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Thi's invention relates to the recovery of data from rotating datam§g§ -
di sks such as, typically, conpact disks (I'Ds) used as read-only nenbori ¢

(ROMVB) in conputer systens. Mirre specifically, the invention concerns how

to determ ne opti num speeds of rotation for CD-ROVWs or |ike data storage
di sks of varying physical qualities flﬁf ﬁkiﬁ‘Tf{)ﬁe’ and hence speedi er,
[ § y “devel op

readi ng t hereof. Al t hough origina
reproduction in place of phonograph records,

commer ci al
conputers.

ed for consumer audio

acceptance as conpact, high-speed, |arge-capacity ROVs for
The only di YEFEROB ARRAREARAE W FOMat the

CD-ROVS are driven at sEREGHUSREERR 'PATAs REBERVIEERY¥e standard
audi o CD speed (1.2-1. &pEOMS Q—ROMS) . OR LIKE DISKS

OF VARYING QUALITIES

BACKGROUND OF THE INVENTION

CDs have now found w despread

This invention relates to the recovery of data from rotating data -

storage disks such as, typically, compact disks (CDs) used as read-only

memories (ROMs) in computer systems. More specifically, the invention .

concerns how to determine optimum speeds of rotation for CD-ROMs or
like data storage disks of varying physicai qualities for error—frée, and
hence speedier, reading thereof.

Although originally developed for consumer audio reproduction in

place of phonograph records, CDs have now found widespread commercial-

acceptance as compact, high-speed, large-capacity ROMs for computers.

The only difference of CD-ROMs from audio CDs is that the CD-ROMS
are driven af speeds up to twelve times as high as the standard audio
CD speed (12-1.4 meters per second). '

There have been problems left unsolved in use of CD-ROMs with
high-speed CD-ROM drives in computer systems. CD-ROMs are presently
being made under the same design specifications and manufacturing stand-

ards as low-speed audio CDs. Inevitably, therefore, a substantial percent-

age of CD-ROMs. on the market are not of truly satisfactory quality for

use as high-speed computer data storage media. Some have their center
holes cut eccentrically; others have an uneven weight distribution circum-
ferentially. When driven-at a speed as high as, éay, 12 times the stand-
ard audio CD speed, such eccentric disks are very likely to overload the
tracking sérvo of the CD-ROM drive whereby the radial position of the

beam spot on the disk is maintained in alignment with the spiral data
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servos is very undesirable because of ensuing read errors and retries,
which run counter to the objective of high speed data recovery for
which CD-ROMs are intended.

The wobbling of low grade disks can give rise to additional in-
conveniences. A wobbling disk may cause vibration of the complete CD-
ROM drive and, in consequence, of the hard disk drivé (HDD) in particu-
lar which is currently being preferenﬁally built into the computer system

 along with the CD-ROM drive. The vibration of the HDD is even more

undesirable because it may invite both read and write errors, to the det-
riment of the reliability of the complete computef systém. Even if not
so excessive as to cause read and write errors, the vibration of the CD-
ROM drive certainly gives a shoddsf image to the user or to prospective
buyers.

It might be contempléted that all such troubles and inconveniences
would be avoidable if only high quality CD-ROMs, altogether free from
the physical défects' pointed out earlier, were used. CD-ROM drive manu- -
facturers cannot, and should not, expéct their products to be used only

. that 'way, "since in the current state of affairs the existence of poor

~ quality CD-ROMs must be more or less taken for granted.

SUMMARY OF THE INVENTION



Thé wobbling of | ow grade disks can give rise to additional in-

conveni ences. A wobbling disk nmay cause vibration of the conplete CDO- ROM
drive and, in consequence, of the hard disk drive (HDD) in particu- |ar
which is currently being preferentially built into the conputer system
along with the CD-ROM drive. The vibration of the HDD is even nore .
undesirabl e because it may invite both read and wite errors, to the det-
riment of the reliability of the conplete conputer system Even if not so
excessive as to dhheseresend amwentiont diaer itoras, anhebjadbr & i enahlé spredgD-daROM

dri tainl ' ' t h . L ti b :
[t gnt baeRRF bR SPURINY 01 e, 4ot P EAEea ek B ol GlE G e
avoi dabl e iyt Oty $UchD thdidlled hn@%eni@%@%&éﬁshﬁévé renl eAfdddiered real

defects pointed out earlier, were used. drive manu- facturers
cannot, andofgteul d not, expect their products to be used only that way,

since in the current, state of affair,s the exjstence of poar qualit, CDégOVB
nust be nore or I%‘é’gheiral? ﬁe#of’? g tzg&grﬁwn 1615 " féGover Pdta ?rcgu\)&%}g&

THE | NVENTlY@ing  physical qualities at the highest ﬁ)ossible speed3 suiting eachNar-
present invention has it as an object to enabl e speedy data recovery from

CD- ROVs or tonher diskt awithoutagausiingk seast drowsqonl fetsiessi t h- out any such

troubl es and i ncopnveni ences as .,have been encoyntered here- tofore. .

Anot her obj ect oBHEIY | FURIAe] |10 (o5€, JBGRl, HITePty (%, JIRALioq provides
what may be termed a disk check method, suitable for implementation in

an apparatus for data recovery from rotating data storage disks of vary-

-ing physical qualities, the apparatus having a transducer for reading a
disk by irradiating the same with a beam of light, a tracking servo for
holding the beam spot in alignment with a data track on the disk sur—
face, and a focusing servo for holding the beam focused on the disk
surface. _

The disk check method is such that a data storage disk is first
-rotated at a first predetermined speed, with both tracking servo and fo-
cusing servo in operation, preparatory to data recovery therefrom. If at
least either of the tracking servo and the focusing servo is then found
malfunctioning because of some physical defect of the disk, this disk is
of poor quality and so is read at a second predetermined speed which is
less than the first.

On the other hand, if said at least either of the tracking servo
and the focusing servo is found functioning normally, then the disk is
not of poor quality, fit for reading at not less than the first predeter-
mined speed. ‘ |

Preferably, if said atl least either of the tracking servo and the
focusing servo is found functioning normally during disk rotation at the
first predetermined spéed, disk quality is rechecked by rotating the disk
at a third predeterinined speed which is more than the first predetermined
speed. The disk _is read at the first predetermined gpeed if ééid at

least either of the tracking servo and the focusing servo is found mal-



varying physical qualities at the highest possible speed suiting each par-
ticular disk without causing read errors or retries. - Briefly
summarized in one aspect thereof, the invention provides what nay be terned
a~di sk check nethod, suitable for inplementation in an apparatus for data
recovery fromrotating data storage di $ks of vary- ing physical qualities;
the apparatus having a transducer for reading a disk by irradiating the
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found functioning normally.

Thus, in one aspect -of the invention, each data storage disk is

checked and classified into either of the four quality categories of

~poor,” “"below average,” “above average,” and “good.” - Disks of poor
quality are read at two times the standard audio CD speed, those of be-
low average qﬁality at four times that speed, those of above average
quality at eight times that speed, and those of good quality at twelve
times that speed, in a preferred embodiment of the invention.
Each disk may be checked at progréssively higher speeds, for
_example, first at four, then at eight, and finally at twelve, times the
standard audio CD speed. Check operations can be cut short at either
the first or the second speed if | either or both of the tracking servo
and the focusing servo are then found malfunctioning. Shorte_r periods of
time are therefore needed for checking the successive loaded disks than
if they were required to undergo the complete process involving disk ro-
tétion at the three different speeds.: |

Whether either or both of the tracking and the focusing servos

are functioning normally or not is ascertainable in several ways. The
functioning of the tracking servo ifx particular is preferentially examined.
in terms of the number of transducer output pulses per unit length of

time, and the functioning of the focusing servo in terms of the magni-



4 ~functioning this tinmg, and at not |less than the third predeterm ned

speed if said at |east either of the tracking servo and the focusing servo
is found functioning nornally. : Still nore preferably, if said at

|l east either of the tracking servo and the focusing servo is found
functioning normal ly during disk rotatidn at the third predeternined speed, -
disk quality is further rechecked by rotating the disk at a fourth '
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speed, and t hose, of goad qyality.at twelve tines that speed, in a preferred
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finally at twelve, tines the standard audi o CD speed. Check operations can

be cut shoof diskespé¢rsk t Buchi fearsoarer hmjustifded s Fomerinfensi haer pravedotthatof
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of other than good quality will be even better appreciated by taking into
_conéideration all the aforementioned difficulties accruing from the high
speed reading of these disks.
According to a further feature of the present inventioﬁ,_ the read

speed that has been determined as above for each disk loaded into the

apparatus is held until that disk is unloaded therefrom. Therefore, no
matter how many times _the- disk is set into and out of rotation, the disk
will be read at the same appropriate speed as along as it stays loaded.

The reduced speed driving of disks of other than good qﬁality
brings about an additional advantage of less vibration. In a coinputer
system incorporating both CD-ROM drive and HDD the less vibration of
the CD-ROM drive is very important because of the - correspondingly less
fribration of the HDD, which will therefore suffer less read and write
errors. |

The invention also concerns an apparatus for use in the practice
of the disk check method sumlﬁérized above. The method requires mostly
only preexisting | parts of an apparatus for reading a CD-ROM or like data-
storage disk, except perhaps a system controller constructed and pro-

grammed for carrying out the method.
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whi ch necessarily involves read errors and retries. The advantages of such

reduced speed data recovery from disks of other than good quality will be

even better appreciated | } B~ GORS t t he
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invention, the read speed that has been determi ned as above for each disk
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ROM drive being shown together with a computer with which it is incor-
porated; _

FIG. 2 is a. schematic electrical diagram showing in more detail the
transducer, tracking servo circuit, and focusing servo circuit of the FIG.
1 CD-ROM drive;

FIG. 3 is a schematic electrical diagram showing in more detail the
disk drive motor servo circuit included in the FIG 1 CD-ROM drive; |

FIG. 4 is an equivalent block diagram of the system controller in-
cluded in the FIG. 1 CD-ROM drive, particularly in regard to the imple-
mentation of the disk check method according to the px_'esent . invention;

FIG. 5 is a flow charf of the disk check method according to the

oresent invention to be practiced in the FIG. 1 CD-ROM drive;

" FIG. 6 is a block diagram similar to FIG. 1 but showing another
example of CD—ROM drive aécording to the present invention;

FIG. 7 is a block diagram similar to FIG. 4 but showing the sys-
tem controller -of the FIG. 6 CD-ROM drive, particulafly in regard to a
modified disk check method suitable for implementation in the FIG. 6 CD-
ROM drive; and _

FIG. 8 is a flow chart of the modified disk check method accord-

ing to the present invention.

DESCRIPTION OF THE‘ PREFERRED EMBODIMENT
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The reduced speed driving of disks of other than good quality brings about

an addi tional advantage of less vibration. In a conputer system
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drive is very inportant because of the 7correspondi ngly less vibration of

the HDD, which will therefore suffer less read and wite errors. - The
i nvention al so concerns an apparatus for use in the practice of the disk -

check nethod summari zed above. The nethod requires nostly only preexisti

parts of an appargleliS,lnd’ Qavhfod (D ML bk belabdue iRl BK  the

except perhaps a syst'emcontro construct ed pro- gramre
carryi ng oebmphtermeystent. dlagramed in FIG. 1, which shows a computer 1 coniected

.The above and:othe ] ec atur es dvanj ageg of ve |.on
and the. maiher FBROW! GHE 21 Bocorbik o i Shitos drisec '

i nvention ghéwhf loddeld RABH Re Omﬁﬁwt&o%ptfiéaﬁmd%taﬁbt@)‘aég di3R f(Héﬂe@ﬁ&ftéxng
descri ptlon and appended clains, with reference had to the attached

drawi ngs sheferresd demsimplat @sr ke ediskli 4ermhichf is hdispesedntinoposition within

BRI EF DESCRETEORGH. BHReDB) Wllffing in its cBhiE RoleS 28 B AFVed'sBRAL" £

exanpl e of rive cons
: shown as an armature shaft of an electric disk drive motor 5.

