WO 01/ 48742 PCT/ EPO0O/ 12625 1 Optical scanning unit conprising a detection
system for detecting the position of a novable elenent within the unit

*159159* T%?lm\étmtlon relates to an optical unit for scappiRBeARss
information plane having an optically rgadable and track-w se arranged

structure, which unit conprises a radiation source for supplying a

radi ation Qpeiaahscmnirrgtqnﬁccbmpasmg/stieta&tfomrsyétm & degctinpethe padiii@t sfamdabdla t o a
scanni ng spot jn.t. i nf or mati on pl ane, an adjustable el enent arranged 5
bet ween tﬁ@npgtd‘f” l?lflglh Wurce and the objective systemfor noving the

scanni ng spot transversely to the track direction, a radlmmlﬂmmﬁwmm“w ve
detection systemfor converting the radiation beamfromt

pl ane into electric signals, and a position detection system #i®rso
determining the position of the adjustable elenment. 10 An optical unit of

this type can be used in an optical disc player, such as the well-known CD
or CD-ROM pl ayers a ‘Bfﬁ“?‘@%rel%?sé9éF§P‘EﬁsB‘Ht SqERBINg ap HIfP‘E‘Paélobplaﬂﬁese

pl ayers, h&uﬁ%‘hrﬂ@ptﬁaﬂﬁﬁh&%ﬂ%d%@m& An e QLB QanHhﬁfi’%orﬁBm%E‘aoPt i cal
record carrier and fromthe record carriér to a radi ation-sensitive

det ect i onrasasion gpureq for pepphvieg? thdiasipn beam,jag objeetixgi syssemipr flecusingrthe nf or mat i on,
such as ap,Ritdh Bedth 94 ﬁ:thﬁﬁ%%o\'irplﬁg brm)r?r%l@m)lah@%n dLedbib Qﬁnéﬁ J%faﬂgaa{)f om t he

radi ati on source IS an unnp eam and”'t amls y the
i nf or mait i betwser e radiaion souraearidthe pbjectiversygwra fier mofirg the skshaingdpdseam from t he

record CaFrEﬁs%érsél? to 919 ”r\éai &l?ﬁ%tl rgcﬁaﬁcﬁhse%lhs){' de?ec??' %hs.}/e&%po? 81? Cll'tﬁ’lg tﬁé’ stem

into an electric-sig read
out. |f t ediatienbean ﬁamthemfmrmaaorbblawlntmwmb gignald, end a pdmmdnatemcncbrr om t he

source is at ed with informati b itten and the .
radi at i on”[sgg otrdetgmﬁ‘améélfee%qsﬁﬁ’ﬂ 023&38}# El WLCé’H’"BnI y for deriving
servosignals. One of the great advantages of a disc system | s that the
recorded informatio S ol 30 access sca n|n n be

posi ti @ned on each ‘Lgr} icply O?Irﬁ]aﬁfé'pﬁﬁarh&/‘i‘s‘ﬁ%m ‘l“rﬂ?“ﬁ{]tq‘sé la ﬁﬁls? (i"aaﬁéhet he disc"
wi th respeel- kh@wﬁ@ﬂbrCﬂMOM Pldy&re aﬁ@dptaial playeecbdsedon the@nna Riof&fekd on
transverse to the track,di rgctlon cause of the small ght _of the

optical uRYers.d¢,8yide a sadialion bram fo %‘ﬁ rmatien plgneRl ¢n qpticel feéprélﬁamynq ast

rate. For fro@wheRpbrd catiepidse @fiatibeseApitive adtedtioh Gysterh LIf BRGEIMREcHBEGESSAry to
further reduce thﬁ access time. It has already been proposed to realize

faster acP¥idedithyseriniorpation sk gt an adigRrAEramyQs a v&@a@mgéamat grfadiagien whi ch

deflecs s bdath R6AMe ANBlior $HRrRREA dHrfodardd WRaRbing i N&nS SR aRd bérhﬁé the
spot for rred by the objective systemis displaced transversely to the track

di r ect i oninfeyg@tipnsstrushire ivgheinggrmatien plaee. Thp modulated bpgre from,the record carrier is

converted by the radiation-sensitive detection system into an electric signal representing the

information which is being read out. If the record carrier is a blank record carrier, the beam

from the source is modulated with information to be written and the radiation-sensitive '
20  detection system is used only for deriving servosignals.

