 maximum possible speed of the disk drive motor, so that. the eccentrlcity o
29 check routine of FIG. 8 can be carried out while the motor is being

23 energized toward its maximum speed prior- to the commencementl of data re-

24 covery from the disk that has been just loaded.

26 . o " Second Foi‘in o
27 ' S o S _
28 The hole eccentricity of each disk .is detected from the tracking

. 29 error signal in the foregoing embodiment. " The ‘tracking error signal'_ m_ajr, )
. so however, be of -such low magnitude that it 'may'. be difficult to derive the:
31 eccentricity component 'soleiy from “the ti'acking error eignal in the _eaSe of
g2 disks that ‘are only very slightly hole eccentric. Thus, in an alternete
33 embodiment of -the mvention shown in FIGS. 9 and 10, disk eccentricﬂ:y is
84 detected from the “drive signal for the movmg coil 35, FIG. 2, of the
35 trackmg actuator 28 when the trackmg error signal is of low level.

36 . Generally, even dlSkS that are mfimtesimally eccentric may develop



28 29 ' Met hod 30 31 - Fl omcharted in

FIrG 8 is the dISk eccentr|C|ty check routine ac- 32 cording to the nethod
of this invention which is to be factory prepro- 33 grammed on the ROM 57
of the controller 11. The routine starts at S[err] 34 when a CD-ROM di sk.
4 is |oaded on the drive spindle 16. The first -35 bl ock S[err].-indicates
driving of the disk at the first check sp&d of, say, 36 four times the
standard audio CD speed. Further, with both tracking and

1711 0cUS] NECSRLAGS Ghedk 1Y 3,085 3 0Bk LANSONCR! nfenl S PSR L[ 0N

on the 2 inmost turn e data trac on the di erethetable

of con- 3 té&ntiwepty qdhishnrtines theceprissl autlep£P; mesed. hd@i“b? dveeg ¢
di sks-of any s Aecaaﬁﬂahlee £eC Qbduritely! idRfecAbR rfaﬁdaiatetatkiﬁpueﬁtﬂ N@gaal. he a

standard audi g 5.8 (1950 vol utions Then
the first eccént Pli'éif"t V’ﬁe‘ﬁghr iﬁ%’ &G%émécﬁ%ﬁfmlﬁ £% %’ﬁ‘i@“’e 7o Jbr )
S[err]. As hastrivhing sobr fdgiah isi 86 selledr nowlitwleF| GThe3, trackingdiastiuator 8 '
eccentricity jgs .{Fﬁéskigﬁéi' RYofl Qﬁc kﬁﬁrugﬁtagﬁx& Q&dec'u{aﬁuthfe #ekif CrdoP €

first eccentricity nmeasurenent Is wiften .on frrst part 73a of
the 10 menofy sfépal jsp that the T'Ff‘én‘i‘%‘i&? pampeRent| iay far meﬁecf“‘a‘i“é%te'élr feteety of
the di sk at asSe®mr¢roRCthel forf@NkanC Frbi thbeﬁttezs PFiEm thédd Soederting ee kK

speed may be predete 3 but has_al so be ed in copnection
th E e 5 B bttt it il aaf e dentits ik, TSRRRSET, ¢ ot
eccentri ci ty lrrea'm;r euhentradIE{lgarac}uattﬁ idrive heigaal | instadditionl tarizbokiendrom tha'he -
first eccent rﬁc'ga%k@ TE[err] .is 16 corrpared with the Ref[err] by
the conparat or '/t he. sec ‘check. speed 17 be set at 50 percent of -

t he maxi num Bossi bl e‘nrrﬂteoraltsm@d CD=R@M Q‘G"elf?at phawa dmeFIG chdbed outwdt o CD
speed, or appgOoXohdictrysd brORR tRMling fsemol efrédit i13 3 comteci®l! B tahaecona

TErerr] e br ATtnaR s ory AL G 4pre sk ABOHH MBSk R JoeL B,
... .15 ler la by way of a conductor 84. _lt 'will be recalled that the first
16 ADC .15 is for digitizing the tracking error signal prior t_o.' delivery to
17 the system controller. The second ADC 83, then, digitizes the drive sig— )
18 nal for the moving coil 35, FIG. 2, of ‘the tracking actuator 28 prelimi—-
19 nary to application to the system controller 11a, which is correspondmgly_
20 modified from ‘the FIG. 3 controller 11 - as shown in FIG 10, The alter-
21 nate disk drive 2a is akin to the FIG 1 device 2 in all the other de—

22 tails of comstruction, ' " .
23 ' With reference - to FIG 10 the ‘modified system controller- lla in-
24 cludes a second digital LPF 85 connected to the second ADC 83 by way
25 of the conductor 84. Similar in construction to the first LPF 60 shown.
28 in detail in FIG. 4, the second LPF 85 functions to derive from the
27 tracking actuator drive signal the component representative of the hole
28 eccentricity of the disk. o _
29 ' In ‘order to ascertain the hole eccentricity from the tracking. actua— -
30 tor drive circuit the’ system controller 1la 1s shown in FIG. 10 as compris—
81 mg, ‘in addition to the second LPF 85 a second amplitude detector cir-
32 cuit 90, a second selector switch 91, a second memory 92 a second sub-
58 tracter 93, a second comparator 94 and second reference means 95. The
34 means for detecting the hole eccentricity from the tracking error signal,
'35 also included in the system controller 1la, are of the same comstruction as

36 in FIG 3, so that their components are therefore identified by the same



21 ferred to a fixed second check speed ‘because overIy eccentric dISkS 22 r
.m ght devel op too much vibration when. driven. at the fi xed speed. 23
“Then the eccentricity of the disk is measured again at the second 24 check..

speed according to the block S4. The second eccentricity check iis 25 also

done by the anplitude detector circuit Eq‘ and the second eccentrici- 26 ty
measurement. . TE[err] is witten on the sécond part 73 b of the menory 73.- 27
Then the difference E[err] bet ween t-he two eccentricity neasurenents 28
TE[err] and TE[err! | S ut ed r e ogk T,

di fference E[err "'Earg‘lsgeerrsltgs glggé;ftgr&e%"ge t‘y} lﬁ%lg e%:ngekf’lrrltsm tgﬁof t he
disk. 30 . 2z tieewere thaxﬁMm ceritioiera Blae insludes speed, detaxmigatiop opeanp c77a
particul ar 3% diSksfon e Ofke! Ripufll iy ensio] Sdbitridiies | & UBletteli RO Bbtht he

bl ock S[err] on 32 the basis of "'the hole eccentricit er ascertai ned as
above. The #huthe3tagking efieh fignah Ardn the Fracking p?cEuaisrs ‘g‘%)élﬁi‘lﬂrs ret ai ned on

the RAM 56 ugtil 34 Chﬁieehe&ktd 3he] seedndd LPFV\BS,h thieh asecting k ampliteds rdetéctor check
routine conplet ei(xjcu 3 90 életsLﬁer rnle bﬁmgﬁtuqes Ié‘ler %&Qﬂge%x&%eﬂt oft ﬁﬁeed not _

exceeding thé % Gva
18 1 7 tmcktnﬂhettu@redmmaqimh ofl‘ha seaxadmsaieetor cﬁhﬁ‘lﬁhe%pfeeam*or each

di sk on . % &hfedbmﬁ, Qlfitheﬁﬁeﬂwt' Seldcior "RARM! AITBP! fhe AdwitchOcshitiol aieNt
check speeds ac- -~ 3 or di to the invention m ben(%‘heoretlcal I

expl ai ned as % oftibwk fYﬁedi’e"““g the Ampltge s SPtFEron PRYE BEEAYai ns
both a conpofenieatirlenént] Thieatt thed Figde disk Echecn bpaau meo hye tirat E&rﬁ 928 dfol e '
eccentri ci ty of .t he disk and 1o30) ent enl. Lrack
eccentrici t y'lof e 8?";?‘_‘*““%3\%\/ 'F‘PQF htude Qor ﬁtpé!? éa%ﬁ T%cspeed is
suf fi ci ent | yial otsicityo messnsenept) a Al at It}neneeqénékcheck 8898@11 binde i the seermdf | r st

eccentri.city JTeasiit )erg;ptt %E[err] appr oxi mat el y equal s the track
eccentri Ci ty corrponent Tla:
14 The eccentricity measurements TD; and TDs derived from the

15 tracking actuator drive signal - are akm to the eccentricity measurements
16 .TE; and TEa made’ from the tracking error signal. The first measurement
17 TA mostly represents the FIG 7 track eccentnc:ty of the disk whereas
18 the second measurement TD: represents both. FIG 6 hole eccentricity and .
19 FIG. 7 track eccentricity Consequently, a subtraction of TD, from TD. o
.20 prov1des the hole eccentricity Ez of the disk. - Possxbly, like - the first
21 measurement TE; of the tracking error signal, the first measurement D,
22 of the tracking actuator drive signal may also contain a’ hole eccentricity
23 component. Both measurements TD, and 7TD: contain the same amount of
24 track eccentricity component, however, so that the difference Ez therebe-
T 25 tween is free from the track eccentrlcity component. ' .
26 ' The second subtracter 93 has its two inputs coupled to the two
27 memory parts 922 and 92b for computing the difference Ez between the |
28 two eccentriclty measurenents TD, and TD.. The second comparator 94
" '29 compares - the difference Ez with a reference Refs and prov1des a- signal-
30 indicative of the results of the . comparlson : _ '
81 ' Inputting the outputs from both f1rst and second comparators 75
| 32 an_d_' 94, the _speed determination means 77a de_termines the disk speed as
33 follows: | o ' ' '
s4 L If the difference E, is equal to or .greater than the reference
85 Refs, the disk. is of great hole eccentricity', so that a relatively low -
86 first speed .M (eg. not more than four times the ‘standard audio CD -



I TE[err] = TEb 12 13 I f the second di sk check speed IS
suff|C|entIy hi gh to cause di sk vi bra- 14 tion, the second eccentricity
measurement  TE[err] can be defined as 15 16 TE[err] = TEa + TEbL. 17
18 Since the present invention teaches to set a read speed for each disk

19 according to the difference Eerr]: bectgfveen the two eccentricity.
measur enents - 20 TE[err] and TE[ferr], as in the block Slerr] of the

FIG 8 flowchart, -~ 22" Elerr]= "TE[err] - TE[err] =
TEa + TEb - TEb =. ﬁ“’ﬁﬁ’e digkn other words, to conpute the difference ,
E[err] is to scgrtaln t eccentricity TEa of the di'sk. 26