Other primary components of the CD-ROM drive 2 include an opto-
~ electric transducer or pickup 6, a transducer feed means 7, a disk drive
motor servo circuit 8, a wave shaping circuit 9, a ynchroniiation detec~
tor and demodulator circuit 10, a. phase locked loop (PLL) circuit 11, an
error detector and corrector circuit 12, an interface circuit 13, a system
controller 14 in the form of a microprocessor with a read~only memory
(ROM) 15, a variable rate clock 16, a tracking servo circuit 17, and a
focusing sefvo circuit 18. It is understood that the CD—ROM drive 2 is -
capable of data recovery at verious_ speeds up to 12 times the standard
audio CD speed in this particular embodiment.

As depicted diagrammatically in FIG. 2, the disk 4 can be of the
standard CD-ROM design having data prerecorded thereon in the form of
optically detectable pits along a multiturn spiral track 21 centered about
the hole 20, The data is conventionally prerecorded by being divided
into a multiplicity of blocks each consisting of 2352 bytes, one byte be-
ing eight bits. Each data block is read in 1/75 second when the disk is
read at the standard audio CD speed. In CD-ROMs, as in audio CDs,
data is recorded, and read, at constant linear velocity (CLV), rather than
at constant angular velocity (CAV), so that the angular velocity of the
disk 4 is decreased as the transducer 6 scans the disk track 21 radially
outwardly.

As shown in detail also in FIG. 2, the transdiicer 6 is of prior
art design having a light source such as a diode laser 22, a beam split-

ter 23, a collimator lens 24 for providing parallel rays of light, a quarter

ng
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st.ruct ed in accordance with the novel concepts of this i nvention, the CD
ROM drive being shown together with a conputer with which it is incor-

por at ed; FIG 2 is a schematic electrical diagramshowing in nore
~détail the transducer, tracking servo circuit, and focusing servo circuit
of the FIG 1 CD-ROM dri ve; FIG8 3 is a schematic electrical diagram

showing in nore detail the disk drive notor servo circuit included in the

FIG 1 CD-ROM driye; FIG .4 is_an equj.va a M o
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present invention; FIG 5 i1s a flowchart of the_disk check nethod
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ing to the present 1nven ON OF THE PREFERRED
EVMBODI MENT Converged by the objective 26, the beam if light from the laser

.22 will hit the surface of the disk 4. The unmodulated beam on hitting
the disk surface will be modulated by the pattern of pits representative
of data, and the thus modulated beam will be directed by the beam split-
ter 23 into the photodétector 28 via the semicylindrical léns 27. The
modulated beam incident to the. photodetector 28 is indicated by the ar-
row designated 3l.

‘Capable of translating the incident light into electric signals, the
photodetector 28 is shown to have a closely packed array of four sec-
tions designated A4, B, C and D, not only for data recovery but for both
focusing and tracking controls, too. The photodetector sections A and B,
as well as the sections C and D, are so divided along a line extending
essentially in the tangential direction of the disk track 21, as indicated
by the arrow 32,

Contrary to the showing of FIG. 2, the familiar three spots method
could be employéd for data recovery and focusing and tracking controls.
The beam from the laser 22 ‘must be split into a primary beam and two
auxiliary beams according to this prior art method. The primary beam is
used for both data recovery and focusing, and the two auxiliary beams
for trackihg only. ~The photodetector 28 needs modification in this case
to includé two additional sections to bé irradiated by the two tracking
beams.

The tracking actuator 29 takes the form of a -familiar voice coil-
device comprising a moving coil 33 coupled to the objective 26, and a _

permanent magnet 34. In respons'é to bidirectional current flow there-



The present invention is believed to be best enbodied in the conputer
systemdiagraned in FIG 1, which shows a conputer 1 connected to a CD- ROM
drive 2 by way of a bus 3. The CD-ROM drive 2 is shown |oaded with a

CD- ROM or optical data storage disk (hereinafter referred to sinply as the
di sk) 4, which is disposed in positionguMthin the CO-ROM drive by receiving
inits center hole 20 a drive spindle 19 shown as an armature shaft of an
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read-only menory SRCM 5, a variable rate clock 16, a tracking servo
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I s decreased as the transducer 6 scans the disk track 21 radially

outwar dl y. with the Adiskhéwecki n detail also in FIG 2, the transducer 6 is of
prier art desl onriayindutny ' AR S, BUARor ket S SRRRRURC 17 BFRR
quarter coil 37 and a permanent magnet 38. Coupled to the objective 26, the
moving coil 37 is movable in the field of a permanent magnet 38. The
objective 26 will move back and forth perpendicular to the disk sufface,_
| as indicated by the double headed arrow 39, in response to bidirectional
current flow through the moving coil 37. The beam will thus be kept
focused on the disk surface. '

As shown also in FIG. 2, the noted four sections A-D of the pho-
todetector 28 are all connected to the tracking servo circuit 17 and
thence to the moving coil 33 of the tr_acking actuator 29 on one. _hand
and, on the other hand, to fhe _focusing servo circuit 18 and thence to
.the moving coil 37 of the focusing actuator 30. The tracking servo cir-
cuit 17 will first be described in detail, followed by the description of
the focusing servo circuit 18. .

The tracking servo circuit 17 comprises two adders 40 and 4l, a
subtracter 42, an on-off switch 43, a phase compensator circuit 44, a
drive amplifiér 45, and a gain select means 46. The adder 40 adds to-
gether the outputs from the photodetectqr sections A and D, and the

~adder 41 the outputs from the other photodetector sections B and C



8 -wavel ength plate 25, an objective lens 26, a semcylindrical |ens 27 ,
di s- posed on the path of the light beam that has been reflected back from
the disk 4 and subsequently separated fromthe incident beam by the beam
splitter 23, a quadruple photodetector 28, a tracking actuator 29, and a
focusi ng actuator 30. The tracking actub®or 29 and the focusing actuator
30 constitutes the final control elenents of the tracking and the focusing

servos, respectively, which are yet . .to be detailed. verged by the
ob] oot ve. 250 HPEREIRY oY | vkt e matrdiodfom ot jaaday 417 HESR (e Bty
the di sk 4.putTheomw NfiRdWdaked4deaheOtetiltingNSuifift dionk e fsaberavtdr 38 is
nodul ated by the pattern of pits representative of data, and the thus
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_on-off control of the tracking servo is under the control 6f a signal
supplied from the system controller 14, FIG. 1, over a line 48. When_ the
tracking servo is cut open will become apparent from the subsequent dis-
cussion of the inventive method. |
| The phase compensator circuit 44 is a known ‘circuit comprising
both a low pass filter and a high pass filter, with the. filtgr constants
changed by a signal fed from the system controller 14 over a line 49.
Since the disk 4 is dr_iven at CLV, with the disk speed changing with
the radial position of the transducer on the disk, it is conventional in
the art to vary the constants of the phése compensator circuit 44 accord-
ingly. _ | |

Notwithstanding the showing of FIG. 2 the phase compensator cir-
cuit 44 could be connected between subtracter 42l and switch 43. Also,
this figure does not .show the automatic gain control circuit and the low
pass filter which are customarily connected between subtracter 42 and
phase compensator 44, because of their impertinence to the present inven-
tion. |

It is to be noted that the tracking servo circuit 17 includes the
gain select means 46, shown as a variable resistor. The gain of this
tracking servo is therefore variable under the control of a gsignal fed -
from the system controller 14 over a line 50. The system controller

varies the tracking servo gain according to whether the disk is driven at



auxiliary beans according to this prior art nmethod. The primary beam is
used for both data recovery and focusing, and the two auxiliary beans for
tracking only. The photodetector 28 needs nodification in this case to
include two additional sections to be irradiated by the two tracki ng beans.
The tracking actuator 29 takes the formldf a faniliar voice coil device
conprising a noving coil 33 coupled to the objective 26, and a permanent
magnet 34. In response to bidirectional current flow there-

9 through, theestandandg andid CI3 spded wovat ok fowd, feighth arn twhlyef itines dhat he
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objective 26, the noving coil 37 is novable in the field of a perpanent

magnet 38. Thgesubtracter 53 subtracts the output from the adder 52 from the out-
put from the adder 51. The resulting output from the subtracter 53 is a
focusing signal, which is applied to the moving coil 37 of the focusing
actuator 30 via the on—off switch 54, phase compensator circuit 55; -and
drive amplifier 56, thereby causing the objective 26 to move toward and
away from the disk 4 in order to hold the beam focused on the disk
surface.

The above described method of obtaiﬁing the_ focusing signal from
the four photodetector sections A-D is itself not new in the art but has
been known as an astigmatic method. The switch 54 for on-off control
of the focusing servo is under the control of a signal subplied from the
.system controller 14, FIG. 1, over a line 59. The focusing servo switch
54 will be opened along with the tracking servo switch 43 during the |
execution of the method of this invention.

Like its tracking servo counterpart 44, the phase compensator cir-
cuit 55 of the focusing servo circuit 18 is a known gircuit comprising
both a low pass filter and a high. pass filter, with the f{ilter constants
changed by a signal fed from the system controller 14 over a line 60.
This phase compensator circuit §§ could also be connected between sub-
tracter 53 and switch 54 instead of on the output side of the switch 54.
The standard éutomatic gain control 'c_ir.cuit and the low pass filter are
omitted from the focusing servo circuit 18, too, because of their imperti;
nence. |

It will be noted that the focusing servo circuit 18 includes the



objective 26 will nove back and forth perpendicular to the disk surface, as
I ndi cated by the doubl e headed arrow 39, in response to bidirectional
current flow through the noving coil 37. The beam will thus be kept
focused on the disk surface. As shown also in FIG 2, the noted four
sections A-D of the pho- todetector 28 dfe all connected to the tracki ng
servo circuit 17 and thence to the noving coil 33 of the tracking actuator

29 on one hand and, on the other h , to the focusing servo ciycujt 18 and
thence to tBainnsglecy mesns 37, ooy hﬁﬁ%c&%ﬁ“ngﬁa he a °8ng§‘§. SeRYfL B & ﬁ']"%ﬁre
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tracking si gRBarenhnpreeRrdY-applied to the noving coil 33 of the tracking
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drive anplifier 45, thereby causing the objective 26 to nmove parallel to
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' sentative of the data recovered from the disk 4. In the illustrated em-

bodiment a two inputs adder 62 is provided for ‘adding together the out-
puts from the two adders 40 and 41 of the tracking servo circuit 18.
The read signal thus obt#ined is sent over a line 63 to the wave shap-
ing circuit 9, FIG. 1. It is self evident that the adder 62 could be
connected to the outputs of the addgrs 51 and 52 of the focusing servo
circuit 18, or a four inputs adder could be employed for direct connec-
tion to the four photodetector sections. All or some of the adders 40,
41, 51, 52 a-nd 62 and subtracters 42 and 53 could be parts of thé
‘transducer 6.

| With reference Eack to FIG. 1 the transducer 6 is moved radially
of the disk 4 by the feed means 7 typically comprising an electric motor
and means such és a lead screw or a rack and pinion mechanism for
translating the bidirectional rotation 6f_ the motor into the. linear recipro-
cation of the transducer 6. The feed means 7 functions to move the
transducer 6 to a desired track position across the track turns on -the
disk 4 in response to a seek 'command sent from the system controller 14
over a line 64. Additionally, the feed means 7 includes a low pass filter
for deriving from the .trac':king signal fed from the tracking servo circuit
17 over a line 65, the signal component indicative of the translation of
the beam spot 36 radially of the disk 4. The feed means 7 thus ena-
bleé the transducer 6 to trace the spiral tra_t:k 21 in coopt_eration with the

disk drive niotor 5.



The above descri bed nethod of obtaining the tracking signal fromthe four
phot odet ector sections A-Dis itself not newin the art but has been known
as a differential phase detection nmethod. The switch 43 for on-off control
of the tracking servo is under the control of a signal supplied from the
system controller 14, FIG 1, over a {3ne 48. \wen the tracki ng servo is
cut open w || hbecome apparent fromthe subsequent dis- cussion of the

i nventive- netho he.pha n; Ll [ 4 i

circuit conpri s?[r‘& b‘g?‘ﬁe'agifa vlvﬁ) aggcﬁﬂmyeaja 121&h|{g {oagg% Fﬁ@g?@?wmﬁdthe
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switch 43. Also, this figure does not show the automatic gain control
circuit arfdomhthe glislhass filter which are customarily connected between
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driven a

circuit 9 has its output connected to the system controller 14 by way of
a line 66.
By the term “locked” as used in the preceding paragraph is meant

that the tracking servo is functioning properly, with the beam spot main-

tained more or less in alignment with the disk track. The term  “un-
locked” means then that the beam spot has accidentally deviated radially
of the disk out of tracking servo control. The beam spot will traverse
some track turns in the event of tracking servo unlocking, so that the
output from the wave shaping circuit 9 will then contain a pulse each
time the beam spot traverses a track turn, the .beam being then modulat-
ed by the track. Tracking failures, or tracking servo unlockings, are
detectable by counting these wave shaping circuit output pulses during
each preassigned length of time and comparing the count with a pre-
scribed number,' as will be detailed later in the course of the discussion
.of the inventive method.

