-1- | MPROVED OPTI CAL DI SC TRACKI NG CONTROL

FI ELD OF THE | NVENTI ON - This invention generally rel to
an inproved net hod and apparatus for optical ' di sc tracki ngﬁw
in an optical disc storage device. Particularly, the present invention
relates to ®adially noving a |light beamthiat is tracking an information

track on an optical disc to another information track on the
optical disc in a controlled fashion while the : st orage devi ce
tracking servo loop is in a closed node of operation. BACKGROUND

OF THE | NVENTI ON Icad i _ hge can be

ei ther a device or sys%ﬁﬁ%‘é@”@ﬁ&@%‘gﬁ&? M%ﬁiﬁé?gﬁhqg¢ g information
stored by an optical disc, or a device or systemthat is capable of

both recording information to and retrieving information froman opti cal

di sc. ExanyIEEDoOF THE INVENIIOMNI di sc storage devices that are capabl e of
retrieving information froman optical disc I ncl ude conpact disc

(CD) players, viTdgpinvamein ghnsfallylrlafth Y ah SmprRed aipmd andi a?@afaaﬁeropaﬁﬂcal

menory (CD-Rom) .drives. Exanples of optical disc storage devices that are

capabl e of disc tracking control in an optical disc storage device. Particularly, the present invention .
relates to radially moving a light beam that is tracking an information track on an optical

disc to another information track on the optical disc in a controlled fashion while the

storage device tracking servo loop is in a closed mode of operation.

BACKGROUND OF THE INVENTION

An optical disc storage device can be either a device 01; system that is capable of
retrieving information stored by an optical disc, ora device or system that is capable of
both recording information to and retrieving information from an optical disc. E;camples of
optical disc storage devices that are capable of retrieving information from an optical disc

L o include compa‘ét disc (CD) players, video laser disc (L) players and compact disc read-only-
| Iﬁelhory' (CD-Rom) drives. Examples of optical disc storage devices that are capable of
both recording information to an optical disc and retrieving information from an optical disc
include recordable mini-disc (MD) players, magneto-optical (MO) disc drives and compact
disc recordable (CD-R) drives.

Information is generally stox__'ed by an optical disc in the form of concentric or spiral -
tracks sometimes referred to as information tracks. In the case where information is
already stored by an optical disc, the information trécks contain regions of optical contrast
that represent the stored information. In the case of an unrecorded or blank optical disc

" containing per-formatted tracks for recording information, a track that will become an



both recording information to an optical disc and retrieving information

froman optical disc I ncl ude recordable mni-disc (MD) players,
magnet o-optical (MD) disc drives and conpact di sc recordable (CD R
drives. Information is generally stored by an optical disc

I n the f ormrof concentric or spiral 2- tracks sonetines referred to as
i nformation tracks. In the case where information is al ready stored
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cont r ast that represent the stored information. In the case of an
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information track may or may not have regions of optical contrast. The area
| ocated bdpipe@AtiomBa¢kf or nati on tracks on an optical disc is sonetines
referred to as a non- information track. VWhen an optical storage
device is in itsWhe ambpticall stopdgeajeeicatis mnits normal metle iof vpergtion, rifeo reieting
fromor recording infornmation to an optical disc, the storage device

rotates. t hensoaonfrolrfor bbbl tidHaribe b Gpical flse Ve kt&agera%ioerf?fagﬁtrfh@r |

record informatiron to the disc. e optl disc rotates, the

beam radi al .y traver.ses e disc. i1é the Light beam . . .
Jlgé while using a lit £ bean 0 refrieve i ormatmr?gom or record information to the disc.

As the optical disc rotates, the light beam radially traverses the disc. While the light beam
traverses the optical disc, a tracking servo loop in the optical disc storage devicé keeps the
beam of light centered on the information track, or the track that will become the
information track in the case of'recording information to a disc.

An dpﬁcal disc tracking servo is a closed loop system that allows a light beam to
remain centered on an optical disc information track during normal operation of an optical
disc storage device. The tracking servo readjusts the radial position of the light beam by
sensing when the light beam drifts off the center of the information track. The tracking
servo senses when the light beam is not centered on an information track by measuring the
intensity of light reﬂected by the surface of the optical disc.

Generally, the intensity of light reflected by the surface of an optical disc is the least
when it is reflected by the center of an information track. Using this principle, a tracking
servo generally senses the intensity of light reflected at one or both edges of an information
track to detect when a light beam is drifting off center and to deterinine in which direction
the light beam is drifting. Therefore, a trackiné servo system that is in a closed loop mode
of operation senses wilen the light beam floats off the center of the information track.by
detecting chémges in the intensity of light reflected at one or both edges of an information

track and moves the beam back into a position where the intensity of reflected light is



- traverses the optical disc, a tracking servo loop in the optical disc
"storage device keeps the beamof |ight centered on the information track,
or the track that will becone the information track in the case of
recording information to a disc. An optical disc tracking servo is
a cl édsed Foop systemthat allows a |lighB-beamto remain centered on an
optical disc information track during normal operation of an optical disc

storage ggiwngifor thftet fradding)g servo readjusts the radial position of the
i ght beam by sensing when the |light beamdrifts off the center of the
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princi pl aacking veaics mden tter ntengienef hight yrefiestesicat bbtteedges ofi an infonhationgrdck is
reflected at one or both edges of an information track to detect when a
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tracking is based on some calibrated va}ue. The latter method is less favored due to
difficulties associated with calibrating an appropriate centering value.

Optical disc storage devices are generally capable of performing various special
operations to assist in positioning the light beam on the optical disc. These special
functions are generally outside of the normal mode of operation of the storage device and
include such operations as PAUSE, or still mode, and SEARCH, or seek mode. A PAUSE
operation causes the light beam of a storage device to jump to an adjacent information track
on the optical disc so that the most recently processed information is processed again by the
storage device. A PAUSE operation gives the appearance of suspénding normal operation
of the storége device. The duration that operation of the storage device appears to be
suspended depends on how many successive PAUSE operations are initiated such that the

-same information is repeatedly processed.

During a SEARCH operation, the optical storage device typically searches for a
specific target track address on an optical disc. Achieving a search operation may require
the light beam to radially cross several information tracks before the target address is
found. Once the target addres§ is found, the optiéal disc storage device can return to its

normal mode of retrieving or recording information.



optimal for center tracking. ' In the case where a tracking servo
measures the intensity of light reflected at both edges of an information
track, the intensity of reflected light that is optimal for center
tracki ng occurs when the intensity of light reflected at both edges of an
information*track is the same. The sane p.inciple holds true for both one
and three beam optical disc storage devices. In the case where a tracking
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storage device. The duration that operation of the storage device appears
to be suspendesed) eﬂubobtemngxm mevg theukeassbhtwecrFiAliBmatips tacksodwring £ PAUSE
initiated such that the

or SEARCH operation would frustrate such attempted operations, because the tracking

- servo system would attempt to keep the beam centered on the information track. Therefore,
optical Storage devices generally keep the tracking servo loop open during some portion of
a PAUSE or SEARCH operation.

As alluded to above, sending an overriding signal to a tracking servo to radially
mdve a light beam across an optical disc while the tracking servo loop is closed would
result in an inefficient or frustrated PAUSE or SEARCH operation. While more efficient
than the latter, opening and closing a tracking servo loop while performing a PAUSE or
SEARCH operation has a disadvantage of using up time that could otherwise be used by the
optical disc storage device during its normal operating mode of retrieving or recording
information.

One attempt to improve the efficiency of a seek operation proposes moving an
optical head radially across a disc according to the characteristics éf a seek profile signal
that is supplied to the track positioning component of a tracking servo system independently
from data read off the disc. Periodically sampled differences between the actual head
position and the independently supplied seek profile signal are used to drive the track

positioning component of the tracking servo system to adjust the head position so that the
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sane information is repeatedly processed. During a SEARCH

operati on,

the optical storage device typically searches for a specific

target track address on an optical disc. Achieving a search operation nmay
require the light beamto radially cross several information tracks before
the tariget address is found. Once the target address is found, the optical
di sc storage device can return to its normal node of retrieving or

recording idakpédRlek PRofile is maintained. Examples of seek operations that propose us%an
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An optical disc storage devices typically perforits a

SEARCH oper.at i on by di.sen N he tracking,.servo | oop .f S eriod
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is disengaged it is no longer closed and is referred to as being in an
open | oop 80,87 ard 53210.720at the | oop is open. The tracking servo |oop

I s di sengaged (or open) during a PAUSE or SEARCH operation to allow the
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keep t he bea&n centered on the infgrmation track, Therefoye
indep

endently supplied seek profile signal. Another disadvantage is that the above

proposed seek method is susceptible to unpredicted noise and transients between sampling.
SUMMARY OF THE INVENTION

The present invéntion allows the light beam of an optical disc storage device to
radially move between different information nacké of an optical disc while the storage
device tracking servo loop reméins in a substantially continuous closed loop mode of
operation. The invention operates to radially move a light beam from one information track

to another during a closed loop mode of operation by activating two control signals

* introduced into the closed tracking servo loop to create a phantom track center that radially

moves across the optical disc. Because the tracking servo loop is in a closed loop mode of

. operation, the tracking servo operates to keep the light beam centered on the point that the

tracking servo considers to be the center of an information track; in this case the phantom
track center. Therefore, the tracking servo causes the light beam to radially move across
the disc in a closed loop mode of operation by keeping the light beam centered on the
moving phantom track center. |

The phantom track center is created by multiplying the two activated control signals

with two tracking servo loop feedback signals to produce two modified feedback signals.
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beam over the phantom track center while at the same time moving the phantom track

center, thus causing the light beam to radially move across the opticial disc.