Possi bly, the first e@céﬁt@PcW@’%s@rm then ghe| referayce Refoypddaths - 27
tzngat ion c?nponfnbtuiueaifferehbe El quaﬁ thcﬂregxeeuaertw ¢id )‘%fereﬁkf Ret3 Oke QGIEN- |
S ricliay,c v er ot I rs secon
eccen-- 29 tri C|i'fy° N H’Peh’aﬁt%“ﬁ%q'réi‘;*] so \gﬁ‘d ?‘Ef‘kﬁ?ﬁ segepd F\pefa ggd(e -
subtraction of® TEoer fivef toomixt@A timesT Eheratdndwid| hudib | DG rw?d)tisesetran'kthe_ o

eccentricity cengagent and yiel d only the 31 hoI e eccentricity
conponent. 32, It is the hole eccentricity of .each di sk that needs

accurate meas- 33 3. Jf ¢hendiffersnemtficlspiese them the prefarenns. &afu raydhthsh
speed rotation? othbPeaitrddnce B 1eBd RRAIthd RRRILO RIR Clne aiakSisr eﬂtmmapnt by

elimnating the track ecce ty cqQmponent. a on
the hole eccentr Q‘th”dgi‘e Qi thet 36th(i'd #Resdo i Hufls ﬂl’%r‘i‘é‘a
di Sk drive motor speed (e.g. from seventeen to thirty times the standard audio
1 ep speed) ‘is set for the disk. _ '
12 . The disk. speed N, Ng of Na determined as above s sent from

'":’ _speed determination means 773 to speed command means 78 whereupon the
¥ atter signals the motor servo circuit 8 "FIG. 9, to rotate the disk at the
1 required speed for reading. The disk will . be read with a minimum of _
18 vibration “whatever its hole eccentricity may. be. . - |
7 _ The eccentricity check method implemented in the FIGS. ‘9 and 10 .
18 disk drive is substantially analogous with that of the . preceding embodi~
19 ment and therefore as analogously represented by the FIG. 8 flowchart.
2 The two eccentricity measurements from the tracki_ng actuator drive signal
: 21. are “made c'oncurrently with those. from the tracking error' siénal -at the _
blocks S and Si. | I
_ Besides gaining all the advantages set forth in connection with the N
first - disclosed embodiment, this second embodiment offers the strength of
'far more accurately detecting minute disk eccentricities. from the tracking

28
24
25
28 -

. actuator’ drive signal than from the tracking error signal
27
2 . Third .l?or'm. |

% E Shown I FIG 1L Is a glight modification of the FIG 10 system_
s controller. The FIG. 11 system controller differs from that of FIG 10 in
2 having no comparators 75 and 94 and no reference means 76 and 95 and -
» in “having, instead a modified speed determination means 77b. ‘The two _.
34 subtracters ‘74 and 93 are therefore coupled directly to the modified

speed determination means 77b, .
38
SRR Inputting both difference B between the' eccentricity measurements_



9 -1 - - - ThIS enbodi nent of the invention gains the follow ng

‘addi tional 2 ‘advantages: - , 1. Disk eccentricity is. measured
using no vibration sensors or 4 eqU|vaIent nmeans.. : 2. As the
opti mum read speed for each dirsk is determined prepara- 6 tory to data

- recovery therefrom the disk-will not vpgrate to such an 7 extent as to .
.bring about read errors through tracking errors and. focu5|ng 8 errors. A~
readi ng of poor quality.disks at the maximum notor speed 9 would .. '

-inevitably cabsegresd FES abde drvah et ltniaaang | ek edigral Gioll h@iffeiele TR b&O-
qual - 11

[eading 8 unid armu%e emn@&ggeg'ggg%mggté Jn %C‘(‘:‘?‘i o ol o, 388’6%entr| c-. ..

ity disk.is rea doat “a° IGher
12" ity of tlieacttutcsk drivedeignhl, ¢ha cweedyi 4eterobstdnn gepaps CH{b kemputgshdbe a nuch

13 Shorter readudd il LuDP EEOMdedy 1 NARor e daRidlnt and Seiitad at

14 hi gher. spee e tracking servo coil -and focusing servo '
coils are kept "Pif’?i‘nf%qﬂﬂg?r‘ticflieoﬁis'w&“ﬂ the ctitting, ereed Fherefy; aqeording 39 on. 17 -
4. The drivi rfy viettier| e stﬂuai,lrsygzdaﬁk thin a fefetenedos pord TRUdRR ib8of ess . .

vi bration of st he di of t r nd,.of Vi C 19 as
an HDD. 20 'la T8e ﬁ‘hﬁ'heccfntr ciYsE %c{é'n i"""gelrt thm’hecelﬁgfpg% g?e t?‘n l ess
than the 21 faxelstively poRr sipeed is phesgn ofor tthe dislsk IfirFavds mot mrore gban kg  t he

eccentricity 92?,esb&.9§ b:Pthé ook mdCendh GRD e SE 1k Ao WBldnnditye ot of

"i's being 23 gnergi zed toward its naxi mum speed prior .to the comencenent of - -
data re- 24 CO\l‘Er‘}‘a‘f thandigknis gyadicat pher mpEBUBCRgion gRsed| oaded. 25 26
Second Form®7 28 . ~ The hole eccentricity of each-disk is detected from

the tracki ngz29 error signal in t he ?regot%g embodi ment.  The tracki ng
error signal_may, 30 however, be of magni tude that it may be
difficult td®derive the 31 eccentrici ty conponent solely from the tracki ng

error signaliin the gasg F{)_Rﬁd dd,ﬁgszg %Iﬂg@riﬁ fid Vi2V §he &l Yakdnteald Fyovvn in

~eccentric. Jhus, in an alternate of "the'invention s
"FIGS. 9 and 10, is. megsyr@c o8 n'(hPl ‘eqsisyoﬁ dhe number- of track turns traversed by the
16 read beam spot- 34 FIG. 2 ‘during each complete revolution of the disk,

7 _ with the tracking servo turned off during such eccentricity measurement.-
l_a. Thus the disk drive 2b has nelther the ADC 15 of the FIG. 1. disk drive
%) nor the ADC 83 of the FIG. 9 disk drive 25 instead, as shown in
20 ~ FIG. 13, the wave shaping circuit 97 customarily included in the read cir-
2 cuit 9 is connected hy way of -a conductor 96 to a modified' svstem conr
troller 11b detailed in the same figure. Connected to the output. conduc-
tor 54 of the transducer 6, the wave shaping circuit 97 operates to re— :

. The modified system controller 115 has eccentricity detector ‘means
: 98 in substitution for the LPF 60 and amplitude detector circuit 70 of :
2 the' FIG. 3 system controller The - eccentricity detector means 98 -is

22

23

2 shape the transducer output into a rectangular waveform.
25

26

® shown as comprising a counter 99 having an input. IN connected to the
2 wave shaping circuit 97 and a frequency d1v1der 100 connected to the
0 reset input R of the counter. Reset by an output pulse _of .the frequen- )
Sty divider 100 whe'n' the appara'tus' s in 'eccentricity check mode, the -
s2 counter 99 counts the pulses from the wave shaping circuit 97. -
"?3 - The frequency divider 100 is connected to the disk drive motor
3 speed sensor 12, FIG 12 by way of ‘a conductor 101, It is understood
% .that the speed sensor 12 is of conventional make capable of producing )

6 six pulses with each complete revolution of the disk 4. _The ‘frequency



34 detected from the drive signal for the noving coil 35, FIG 2, of the
35 tracking actuator 28 when the tracking error signal is of lowlevel. 36
Ceneral |y, even disks that are infinitesimally eccentric nay develop

20 1 - inconveniently great vibration when driven at a speed. as high as
from 2 twenty to thirty tines.the stanggrd audio CD speed. Fairly large
disk 3 eccentricities are accurately etectable from the tracking
error signal. 4 |Infinitesimal disk eccentricities are not necessarily SO0,

because then th n al,. | s I e The |
tracking actu tedi‘"ger ogﬁl%lm qmt a‘f%se r%bmcehitsqe’ﬁ{%r voP age magnl tude
t han 't he tracki geedr pensor 12; in gﬁ&r W%@ﬁ»tihanut! mtea:@@hprw%htvcbmmmt is -

far nore accurtatglofucflat 6Ckne diik a&lh%sfdhem&,h@rf@r @&{nts hRQ duidein ihbmidat ter .
From these considerations the 9  alternat rive includes means

for detecting dfedk thes raxs (abpRipg circyly 9% dy ﬁif‘gt??éht?é‘eﬁenﬁevé’éﬁ?&t?ﬁ t'El"rl ve

Si gnal in addi® iae. t o those from the 11 tracking error signal.

In the alternate CD- RQ! &L&ﬂ(ﬁ %gvleapvgﬂei&sfl@va ?ghig &‘L’tﬂxu%perﬁon ductor

52 of the tr%(ékl ng servo circ I S connec secon
(the first ADC Isiosing theefpcusing Serenavittheride G & 894tthe tracking gpcvolb Ier

1la by way of 8a¢gORdiiC Obpeddtion by wehing behel Balihg beldakwitdle 4ol rof diék ADC
15 is for. di g|9t|2|n9 t he Erackln error signal r|or to {jhﬁl ver%to 7 the.
system contr ol ggertriciiye chegko AgcoXds “Eenéﬁ"enH Yi t ("PEY disk;

nal for the n8v Iuﬂgarcﬂlehe ndifitds, the v&fvetshﬁpihg aﬁieuttgs'aowmapmﬂu&B appetke m - 19 :

nary to applimka n t hgh g caLle di ngly

20 nodified %r%lrl#‘ tf?% IE—"FLGI%%?S L% %?P t;év% as&iLs(rgllt(ge\%nll\(h 1?1 FI’% ?%f Ssgﬁtn -
alter- 21 naf e will skosgr thee tagk j anlyloinee tfer teach ogplete dishi tavolution ig| Ithe he -
other de- 2213t gideSo0f REMASIchi! URR. R3the disk hawsfome 'HE.L6 UL eb@nfrlcs 10

the nodified,gystem controller lla in- 24 cludes a second di gbtal LPF 85
connected to t h&»shRSEVer AbE hesm,gpafiaVillosross,the (teack (mesRctbBR 9fe DYSiTAR ar
construction fOsddseof idisid vibtiGD, anahbewﬁ 3foti Bisplatedieht irndikilyG.of 4thet Iaﬂ;ksecond .

