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Optical 'Disc Apparatus with Lens Position Detection - L2
Afoeetd-

and Contr ol Background and Surmary of the Inve

The present invention relates to detection of |ens position in 5: an
optical disc apparatus, particularly to the generation of a |lens
position detection and.control signal regul.ated by t he total | i ght

di sc.

reflected fromthe optlcal

DVD i s an opt OpticikDiser A ATARISSWIE N 361y B0C : L3 I \/i' deo

Disc and Digital Versatile D|sc The_opti cal dISC errployed with the
DVD format is the sane size as thﬂﬂim conpact disc " used in
audi o CD and CD- ROM appl i cati ons. “ However, the capacity of .the DVD
optical disc is, at a minimum nore than seven times that of an

audio CD or G ] ansfer rate of the DVD
format i s appBEatkEdGIIIUICCI Drd s ot v OVOIREE audio CD format. This

nor ease i n capaci y f;p%ﬁtgn gglg.pﬁafgms to dete@igRE 10hE JARIGRTAT 1 O

provi de for a w de uf acks The DVD
f or mat an be r a pakhe tothe gerationmdf ackmsons, and
alg%gﬁféagad#gés cﬁgmmk wlaely et

|nteraC|vev over the byD f or g aIIovvs
each of thesepamﬂbncdeteaﬂgnaagdemmw siguabi negujated by t};et E{T? woul d

othermnse have under ,conventi opal ideo or audio CD formats or
In wEf'efr? ?&ﬁ?@s&\%‘?‘?@?ﬂo&?‘é’r ed by the DVD format is nuch
closer to the source video, at 720 pixels per 25 hori zontal |ine, than

the VHS standard of 320 pixels per horizontal | ine. The DVD fornmat
al so offers Dol by Eggkgggggdgﬂlgk23 and MPEG 2 audio formats on up
to el ght separate B%d{sr an kospncql disc format known alternately as Digital
10 Video Disc and Digital Versatile Disc. The optical disc employed
with the DVD format is the same size as the traditional compact cisc
used in audio CD and CD-ROM applications. However, the
capacity of the DVD optical disc is, at a minimum, more than seven
times that of an audio CD or CD-ROM. Additionally, the data’
15 transfer rate of the DVD format is approximately six times tha: of
- the audio CD format. This increase in capacity and transfer rate

allows the DVD format to provide for a wide variety of app! ca-

tions. _
The DVD format can be used for video, data storage, a :dio
20 applications, and interactive videos, games, etc. Moreover, the

DVD format allows each of these applications a greater flexit ity
than they would otherwise have under conventional video or a 4io
CD formats or CD-ROM. In video, the resolution offered by the
DVD format is much closer to the sonrce video, at 720 pixels per
25 horizontal line, than the VHS standard of 320 pixels per horizointal
live. The DVD format also offers Dolby Pro Logic or AC-3 und
MPEG-2 audio formats on up to eight separate soundtracks. Other
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83/86/1938 17:28 9723864445 . * GROOVER & ASSOCIATES . PAGE ®5
features offered by the DVD format are nultiple subtitle tracks and
mul t i ple video aspect ratios all on t he same di sc.

Additionally, DVD-ROM drives used in conputers and hone DVD pl ayers
are conpatible with current audio CD and CD-ROM 5 formats. DVD- ROM
drives require increased seeking and disc rotation speeds for-
finding and reading the data stored on the opti cal disc nore

qui ckly than featursgioffestd by the BVD/forphatyare mumplessubtxtle tracks andd above,
the data transfer {ate standard f,or VD p ayers i.s only 8ix times -
that of audi oTeBtp: aspecH IAENs € $AFEdIsG. 10 read data at

conpet 141 ve i hémﬁ}fffa*@-ﬁﬁﬁ@ﬁrﬁﬁ@eﬂwﬁm R 2p/e "t
‘access and tr pWDepl f@aﬂé coafptible with curremaudieiCD and CD-RDNROM drive

corrpetltlon Hone [a)g% ers do not currently have thes same

demandsSas t hégtmats. n@ QM&@;TIVQ& Jeguire mga%eé secking axe- dri ves.

Cypi cal opt i ?ﬁéﬂaﬁﬁbﬁsﬁéﬁﬁf ot ang reading the dafAHEE o AR 77 or

opt i cal di sc. diskofiort qUiEkig itigneid fekgifed for home DABIpidyeriesg02ARasses

through a beansplitter | ens 206,'and a
f ocusi-ng | ensstagsl atme,ftbem tramsfarrate Standard fOII Rla}’@l‘salsrﬁﬂ}’l cul ar

Surface of ' nabchides et B Ao S oM, ﬁ&-ROWdr?‘ft ugbBf 0% e
col I'i mapi ng | ey 436y af Tg%f tﬂ@hﬁ)‘ﬁ&ﬁ‘ ﬁ? ffal trhfiSfer rate of ﬁiﬂibace of
thro a

t he beamsplltter prism caI l ens 210 25

finally ill un{]D& eﬁ‘oebmbommeﬂaureanahe aonqmtalomarkue EWJD«ROM drwes det ect or
array 102 conyel must %et %ﬁertgcaeéc\égg aln' gtrans rdgzta at 1 st a% qetfit fdy as thelr
CD-ROM drive competition.- Home DVD players do not curremly
have the same demands as they are not put to as versatile uses as
15 DVD-ROM drives.

Background: Optical Disc Apparatus |
Figure 2 illustrates a typical optical disc apparatus 214 for
reading information from an optical disc. Laser light emitted from
a laser diode 202 passes through a beamsplitter prism 204, a
20 collimating lens 206, and a focusing lens 208 that focuses the luser
light onto a particular track of the optical disc 212. Laser liht
reflected from the surface of the disc passes through the focusing
lens 208 and the collimating lens206. The light then reflects off the
surface of the beamsplitter prism 204 through a cylindrical lens 210
25 and finally illuminates a photo-detector array 102. The photo-
detector array 102 converts the received light energies into electric
signals. The entire apparatus 214 is known as the "pickup”. The
focusing lens 208 is typically held in a lens holder attached by a
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signals. The entire apparatus 214 is known as the "pickup". The
focusing l'ens 208 is typically held in a Iens holder attached by a

spring mechanismto the pickup body. Lens position is controlled . - by
per manent magnets nounted to the pickup body. Wre coils ‘at t ached
to the lens holder carry electric currents that generate Jmagnetic

L2t doadg AT e O L e
?ggpgitei vteloy.efbgpé%xg‘gﬂ?l on (%Ht% c‘%gldtr%ﬁéﬁhcg@% ol lﬁcvﬁotxs t he

| ens hol der baitaghed i tocthe rleas dwlden aaryy téletttic cantemts magrg?dnerate

flowing into the focusing and trackin COI | s 10 Ba %;ound:

Tr acki ng magnetic forge iHematingawi Iﬁﬁﬁﬁtﬁtw moxing; tey iﬁl novabl e
along t d i ckup is
noved t hdd?ﬁ]&%ﬁi%ﬁ ﬁ?ﬁﬁ% ‘g‘g‘b{ M&Wéﬁﬁa‘%ﬁggﬁd an‘t@ gh speed
optical coildiaps @RAANG dffectSHRd esntidlafotus anBVEadiaMHovymenthe pi ckup
can 15 be noved so quickly during the gross p03|t|on|ng of the pi ckup,

t hat wespext Woﬂ‘hdposmnn orfdha@ocusangmaelst@mnd g withstheccur s.

Such | br an be reat e hat .t he I= continues

vi brating len %@W Bkﬁwgoéﬂg%a‘(‘f aths, & ?S’io% % t ar get

| ocation on ﬂowin(g {16 thetfoé xnglﬁﬁ fragkid g;goggm tion positioning of the
(o

pi ckup is 20 curring. The“typical ration frequency can be between.
20 and 60Hz. Such vibration results in poor pulling operation. for
t racki 3% : E1 I S the target |location is reached and data can
be readV the ng through the object | ens does not

I g'klag""aa df]‘?][ 2?;2 . {nan opﬁééﬂccﬁsc appatatis) Hpidkip fsombVabRalddg fHeack, of
radius of the optlcal disc. During access, the pickup is moved to
the location where desired data is stored. In a hlgh-spced optical
disc apparatus, such as that in 2 DVD-ROM drive, the pickup can
15 be moved so quickly during the gross positioning of the pickup, that
vibration of the lens holder relative to the pickup occurs. Such
vibration can become great énough that the lens continues vibrating
even after the pickup has reached the approximate target locatior on
the optical disc and fine position positioning of the pickup. is
20 occurring. The typical vibration frequency can be between 20 and

60Hz. Such vibration results in poor pulling operation for tracking.
That is, once the target location is reached and data can be read, the
light beam passing through the object lens does not follow a certiin
track, takes a long time to follow the track, or takes a different time
25 to follow each time the track is accessed. However, even when fine
position control is activated to keep the beam spot at the tacget
location, the beam spot moves away due to residual vibration caused
by the movement of the pickup. This movement results in more
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25 to follow each tine the track is accessed. However, even when fine
position control is activated to keep the beam spot at the target,
| ocation, the beam spot noves away due to residual vibration caused .
by the novenent of the pickup. This novenent results in nore ,
time having to be spent to nove the beam spot back to the target .
| ocation. Thus, there is need for a nethod of |ens position control

which elim natmemlmrb@sperﬂgtmm{mmmspm back to thedarget Error
5 re5 icts_a.l ase beams fle edfr an
optical disc é l%p ‘fﬁ J\E}F’é"cf%Pe al’&? nggg tf@

a four-point Hk§¥ S ed |nto qur

guadr ant s: tvf)]ﬁ%heélgﬁi ,sggﬁﬁhv%dhuﬁﬁg %iém%@%kl%ﬂéc?o%‘g and phot a- -

det ect or out put The | aser beam spot 502 depicted is at its peakas 10

it is not bei g scatEered by patterns. However, the beam spot 502
I s being bias ne side of the d|V|d|ng | ine parall el to t he

[rack dldection, of KiBRre'S usbictl 2 sl bERH RPot S0RNFCAEREE!frbfh i

medt um The b B O B e ”Jﬁ‘?nmsﬁf”??eem Bayls
tpebppt i Cﬁ.| aRi Pout-pems tf%ﬁkeéfl %aYec&hBﬁl%f x gﬁ?ﬁ!@ﬂ%tot g]%!lrt ype
This b as (or TAAER @05 ¢ Y o1 %?#@?{‘Y@Eﬁe‘?w?@%é@?@q‘? PRto- e

tdhe di vi si ons detedtbe osito- Tl‘hbdﬁﬁ&f b@&mastpdtfﬁ())ﬁd epicted m&teﬂs tpeak(is
ifferent degrees. -This varying degree of illum nation of the photo-

10 it is not being scattered by patterns. However, the beam spot 02

is being biased towards one side of the dividing line parallel to the

 track direction of the pickup. Track direction is the vector in the

image plane of the photo-detector array which corresponds to the

direction in which patterns are read off the surface of the DYD

15 medium. The bias is due to the lens axis being shifted away from

the optical axis in the radial direction of the disc. This is the tﬁpe

of bias that can occur due to vibration caused by pickup movement.