The feedback signals are the same signals that provide information about the
positi_on of a light beam relative to the center of an information track during normal closed
loop tracking. 'However, when the control signals are activated, the feedback signals
provide information about the position of the light beam relative to the phantom track center
as the phantom track center radially moves across the optical disc. The position of the iight
beam relative to the phantom track center is supplied by the feedback signals and multiplied
with the control signals to produce the two modified feedback signals, thus completing the
loop. The process is continubusly repeated thereby creating a closed tracl&ng servo loop

that radially moves zi beam of light from one information track to another.

" BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partial circuit diagram of a conventional tracking error detection
apparatus for use in an optical disc storage device.
FIG. 2 is an example of a tracking error signal when a light beam radially moves

across an optical disc when the tracking servo loop is an open mode of operation.



desired seek profile is maintained. Exanples of seek operations that
propose using an independently supplied seek profile signal and sanpling
can be seen in U S. Pat. Nos. 4,980,876 and 5, 210, 726.

di sadvant age of the above proposed seek nethod, however, is that tine is
still rexpended sanpling and adjusting difjferences between the actual head
position and the independently supplied seek profile signal. Another
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I NVENTI ON @ge present invention allows the |ight beam of an

opti cal di§5¥§¥%§%5% evice to radially nove between different information
tracks of an optical disc while the storage device tracking servo | oop
remai ns in a sullSGathis avoltage signaluoresthat linsady varigs veliage betweanstl volt and -1The

I nvention operates to radially nove a Iight beam from one information track
to another wdliyri ng a closed | oop node of operation by activating two control
signals introduced into the closed tracking servo | oop to create a phant om
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servo operates to keep the |light beam centered on the point that the
tracking s&pRtEactesBpmsach oehe the center of an information track: in this
case the phantom

FIG. 6 is an example of staggered control signals that when multiplied by the

component signals of a tracking error signal cause a light beam to radially move across a
disc while the trackihg servo is in a closed loop mode of operation.

~ FIG. 7 is a conceptual illustration of how a phantom track center moves across an .
optical disc.

FIG. 8 is an example of staggered control signals that when multiplied by the
component signals of a tracking error signal cause a light beam to radially move across a
disc while the tracking servo is in a closed loop mode of operation.

FIG. 9 is an example of étaggered control signals that when muitiplied by the
component signals of a tracking error signal cause a light beam to radially move across a
disc in a direction that is opposite of thé direction the light beam moves using the control
signals in FIG. 8.

FIG. 10 is a circuit diagram of an embodiment of the present invention.

FIG. 11 is an alternative control signal generator.



track center. Therefore, the tracking servo causes the |ight beamto
radially nove across the disc in a closed |oop node of operation by
keeping the |ight beam centered on the noving phantomtrack center.

The phantomtrack center is created by nultiplying the two activated
controls sighrals with two tracking servo |gop feedback signals to produce
two nodi fi ed feedback signals.

-6- The phantomtrack center radially noves across the disc by

i ndependently varying the voltages of the two control signals in a
predefined manner. Th mdj i gnal s are conpared.to each
other wt h%T‘ﬁMla@m% Ph‘gfiﬂégﬁgﬁ\l’ﬁ&l\i an error signal that is
supplied to the track positioning conponent of the ¢losed tracking servo

| oop. The error signal has the effect of attenpting to cause the tracking
servo to position the light beamover the phantomtrack center while at

t he same t'ln?umﬁh&ﬁalt%d?ﬁléﬁépﬂﬁbllﬁ%lioncemer t hus causing the |ight beam
to radially nove across the optical disc. The feedback signals are
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| oop tracking. However, when the control si gnal s are activated, the
f eedback siagfsf|the reader in gaining a full appreciation for the invention.

Referring to FIG. 1, there is shown a partial circuit diagram for a coﬁventional tracking
error detection apparatus 10. Tracking error detection apparatus 10 employs a photo detector:
unit 11. Photo detector unit 11 comprises two components, a first photo detector component
12a,and a secoﬁd photo detector component 12b. Photo detector unit 11 performs the
operation of measuring the intensity of light reflected by an optical disc. When an optical disc
storage device tracks an information track in a closed loop tracking mode, first photo detector
component 12a measures the infensity of light reflected at or near one of the edges. of the
information tré,ck being followed. Second photo detector component 12b measures the
intensity of light reflected at or near the other edge of the information track being followed.
First photo detector component 12a transmits an electrical signal on a signal 14 that is
representative of the intensity of the reflected light measured by photo detector 12a. Second
photo detector component 12b transmits an electrical signal on a signal 16 that is
representative of the intensity of the reflected light measured by photo detector 12b.

Signal 14 is coupled to the positive pole of operational ampliﬁer 18. Operational
amplifier 18 amplifies .and transmits signal 14 as a signal 22. Signal 16 is coupled to the
positive pole of operational amplifier 20. Operational amplifier 20 amplifies and transmits
signal 16 as signél 24. Signal 26 is a voltage common mode (VCM) signal that is coupled to

the negative poles of operational amplifiers 18 and 20. Signal 22 is coupled to the positive



provi de information about the position of the |ight beamrelative to the
phantom track center as the phantomtrack center radially noves across the
optical disc. The position of the light beamrelative to the phantomtrack
center is supplied by the feedback signals and nultiplied wth the control
signall’s to*produce the two nodified feedmack signals, thus conpleting the

| oop. The process is continuously repeated thereby creating a cl osed
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FIG 1 is artial circuit..diagram.of a conventional Joracking error
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FIG 2 is an exanple of .a tracking error signal when a_ |jght beamradially
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of operation. -7-

FIG 3 depignals 22hamdt2dacki ng error signal in FIG 2 and an inverted tracking
error

When a light beam is perfectly centered on an information track in an optical disc
storage device using tracking error detection appﬁratus 10, the intensity of reflected light
measured b;r first photo detector component 12a is equal to the intensity of reflected light
measured by second photo detector component 12b. Consequently, the iroltage levels of
signal 22 and 24 are the same, and difference-summing amplifier 28 generates tracking error
signal 30 with a voltage level that represents a nominal light beam position on the center of anl
information track. The voltage level that represents nominal light beam positioning in most
tracking servo systems is approximately zero volts. When the light beam starts to drift off the
center of the information track being followed, the intensity of reflected light measured by
first photo detector component 12a and second photo detector component 12b is different.
Consequently, the voltage levels of signal 22 and 24 are different, and difference-sﬁmming
amplifier 28 generates a tracking error signal 30 that has a voltage level either greater than
zero or less than zero, depending on the direction the light beam has drifted off the center of
the information track. With this principle in mind, it can be appreciated that difference-
summing amplifier 28 generates tracking error signal 30 with a voltage signal response similar
to tracking error signal 31 shown in FIG. 2, as a light beam radially ﬁxoves across an optical
disc with a tracking servo in open loop mode.

Referring to FIG. 2, there is shown a plot ofa tracking error signal 31, where the
horizontal axis represents the radial position of a light beam on an optical disc, and the

vertical axis is a voltage level that is representative of the distance the light beam is from



5|gnal of FIG 2. FIG 4 is a voltage 5|gnal curve that linearly

vari es voltage between +1 volt and -1 volt. FIG 5 is a plot of
two conponent signals that nmake up a tracking error signal when subtracted
from each ot her. FIG 6 is an exanple of staggered control signals

that when nultiplied by the conponent signals of a tracking error signal
cause a light beamto radially nove across a disc while the tracking servo
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also be seen that one cycle of the sinusoidal tracking error signal corresponds to moving a

light beam one information track on the optical disc.

Referring to FIG. 3, there is shown a tracking error signal 42 and an inverted tracking
error signal 44. Tracking error signal 42 is identical to tracking error signal 31 shown in FIG.
2. Points 46 and 48 on tracking 'érr‘0r signal 42 represent when the light beam is on the center
of an information track. It should be observed that the light beam is on an information track
when the positive slope of the sinusoidal tracking error signal crosses the horizontal axis.
Alternatively, the light beam is located on the center of a non-information track, i.e., exactly
between information tracks, when the negative slope of the sinusoidal tracking error signal
crosses the horizontal axis.

It is well recognized that a sinusoidal signal can be inverted by multiplying itbya
negative one. It can be observed that inverted tracking error signal 44, therefore, represents an
inversion of tracking error signal 42. It should also be observed that the positive sinusoidal
slope of the inverted track signal crosses the horizontal axis at points 50 and 52. Points 50
and 52 of inverted tracking error signal 44, however, indicate that the light beam is centered
on the non-information track. Therefore, it should be observed that multiplying the tracking
error signal by a negative one moves a point that would ordinarily represent the center of an
information track to a point that i'eprcsents the center of a non-information track.

Consequently, inverting a tracking error signal has the ultimate effect of positioning a light



- 8- DETAI LED DESCRI PTI ON OF THE | NVENTI ON 1. Fundamental Principles

“of the Invention The follow ng fundanment principles underlying the
present invention are provided to assist the reader in gaining a full
appreciation for the invention. Referring to FIG 1, there is shown

a partial “circuit diagramfor a conventijgral tracking error detection
apparatus 10. Tracking error detection apparatus 10 enpl oys a photo

det ect or bedfi dn & poirtligdt & WEEERSURE cnbdriof dd irferRition®fack ., GappaeRt s, a first
phot o detector conponent 12a, and a second photo detector conponent 12b.

Phot o detegtor. .unit .11 perfor h raf i-qn of as Ul he i.ntensity
of 1 gnt TRraEphlckconfi or Refinbolmck O, s § 5 HER e Ine BnciBic T30, o
tracks an jnformation track in a closed | oop tracking node, first photo

det ect or Whichthsagsent nyeniioneneraes: he intensity of light reflected at or
near one of the edges of the information track being foll owed. Second

phot o det ect orReferringrte FiG14 there dsshoem a Yodtage sipral cutve Sdfthatilipearly edriesct ed at
or near the other edge of the information track being followed. First

ltoﬂg{ ° getﬁﬂﬁgé bEVEBR RERbIt had -1 VAR S shculdBe Shpafdnt R nubipliRb tabkiflg Shepal 14

signal 42 with voltage signal curve 54, as its voltage level varies from +1 volts to -1 volts,
generates inverted tracking error signal 44. Applying this principle in practice, however,
presents two problems that prevent using this method to cause a light beam to radially move
across an optical disc while the tracking servo loop is closed. The first problem occurs when
voltage signal curve 54 reaches approximately 0 volts. Geﬁerally, tracking se;rvos become
non-operational and lose control when the tracking error signal, or gain, falls within a certain
voltage range; typically around zero volts, plﬁs or minus some differential.