The wave shaping circuit 9 has its output connected to both syn-
chronization detector and demodulator circuitl 10 and phase locked loop
(PLL) circuit 11. The PLL circuit 11 provides clock pulses in synchro-
nism with the bits of the EFM signal from thé wave shaping circuit 9.
The clock pulses put out by the PLL circuit 11 will be hereinafter re- -
ferred to as the read clock pulses. The PLL circuit 11 has another in-

put connected by -Way of a line 67 to the éystem controller 14 whereby



the standard audi o CD speed or at two, four, eight or twelve tines that
speed: The nethod of this invention also requires changes in tracking
.servo gain, as will beconme apparent presently. The focusing servo
cifcuit 18 conprises two adders 51 and gg, a subtracter 53, an on-off
switch 54, a phase conpensator circuit , a drive anplifier 56, and a gain
sel ect nmeans 57. The adder 51 adds to- gether the outputs from the
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their inpertion ofcndesmodulating the recovered addresses of the data blocks on the
disk 4, for delivery to the system. controller 14 over a line 70. The
system controller 14 conventionally utilizes the block addresses for causing
the transducer 6 to  be positioned _over any desired data blocks on the
disk 4.

The error detector and corrector circuft 12 detects errors, if any,
in the incoming NRZ signal, corrects theml if possible, and causes reading
to be rétried if correction is impossible. The output of the error detec-
tor and corrector circuit 12 is .com-lected to both interface circuit 13 and
system controller 14. The interface circuit _13' is connected between com-
puter 1 and system controller 14, as well as between computer 1 and er-
ror detector and corrector circuit 12. _

The wvariable rate clock 16 is connected to the system controller 14
by way of a bus 71, to the motor servo circuit 8 by way of a line 72,
and to the error detector and corrector circuit 12 by way qf ‘a line 109.
Controlled by the system controller 14, the clock 16 generates clock pulses
at either of a predetermined standard repetition rate, corresponding to the
standard audio CD speed, and two, four, eight, and twelve times the

standard rate, in order to meet the multiple speeds at which the motor 5



It-will be noted that the focusing servo circuit 18 includes the

12- gain select nmeans 57, too. The gain of- the focusing servo is
therefore variable under the control of a signal fed fromthe system
controller 14 over a line 61. The system controller varies the focusing
servo gain ac- cording to whether the dt%Zk is driven at the standard audio
CD speed or at two, four, eight or twelve tines that speed. The nmethod of

this in- vey 'tgndﬁlvéotﬁaeoéihﬁeff 5@@9&&& ith PHACKBALSE! VTR fuls@S phblihced
become apparent presently. h continued reference to FIG 2 the
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servo circuit 18. The read signal thus obtained is sent over l'ine
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could be Cﬂgpected to the outputs of the adders 51 and 52 of the focusing
servo circu or a four inputs adder could be enployed for direct

connec- tion to t4gef QUforPREIARLRSHPT 8 SRk '&lﬁﬁecteﬁ' lth&¥ets Offfe OJynEH?oxﬁ%iﬂ S
40, 41, 51, 52 and 62 and subtracters 42 and 53 coul d be parts of the
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mechani sm f @8nerol line 75, the clock 16 by way of the line 72, and a motor speed
sensor 73 by way of a line 74. The output line 76 of the motor servo
circuit 8 is connected to the disk drive motor 5. |
Mechanically coupled to the disk drive motor 5, the motor speed
sensor 73 generates pulses at a rate proportional to 'th_e rotational speed
of the motor and hence of the disk 4. Six motor speed pulses are gen-
‘erated with each complete revolution of the motor in this particular em-
bodiment. Besides being connected to the motor servo circuit 8, the
motor speed sensor 73 is coupled to the system controller 14 by way of
the line 74 in order to enable the same to know the rotational speed of
the disk in real time, as well as to detect each complete revolution of
the disk.

FIG. 1 further indicates that the system controller 14 is connected

by way of a line 94 to the output line 63 of the transducer 6. In the.
method of this invention the system controller 14 relies on the transducer
output fpr determining if the beam spot is kept more or less focused on
the disk ‘surface under the control of the focusing servo or, because of
some physical defect of the disk, totally unfocused beyond the servo con-
trol. As has been set fo_rth in _connection with the traéking servo, the
focusing servo is “"locked” when the beam spot is held more or less fo-
cused on the track carrying surface of the disk under its control, and
"unlocked” when the beam spot is unfocused out of focusiné servo con-

trol.



translating the bidirectional rotation of the motor into the |inear

reci pro- cation of the transducer 6. The feed neans 7 functions to nove
the transducer 6 to a desired track position across the track turns on the
di sk 4 in response to a seek command sent fromthe systemcontroller 14
over a line 64. Additionally, the feedigeans 7 includes a |low pass filter
for deriving fromthe tracking signal fed fromthe tracking servo circuit

17 over a line 65pgt fiRisfratii! nc%ﬂﬁl”'eiﬂt FIGJiZ: afte’ Gudtbr tdaBvé ' apetRt BORoAE
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reference voltage generator 82 which puts out a selected one of five dif-
ferent reference voltages corresponding to a predetermined minimum disk
rotation speed, which in this particular embodiment is the 'standard audio
CD speed, and two, four, eight, and twelve times the minimum speed, in
response to the speed data sent from the .system- controller 14 by way of
the bus 71. Thus the differential amplifier 83 puts out a voltage signal
indicative of the difference between the selected reference voltage and
the FVC output voltage representative of the read clock pulse rate.

A further member of the CLV servo circuit 8a is a phase compa-
rator .84 having an input connected to the read cloc_:k pulse line 68, and
another inpﬁt to the true clock pulse line 72. The output from the
phase comparator 84 is therefore indicative of the phase departure of the
read clock pulses from the true clock pulses. ' |

The differential amplifier 83 and the phase comparator 84 are bofh_
connected to an adder 85, an additional componeht of the CLV circuit 8a

The output from the adder 85 is the sum of the repetition rate error

signal from the differential amplifier 83 and the phase error signal from

the phase comparator 84. This output from the adder 66 is therefore
termed a total error sign"al. _

The CAV servo circuit 8b likewise comprises an FVC 86 and a
reference voltage generator 87, both connected to. the inputs of a differ-
ential amplifier 88. Connected to the output line 74 of the motor speed

sensor 73, the FVC 86 provides a voltage proportional to the repetition



that the tracking servo is functioning . properly, with the'bean1spot mai n-
taikbned nore or less in alignnment with the disk track. The term "un-

| ocked" neans then that the beam spot has accidentally deviated radially of
the disk out of tracking servo control. The beam spot will traverse sone
track turns in the event of tracking seﬂ?o unl ocki ng, so that the output
fromthe wave shaping circuit 9 will then contain a pulse each tine the
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th t | 5,#?9
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ferred to aSomhéhe dBICcBOCcanduheeseferetice Rbltage rganetratéd 8&Ks anot her in- put
connected by way Qf a line 67 to the, system _cogntrolle

4 wher eb
14 the central fIRguBRESF Jerye \sirculie & ol rirEhey d%ré”" eéto?"tﬁncﬁ y§ﬂ59\ﬁ‘?r
includ- ed dgedhegd’ Lf'orcbélﬁé’ﬂ&?]lgs h@tlﬁ? &REedcLY a gd tﬂ-@eCRVL c%hﬁ%l“ gigll

has its output connected to t ync onl za- tion etector and

denodul at ornads r praducéd, byhithe cpaitwt s and 8fet erBheveselector switch 89 is
shown to comprise a fixed contact 90 connected to the adder 85 of the
CLY servo cfrcuit 8a, another fixed contact 91 connected to the differen-
tial aniplifier 88 of the CAV servo circuit 8b and a movable cbntact 92
cdnneéted to a drive amplifi_er 93 and thence to the disk drive motor 5,
FIG. 1, by way of the line 76. The movable contact 92 is engageable
with either of the two fixed contacts 90 and 91 under the direction of a
CAV/CLV select signal sent from the system controller 14 ofrer the line
7. - |

The FIG. 3 showing of the motor servo circuit 8 as an analog
circuit is by way of example 'only. The motor servo circuit 8 could be
digitized, either in part- or in whole. _ | |
The system controller 14, FIG.' 1, can take the form of a micro-

processor of conventional design comprising a central .processor unit (CPU)
81 and a random access memory. An external ROM 15 is shown connected
to the controller 14. The ROM 15 may be factory preprogrammed to ena-
ble the 'controllt_ar 14 to pefform various operations automatically. The
programs on the ROM 15 include a disk check program according to the
present invention, which dictates a sequence of steps to be followed for
determining a speed of rotation suiting each loaded disk according to its
physical quality as detected from the performances of the tracking émd
focusing servos ét various disk speeds and at various gains of these ser-

Vvos.



whether or not the PLL circuit is |ocked, that is, operating in synchro-

nism with the EFM signal. [If it is, then, the circuit 10 wll pass the
read clock pulses fromthe PLL circuit 11 on to the disk drive notor servo
‘ci‘frcuit 8 by way of a line 68. Al so, n the PLL circuit 11 is found

| ocked, the synchronization detector and” denodul ator circuit 10 wll use
the read cl ock pul ses to denodul ate the EFM signal into, for exam ple, a

digital non-ret U o gk AnbbHEP RBlrardl GRAFHEOW dk8 Uthd VST ¥hbOmbhts

error detector and corre tor circuit 12 over a line 69. The synchro-
ni zati on- dehsctanry dved chmsbiduedit equivaleatiiyt id€luded f r rthet Isgsteadicontneler f c-

tion of denodul ating the recovered addresses of t ta bl ock the di sk
4, for del Egrer?e'lfBr ing dhet digk ¢ olRragragy Qﬁ‘fgif‘ﬂﬁgl ethyy m¥ Sé‘?ﬁg 'sygtAelmS

controller cAdioPry&itsi 95akbNerdids ivaeRdub N8ighhRC KoRdektaingeShé OCDSROM TWivede
transducer 6 to be positioned over any desired data bl ocks on the disk 4.
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system controller e interface circuit 13 is connected betvveen com

guter 1 an@towgmem‘(ﬁ;ntth@lllm 48 fossclesing dhepsragking oKt 8vitehadd dHG- ; of
.detector a corrector. c 6
connect ed ?g THe 35&&&%%%3?‘%‘3 |C§?Suﬁ _E)he fmﬁs }Z‘Q“ g]mse%ﬁt%o tlﬁggﬁ&ot g*r’ér

'Servo circiyhé Bnéy 50awundf 68 for nectihtimndhe Ogilhe selecormmseés oandarfﬂ For.

corrector circuit 12 by way of a.Jine 109._ Controlled,b
control | er read ppde,c ItB‘bk thB §€W€P‘at 1geans| (%-'k ad ats‘@?/all gﬁng the
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order to memansh85nwilli plse ppewide at sigriathfatheconpecting the movable contact
92, FIG. 3, of the selector switch 89 to the first fixed contact 90 for
CLV driving of the disk drive motor 5, and to the second fixed contact
91 for CAV driving. . The output line 74 of the motor speéd sensor 73,
FIG. 1, is connected to the control means 95 in order to enable the same
to form the signal to be applied to the selector switch 89. |
A tracking failure detection means 96 functions to ascertain wheth-
er the beam spot is held more or less aligned on the disk track under
tracking servo control or has deviated radially of the disk out of track-
| ing servo control, that is, whether the tracking servo is locked or un-
locked. The tracking failure detection means 96 comprises a counter 101,
a reference generating means 102, and a comparison means 103. Reset by
each output pulse from a frequency divider 98 connected to the output
line 74 of the motor speed sensor 73, FIG. 1, the counter 101 counts the
output pulses of the wave shaping circuit 9. The 'frequency divider 98
divides the repetition frequency of the motor speed puises into one sixth
in this particular embodiment. Since the motor speed sensor 73 produces
six pulses during each complete revolution of the disk drive motor 5, as.
has been stated, the fr_equency divider 98 -puts out ‘a pulse with each

complete disk revolution. Thus the counter 101 counts the pulses pro-



15 is to drive the disk 4 according to the invention. The pul ses produced
by. the clock 16 will be referred to as the true clock pulses in -contra-
distinction fromthe read cl ock pul ses put out by the PLL circuit 11. The
‘true clock pulses are delivered to the notor servo circuit 8 and to the
error detector and corrector circuit 1é9by way of the lines 72 and 109.