This bias (or lens shift) in the reflection of the beam spot
causes the divisions of the photo-detector array to be illuminatel to
20 different degrees. This varying degree of illumination of the photo-
detector is known as "center error’. Presence of center error
indicates that the beam spot is not in the proper position to read data
from the optical disc. ldeally, each of the divisions of the photo-
detector array are illuminated equally. Equal illumination of the
25 array divisions indicates that the focusing lens is in the proper
position. When the focusing lens is not properly positioned, data

‘may not be read correctly from the disc.
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detector is known as "center error". Presence of center error ;

I ndi cates that the beamspot is not in the proper position to read data
fromthe optical disc. Ideally, each of the divisions of the photo-
detector array are illum nated equally. Equal illum nation of the 25

array divisions indicates that the focusing lens is in the proper
position. Wen the focusrng | ens is not properly positioned, data

may not be reZzRGgLO FYOR Ny e di sc. Background: Prior
Art t hod of

I ens posi ti émtﬁtsgaf O%hgﬁélé ﬁgcgo@egéﬁélb gfng?‘[%et ween -
sui table pos:titm de‘te@ﬁoﬁfbai HE ties différente sighiad betwdén suitableer ence
signal is directed throug |OMF pass filter to renove the

hi gh- frequencpaxrs of photordﬁ;ecrtonmutpnt ssrgjwds c dlde dlifferencey signralhisl d

t dt d t t | e
cont ol Sor cafitiogted through °aXaﬁe i, BUBRLR 5Pmover B Bigh TS quri ng
i ck t d
01 S Patent 0ise from, the, signal, CARAIDF B BpROGI eiicufnafl! i, [o0d 11

U S Patent 1 ortcom ngs. rst,
reflectivity prowded Mamgmrvoammheml adheoservioe comtroller dagctheuch

?gagggﬁ in COHH&%Eﬁfleahgﬁ%; can gﬁeaue t,0 frn1 éﬁ%@yéﬂﬁg fzcor ot her
flectivit 8yt I
refiectivity can +ﬁn§3%b%§ﬂ6ﬁa g@21ibA fsdd i’i"@ﬁ at hl?tens

photo det ect or array anges, 1In urn can res

posi ti d@ det edT744H,068gsaffetsfedm several shbmgnﬂngihe Fiests meflectivity
det ecti on neth d descri bed in U S. %Pt 4,744 Og%gdoes not
optlc 18

provide for t&’ aag%s/&m & fplase ot then nges i on
T the lens picliectifie LAl el th BigerhFi Sinpages or &hgf i ng
i ndi cation t hpiattéreoh ¢he suafacehof tieddisEhi Chaingke dnlidisc reﬂectlvxty nan
cause changes in the output levels of the photo-detector array. The
15 changes, in turn, can result in lens position detection signal Tevel
changes. The lens position detection method described in U.S.
Patent 4,744,068 does not provide for the prevention of modulation

of the lens position detection signal due to changes in disc refiec-

tivity. Modulation in the lens position detection signal may re-alt

20 in a misleading indication that the lens has shifted. This misleading

indication leads to uncertainty in the relationship of the lens posi‘ion
detection signal and the actual position of the lens.

Second, the lens position detection signal is sensitive to the

precise timing of sampling. In high-speed optical disc accessing, the

25 - track-crossing rate can be in excess of 1 MHz. An RF sigpal is

created by modulation of signats from the photo-detector array ri,ue

to crossing of patterns on the optical disc. The peak detection

circuit described in U.S. Patent 4,744,068 is designed to remove the

RF signal noise caused by the sample-hold circuit. Filtering of the

App 'n of Texas Istruments Incor;pémrs:;i: IL-27436 . ..o o oo i Page 5

Beceived Time 7 Har. 508 : Prigi Time 7 Har 6:33



P3/06/1998 17:28 39723884445 & GROOVER & ASSOCIATES - PAGE B9
i ndi cation | eads to uncertainty in the relationship of the | ens position
detection signal and the actual position of the lens. Second,
the I ens position detection signal is sensitive to the pr.eci se
timng of sanpling. In high-speed optical disc accessing, the 25y
track-crossing rate can be in excess of 1 MHz. ‘An RF signal is

created by nodul ation of signals fro th hot o- te.ctor arr y
to crossing oR &tgfeﬁlr\@albﬁeaﬂielﬁrﬁ ﬁ@g &%s“goseﬂ%

S 0 8 A L P, f’aa@??ﬁlzéfw

RF si gnal Ca”léti%sg dition deteeticy signat ﬁlrh@stloﬁeﬁmmd This !
del ay can then pe g:[htuate Itself nto a delay in the sanpling of the

| ens position detedhind, theylens psasmomdetem@m signal rdeseribed in U.,

Third, the I tect bed: Pat ent
2,740, 088 i s BateTRbIAi00K 55 o ipieel S e Wim shay 18 onffrack That is,
the I'ens posi g i@ettﬁﬁt dfish ¢ eﬁbﬁ $ is)rbrﬂﬁl flﬁlctlomng toCOfreCt

the lens position when tlh Igés I's vveen tlgﬁ% rack").
Probl ems wi t hcohfeet Ithedens pqsntabmwhan thstiemshmbetwem tracks (onufaff t rack

Goceler ati o Rckny pEwwbioran 11 SR ABSk pt: BodteRipbiteet doemssliesyc
pi ckup sl ows, r*%ﬁle Eﬁt&gggmg lgg dwatsibWetrack Ps%lﬁﬁ%dﬁéﬂ'ﬁe'tﬁ%@ases

resulting in i asing ween ‘the actua S position and-the
last | 4Q@s pOSdtacell&rﬂémofitlw urmg approach to atﬁn‘geﬁlttqu | Arssthel br ation

dovi ces. the BUTREHSIONS Kﬁeﬁﬁmﬁ@?urﬁe i therpicktp 1s On A meRBRieRac
o oper 1 ack, P?*n*%ﬂeé §ifls o e REY Hetween e pbmg) lens postGRRAREE, 1°
cause the | enfagtdens bb@ittmf detestion slgmal Since the lens
Finally, lens vibration is caused by the motion of the p1ckup
15 In high-speed optical devices, the motion of the pickup is quite fast
during track seeks. Even though the pickup decelerates as it
approaches the proper track, the ceasing of motion once the track is
located can cause the lens to vibrate for some time. Since the lens
position detection signal described in U.S. Patent 4,744,068 is -0t
20 updated when the beam spot is on track, it is unusable once the
pickup reaches its target track. However, it is necessary for lens
vibration control to continue after the beam is on track in orderlgto
eliminate the vibration caused by track seek operation. |
~ Other features of optical disc apparatus are contained in the
25 following U.S. Patents: 4,811,320; 4,845,699; 5,241,522; and
5,446,713; all of which are hereby incorporated by reference.

-J

Optical Disc Apparatus with Lens Position Detection and Control
The present application discloses a lens position detection
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Received Time 7 Mar, 6:08 Prini Time 7. Mar. 6:32



O U0 L3I0 LEsZU J£23804445 & GROOVER & ASSOCIATES PAGE 18

position detection signal described in U S. Patent 4,744,068 is not 20
updat ed when the beam spot is on track, it is unusable once the

pi ckup reaches its target track. However, it is necessary for |ens
vibration control to continue after the beamis on track in order to
elimnate the vibration caused by track seek operation. O her

features of optical, di sc appaJs.atys nt a| | Qed afl |l ow ng
U S Patents: Tehoq ssiie ;2 psignabowhich 33 s3bftoysly %d%?e‘%% 713, all
of which are hgrelared WP RO toER dight réfl@itedfrom the opticaldiscal THesc
Apparatus wt ens Det'ection and Contr ol The present

appl i cation didisdlosed lens positipnsdetection signali avercomes the problemsraf hod
using a signa | at ed by

| which i,s contipuously updated .and,is. .hE
the total Iighhefae SHIFS m@sépt&gSI igelosed pgthod Pm“dﬁggﬂsosed | ens

osi tiorg det ecl) i ALY %’9‘% ahh | oG+ 8Hi : hods
(F:)urrent Irsy I n E’?é&[bfﬁéﬁ | slc o;ﬁe netﬁ}ﬁ’%’dﬁ’ﬁg\??o@s@f‘g{#é’g gf ttlle fgggf?fg;n
det ecti on i nf demea08n (Cross ipositjoming iofthe pickug isea separakeissue which | ens