The second problem associated with inverting a tracking error signal is that continuous
unidirectional radial movement of the light beam across the disc while the tracking servo loop
is closed cannot be assured. Recall that inverting a tracking error signal while the tracking
loop is closed has the effect of moving an apparent center of an information disc to tﬁe center
of an adjacent non-information track. However, once the tracking errof signal is inverted, the
light beam is on the negative slope of the sinusoidal tracking error signal, causing the light
béam to think that it is on the center of a non-infonnation track. A light beam on the center of
a non-information track is unstable and can move in either direction i)ecause it does not know
‘which adjacent information track it should try to center itself over. Therefore, the principle of
inverting a tracking error signal by multiplying it by -1 volt to move an apparent information
track center on an optical disc serves merely to illustrate one of the principles underlying the

operation of the present invention.



representative of the intensity of the reflected |ight neasured by photo
detector 12a. Second photo detector conponent 12b transmits an el ectrical
signal on a signal 16 that is representative of the intensity of the
reflected |light neasured by photo detector 12b. - Signal 14 is
coupled to-the positive pole of operationg- anplifier 18. Operati onal
anplifier 18 anplifies and transmts signal 14 as a signal 22. Signal 16 is
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-9- pole of difference-suming anplifier 28 and signal, 24 is coupled to

t he negat i A5 pbassfshlfamfth%ﬁwg&m%ﬂlampker Ypsthe %a.cklmz erray sgpal- Thatisng
anplifier 28 operates as a conparator and generates a tracking error
signal 30 thepresertinearioninwerisisipnelsi22\aal 24; shibemdn F&G. hebtilk eeferring g RIG. R and
24. When a light beamis perfectly centered on an information

track in agnopletled that the ﬁff@feﬁ&ﬁsﬂﬂnﬁirxgﬁnﬁ%ﬂ?x& iahkis D9 C@gg@ﬁ galenait | O

appar at us 10, ‘the Intensity of reflectel _ r st photo
detector Ct%gf(?rpgegr}orlslzg%ai fo.eﬂéﬁrlrintgono%ﬂht% #I&t g,r}ﬁtlertﬁs S fo&neg. %y%fctaf ganllﬂleq Sltot of

signals 56 and 58. Signals 56 and 58 depict a graphic representation of the signals generated

by signals 22 and 24 in FIG. 1 when a light beam is radially moved across an optical disc.
Subtracting signal 58 from signal 56 produces a tracking error signal similar to tracking error
signal 31 shown in FIG. 2.

Referring to FIG. 6, there are shown two voltage control signals 60 and 62. Control
signals 60 and 62 can be used to invert signals 22 and 24, shoﬁrn in FIG. 1. For example,
inverting signals 22 and 24 can be achieved by multiplying signal 22 by signal 60, and by
multiplying signal 24 by signal 62. Control signals 60 and 62 invert signals 22 and 24 in a
manner that the tracking servo never senses a gain value that would cause the tracking ser\"o
to become non-operational. Again, it W_ill be recalled that a gain value of approximately zero
volts; plus or minus some differential, renders a tracking servo non-operational. One method
-of ensuring thét the tracking servo never senses a gain value of approximately 0 vélts is by
never allowing both control signals 60 and 62 to have a voltage level of 0 volts at the same
time. This can be achiev.ed by slightly staggering the time points wﬁen each signal starts to
change its voltage between +1 volt and -1 volt. The staggered time points referred to are
depicted at points 61 and 63.

In FIG. 6, it can be observed that control signal 60 varies its voltage from +1 volt to

+0.5 volts as control signal 62 maintains a value of +1 voit. Control signal 60 varies its



measured by second photo detector conponent 12b. Consequently, the voltage
level s of signal 22 and 24 are the sanme, and difference-summing-anplifier.-
28 generates tracking error signal 30 with a voltage |level that represents
a nom nal |ight beam position on the center of an information track. The
vol tage .| evel that represents nom nal |ight beam positioning in nost
tracking servo systens is approximtely zero volts. Wen the |ight beam

starts tovgftééetf{&flti-otih\‘f‘olts(ig otv%[ts &4 cdrdl glgﬁ@ mheﬂtg W"&F ?@h{lgl (&t tues,

the intensity of reflected Iight maasure rst pho et ect or
conponent _1 econ hoto det n I s differen .
ConbequentPls: i siepaged Pates i€ b tpm P BI Gio- Splised oI SHeBR] 62 wpres
di fference-summn amplifier 28 generates a tracking error signal 30 that

has a vol itagelta m gi0ihealtsde @xolts. Coatrol signab 68 vatiesdt veltaga from 4.5 welpsetadi ng

on the direction the light beamhas drifted off the center of the

i nf or mat i edindy dokolt adicohtrolsignab62 Rarieslits violtagd ficin O violts a6-008 vl rCutited] Signiihat
difference- summng anplifier 28 generates tracking error signal 30 with a

vol tage sisgalied £3PANSE HSRIM it 1o -&5%@5&&@[;‘@@%@% iy Ggefiobl o G

2, as a | |ght eam radrally noves across an optl racking
S AR e s i o e s oS
radi al posit | on of a light beamon an optical disc, and the vertical axis
i s a vol t 4deaties/idd valtage %‘lom -rleml’fég 6 aplts:eCotral isignal 60 varies its Neltagedram eam i s
rrom volts to +0.5 volts as control signal 62 varies its voltage from -0.5 volts to 0 volts. Control
signal 60 varies its voltage from +0.5 volts to +1 volt as control signal 62 varies its voltage
from 0 volts to +0.5 volts. Contfol signal 60 remains at +1 volt as control signal 62 varies its
voltage from +0.5 volts to +1 volt.

It can be seen that at no time do control signals 60 and 62 both have a voltage of
approximately O volts. This ensures that the tracking servo does not sense a gain value of
approximately 0 volts while radially moving a light beam across an optical disc while the
tracking servo loop is closed. Therefore, contrél signals 60 and 62 represent one possible
configuration of control signals that can be used to invert signals 22 and 24, shown in FIG. 1,
without éausing the trackiﬁg servo to lose operational control. |

Staggering starting points 61 and 63 of control signals 60 and 62 also serves to
maintain continuous unidirectional movement of the light beam as it radially moves across
an optical disc when the tracking servo loop is closed. It should bé. recognized that both
contrbl signals 60 and 62 have a constant voltage levei of +1 volt prior to time point 61 on
control signal 60. It should also be recognized that multiplying control signals 22 and 24,

shown in FIG. 1, by +1 volt has no affect on the voltage levels of control signals 22 and

24, since multiplying by the quantity 1 is an identity function. Therefore, it can be



-10- either the center of an information track or the center of a
non-information track. For exanple, the light beamis on the center of an
information track at points 32, 34, and 36. Alternatively, the |ight beam
is on the center of a non-information track at points 38 and 40.

Therefore,” it can be seen that the tracligng error signal is approxinmately
sinusoidal in nature. when the light beamradially crosses the opti cal

disc in arsc;c%a%dtmﬁf‘ebh@al il G081 63 hreGindttivephior BetifiRrPoiitHItwidie cycl e of
the sinusoidal tracking error signal corresponds to noving a |ight beam

one i nforngti [ ObLi 64l dhgC. . ' . 3,
there is rgﬁghvm&%y 1@2@%@&%&%@% ?%ﬁ%‘? b‘i“z ﬂgﬁ%’ a'Ir;hel %&%@%&#@g%é@%@nqéﬁ ror
signal 44, Tracking error sjgnal 42 is identjcal to tracking error_signal
31 shown the,present inventipp shewing dosconirgl signals sisdlag do gontepl ssgraﬁaﬁo al 62y esent
when the light beamis on the center of an information track. It should be
obser ved shbowh ih FEG| 6gtare hmitiplied with signalsinor tradkingnservaidop sinilar tohsigmals22 i ve
sl ope of the sinusoidal tracking error signal crosses the horizontal axis.
Al ternat ignghy, shédien id BIGS. Daakpicted &f B1G A0 ank he dRERS&T irCdetAil HOMe nBkOr Mati on
track, i.e., exactly between infornmation tracks, when the negative sl ope
of the si nt{soi dal tracking error signal crosses the horizontal axis.

It is vveIsPcPoé'Cl)gni zed that a sinusoidal signal can be inverted by
multiplying it by a negative one. It can be_ observed that inverted

tracki ng er r orCasiigph 5ignals60, theepraespactive jusppiderctime peigt 61 when control signal 60

starts to change its .voltage from +1 volt to -1 volt. Control signal 62, becomes active just
after time point 63 when control signal 62 starts to change its voltage from +1 volt to -1
volt. Essentially, a closed loop ‘tracking operation of radially moving a light beam across
an optical disc becomes activated when either of the tﬁro control signals 60 or 62 first starts
changing their voltage from +1 volt to -1 volt. In FIG. 6, thet_'efore, a closed loop tracking
operation of radially moving a light beam across an optical' disc becomes activated
immediately after time point 61.

When a closed loop trécking operation for radially moving a light beam across an
optical disc is activated by control signals similar to control signals 60 and 62, the process
of creating an apparént information track center, or phantom track center, that moves
radially across the optical disc begins. The phantom track center is created for the reasons
discussed above, i.e., the signal responses of component signals 22 and 24, shown in FIG.
1 and graphiéally depicted as signals 56 and 58 in FIG. 5, that make up the tracking error
signal are gradually inverted. However, the staggered fashion in which the signal responses
of signals 22 and 24 are inverted b& control signals 60 and 62, causes a continuous phase
shift in the tracking error signal response of tracking error éignal 30, shown in FIG. 1.