One of the great advantages of a disc system is that the recorded information is
random accessible. The scanning spot can be positioned on each arbitrary track by moving
the optical unit and the disc with respect to each other in the radial direction, i.e. a direction
transverse to the track direction. Because of the small weight of the optical unit, such a

25  movement can be performed at a relatively fast rate. For new applications of the optical disc,
it becomes necessary to further reduce the access time. It has already been proposed to realize
faster access by inserting a movable element, for example, a mirror which deflects the beam
over the aperture of the objective system so that the spot formed by the objective system is

displaced transversely to the track direction. Use is then made of the fact that the objective
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0 9 WO 01/48742 PCT/ EPOO/ 12625 2 system has an image field which is
relatively large conpared to the dianeter of the spot, so that the spot
stitl has gugepgrpual ity in the case of a noderate novenenicaépobimspot
within this field. In order to nmaintain §he high spot quality, i.e. to
keep the axis of the radiation beam close to the center of the objective
system dusystegn lsasfaa smagediibldivhivh verriativelg flarpdeonsyaodd tottieadidmetor efche syt $9st em
i‘s al so di ced at a.smaller .rate than the mrror, The displacement
of “the onjrBtir 5ot sGitbafk b BRI B etk ol Bt Bt oo ot SRER cam by
the mrror thisSfeeld.Abrdeht maiptaincBt highispotsjuality d.eC aripep 8 axisufshd jadiatioiebaaai | on
system for determ ning {he angular positjion_of the mrror. ﬁlAn ogtical
read/ wr i t eclosi 1P Resepier of thg oRiget ey e during adayt sadigl JpvETRERtAhthesspol ek nown

per se, 5f opyiEtAERYRem i 4B dikphiceEBE M a dnaiéPrattIfan thEnRrrBRTRE HispRtéh@®of O an
I mprovenent “of the tracki nlgd%ervos stem for maintaining the center of the

scanni ng sfewobisativesysiemshewd be refasedio thideflectercofithe brpmsewha arirropse HAElE ng
error sl gn@étﬁgﬂ?ﬁ%ﬁ;gum%{)m riie?éosﬁf&ﬁ'd&fegﬁor}s&%ﬁl%f 4bmititig %ta%\ggﬁﬂp #ion

proj ecting ation be romthe information plane”on t et ect or
el enments, ofthemimercupy different radial positions with respect to the

I nformation 15 track, s t . . i J t..Sd | s of
t hese detector el eniésh @tﬂ%hrggc?\’rvg%ﬂﬁhtgc% m?ﬁ?‘hé g\gcﬁqgaﬁgaﬁsﬁlag dgtg‘tf)% |Sggtje€’ggt he
drivesl®f kngwnvmr ad)lfer exampler frorhii.S. Patent d428,496. 8hisspatdnerelael tatanon” beam so

as to fine-position e center of the_spot on.the center line of the track

bei ng  ScaERVeIABhel/EY SETHASRERE U (TP iRE (e RO O e EPOL e

radi ation {hatemérd itng of eeStack Beihp SehnfAdY. ARacRIGictloP Sighka ! Redéd fofh 6B Pb&tionhi ch
nge i s independent of the position of 20 the spot with respect to the

track bei nePrEESHPIh DR by RIRIRFtNE tBY Fagiation §eame from the informagen aAE o0 BYP t he

angul ar poéétédté}%lé?ﬁenﬁsb@h{&ro&&fgg dT@er@ﬁtirmiﬂaﬁoﬁtiBm with RRSRERIGY infém@sh L1 ON

detection systemis used to termne the angul ar position of the mrror,

and t h&S outraastruetyreapnddyy suhiracting gher auitput sigodpdl these detector elemenisaEh tragkisgr or
signal to Q%r][sf‘g[ﬁhl eiE %?plp?i(%é‘%h@ Hrifds'oPh ﬂ?o%?é mfRS. Tﬂl?iﬁ?nérmgﬁeéé R 3hdiation

i ndependent o position. e mrror position detection system 25
descri bed baamlsoSs t¢finepositionai@cet®s ofi frespel antbe centerdipaohithe traok be¢ingn- sensi ng

e L L e
by the pi vditteibhomon the position detqpaitielentenaf whick chage & indepebdamof the pbsddreal by a
;g;f 2050 | "l 30t il redpast o8 e 1@k beifg Stannéd. The fraSiRg ctror signal 13 thuls Hefendent” ©"

on the angular position of the mirror. To eliminate this dependency, a position detection

system is used to determine the angular position of the mirror, and the output signal of this

system is combined with the tracking error signal to correct the tracking error signal and
' make this signal independent of the mirror position. The mirror position detection system

25  described in U.S. Patent 4,423,496 uses either a separate position-sensing beam reflected at

the rear side of the mirror and two detection elements arranged at this rear side, or a portion

of the radiation beam transmitted by the pivotable mirror, or a portion of the radiation beam

reflected by a surface in front of the mirror. In all of the embodiments of this mirror position

detection system, the position detection elements are arranged in a plane which is different

30 from the plane of the radiation-sensitive detection system.