208. (G itioni f the pick | te.l i ch

st be adar ndsust b addrrased it BT IInBaRI R AR h DAt was as

t k ti I <= [

bost i ontng | Ak sDAGHHE  bP ook G5 abfes R4fl bE B (H°pROVIER gross
di scl osed | enpogpicihgipfenmon for tié eonnl ofthe ickep. t he

phot o-detector array output signals to determ ne the center error of
the bed® spot on t Adesdiscinseddens detertorvignal wsesdbe dop gnvglopesof the

o the track Soketenes SRHY oftbhh Mo ® rniBelBb Paick ERTIVES 1o
intensity of ihe beinhespotdonethe epticalr dixv. v €The rplestoRigtector Oarraleis
divided (preferably into equal parts) along a line which correspopds
to the track direction of the pickﬁp. The top envelope values of the
15 intensity of the reflected beam spot received in each part of the
photo-detector array are sampled. The center error (or "lens shift
detection”) of the beam spot is determiined by subtracting the value
given by the bottom division from the value given by the top
division and dividing the result by the sum of the values of all the
20 divisions. The resulting value is used by the optical drive apparatus
to control the vibration of the lens.
One of the advantages of calculating center error using
envélope detection is that the center error value can be updated

continuously without regard to whether the beam spot is on track.
25 This constant availability allows for the control of lens vibration
once the pickup is on track.
Another advantage of calculating center error in this magner
is that lens vibration can be constantly controlled. Control of the
lens can take place even during track seek.
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photo-detector array are sanpled. The center error (or "lens shift
detection”) of the beamspot is determned by subtracting the val ue
given by the bottomdivision fromthe val ue given by the top
di vision and dividing the result by the sumof the values of all the 20
divisions. The resulting value is used by the optical drive apparatus

to control the vibration of the |ens. One of the advant ages
of cal cul ating cenAmtlmrrmdvamaggofcalcmamwentmeemrentthmmnamehat the .
center error yalue can be updated nti nuously wi thout. regard to
whet her the biSathdpdt 15 snet as, suscepsible to 1 gﬁ%n@t JecHNItYrty al | ows
for the contr n %?éﬂ ack

Anot her advan ggfeng@ ﬁfdéil}ﬁ 51?5%81‘%@&1&!18 rror %%iaf &HSE&

that |ens vibbptfinge mtlsmwdgest,anctlgspmvenwd ed Control of the,'
| ens call take pla - Anot her

advant age of calc apﬁ\hlfg‘ %‘gu” %P&&aﬁ‘«‘ﬁam§mrrgmrmthls 1'ﬂagn‘{sﬁat it is

t I T
modul st on of 5 sty SRUKECHRC Exlfert megicts, 3fkte it o, defay due™F S
fingerprint Sthﬂéﬁﬂ ofRE mg%aphéi&f‘GWto the samphng of ﬁxé@itﬂerAﬁ"éH@nt age of

.calculating center error in this manner unli ke the current

met hods, t herlens positiendetection sa&naluescmnvetortberﬂmmgm the saaplal noi se

oue 59 10, SR il B 0L 05 Famoyen pp SSRRBNS gl ARLECLL 0,

“such aj@el ay gezfotigresan obstacle to faster track 10 seek timnes.
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Brief Description of the Draw ngs The di scl osed inventions
wi |l be described with reference to t he acconpanyi ng draw ngs,
whi ch show i nportant sanple em bodi mrents of the invention and
whi ch are incorporated in the 5 speci fication hereof by reference,
wher ei n: Figure 1 deplcts the preferred enbodlnent of the
| ens position g |a-a ehased herein.

: 'g\ INHO Dn'A 11§

Figure 2 ill usetaido, paratus for readi ng

i nformation from anpg ?tdl&ﬂbséh ﬁveﬂfbns ‘gﬂl deszf«iﬂ%ﬂ;iaﬁﬂ?fe@ it put

phot o- det ect or circui

signal s 01;I a_ pthet aeckﬁnl paty %mg drawmgs;:c whnl h shmmnmpomm samp&se e~ y

Figure 5 depicts_ a | aser am spot, re roman optic ; i sc
on?o a phot 8- deadisrents -of the mfpentxon and eiﬁpéu?& 1960 Qfég‘?‘ttmn&l%ods of
envel opecdet ec cts the curve obtained by
sweepi ng-t he r%gﬁ%i?‘icatlon hereogc‘?%JFg%Igﬂégu%’hgf&‘? t hrough a positive and a

negative range. Figure 1 ¢ e]tncfdﬂlér preferded esibodiment bf thwlens posidesi nent  of
the | ens p03| lon detection signal disclosed. 20 - Figure
9 depicts an adetectionisignaldisclosed hesein. he | ens posi tion detection

Commercial DVD msws|%9@stmﬁ$%%*ﬁﬁﬁiﬁ9ﬂﬁ$i}@§%&aﬁ%%€§fﬂ£&ﬂﬁ%°f )

285' tion det ecifgfination fromea'dptical disc.
10 "~ Figures 3A-B depict photo-detector circuits.
Figures 4A-B depict RF output signals of a photo—detector
circuit during track crossing.
Figure 5 depxcts a laser beam spot reflected from an optzt al
disc onto a photo-detector array.
15 Figures 6A-C depict methods of envelope detection.
Figure 7 depicts the curve obtained by sweeping the radial
actuator input bias through a positive and a negativé range.
~ Figure 8 depicts an alternative embodiment of the lens
position detection signal disclosed. |
20 Figure 9 depicts an alternative embodiment of the iens
position detection signal disclosed. .
Figure 10 depicts a system diagram of a commercial DVD
player which can utilize the innovative lens position detection
conirol. |
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Det ail ed Description of the Pr ef erred Enbodi nents The

nunmer ous innovative teachings of the present application . w il be
described with particular reference to the presently preferred ;

enbodi ment. However, it should be understood that this class of 5

enbodi ments provi des onl y a few exarrpl es of the many advant a- geous
uses of the inpovayive .,; ment s
made in the s

necessarily delim of t hear| etlns -

over, sone statene WL quag@ %’@8’?’ @JFﬁﬁ@saﬂlﬁic%@tn 10 to
ot hers. éﬁg& Aot | ope is
t he peak of tﬁ%ﬂ g?a%gl}f recel P? ferencetottpleprﬁoto dgfgfct array

whenever the lembodipwents c Howvevararit shbuhinbe understoodpthatahmdclmstdaﬁt does

not cont |napattern usually in the form of pits).- Ilkethe
bot t om énvel ofEabediznensp pravidespeniyoa eﬁb@"éﬂ@i@%d the many ‘ﬁ’él T ack

i cat or of | SR0UP s PEdbe TpftvivE fenrtlings RSN p_ general, pEE

array which I%neﬁt@fﬁﬁabeﬁl the %ﬁeclﬁféahbﬁrwm@lfp%mmoi ppliationndostiopi t S

on the disc. Therefore, the top envelope is a avail abl e andcan 20

be used for |e\e§e§3&xﬂmdeimgtmuafrtbm Yaisous c&gm&d tnveniionsosiMpger of

the lens in relation to.the tracks of Fi gure
3A depicts a toyﬁfc mﬁh% @%R\M aEPﬁ' °m§ 18“%1%feamres butr‘é?q ect ed
fromthg opti gglothHesc i s received by a photodi ode 304 and

converted to e ectric current. The anode of the photodi ode 304 25 s
connected to ground and the cathode of the photodi ode 304 is .
connect ed to.bﬂe 3§erqtioiiu EB|Ifler '308. The resulting

phot o- det ect o ection voltage relative to a fixed voltage
Vref. The top envelope is the peak of the RF signal received from

the photo-detector array whenever the beam spot scans a part of the

optical disc that does not contain a pattern (usually in the form of

15 pits). Unlike the bottom envelope, the top envelope does not change

during track crossing or while the beam is on track. It is a con-

tinuous indicator of the reflected light received at the photo-detector

array which is unaffected by the scattering effect of patierns or glts

on the disc. Therefore, the top envelope is always available and éan

20 be used for lens position detection without regard to the positio:t of
the lens in relation to the tracks of an optical disc.

Figure 3A depicts a typical photo-detector circuit. Light 302

reflected from the optical disc is received by a photodiode 304 4nd

is converted to electric current. The anode of the photodiode 304

25 is connected to the positive power supply Vce and the cathode of the

photodiode 304 is connected to the operational amplifier 308. The

- resulting photo-detector output 112 is a voltage relative to a ﬁ,-éced

voltage Vref.

App’n of Texas Instruments Incorporated: TI-27436 . .. . . . ..., ..... Page 10
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Figure 4A depicts a typical RF output signal during track - crossing
of the photo-detector signal 112 described in Figure 3A ~ Figure 4A
illustrates that . the top envel ope of the photo-detector " out put
signal 112 is a continuous indicator of the reflected light 5 recei ved
at the photodiode unaffected by the scattering effect. of ' patterns

or pits. That is, the top envelope renmains_constant. f %ﬁ? si gna
reaches the top emﬁgupe 4 cdepicts aHypicalRE, outpE signal during sragk ti on of

batter ned por CrOWIBE of S pBla e Sialpl g 88%ibed in Figif REICC O,
dependi ng on tﬂig%ééﬂﬂﬂ'ilmfstﬁafés Bldtt gien top lEavBfope of the phemlietetasthes t he

bott om envel ope never. the beam spot scans a pattern. whose length

exceeds the bemtputpsigrﬂnlam ds . a‘dontlnubus indicator @iathespﬁecptcddaghv ack, the
RF sign SW n S | s on ¢ ai rrog, that
i s, fgc?f'sed or\'g‘&ﬁ‘vg e&t ﬁﬁ\l@é’ﬁo& k‘én&ﬂ:ected ﬁ‘ﬁgﬁ]@ ? ABESbk ern, the
w5 gnal sw hadeinS R eﬁxtast ‘That is, the HR¥4%klo (P@"%ﬁsﬁmtﬁ@aﬁmﬂ A is on

t oe

track or on ror | ope S not ange during track .

crossi ng wher GRB slgmlbmaches the emlapa)pdzemuer ¢he dream ppot SCarK
Crossi ng. Slg al bed above
Figure 5 depi & HOQWI&é'&[&ﬁe&%P hpra‘;g;ere 1S 10 paieray P@ﬁ g?db

tracking dire t 0, r error
et oot | on of - CRE SR Qiﬁﬁ’ﬁéﬂéﬁ’@%ﬁén@@c’ the RF Sl e °1 o'
acconplished Wargimpaldeptiat depe n@inggohh@-etmm\aﬂ ﬂmgattem ThetRR signal s
of the phot o-det ect or arra Cent er error (Qr " % can .-

signal reaches the bottom envelope whcnever the eam Spot scrns

a pattern whose length exceeds the beam spot diameter. When e

beam spot is on track, the RF signal swing is maximal. When *he

beam spot' is on mirror, that is, focused on an area between tracks

15 where there is no pattern, the RF signal swing is smallest.
However, whether the beam spot is on track or on mirror, the top
envelope does not change during track crossing whereas the bottum
envelope does so once per track crossing. |