The induced phase shift has the effect of radially moving the phantom track center across an
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of tracking error signal 42. It should also be observed that the
I nusoi dal sl ope of the inverted track signal crosses the

axis at points 50 and 52. Points 50 and 52 of inverted tracking
al 44, however, indicate that the |ight beamis centered on the

non-infornmation track. Therefore, it shogiéj be observed that nultiplying

the tracki
ordinarily
represents
a tracking
beam on a
an apparen

ng error signal by a negative 6ne noves a point that would

re sent, t he nier,.of an .inf.ormatj rack to a_point that
ot §Rfy decaifbe IR0 s oot oB i FiPRed e [hfHits i el b Ko,
error signal has the ultimate effect of positioning a |ight
theilight bpamm alignedeon thephantem tgackiceptens thereby sresingathedight beamxfo | e, |
t information track center or a phantomtrack center. This is a

basi ¢ undetddyillyompve scrosy the wptical digoi ch t he present invention operates.

Referring

to FIG 4, there is shown a voltage signal curve 54 that linearly

varies vol tagegEfetrﬁﬁgib tic V! d‘eﬁpgi@&wﬁ?h&m" ﬁl&ﬁﬂﬁkﬁ'&iogﬁeofwﬁ‘r erbfiat

mul tiplyin

g tracking ®rror ~ signa vol tage signal curve 54, as its

voltage | evel varigs from:+1 volt

. -1 | t . t [ t ed
tracki ng e§1ggqla§|dbtfgpntmm%pwe {e?ﬁ-ogtrm\,/ ?‘ﬁ’?ﬁ%f'@gﬁg (i)a Sqllég}{‘g{ﬁ@é\?@rqz’

presents t
to radiall

wo problens that prevent using this nethod to cause a light beam
shawyin FIG. 6, are active. Point 68 depicts the actual center of an information track.

Points 70, 72 and 74 depict phantom track centers on the same tracking error signal at
different points in time when a closed loop tracking operation of radially ﬁoving the light
beam across an optical disc is active. It should be emphasized that the tracking error
signals in FIG. 7 do not represent a real signal response since the tracking servo loop is in a
closed loop mode of operation. Therefore, the tracking signal error response signal
depicted in FIG. 7 is an ideal signal that is merely presented for demonstrative purposes
only.

The staggered configuration of control signals 60 and 62, shown in FIG. 6, also
causes a phantom track center, and consequently the light beam, to become aligned with the
actual center of the next information tfack when control signals 60 and 62 both return to
+1 volt and the closed tracking loop radial move operation becomes inactive. The phantom
track center becomes aligned on the center of the neit information track when control
signals 60 and 62 both return to +1 volt for two reasons. First, it can be recalled that
inverting a tracking error signal, i.e., multiplying a tracking error s1gnal by -1, aligns the
phantom track center with the center of an adjacent non-information track. The same
principle holds true when control signals 60 and 62 are multiplied by the signal responses of
signals 22 and 24, shown in FIG. 1, with the slight variation that fhe phantom track center

becomes aligned on the center of an adjacent information track at the time point that is half



across an optical disc while the tracking servo loop is closed. The first
pr obl em occurs when voltage signal curve 54 reaches approximately 0 volts.
General ly, tracking servos becone non-operational and | ose control when
the tracking error- signal, or gain, falls within a certain voltage range;
typically around zero volts, plus or mnyg.sone differential. The
second probl em associated with inverting a tracking error signal is that
cont i nuou Hobs|s M-aer c,

i sc whi | oV EhBUHeLE o 888 pofBringt cSRE RS B0 ahd B2 el 1 100 Rin
that inverting a trackln error signal, whil e the tracki | oop i s closed
‘has the efthes @Pmrfﬁﬁkrﬁ? e, begamas alignedoatithat tire igberaptsg ofBie gt to the
center of an adjacent non-information.track. However, once the tracking
error si gnainfigerationeof eshtro] kignaksi6frandi62am i s on t he negative sl ope bf the
si nusoi dal tracking error signal, causing the light beamto think that it

‘i's on the cent efh@iec@nd‘?éhséﬁ‘ﬁiérpli&htbﬁﬂu&dka&hter PeddnititaliBAed bR the! defites ARy Of
a non-information track i s unstable and cah nove in elther direction

because it es. not. kno ac ntr houl to
conter i ¢ SR SpRmatof BNtk WiRs Ppfl SERE ) Aad BT BOMEaih B & Lot HAS RORY, or
signal by multipl y| ng it b 1 volt to nove an apparent information track
center on Hawvil beiremembered thestaggered gatyrg aficpnisel ignaloe(band 62 induges ici pl es
underlying the operation of the present invention.

continuous phase shift of the tracking error signal that causes the phantom track center to

radially move across an optical disc. The same principle holds true when control signals 60
and 62 change their voltages from -1 volt to -1 volt, because control signals 60 and 62
remain staggered in the same fashion as when they changed their voltages from +1 volt to -
1 volt. In other words, the phantom track center continues to move in the same direction
when control signals 60 and 62 change their voltages from -1 volt to +1 volt.

Additionally, the time it takes control signals 60 and 62 to change from +1 volt to -1 volt
is the same time it takes control signals 60 and 62 to change from -1 volt to +1 voit.

.+ Therefore, when the phantom track center reaches the center of the adjacent non-
information track, it continues to move in the same direction that it was moving when it
arrived at the center of the non-infd:mation track, and it travels the same distance that it
took to reach the center of the non-information track, thus aligning it with the center of the
next information track. Consequently, the light beam is positioned on the next information
track.

Therefore, it can be apprec;,iated that activating one complete cycle of control signals
60 and 62 causes the light beam to move one information track.. Consequently, the number
of tracks that the light beam crosses is determined by the number of control signal cycles

produced. One complete active cycle of control signals 60 and 62 is depicted By time points



-12- To solve the problens associated with inverting a tracking
efror signal as described above, the present invention applies the sane
signal inverting principle described above to cause a phase shift in the
conponent signals that nake up the tracking error signal. That is, the
present invéention inverts signals 22 and 4%, shown in FIG 1. Still
referring to FIG 1, it <can be recalled that the difference-sunm ng anp 28

uses signaley asd GMNATHA i, LrieRBHPAE activerGKle T cBAN sigHat 60 arkD62 BEfuPs béthgerOW
to FIG 5, there is shown a typical sanple plot of “signals 56 and 58.

Si | s 56 58 depi . ' tati th ' I ted
by a1 gnal s Bome e R EonPot Vit B HEREF e afifbedio oF L FDEN BT TG 6 o
an optical disc. Subtracting signal 58 from signal 56 produces a tracking
error si gnaoinsi6kionayignad 60y wgﬂﬁ@m thedast spmyrel|signal Earnp to - IFyalt, ie., point 67

Referring to FIG 6, there are shown two voltage control signals 60 and 62.

Control  sioprsigmal 62. dnchnGlsccbdapresisted tao aiclosed trackig Bop operaaiod of 4adiaipwn
in FIG 1. For exanple, inverting signals 22 and 24 can be achi eved by

5. Cont 1 oS58 e iy Back a0 af Gpuil b Bra LA s inithe Y U™

the tracking seryo never senses.a qgin value that would cause the .tracking
servo to BEDBME0 6% deome Acvated dy Gomipencigs 1o dyange Aty gnis Fopiral signals n
val ue of approximately zero volts, plus or mnus sone differential,

renders a tvoliagd fromsed woltrtorl oplir diasty.at canCheeapprediated that therrater dtrwhichtite t he
tracki ng servo never senses a gain value of approximately O volts is by

\r)g?/te ; th ! ?\ﬁiegngg%gi fhoveninidhg & SitPated@ibsad trabidng foopofRrationdbt Alallyayi6ving fthd
light beam across an optical disc is controlled by the cycle time of one complete active
cycle for control signals similar to control signals 60 and 62, and is limited only by the
acceptable operating range of the employed tracking servo.

The direction that the light beam radially moves across an optical disc during a
closed tracking loop radial move operation is dictated by which of the two control signals is
the first to commence changing its voltage level from +1 volt to -1 volt. For example, in
FIG. 6, control signal 62 would need to start changing its voltage from +1 volt to
-1 volt before time point 61 to Iﬁove the light beam in the opposite direction that the
depicted configuration of control signals 60 and 62 would move the light beam.

Linearly changing the voltage of signals 60 and 62 between +1 volt and -1 volt és
shown in Fig. 6 creates sharp voltage transitions at points 64 and 66. While control signals
60 and 62 can be used to achieve the desired effect of moving a liéht beam radially across
an optical disc, the sharp voltage transitions at points 64 and 66 cause rough light beam
moﬁement as the beam radially crosses the disc. Therefore, control signals that smoothly

transitidn between +1 volts and -1 volts are more desirable because they help create a

smoother light beam movement as the beam radially crosses a disc.



time. This can be achieved by slightly staggering the tinme points when each
'signal starts to change its voltage between +1 volt and -1 volt. The
staggered tine points referred to are depicted at points 61 and 63.

In FIG 6, it can be observed that control signal 60 varies its voltage
from+1 volt to +0.5 volts as control si8gnal 62 maintains a value of +1
volt. Control signal 60 varies its

-13-  vol t age ReferringdoTFigo8] theteois Showon b eRdmysle OF two contfrldignal 76drideTs thas
voltage from+1 volt to +0.5 wvolts. Control signal 60 varies its voltage

fromO vq - Q. s I Laha is .
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to mnus -I_volt as control signal 62 varjes _its voltage fromQ volis to
-0.5 vol tad 7@9#@%%%%@% volfage,rpnsitions retfa@eumsﬁpgqolm s 1 angl 28
volts as control signal 62 varies its voltage from-0.5 volts to -1 volt.
Cont r ol sis gt désirable berauset the smbothgmlthgotransiticns\catisesa smodtherdight beamcont r ol
signal 62 varies its voltage from-1 volt to -0.5 volts. Control signal 60
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its voltage from-0.5 volts to O volts. Control signa varies 1ts
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signal 62in://¢:,anrtii01elz5 Iit glfould be appreciated that any suitable wave form that smoothly varies control
signal voltages between +i volts and -1 volts can be used to achieve the desired effect of
moving a light beam radially across an optical disc in the present invention.