It is an object of the present invention to provide a fast-access optical unit,

wherein the range of movement of the movable element is minimum and the si gnal from the



detection system the position detection elenents are arranged in a plane

which is different 30 fromthe plane of the radiation-sensitive detection
system |t wigo1ap49bj ect of the present invention to provigergpdoasdzsaccess:
optical unit, wherein the range of novement of the novable elenent is

m ni mrum and the signal fromthe WO 01/48742 PCT/ EPOO/ 12625 3 position

det ect i on Pe§iieRdstection Skdiem & usehioraontreliibe movemnant of ¥fleagt the ebisetivelsestebbect i ve

system by o JARaNS dgdiﬁtegﬁﬂﬁ%aﬂcgggxlﬁﬁﬁ ?{{gcgitobﬁgsté}ﬁsi tion detection system

This optical unit 1's characteriz position detection system
conpri ses a weakly Thif bptidtal najt islcharasierizzed imthgettie positidnalepation syfsterhe r adi ati on
beam bet . | el enent and.the.ohjective system for

ol ecti nOAPHHS a kel AR, BeRehTEMha R ol by A o BT B s

t owar d§ a adjasiabit elemesemnslithe otgeqpivs systcmn ot edftzcting a patipn ofthe eadidtioh deih ad MO
detector el egents.. Ng)t on(#%( éshe function,, but . al sQ the construction of this
posi ti on ARV PLRINS LEAP IGWards aradiptionssansitiye Rositipn dejestor Fompprsing At lpagt twaay ot
4,423, 496 dett@ofdlemens.i cal unit is preferably characterized in that the
normal to the reflegtin pl ane of the weakly reflecting elenent extends at
a small angle tot OICRS‘?X thg funetipn, byt alseyige consfrugtignal thiy BesitAn dsiection s

measur e, rs%eermsciifféxeﬁrf?@ﬂmap&sa@&mm ©.$Palehed 43 gpar ated from the ,
radi ati on beam 15 The detection systemis preferably further characterized

in thd® the positi ofhe epicdamisis prefezabhinghgeagteriped indhat sheenopalrte thegefl¢sting
radi ations ool I: bt e
ot ot on e LY VBT ARE| A eiBK Sk Send a0 bh AL AL AN AL 2B O
nunber of objeetprsrsestes. of the optical unit as well as alignnent problens carb

be reduced. 20 A fi : i.men f 1 optjcal unit is characterized in
that the reflecti ngﬁ?@sﬁaﬁﬁ}c@eéoﬁ% '%;%/Slgg%)?ag%fsiSﬁéwﬁllyéfpaﬁ?%1 %‘,’mi f whi ch
t he nor naradiation beampl at e surfaces extends at a snall angle to the optical

axi s t he objectine system second odiment of the optical. unit is
char aggeri zed Jin th eq%?‘l?gt'?'bﬁs g1 Rﬁ“@ﬁ%ﬂﬁ’?%@tw&%"ﬁﬁﬁq RBHOAg wedge
havi ng a de¢redidr ivefigezed igihe samdplénd & thélraginbioslsdtiitive atteétin s9gbmcal unit,

whi ch conprises a 4 plate arranged between the novabl e el enent and the
obj ective system i SCPRSfgR delpgtorandithe detection susteppmpy {hen be fntegraiethin Meenent
i's consti tathsheRMysodNat WRGRMRE oS dbRRENOES thdiSprtarun Al 2iigingr f ace faces

problems can be reduced.

20 A first embodiment of the optical unit is characterized in that the reflecting
element is a weakly reflecting flat plate, in which the normal to the plate surfaces extends at a
small angle to the optical axis of the objective system.

A second embodiment of the optical unit is characterized in that the reflecting
clement is a weakly reflecting wedge having a small wedge angle. .

25 A third embodiment of the optical unit, which comprises a A/4 plate arranged
between the movable element and the objective system, is characterized in that the weakly
reflecting element is constituted by an uncoated surface of the A/4 plate, which surface faces
the objective system.