Ceunter Exror Signal
20 ~ As described above, Figure 5 depicts a laser beam. spot £{)2

which is biased in the tracking direction of the focusing lens 208 to
create center error. Detection of the amount of lens shift or cerer
error can be accomplished by a calculation using the top envelcpe
-~ output signals of the photo-detector array. Ceanter error (or "CE")
25 can '

App 'n of Texas Instruments Incorporared: TF27436 . . ... .......... Page 11
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be described using the follow ng equation; [err] : Wher e
top(x) is the photo-detector output si gnal of division x of the 1

phot o-detector array when the signal is at its peak. ' Y Si nce
t he photo-detector signal is continuously supplied, the 5 jtop

envel ope nust be detected in order to provide the value top(x)

for the evaluation of CE. One way to i nplenent top envel ope Y
detection is deodescribed using the followinglequatién; a di ode with a |ow
pass filter is used to create a top envel ope detection signal. T 'e
phot o-det ect or out put signal 112 for a given elenent of a photo- 10
detector array is supplied to a di ode 602. The output of the di ode

602 is connected to a Iowgass[faﬂ(& top()dﬁ b -qbpec)gem stor 604 and

a capacitor 606. —ITE 55 JITspot is on:pattern,

t he phot o- det ect or oJPBR) *I0P '>" or near the bottom
envel ope and the vol tage 15 of the signal 112 is relatively low As
the | aser beam spot noves ' off pattern and onto mirror,, the

vol tage increases until the entire a : | aser beam spot is'ion nmirror.

The phot o- det glidre @p{#is ﬁlb%lﬁitoild!e%ector output sighal epdpesicicx eftiee di ode

602. As the voltage Tromthe s i ncreases, the capacitor

606 charges. heto-detecior arkpy wgmmﬂmélgnalzxs at its pﬁako detector signal 112
pat Lo -t he-di ode S P RROYT Rtecty Signal it optimuolsly Sppifd ot ¢ of
Capaci for 6060 e e s b B K oA R P Syide the value fop (M | 12
whi ch may hav«fondhareuiuamnmf o e way &6 rmplemtmtomp envelope
detection is shown in Figure 6A. In Figure 6A, a diode with a low-
pass filter is used to create a top envelope detection signal. The
photo-detector output signal 112 for a given element of a pheto-
10 detector array is supplied to a diode 602. The output of the diode
602 is connected to a low-pass filter consisting of a resistor 604 and
a capacitor 606.
When the laser beam spot is on pattern, the photo-detector
output signal 112 is at or near the bottom envelope and the voltige
15 of the signal 112 is relatively low. As the laser beam spot moves
off pattern and onto mirror, the voltage increases until the eniire
laser beam spot is on mixror. The photo-detector output signal {12
is coppected to the diode 602. As the voltage from the signal ; 12
increases, the capacitor 606 charges. When the voltage from the
20 photo-detector signal 112 drops, as when the laser beam spot moves
off mirror onto pattern, the diode 602 turns off. Charge is t]en
leaked off of the capacitor 606. The charge is slowly leaked away
from the capacitor 606 so the top envelope signal 608 follows any
“drop which may have occurred in the top envelope of the phesto-

App'n of Texas Instruments Incorporated: TI-27436 . . ... ... ....... Page 12
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detector output signal 112, but not the photo-detector output signal
112 itself. The top envel ope detection signal 608 for a given

di vision of the photo-detector array, x i.s top(x). Anot her
way to inplenment top envel ope detection is shown in 5 Figure 6B. In
Figure 6B, a transistor 610 is used in place of the di ode 602 of
Figure 6A in conjunction with a lowpass filter to create a top

envel ope det eclatestoriontput signal J12; dut s dhe phetesietector output siggabl 112
for a given el n aphot o- det.ect or arr i s. suppkhed .. to the
base of a trar&%tliﬁﬂﬁg_lo th’H te_gwgﬁﬂq éﬁ"‘t‘i St t_bb_grgqn&. B The
col | ector of t&i@is’iéﬂ'bf!tﬁé?h(ﬁéfadtéctﬁ?@i‘?ﬁ,eﬁ i$ Pop(xpOSi tive power

supply. The low pass filter consisting of° 'a resi'stor 604 connected

to a capacitor 606 Anothenveay tolimplerhenttoptanvelape detectionrisishowm B10.

Use of transi,sstor J a of hot odi pde ¢ ces the curren

drawn frbmt hi‘ﬂ%‘?cﬁ’geﬁ tgi:ggu@ gggiac t@é@?%ﬁf&&stwdem,g @Seoﬁﬁie

si gnal . . ol t heg at [ L) talion
degcri bed dlodea%%%/éfn?@@og‘&e%e _o!@%%g% llegr-gﬁglgf e d@iwn by one
V[err]. To create saopesiveldpe detedtion signal.t dThe phuvtoaletéstot enitaf one

V[err] must be, added ack to'the tqQp envel ope signal at so poi nt.
Thi s can be 2@ignal Jala?e&migamewnmta@ﬁai toistecsor array psuppligchl when

vai e of (v efPithe bas8of Guiatssst /10w ulfEd GRIER B grofiy op°
envel o si gnahé coHector of the transisos 614Cis conmsdesd gol@anpositive Pgaateons of
CE. Cal i bration_25 : I n addi ;ﬂan to cal cul ating

t he baée CE, tSHPPhal ibhedowrpass| ﬁB@I consisting efca resisker 604 connested Fi st |
the DC offset (8fy LRGSR 666 % tBhndldlTo the emitter of the transistor 61,

Use of a transistor in place of a photodiode reduces the current
drawn from the photo-detector circuit’s output by the envelcope
15 signal.

In either top envelope detection implementation descritved
above, the top envelope signal 608 is shifted down by one V.. To
correct this shift in voltage, the equivalent of one V. must be added
back to the top envelope signal at some point. This can _'5e

20 - accomplished by measuring the top envelope signal when laser dicide

-

202 is turned off. Such a meésurcment will produce a value of (¥
Vie) Which can then be subtracted the top envelope signal to ensure
accuracy in subsequent calculations of CE. ‘

_ Calibration

25 - In addition to calculating the base CE, two calibration valizes
nee_d-to be calculated. First, the DC offset of the center error signal
must be calibrated. Even ‘;qithout any input bias in the lens rad’ial_
actuator input, the reflected beam spot may not be divided equally

App 'n of Texas Instraments incorporaied: TL27436 .. ... .. N Page I3
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must be calibrated. Even without any input bias in the |ens radi aI
actuator input, the reflected beam spot nay not be divided equal 1 ty
I bet ween both sides of the photo-detector array parallelt to the

track direction of the optical disc. Such offsets may be rcaused by
error i n mechani cal alignnent during manufacturing. A cal i bration
val ue, CE[err], for errors_due to such msali nt, can

cal cul ated. imtween both sidexpfithe photo-detactor éﬂ'%ﬂgﬁ o ithe 41 sc is

focused on "’o‘tdt tion of the gh¥icH " NBRcktsctE dfaf 18 oAl lﬁﬁ B cvant - A

this point, Qﬁechamcal al?éthﬁéh?dthﬁﬁg 'xﬁaﬁiﬂﬁ@tdﬁxigh Acdlibradionl valagpat or
u

i nput . The res val ue, CE[err], 1s the DC of fset, to be
subt ract ed f rGEy,Cfor exrars due to sudnmmhgxmxentambatqmate -

e tofb envel bpe. cbo % calealiBBe,WhEh 3 baBtal oRE & Tbblbq Fhafidn ¢ i gain
fnd. & negat i oo Rt Bas g, dd ge gl s Bpopécyy meust onestl | e

7 is obtai neCﬂns@E['fhé]nﬁﬁaﬁdtﬁofltﬁmﬂung iefirslerautheAtrthis points &€t 0.

The offset-calibrated CE[err] = CE[ er |s di vi ¢ded by [err tg produce
t he - calcwationdisamadaowith zeour CE%

| mpl enent ati g f e ment of
the | ens posi ‘Foxa% CE,, ﬁepgé ?jtg @ ﬁ% B%l %&%&r@% ?Eﬁoﬂl

phot o- iyt ect %ub%égﬁdntl@élcuhuons di vr ded in half, parallel to'the track
direction of the tical disc apparat.us. The out si gnal s of

phot o- det ect or s a MNext,ithe utput levels abthe CEcsignal m‘-'éﬁgé %@W&ni‘bnnect ed

to. top envel ppe eSS LVSlope can be properly detected. To measure the CE

gain (CEp), the radial actuator input bias is swept through a positive
and a pegative range, such that a curve like that depicted in Figtir'e
15 7 is obtained. CEj, is the slope of CE when the input bias is at 0.
The offset-calibrated CE.=CE-CE, is divided by CEj to produce the
calibrated and normalized CEy=CE/CE). ;

Implementation
Figure 1 depicts the preferred embodiment of the lens position

20 detection signal disclosed herein. The phbfo-detector array 107 is
divided in half, parallel to the track direction of the optical disc
apparatus.  The output mgnals of photo-detectors a apd b {as
described in Figure 3A) are connected to.top envelope detectors
104, described in Figure 6A. The resulting output signals top({a)

25 and fop(b) are quantized by an analog-to-digital converter 106 bath
with the laser diode 202 turned off and turned on for input into a
digital-signal-processor (DSP) 108. The correction of the level shift
‘of the top envelope signal is performed by the DSP. Then the

App'n of Texas Instruments Incorporated: TI27436 . . . . . . ... ... ... Paga': 4.
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104, described in Figure 6A. The resulting output signals top(a) 25 .
and top(L) are quantized by an anal og-to-digital converter 106 both
with the laser diode 202 turned off and turned on for input into a
di gi tal -signal -processor (DSP) 108. The correction of the |evel shift
of the top envelope signal is perforned by the DSP. Then the -'
cal cul ati on of CE; rr - I's perforned inside the DSP 108.
i of CE: ;