Referring to Fig. 9, theré is shown control signals 80 and 82. Control signals 80
and 82 depict a control signal configuration that has the effect of radially moving the light
beam in the opposite direction that the configuration of (;ontrol signals 76 and 78, depicted
in FIG. 8, radially moves the light beam.

2. Detailed Description of the Preferred Embodiment of the Invention

Referfing to FIG. 10, there is shown a schematic diagram of an embodiment of an
optical disc tracking control device 84. In optical disc tracking control device 84, there is a
photodiode arréy 86 that has two components, a first photodiode component 88, and a
second photodibde component 90. - Photodiode array 86 measures the intensity of light
reflected by an optical disc. When a light beam is on the center of an information track,
first photodiode component 88 measures the intensity of light reflected at or near one of the
edges of the tracked information track, and second photodiode component 90 measures the
intensity of light reflected at or near the other edge of the tracked information track.

First photodiode component 88 transmits an electrical signal on a first signal 92 that is

representative of the intensity of the reflected light measured by photo detector 88. Second



voltage from+0.5 volts to +1 volt. It can be seen that at no tine
.o control signals 60 and 62 both have a voltage of approximately 0 volts.
This ensures that the tracking servo does not sense a gain val ue of
approximately O volts while radially nmoving a |light beam across an optical
disc while the tracking servo |oop is chgsed. Therefore, control signals
60 and -62 represent one possible configuration of control signals that can

be used tghbtaar%ae cSmPORErE 98 rafdifitsh eréémfp sigBal/dnQ@ sebond Ykhd1 94 ihAtadiSi Ng the

tracking Servo to | ose operational contro Staggering starting

points 61 and 63 .0f nt.rol .si | s 6 62 al sqQ.serves.to I ntain
cont i nuouSCRIF® f@gﬁpf@'ﬁé’i‘te ﬁe‘ﬁﬁﬁ% regpaf(ﬂﬁglptilﬁwurﬁggwégtq qeiercgmr@' ly noves
across an optical disc when the tracking servo loop is closed. It should
be recogni zed tHiest signaliP2 ig amplified by @rfinssparmplifies 96 land soupled tasthapositive t age
| evel of + 1 volt prior to time point 61 on control signal 60. It should

al so be r peRAIF Zfiflt Hffﬁireﬂwhiﬂf(m'ﬁéf 08 Semndcﬂi%xﬁl 94 smplicl by 24econd F»eﬁm in

FIG 1, by + 1 volt has no affect on the voltage |evels of control signals
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Ther ef or e,
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difference amplifier 98 and second difference amplifier 102. VCM signal 108 may be fixed
or it may be variable if derived from a reflectivity signal.

First difference amplifier 98 measures the difference between first signal 92 and
VCM signal 108 and transmits a representative voltage level on first feedback signal 104.
Second difference amplifier 102 measures the difference between second signal 94 and
VCM signal 108 and transmits a voltage level on second feedback signal 106.

Control signal generator 110 has a first control signal 112 and a second control -
signal 114. Control signal generator also has a directional control signal 116 and a move
control signal 118. First feedback signal 104 is multiplied by first control signal 112 using
a first multiplier circuit 120 which gene;ates a first modified feedback signal 124. Second
feedback signal 106 is multiplied by second control éignal 114 using a second multiplier
circuit 122 which generates a second modified feedback signal 126.

First modified feedback signal 124 is coupled to the positive pole of difference-
summing amplifier 128. Second modiﬁed feedback signal 126 is éoupled to the negative
pole of difference-summing amplifier 128. Difference-summing amplifier 128 acts as a
signai comparator and compares the voltage differences between first modified feedback

signal 124 and second mbdiﬁed feedback signal 126. Difference-summing amplifier 128

generates a voltage level representative of the voltage difference between first modified



respectively nultiplied with signals 22 and 24. (Note: The schematic
ci'rcuit diagramof the present invention show ng how control signals
simlar to control signals 60 and 62, shown in FIG 6, are nultiplied with
signals in a tracking servo loop simlar to signals 22 and 24, shown in
FIG 1, is 8epicted in FIG 10, and is diggussed in detail in the next

section.) Control signal 60, becones active just after tinme point
61 when Co%fdﬂacl?b B8 1% ndSedsdSmbaified f2aBack ts?gﬂé?'li@ﬂﬁt i @aRsthitted/6n iraéleng 1
vol t. Oont rol si g 62, becones active just ter tinme point 63

Eosent al | oy gl 130, T it sy i Redoafl ibad, P oo o Yoéhs
beam across an optical d| sc becones activated when either of the two
control si casdhe sewondmagtified feedbagk signal 126 diffarensersuaiming gmplifjer 12&ggnerates | t

to -1 volt. In FIG 6, therefore, a closed |oop tracking operation of
radi al | y nmoaérdgoltageithittis braasmitted onsrasking @tioe 3ignall £30. bif cheresitages of/thie ditst

imedi ately after tine point 61. When a cl osed | oop tracking
operation f g LA 99 ﬁ:”d SEsinSmi
activated btgé%ontr Hﬂ}s{l gna gﬂ;cs?erﬁora?éetdg corlglﬁo glagna dlqg SU. Ee e
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track center is created for the reasons di scussed above, i.e., the signal
responses ofoliagerbemesn fisstgnedifiedfeedbagk Zignak Hiand secendamodified rf@bdgadbﬂgngl ly
depicted as signals 56 and 58 in FIG 5, that nmake up the tracking error
126, which is in turn transmitted on tracking error signal 130. It should be appreciated t_hat
difference—summiﬁg amplifier 128 can be substituted with a pure summing amplifier in the
case that either first modified feedback signal 124 oi' second modified feedback signal 126
is inverted.
Tracking error signal 130 is coupled to both tracking servo 132 and carriage servo
134. Tracking servo 132 can be any tracking servo circuit known to those haviné ordinary
skill in the art that is suitable for performing open and closed loop tracking operations in an
optical disc storage device. Carriage servo. 134 can be any carriage servo circuit known to
those having ordinary skill in the art that is suitable for controlling an optical head carriage
in an optical disc storage device. |
Tracking servo 132 transmits a tracking servo signal 136 that is processed by a
tracking driver 140 and is transmitted to a tracking motor actuator 148 that controls a
tracking motor (not shown) for positioning a light beam on an optical disc.
Carriage servo 134 transmits a carriage servo signal 138 the is processed by a
carriage driver 142 and is transmittéd to a carriage motbr actuator 150 that controls a

carriage motor (not shown) for an optical head carriage (not shown). It can be appreciated

that tracking servo 132 and carriage servo 134 may be combined in the same servo circuit.



signal are gradually inverted. However, the staggered fashion in which the
signal responses of signals 22 and 24 are inverted by control signals 60
and 62, causes a continuous phase shift in the tracking error signal
response of tracking error signal 30, shown in FIG 1. The induced phase
shift has the effect of radially noving t2le phantomtrack center across an
-15- optical disc. Because the tracking servo loop is closed, the tracking

servo attespOperafiol 6Fthe Inbéntionght beam al i gned on the phantomtrack center,
t hereby causing the Ilght beamto radially nove across the optical d| sc
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phantomtrack centers on the sane tracking error signal at different
points in bperatiohescuss whersmvé oagirdlrsignisl iR sends atsignal that deadiividtésycomtrol signilhe
light beam across an optical disc is active. It should be enphasized that
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operati on. @gé:%];a €11t s1gnﬁs5< 50 Both 1P onflol Siend1 TIRAN Getind & control signal

114. Deactivating control signal generator 110 has the effect of letting optlcal disc tracking

control device 84 act as a standard tracking servo loop for optical disk storage devices that
is well known to those having ordinary skill in the art. This is achieved because first
control s_ignal 112 and second control signal 114 both have voltage levels of +1 volt.
Therefore, first feedback signal 104 and second feedback signal 106 are both multiplied by
+1 volt using first multiplier circuit 120 and second multiplier circuit 122, respectively,
causing first modified feedback signal 124 to have the same voltage level as first feedback
signal 104, and causing second modified feedback sighal 126 to have the same voltage level
as second feedback signal 106. When move control signal 118 deactivates control signal
generator 110, control signal generator 110 has no affect on the rest of optical disc tracking
control device 84, thus allowing it-to operate as a standard tracking servo loop capable of
pérforming closed loop tracking of an information track and open loop JUMP and SEARCH
operations.