The notor servo circuit 8 has connected thereto the synchroniza- tion

‘detector and dempdul ator circuit, 10 pby way of the read clogck puylse |line 68,
the systemducse 3 (tBg Tavey sharings c’c"ﬁE‘tbi('?s 1%0"3&%0&%@@% cgﬁf‘r 5Fv+lluﬁe
75, the cl %&.16 by way of the line 72, and a notor speed sensor 73 by way
of a line . The output line 76 of the notor servo circuit 8 is connected

to the disk dri VeOﬁmBQirn§5 loaded intoMRREACDCROMY drivd! % dedich t digk diiss ketrbicked
motor 5, the notor speed sensor 73 generates gul ses at a_ rate_ proportional

"to the rotaas dnaitssgualityofatt hee nst storenspeaedacly othe Hrethed kofy thissjinvestien.

"speed puls r R- erated wt.h h | Ut _ '
t _hi s part [ ﬁ%‘?tg‘r %é%%l%oﬁeﬁ%%tsw“gés dgagdggé;%&?%n%gg?e#&%g ﬁe&%f@g&gfg;{/g
circuit 8, &t RALR' sSRACAn S6rEee! to/ Ueternfife PikRd digk tdualisy sfrem tlesntpeofdrar- 14

by way of the line 74 in order to enable the sang to know the rot,ati,ongl
speed of t henegesRf i ther deackingpandy fogusing asenvesdetthe Bals HBRiNGgircuit

revol ution gfy thgrdeRd put oup 2 %@%gﬂéﬁq&rha SIS Hiftng NALR! BLS A6

controller I'S conne I ne o the output |ine 63 of

the transdudesn & the réwl reninods afiodulatedi byethe alisk hpitsy praridednof otdusee,14
o or | esthat odifdad kI, B FOTHATIR cSETAR: S OERRt of GREAREABYE S ng
Servo or, beraiSen®ftraiiRg PEITLCH HSKEY, Okith hthedibdam Gffedbverably Qluviae
beyond t he servo con- tro%. As has been set forth in connection with the
tracki ng seingo,outhef tracking servo control, the wave shaping circuit 9 will pro-
duce a pulse only each time the beam traverses a track turn. Whether
thé. tracking servo is locked or unlocked can therefore be determined
from the number of pulses produced by the wave shaping circuit 6, or
by the transducer 6, per unit length of time.
To that end the comparison means 103 of the tracking failure de-
tection means 96 compares the variable pulse number N, from the counter
101 and a predetermined reference pulse number N; froin the reference
generating means 102. The reference number N, is less than the expect-
ed minimum number of read pulses to be obtained during each complete
revolution of the disk during the normal reading of the disk and more
than the expected maximum number of transducer output _pulses to be
obtained during each complete disk revolution when the tracking servo is
unlocked. The comparison means 103 will produce a signal indicative of a
tracking failure when the variable number N, becomes less than the ref-
erence number N, This output from the comparisbn means 103 is direct-
ed into both control means 95 and speed data generating means 99 there-
by to be used for determination of the speed at which each loaded disk
is to be read.
Another important component of the FIG. 4 circuitry is a focusing

failure detection means 97 which determines whether the beam is more or



focusing servo is "l ocked" when the beam spot is held nore or |ess fo-
cused on the track carrying surface of the disk under its control, and

"unl ocked” when the beam spot is unfocused out of focusing servo con- trol.
16 As illustrated in detail in FIG 3, the notor servo circuit 8
com prises a CLV servo circuit 8a for 28LV control of the disk drive notor
5, and a CAV servo circuit 8 b for CAV control of that nmotor. The CLV

servo circuit 8a includes a frequepcy t |t a t Vi =
ing an i npdessc egnsedegnt the HLSIF g‘éﬂy#o&%déﬁlfé’ggglpgggﬁof g?m(crgln\%r fsll r}gﬁ ?’he
repetition cﬁlgéfhgé% g%eesclngl 960D ebs@8l, | tHat &) wheiheal ¢he fowusinge serymal .

The output © I's connected to-one input of a dif- ferengial
anpl 116 83, locked or Guiloketlod Tis doUHEE Perar oruneeked, FigRchty Aietance

anplifier 83 is a reference voltage genepat or 8 ' - ifedS ed
one of fi yeb"=tiﬂ“’f’*‘mf‘gie‘lsgnf4 F‘%‘?e?‘é’ﬁﬁé%o%f‘gggg g%ersr égﬁgﬁﬁn% gégﬂ%}%ge? gffrﬁ ned
m ni mum di %g, %@% '%'3&&% Wairgd ish chpdtsle paf tHumctianingbo8ineenthe soutiput
standard audi o speed, ogtvvo, our, eight, and twe]ve tines,th L nimum
speed, in rfgeponse ttearnsdacapedd wilt einsl@rimatﬁl’}'onﬁl‘tﬂéaséﬁys’c”eni“%ﬁ??%‘? I g‘? mfﬁe by
way of the bus 71. Thus the differential anplifier 83 puts out a voltage
Si gnalh i ndevent \af @n tilwecdvémble rissusiagndailunen cthis ér@vége risr sletertablgo|amyge
and the FVC o ut volia epresent at | cl ock pul se rate:

A further _ﬁé"rrbulté%)s‘%fdt ﬁ%e ﬁ#@ﬁé@ﬁ?i %éuﬁar%gul%leé’rug ase _corrpg- rator 84

havi ng an i nput qoRaedt tithtt @ntihehé edetection k meahss €97 | compfifsesarmat samaldgerto

nput to tg(iagiia\rlu%oﬁxl/gr%gr p(llj\lDS(g ll(i)4r:ea7%axir;|r1?me ggge%gitonf rm%?nst H)PS, a reference
generating means 106, and a comparison means 107. Connected to the
transducer 6 by way of the line 94, the ADC 104 digitizes the analog
output from the transducer. The maximum detection means 1056 has an
input connected to thé ADC 104 and another to the frequency divider 98
for detecting the maximum value V. of the ADC oufput during each com-
plete revolution . of the disk 4. The reference generating means 106 pro-
vides a reference value V. which corresponds to .the minimum of the
transducer output voltage when the focusing servo is locked.

Comparing thé two inputs V; and V, the comparison means 107
will provide a signal indicative of a focusing failure when the maximum
value V. is less than the reference value V.. Like the output from the
tracking failure detection means 96, this output from the focusing failure
detection means 97 is directed into. both control means 95 and speed data
g.enerating means 99 thereby to be used for determination of the speed
at which each loaded disk is to be read.

| FIG. 4 also shows a phase control means llOQ as part of the sys-
tem controller 14. The phase control means 100 detects the actual speed
of rotation of the disk drive motor 5 on the basis of the motor speed
pulses supplied over the line 74 The detected motor speed is utilized
for producing signals that are applied over the lines 49 and 60 to. the

phase compensator circuits 44 and 55, FIG. 2, for changing their filter

constants according to the motor speed.



phase conparator 84 is therefore indicative of the phase departure of the
read cl ock pulses fromthe true cl ock pul ses. ' The differentia
anplifier 83 and the phase conparator 84 are both connected to an adder 85,
an addi-tional component of the CLV circyjt 8a The output fromthe adder 85
is the sumof the repetition rate errorzLignaI fromthe differential
anplifier 83 and the phase error signal from the phase conparator 84.

This output from e adder 66 is,therefore terped a total, arror,  signal.
The CAV servo cir F?re§°?) 18 e %Fér?%e@eaﬁ%a% °<§n_cﬂ§' riffé’Fe_ c?’s‘
vol tage geneugéion 87, thoOt diskOBREGH CprdgParh NStokdPUSS Be ROUT 18T actiididl to
anplif ier 88. Connected to the output line 74 of the notor speed sensor

73, the FVCtBe pethoddef thesqireseps pmvgndioni onZhet diskheheckhepiagram is to be
17 rate of ;th tor speed pul ses, that if,.to the rotatiognal speed of the
di sk drive %Yogﬁﬁgg?ugq_"faﬁbcaﬂ?'se%%hiﬂ? ardisk pis; ﬁ‘?deﬁvms Srive Jter $Ring pe
reference vdld age ganis apaftiddah sroptain | 18P HesERRACES CElabfify NBadPeRRKI3hRD

bus 71 for putting out a reference voltage corresponding to the speed
speci fi ed bgithee ef sfaun wategasidaser pdor, Pelowdavdragentabavemanerage, cands good,

provi des a voltage proportional to.the differencg between the outputs from
the FVC 86 gﬁﬁor?ﬂlg r{?f e’??a.n ‘éaqaé!! taé’deqﬁeﬁ%"’r to Ef?‘?"k at 8""’T‘H °ﬁﬁ£r°‘?er?/€
circuit 8 i swhUrtbhE! eighty iadadtwblvd Bimd8! Afd Qtanitdtd Audid £ sﬁséﬁctivel y.
putting out the CLV and the CAV control sig- nals produced by the circuits

8a and 8b  The sEpdewving dhet starB9of sthehqungtam casnSi sthea dislkeids atriverctatoO

connect ed t?hé hs ar%jaq'ﬁr a181gi00fCDt r]v.(;axeed, a;id the ‘beam spot 36 is positioned on the

radially inmost turn of the track 21 on the disk 4, both as set forth at
a block Sz  Further, according to this same block,. both tracking and
focusing servos aré set into operation by élosing the switch 43 and 54,
in order ‘to read the prerecorded table of contents from the disk. The
reading of the | table of contents accordirig to this block is intended to
make sure that the loaded disk is a CD-ROM. After the disk has proved
to be so, both tracking and foéusing servos are temporarily cut off at a
block Ss by way of preparation for a rise in disk speed which is to fol-
low. o _ _

The next block Ss dictates the driving of the disk at four times
the standard audio CD speed. The control means 95, FIG. 4, of the sys-
tem controller 14 will put out various disk check ‘mode signals toward
this end. Such signals include one sent over the line 75 to the selector
switch 89, FIG. 3, for connecting the CAV servo circuit 8b to the disk
drive ‘motor b, and another sént over the line 108 for causing the speed-
data generating means 99 to supply data indicative of four times the
standard audio CD speed to the reference voltage generator 87 of the
CAV servo circuit 8 The disk is now conditioned for rotation at the
required speed. The control means 95 will also delivgr gain control sig-
nals over the lines 50 and 61 to the gain select means. 46 and 57, FIG.
2, for setting the fracking and focusing servo gains at values éuiting the

presently required disk speed of four times the standard audio CD speed.



CLVY servo circuit 8a, another fixed contact 91 connected to the differen-
tial anplifier 88 of the CAV servo circuit 8b, and a novabl e contact 92
connected to a drive anplifier 93 and thence to the disk drive notor 5,

FIG 1, by way of the line 76. The novable contact 92 is engageable with
either of the two fixed contacts 90 and 21 under the direction of a CAV/ CLV
sel ect signal sent from the system controller 14 over the line 75.