Aut omat i ¢ gai ralcyla perfornmed by the DSP when the
cal culation of CE is perforned, conpensating for changes in

reflectivity that may result fro[&fln@(a)—to (b) “prints or other foreign
matter on the surface of the op ;ﬂm DSP 108 is al so

used for the calibration cal cul atlonsoap ?)tg CE[err]. In the
preferred enbodi nent, the DSP utilizes an internal - algorithmto

o &?ﬁ@%ﬁﬁép I 15, PSP IGHT AMBART gain, copgro} JEE 1

posi tion det epgffornfidib g thé! DSPosdibn thie chlcalaido dfn€ER! is ?eﬂ'@ﬂn&f

oper at i onal arrpl ifiers 02 and 804 are used to cal cul ate

top(b) and t opempensaiing forchangasiprpflectivity that may result §E9: m)f?ngel-

embod it - as PGS G8 PR ftelehftBy BELE F1RE It gl B, ' Tpbo s *°

of the shift. DBP I0®(s)aticRised fozcdr talibriaivn: éﬁltquéf@t@rI&ld&‘ue
to-digital converter 106 both with the |aser diode 202 turned off and
turned on in 6fer kothe cprefmcd]@nﬂmﬂmqm, the [PSBpetilizes avsinter::al
algorithm to compute an appropriate control output signal 110 from
CE,.
10 Figure 8 depicts' an alternative embodiment of the lens
- position detection signal disclosed. In this embodiment, a pair of
operational amplifiers 802 and 804 are used to calculate fop(a)-
top(b) and top(a)+top(b) respectively. Only the top(a)+top(h)
value needs to be corrected for top envelope shift by the DSP in this
15 embodiment as the calculation of fop{a)-top(b) cancels out the effuict
of the shift. The top(a)+top(b) needs to quantized by the anal-ig-
to-digital converter 106 both with the laser diode 202 turned off aad
turned on in order to provide the DSP with the proper values to
correct the shift. The final ;‘alc::-.llation'of ‘CEy and the computat ‘on
20 ofan appropriate control output signal 110 is still performed inside
the DSP 108.
¥igure 9 depicts another alternative embodiment of the lens
position detection signal disclosed. In this embodiment, the pheto-
detector array 102 is divided into quadrants as in Figure 5. Jhe
25 output signals of photo-detectors a, b, ¢, and d are connected to iop
envelope detectors 104, described in Figure 6A." The resulting

i .
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correct the shift. The final calculation of CE[err] and the conputation

20 of an appropriate control output signal 110 is still perf.orned

i nsi de t he DSP 108. i Fi gure 9 depi ctsianot her
alternative enbodi nent of the |lens o posi tion detection jsignal

di scl osed. In this enbodi nent, the photo- ~detector arrtay 102 is
divided into quadrants as in Figure 5. The 25 out put si gnafl s of

phot o- det ect oputput signals fep(d) dndrfepidrarecidkiddtat anasperational ampligiére! ope
detectors 104 02es ribed jn E( ur(z 6A., The resultin Lot
g(u)tzputojtsig?alg op ) %gl)gﬂ"@ gap )é)ndgmc)aﬁr%ﬂddpgr&ttamnp? I_a'lfier

: ut s : an joperational,
anplifi eP 904#%@&?9& MWQ&@B@%&% %aing Qﬁgeg,aﬁaqd
together at ofetkieroatoperapionhl ﬂnpﬁ%ﬁrtﬂﬁﬂfmr?ﬁd)ﬂléﬁéﬁaﬁﬁﬁéﬁf dtfaehe 5

CE cal cylation; _taqop(a).+ top(b) +7top(c) + top . A'top envelope shift
correctPon va%?dﬁﬁh@@mmpé@ﬂtop(%mp&pﬁm(dﬁl iAo topegvelbpefshifierr ],

i s cal cul ated he..signal is multiplied by four,,once fof eac op(x)
si gnal used i fPH vﬂﬂ’éﬁ’@i‘r‘?’aﬁ md i, &0 %si'w?lo@p@me@m lsw-mi&?f{’.em '
top(a)+t op(b)ikt p 4@ Wl .
automatic gai 1§ %%o ug‘lq%e %gﬁgﬁgdéﬁ?%d ﬁgﬁon%%’l géc?g#gr F_%@gfoé}‘%)t he
top envel ope Signahuised imthe denphminatodet Fhe sigral riethes sabaastid fivm
for changes inr f+ect' itty L hat result Tromfingerprints or-other
foreign matt h9P W@S?’T QB‘E,C)deOg% @bt pRenatignak Beerdi0.ondkn
anplifygr 90 ' . i f1 4 u -ted 15
fromt g out &%‘B%g?ﬂﬁf%ﬁpgﬁl Tl ru%gyoaﬁﬁﬂg% &%@f&%@l ded
by the nor nal iopeenvelopetsighalspfroat ithe phosonletédter a2idy, Ebﬁlg@ﬁsatin
signal 912 r:%tlj_lﬁé{ag%ﬁcan tﬂen,b,e E&I brated with CE[err] and CE e%r].
In an altern $dn FeHecwity tlﬂé&!d‘ﬁﬁ%‘é(ﬁ(?m. ﬁwlm orotber  CE can
be cal cul at egagigHl ¥ndtedbh WBENurbid bPRHR) optildl 4ikE! ' A3 Spérational
amplifier 906, the output of operational amplifier 904 is subtracted
15 from the output of operational amplifier 902 and the result is divided
by the normalized output of operational amplifier 910. The GE
signal 912 resulting can then be calibrated with CE, and CE,,.
In an alternative embodiment to that described in Figure 9,
CE can be calculated solely from fop(a) and top(b), eliminating the
20 need for operational amplifiers 902 .and 904. ’

Bottom Envelope Detection

In an"alterpative embodiment, the center error of the beim
spot on the optical disc can be determined using bottom enveloge
error detection. 1
25 Figure 3B depicts an alternative photo-detector circuit. Light
302 reflected from the optical disc is received by a photodiode 394
and is converted into electric current. However, the anode of the
photodiode 304 is connected to the operational amplifier 308 and the
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20 need for operational anplifiers 902 and 904. Bott om

Envel ope Detection _ In an alternative enbodi nent, the center
error of the beam spot on the optical disc can be determ ned using
bott om envel ope error detection. 25 Fi gure 3B, depicts
an alternative photo-detector circuit. Light X 302 reflected fromthe
optical disc is received by a photodi ode 304 and is converted into

el ectric curr gathod¥ieconnested tntite poitiveepower supphyiot Phe agsulting i s
connected to the operati o_nal “anpl,ifi erHjO,B and t he cat hode

i s connected tphotersletentor iquippbwignalupfLyis ahvoltags, relatiye to a fixed

phot o- det ect or, Uk ignal 112 is a voltage relative to a fixed.
vol t age Vref. vo‘fﬁ%@ Vrejd Figure 4B depicts the RF output signal during

track crossing: 5 Figupé mdeghﬂs thel RFeoligput signed| dulrigg desok cfosdisign Figure

3B. Figure 4B Il lustrates that the bottomenvel gpe of the
phot o- dék ect orofdhephoto-detector signakil 12sdessribeddarFigure 3B+ Kigute 88 of the

reflected |ight. . received at the ot dj,od afdf e “1he
scattering ef fl@l,l?tf% spﬁl_attet!hﬁsbﬂtmn envel togfjh’%nﬁ‘%@"dﬁ%&ﬁgt%hgnvel ope
remal ns const %S nalTﬂQZmRE fibgir‘]lﬁhuéﬁs indig?ﬁ)tifgﬁﬂlé P@ﬂé&b&qgllﬁﬂi«@sﬂe_ dRal whenever

t he beam spot ans :a por di sc where there is no
pattern. Wet lagthe iphatediodepanafifected by the scattering effecsrofrpattains #the bot t om

envel ope does .not apge, ,durin track crossin er .Lhe, top
envel ope does Pt§- oﬁJg‘é{] %@ﬁlﬁ%ﬁ%@m envelope EP%@QD‘%@E ‘e ﬁi‘sslgﬁﬁl tom
envel opgy det e 'éﬁbﬂ}ﬁ@t | | df e CE
based gﬁ)bottgﬁ?enve og’ﬁé‘o@?‘w&gﬁﬁ?‘é&{%{b@ spotscanscﬂbé‘.éﬁﬂi
- of the disc where there is no pattern. Whether the beam spot is in
track or on mirror, the bottom envelope does pot change during

- track ‘crossing whereas the top envelope .does so once per trazk

crossing.

15 Bottom envelope detection must be implemented in order 10
y calculate CE based on bottom envelope error. One way to imple-
ment bottom envelope detection is depicted in Figore 6C. In Figure
6C, a transistor 610 is used in piacc of the diode 602 of Figure ¢A
in conjunction With a capacitive filter to create a bottom envelc;e
20  detection signal. The photo-detector output signal 112 for a given
) element of a photo-detector array .is subplied to the base of a
trapsistor 610 with its collector connected: to. ground. ‘The emitter
of the transistor 610 is connectefl. to a capacitive filter consisting of
a resistor 684 connected to a.positive power supply and a capacitic

25 606. | _

When the laser beam spot is on pattern, the pboto-detector
output signal 112 is at or near the top envelope and the voltage nf
the signal 112 is relatively high. As the laser beam spot moves off
pattern and onto mirror, the voltage decreases until the entire laser
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ment bottom envel ope detection is dep| cted in Figure 6C. In Figure
6C, a transistor 610 is used in place of the diode 602 of Figuref6A
in conjunction with a capacitive filter to create a bottom envel ppe 20
detection signal. The photo-detector output signal 112 for a given
el ement of a photo-detector array is supplied to the base of a .
transi stor 610 with its collector connected to ground. The emittér :
of the transiteam R is owmircord As theapoltage \feor Ithermgnalslls‘ltﬁ ng of

a resistor 604 connected to i ve power, upp C citor 25
606. decreasegy the mpam@rezogedmgs& ﬂ{%fm ge from the

e vol taga. dhoto-detectof Wil 11280Bkus HEripd, &f pienfg @#?5‘%&%%@&“ ser beam
spot noves ofthoves off miprrt oxito pmb@uttherfmnsiﬂorm@ usobpme Ghardwses unti |

the entire | aser beam 8886 IS on mrror. t he vol t age

fromthe si grlarthqnteaked off of the capacitor chicharge 150560% deked \Wien t he

{he 1aser  bedMis,fom the ARG AER e BRDR, ol Hefiteloh bRt 27 07"

610 i s open. 6@8arf5ﬂov1% any riset Mﬁcﬁeﬁiégdhﬁfré 6écdried CRP3He t BottERP. The

charge is slowy | eaked m the capacitor 606 so the bottom

envel ope det eawvelopesofthe photo-detecmaomput 6»@&11&92; |b$l§ natithe phejo-have

cccur e | g e signa £, ot BB RIS B4 o

bot t onepnve! afghfl 608 fopla ‘Even divigioa! oﬁ%f oM’é/ét hpi anjof the
photorII et ect gr arrg8 X |SJ£ ot t on X lﬂ{ Br %E ?sﬁcl udi ng
the CE cali brbmtam(ngoutl nes, can now be . calcul ated as descri bed

cbove, by Subst! U8 ol Reg ind %, Bfbbiion oo B ok be
calculated as described above by substituting bottom(x) for top().