LPF 85 funct Imn%‘ht Clbeagr spo mJil cross Qge ‘track more than once. if the disk is track
17 .

eccentric as in FIG. 7, too. . ,

18 '~ Thus the numbeér of times the beam spot crosses the track per
19 unit length of time.is a measure of disk - eccen_tnclty. It will therefore . -
20 be. apparent that the output pulses of the wave shéping circuit 97 might
o be counted during any preset period of time other than that of each
complete disk revolution. o _ '

3 In this FIGS. 12 and 13 embodiment, to_o, : .disk eccentricity is
b checked at two different speeds. In the. FIG. 13 system controller 115 -
therefore, the counter 99 is shown connected via the selector switch 71
to the two different parts 73a and 73b of the memory 73. The first
eccentricity count Na is stored on the _.first memory part 73a and the

28
27
.second eccentricity count Nb on the second memory part 735 The sub-
2% tracter 74 subtracts the fitst. eccentticity count Na from the second Nb
% and sends the difference Nc therebetween to speed determination means.
st _ 77¢.  Like the two eccentricity measurements TE, and TEg of the forego-
ing . embodments, the eccentnclty counts Nz and Nb contain information on
% the track and hole eccentricities of the disk, so that: the difference Ne
H therebetween represents only the hole eccentricity of the dlsk '
5 Inputting the dlfference Nc, the speed determination means 77c¢

determines the disk speed eccordingly. For example, the disk speed may



27 tracking actuator drive signal the conponent representative of the hole
28 eccentricity of the disk. 29 - In order to ascertain the hole
eccentricity fromthe tracking actua- 30 tor drive circuit the system
controller 1lla is shown in FIG 10 as conpris- 31 ing, in addition to the
second LPF 85, a second anplitude detector cir- 32 cuit 90, a second -
sel ector switch 91, ~a second nenory 92, d5second sub- 33 tracter 93, a
second conparator 94, and second reference means 95. The 34 neans for
detecting the fole eccentricity from the tracking error._si 35 al so
o e i L h b SBEAF b A ot o5 ey ST SIA o8 PR FBfions a6
in FIG 3, so theD: speedy ifc GVep A eot Smane eth'mhenwofatesu Qerdent |of dthey mhkimusane
21 i referenc e n h F t rts.:
Fur- 2 ther mog oupfit oS 358 3iaCHol? HF Rbiiald Shine L winPUP) REDRT 0
means 77a 3 to three reodhaty 80 pescent (nfit thehwaxigie materempacticles: den dipedethect ed

from hoth 4 thesﬁﬁ&%laa&oecnogpesmgaahc 3P o) € Daka GhioReryatlomatuar afdki 1e
signal. 5 Connect e he second LPF 85, the second anplitude

detector 6 ci rcfhef‘ ¥ C‘Et ﬂiehéh“éﬁ't)lsP‘felf}de of the eccentricity conponent
of the 7 “tracki- ng acNmﬁthstanhmg/aheligymhmg d&hitedseisdnmrseﬂteist oot deditedh O1

o & Bl ) el lblabE o Bl €6k OLafishflad oy Ohhel g LoD

control CII’- direc Le anp ude dete first .
eccentricity 10 inge o thendeseniptiony équf‘Pf:atfatbﬁe the rigyengfion kshewldc ke sqseﬁaxeﬁnt 0
thte f It r?t parg’ 9Badtf a]]og id Iaemﬁ{ﬁeprednmrwﬁt&)heaaﬂ ﬁ&%in%{’f&l ipkdpde sé«gigector
out put (second eccen- ricity reme rr secon!
check speed i ntfo they pifached Jpie. 13TH§§HJE?‘V“§)QH %? hfL. of p°°°‘ l"’Tl’l’égﬂ"
eccentricity rremhnsememhe illTfated lembodimentDiwhich] acbeall \tetleveldr tmfall htht5

tracki ng act uat o I gn n to the eccentricity measur enent's
16 TE[err] - @ndirml' . & 941? ?%‘%npﬁlé tracking error signal. The first:

measurenment 17 TD[ er%-]Thené!ﬁlﬂay LPEp s antt $5t¢paldrpeg, replageda edcho bY camt pIaC| ty of
the disk Vmerléasloé&ﬁﬂq%hm%ds(ﬁeﬁﬁlﬁ@”ﬂntwﬁa Cdolnride8 P& CHEfEr S1BOLA ﬁLG 6

hol ntrigi n Fl G ntri n nt |
Slc.l)b'? r :gf ? Oﬁ] Olfe -rﬁca dT ?rr Sepister] lg, capacc?toe} t1{4 gndt % varia lesga gitatncz diode
1 :

115. The variable- capac1tance diode 115 is controlled by the analog vol;—
age 'output from a digital to analog converter 110 on the output conductor
19 62 of the speed command means 78, FIGS. 3, 10 and 11. The Output

®  from the analog LPF 60a is directed through an ADC 11 to the amphi-
21

18

tude detector circuit 70 or 90.

22 2. The invention could be applied to devices for CAV servo read-

23

ing of CAV disks, ood CAV reading of CLV disks. Incidentally, in the
" #  illustrated embodiments of the invention, it is understood that a radially
% inward region' of the disk is read at CAV, and a radially outward region -
at CLV. : . o '
= 3. In the FIGS. 10 and 11 embodiments thé hole eccentricity of
28 . -
each disk could be detected solely from the tracking actuator drive sig-
% -
nal, instead of from both tracking actuator drive s1gna1 and tracking
30
error signal. '
s1 ' .
4. The various hole eccentricity data supplied to the speed deter—
32

mination means in FIGS. 10, 11 and 13 could be employed in various other
combinations for determination of the fitting speed for each disk.
5. The photodetector 26 could be split into two sections instead

33
!

» of six as in the illustrated embodiments.

38 . L ;
6. The invention could be applied to not only optical, but also



20 provides the hole eccentricity E[err] of the disk. Possibly, |like the
frrst 21 nmeasurenent TE[err] of the tracking error signal, the first
measurenment TD[err] 22 of the tracking actuator drive signal nmay al so
~contain a hole eccentricity 23 conponent. Both neasurenents TBP{err] - and
TD[err] contain the same anpunt of 24 tragk eccentricity conponent,. .
however, so that the difference E[err] therebe-- 25 tween is free from ‘the
track eccentricity conponent. 26 ~ The second subtracter 93 has its
two inputs coppled 0 %@g two 27 menory parts 92a and 92b for conputing the
difference E[erPEneHa e "f% 28 two eccentricity measurements TD[err] and
TDO{ err]. The2second conparator 94 29 conpares the difference FEerr] wth
a reference Rgf[err] and provides a signal so indicative of the results of

the conparison. 31 =~ ~  Inputting the outputs from both first and second
comparators 75 32 and 94, the speed determination neans 77a determ nes the
di sk speed ass 33 follows: 34 1. If the difference Elerr] is equal

to or greater than the reference 35 Ref[err], the disk is of great hole
eccentricity, so that a relatively low 36 first speed Nerr] (e.g. not
nmore than fouf times the standard audio CD ' '

22 - speedy is set for the disk. 2 _ 2. If the difference _
E[err] is less than the reference Ref[err], and the =~ - other difference
E[err] equal %0 or greater than the reference Ref[err], the disk is

of medium haele eccentricity ~so that a higher second speed Nerr] (e.g.
from five to sixteen tinmes the standard audi o DC speed) is set for the

di sk. _ '3..If the difference E[err] is less than the reference
Ref[err], anéthe other difference E[err] less than the reference
Ref[err], theg.disk is of mninal - hole eccentricity, so that a third

speed Na of Epe hi ghest possi bl e di sk

15
18
17
18
19
20

21

22

23

27
28
29
30
81
52
33
34

35



drlve not or eed (eg. from seventeen to thirty tines the standard audio
¢D spee l’ uﬁ,ﬂu mﬂa,l disk.. - The disk speed N-err], Nerr] or
N err] ve is sent from 13 speed determ nation neans 77a
to-speed commnd rreans *78 wher eupon the | atter signals the notor servo
circuit 8 FIG ‘9, to rotate the disk at the 15 requi red speed for-

‘reading. . The disk will be read with a nPi mum of . vi brati on” what ever-

its hole eCcentriCity may. be. 17 - The eccentricity check
dISk drive is substantially -

met hod inplenented in the FI-GS. 9 an
anal ogous wi t H that of the preceding ‘éﬁg&!ﬂs ' " nment and therefore as
The two eccentricity

anal ogously ré@presented by the FIG 8 flowchart _
t he tracking actuator drive signal . are made

nmeasurenents from
concurrently with thdse frianem @pearstugcler ridsta rpeavesy Giom| roftingdata stor- ) ocks
S[err] and S[ér rake dgﬁ:s having varying d&?&!sd@ﬁ hei éHc&ﬁrié\ilty ahﬂ&rﬂﬂivad&ﬁﬁas set

'fort h in conngction wt filrst disclos i ment hi s.second
embodi ment  of f edd» t*‘hé“*'sf‘f’i1 éﬁ:gfﬁ‘idiBF cach d“?kaPt r?DF%"eg %\iﬁi *‘ypa'éc i PR i nut e
t han

di sk eccentri &i et@atriciynof i aislackhialg mifthod compaBédiat or drive signal

fromthe tracking errgr nal .
8 dﬁﬂg €58 data r§q§| &Sk 1% s ﬁzristsfnlsﬁ h?cc%gfifl( c%ltlt 'on of

Third Form 29; 30
the FIG- 10 syst em 31 speadht roI I er ‘'The FIG 11 system controller

differs from?that ofg)Fhkind G Ifﬂsﬁaeasuremehta\bt nmenaolso.;martﬁa@; 5an35t1§£l£jd9? | |
a noairti ed.-

‘and no referqnce neans 76 and 95 an aving, 19
speed deternination neans ®gagtrt ‘“tyTﬁg thenstisky in mati%‘hlﬁf g{!;l‘?:t d;eg: &Ff§*93 are

t heref ore coUpI ed directltycity Q:heékhspeeﬂndl fied 35

12 (c) driving the disk at a second disk eccentricity check speed
l,s o - which is higher than the first disk eccentr:city check
14 speed; | . . _
1 B (d) making a second measurement of t.he'. hole _eccentricity _and track

s eccentricity of 'the. disk in rotation at the second disk ec-
L ~ -centricity check speed; - .
18 . {e) ascertaining ‘the. hole. eccentricity of the disk by'subtracting the
v _ first measurement from -the second measurement, and

2. B} determining a matching speed of rotation for reading the disk on,'
A o - the basis of the above ascertained hole eccentricity thereof:
22 D . .