The FIG 3,show ng, of the_ not servo circuit as_an _.anal og cj,rcuit,.i.s by
way of exarﬁs)l B o‘fﬂ%,"sm?%et%t %esgf*% EPRLe /8¢ Sgucd’ﬂﬁlﬁtab‘éeaédi %f t P}eedr,adé?lf%er -
in part or jhmodetRk turn on the &kiem controller 14, FIG 1, can take the
form of a mcro- processor of conventional design conprising a central

processor unit (@?Ptér she adiskahasirghineddbes sequined yspead, cathr bracki@\Visesvo s

shown connected tq th ontroller 14. . The ROM 15 nmy . be .factor

preprogr am?@’dtc?‘o 43n393b WUSHE SRS d‘IWEI‘ %ﬁ _f“BypZ‘Ff 6¥9W§e\qaﬁf’6‘?f§¥%ett°alt§‘%ns
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according to the present invention, which dictates a sequence of steps to

be fol | owedeanr sget eoni thenglisk strack] ahdr theatfiogusingi servp dactholdathed bikamk

according to itii phy icg‘#. @ua-l i.ty as detected from the perfornmances of the
tracking an8c¥¥8uoMn e Fi55sSUaSar i ous di sk speeds and at various gains of

these ser- voS. Then comes a logilczzlthnoge Ss which asks if bb®h trackingd &K

diagranmmatically illustrated in are sone of the means that nmay be

consi der ed fecusing| saxvby dneclacked. i rThehdracgking nmandbrthe ofdousing) fatlureeddtecni ng
the di sk chESK a3 68" arll O, B 400k Nfhe' BySiEh' Watroliér 66 will operate to
find an answer to this question. If either or both of the tracking and
the focusing servos are found unlocked, this disk is of poor quality and
so is readable only at two times the standard audio CD speed, as indi-

"cated at a block Se. For reading at. this speed, the control means 95,

- FIG. 4, of the system controller 14 will cause the speed data generating
means 99 to put out data indicative of that speed. The control means
95 will also send gain control signals over the lines 50 and 61 for read-
justing the tracking and the focusing servo gains to the required read
speed.

The poor quality disk will thus be read at the constant linear
velocity of two times the standard audio CD spéed. The fact that either
or both of the tracking and the focusing servos is unlocked during disk
rotation at four times the standard audio CD speed _will be held on the
RAM included in the system controller 14 until the disk is unloaded.
This disk will therefore be read at the same reduced speed no matter
how many times it is accessed, as long as it stays loaded on the drive
spindle 19.

This program does not recheck the disk quality at two times the
standard audio CD speed. Such rechecking is considered unpractical be-
cause, as has prbved by experiment, the tracking and the focusing servos
seldom unlock at this low speed, now matter how poor the disk lquality

maj be.



control neans 95 generates various signals for setting the CO-ROM drive 2
I n-either disk check node or read node, and for various other control
functions hereinafter nade apparent. For disk check node the control
means 95 will supply signals over a line_108 for indicating speeds of disk
rotation, over the |ine 48 for closing £Re tracking servo switch 43, FIG
2, over the line 59 for closing the focusing servo switch 54, and over the

| i 50 and 61 f i ' i | 46, and 57,
ode. toor e colt rBE AR 8 EackBla e TR 1 CpER 1Bdnq, [eked R
servo sw t Ghe 4gode1dS S, O6HISEHY oth€F VRariiM tieh Sfbth sdiv@sCary ra:gaiﬁrem?&éﬁw I

al so provide a signal for connecting the novable contact 92, FIG of the
sel ect or swicuthoff9at ca t blocki Ssit prepardtaryntecincoensing the\/ disk \spegd oto te¢ight

di sk dri d he, d fi d o1 f \Y} LVi )
The out put s 13 faard alifio° TR Hbert 8ot a" i & ok (o, okl ¥res
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applied to the selector switch 89. _ Atracking failure detection
means 96 funst flishs speedadeemt faur Jmeeight ctimesicthee ghandord audineCP vpeed oean

| ess aligned _on the dis ack.under trackin ervg contyol. or, has.devi ated
ad atly of Bendetpepings ShAfie 108! A CioRSadE 43, SOl ietn dnqle sictotc
tracki ng semegtib®. maetkether bk |DCKkRA. théhepkédiCidigadedi toir Roudetigfiéd Othe

means 96 conprises a counter 101, a reference generating neans 102, and a
conpari son standerd ogpeedReset by each out put pulse froma frequency divider

98 connected to t 0 ut _li.ne 74 qf the ,notor speed.sensor. 73,. Fl 1
the counter 101 cgﬁlﬁt Lsgi%]e‘_l%ﬂﬂﬁutls p%egege%k.}ec.{kﬁg '\?gﬁoé'ggﬁapl né‘ ctfdtdgui‘f” 9. u
The -frequengy Rbyiélgher99f dind dRfkckidle drPehé t fovusinge Gepvusy i0f fduad Riledked,

speed pulses into one sixth in this particular enbodinment. Since the notor
speed sensoithis3 digskodiscef belowpaverage danalily, efit hfarormgading sy doun j timesf thehe
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pul ses pro- stored on the RAM of the system controller 14, and the disk speed is
lowered from eight to four times the standard audio CD speed for read-
ing. |
‘If the tracking and the focusing servos are both found locked at

- the node Se, on the other hand, then the disk speed is increased from

eight to twelve times the standard audio CD ispéed according to a block
Sis, after cutting off both serves according to a block S1;.  Both servos
are set into operation again after the disk has acquired the desired
speed. . |

Then comes still another node S:s which again asks whether both
servos are locked. If either or both of the servos are found unlocked,
the disk is of above-average quality. The disk speed is therefore re-
duced from twelve to eight times the standard audio CD speed for read-
ing, according to a block S;s The unlocking of either or both of the
servos at twelve times the standard audio CD speed is held on the RAM
of the system controller 14 until the disk is withdrawn from the disk
drive, in order to read the disk at the same safe speed as long as it
stays within the device.

If, on the other hand, the tracking and the focusing servos are



19+ duced by the wave shaping circuit 9 during each conplete disk revol u-
tion. On being loaded into the CO-ROM drive 2, each disk is checked
as to its quality at one or nore speeds by the nethod of this invention.
Both tracking servo switch 43 and focusing servo switch 54 are closed at
each such speed in order to determne tH# disk quality fromthe perform
ances of the tracking and focusing servos. The wave shaping circuit 9 will

therefore pubuOYbuda ! RE TREL aeP 8,50 e ibk 0is® 3F NSl ulafiY P! dhiq (o0l A5
y the él %at

the read beam s nodu a ed sk pits, provided, ur se, bot h .
tracki ng andeédcatsithg mexinmosn aspeetd ookel. timeSothe asthndgidy auldto emlentspedde as

tracking servg, is unlocked, wth t beaml recoverably devi gt t of
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only each t't%h;eheiuﬂ%a'ﬂx Jax&arraesuamt ' ksplel Nis 2WRCTHRE] & ethle’ mnanm
servo i s | ocked or unl oc can therefore be determned fromthe nunb of

pul ses proddbeddisk isheinleadedshaping circuit 6, or by the transducer 6, per

unit length of ti To t hat, end, the ari son ne 103 f th
ekl ot o Pur o BBk quality, WgaATalsarac, e the THESORE: MRLOMRAE o FRmbae N

from the coyatfirmifides? st ath@r Etf'fél&ﬁ@ Hﬁ‘&' rtﬁée"fé‘&i%?né“:hé%o?“@@e%e%rai r gpet he

ref erence generating nmeans he reference nunbe 'ess than'the
expect- ed mscribed mimknts@eedﬁf réadtlpmlfpﬂswing bem briskimente dthoam; | whidacis illus-

more.  han' ¢ KRG p Dt BUFha it Fis, A0S, Toeborea e ameemAbELEg: Dy icoBabipg 5Ead
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erence nunb?ocusmg e;l;'rx]'i)rss %lgcta pl%E:kLJ oorp turxll?ocio ar Icsacr)ln also %Sé %Pa%etli sthqatltr ?r? tt_his '
alternative embodiment, whether the servos are locked or unlocked is de-
termined in terms of the frequency of read errors, instead of in terms of
the number of transducer output pulses during each complete revolution
of the disk and the magnitude of the transducer output during each
complete disk revolution. ' _.
A comparison of the FIG. 6 CD-ROM drive 2a with that of FIG. 1
w.ill reveal that the former does not have the lines 66 and. 94 for ascer-
taining whether the tracking and the focusing servos are locked or un-
locked. Detection of errors in recovered data is convenﬁonally performed

by the error detector and corrector circuit 12, and signals indicative of

read errors are sent from this circu.it to ‘a system controller 14a over a
bus 110. | Showh to be built into the system controller 14a, a ROM
152 is factory preprogrammed according to the alternative disk check
method of this invention.
As illustrated in FIG. 7, the system controller 14a is configured to
include a read error detection means 1Il in lieu of the tracking failure
~ detection means 96 and focusing failure detection means 97 of the FIG. 4
system controller 14. The error detection means 111 includes a counter
112 having an input terminal connected to the error detector and corrector

circuit 12 by' way of the but 110, and a reset terminal connected to the



ed-into both control means 95 and speed data generating nmeans 99 there- by
to.be used for determ nation of the speed at which each | oaded disk is to

be read. Anot her inportant conponent of the FIG 4 circuitry is a
focusing failure detection neans 97 which deternines whether the beamis
nore or 25 20 | ess focused on the

di sk surface under focusing servo control or is unfo- cused beyond focusing .

servo contr t ' ether ..t f ' S i gal O al..u ked. -
The focusi ngbts%r 0 elds%t?ﬁ%czgd('%gﬁetﬁgag%@an@gy‘%@t %’enﬁﬁgﬁ%e’agh% %9
obj ective | esch Fvequaryoudivider aopipadepalse) ke rcangeeri 12vheaints heeddo cersorsg

servo is capable of functioni ngT.51 Si nce the, output from.the ansducer 6
§h

wi |1 i nor di &t Plaes rddee i spchagRTPIRtR fevoldtione pintherdigh | (Thec SrAosdReer
focusing Tag| Hifievbd)! thel TAAPLH 'd%tdjeinﬁictcﬁﬁéxe ﬂ?oﬁrﬁ?ioﬁa%stl% fabfe B9 HohUde
oward t

of the transducer output. at end the detection neans 97
conpri ses amentnadwgthe widifllyal inmosty aracle (WibCopnlQhe adiskaxduming ddiskctchmek -
nmeans 105, a referenc enerating neans 106, and a (ilo ari son ans 18,7'.
Connect ed -t?Pec’ﬂE"?srangr é’P“Bt%y%&f%f‘tsc [FETQrs Ehayy hayg o oggyrred) 4ingrgpdinge
the anal og Qut PHhek _the transducer. The maxi num detection nmeans 105
has an input connected to the ADC 104 and another to the frequency divider
98 for detecting The saputufrosal the \dountert 1¢2 AISC ditéqred tiromeg mpab obMma
plete revolution of the disk 4. The reference generating neans 106 pro-
vi des a r ef @mIREIson amgans \H4,\ipc anether e it of t Hhiche 18 Sipplied o3 feference

‘transducer guhpujt fvﬂtﬁgegwgtihgemggﬁjsﬁﬁg Slq{evq'e.feﬁ-ehgé;kﬁgmber is a mini-
mum number of errors that will normally occur during each complete disk
revolution. A typical reference number is zero. @ Thus the comparison
means 114 compares the number of errors that have actually occurred dur-
ing disk rotation at either of four, eight, and twelve times the standard
audio CD speed, with the referénce number.

'If the actual number of errors is not -more than the reference
number, it means that both tracking and focusing servos are locked, and
that the disk is readable at the current speed. Both or either of the
servos may be unlocked if the actual error number exceeds the reference
number, so that thé current speed is too high for the disk. | The output
from the comparison means 114 is directed into both speed data generating
means 99 and control means 95.

This CD-ROM. drive 2a is similar to the FIG. 1 device 2 in all
the other details of construction.

As flowcharted in FlG; 8, the alternative disk check methbd differs
from the FIG. 5 method only at nodes Ss’, S¢’ and S;s. The first node
Ss" asks, in essence, if any read errors. have occurred at four times the
standard audio CD speed. The disk in question is read at two times the
standard audio CD speed if they have, and at 'a higher speed if they
have not. The second node Sg' asks if any read errors have occurred -
at eight times the standard audio CD speed. The disk is read at four
times the standard audio CD speed if they have, and at a higherf speed



Conparing the two inputs Vi and Vr, the conparison neans 107 will provide
a signal indicative of a focusing failure when the maxi nrumvalue Vf is |ess
than the reference value Vr, Like the output fromthe tracking failure
detection nmeans 96, this out put fromthe focusing failure detection neans
97 is directed into both control neans 92énd speed data generating neans
99 thereby to be used for determ nation of the speed at which each | oaded
disk is to be read.. FIG 4. .also shows a phase control neans 100 as
part of the ¥yshex mveomet-ol ﬂ‘é!e third mwode pﬁa’s@sganifr any nteads enmos oh;@V@ctO?

the actual spged,ol, rtd Qial le sl AL, TBRORRE.EN il DRSO sckle

not or speed pul ses I'ne tor spee
utilized foratprea@l\mltnﬂessltgaahﬁnaktat atidfo aOP| seebdOET thelye haveeand9 atntiveélbet O
t he phase conpensator circuits 44 and 55, FIG 2 for changing their filter
constants actiBesiithe etandaed andie GBegeeed if they have not.