Further, the embodiments descnbed in Flgures 1, 8, and 9 can ae

15 implemented using bottom envelope detection at 104 in place of top

envelope detection.

Figure 10 depicts a system djagram of a commercial DVD-

ROM drive used in computers which can use the innovative leas

position detection control for high speed operations. The lens

20 position detection control signal is used to provide focusing control

information for the pickup 214._ The signals from a photo-detector

array are amplified in head amplifier 1002. The signal is then

passed to a pre-amplifier 1004. From the preamplifier 1004, tue

signal can be processed as a data signal or passed to the optical
25 servo 1006 and used for.control of the optical apparatus. The
opticai servo 1006 controls the spindle motor through a spindie
motor driver 1008. This motor drives the optical disc and positicas
the pickup 214. The optical servo passes the photo-detector control
signals to a servo driver 1010. The servo driver 1010 contrd}.s
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15 I mpl ement ed usi ng bottom envel ope detection at 104 in place of top
envel ope detection. Figure 10 depicts a system diagramof a
comer ci al DVD- ROM drive used in conputers which can use the

i nnovati ve | ens position detection control for high speed
operations. The |l ens 20 position-detection-gontrol signal is used to
provi de focusing control information fol the pickp 214, The signals

fLom a phf)t o- ﬁﬁirl]xsgttmckmg, traveasalatyf the: disphid idisc iloa o opexatignser 1002.
The signal is_then r,.1004. Fromt
preanplifier 1110@411 the servo dnverﬁmjﬁﬁﬁe&npﬁg p&i‘%@?&f‘ ﬁgngoilﬁgﬂmii gnal or

passed to the t he opti cal
appar at us. &hbﬁﬁite&%ngll c%lﬁfésde/rvogﬁg8gla§%z§&% I)P'“]!le spi dﬁgam)tor

;hr Oughda Spl tndl e Data frodele)lo E]/sihs;ddﬂeprotessedmt slcmthtrru gudio be 0|toth| cal

i sc and positions U ica rvo,.passes the
phot o- d8t gct ovideordatal Ifnod O%MMEQ%&% Eﬁ‘ﬁ 8 servo
driver 1010 cOLLOER into the MPEG portlofHE thd, s7gin? o 3o dlgll e disc

and di'sc | oad I'sin " Servo rlver t the

| ens positi Onxsd%ééﬁé@rtocéfédt@a standrd . digital auaoCSiml anetl candbeti | i zed

to control the focus of pi ckup 214. fromthe optical

disc is pr ocepamdd&lidst hdﬂ&&l(ﬂa&a Streagi or comf%ré%ﬁl Rea. aﬂ£°&0%dul ation

por i onof ¢ hlf BecEHRl ek i8R o the read haBREERRAC THVATCC,
standayg di gi §phaRusk thesawliol signsl if 28quised, is thien paased & audemedaladi gi t al

data stream or —converted to an anal o%ué)ut put . I f the S|gn,al is data

it is passed tiont blookead Thicasignal biso n passehite® aoblock W o8 the
ol 0,1 90 BlobetoAT S pebRsdal PERE ehl Bl SEA'bE pasped, 1 ", ' 0%
necessary. ThRpEENpbrish df@R HAtAASSThe! Sighlilis decoded according
the MPEG-2 standard. If the signal is an audio signal, it is passcd
1S to the audio decoding block. If the signal is a video signal, it is
converted to an apalog sigt'la;l, for further -use- outside the systeni.
The optical servo 1006, deinodulation, decryption, and MPEG-2
decoding blocks are controlled by. a system controller. The system
control also controls the DVD-: display panel and user operat-in
20 functions (operation/display block)

Mod:ﬁcatm& and Varggtmns |
As will be recogmzed by those skllled in the art, the m—

novative corncepts described in the present application can be
modified and varied over a treendous range of applications, and
25 accordingly the scoiae of pziténted subject' matter is not limited i)y
any of the specific exemplaty teachmgs glven, but is only « deﬁnpd

by the issued claims. .
To perform lens position detecting, the photo-detector array
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MPEG portion of the system The signal is decoded according to . t he
MPEG-2 standard. If the signal is an audio signal, it is passed 15 to
t he audi o decoding block. If the signal is a video signal, it is

converted to an analog signal for further use outside the system
The optical servo 1006, denodul ation, decryption, and MPEG 2
decodi ng bl ocks .are controlled by a systemcontroller. The system

control al so nesds ol be dividedpparalislty thertrackadirection,; intorattleast two

function ope i on/ displ ay bl ock Modi fLcations and Yari ation
As il Ee( ¢ oW e S"%H%‘s@%ﬁ ﬁﬂ%ﬂf%‘tﬁdt% S_QF‘P‘%' AREDGRVE emrbo‘%{' novat i ve
concepts desciy ' . [ 5 ' L ik i ed and
vari eg over g{d[c?géjﬁeﬂr}goaggfx Q%QQE%V%IPQH%%SQQQWZ?CHOM aéicgg%tp(iji ngly the

scop_ef of pat epxlc(mideldm_ rOpiiatcﬂeIh&pgsiﬁou de'teleﬂn%)signala any of thﬁ :
TSoued 51 aim - The Correchiont et 36é fap AIVEMDG iSRGl Gede: duift AE téhe
phot o- det ect of; - . |yi | | l.el to the
track directi %ﬁﬁa{ §¥’on d?secggt}eq %the pQSEé}?dﬁs g’gpfeggéd/ e%q}@fé,ﬁaggi S

i I'lustrated bmes’@llyfﬁabtwrapabf\/@x@eétmg the Siﬁlal. Thet signhheotldaye can be

divided into nore an two sections and sti 1‘El)rovi de an

appropri at e |eomzeeied when hetwp: envelepe detection signal is first maspleds ecti on of
the t | ' .. d t hi f the . .. ' Le by V]

(e 5P SVl g ol Bl A ki S ctons IV AE, | ey
of cor@cti ndhd BbrAnead sﬁifﬁng'sﬁgﬁl mﬁp})g{e. Such a EiRENIE Taf ghen the

top envel ope detection signal first s _bona tide top
envel ope det eagcomplisheduby ai transistareuséd soi implegnentn the shift imethdt ai ned by
shifting si gnseilgn§108 by 1 V[err]. Such a circuit can be

The photo-detector array is described as being divided in half
along the track direction, or being divided into quadrants. Howev-

15 er, the array may be divided into any number of divisions of equal
surface area and some or all of the photo-detectors from each half,
when divided parallel to the track direction, can be used for center
error calculation, as long as an equal number from each half .re
used. '

20 The DSP described in the preferred embodiment can be a
general purpose DSP.. However, it can also be a microcontroll::r,
a microprocessor, or an arithmetic hardware circuit. The DSP.can
also be embedded as part of an application specific integrated circ 1it
(or "ASIC*).

25 In the preferred embodiment, the voltage, Vref, is a fixad
voltage, typically 2.5V. However, Vref can be more or less
depending on the nature of the application. -

The detection of the top envelope described in Figure 3 is
merely one way of such detection. Other ways of top envelcpe
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acconpl i shed by a transistor used to i npl enent the shift in the-

si gnal . The photo-detector array is described as being
divided in half along the track direction, or being divided into
guadrants. Howev- 15 er, the array nmay be divided into any nunber of

di vi si ons of equal surface area and sone or all of the

phot o-detectors from each hal f, when di-vided parallel to the track
direction, cadetectionecoidd hennmlemented aseltmg amlthellwp(x)ns%%mll fsng as an
equal nunber fro ch half are ' used e DSP
described in §HBSEP&ferred enbodi ment can be a general purpose DSP.
However, it can al or an
arithmetic hardwar Zﬂc?[ri:‘cu {%ﬁ@%@&ﬁ%{gﬁﬁm a m%’%o%%@%%@ﬂas part
of an appli camnneﬁtpemﬂbe) iisntusgd aoequaitize both top énve s1 Is for 25

In the eferred e he volta e Verr is a

vol t age? t ypi é’éFI n‘gl b@o Vev;m [ dﬁr@lﬂd b@smhzed one
dependi ng on p o] JThe .detection of
the top envel pe esc %n‘;éﬂsl!? @%@@&1 &gnal to %737 (m% %59 such

detection. O heedsdfor q&emcg[mgg@@@ detection could be

i npl emented as long as the top(x) signal is suppl i ed.

In the preferred enbodi nent, a single anal og-to-digital converter
(ADC) is used to quantize both top envel ope signals for 5 use by the
DSP. However, multiple ADCs could be utilized, one for each top
envel ope detection signal, to quantize the signals needed for the CE

cal ul ati on.
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CLAI M5 What is claimed is:© 1. A nethod of fine control of 1ens
position of an optical disc 2 appar atus, conprising the steps of : 3
receiving a pair of photo-detector signals corresponding to 4

radi-al |y separated disc |ocations; 5 for each said signal received,

cal cul ating a respective envel ope 6 signal; and 7 perform ng
fine lens position control in accordance with the 8 di fference of
sai d envel ope signals. 2. The net ho@]q & m 1 wherein said envel ope
signal is a top 2 envel ope si ; > The method of Caim 1
wherein said photo-detector array is 2 di vided into quadrants, and

signals from ane ant in3 - each half of said photo-detector
array paralleﬁwmé'ééﬁﬁﬁpﬁg£ direction are used to calcylate said
envel ope signals. 4. The nethod of Claim1 wherein said envel opé signal is
cal cul ated 2 using a diode and -a | owpass filter. 5. The :nmethod of

Claim1 whereih daimetmodebfpinesi emtoli of dehs pasigen 2of an optical Wise

transistor and a | owpass filter
2 ‘apparatus, comprising the steps of:

3 receiving a pair of photo-detector 51gna1s correspondmg to
4 radlally separated disc locations;

5 for each said s1gnal received, calcu.latmg a respecuve envelupe
6 signal; and

7 performing fine lens posmon control in accordance with ‘he
8 difference of said envelope signals.