» 2. ~ In an apparatus for data recovery from . rotating ‘optical data

# storage disks haying varying degrees of hole eccentricity and track eccen-
» “tricity, the apparatus .having a transducer for reading data recorded on
% each such disk along a track thereon by irradiating the disk with ‘a-
_27 beam of light, the hole eccentricity of each disk -manifesting itself during
2 disk "rotation as periodic vibration of the disk and, in consequence, peri—-'

% odic departures of . the ‘light beam from the track to an extent proportion—
0o al to the speed of disk rotation, the track eccentricity -manifesting itself - .
. during disk rotation as periodic .departu_r,es of the light ‘beam from the-
e track to a constant extent regardless of the_ speed of disk rotation, a
» methcd of reading each ‘disk at a speed suiting the particular hole eccen—
" tricity of that disk, ‘which method comprises: o

85
7 (a) driving an optical data storage disk at a first disk eccentricity '

36
- check speed;



speed det eFﬁ"ﬁé’ﬂ“o'rWFHns*ﬁ?b% | nputting both difference E[err]

between t hej surenent s _
23 'ﬂ» ﬁrr] made from the tracking error signal and-
Erere ween the eccentricity neasurenments TDerr] and

di fference

T err] nade fromthe track| ng actuagor drive signal,, the speed

determ nati on nmeans 77b conputes the . 4 equation, E[err] : = AEferr] +
m nes the.

E[err], where a is a correction coefficient, and deter-

quali ty of the ki sk o3 b i |{ RO RRAAL el 51 Sh0 o SRR a prock |

whet her t he sup Efer eat erence or
7 large hole eccentricity |eF'<=eEFéqu] of jthe dliskaine rotatiom at Itke (fispledishicecce®y t hat

8 relatively | ow speed tﬁén;chﬁsaﬁs am ﬁmemsskf the freﬁ{x@ﬁg Iperib&icn@s- nore

Q.
than the 9 reference, on the ot Pnﬂg ﬁﬁg is of small hole
eccentricity, , 10 so that PRHEeg; kﬁﬁe ight o feamy rt°f’ie m not or  speed.

11 {c) driving the disk at FousecbndFglisk e&@ntricity check spbq:d t he

CD-ROM drive Qb shown in dj c {1 y icith S ¢ ur ed
on the basis 0§ the nun‘oer%Jh htrac&%lgrr nshﬁ}t§r g&e%?é‘d @Lﬂt ﬁccentrm& eam
spot 34, FlIG 2, duri ng eaépeedonpl ete revol uti on of the di sk, 17 W|th t he
tracking servo® t ur ned(@f faxdny laNEbcSIC heffubdiidht bf ithe/ hma&éé&mﬁir and trackThUS

the disk drives 2b has neither the ADC 15 of the FI G i sk dr% Ve 19 1
nor the ADC 83 of the FI G SEFeBFiGyqP; Jae spk f’h§?*é%1€1“ o3 e toried o8 £ G

13, the wave shapi ng ci r cuicentAiditg Uieckrespetd/ innedrslect ithe tleeultieg dperiodic

Crollor P10t et Pa Y Y aBfarfrGOBENEL UenObeled donl UL o SY51 M CON

| 1b dgtailed in thes Conne

troller
23 tor 54 of the(el)rmﬂénim ﬂée hpheemcﬁhaﬁélﬁhg dgly @umubg'?ctéqsemt es to

‘re- 24 shape®the transducgstOtdislembatt fof HECLRMM hBdsu@LSE Onl

14 .
: (f) determining a matching speed of rotation for reading the disk on °
15 o . ' '
_ . the basis of the above ascertained hole eccentricity thereof.
16 : _ _ o
17 o o _
3. The method of claim 2 wherein the apparatus includes a .

18 , .
-tracking servo for holding the spot. of the light beam on the track on

19 . .
o the disk, the tracking servo including means for providing a {racking er-
ror signal representative of the departures of the beam spot from the
21 o - .
' track, and wherein the first and the second measurements of the hole ec-

22
centricity and track eccentriclty of the disk are each made by:
(a) derivmg from the tracking error signal a component that varies
periodically with each complete revolution of the disk; and

25 ' .
(b} detecting the amplitude of the derived compoment of the track-

23

24

ing error. signal.
27 .

:: 4.. " The ﬁethod of claim 2 wherein the appafatus' includes a
tracking servo for holding the spot of .the light beam on the track on
thé" disk, the tracking servo including means for providing a tracking ac-
tuator drive signai for driving a tracking éctuator gso as to keep _fhe '

“beam 'sbdt : oﬁ the track, ‘and wherein the first and the second measure-

30
a1
32
s3 _ .

_ 3’4 _ ments of -the hole eccentricity and track eccentricity of the disk are each
-made by: o '
(a) deriving from the tracking actuator drive signal a component

that varies periodically with each cbm‘plete revolution of the

85



The rm ed s em control l er 11b has eccentricity detector nmeans 26 98
I R sub ,}w MW,M’ LPF 60 and anplitude detector circuit 70 of 27 ‘the -
FIG 3 ,Ie - The eccentricity detector neans 98 is 28

shown as corrprl ding a* counter 99 having .an input IN connected to the 29

wave shaping circuit 97, and a frequency 29 vi der 100 connected to the 30
reset input.- R of the counter.  Reset by an output pulse of the frequen- 31
cy divider 100 when the apparatus is in eccentr|C|ty check node, the 32
counter 99 counts the puI ank; taPm t he wave shaping circuit 97. 33 )

“The frequency zdi vi der, I S connec ed to t he di.sk drive r.mtor peed
sensor 12, FIG 12 bg’) %’Fga?‘e of) e deriyed, §°“m‘fﬁ’é‘fs‘foﬁ‘8 %"t hat
the speed sensor 12 i s of ingonatestbs @lmé. smiae capabl e of producing Si X
pul ses with edch conplete revolution of the disk 4. The frequency

24 -1 divgder 100 puts out a. pulse each tinme it inputs six pulses from
the 2 speed sensob- 12; In an cappenatugofay sdaty (reqoyery fnom retasimgseptigal ateach

conplete 3° remwtdl&e &fvix{ghearc}ingkaegr;@atef hdle deOunBli@ty % GRKR{cectde
uring each conplete

pul'ses i ncom ng 4 fromthe wave shap circuit 97
revol ution of, tigity, the fpppratus having a ‘trangduces for, neping fair, Tgordqds 98 sk

drive 2 bis 8seéach NswWeRe @k elan@ya tn?ckclmé‘rédig Hyherfaaiemg rlgesersmwsw ach 41,
FIG 2, and tth tra I V,0 Put of per n i39 the -
Rl Py Fpomanri A of Mo B ORI e

tracking Seryo Sw 't ccen 1 Cl
i nventi on. V\htisk trbtetioh ik pes;iOdisadibratm@ ofh dbe Qiﬂkesed ciyndmsemce. pesi-nave

shapi ng ci rctli tod?Jizi\égir{urQJ %ﬂ%@ l?ghPL%eiﬁ from tﬁ@ctpaci&' {%Bat RGtenf AHoREAN- Sgﬁtcé |

traverses the trac beam spot | cross the track onIy
| Al etogithe ‘“‘P%?\S‘oﬂltqi%‘n “i’tﬁﬁ%ethe tm%%%a#*%mm@&%m riteeligi sk.

]lc? rtﬁgcgi g(lzmﬁa&nﬁmaeﬁk&otﬁidaohe ekt defdkturesl4f ttfie hgwe'bedm fréwe fheam spot '
\M l | cross tike trcic lt<o rLDrcgnsrtan?nex(%en%erebggrdiess of the speed of disk rotation, the E
" : apparatgs further including a. tracking servo-for holding the spot _of the _
1_‘5 light beam on the track on the disk, the tracking servo inclﬁdi'ng ﬁeane .
" for providing a trackidg ' efror signal representative of the d_e'parture of
the beam spot from the ‘track, and means responsive: to the tracking error

signal for providing a tracking actuator drive sjgnal for driving a track-

18

19

go ing_ actuator eo_ as to keep the beam spot om the ti'ack, a’ method of
'.:; reading each disk at a speed suiting the particular hole eccentricity of
”s that disk, which method comprises:
(a) dnving an opt1cal data storage disk at a first disk eccentricity
-_24 check speed
:: (b) making a first  measurement of the hole eecenttficity and track
o7 eccentricity of the disk in rotation at the first disk eecen-
o8 tricity check speed by deriving from the tracking error

2 _ ' signal a component that varies periodically with each com-
' plete revolution of the disk and by detecting the amphtude

of the derwed component of the trackmg error signal;
(c) concurrently with step (b), making a second measurement of the
hole eccentric:ty and track eccentrxclty -of the disk in rota-

a3
tion at the first ‘disk eccent;1c1ty check speed by deriving

34 _
from the tracking actuator drive signal a component that

35 . _ _ : .
varies periodically with each complete revolution of the

8 _ - _ . _
disk and by detecting the amplitude of the derived compo-



-

sons of di sﬂ"mﬂ ' ! eam spot displacenment radially of the disk.
The beam SJ ﬂmmnuﬂm"? track nore than once if the disk is track 17
eccentric as'irf FIG "7,st00. Thus the nunber -of tines the beam
spot crosses the track per - 19 wunit length of time is a neasure of disk
eccentricity. It will therefore 20 be zpparent that the output pul ses of
t he wave shaping circuit. 97 mght 21 be counted during any. preset period
of tine other than that of each 22 conplete disk revolution. In
this FIGS. 12 and 13 enbod|mnie ,t0 ' entricity is 24 24 checked
at two differegt speeds. *’%Et#eﬂh &#@??tﬁgg’?nﬂé‘%n%%% er.11b, '

t herefore, the count efd) oériving sthewdisk oathectasepndi diskhecospirieity o cherki speed71 26

to the two different partsyf3a 3N0nigRk Chad N@eMHMY VaidS: ecoddificity I Sheck
eccentricity count Na is stored on the first menory part 73a, and the
| city count feredn t he second nenory part 73b. The sub- 29

second eccentr% _
tracter 74 subtracts (ehemakingss thixdemédsiudmbit eDuhé Hile fetamridity sat aradkND

and sends the ®ifference repe n p: .det er.qi .Qn S
77c Like the wo eccentr :\%c%{;/%ﬁggs%\r/\%%eﬁ{sg 'i?'EFoer rw?‘ aﬁc?mrE?;édrnrg] d.ig?a;flﬂe
forego- 32 . ing enbodi neamtricity i¢beckceraed rbideyivingufron the tmckind eromt ai n
i,nformation of 33 the tr agfnaAng BRbheRC GRA Tarfdst .bé‘r@odﬂfan* h@isli ibn ~ -t hat.
the difference Nc 34 therebetween represents, onﬁl-’% t he,'hol e eccentricity of
the disk. - " | nput Plpt§grevelption) of f theofisk and by (dgtectipp dhe amplitude ~

det erm nati onlo means 77C of tishedenvean esmpohent difS khes pecifing @eoF diigigl; y . For
exanpl e, the i sk spegd nmay_. » " L - ' :

25 bggset at & nncéﬁenﬂ mwrﬁ) Streps%éelaakfneg 6 . fqtu\l/'\‘f'epnfn §as premest © ethe -
st andard audi o 2 CD spekaly ecéenhiicitys ambttrachreccedieicity wb, that digl) iperotaznt of

the maximm = ot or spﬁ&ﬁaéghg-se t8gR é&%&ﬁ,ﬂ%@&a@g@eﬁdﬁgu@rﬁ@
‘speed) if Ncis three, and at ercent of the nmaxi num ndtor speed
(e g. ten ti,q‘?s t he. ipg from thg tracking actuator .drwe signal a component

. _ : that varies periodically with each complete revolution of the

16 ' _ _ . - .
E : disk and by detecting the amplitude of the derived compo-
17 : _ . T

_ nent of the tracking actuator drive signal;

18 : - :
(g) subtracting the first measurement from the third ‘measurement;

19 . )
(h) subtracting the second measurement from the fourth measurement;

20 .