21 Ref er ;’Eﬁ% h%v%(ﬁ@c%rf"cffeﬁis%d rqughi}‘e rL %@% qk Féag‘ errdr" i ééj-s'

cussion of the di program sto according to t

met hod of t hsenplaliyertuivalant teonthat Tére tdies Ibasulseok whetheannthe $ratckidga amlvahed

automatically each tine a disk is_ | oaded on drlvermor I n- clle 19.
t

Thi s parti cufosusingo Seayas jage glackgd car + Boles ﬁc"é!féhrﬁ? kerl" o ¥ iRyt 3p

four categoriggctedOth th‘v" 8d €6£ %his aih%@fi@ﬁ’ &etd ?ortﬁ“ﬁlb&%ﬂd aré\CE Opdigidet O
its quality and to read the disk at the matching one of two, four, eight,

and twel ve tofireshether sthenderdosawde olocBed peedunlocked. FdT hiawattgmdtiyestmtmdf

the progr am ré%i'e Egmgl %Ke ! gan%r Iald%aneages as does the first disclosed method,
- and possesses the advantage thereover that it requires only the error
détection means 111, FIG. 7, in blace of the tracking failure detection
means 96, FIG. 4, and focusing failure detection means 97.

Notwithstanding the foregbing detailed di_sclosure it is hot “desired
that the present inveption be limited by the exact showing of the draw-'
ings or the description thereof; rather, the invention should be construed
broadly and in a manner consistent with the fair meaning or proper scope
of the attached claims. The following is a brief list of possible modiﬁ-.
cations of the illustrated embodiment which are all believed to fall within
the scope of the iﬁvention: |

1. The quality of the loaded disk could be checked in terms of
only either of the tracking and focusing servds, instead of both as in
the illustrated embodiment. ‘

2. Either or both of the tracking failure detection means 96 and
focusing failure detection means 97, FIG. 4, could be external to the con-
troller 14. .

3. The servo gain select means 46 and 57, FIG. 2, could be pro-
vided on other than the drive amplifiers 45 and 56.

4. The CAV servo circuit 8b FIG. 3, could be omitted.

5. The photodetector could be split into two sections instead of
fouf as in the illustrated. embodiment.

6. The invention could be applied to deyices for CAV servo read-—



t he standard audi o CD speed, and the beam spot 36 is positioned on the
radially innost turn of the track 21 on the disk 4, both as set forth at a
bl ock S2. Further, according to this sane bl ock, both tracking and

f ocusi ng servos are set into operation by closing the switch 43 and 54, in
order to read the prerecorded table of <lontents from the disk. The
readi ng of the table of contents according to this block is intended to
mke SUre phatyrt kay oaed GA¥ kadingToR@LyAdils, i dustbites AW Sghd 0 be
so, both tracking and tocusing servos are tenporarily cut off at a block S3
by way of @L¥paealingnoff ¢ILVa disks i n. di sk speed which is to fol- 1ow

The next block $S4 dictates the driving of the disk at four tinmes the
standard audi o CD speed. - The control neans 95, FIG 4, of the sys- tem
~controller 14 will put out various disk check node signals toward this end.
: Such signals include one sent over the line 75 to the selector swtch 89,
"FIG 3, for connecting the CAV servo circuit 8 b to the disk drive nmotor 5,
and anot her sent over the line 108 for causing the speed data generating
means 99 to supply data indicative of four tinmes the standard audio CD
speed to the reference voltage generator 87 of the CAV servo circuit 8b

The disk is now conditioned for rotation at the required speed. The
control neans 95 will also deliver gain control sig- nals over the |ines- 50
and 61 to the gain select means 46 and 57, FIG 2, for setting the tracking.
and focusing .servo gains at 'values suiting the presently required disk
speed of four tinmes the standard audi o CD speed.

22



It-is understood that the beam spot is still maintained on the radially

i nnost track turn on the disk. After the disk has gained the

requi red speed, both tracking servo switch 43 and focusing servo switch 54
may be reclosed according to the sane bl ock S4. The tracking servo wll
then start operation to hold the beam 2ot on the disk track, and the
focusing servo to hold the beam focused on the di sk surface. Then
conmes a |l ogical node S5 which askSy h tragjs ISNg Servos are
| ocked. The tracking and the. foca‘él;‘lr% ai | ureﬂmm“mm}m s 96 and 97,
FIG 4, of the system controller 66 will operate to 4irtd & &nswer to this
question. |If either or both of the tracking and the focusing servos are
found unl ocked, tjhis dijgkads RAR’ reragdih Y Eom' 68 Y ¢fdl— t WO
times the standard audio CD ?s‘gseaéd, as 1 ndi - (r:at eg?& a bl ogfhg.mio?ﬁﬁ
readi ng at agei diskseeofl, varyéng (phtysital neualiti€@s, theFla@parituofhavisg sy stransducer
controller 14 wl,l causg t speed dat eneratipng means 99 to, put out_ data
i ndi cative for ﬁ‘i‘&f’_‘%p"béﬁ?k hg'%eﬁ'ﬁﬁﬁ?tr’% aﬁ_@mQS‘_”%ﬂl p g?% %fe_ﬁﬂhga?n“é&h'frol
si gnal s ovahgt Bervo 18F ROANY e fRhm’ 986k ilnu%i'bﬂﬂeﬁthewftﬁaﬁk'dg& 6&9?1{ Nén
focusing servo gains to the required read speed. The poor quality-
di sk will tthesdisk suaface: ande acdocusing s$ermeaforvdiobdingy tivé bewm t formsed hén

st andar d a#gi 0 sBefed. The fa(ﬁt t haf . either or bo}.h of the tracking and
the focusi tfes8ifo8uriace,, a, Methpdy sompisifies the ostepsoRfiat four times the

standard audi o peRting h! dPR B&)rSodi; ik-41C j t _
controller 14 ug?ldf themgii sk is unlro%d(raafm‘%ﬁfg\wg?gkbw I Ie‘ftnﬂg%&;%g%abgmfead

at the sane reduced speagatopy Nt data revov@py thérdhmm;t i s accessed, as |ong
as it stays |oaded on the drive spindle 19. Thi s program does not
recheck the di sk (Bhzascestaiping wshethessat Heasit githgr dofidieo trasking ctervo saad

rechecking is consideregd.u i P , ar : :
experinment, the tracki Ege afnb%h?ﬁg %gtvl?gﬁ%gﬁglee?@o%ﬁ?er{i%ﬁc?u%ﬁqé? 'flhslks Fow
speed, now matter how poatinighat ditek fiystl predeterpined speed; and

(c) reading the disk at a second predetermiﬁed speed, which is less
than the first predetermined speed, if said at least either
of the tracking servo and the focusing servo is found un-

locked at step (b).

2. The method of claim 1 wherein the disk has data recorded
thereon in the form of pits along the data track, and wherein whether
the tracking servo is locked or unlocke& is ascertained in terins of a
number of pulses produced per unit length of time by the trénsducer on

reading the pits in the disk.

3. The method of claim 1 wherein whether the focusing servo.
is locked or unlocked is ascertained in terms of the magnitude of an

output from the transducer during each preassigned length of time.



23 If the tracking and the focusing servos are both found | ocked
at. the node S6 on the other hand, then both servos are again tenporarily
cut off at a block S7, preparatory to increasing the dirsk—speed to eight

ti'mes the standard audi o CD speed accordi ng to |aah .- Both servos are
turned on after the disk has gai ned thé%equi-riﬂmﬂgﬁé' &mrease in
di sk speed fromfour to eight tinmes the standard aedi can be

acconpl i shed through the sane procedure as set forth above in‘con- nection-

with the block $S4 for the speed increase to four tines the standard

speed. They di sk Al ddibod Soft Redim eChBEkaA Wheiedi Baid! at Aensideither | f
at lest either of the tracking and the focusing servos is found unl ocked,

t hi sddi 3k icf adhebetarkinmy eseaage qodil the/, focusingorseremdisndocheds qur unlogked: He

standard audi o CD speed, as ipndicated at,a,block S1Q.,. This result is

stored on tascertaNeds IR hierms <ok A dpinbes Pferdaiﬁ, CLInt? gﬂlémgi ?Pcfpéﬁ‘tﬁ'qgs each

| onered fromeight to four times the standard audi o CD speed for read- ing.

| f the tradkesmgigned dergthoefisiiMg servos are both found | ocked at the node

S8, on the other hand, then the disk speed is increased from eight to

twel ve times the standard audio CD speed according to a block S12, after

cutting off bot hsfservosrlﬁcmmthld»d]g)ft eldmbll owhefidif . the3dtindipgs vass tar evhesher nt o

operation again after the disk h ' [

P : sgid at least either of t%z %:%gc Iirrxge dset:[vrc])e aq'l%SI trh%d f%%%se'x%g servo is
locked or unlocked is held until the disk is withdrawn from the appara-

tus.

6. In an apparatus for data recovery from rotating data stor-
age disks of varying physical quﬁlities,_ the apparatus having a transducer
for reading a disk by irradiating the same with a beam of light, 5 track-
ing servo for holding the beam spot in alignment with a da_ta track on
the disk surface, and a focusing servo for holding the beam focused on -
the disk surface, a method comprising the steps of:

(a) rotating a data storage disk at a first predetermined speed, with

both tracking servo and focusing servo in operation, pre-
- paratory to data recovery therefrom;

(b) ascertaining whether said at least either of the tracking servo
and the focusing serfro is locked or unlocked while the
disk is in rotation at the first predetermined speed;

(c) reading the disk at a second predetermined speed, which is less
than the first predetermined speed, if said at least either
of the 'traéking servo and the focusing servo is found un-
locked at step (b);

(d) instead of step (c), rotating the disk at a third predetermined
speed, which is higher than the first predetermined spéed,

. with botﬁ tracking servo and focusing servo in operation, '

if said at least either of the tracking servo and the focus-

ing servo is found locked at step (b);



Theh cones still another node Sl 3 which again asks whether both servos are
| ocked. |If either or both of the servos are fMdlsk i s of
aboyve-average quality. The disk speed is ther uced fromtwel ve
to eight tines the standard audio CDspeedfor L,TU |ngtoa

bl ock S14. The unlocking of either or b3%h of thecs Ive times
the standard audi o CD speed i.s held on the RAM of the system control ler 14
until the disk is withdrawn fromthe disk drive, in order to read t he di sk
at the same saf e (§heasgeisininggwhether saidyat \eesti ithee of.\thee tracking servogp
the other hand, the tr a f | s ar '
24 still found Iocked%? qﬁe I}gcfm@ﬁ3gg% qgl (Eé kg 0 gb“é° kcfl‘}alw l;earﬁ es-o
is read at the maxi mumdistpeiedimfrofatidn rastﬁélehﬁﬁalpdeddeﬁﬂded) §peeslpeed, as

i ndi cated at a block S15. The fact that both servos remnai ned, | gcked at
twel ve tines the (6 Zsading hei disdkp alpdbe figsty rrsdeterningd speekali #aidi ptt he

di sk i s unl oaded. : a u t f

enbodi mrent fromthe per agrpn%kr(ltggg J(’)‘"f dﬁvﬁ?rcgtg Qéﬁg gﬂdt Eﬁeff)l%&g?#]%e?gr’VOs
at several pre- scri bedsdfcmlndspﬁliﬁked atn stépe (E))I mw ng enbodi ment, then,
which is illus- trated in FIGS, 8, the sanme purpose is accorrpllshed b¥
counting read errg s"e?&&gngﬁh‘bl%’éb ahura dguethp peedatermined ctpped. orhichps no

However, i nce the fr equany, of, A, RhLAlS:1aPSposs uaomaweééﬁqsagth%,tger

tracki ng and the focusi ng errors ar ocked can
stated that in this alt atiyve nbod rrent t he servos ed
or unlocked is de- ter i tae ﬁs Ve ha“‘xhgﬁ%eﬁ%‘i}‘sb‘fﬂ r 85 % gs‘mnl‘(1
instead of in terns -Oflocked at step (e).