The A/4 plate may be used in an optical unit wherein the radiation beam

30  delivered the radiation source is linearly polarized, either to prevent radiation from being
coupled back to the radiation source or, in combination with a polarizing beam splitter, to
separate the beam reflected by the information plane from the radiation beam to the record

carrier.



the objective system The X/4 plate may be used in an optical unit wherein
the radi ati on beam 30 delivered the radiation source is linearly

pol ari zed, w@j diagfs2t © prevent radi ation from being coupl egchaeboiéest he

radi ati on source or, in conbination wth g polarizing beamsplitter, to
separate the beamreflected by the informati on plane fromthe radiation
beamto the record Byasingehe A/8 plate AGhe Ve dePleUTE oM, IﬁcﬁﬂﬁnbeaoBy usi ng
the X/ 4 plate as t reflecti el ement, . the number copponent s
ot he optPuzpRg 8t e Sttt robedIB R et Hegs fuS € ShBe- of
the fact staéthehat @ unebao@Eehcs Hid Pefedih o tHe®rde? ©F H@an@fthd R pekidien-séfsing% and
that the position-sensin beam needs to have onl%qa low intensity. It also

suffices fRsAMMERASSP BAYSRLY o lasbintensiy. It alfnewyileres For th pre igusqmiosupentHvhem o

veakly g efdeck tHéQuﬁL&ErSPﬁqe'“%aHS}%Wécﬁﬁ’g eléﬂeﬁth@ﬁncb@ké Bliement el@ﬁx@ﬁt dagd notneed
to have a beam separating |ayef. The above enbodi ment s may be further

char act er ineeditq ave pheam-sepanasipgdaysr. el enent is a plane mrror. The invention
also relates to an %H@Qﬁo%léﬁﬂ)&?n PE%M it %E&t%%eﬁﬁr?fﬂa?ﬂg/nﬁ)r abld0

witing information I n an ornmat i on er of "an o Fecord carrier,
whi ch appaaianmlsacpimpnm supporting nmeans for the record carrier, an

optical unit for | can beam used..t o. n

The Tt ormati on 1 oy Spe HyRich B3R pDRRRh S ISR Gl RRAPL 08 £

opti calo unifitifgghfdimatéontia aﬁalffbnﬁﬁtibﬁllayeﬂ' bﬁ@@ﬁaﬂrradou@carﬁexcharcaap@rrmed | n

t hat the B@ICGJ unit is a ih as descri bed a 15 T e invention wll
T

now be el U@ &F“écf“PW‘%?e?W € BACPIS) GREREr AR 0@ forsx‘/!P RIHing @reAmBige t o

the acCcoNRBMIfBhsel RW SRathingd dhot B8t iFAMRdN 14yel) and mefins¥of idFmp ARGRE@ Of an
aratus for reading an optical record carrier; Fig. 2 shows the

princi pl e caFrier prd the PPlgal prisrelativs tejeack othen T hifeapparatug is thaezctegizest ia dlagf the

i nvention;qki4g un?tlsszh&}’i‘ﬁasadegdrfb%& a6deodi nent of the optical unit wherein the
invention i's I nplenmented; Fig. 4 shows a second enbodi nent of such an

opticald unit, and
The invention will now be elucidated, by way of non-eliminative example,

with reference to the accompanying drawings. In the drawings:
Fig. 1 is a cross-section of an apparatus for reading an optical record carrier;
Fig. 2 shows the principle of the mirror position detection method of the

20  present invention;

Fig. 3 shows a first embodiment of the optical unit wherein the invention is

implemented;
Fig. 4 shows a second embodiment of such an optical unit, and

' Fig. 5 is a top view of a radiation-sensitive detection system which can be used

25  insuch an optical unit.

Fig. 1 shows part of a round disc-shaped record carrier 1 in a radial cross-
section. This record carrier comprises a transparent layer 2, one side of which is provided
with an information layer 3. The information layer may be protected against environmental

30 influences by a protective layer 4. Side 5 of the transparent layer, facing the optical unit 10, is
referred to as the entrance plane. The transparent layer 2 may constitute a mechanical support
for the information layer. It is also possible that the transparent layer only serves as a
protective layer for the information layer. The mechanical support for the information layer

may then be provided by a further layer at the other side of the information layer, for