: ahd .

_21 - (i) determining a _ﬁatéhing speed ‘,of rotation - for fead_ing "thé_ disk on -

2 the bases of the remainders of subtraction of the first _

= . measurement from the third measurement and of subtraction

:: of the s_edond measurement from the fourth measurement.

26 ' B

o 6 ‘The method of claim 5 wherein the speed of rotation for

o8 regdigg :the .disk is set at a first value when the remainder of subtrac-
tion of the first measurement from the third measurement is equal to or

greater than a first . reference, at & second value, ‘which is higher than

the firsi value, when the remainder of subtraction of the first measure-

?l' ment from the third measurement is- less than the first reference and, at
= the saﬁg time, the remainder of subtraction of the second measurement
% from the fourth measurement is equal to or .gi'e'ate'r than a second refer-
ence, and at a third value, which is higher than the second value, when

the remainder of éubtraction. of the first measurement from the third

.34
‘35

36 o |
- measurement is less than the first reference and, at the same time, the



standard audio CD speed) if Nc is four. Data recovefy fromthe disk is

t hen co en speed. - Notwi thstandi ng the
f oregoi TT"H “mm lmt ﬂnure it is not desired that the present

i nvention be Finmted By the exact show ng of t he draw i ngs or the.
description thereof; rat her, the inventiomsshoul d be construed broadly
and in a manner consi stent 'vm' th the fair nmeaning or proper scope of

the attached clains. The following is a brief list of possible m)difi-

cations of the | LSkl f BT B R Wbl Bfirihbes Vb SHE o ak 11 {1

13 in the scope OF thrs I nven
85 coul d be répl aramgntde Hessytham t&ﬂasecon%relf@gn@PF shown at 60a in FIG 14,

whi ch conprises a buffer 112, an in- duct ance (or resistor)- 113,: a.
capacitor 114 and a varlable capaci t ance di_ode The variabl e
capaci t ance di‘ode 1157 s cd¥er Bethed) 9y clpime 5o Fhptsty \FB? t‘a‘l""""lS’f rotatiag; dorg ;1 put
froma digitals t eeaaidgl B2 GBEVIEr debdrminkl seoording thutliwkuxﬁ:cmdmét ffimainders &2 Of

t he speed co nd a 3, .10 and 11. ut om t he
anal og LPF GSTaEai g rC{e}c eg f r(%?sthﬁgﬁs“ﬁfnifg"l oth? htg“rg Fsg‘re?fntt 335 &
detector circdi tstmrastwtg@'f the second measuremest, ffﬁhethenmwl wersueeoeRt- be appI i ed

to devices fors CAV servo read- ing of CAV disks, and CAV reading of
CLV di sks. QCI dentally, in the i |l ustrated enbodi ments of t he _
invention, it is undePstoodl tRatpraratysdfos) figpa recoveps,feomy retatingopptigel 1data di sk
i?,s Ireadhat FIC%V %Gﬁga dieiglil Bividg Qaiydey degrealh 6N hdle eccentridity Ghd/. tfr&K eccen- ]

. In the e ts the cent (i ci 0 eac
i sk coul d be-deFRPhHE oTRERTT TRTSE 1 PRI olon FOuPE, S8 peerdpd g
nal, instead Bf éacbmsudbotdiskt rlbogi mgtrack Uhereon dby Vieradiating| thendisk twithclei ng 30
error signal .1831peen of night, anf-a TREKHA' baS 130! Rl Clller whds! Ye b Aughippl | ed

to the speed deter- 32 m na I on means in and 13 coul d be

“enpl oyed in Varibe@ @phehe dmck on thgfiskae; 6‘ﬁ'§‘°‘l’o1’f d'é"l‘%’?ﬂmeﬁa*t i gtk oft fhe

fitting speedsf ogpesdCduitihigs khe particular hole decenthEnphot fidet M, Owhid® saHddl be
split into twp sectl ons. i nstead 35 ) o.f. Ssix as inthe illustrated

enbodi nent s. 36 co

(a) turning the .tr_acking servo off;

mj L ) (b) -driving an optical data storage disk at a first disk eccentkiéitjr '
L | check speed; B |
2 (6) 'making a: first measurement’ of the. hole 'eccentrigity and track
2 eccenfricity of the disk in rotation at the fifs_t ﬂisk éécen—
2 ~ tricity check speed in terms of the number of t_imés the
2 _ light beam crosses the track during at least orie complete
2 revolution of the disk; S . |
> _ (d) driving the disk at a second disk eccentnc:ty check speed
_26 : which is higher than the first disk eccentr1c1ty check
5 speed; |

28 (e) making a second measurement of the hole éccentriciiy and track
2 ‘eccentricity of the disk in rotatibn ‘at the second disk ec-
30 _ _' centricity check speed ‘in terms of the number of times the.
8 ' . light beam crosscs the track dunng at least one complete

5 revolution of the disk;

88 () ascertai.ning' the hole eccentricity of the disk by subtractiné thé
34 : -number of times the light beam crossed the track at the
had - first eccentricity measurement from the number of times the

36 _ light beam érossed the track at the second- eccentricity



6.

26

The invention could be applied to-not only optical, but also

1 magnetic, disk drives. =~ 2 8 9 10 11~ 12

YA

N e g oA

10
11
12
13
i4
15
16

17

18 -

19

- 20

21 .

29
30

|

32

33

34

35

36

measurement; and
(g) detetmining a matching speed of rotation for reading the disk

on the basis of the above ascertamed ~“hole eecentricity

thereof.

9. The method of claim 8 wherein the first and the- second
measurements of the hole eccentricity and track eccentricity ‘of the disk

are each made by counting output pulses of the transducer.

10. An apparatus for ‘data recovery from r.ot'ating'. ‘data storege'

disks having - varying degrees of hole eccentricity and track -eccentricit_y, N

‘wherein the improvement resides in the combination of: -

(a) drive 'mea:ns for imparting variable speed rotation to a data stor-
- age disk; ' _ - - L
(b) speed command means connected to the drive means for com—
_ manding speeds at which the disk is to be rotated, the '
speed command means . bemg capable of commanding disk
rotation at 'a first and a second disk eccentricity check )
speed, the first: disk eccentricity check speed ' being lower

than the second disk eccentricity check speed;

{c) eccentricity measurement means for makin_g' a first meesurement of
the hole eccentricity and track eccentricity of the disk in
rotation’ at ‘the first disk eccentricity check speed, _ and. a
second‘ mea's'urement'. of the hole eccentricity and track ec- -
centricity of the disk_ in rotation at the second disk 'eccen-
ltriclty check speed; o '

(d) subtracter means connected to the eccentricity measurement means
for ascertainmg the hole eccentncity of the disk by sub—
tracting the first measurement from the ~second measurement,

(e) speed '. determination means connected between the subtracter
means and 'the speed command means for determining ‘a .
matching 'speed of rotation for reading the disk on the

. basis _of the 'above. ascertained hole eccentricity thereof.

E 11 An apparatus for data recoirery from rotating optical.' data
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storage disks having varying-_ degrees .of hole eccentricity an_d treck eccen—

tricity, the apparatus having a _transducer for reading data recorded on

each such disk- along a track thereon by irradiating the disk with a
beam of light, the hole eccentricity of each disk manifesting itself during

27

disk rotation as periodic' vibration of the disk and, in consequence, peri- S

odic departures of the light beam from the track to an exteant proportion- )

al. to the speed of disk rotation, the track eccentricity manifesting itself .

during disk rotation as periodic departures of the lght beam _from the

track to a constant extent regardless of the speed of - disk rotation,

wherein the ‘improvement resides in the combination thereof with:

(a) drive means for imparting variable- speed rotation to an optical

(b) speed command means conne'cted to the drive means for com-

data storage disk;

manding speeds at which the disk is to be rotated -__the

speed command means’ bemg .capable of commandmg disk

rotation at a first and a second disk eccentricity check

speed, the first disk eccentricity check speed being lower
than the second disk eccentricity check speed;

(c) eccentricity ‘measurement means for making a first measurement of

the hole eccentricity and track eccentricity of the disk in .

rotation at the first disk eccentricity check speed. and a

second measurement of the hole eccentricity and track ec-

_centricity- of the disk in rotation at the second disk eccen-

tricity check speed, both in terms of the resulting periodic

departures of the light beam from the track;

(d) subtracter means connected to the eccentricity measurement means

for ascertaining the hole eccentricity of the disk by sub-
tracting the first measurement from the second measurement;

_and

(e) speed determination means connected between the subtracter

12.

means and the speed command - means for -determining. a

. matching speed of rotation for reading the 'disk on the

“basis of the above ascertained hole eccentricity thereof.