7. In an apparatus for data recovery from rotating data sfor-

age disks of varying physical qualities, the apparatus having a transducer
for reading a disk by irradiating the same with a beam of light, a track-
ing servo for holding the beam spot in alignment with a data track on
the disk surface, and a focﬁsing servo for holding the beam focused on
the disk surface, a method comprising the steps of:
(a) rotating a data storage. disk at a first predetermined speed, with
both tracking servo and focusing servo in operation;
(b) recovering data from preselected part of the data track on the
rotating disk;

. {(c) ascertaining whether there are more than a predetermined number
of read errors occurring during a predetermined period' of
time; ' | _

_ -(_d) reading the disk at a second predetermined speed, which is less
than the first predetermined speed, if more than the prede-
termined number of read errors are found to have occurred
at step (c); and

(e) reading the disk at a third predetermined speed, which is not
less than the first predetermined speed, if more than the:
predetermined number of read errors are found to have

occurred at step (c).



t he nunber of transducer output pul ses during each conplete revolution of
the disk and the magnitude of the transducer output during each conplete -
di sk reval ution. A conparison of the FIG 6 CD-ROMdrive 2a with
that of FIG 1 will reveal that the former does not have the Tines 66 and.
94 for ascer- taining whether the trackihg anﬂmm ﬂ [ rvos are

| ocked or un- |ocked. Detection of errors in u ﬁ)mﬂwmns '
conventionally perforned by the error détector *anfl corr¥ectsor *circuit 12,

and signals indicative of read errors are sent from this circuit to a
system control | eg. 14alaven apparatusl@or dataSheswverp beubuiotatingtdatahetor-

system control]er 14a, a ROM 15a is falgt ory lrg}epro&r am"itiél ,accorgi n? to the
al ter nat | veags Slisks, of  vasting (physieal; guplities, ths, apparatus  bavipg | 3 sfranpdycer),
FIG 7, thegsy ont k-0f | 142451 O E0with aNekaih Cofd 17gBRd aCtratk-
detection n@gngéﬁﬁgiﬂ tlhlgiéuﬁgf &?ﬁghﬁ?gcﬁéng%ai rure det ectiongﬁea?\s 9a6 and
f ocusi ng f aingurceretet gt holingatie Geaaf sphe Wl Glighmenst eith e@odata| track 1an

The error detection nmeans 111 includes a cou?ter (é%,z he&gi ng an Iitgc:DUtd
termnal cothfedigh swfagee and & f9evsing operyRq fefhalding, the  Pam iorused, 88 o
t he but 110, a term 0 .

25 notor stphgegﬁsslgnéélg?a Ba\'/inamtﬁﬁ% %rgqﬁégégsﬂﬁi \?liéggér 0&%8. Therefore, reset

by each frequency(alliretating cuidatd spedage, diskeatc aufiiret prédetermined speed, ovithr s
taki ng place during each conplete revolution of ,the disk. The %ransducer 6

retrieves the address death Hﬁ&kﬂlﬂhéfzf‘%faﬁfl_ QGG FEEHL 1, OPETAO% o tent s
on the radially |qyosl.oLVEAGE 4D tRh (fesdleciéadpaitnes dinek dabif dfack on the

rotating disk;

(c) ascertaining whether more than a predetermined number of read

errors occur during a predetermined period of time in‘ the
course of data recovery of step (b); ' _ | -

(d) reading the disk at a second prede‘terthined speed, which. is less
_than the first predetermined speed, if more than the prede-
termined number of read errors are found to have occurred
at steb (c);

(e) instead of step (d), rotating .the disk at a third predetermined.
speed, which is higher than the first predetermined speed,
with both tracking servo and focusing servo in operation,
if more than the predetermined number of read errors are
found to have not occurred at step (‘c);. _

(f) recovering data from preselected part of the data track on the
disk rotating at the third predetefmined speed; |

(g)' ascertaining whether more than the predeterrﬁined number of
read errors occur. during a predetermined period of time in

| the course of data i'ecovery of step (f); ' .

(h) reading the disk at the first predetermined speed if more than
the predetermined number of read errors are 'found to have:
occurred at step (g); and | |

(i) reading the disk at a fourth predetermined speed, which is not



operations. The counter 112 counts errors that have occurred in reading

that track turn. The output from the counter ITZ is directed to one
i aAput of a conparison nmeans 114, ‘to anot her !' upplied a
reference nunber from its generating means 1 ml“ﬁ”ﬁmwumn nurrber |s a
-mni- mum nunber of errors that will noBBally occur urnngseac

di sk revol ution. A typi cal ref erence nunber IS zero. Thus the

conpari son nmeans 114 he er of errogs V, (@ I
occurred dur- ing di si‘*“’r"ott ttﬂ 'F‘?%F"?lBu é&aqt‘rt% o ttHFl{l/e&tl? nes

the standard audio CD Qcﬁﬁgrml%& hnﬁlﬂﬁerr Qﬂ?ef’&r(lc‘érfwﬁbﬁfe found to IHavehaot
actual nunber of errofs is not nore than the reference nunber, it neans

that both tracking andcturedi aty step i@s are | ocked, and that the disk is
readable at the current speed. Both or either of the servos may be
unl ocked if the actual error nunber exceeds the reference nunber, so that

the current spegd is tgp J'ﬂgﬁpatfu@r fépedﬂhskecov-'e_hﬁ Ortoimp Uiotdtiggn ddta storpgei son
means 114 is directed I nto both speed data generating nmeans 99 and con(tlrol

means 95. disks oflhvary@i Resicaly cqualities, seagh adisko haying-| data; prsypeqrds
all the other details of cgpstru f, the
al t er nat | Videtgalk alopg @ nﬂ’t‘ﬁﬁﬂ"ﬂi ?Crf’ﬁ]?’s wheggin ttﬁg #@%ﬁ%fhr El%)érg‘l %a? hnodes

S5, SO' alfhbidstion ofe first node S5' asks, in essence, if any read
errors have occurred at four times the standard audio CD sp eeo& The di sk
in question is riehdrise tneansimsluding & tdrinmmetendep impartieg myltiple,spepdy e
and at a higher speed if the have not. The cond node SO' asks if any
read errors have occur’PE?dQJ't |@h&a §a‘ﬁ1e St’andar d audi o CD speed. The

disk is read at (fbw tHdEaﬁcéMoxstremﬁgdtwam =7 $rﬁe¢!dtiln§ tiee sahaveithaad at
a hi gher speed
" beam of light;
(c) tracking servo means for holding the beam aligned with the
track on disk; '
(d) focusing servo means for holding the beam _focused on the disk;

(e) speed data generating means connected to the drive means for

causing the same to rotate the disk at either of a first, a
second, and a third predetermined speed;

(f) failure detecting means for detecting whether at least either -of
the tracking servo means and the focusing servo means is
locked or unlocked; and

(g) cdntrol means connected to all of the tracking servo means and
the focusing servo means and the speed data generating
means and the failure detecting meens for causing a data
storage disk to be rotated at the first predetermined speed,
with both tracking servo and focusing servo in operation,
preparatory to data recovery therefrom, for causing the disk
to be read at the second predetermined speed, which is
less than the first predetermined speed, if said at least
either of the tracking servo and the focusing servo is
found unlocked by the f.ailure detecting means while - the

disk is in rotation at the first predetermined speed, and



26 - |f they have not. The third node S13' asks if any read errors have oc-

curred at twelve tines the standard audio CD speed. The disk is read at

ei ght tinmes the standard audio CD speed if they have, and at twelve tines
the standard audi o CD speed if they havg not. | u“lulmltlﬂ Mﬁﬂllon of disk
quality on.the basis of read errors is €s- senti aeipE: equERRaliEnt T¥lo t hat on

the basis of whether the tracking and the focusing servos are | ocked or

unl ocked, because readfgf I@uBingathe edisk &5 btetresd et ithet Heirdepreidterinindd s
invention set forth above, are a neasure of whether the servos are | ocked
or unlocked. This alt&perdi whichetiporpt; hessethare thei fissk mredetpEmingd #Reges

as does the first di SC"ﬁSs%gd gt tp%g% e%%rp%s&sesqiT%w%?%y%;taqﬁe t%?qoggg_er

that it requires only theer ror on neans I'n ace of
the tracking failure deigcééred n®afumnd6 lodied by whied fhilatesi dejetting umeans
detection nmeans 97. ~ Notw t hstandi ng the foregoing detailed

disclosure it is not dadileedthenadisk his pineseatatiomyeht ths biash | pradetengined,o

exact show ng of the: drsa%é-d i ngs or the description thereof; rather, the

i nvention shoul d be cofiStrtued broadly and in a manner consistent with the
fair meaning or proper scope of the attached clains. The following is a
brief Iist of possible nodifi- cations of the illustrated enpodi nent which
are all believedPo fallheyanpamtuge ofc fleimor 91 (ehergipentheniailure  detecting,q

quality of l%‘g%sl %agegracgﬁ}%g@”hpe b@etgag]?é(gﬂ?#g Egﬁ‘ﬁﬁﬂ%&: only either of the

tracki ng an ocusi ng ser I hStea 0 as | il lustrated

embodi ment . (a) 2 douhber for dvtinkingf pulvest peaddced byi Ithe etrdasduxderoper
means 96 and focusing failure detection neans 97, FIG 4, could be external
to the con- troller 14unit length3of TH@eseryvo gain sel ect neans 46 and 57,

O G, e Sered A 4080 SRk bl SadRarid 5
a prescribed reference number which is less than an ex-
pected minimum number of pulses to be produced by the
" transducer during each unit length .of time when the track-
ing servo means is locked and more than an expected max-
imum number of pulses to be produced by the transducer
durihg each unit length of time when the tracking servo is
unlocked; and - | |

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

the reference number.

11. The apparatus of claim 10 further comprising:

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

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

of the motor.

12 The apparatus of claim 9 wherein the failure detecting

means is a focusing failure detecting means comprising:



5. ‘The' phot odet ect or could be split into two sections instead of four as in
the-illustrated enbodi nent. 6. The inventiion could be applied to

Pl S TR e v . gpo cons MBUINHAN 22 "
of CLV di sks. 3t 7 W TcTTeg N s s
CLAI M5 In an apparatus for data recovery from rotating

1.
data stor- age diéys of, varyi ng physical qualitjes, the a%%ﬁ%r at lfgt r&%vi ng a

t ransducer maximum detection” means cgnnecte to’ the tr cer tect=
ing a maximum value of the output therefrom during each
predetermined period of time; | .

(b) reference generating means for providing a signal indié.ati’ve of a
reference value which corresponds to an expected minimum
value of the transducer output when the focusing servo
means is locked; and

(c) comparison means for comparing the maximum value of the trans-

ducer oﬁtput with the reference value.

13. ©= The apparatus of claim 12 further comprising:

(a) a motor speed sensor coupled to the drive motor for producing a

| signal indicative of the speed of rotation thereof; and

(b) a frequency_ dividér connected befween the motor speed sensor
and the maximum detection means for causing the latter to
detect the maximum value of the transducer output during

each complete revolution of the motor.

14. The apparatus of claim 9 wherein the apparatus further
comprises an error detector and éorrector circuit for detecting and, if
possible, correcting read errors, and wherein the failure detecting means |
is a read error detection means comprising:

(a) a counter connected to the error detector and corrector circuit

for counting read errors thereby detected during a prede-

termined period of time; |
(b) reference generating meaﬁs for providing a signal indicative of a
reference number which is an expected minimum number of
read errors that will occur during the predetermined period
of time when the tracking servo means and the focusing
servo means are locked; and _
(c) comparison means for comparing the count of the counter with

the reference number.



for: readr ng a disk by irradiating. the sane with a beamof |ight, a track-
i ng~servo for holding the beam spot in alignment with a data track on the

di sk surface, and a focusing servo for hol ding the beamteeused_aMhejLL
surface, a method conprising the steps of : Itl nﬂ a data

storage disk at a first predeterm ned sp%%d pr e- lml ﬂ’lﬁ)mmmlammf

data recovery therefrom (b) ascertaining whet her
the tracking servo and the focusing servo is | ocked or
unl ocked while the disk is rotating at the first
predet ermi ned speed; an r.eagi.ng Kk cond

pr edet er m ned spegg', q‘hﬁ agp?rgtrgg of cFa!um 14 %rg}eﬁ cg'il%'qm T st

predet ermi ned spegs) ai motui spedid ket cuupl&l to the drive motorofort peodudiagi 19
servo and the focusing servo is found un- ocked at step
(b). 2. . vignahdodiqatiye ef othe sme%é?ferﬂtatm ahegreotxagmérat a

recor ded thereon | t of typac r
whet her the tracki ?1)9 ats]g?é éHcy dvﬁhéﬁ édn?lg g)gg?%&asﬂ(i:%r ?gfﬁg%p%&tgérﬂr%gr
a nunber of pul ses pr odunedtmaercountetr tfmgtahsmt therelatter t toe domatsrbadeerrons
reading the pits in the disk. The thod of claim 1
wher ei n whet her the focd¥ring §é?@o°9“§°l?t6cI’ié'ﬁdﬁrmﬁn?BgESd“‘P?rascertar ned in
ternms of -.the magni tude of an output fromthe transducer during each
preassi gned | ength of tine.