When move control signal 118 activates control signal genefator 110, control signal
generator 110 generates predetermined voltage signals on first control signal 112 and
second control signal 114, causing opticalll"disc tracking control device 84 to radially move
the light beam of the optical disc storage ;lévice across an optical disc in the direction

specified by direction signal 116, while the tracking servo ldop of optical disc tracking



depicted in FIG 7 is an ideal signal that is nerely presented for
denonstrative purposes only. . The staggered configuration of
control signals 60 and 62, shown in FIG 6, also causes a phantomtrack
center, and consequently the Iight beam to becone aligned with the actual
center of the next information track mhegzpontrol signals 60 and 62 both
return to + | volt and the closed tracking | oop radial nove operation

' 0+ 1 Vol |
of the. ne DuiidEyiek ¥R MRt ORE e BoerdBR Rondl JA0BEY Vonki OF RN 71

to + 1 volt for two reasons. First, [t can be recalled that, inverti
tracki ng @EResatosildQ ghanges the voltages of -shgongoﬁ)plg iﬁ& @arsS?m@i ‘E?H&Piaﬂﬁnﬂ%ﬁ
aligns the phantomtrack center with the center of an adjacent

non- i nf or fedm el veolaek-1 Fieashback tpr+ hvolphgaihdd o staggered fasbroncimilaoto anygfal s
60 and 62 are nultiplied by the signal responses of signals 22 and 24,

shown in 'ﬁl&or%rol Wighl 1B debictddt inEIGSak! @or DN aF dédeeibedabdvem A aefitieeat er
beconmes ali1gned on"the center of an adjacent information track at the tine

by bet wodhoTodL RFEfepe At s sonteahoipnal 147 ARk seeon capiolietpl 114 chapeg ir
Egga{]ggs 8%&@ byé]gggq%gg-nlt V(I)(?ilt Eor -ale£<OItC fnr(]itb%E:k lg(()a (-:I-Olnx?(?lt 2g|aiir?,n1§;?ngaém(§0r%€ttra¥itq§nsi S
so the light beam radially moves across the disc in a smooth fashion.

Multiplier circuits 120 and 122 multiply activated first control signal 112 and
activated second control signal 114 by first feédback signal 104 and second feedback signal
106, respectively, creating a continuous phase shift in the tracking error signal that causes a
phantom track center to radially move across the optical disc. Because optical disc tracking
control device 84 is operating in a closed loop mode; traicking servo 132 attempts to keep
the light beam centered on the phantom track center, thereby causing the light beam to

| radially move across the disc. The phantom track center and the light beam both end up
positioned on the center of the next information track when the voltage levels on first
control signal 112 and second control signal 114 are both +1 volt. That is, the light beam
moves one information track for each complete control cycle transmitted by control sigﬁal
generator 110 on first control signal 112 and second control signal 114.

Therefore, sending N complete control cycles on first control signal 112 and second
control signal 114 caﬁses the light beam to move N information tra'cks. It can be
appreciated, therefore, that PAUSE and SEARCH operations are accomplished by
specifying the number of complete control cycles that are transmitted by ﬁrsf control signal

112 and second control signal 114.

Move control signal 118 can be configured so that control signal generator 110



configurations of control signals 60 and 62. The second reason the
phantom track center becones aligned on the center of the next information
track when control signals 60 and 62 both return to + 1 volt is as foll ows.
It will be renenbered that the staggered nature of control signals 60 and
62 induces’ a continuous phase shift of -2he tracking error signal that
causes the phantomtrack center to radially nove across an optical disc.

The sane pépeatidly sctivalesl Firsticoftrolsignat 012 aed setood abmirdlQignah t1Hwhilbange t heir
voltages from-1 volt to + 1 volt, because control signals 60 and 62

remai n st fadﬁgi‘ﬁ ol L ages
from+ 1 %Qﬁt?(;lesggdai] 1&@% %ﬁ% %@%t@ #’1 %@Q?@PLQQ}’I}] om grac Jr&’%
continues to nmove in the sane direction otrQI 60 and 62
change t hégyeraldnfosgation fragks.unt mqvetcentmllswmﬁﬁ% Hmat'tt%&m SigpRlsaneragor t
takes control signals 60 and 62 to change from+ 1 volt to -1 volt 1is the
sane ti ne 1i0; 6m lesvecontrobsigeal di8ican 66 canfipu&l swthahcontml Signah geheratdrt 1100 +1
volt. Therefore, when the phantomtrack center reaches the center of the

adj acent tdi 112 h .
S oo B actn&tgzﬁ#seng RS 1 S8 1 o) e i

non- |nfor n ack, and. vel s t sane dIS a.nc ..togk to
reach t he o8 a0 e G e P W REVE ol SRR 805 cderihB S
center of the next i nformati on track. Consequently, the i ght beamis
pomhone@%‘t‘ﬂtqdn%gaﬂext i nformation track. Therefore, it can be
appreci ated that activating one conplete cycle of control signals 60 and

62 causes the [RefértinpeaFIGo1 hnheredsshowr @ signali conditioning. deCiveiSgueSignat, t he
nunber

conditioning device 152 has a first control signal 154 and a second control signal 156.
Signal conditioning device also has a move forward signal 158 and a move reverse signal
160. Signal conditioning device 152 can be used to renlace control signal generator 110 in
optical disc tracking control device 84 by substituting first control signal 112 of control
signal generator 110 with first control signal 154 of signal conditioning device 152, and by

| substituting second control signal 114 of control signal generator 110 with second control
signal 156 of signal conditioning device 152.

When move forward signal 158 and move reverse signal 160 are both inactive,
signal conditioning device 152 is inactive. When move forward signal 158 is active and |
move reverse signal 160 is inactive, the light beam radially moves forward across an optical -
disc. When move forward signal 158 is inactive and move reverse signal 160 is inactive,
the light beam radially moves backward across an optical disc. Wlten move forward signal
158 and move reverse signal 160 are both active, siénal conditioning device 152 can be
either inactive or issue an error. |

Control signal generator 110 and signal conditionihg device 152 can be eny .

microprocessor, digital signal processor, look up table, or combination of circuitry well



of tracks that the |ight beamcrosses is determ ned by the nunber of
control signal cycles produced. One conplete active cycle of control
signals 60 and 62 is depicted by time points

-17- 61 and 67. That is, one conplete active cycle of control signals 60
and 62 occurs between the tine the firs24-control signal starts to change
its voltage from+ 1 volts to -1 volts, i.e., point 61 on signal 60, and

the tinme kﬁtﬁwﬁ f>tho§ §E1fl&i inSth8 A# suftab1e! 'féisgén@rahn% sta@péred icositrol sigiali{that/ on
si gnal can a be appreciated that a closed tracking | oop operation

of radlall ht, .b aGross I sc begi ns when
control sF Fé’ i%&nfey‘g? é'oln?(ﬁg ‘i g‘“‘?q’a@gwa% %‘g{ becone activated by
comenci ng to change any one contr ol S|gnal voltage from+ 1 volt to -1
volt. Lastly, it can be appreciated that the rate at which the 1|ight beam
noves during an activated closed tracking | oop operation for radially
nmoving the |ight beam across an optical disc is controlled by the cycle
time of one conplete active cycle for control signals simlar to control
signals 60 and 62, and is limted only by the acceptable operating range
of the enployed tracking servo.- The direction that the |ight beam
radi ally noves across an optical disc during a closed tracking | oop radial
nove operation is dictated by which of the two control signals is :




the first to commence changing its voltage level from+ 1 volt to -TwsoR yeey
For exanple, in FIG- 6, control signal 62 woutrd Tneed to start Changrj‘\ﬂﬁ ie%ﬁ
voltage from+ 1 volt to -1 volt before tine pgjiftnetiiat BeeiRbpactdie || ?’
beamin the opposite direction that the depictedq i of cOowfmotd
signal s 60 and 62 would nove the |ight beam j“ﬂ“y! hangi ng t he
vol tage of signals 60 and 62 between + 1 volt an as shown in Fig.
6 creates sharp wahdigerimedpsi tions at points 64 and 66. Wile control
signals 60 and 62 can be used to achieve the desired effect of noving a

| i ght beam radi al | 0SS ' | .p vol tage transitions
at points 64 ancall'Géngog%lgé 4‘%%‘8%&ﬁégﬁc??t‘8g%¢ﬁ%”an‘%€§°n“§@?ﬁ‘§% the beamradially
crosses the disc. Therefore, cqntyrol ignal s that snmpothly _tranpsition
between + 1 vol tastragking serve,Jaop having pois fredback signaland 3, second, &sedhagk signakiat o
a snoother |ight beam novenent as the beamradially crosses a disc. '
Referring to Fi qucditrol kignd generatombaving acfitpdmrod signaloandcnsecond eomirod Isigndh
and 78 that snoothly transition between +1 volt and -1 volt. Due to the

sinusoi dal nat urght mulsplRk ?orﬁﬁult?%i $hid FiR® rcﬁnﬁél%i%lﬁ% 39 4ol el feB@ack Siﬁ;nfﬂe

transitions. Therefore, 'using con signals 76 an I's nore desir

because th%osggr?e% avﬁrls%?n%%iﬂerclatneesdt}a(':l?&%‘mﬁ?use a snoot her |ight beam

a second multiplier for multiplying said second control signal by said second

feedback signal to generate a second modified feedback sfgnal; and
a difference-summing amplifier that generates a tracking error signal by detecting
- the signal difference between said first modified feedback signal and said second modified
feedback signal.