1 2. The method of Claim 1 wherein said envelope signal is a top
2 envelope signal.

(3. The method of Claim 1 wherein said photo-detector array is

z divided into quadrants, and signals from only one quadran: in
3 each half of said photo-detector array parallel to said track .
4 direction are used to calculate said envelope signals.

1 4. The method of Claim 1 wherein said envelope signal is calculated
2 using a diode and a low-pass filter.

1 5. The method of Claim 1 wherein said envelope signal is calculaisd
2 using a trapsistor and a low-pass filter.

| R R R A
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1 6. The method of Claiml1l wherein a digital signal processor is used 2

to correct envel ope signal shift. 1 7. The nethod of daim1l wherein
said result obtained is quantized 2 and passed to a digital signa
processor, and cal culation of --3 sai d -I'ens position detection
signal to perform fine lens 4 position control is perfornmed in said

di gi al signal prQqcessor. 1.8, The_ nethod of, aim1 wherein. saiq envel ope
signals ard 26. 'ﬁle mmpfganaddwmg@acadxglﬁa?@@%lmrosmus ¥eessor,
and said 3 ' i 1 Gi.vidi are perfornmed in said digital
signal 4 2 prg(gggg%ﬁ eﬂgv?ﬁ@% ﬁwﬁ%d of Claim1l wherein an
automatic gain control device 2 Is used to normalize the sumof said
envel ope signal s, 10. The nmethod of Caim 1 wherein said |ens

position déteds ﬂﬁlﬁ' m]éth'l')(éI of f%lagnal Whﬁiﬁhl Sﬂidmtiﬂmﬁn@d% quastizgdact uat or
[ . 111. T ' ' ' i Li [ 2
Sonai i Fitot caPtRiBRSSer ip o ighal SFEFHICHrCERGE, A cAiERlgH o S oot O

obtain a cgnter erggig Qéhd 2@3&& aleteélti%antsﬁgnagr [ e{tbfﬁf fise “lens

subtracted from each successive cal cul ation” of sai ens

y position control is performed in said digital signal processor. -

1 8. The method of Claim 1 wherein said envelope signals sre

z " quantized and passed to a digital signal processor, apd said
3 subtracting and dividing sre performed in said digital sigral
y Processor. '

9. The method of Claim 1 wherein an automatic gain control device
2 is used to normalize the sum of sajd envelope signals.

]

1 10. The method of Claim 1 wherein said lens position detection
z signal is calculated with zero radial actuator input.

1 11. The method of Claim 1 wherein said lens position detecticn

2 signal is first calculated with zero radial actuator input ‘o
3 obtain a center error offset, and said center error offset is
4 subtracted from cach successive .calculation of said ‘lens
5 position detection signal. -
-

N
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5 position detection signal. 1 12. The method of Cdaiml
wherein said |l ens position detection .2 signal is first calculated
with zero radial actuator input to 3 obtain a center error offset,
and a gain is calculated as the 4 sl ope of said | ens position
detection signal at 0 when the 5 . radi al actuator bias is swept

t hrough a positive and negative 6 range, and said center offset is

subt ract edzf r 2o &wh nsethodsef Tlaim 1 whemncﬁlddlenmpnsm@ns@tdcﬂl@ns

t det ect d |
P 5] Ustea accor d¥ E’gﬁfas £56%6 cgldulated wigh pero “BRRiAE Soiiall: 1BHSE ane O
posi L1 on dgt ecti onyggnal cEdlef Wribh %TfsEPraﬁdrﬁagim is calclafid 8¢ the | ens

position of an optlca | SC_appar at us, ing the steps of:
4 receivi ng a slopeoefisait tlens spogmnn dertmtlonamgnalf af Quwhen thee 5

di visions of a photo et ector for, each said s recei ved,
cal cul ating§ an enviadd g{a? 1. sw"d?fbtm'ﬁegli‘r?gp? V§Lﬂ'ﬁd g‘F’g%WE envel ope

I f d R
T L i ok st cnf YRR Rt o Sl 2

phot o- det e respec 2l to the
track diregtion ofsj{® calculation of%ai(ﬂlen@tposwlom detectippasighals afdosaid he sum of

sai d envel ope 11 als.in the top half of said, photo-detector
array respéc- 12 lens posxﬁpne3¢t§caoa|mg§abhs djested | ageording, 1o s
direction of sai d optical disc apparatus; and 14 di vi di ng
the resultobtain the sum of all said envel ope 5 signals to

calculate said |l ens position detection signal.

1 13. A method of lens position detection signal calculation for fine

2 control of lens position of an optical disc apparatus, compris-
3 ing the steps of:

4 receiving a photo-detector sigpal, from each of four or moxe
5 divisions of a photo-detector array;

6 for each said signal received, calculating an envelope signal;

7 subtracting the sum of said envelope signals of said photo-
8 detectors in the bottom half of said photo-detector array
9 respective to a division .parallel, to the track direction of
Jo said optical disc apparatus from the sum of said envelope
H signals in the top half of said photo-detector array resp:c-
12 tive to a division parallel to said-track direction of said
13 optical disc apparatus; and

14 dividing the result obtained by the sum of all said envelape
15 signals to calculate said lens position detection signal.

1 14, The method of Claim 13 wherein said envelope signal is a top
2 envelope signal.

| N D
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1 14. The nmethod of Claim 13 wherein said envel ope signal is a top 2

envel ope signal. 1 15. The nethod of Claim 13 wherein said

envel ope signal is 2 cal cul ated using a diode and a | ow pass filter.
1 16. The nethod of Claim 13 wherein a digital signal processor is 2
used to correct envel ope signal shift. 1 17. The nethod of Caim 13

wherein said vel.ope si.gnal s e, 2 quantj zed and. passed to a
gl tal o bnalspribdpetiotel CRima13 whereiniseicavelop SIgnak dong ar o

Grai m 15 vhor o SHapRA PR, dlods and ¢ KB Hner. |, 2% TISc0 0

normal i ze the sum of said envel ope signals. 1l 19. The nethod of Caim
13 wherein said | ens positign detection 2 .. signal is first calculated
with zero tadl®l Thetmathod of{iaimol3 wherein adigital signahpreocessopis of f set

and a gain is cal gyl ated 4 . I of said | ens position
det ecti on %i gnal a‘i]seg @@(ﬁfrphEngelope Stgﬁai §ﬁﬁact uator bias is swept
t hrough a positive and negative 6 range, and said center offset is

subtracted from each succes- .
+ 17. The method of Claim 13 wherein said envelope signals ¢re

2 quantized and passed to a digital signal processor, and said
s - subtracting and dividing are performed in said digital sigr:ul
4 - processor. - -

1 18. The method of Claim 13 wherein an automatic gain control de-
z vice is used to normalize the sum of said envelope signals.

1 19. The method of Claim 13 wherein said lens position detection

2 signal is first calculated with zero radial actuator input to
3 obtain a center error offset, and a gain is calculated as 1he
4 slope of said lens position detection signal at 0 when tie
s radial actuator bias is swept through a positive and negative
6 range, and said center offset is subtracted from each succes-
7 sive calculation of said lens position detection signal, and s¢id
8 lens position detection signal is adjusted according to said
9 gain. |
-

R
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7 sive cal culation of said | ens position detection signal, and said
8 | ens position detection signal is adjusted according to said 9

gai n. 1 20. A method of producing a |l ens position detection signa
for fine 2 control of an optical disc apparatus, conprising the
steps of: 3 (a.) receiving a pair of photo-detector signals, one from
each 4 part of a photo-detector array_divided,in _half_parallel to
the 5 1 20. Armethor of producing & Jens ppsition) defestion sighal fg&;ﬁ%e (b.)

subt racti n sai o SRAGRE 4 Speal AChoPHal, SHbORRC R e 08 ()
said divisyon fyan reraivingy PaipISpHOR-dSkctH Senlly, cond from each
det ect or above sa drdl visron;  and 1 (d.) dividing the result obtained

in step (ce) by the parhaffa photo-detector array dividéddndndf parpllel sothe  (e.)
performng steps (a.)-(d.). with zero.ytadi.al, gctuator jnput to 13 '

cal cul ate &n of fset; hﬁ&ﬂ aue‘(qor} Oiéﬂdlpﬂlpﬁ]g-&Qcmrﬁ@ssmepi ng the radial
actuator ipput by ; i o ' ' ' s hrough a
positive aﬁd 16%3?0}%ach s%le%g'ﬁn\?gi?%ﬁggd’g% ethggrﬁlfﬁgatéggtss ofol’e of the
result of 47  (c.) subtrastiag said pnwelepesignaliofisaid phaeto-dete@toribeloew (g.)-

performng steps (a.)-(d.,) .tp calculatg a center error; .19, )
subtracting said of f §%‘§l ﬁ%ﬂﬂ%ﬂ!ﬁo@eﬁﬁa egyp&pp é}gpa;obf sm‘%i?éoqgaj usting
the result_obtained | ' BavE ' ssald gain to 21 pr oduce
said | ens “f)os'i tion dg?tee?ﬁlg% SI g%%%a. Hih%%hZ .ﬁaThe met hod of O ai m 20
wherein sgbd eny@hodiwidingnde result dbrained in step (c.) by the sum of said

i envelope signals;

12 (e.) performing steps (a.)-(d.) with zero radial actuator input to
13 calculate an offset;

4 (f.) calculating a gain by sweeping the radial actuator input bias
15 of said optical disc apparatus through a positive and
16 negative range and determining the slope of the result of
17 step (d.) when said input bias is 0;

18 (g.) performing steps (a.)-(d.) to calculate a center error;

19 (h.) subtracting said offset- from said center error; and

20 (i.) adjusting the result obtained in accordance with said gain o
2 produce said lens position detection signal.