16. The apparatus of claim 9 further comprlsmg means for

 holding the findings as to whether said at least either of the tracking
servo means and the focusing servo means is locked or unlocked, until

the disk is withdrawn from the apparatus.



29 4. The method of claim 1 wherein whether said at |east
either of the tracking servo and the focusing servo is | ocked or unlocked
is ascertained in-terms of a nunber of data errors taking place during each
preassi gned | ength of tine. ' 5. ~_The nethod of claim 1 wherein
the findings as to whether said at | east 38i ther of the tracking servo
and- the focusing servo is locked or unlocked is held until the disk is
wi t hdrawn from the appara- tus. 6. In an apparatus for data
recovery from rotating data stor- qg&sﬁh?hﬁrof varyi ng physical qualities,
t he apparatus having a transducer for reading a disk by irradiating the
sane with a beamof light, a track- ing servo for holding the beam spot in
alignnment with a data track on the disk surface, and a focusing servo for
hol di ng thé beam focused on the disk surface, a nethod conprising the
steps of: (a) rotating a data storage disk at a first predeterm ned

Sper aii on, pdtle: ETHOD AND AREAVHES JOR IR SRRt LA HeGky
' FROM CD-ROMS OR LIKE DISKS OF VARYING QUALITIES

CD-ROMS of more or less poor quality, such as those having ec-
centr.ic center holes or unevén weight distributions circumfei'entially, tend
to overload tracking and focusing servos and hence to invite read errors
and retries. Each CD-ROM on being loaded into a CD-ROM drive is
therefore checked as to its quality preparatory to reading.  Either or
both of the servos may fail to keep the read beam under control if the
disk is not of good quality. Such unlockin'g of either or both servos is
detected in terms of the number of transducer output pulses, the magni-
tude of transducer output voltage, .or the number of read efrors, during

a complete disk revolution.

( FIG.5)



(5) ascertaining whether said at |east either of the tracking servo
and the focusing servo -is locked or unlocked while the

di'sk is in rotation at the first predeternined speed; (c) reading
the di'sk at a second predeterm ned speed, which is |ess t han
the first predeterm ned speed, if said at |east either of the
tracking servo and the focusing servo is fo nd un- | ocked at
step (b); (d) instead of step (c), it ating the disk at a third
pr edet er m ned speed whi ch |s hi gher than the first
predeterm ned speed, ~with both tracking servo and focusing
servo in operatiop W&ﬂ+mﬁﬁﬁmhﬁﬁmmeMg
servo and the focjs- _ servo is found Ioc&id at step (b);|
30 (e) apcer@aifni -aid at |east eitherdisthe tracklnq
servo E ked mhlu
the | speed
(f) reading the d . '
| east either of th rac lg servao 1O . ils
found unl ocked at s%ep (e)| and - Y '%g trH fourth |
predet erm ned speed! whichlis rnot $ hiT |
pr edet er m ned speed"_lf saild af 1 east Pither Q- of tjhe
tracking servo and the |f0ClSiE§ sprvo is found = Iocke4
‘at step (e). ~ N S d - CZ) g - |
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7. In an apparatus for data recovery from rotating data stor- age disks
of varying physical qualities, the apparatus having a transducer for
reading a disk by irradiating the same with a beamof light, a track- ing
servo for holding the beamspot in alignment with a data track on the disk
surface, and a focusing servo for holding t§e beam focused on the disk

surface, a nethod conprising the steps of: (a) rotating a data -
storage disk at a first predeterm ned speed, with bot h
‘tracking servo and focusing servo in operation; (b) recovering data
from presel ected part of the data track on the ° rotating disk

(c) ascertaining

ﬁgfre nore than a predeterm ned nunber

of read errors o redet erm ned period of
tinme; (d) '§Kﬁat a se ternlned speed, which is
| ess. fnqﬁGB I f nmore than the

.;% redete
' er of read errors are found to have

prede-
occurred : 21 and (e) reading the disk at a
third predeter \ 2 ifch is not | esg than the,first

predeterm ned sp
read errors are foO
31

gre Ahan th pr edetler ed n of
2 : % ?cc 6ld at st GXE jﬂﬁg




8: In an apparatus for data recovery from rotating data stor- age disks
of varying physical qualities, the apparatus having a transducer for
reading a disk by irradiating the same with a beamof light, a track- ing
servo for holding the beam spot in alignment with a data track on the disk
surface, and a focusing servo for holding the beam focused on the disk

surface, a method conprising the steps of: 3 (a) rotatlng a data
storage disk at a first predeterm ned speed, with bot h
tracki ng servo and focusing servo.in operation; (b) recovering data
frompresélected part of the data track on the rotating disk

(c) ascertaining whether nore than a predeterm ned nunber of read
errors occur during a predeternined period of tine in the

course of data recovery of step (b); (d) reading the disk at ‘a second
predet erm ned speed, which is |ess “than the first
predeterm ned speed, if nore than the prede- - term ned nunber
of read errors are found to have occurred step (c¢);
(e) instead of step ( rotatlng t heedi third pr deterﬂkned
speed, which is higher an tgg f J\ter ned
with both tracking servo and t® in operatlon A f
nore than the predeternlned nunbe err rs are | __ flound to
have not occurred at step (Ic): oV r|n data} from ¢l ected
part of the data track on the i s ro atingl agt he th|rd
pr edeternm ned speed; - I(g) astertainfng pwh tqeﬂ iﬁ?e tban the |
pr edet er mi ned nunber of | erfrofs ‘otcu i
pr edet er mi ned peri od ohutlde |n t e|cbur d apete .,kcvery of
step (f); (h) reS he Fidst pre i npd_spédd i
more than thelpre : infe df repad errforp | flound to
have occurred $ wnf | {1) readijng| t flilsk at a
fourth predeterm ned speedl which i DD ' | ~ |
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| ess than the third predeterm ned speed, if nore than the

predeterm ned nunber of read errors are found to have not _

occurred at step (g). 9. An apparatus for data recovery from
rotating data storage di sks of varying physical qualities, each di sk having
data prerecorded thereon along a nultiturn track, wherein the inprovenent

resides in the conbination of: (a) dgive nmeans including a drive.
notor for inparting nultiple speed : ' rotation to a data storage
di sk; _ (b) a transducer for reading the disk by irradiating the sane .
with a beam of |ight; - (c) tracking servo neans for
hol di ng the beam aligned with the track on di

focusing servo neans for holding the beam focused on ®heslils

speed data generating ne to the drive mé@

causi ng the sane Bher of a first,

second, .and a third poheddterm ned sp (f) tdilu

for detecting whet hetOat i ~

means and the focu , : |
(g) control neans conmgect the tracking servo
-<—-—-'—-—

Z
b Q
"—r——r O
o | _‘ :
1 (] ‘
1o zZ 1
| zE oe | Z| |
] } S w w |
| © e N_juw O} | v
1| o | @lw @
| x |
- | -,
| >l Z]
8- Z{ i T 17— =
e ] = -——>—
I : I
< z N
| 21 = 8 I | & |
< | L2 |
S | J R R 1
L. i— |—1>L——?- | :
< . y
-3 i} w |
o SN = o .
w O | P S4<0 [o1 8 Z !
L el IsE T luwall
Q. I ) 1 EE w O ,
| T ? I
| < |
o I~ | LE’_’:‘L ______________ — |



the focusing servo neans and the speed data generating : means
and the failure detecting neans for causing a data st or age
disk to be rotated at the first predeternned speed, W th
both tracking servo and .focusing servo in operation, '
preparatory to data recovery therefrom for%caum ng the disk

e

to be read at the second predeterm ned spe which is | ess
than the first predeternmn speed_ if said at |east ei t her
of the tracking servo and f€)CcuUB) Ng servo i s f ound
unl ocked by the failure detecting neans while the disk is in
rotation at the fifST predet erm ne eed' and '
33 for GPARY the disk to -be read at t third
predet erm ned _ ich e—f
pr edet er m ned speed51 S{ZIf sai. d.'at | east eilther of bt hehtr I;: ng
d the fqcus- ing.s CE t
Zg[ggt ?Rg ma:ns whil e the gﬁr\slz ‘lsgﬁyqr)o at?%‘rat yt he irsture
det I ned -110. Th t f Jcl ai 9 .
\aﬁrwgrgi ﬁr'mt R.g f$$TAaN%R&t g@t@&ns s] a tracki ngef f{?ﬁig SZt gCtI ngl m.
i si t f t I d d by th
ransducer per | BEAM INM(G “Peﬁgtahf’if e e e
ti : 9| .
prescr 1 bed 1o of enbuRNGger Ol ch 51 obsf { pHOTATE” AT 8X Sg
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pected m ni mum nunber of pul ses to be produced by the
transducer during each unit length of tinme when the track-

ing servo neans is |ocked and nore than an expected nax- i mum
nunber of pul ses to be produced by the transducer during each
unit length of tinme when the tracking servqis unl ocked; and
(c) conparison neans for conparing the cou of the counter with
t he reference nunber. 11. The apparatus of claim 10 further
conpri si ng: " (a) a notor speed sensor coupled to the drive notor for
produci ng a signal indicative of the speed of rotation
t hereof; and (b) a'iLecuency—dLvideLueonnee%ed-bePweeﬁ—Phe-ﬁﬁfﬁw—1
speed sensor and ilie cointer for causi the latter to coupt
the pul ses ced Qy the transducer-ﬁgg conplete
revol ution e ugr W par us of cl
9 wherein the pans |s a focu3|nc f el detectin
means conprising: O nJ (2 e
maxi mum det ect i ¢nAdd donnecfe 0 the transducer fcrgﬁe 1a.______|
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i ig a maxi num val ue of the output therefrom during each

predeterm ned period of time; "~ (b) reference generating neans for
provi ding a signal indicative of a ref erence val ue which
corresponds to an expected nini nmum val ue of the transducer

out put when the focusing servo - means i s | ocked; and (c)
conpari son neans for conparing the naxinun1yalue of the trans-.

ducer output with the reference val ue. ' 13. ~ The apparatus of
claim 12 further conpri sing: (a) a notor speed sensor coupled to
the drive notor for producing a signal indicative of the speed
of rotation thereof; and (b) a frequency divider connec edy

t he notor speed sensor _ and the maxi mum det €pLi o
causing the latter to ettt the maxi mum vePue o

€l ete revol utio
9 wherei ngyt

t ransducer out put dwﬁm%%——-
' 4

notor. 14. Thenappar at us; of ¢
further conprises an erHdr étec}%g and
and, if possible, correcting readXerrorf
nmeans is a read error debecfi on ans ¢
connected to the err tor cor
counting read errors thegebd det ed dpring a prede-

term ned period of e ‘ (b) refepgnce 2 ’
a signal indicative of © rference nunber whi
m ni mum nunber of 0 - repd errorg_that will occur
predeterm ned period D of —t+mewhem_the fjr ackin
t he focusing ' seryo neansyare
means for conparing tas cFEﬂL_of &Eg Coun
ref erence numnber. pad l" Ty
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Whether said a
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15. The apparatus of claim 14 further conprising:

5{2

a notor speed sensor coupled to the drive notor for producing a
signal indicative of the speed of rotation thereof; and
frequency -divider connected between the notor speed sensor
tthe counter for causing the latter to count.read errors
each conpl ete revol ution. of the notor.

furt o} ising neans -for holding the findings as to
FLG'S

servo neans is | ocked or unlqcked, until the disk is withdrawn fromthe

(b) a

& 16. The apparatus of

ther of the tracking servo nmeans and the focusing
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