2. The optical disc tracking control apparatus of claim 1, wherein said control signal
génerator chémges the signal polarities of said first and said second control signals so thét
said first modified feedback signal is inverted when said first multil;lier multiplies said first
control signal by said first feedback signal, and said second modified feedback signal is
inverted when said second multiplier multiplies said second control signal by said second
feedback signal. |

3. The optical disc tracking conﬁol apparatus of claim 2, wherein said cdntrol signal
generator changes the signal polarities of said first and said second contro] signals in é
staggered fashion. |

4. A method of radially moving a light beam across an optical disc while a tracking
servo loop is in a closed loop mode of operation, comprising the steps of:

Generating first and second control signals in a time staggered fashion;

Multiplying said first and second control signals by first and second feedback signals

AR




nmoverment radially, across an optical disc. Control signals 76 anfug8g
operate essentially the sanme as control signals 60 and 62, shomqhé EE?J
6, in all other respects in the present invention. It should be

appreci ated that any suitable wave formthat snmoothly varies contReghce?
si gnal voltages between + 1 volts and -1260lts can be used to achieve the
desired effect of noving a light beamradially across an optical disc in

the preseptodubi@tirsOind second modifetideedback $igndté;nd9, there is shown control
signals 80 and 82. Control signals 80 and 82 depict a control signal

configuration : : : radi J L : in the
opposite di recﬁgéﬁycpﬁz% {rtg é %éﬁﬂ Blg;rlaétb?(c)kr?ﬁ{ ylc nt r((i)lﬁe}selﬁg?#a‘?eg‘%%l %ﬁgﬂ%
depicted in FIG, 8, . .radially mpves the, light beam , 2. Detaile

Dooer 1 pt | 87 S1E0p G R RSB IS g AR gAAL 10 Create & DRARIATR, 1  ng
to FIG 10, there is shown a schematic di agram of an enbodi nent of an
optical dimack tentekthagradiatlymoved @otass said optical djsci thetebyicausing said ilight beam ool
device 84, there is a photodiode array 86 that has two conponents, a first
phot odi 0dgjspamane Rove Acrdd§ 6aid opi€@ @d. phot odi ode conponent 90.  Phot odi ode
array 86 neasures the intensity of light reflected by an optical disc.
Wien a light beamis on the center of an information track, first

phot odi ode conponent 88 neasures the intensity of light reflected at or
near one of the edges of the tracked information track, and second
phot odi ode conmponent 90 neasures the intensity of light reflected at or
near the other edge of the tracked information track. First
phot odi ode conmponent 88 transnmits an-electrical signal on a first signal 92
that is :

This Sheet Has Been Replaced
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representative of the intensity of the refl ected Ilght measur ed QiL phot o

det ector 88. Second “\S SHE&T

- -19- phot odi ode conponent 90 transmts an el ectrical signal on awgg

~signal 94 that is representative of th 7| ntensity of the reflect d I|g t
measurfed by photo detector 90. frst signal 92 is anplifi P\ D

first per- ﬁ@;gﬁ[‘ t|ve pole of a first
dlfference anp\fél?l er g)econgllm gna B%IS arrpllfled by a second per-

anplifier 100 and coupled to the positive pole of a second difference

anmpl i fi erABSPRAUIM signal 108 is a voltage common node signal that is
coupled to the negative poles of first difference anplifier 98 and second
difference anplifier 102. VCM signal 108 may be fixed or it may be
variable if derived froma reflectivity signal. First difference

anplifier 98 S

sirrgnal 108 andnﬁ?‘1> %ge%tﬁﬁ@ggérg%l?@g%% % ve vo{ gét} Lto?%e?dség ICF g(g(:l/lback
signal 104. Second difference anplifier 102 tmeasu_r es the i fference

bet ween s@dighy mqvgrhsiwesn different ABfareIalAR (raglsol AL APntical s while theiterage | evel

on second feedback signal 106. Control signal generator 110 has a
first condevide teickingl sefivbAoep deraaine momcontimnousotlosedilgomimodé 6f operatiom| T!;egnal
generator also has a directional control signal 116 and a nove

invention operates to radially move a light beam from one information track to another

during a closed loop mode of operation By activating two control signals introdﬁced into the
* closed tracking servo loop to create a phantom track center that radially moves across the
optical disc. Because the tracking servo loop is in a closed loop mode of operation, the
traéking servo operates to keep the light beam centered on the point that the tracking servo
considers to be the center of an information track; in this case the phantom track center.
Therefore, the tracking servo causes the light beam to radially mbve across the disc in a
closed lobp mode of operation by keeping the light beaml centered on the nioving phantom

track center.

Figure 10

This Sheet Has Been Replaced

T




control signal 118. First feedback signal 104 is nmultiplied by first

control signal 112 using a first nultiplier circuit 120 which generates a
first nodified feedback signal 124. Second feedback signal 106 is

nul tiplied by second control signal 114 using a second nultiplier circuit
122 whi ch generates a second nodified feedback signal 126. Fi rst
modi fi ed feedback signal 124 is coupled f§p7the positive pole of difference-
summi ng anplifier 128. Second nodified feedback signal 126 is coupled to

t he negative pole of difference-syumm ng anplifier 128. Difference-sunm ng
anplifier 128 acts as a signal ﬁﬁp rator and conpares t he vol t age

di fferences between first nodif,ed feldback s1§na 124 and second nDdlfled
f eedback signal 126. D'ffenzﬁ1élsunnlng { i 128 generates a voltage
| evel representative the voltage diffe first nodified

-20- feedback signal {124 and second nod ck signal 126 that is
transmtted on tracking error signal A30- ereforg, if the first nodified
f eedback signal 124 has the sane voltgge¥ as the sedond nodified feedback
signal 126, difference-sunm ng anplifijer 128 generatles a zero voltage that
is transmtted oqéira king error signgl. 130. If the|voltages of the first

f eedback si gnal Nand t he secoQé feédbapk signal 126 are 25
difference-suqﬁ ng

13/

24

: 1
N-16 20

Prior Art

;3
+ |
|
T |
TRACKING !
ERROR OV
SIGNAL '
l { 36
|
- |
|




anplifier 128 generates a positive or negative voltage |evel that
represents the difference in voltage between first nodified feedback
signal 124 and second nodified feedback signal 126, whichis in turn
transmtted on tracking error signal 130. It should be appreciated that
di fferénce- sunnlng anplifier 128 can be substituted with a pure summ ng
amplifier in the case that either first ongdified feedback signal 124 or
second nodi fied feedback signal 126 is inverted. Tracki ng error
signal 130 is coupled to both tracking servo 132 and carri age servo 134.

Tracking servo 1REFORMATENanY tracking sqNFORMATIONt known to QNPQRMHWWN“J

ordinary skill inTRaEkart thagemg EN“ tabl e TRACKper f o WE:EN)pen aRACK osed

| oop tracking opergENgpR i n an TRapkiccal SQ?WER age ﬁ €. Carri@gggser vo
ayl ng

134 can be any carriage servo circuit kno those ordi nary skil
inthe art that is sultable f or cohtrolllng an opt i-sal h ad carriage 42s_an
optical disc stordg | Tracking|seryo 182 fransmts q

tracking SERXCKMNE ihg driver 140 /and

is transmt ntrols a trla
not or (not %Egﬁ&? cal disc
Carri age se 34

by a carriage QWi

150 that control s |a

carriage (not shown).
carriage servo 134

1) for an Ow |caI
that & racki hg, servo

INVERTED
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ERROR
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-21- 3. Operation of the Invention Optical disc tracking contro
device 84 has two prinmary nodes of operation that are controlled by nove
control signal 118 of control signal generator 110. The first node of
operation occurs when nove control signal 118 sends a signal that
deactivates control signal generator 110. \Wen control signal generator
110 i s deactivated, control signal genggﬁgor 110 generates + 1 volt
signals on both first control signal 1I2 and second control signal 114.
Deactivating control signal generator 110 has the effect of letting optical
disc tracking control device 84 act as a standard tracking servo |oop for
optical disk storage devices that is well known to those having ordinary
skill in the art. This is achieved because first control signal 112 and .
second control__signal 114 both _have voltage |l evels of + 1 v Ther ef or e,

mul tiplied
mul tiplier
signal 124

and causi ng
| evel as s
deacti vat es 110 has
no affect o i
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control device 84, thus allowing it to operate as a standard tracking servo
|'oop capable of performng closed |oop tracking of an information track
and open | oop JUVMP and SEARCH operations. When nove control signa
118 activates control signal generator 110, control signal generator 110
gener ates predeternined voltage signals on first control signal 112 and
second control signal 114, causing optiigl di sc tracking control device 84
toradially nove the |ight beam of the Btical di sc storage device across
an optical disc in the direction specified by direction signal 116, while
the tracking servo | oop of optical disc tracking : -22- control
device 84 remains in a closed node of operation. Wen activated, control
signal generator 110 changes the voltages of first control signal 112 and
second control signal 114 from+ 1 volt to -1 volt and back to + 1 volt
again in a staggered fashion simlar to any of the control signal plots
depicted in FIGS. 6, 8 or 9, or described above. As nentioned above, it is
preferred that first control signal 112 and second control signal 114
change their voltage levels from+1 volt to -1 volt and back to + 1 volt
again, using snooth transitions so the light beamradially noves across
the disc in a snooth fashion. '
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Multiplier circuits 120 and 122 nultiply activated first control signal 112
and activated second control signal 114 by first feedback signal 104 and
second feedback signal 106, respectively, creating a continuous phase
shift,in t,he tracking error signal that causes a phantomtrack center to
radi ally nove across the optical disc. Because optical disc tracking
control device 84 is operating in a cl gygd | oop node, tracking servo 132
attenpts to keep the light beam centered on the phantomtrack center,

t hereby causing the light beamto radially nove across the disc. The
phantom track center and the |ight beam both end up positioned on the
center of the next information track when the voltage | evels on first
control signal 112 and second control S|gqal 114 are bot h z 1 volt. That
is, the light beam noveg lere gt i pn it rac 0 achZc ﬁplete control
cycle transmitted by control signal gehedator 110 on first control signal
112 and second control signal 114. The.efbre sendi ng N conpl ete
control cycles on first c@ 6 a¥aVals ontrol signal 114
causes the light beamto nove N |nfoﬂ ¢ck§ It can be appreciated,
t herefore, that PAUSE and SEARCH o] @ apconpllshed by specifying
t he nunber of conplete cerilt ' Ao R ed by first contro
signal 112 and second contr ol S|gnah 140 1 Nbve control signal 118
can be conflgured SO tha:4contro| S|qna qenerétow 110 78
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-23- repeatedly activates first control signal 112 and second control
~signal 114 while nove control signal 118 is active, thereby causing the

| ight beamto continue to radially cross several information tracks until
nmove coptrol signal 118 deactivates control signal generator 110; or, nove
control signal 118 can be configured so that control signal generator 110
only activates first control signal 112 % d second control signal 114 once,
causing the light beamto only nove ong i'nformation track until nove
control signal 118 is deactiva _ i , iQ, Referring
to FIG 11, there is shown a ggn e 152. Si gnal
condi ti oni ng device 152 has a§£i£§t trol SEQQQJ and.a second control
signal 156. Signal conditioni ng—deW ¢& al so has—a pov& forward signal 158
and a nove reverse signal 160. S gna~conditioni\gg agvi ce 152 can be used
to replace control signal generat in opticg SC tracking control
device 84 by substituting first signal 1
generator 110 with first control & dgnal 154 of srgndl conditioni ng device
152, and by substituting second Toritrol signal 174 |lof control signal .
generator 110 with second control \( gignal 156 of s\gnal conditioning device
152. When nove forward swugmat—l58 and neye prse signal 160 are
EE Ui ce 152 ing ive. Wien nove

both inactive, signal condi ti of?
forward signal 158 is active and
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nove reverse signal 160 is inactive, the light beamradially noves forward .
across ah optical disc. Wien nove forward signal 158 is inactive and nove
reverse signal 160 is inactive, the light beamradially noves backward
across ap optical disc. Wen nove forward signal 158 and nove reverse

si gnal 160 are both active, signal conditioning device 152 can be either

i nactive or issue an error. Congypl signal generator 110 and signa
condi tioni ng device 152 can be any m croprocessor, digital signal
processor, | ook up table, or conbination of circuitry well