The apparatus of claim _'ll..wherein the apparatus has a tracking

servo for holding the spot of the light beam on the track on the disk,
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35 36 | 97 |
2 DTN, e cpparatus tor data recovery from rotating

eccentricity and track eccentric4 - ity, a nethod of reading each disk
at a speed suiting the particular hol e 34 eccentricity of that disk,

whi ch net hod conpri ses: : (a) driving a data storage disk.at a
first disk eccentricity check . speed; . (b)

making a first geagi brvO 1nfli8inD Ok e NlebbiGinl y and L LAck 104
eccentricity of the dlﬁgﬁglrrvi r ot gt gnlnatngt% rior's E'a Wi Trror sigua
tricity check Jpersepntativgpof the dePa'(tElFs defi \Fhmgbetahesmhtsfexoat the dmchndndii sk

eccent ri it ys cheielei 1€ Ceccentricity measurement means c¥prEls: 1S higher than the
first disk ccentri speed,; 15

it ec
(d) making a second @e&%’iﬁse#é {ferg’ii“ﬁ fFeem, e t’@&’ﬁ‘éﬁt‘i’f"t‘fi #ignal g qompenent
eccentricitys of the disk thet vatet pefodihlly hetls ese donilats Reolutionl 6f the

centricity check speed, (e) ascertaini ng t he hol e

eccentricity of the disk by sugtracti ng the 19
. ' i (b) means for detecting the amplitude of the derived component ‘of

8 : ' the tracking error signal.

o _ : .
10 13. . The apparatus of claim 11 wherein the apparatus has a
11 trackmg servo for holding the spot of the light beam on the track on
12 the disk, the tracking servo including means for providing a tracking ac-
13 tuator drive signal for driving a tracking actuator so as to keep the
‘14 beam spot on the disk, and wherein the eccentricity measurement means
15 compnses o ' _
16 _ " {a) means for '-d_eriving from the tracking actuator drive signal a

17 component that varies periodically with each complete revo-
18 lution of the disk; and '
19 (b) means for detecting the amplitude of the derived component of
20 ' the tracklng actuator drive s1gnal. '
21 S

22 14. An apparatus for data recovery from rotating optical data

23 storage disks having varying degrees of hole eccentricity and track eccen-
24: tricity, the apparatus having a transducer for reading data recor_ded on
% each such disk along a track thereon by irradiating the - diak with a
26 beam of light the . hole eccentricity ‘of each disk mamfestmg ‘itself during
27 Qisk rotation as periodic vibration of the disk and, in consequence, peri-
28 odic departures of the light beam from the track to an extent proportion—.
29 al to the speed of disk rotation, the track eccentricity manifesting - itself
%0 during disk rotat_ion as periodic departures of t_he light beam. from the
31 track to a 'const'ant extent regardless of the speed of disk rotation, the .
: _32. apparatus further havmg a tracking servo for holding the spot of the
38 light beam on the track on the disk, the. tracking -gervo including means
3 for providing a tracking error signal - representatwe of the departure of
%  the beam spot from the track, and means responsive to the tracking error

36 signal for_ providing a tracking actuator drive signal for driving a track-



fi-rst measurenent from t'he second rreasurerfent.; and 20 B ()
determnin ' of rotation for reading the disk on .

t He basis gd““lmm“mamgm?tal ned hol e eccentricity thereof 22 23

2. I n an *appar &t u8 fdr data recovery fromrotating optical data 24
storage di sks' having varying degrees of hgje eccentricity and track eccen-
25 tricity, the apparatus having a transducer for readi ng data
recorded on 26 - “each such disk along a track thereon by irradiating
the-disk wth 'g. 27 beam, of light the hol ccentricity of each
di sk mani f est ih‘ngqf‘-‘f LEMPHELT ﬁﬁaﬂé‘ee"' the |ag'ks9°gt%ﬂ itﬁg)en-ei?scg’pg%?rggﬁ )éheviiﬂr ation. |
of the di sk arfd, rrevesestsegidencie, thoeedmbimdtion thereofowith: departures of the
l'ight beam frem the tr@Cl:bO fiand ¥ HhipaPlil YLt -speddl rotation 3 dn0 opti&l Speed
of disk rotation, the track, eccentricity manifesting itself 31. - during
di sk rotation®as periodic d@fastoraeesdigh the |ight beam from the 32 |
track to a comstant exXbeRpeddegoibngSheaé doffecsddcesl taé dHivek medisaforokoma 33
met hod of ' readi ng each disk at. a speed suitjnpg,.th articular_hole ececen-
34 ety of that o R, AR Bl oty Ao 8 b8 el SECT
driving an optical data st opege wmsindatmeans | badtg déapkblec ok ntommatidingg sk '

Chec_k _speed; 8 o rotation at a first and a second disk eccentricity - check
? speed, the first disk eccentricity check speed being- lower .
0 ' ‘than the second disk eccentricity check speed; _ _
n . (c) first eccentricity measufement means for making a first measure-
2 ment of the hole eccentricity and track. eccentricity of the
18 . disk  in rotation at the -first disk eccentricity check speed,
14 - ' and 2 éecond' meaéurement' of the hole eccentricity and

w18 _ ' track eccentricity of the disk in rotation .at the second
16 o disk eccentricity check “speed, both by deriviﬁg froin_ the
17 . _tracking error signal - a ‘component that . varies periodically -
18 - with each complete revolution of the disk and by detecfing
19 | the émplitude' of ‘the derived component of the tracking
20 o error signal; . '
P . (d) second eccentricity measurement means for makiﬁg 'a third
22 ' measurement of the hole eccentricity and track et:éentricity
23 of the disk in rotation at the first ‘disk eccentricity check
2 speed, and a fourth measurement of the hole eccentricity
25 -and track eccentricity of the disk in rotation at the second
26 . disk ' eécentricity check speed, both by deriving from the
. tracking actuatdr drive signal a com_;ioneﬁt that varies peri-
28 odically with each complete revolution of the aisk and by
2 detecting the amplitude of the derived compbnent of the
80 ' tracking actuator drive signal; ' '
3 (e) first subtracter means connet:tgd ‘to the first eccentricity meas—
32 urement means for subtracting the first measurement from
3 "' the second measurement; _
34 o (f) second subtracter "_meé.ns connected to the second eccentricity -
% _ measurement means for subtracting the third méasuremenif

36 from the fourth measurement; and



28 (by—meking a first measurenent of the hole eccentricity
eccentricity of the disk in rotation

and tra '
at the jm!!"u i!ﬂl llsl _ . _ tricity check speed in
‘terns o erlodlc de- 4 Lo . partures of

the |ight beanrfronrthe track; 36 (c) driving the disk at a
second di sk eccentricity check speed 6 : _ - -whi.ch 1is
hi gher than the first d|sk eccentricity check = -7 speed '

(d) making second nt of ., the hol e n y.and tra 9
eccentri ci t?l of the ssRe ?tﬁf"gﬁﬁé’ﬂ BFang hcé’"%er?ge Eiet&e the. [}9"“ ap the
centricity check speed i nsqcen&mubtﬁ-aqtéremremuknd e speed command méshs for
depart ures of the light b&é@ﬂilIlﬁ?rgt %cl: ﬁsgei? ol‘zrot tton for, readixhg (tﬁl

ascertaining the hole eccentrici by. su btractin

first measurtnent fromth@‘%é@oﬁ‘%? Mu‘i’feﬁlﬁnt‘em%"‘ °i@“btfa¢“°n of . the. (f)
dﬁt e[)m ni ngfa rrr:at cBI Ng spaftl mdasureheit i Pém fthé second Aehstldfedti fdd O subéLS

‘'the basis of, the above asgerta e.eccentri t

e P ot hoa o o1 o e e o B SR peat e 1F Rk menii
tracking ser¥o for hol di ngenthe spot of the |ight beam on the track on 19
the disk, the tracking servo including neans for providing a tracking er-
20 ‘ror si gnal represent ative of the departures of the beam spot
from the 21 15¢ r ackhe apepryimeradi plaithd4 { vheseinathe spred sdetermipation
.mi‘asur ement Ofmehﬁui‘ d&fﬂrﬁm@& -the speed of rotation for reading the disk at a first

1 value when the remainder of subtraction of the first measurement from - |

12 the second measurement is equal to or greater than a first reference, at
18 a second value, which is higher than the first value, when the remainder
M of subtraction of the first measurement from the second measurement is
15 legs than the first reference and, _'at the same time, the remainder of sub-
16 - traction.of the third measurement from the fourth measurement is equal to
17 or greater than a second reference, and at a third value, which is higher
18 * than the second value, when the remainder of subtraction of the first
19 measmjement from the second measurement is less than the first reference

20 and, at the same time, the remainder of subtraction of the third measuzfe?

N
-t

ment from the fourth meast_:rement is less than the second refererice.

16. _ The apparatus of claim 14 wherein the speed determination '
means determines the speed of rotation for reading the disk accordihg to
the sum of the remainders of subtraction of the first measurement from
the second measurement ‘and of subtraction of the third measurement froin

the fourth measurement.

B B 8 B B ® 8 B

17. An’ apparatus for data recovery from rotating optical . data
30  storage disks hav_ing varying dégr_ees of hole eccentricity and track eccen-
31 tricity, ‘the apparatus havin"g a transducer | for reading data recorded on

- 32  each such disk along a track thereon by irradiating the disk with a
33  beam of light, and a tracking servo for' holdmg the spot of the light
3% beam on the track on the disk, a method of reading each disk at a |

iR speed suiting the particular hole eccentr1c1ty of that disk, whmh method

38  comprises: -



-j22- : centricity and—track eccentricity of the di sk are each made- by:

23 - iving fromthe tracking error signal a conponent

"t hat valrllmuumél!!mmlﬂm ’ periodically with each conplete

“revol ution of vt + and 25 (b) detecting the anplitude
of the derived conponent of the track- 6726_ o ing error
signal. 27 28 4. Tl‘? nmet hod of claim 2 wherein the
apparatus includes a 29 trackinghseéyo forhholdlng_the spot of ltge

| ight beam pon the tgack.on 30 . the dis the trackjng servo including
rregns f or pr‘gvi di ng gailt‘{rgg’c?kfnﬁaé’safc"f ipparting v”{;ﬁlﬁt fﬁe"%lr?%i"giﬂnéﬁ‘ wgealyr i ving
a tracking atuator so asde sthmegp diskhe 32 beam spot on }h&;-_rﬁclk,
and wherein g he firsgyagde ; - 0, _hol e
eccentricity and 'tr_atcblz ecc%%ﬁ%i@%%%?@%ﬁ%%%?hg gggﬁEﬁ -is °r_ Sf‘ade by:
35 o (a) deri Prafdnear sBeRdsnat tvhighkithe diek uat tr Ty irolated; othal a

. component 36 - speed commahd)dineahd! beig PRigaBRI G| kimnnliilg €A%R

conpl ete re\(,ol ution of 'thxeotation at ‘a first and a second disk eccentricity check

29 7 speed, the first disk eccentricity check speed being lower
8 '. than ‘the second disk ecbentricity check speed;
9 . (c) means for turning the tracking servo on and off;
10 - "(d) eccentricity measurement means for making a fitéf méasu_remenf
11 of the hole ecceniricity and track eccen,t_ricity' : 6f the di'sk.
12 in rotation at the first  disk ecéentricity check spéed’. and
18 ' ‘a second measurement of the hole eccentricity and track
14 | ' eccentriéity of the disk in rotation at the second disk ec-
LB centricitj check speed, both .wiﬁh the tracking servo turned
1.  off, and ‘both in terms of the number.of times the light
1_7 : S " beam crosses the track during at least one complete revolu- .
B tion of the disk at each check speed; |
19 (e) subtracter means connected to the eccentricity méasuremen_t means )
20 for ascertaining the hole eccentricity of the disk by sub-
2 tracting the number of times the light beam crossed the
22 | track at the first eccentricity measurement from the number
2 . : of times the light beam crossed the track at the second
2 " eccentricity 'measurement; and '
% (f) speed determination means ' connected between the subtractef
26 means and the speed command means for detérmining .a
21 " matching speed of rotation for ‘reading the . disk on the
28 basis of the above ascertained hole eccentricity thereof.
20 _
30 .18 The apparatus of '_'claii'n 17 wherein the eccentricity meas-
81 " urement means include a counter for making the first and the second
2 measurements of the hole eccentricity "and 'track ecc':erlxtricity'_. of the disk
3 by counting output pulses of the transducer. |
34 B
35

36.