1 21. The method of Claim 20 wherein said envelope signal is a't7)
2 envelope signal. |

Py

22. The method of Claim 20 wherein said envelope signal is

2 calculated using a diode and a low-pass filter. —
| R W
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2 envel ope signal . 1 22. The nethod of Cdaim 20 wherein said
envel ope signal is 2 cal cul ated ‘using a diode and a | owpass filter.
1 23. The method of Claim 20 wherein a digital signal processor is 2
used to correct the envel ope signal shift of the result of step 3
(b.). 1 24. The nethod of O aim 20 mherein sai d envel ope signals are 2

quanti zed and p sed to a 1.t al pro ng steps 3.  (c),
(d.), (h.), ethoduot Ciafin 20 Whisrel & G2l sial progessor is

Control 27 T 23@#3@?‘* QLB b Sl R S e HEMEOL R

signals. %b%@- A system of producing a | ens p05|t|on det ection
signal for fine -

1 24. The method of Claimm 20 wherein said envelope signals afe

2 quantized and passed to a digital signal processor, and steps
3 (c.), (d.), (h.), and (i.) are performed in said digital sigmll_
¢

Processor.

1 25. The method of Claim 20 wherein an automatic gain control
2 device is used to normalize the sum of said envelope signals.

L

App'n of Texas Instriments Incorporated:-TI-27436 . . . . ..o oo oo ... Page 27

Received Time 7 Mar, 6:08 . Print Time 7. Mar. 6:30



83/86/1938 17:28 9723884445 ¥ GROOVER & ASSOCIATES PAGE 31

2 control of lens position of an optical disc apparatus, conpris- 3
ing: 4 nmeans for receiving a photo-detector signal from each division
of 5 ' a photo-detector array divided in half parallel to the track
6. direction of an optical disc apparatus; 7 means for

cal cul ating an envel ope detection signal for each 8

phot o- det ector signal received; 9 means for subtracting said envelope

signal from t2& Aosysieinhef ?ré&hcing a lens p@§1t1§ﬁl detebom st fopr finé r ay -

respective to a division 1 parallel to said ttack direction from
sai d envel dpe det comtrol aflens posmonOEagmpuq’aMtsc appAnabys, COmpois- sai d

phot o- det e%t or ar rﬂé 13 respective to a division parallel to said
track direttion; d means for di viding the result obtained by the
sum of al | 4sai dpians for receivify ?mﬁ%%héﬁﬂx ns
position detection 16 g ?hgnal The Sf/St en?%%d*g)gl m 26

wherein safd phot o- daqﬂmtoﬂemctayarmmdmdedmwf/palmi el todhédmaclor nore
di vi si ons and generate ﬁ ﬂ(gl 8.aﬁ n_equal nunber of divisions
in each haff of sald RGHEH Gian opuc a@F&RRﬁr Sfay parallel to said track

direction., 1 pihnsTher QuRMAMIAL & Vel aélgnaia%% E8
g an envelope detectio S|gna es: 3 |

di ode; ands 4 photoadetectorf sighak received;
9 means for subtracting said envelope signal from the bottom hzfjf
10 of said photo-detector array reépecﬁve to a division
b3, paralle] to said track direction from said envelope detectici
12 signal from the top half of said photo-detector array
13 respective to a division paralle] to said track direction; arud
4 means for dividing the result obtained by the sum of all said
15 envelope signals to calculate said lens position detection
16 signal.

17 27. The system of Claim 26 wherein said photo-detector array is

18 divided into four or more divisions and generates signals fro.n
19 an equal number of divisions in each half of said phota-
20 detector array parallel to said track direction.

1 28. The system of Claim 26 wherein said means for calculating :n .
envelope detection signal comprises:

a diode; and

a low-pass filter.

™

tay

£ Y
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1 29. The systemof Caim26 further conprising nmeans for correcting 2
signal shift of said envel ope detection signal. 1 30. The systemof Claim
26 wherein said subtraction and division 2 means in a digital signal
processor. 1 31. The systemof Caim 26 further conprising nmeans for
automatic 2 gain control to normalize said sum of all said envel ope
3 signal s. 1 32. The systemof Caim26 further conprising nmeans
for cal cul a- 29. The systenngf €laian 26rfurthesconiprising andans-forscdrvecting cul at i ng

a center 3 r s foy correctin said lens position 4
det ection &i gnal a%SBﬁ?ldQ%@ 9885@1 @%@ﬂ%ﬁ@?&%ﬂﬂm and 5 cent er

error gain val ues. 1 33. ADVD-ROMdrive system conprising: 2
(a.) an optical disc apparatus; 3 (b.) a l'ens positioning mechani sm

and 4 £c.30]1 Fhe wmlmﬁclam@ﬁ wheceint said, sub@ma:ﬂmmddmswn a
phot o-detector array divyi 35& I, N half parallel to the track 6
[

direction #f an ogBFaRy y; 1803} PrARESSPTgenerates 7 . a
pai r of photo-detector si gnal S, _one fromeach half of 8 _ sai d
phot o-detector array; 9 envel ope detection circuits which are each
connect ed jo 3. The system of Claim 26 further comprising means for automatic

2 gain contro] to normalize said sum of all said envelope

3 signals.

32. The system of Claim 26 further comprising means for calcus-

oy

2 ting a center error offset and means for calculating a center
3 error gain and means fér correcting said lens positi-Sn
¢ detection signal according to said center error offset and
5 center error gain values.

I —

|
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10 , di fferent one of said photo-detector signals and generate
11 an envel ope detection signal for each photo-detector 12
signal; and 13 an arithnmetic circuit connected to subtract said
envel ope 14 signal fromthe bottom half of said photo-detector
array 15 from said envelope signal fromthe top half of said
16 phot o-detector to produce a center error signal and 17
drive saidsl e33. poPVDoROM dgvbesys&mgcompﬁsmgy 1 34. The system of

Cl aim 33 wherein said photo-detector array is di vided into four or
mor e di vi skons &%3 aeeptiaakdiss; apparatus; om 3 an equal  number of

di vi si ons |n ea detector array parallel to
sai d track’di regﬁi h%hé%oﬁggiﬁgﬁﬁ%%ﬁgsm and tic circuit is connected to
subtract said e'Q&?'l@ﬁgpiisﬁttﬁideideﬂchontrol cddipnbgfgt‘om hal f of said

phot o-detector array from said envel ope si- gnal s fromthe top half
of said phsto- det et tphoterdetgctor alTaY dlmqﬁdom.dulﬁma&ldr terthertracknal and

aystem of 6l ai m 33 wherrertion of anPBEcET SRP AP AGE paicl ghnerares > TN
di vi ded i nto four or gﬁﬁ-lh {Ph t&eﬁghgge%n% frogh @hch half Of _ ;rom

only one divisions in ea sal d photo-détector
paral l el te said track sdid photedetector array;

9 envelope detection circuits which are each conmected to a
10 | different one of said photo-detector signals and geperate
I an envelope  detection signal for each photo-detector
12 signal; and

13 an arithmetic circuit conmected to subtract said envelo,se
4 signal from the bottom half of said photo-detector array
Is from said envelope signal from the top half of said
16 photo-detector to produce a center error signal and
17 drive said lens positioning mechanism accordingly.

34. The system of Claim 33 wherein said photo-detector array is

g

2 divided into four or more divisions and generates signals froin
3 an equal pumber of divisions in each half of said phot:-
1 detector array parallel to said track direction and said arithme-
5 tic circuit is connected to subtract said envelope signals fren
6 the bottom half of said photo-detector array from said
7 envelope signals from the top half of said photo-detector array
8 to produce a center efror signal and drive said lens position-
9 ing mechanism accordingly.

35. The system of Claim 33 wherein said photo-detector array is
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N

Received Time 7. Mar, §:08 Print Time 7 Mar. 6:30




. B3/86/1398 17:28 387238094445 7 77 %TGROOVER & ASSOCIATES , PAGE 34
1 36. The systemof O aim 33 wherein said envel ope detection circuits

conpri se: a di ode; and 4 a lowpass filter. 1 37. The
system of- Claim 33 wherein said | ens position detection 2 control
further conprises an anal og-to-digital converter and 3 : a digital
signal processor, wherein the digital signal processor 4 Is used to
correct the envel ope signal shift of the output of 5 said first

arithmetic circui tdivided3gntorfieuss st morofdiisions 2mdivgenesates ai dignabs

osi ti detecti 2 . tr.ol further, coppri.ses, a n -to-digital
go?\l/elrfgr gn§c3| *"from °§136i<afe?§l"[1§ﬁ°aﬁ£n B?%@EP?S%@%‘?&?%{@EW: g:oe

signals are 4 arra gﬁggﬂé E&idoRg kiped by said anal og-to-digital
convert- 5 er,? n sa]‘?g) d?ig?t?a?lgmgna processor is connected to
receive 6 t he out put of said analog-to-digital converter, and the
function 7 of said arjth ic,circuif.is perforned in said digital
signal 8 / 36-pﬂ3€§¥§'@?‘.1°?di 33 hexginsaid envelppe detectioniarils ai d | ens
position dgt eCtioQ:o%nprise’ . control further conprises an automatic gain
control device 3 ‘Wherein said automatic gain control device to

normal i ze said 4 a diode;canter error signal.

4 a low-pass filter.

37. The system of Claim 33 wherein said lens position detection
control further comprises an analog-to-digital converter aad
a digita] signal processor, wherein the digital signal processor
‘ is used to correct the envelope signal shift of the output of
said first arithmetic circuit. |

(-

(%]

“w

Ln

1 38. The system of Claim 33 wherein said lens position detection

2 control further comprises an analog-to-digital converter and
3 a digital signal processor, wherein said envelope signals are
4 connected to and quantized by said analog-to-digital conve:t-
5 er, and said digital signal processor is connected to receive
6 the output of sajd analog-to-digital converter, and the function
7 of said arithmetic circuit is performed in said digital sigral
8 Processor.

1 39. The system of Claim 33 wherein said lens position detection

2 control further comprises an automatic gain control device

3 wherein said automatic gain control device to normalize said
y center error signal. “" “'ll “ |“|

|
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