-24- known to those skilled in the art suitable for generating staggered
control signals that change voltage levels from+ 1 volt to -1-volt and

back to + 1 volt. v - 25-
What is clained is: 1. An optical disc tracking control apparatus
conpri si ng:
154—~ 3 156
158
S
v
SIGNAL .
160 CONDITIONING = |12
S -
o

FIG.11



a- tracking servo loop having a first feedback signal and a second ?é%\ﬁﬂ'a{‘bell“'

si gnal ; a control signal generator having a first control si gngbheet
and a second control signal; a first multiplier for nultipl y‘i,agg,qu
said first control signal by said first feedback signal to generate

first modified feedback signal; a2¥econd nuitiplier for multiplying
sai d second control signal by said second feedback signal to generate a
second nodi f i ed Whatdhelaimediighal ; and a difference-sunmmng anplifier

- that generates a tracking error signal by detecting the signal difference.

bet ween sai d fi fstAneptidal Gidc ieking echnteolgpphradncosmiridingecond nodi fi ed .
f eedback si gnal . 2. The optical disc tracking control apparatus of

claimi1, wherei ' r ' ' . cbo fol i omal-
ol ari 1 es of - saraCkie SARlIGoy BhRES SrGRRIALE LRI L O RrlbR signgl
first nodified feedback signal is inverted when said first ltiplier

Ul L1 pl oS Sai e epRES! SEBhERBIST BRAS pyirstaonp] fetal sat assesidusapfal Sleasly
said second nodified feedback signal is inverted when said second

mul tiplier nultagfirstasultiplier for audplyingtsai first genitol isignabbyisai¢ fiwstfecdbaek pigaal
si gnal . - 3. The optical disc tracking control apparatus of claim 2,

wher ei N sajgéiRpiité 0 Ifirst Hodified GRAPdckisignaghanges the signal polarities of
said first and said second control signals in a staggered fashion.

4. A method of Qggéoﬁldlr}ful%f{ér%r ﬁldlﬁﬁpﬁlglﬁgﬂrge&ﬁ{do&%trﬁpsigﬂﬁlilfyagaitfi.ée%Sn&‘hi le

tracki ng

Q

feedback signal to generate a second modified feedback signal; and

RN

a difference-summing amplifier that generates a tracking error signal by detecting
the signal difference betweén said first modified feedback signal and said second modified
feedback signal.

2. The optical disc tracking control apparatus of claim 1, wherein said control signal
generator changes the signal polarities of said first and said second control signals so that
said first modified feedback signal is inverted when said first multiplier multiplies said first
control signal by said first feedback signal, and said second modified feedback signal is -

inverted when said second multiplier multiplies said second control signal by said second

feedback signal.
3. The optical disc tracking control apparatus of claim 2, wherein said control signal
generator changes the signal polarities of said first and said second control signals in a

staggered fashion.

4. A method of radially moving a light beam ac;'oss an optical disc while a tracking
servo loop is in a closed loop mode of operation, comprising the steps of:

Generating first and second control signals in a time staggered fashion;

Multiplying said first and second control signals by first and second feedback signals

* [ L M S *
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servo loop is in a closed Iodp node of operation, conprising the g‘@}%eﬁf":‘\

Generating first and second control signals in a tinme staggered fasheppsek
Mul tiplying said first and second control signals by first and secon 1",
f eedback signals 251011

producing. first and second nodified f-eegback signals; and
Produci hg a tracking error signal by conparing the differences between said

first and fmqhag&gndmglfeeabm als;@@dsi ng sai d tracking signal
to create a phan track center that ra aIIy noves across said optical

di sc, thereby Cm&mg%%agx&ggﬂkr%mg bmpArif th gafﬁkénxemweeacsg Siyroal

optical disc. novi ng a eam
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node of opera on, “conprisin from

the optical disk an e ating first.and.s f edback from
said refl e&® gﬁ tqa‘%ﬁymve%dﬁ‘f?é? %ﬁ“fﬁ@“‘?f ’é‘g)ﬂ che”?] gnal s

in atinme st ggere fashi on; mul ti pl y| ng sald first and second
control si&h % BIove pqresssaid epticd dishid f eedback i gnal s producing first
and second nDdlfled f eedback signals; and

5. A method of radially moving a light beam across an optical disc while a
tracking servo loop is in a clésed loop mode of operation, comprising the steps of:

reflecting light from the optical disk and generating first and second feedback
signals from said reflected light;

generating first and second control signals in a time staggered fashion;

multiplying said first and second control signals by said first and second feedback
signals producing first and second modified feedback signals; and

producing a tracking error signal by taking the differences between said first and
second modified feedback signals, causing said tracking error signal to create a phantom
track center that radially moves across said optical disc, thereby causing said light beam

V to also radially move across said optical disc.

6. 'The method according to claim 5, further comprising the steps of in a
seek mode of tracking operation from a first information track to a second information
track varying said first control signal and said second control signal between a maximum
value and a minimum value, wherein said first control signal and said second control

signal never simultaneously have a magnitude of zero.
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first and second nodified feedback signals, causing said tracking err
signal to create a phantom track center that radially noves across s&i#
optical disc, thereby causing said |light beam to also radially nove across
sai d optical disc. 6. The 2ret hod according to claim5, further
conprising the steps of in a seek node of tracking operation froma first

information tragk to FheSAaBsd abddkdingled clafin 6} wherkinVa Eivsk Wbevall WhérkinShidcont r ol
signal and said second control signal between a maxi num value and a

m ni mum valfig.co atidl did sefctld oRftbl ?Jon?ﬂ\iii kit R e e oaRt ' ol

si gnal never S|nu t eously have a nagn d zero
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i nt erval V\hne“?“enl lJnmsal b ?‘f“?j% grﬁOﬁgg&el %*'érgmgf saluat% n%ﬁd’gh%natnfi osf"I si gnal
f d I | ue e o a second
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wherein said fi rst co t gnhal and,said second control si gnal vary from
sai d mi ni n§R wEpigER QH% Aleue.

produci ng a tracking error signal by taking the differences between s Kgﬁﬁm@*

8. The method according to claim 6, wherein said varying of said first

control signal and said second control signal is smoothly nonlinear.

9. A method of radially moving a light beam across an optical disc while a
tracking servo loop s in a closed loop mode of operation, comprising the steps of :

reflecting light from optical disk and generating first and second feedback signals
from said reflected light;

generating said first and second control signals that vary respectively from a first
value to a second value;

multiplying said first and second control signals by said first and second feedback

U signals producing first and second modified feedback signals; and

producing a tracking error signal by taking the differences between said first and
second modified feedback signals, wherein responsive to said tracking error signal said
light beam radially moves across said optical disc until said first control signal and said
second control signal have reached their respective second values and have returned to

their respective first values.

10.  The method according to claim 9, wherein said first values of said first

and second control signals are respectively inversions of said second values thereof.
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8. - The met hod according to claim6, wherein said varying of ;%FémFﬁﬁﬁ*
control signal and said second control signal is snmoothly nonlinear

9. A nmethod of radially noving a |ight beam across an optical disc
while a tracking servo loop is in a closed | oop node of operation,
conpriging t he steps of: refl ectagg-1ight fromoptical disk and
generat'ing first and second feedback signals fromsaid reflected |ight;
generat¥¥gR9¥FB PPTEEARNBISE CHRACEENG rSPNERQIal s that vary respectively
froma first value to a second val ue; mul tiplying said first and
second ABRTRAlCTI gnals by said first and second feedback signals producing
first and second nodified feedback signals; and produci ng a
tracking error signal by taking the differences between said first and
second nodi fied feedback signals, wherein responsive to said tracking error

signal said _|ight-beamradially noves_ acr ogs sai,d _optical disc until said
first controlbeprgsent I%Y%‘U%L?H"W%@@d t beam Ohpn §P%Fhsﬁz§6‘é'a$%%‘ﬂ%tq hei r
respective second val ues and have returned to their respective first

val ues. radially move Bbween differentriztfommhtimnarackis ofjar optidahdisc hiletthe eorageai d fi r st
val ues of said first and second control signals are respectively

I nver si RRgeQfackBisthet RS RBF r¥iBhind $n 5 REABRIus closed loop mode of operation. The

invention operates to radially move a light beam from one information track to another

during a closed loop mode of operation by activating two control signals introduced into the
closed tracking servo loop to create a phantorh trac1.<- center that radially moves across the

optical disc. Because the tracking servo loop is in a closed loop mode of operation, the

tracking servo operates to keep the light beam centered on the point that the tracking servo
considers to be the center of an information track; in this case the phantom track center.
Therefore, the tracking servo causes the light beam to radially move across the disc in a

closed loop mode of operatioh by keeping the light beam centered on the moving phantom

track center.

Figure 10
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