4 : . '
~di sk; and 2 (b) det ect| ng the arrplltude of the derlved

«€onponent -of the track- 3 ing actuator ‘drive

- "%ignal . 4 5. In an apparatus for data recovery from
‘rotating optical data 6 storage di sks having varying degrees of
hol e eccentricity and track eccen- -7 - tricity, the -apparatus.
having a transducer for reading data recorded on -8 each such
disk along a track thereon by irradiating the disk with. 9
beam of light, the hole eccentricity of each disk nanlfestlng itsel f: .
during 10 di sk rotation as periodic vibration of the disk and, in
consequence, peri- : odi c departures of the |ight beamfromthe track.
to an extent proportion- 12 al to the speed of disk rotation, the
track eccentricity manifesting itself during disk rotation as
periodi c departures of the |ight beam from the .. 14 track to a

const ant extent regardless of ‘the speed of dISk r ot ation, the

apparatus further includin a track servo for holding the s ot of t he
16 Crgrgm: MEFHOBNANRC MEARATIS | RAR(RERDING GO-RQMH, 0K THE |

" incl udi Nng,TRENAT MATCHING SPEEDS ammngxnnnrmmgslemceﬁmmmmms
representative of the departure of : the beam spot from the track,
~and neans responsive to the tracking error 19 . signal for. prOV|d|ng
a tracking actuator drive signal for driving a track- 20 i ng

“actuat or ABSBRACT keep the beam spot on the track, a method of 21

- readi ng each disk at a speed suiting the partlcular hol e eccentr|C|ty of.

-A CD-ROM drive is dieclosed which is for use with disks having
- various degrees of spindle hole eccentricity and’ data track eccentricity
_The hole eccentricity of each disk manifests itself during disk rotation as
periodic ‘vibration of the disk and, in consequence, periodic departures of
the light beam spot from the track to an extent proportional to the
speed of disk rotation, whereas the track eccentricity manifests itself- dur-
ing disk rotation as periodic departures of the beain_ spot from ,'the track
to a constant extent regardless of the speed of disk rotation.. Therefore,
on - being. loaded ' into the disk- drive,' each disk .hae its hole eccentricity
and track eccentricity measured at two different disk eccentricity check
speeds in terms of, for example, the amplitude of an eccentricity-Caused

- periodic. component of a tracking ‘error ,signal.

( FIG. 3 )



22 that disk, which method conprises: 23 - ~ (a) driving
an_optical data storage disk at a first disk eccentricity 24 .

check speed; 25 . (b) naklng a first nmeasurenent of ‘the hoIe
eccentricity and track 26 . eccentricity of the disk in
rotation at the first disk eccen- 27 o tricity check:
speed by deriving fromthe tracking error S signal a

conponent that varies periodically -with each c?n} 29

pl ete revol ution of the disk and by detecting tThe anplitude 30

of the derived conponent of the tracking error signal; - - (c)
concurrently with step (b}, making a second neasurenent of. the 32 -

ot ety mancat iy st s At

hol e eccentricity and trhck eccentricity—ef the disk Throfa- "33 7777

tion at the first disk etcentricity chdcfspeed by dertving 3%
fromthe tracking actuatbr drive $Ngnal C 35
varies periodically \Mtil each éﬁhp te evol ution the 36
di sk and by detectlng ‘hp anplltude [e+2 £ -=Y i i ved conpop :
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nent of the tracking actuator drive signal; c2 ' | o (d)

driving the disk -at a second disk eccentricity .check speed .- 3
which 1is higher than the first disk eccentricity check 4

speed, (e) making a third neasurenent of the hole .
eccentricity and track 5 ~eccentricity of the dISk
in rotation at- the second di sk ec- 7 o centr|C|ty
check speed by deriving from the tracking error :_8" _

signal a component that varies periodically wth each com 9

subtracting the f[r
(h) subtracting the setond

and 21

readi ng the disk

of subtraction

pl.ete revolution of the disk and g-detectlng t he anplitude 10
of the.derived conpongr

&di ng error si gnal ; ) (fy
{,& fourth measurement of the = 12
ricity.of t | rota- 13
$8check sp@ftﬁdeﬁ v- . 14
dr|ve signal a conponent 15
2pnplete revol ution of the
of the derived onzz 17
of | d/E4 51 gnal ; 18 : (g)

yent from tge- th|rd e suagge
Trelasur enent - ontthe foufth asurenen ~2o -
1n1n-ng~é“nat i rg—sp tFTﬁL-rotafreﬁ—Fff—-——-
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23 ' ' measurenment fromthe third neasurenent. and of
subtraction 24 - - of the second neasurenment” fromthe
fourth nmeasurenment.” 25 26 ' - 6. The net hod of claim ‘5
‘wherein the speed of . rotation for 27 ~* .reading the disk is set at a
first value when the remainder of subtrac- 28 tion of the first =
measurement from the third nmeasurenment is equal to or- 29 ' greater -
than a first reference, 'at a second val ue, which is higher than so

the first value, when the remainder of subBraction of the first measure- 31

ment .from the third neasurenent is |ess than the flrst ref erence and, at

32 " the sanme tine, the renmminder of subtraction, _second

measur enent 33 from the fourth measurenment i s lequal tq or greater
than a second refer- 34 ence, and at a third v | ue, whijch is higher
t han the second val ue, when 35" - the remainder of su#trdction of the
first measurement from the third 36 - .neasuﬂqunt ﬁa | §ss than the
first reference and, at the same tine, the . . : T

31 1 rerminder of. subtraction of the second neasureﬁ%gt fromthe
fourth neas- = 2 urenent is less than the second rgllere -
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4 7. - The nethod of claim. 5 mhereln t he speed of rotation for’

5 readlng the disk is determ ned according to the sum of. the renalnders of
6 subtraction of the first nmeasurenent from the third nmeasurenent and of
7 .subtraction of the second neasurenment fromthe fourth measurenent. 8
8.- _In an apparatus for data recovery fromrotating optical data 10
storage di sks having varying degrees of hole eccentricity and track eccen- .
tricity, the apparatus having a transducem.for reading data recorded on 12
each such disk along a track thereon hy |rrad|at|ng the disk with a 13
beam of light, and a tracking servo for holdlng the spot of the light 14
beam on the track on k, ,a nethod of reading each disk at a 15 '
speed suiting the parUE Iﬁ eccentr|C|ty of -t hat di sk, WhICh met hod

conpri ses: 17 _ (a) turning the tracking._servo. oif

(b) driving an’ optlcal data storage disk at ‘& first sk 'ecc ntr|C|ty 19
check speed; 20 (c) making a first néasurehe oﬂ hé (Ohol e
‘eccentricity and track 21 o B echntr|C|t of th disk in

rotation at the first disk eccen- 9

y check speed in
terms of the nunber of tines—the—23 p

crosses 't he.

track during at |east one conplete 24 - M _'evolutlon of the
di sk; : (d) drIV|ng t he disk at. jdi sk eccentricity
check speed - mhlch [ N~ the first.disk.
eccentricity check 27 ' (e) making a

second measurenent of .the hole eccentricity gnq trafk. 29
~eccentricity of the disk in rotation at 't 4 fi sk ec- 30 -
centricity check speed in terns of the nunbel s the 31

| i ght beam crosses the track during at |east Ppne8nplete 32 .
revol ution of the disk; - (f) .ascevgaining the hole eccentricity
of the disk by subtractlng t he 62 nunber of times the |ight
béeam crossed the track at the 35 . first eccentricity
measurenment fromthe nunber of times the ' o :

>
3

(B)

C

T
I



36f | - . light beam crossed the track at the second

eccentricity : 1 measurenent; and 2 (9)
determ ni'ng a mat chi ng speed of rotation for readi ng t hre disk -3 - '
on the basis of t he above ascertained hole eccentricity. '

thereof. 5 P 9. The met hod of claim 8 wherein the flrst and
t he second 7 measurenents of the-hole ecgentr|C|ty and track eccentricity
of the disk - are each made by counting®out put pul ses of the transducer.