Fig. 5is atop view of a radiation-sensitive detection systemwhich can be
used 25 in such an optical unit. Fig. 1 shows part of a round di sc-shaped

record carkgfsyabiqn @ radial cross- section. This record ﬁé"flﬂ’tﬁﬁl &8RPI ses
a transparent (ayer 2, one side of whichds provided wth an |m?ormation

| ayer 3. The information |layer may be protected agai nst environnmental 30
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protective layer 4 or, in the cas record carrie two in

| ayers, byage swaptieallyretactable form. | Fay examniel these argasipay bapits inyerinfarmativged
agai nst t ' ' : i nfq i y be recorded in.the
ot or mat | o el o o BYclon ZoeshtEnd P dBiba Aol oGy GRS Fomufi '
subst ant i abirqundingal drelcombonatensdfithese dornspi ral tracks 5. In Fig. 1, 5 these

tracks extend in a direction.perpendicular, to the e of the draw ng,
These areas may hagiéeo Evalowtﬁ§§gwni?élﬂéﬁcil?sltbqnego\“’i??ﬁ#’afgﬁ?xaé%iﬁﬁ a%e,r%lcﬂ&se
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sur r oundi P5&0 1P aaa‘%ﬁﬁtheﬁratlpoﬂ‘lﬁ)k’e%’éé@‘qe& P2 refigelinggpirion L 7. whigh reflects

conpri ses tig beagh 13ttb @ objectiveRystdm 20 OTheObfdRl EsydtehAsRVertl tRElBarallcl Bedtli §h emi t's
a divergent beam 12, the scanning beam A collimator | ens 14 converts this

beam i nt o "H° BSPBYeraENt Pranheliand fogyses this basm &0 ¢ Fdiaden sPa A3 the edaneing spey aFi r r or
17, whi ch gieghioRRhon 1hite 30RANE 1 teQbtt (ysiehd 1Y foptasst i bj ecti ve
system converts t_hen pgb?al ' el “béam 1 txfl&%{;ﬁt‘éa lcoﬁserégﬁ;gggﬁggefgand f ocuses
t hi s Béantlegeat. whisharaydrave per ora®o asiheriea aunfiicats). Sihotobjective systemimeyaaisoat i on

| ayer 3. el t ' | mis represented by a single lens 15
el enent \k/ﬂrlngh r?ﬁ‘i"rﬂé% cg%lﬁg%’ bl%/a\e/\ho&ﬁ%)rﬁéri cal surface(s). The objective
system may al so copwingmeadeyenatititganformhtamethiesecond cariérds agaedby Dshaftng

readi ng o | L i nfor ion, the recor agrier i ot at.ed by a shaft
55 ar Pver nyeh B0p BT Rihont Miwaige Spcit Inshered e BONES Lldniteins by
novi ng t hepa @akand thg recopbtardd relatilvet th eadhentitardn tharradiglrdireeddatr MEthe Qo@athicot her
in theg,radi di,rection r. all the concentric 20 tracks or .the conplete

pi 1 a0} r S Rl pR fparalesh 3T o e DB AR R g PRy ©
nmount i ng tioentig the apticahirit Gpan akidreds b@rﬁa@@tﬁni&fl&fst it BBjedtvel s9@8h ohh]leabd,ecti ve
system on ' hovable 1n the radial direction. Wien record

i nfor nat i gﬁicﬁlé's? %g?a}%e i{vﬁh%gdljraggfre&p?rb rY¥gn record information is being read, radiation of

the convergent beam 21 reflected by the information layer 3 is modulated with the
information recorded in the successive information areas. This reflected information forms a .

25  reflected beam 24 which returns along the path of the convergent beam 21. The objective
system converts this beam into a collimated beam 25, which is reflected by the mirror 17. A
beam separator 27, for example a semitransparent mirror or prism, is arranged in the radiation
path of the ongoing beam 15 and the returning beam 25. This element transmits part of the
radiation of the beam 15 towards the record carrier and reflects part of the reflected beams

30  towards a radiation-sensitive detection system 34. The beam 28 reflected by the element 27
passes a positive lens 30, which converts this beam into a convergent beam 31 and focuses
the beam 31 in a detection spot 32 in the plane of the detection system 32. This detection
system converts the radiation of the beam 31 into electric signals. One of these signals is an

information signal Si, which represents the information read from the information layer 3.