9 10 10. An apparatus for data .recovery from rotatlng dat a
storage ~ 1l- disks havi m degrees of hole eccentricity and track
eccentricity, 12 wher * t he conbi nation of:
(a) drive nmeans for inparting variable,® ™S or- 14

age disk; 15 ~ (b) speed commgp 3 means

for com 16 - andi g ePeeds _Whi di sk\(s §0 be
rotated, the 17 ' - mand "N -
commanding disk 18 - i ' axd a sedond di sk
eccentricity check 19 - = = i ' Xricity
check speed-being | ower 20 # ' /7 ARal t hi\sex { Sk .-ntr|C|ty
check speed; 21 . = (c) : i £ty measl : a B
first measurenent. of 22 ck
eccentricity of the di sk in di sk

eccentricity check speed, d [ { 9 pdsur emept  of
the hole eccentricity and tyragkjedq- | : o

1

FIG.7




25 S entr|C|ty of the dISk in rotatlon at the second di sk
eccen- : - tricity check speed; 27 (d) subtracter
means connected to the eccentricity nmeasurenent neans

for ascertaining the hole eccentricity of the disk by sub- 29

tracting the first neasurenent fromthe second neasurenent; 30

and _ - (e) speed determ nation-neans connected bet ween the
subtracter 32 means and-thé speed commahd neans for :
determning a ' .mat chi ng speed of rotation for reading
the disk on the . ' basi s-of the above ascertained hole
eccentricity thereof. 35 36 o - 11. 'An -apparatus for dat a

recovery from rot a$h1h€31 data -
33 . 1 storage di vary| ng degrees of hole eccentricity and
track eccen- .2 trici ty, t he apparatus having a transducer for reading

data recorded on - 3 egctrsuch di SK al on rack thereon by irradiating
the disk- with a 4. Heam OoSTARIt, the 2@4 Oeccentr|C|ty of each di sk
mani festing itsel f durNag 5. di QV rat as periodic vibration of the
di sk and, in consequence,. peri- $q| c departures of .t he I'i ght beam from
the track to an extent proporti n- ' to t ation,
the track eccentricity nanifest| self 3 durl ng dISk r tatgééh o
periodi ¢ departures amﬁt_ _i ' fromj tih track hnnch"{nt
extent regardl ess of] the- s ng rqt gt on 10 V\,herel n the '
i mprovenent resides | FIRS r of| i th: - (a) drfve
means for. inparting a‘!['[ﬂmeONOémAOHENGon td In' ongoMRUTE; S
data storage disk; 13& Féébm ngarls ccE eJd +o THe dri VI
means for com 14 — - e eddd a |ch he disk is t.
be rotated, the 15 . speed- conTard neans bei ng capabl e} of
commandi ng di sk {2 ' :
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16 . rotation at a first and a second disk eccentricity

check 17 S speed, the first disk eccentricity check speed
being lower 18 . than the second di sk eccentricity check
speed,; 19 - (c) eccentricity nmeasurenent neans for naking a first
measur enent of 20 - the hole eccentricity and track.
eccentricity of the disk in 21 - rotation at the first disk
eccentricity check speed, and a 22 S A second- measur enent of
t he hol e eccentricity and track ec- - . centricity of the
disk in rotation at the second disk eccen- 24 o tr|C|ty check.
speed, both-in terns of the resulti r_l_g_pej:i_o.d.t.r____'_'_____._- ————————
departures of the |light [beam fromthe ack 28— o) SIIBITacLer -]
means connected to the dccentricity nmedslresert—ieans —57 _ I
for ascertaining the holle eccentrfHitylof It fe disk by shb- 28 |
tracting the first g8asyrement fro ond neasurejent; 29 |
and 30 . _ (e)- speeq det er m nat ige Zmp connectepl between the
subtracter 31 - | means andg, t } command| neans fpr 1!
determning a 32 | o fepuad of rotajion for|readipojl
the disk on the 1 'F R : t he abovelascertai ped hol efi
eccentricity. ther 4 _ %ﬁ «2hp apparatub of claim1l .|
wherein the apparqtus has o trgkHing| o %ril‘jor h0|d‘ﬂg:the spgg of | t e
light beam on th kP t higa di sk, 8 a1 KX = ' s |
34 A ;-2 : 1
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| -the tracking servo incltuding means for providing a tracking error signal
2 >representative of the departures of the beam spot from the track, and
3 -wherein the eccentricity neasurement nmeans conprises: 4 - (a)-
means for deriving from the tracking error signal a conponent . 5 -
that varies periodically with each conplete. revol ution of the 6

di sk; and 7 (b) neans for detectln% the anplitude of the derlved
component of 8- the tracking%rror- signal. 9 10

13. The apparatus of claim .11 wherein the apparatus has_a_ 1
tracking servo for hol di ng the spot of the light beanto the [ 1 a bn 12
the di sk, the tracking servo including neans for prOV|d tra (ijhg ac-
13 tuator drive signal for driving a tracking actuator So [-0 ep the

14 beam spot on the di'sk, anduhereih-the—eeeertrtrerty HBdbGFEWEE? reans 15
conprises: 16 . . (a) neans for deriving from the track|1'ﬂ&etra-or.
drive signal a 17 conmponent that vari eg Ey wWth
each conplete revo- 18 - , :
(b) neans for detecting the aiplit _ _'- APonen EEZJ_ _

t he tracki ng actuat or drFy- f - ' “An a B% tps|jfor -
data recovery from rota '
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13

35~ 1 ing actuator so as to keep the beam sbot bn the track, wher ei n.

the im 2 provenent resides in the conbination thereof wth: 3

(a) drive neans for |npart|ng vari abl e speed rotation to an opti.cal 4
data storage disk; 5 (b) speed command neans connected to the
drive neans for com 6 mandi ng speeds at which the disk
is to be rotated, the 7 ' gpeed command neans.being
capable of conmanding disk 8 . ' "~ rotation at a first and a
second di sk eccentricity check 9 - spged, {1t st disk
eccentricity check speed being | ower 10 second

di sk eccentricity check speed; 11 (c) first edte - :
measur ement neans for nmaking a first neasure- 12 ] nt of the
hol e eccentricity and traclf eccentricity of the 13 isk in..
rotation at the .first diskjeccentricity check speed, 14. and
a second neasurenent of tle hole eccentricity “track
eccentricity of the disk.jn rotation at the secgnd 16

di sk
eccentricity check speed, Roth by deriving from tlhe 17 -
tracking error signal a co

with each conpl ete revol utifon of the dlsk an by
t he anplitude of the gﬁrlv d conponent of "t E tracklng 20 -

error signal; - (d) second eccentrlcit neasurenent'neans'fbr
making a thy@dﬂzz [ of| 'the hol e eccentrifcity

neasur eng

and track eccentrei city™N23 of +he disk in rotation at} the

first disk ecc iciﬁg ch¢gck 24 _ -+~ W speed, and a fourth

measur enent of holyp ec entr|CIty 25 RN and track _ S
eccentricity o he dhgk '} rotation at the sec ' di sk -
eccentricity cﬁaik sp ot h by deriving fpom.- : _

tracki ng actuator drive signal- a conponent "t pat i es.Jperi- 28 | o
odically with each conpletq revol ution of th ' by 29 o
detecting t he anpl i t udesyof A he deri ved conpo g 30 o

t racki ng act uat or dri veF s gnal ; 31 ) Sjubtracter

connected to the first egcentyicity neas- 32 ' ure mgbns

for ‘subtracting thebr_# msl sure
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33° K the second neasurenent; 34 _ - (f) second
subtracter neans connected to the second eccentricity 35

nmeasur enent nmeans for subtracting the thlrd neasurenent 36
from the fourth neasurenent; and

36 1 (e) speed deterntnatlon means connected between the fjrst
and the 2 second subtracter §eans and t he speed conmmand -
means for 3 h determning a nmatchi ng speed of rotation for
reading the 4° - dISk on ‘'t he bases of the remai nders of .
subtraction of the 5 S _ first measurenment fromthe second
nmeasurenment and of sub- 6 S traction of the thlLd_nBasuL

— —— v ni———ay " w—— bo—

from the fourth measurg=-7—— "~~~ " "aeni.—38

apparatus of claim 14 pherein the
the speed of rotation fpr reading~ Fe [dijsk.at a first 11 val ue when fh
remai nder of subtraéllop of the ¥ easur enent from 12 the secon
measurement is equd™Tweyor greater t bk st reference, at 13 a s¢c(
val ue, which is higher when.the renai nder. 14 of
subtraction of the firs enSecond neasurenent is 15
_ sgie tinme, the renatnder-of su
16 traction of the. _ Jrer MErom. - tthe fourth nmeasurenment i s|ec
to 17 or greater[thal ¢ ef- > prfd_.at a third val ue, whlctj
hi gher- 18 than tjhe.sd . . F4y|i nder of subtraction ¢f
first 19 neasurgnm ; H¥shjenent is less than the filr
reference 20 and i nder of subtraction of fhg
third neasure- 2 ement is less than the-
second reference.| %Qaratus of .claim 14 whgrg
the'speed det er m -fthe speed of rotation for
' remai nders of subtrdct

. btk
of the flrst neasureneni fro _ W
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26 the second neasurenent and of subtraction of the third neasurenent from
27 the faurth neasurenent. 28 29 17. An apparatus for data
recovery from rotating optical data 30 storage disks having varying
degrees of hole eccentricity and track eccen- 31 - tricity, the apparatus
having a transducer for reading data recorded on 32 each such disk al ong
atrack thereon by irradiating the disk wth -a 33- beam of light,
and a tracking servo for holding the spot ggf the light 34. beam on the
track on the disk, a nethod of reading each disk .at a 35. speed suiting
the particular hole eccentricity of that disk, which nethod 36 conprises:
37 1 ' (a) rrive means ‘fﬁT.‘TTrp‘TéFTng_’\TaTi-—aEFE:sfp.EeﬂiFot ation to
an- opti cal 2 N ~ data storage disk; 3 (o) speed
command neans. connectqd to the drive neans for com . 4 - |
mandi ng speeds at_mhiqh the disk is.to be rotated, tde -

Z
5 8 ' |

speed command - neans jbei ng 'capable"of;ConnandingE:dLsk GE=t |

rotation at a first aind a ,sec.ondmdi sk eccentricity check %7 : |

speed, the first diskieccentricity cheek—s = r '

than the second diskéccentricitylche k speed; 9 _ EE% neans fo%

turning the tracking dervo on and gff§ - 10 (d)] e rjcity

measur ement neans for imaking a figst asur.ement 11 | @ Bl ofl the
- hol e eccentricity and lt rack eccentricijty of the disk 1P g ' I in

H

rotation at the firstldisk.eccentnjci y- check speed, anf -13
a second neasurenent lof the hol eeccgntricity and track 14
eccentricity of the dilsk in rotation at the second disk ec-
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15 centricity check speed, both with t he tracki ng servo

turhed 16 - off, and both in terns of the nunber of tines the
light 17 ’ _ beam crosses the track during at” least one - a
conplete revolu- 18 - tion of the disk at each check speed;
19 ©~  (e) subtracter neans connected to the eccentricity neasurenent
means 20 , ~ for ascertaining the hole eccentricity of the disk
by sub- 21 ' - tracting the nunber- of times the |ight beam
crossed the ~ . track agathe first eccentricity
measurenent from. the nunber of times’'the light beam
crossed the track at the. second 24 U ~eccentricity
measurenent ;. and 25 (f) speed - deternlnatlon means connect ed
between the subtracter 26 . ~nmeans .and the speed

command neans for détermning a 27 mat chi ng speed of .
rotation for reading the disk the R . basis of the
above ascertained hol e-eccentri ci ereof 29 30 18. - The .
apparatus of claim 17 wherein th eccentr|C|ty meas- 31 urenent neans

i ncl ude a counter for making the t .and  the second 32 measur enent s of

the hol e eccentricity and track. encentr|01ty of -the disk 33 by counting.
out put pul ses of the transducer _E? 5 36. . e o _
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