the convergent beam 21 reflected by the information layer 3 is nodul ated
with the information recorded in the successive information areas. This
reflected ion forms a 25 reflected beam 24 which bi)ssal Ong the
pat h of th%@#\g&&gent beam 21. The obj ecélve system conver{Egt fs beam
into a collimted beam 25, which is reflected by the mrror 17. A beam
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carrier and,&ekhafictePivhy scgndtlmo%‘;ée?gé ?s%s@@ﬁ’srﬁﬁ]ﬁg SénQW%f 8%0cs control
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suppl i ed Ry tdis SetEqtdwig system 34 is a tracking error signal Sr, which
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to be Wi tifShnatfnSBotiat fritQoRE b thel recd?8 bAGedVsidhtaS AddrEdiEs, which are used

radi ati on-sensitive
during writing of the information proper.
To allow reading information from, or writing information on, an arbitrary
. position in the information layer, the apparatus should provide fast access to such a position.
25  This need for fast access, or short access time, becomes even more manifest if the
information content of the record carrier increases. If the distance between the start position
and the required track is relatively large, the scanning spot can be moved to the area of this
track by displacing the optical unit. A movable element within the optical unit can be used
for positioning the scanning spot on the required track. This element may be constituted by
30 the pivotable mirror 17. This mirror has a low mass and can be moved quickly. I there is a
small distance between the start position and the required track, the scanning spot can be
moved through this distance by only pivoting the mirror. By pivoting this mirror, the

direction of the beam 15 changes. The change of direction is translated by the objective

system into a linear displacement of the scanning spot in the radial direction. Use is then



detection system 34 can supply a focus error signal and a tracking error
signal. The 20 information signal read fromthe information |ayer may then,
for exanplggoosassi se information about data pre-recor degcgipobim2s ecord -
carrier, such as addresses, which are used during witing of the

i nformati on proper. To allow reading information from or witing

I nf or mat i amdenf thafacathiat the &myge firbdoft the objecti ve hystem hay setrtaorexkeny Glo, mdiftein

appar atus shoul.d .pr.avi de f.ast ;access_t.o such a posjition. .25 This need for
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between the start position and the requi track, is relatively.large, the
scanni ng Sp6h tfreﬁ’rfhgﬁblﬁ‘ﬁv&iyﬁt%mtaﬁ’énﬁroé‘ggé‘? {"ﬁﬂiﬂé‘s TRQUEEIRCTHy A Bfﬁdﬁ?aél%‘ﬁ' he
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t he radi akhroughecdniabirangddsseouns itsmaid-paéi6d./ 48742 PCT/ EP0O0/ 12625 7 made of the
fact that the imge.figld of the objective sys h certain extent. To
maintain the requﬁ}g'cﬂ%p CFPF‘gCQ?iﬂFn&W‘?CEhV? @'at,ex’q{‘):ﬁrqo?@sb(??le?wgc alé’gr‘ikhei ng spot
when def | defldctign bneheeinor 15, WhdnhRe geffectidan gl v tite rfrfor thad teacHed d chedim ent er s
t he objective system shoul d not. deyiate too  nmuch fromthe objecgtive syste
axi 5.1 GG QRIS PYStah SO FLARGAHER (1 SOEhE WA A1t TRYES HEGHOIGE 5t ho

obj ect i ve tiy¥sheraifaite Which 19 eqed ) 6ﬂ£ﬂg@th’thE"§§&§c@iﬂmﬂlgB Whidhethis 8t has|
circuit, which has a |ower control band than that of the mrror 17, such
that 4Fsobegaameysr by thepireysand haairos isHonliansoNs Y\ igsetid s mhPOsitia® 95i vot abl e
mrror 17 irthef BRRAWHES tn fick &bt iTRthE pfIRNE BBRSh & ihémik&lsRbIINEL Y Ni Oh

vel ocity, wnereas |arger novenents of the spot at a smaller velocity are
real i zed Bstempingsl aci ng the objective system The mirror 17 then only needs
to be pivoted 10 ths g . [ } = Lol OLF-11 T
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def | ect i oimvistianhn thisfigure, brly tipssrelanhrntcielitle areirelavaan fdr ¢hepdetectien spistemoare has
reach a t al | .he abj.ecti e | d. [ . i n such
o vy W nagfin Boftne M P sl R et YRR BBl PG 5

| ar ger t hanrréhid anid séfiented by hitio udgitonvik sledwit. Al weakpakefitamg tenzaes) isoetgedy t he
mrror, and, the mrror is simyltaneously.reset to it 1 d- posi tion or

furt her bICRRAFST i Reasp dutfec by dif ipirtory Tiselemeny efleshotly HRYIY PHET8F ¢ he

m rror shetdnthldRss than 10%, of the radiation of the beam 15 as a sensing beam 51 towards a

radiation-sensitive position detector 55. This detector has at least two separate detector '
25 elements 56 and 57 which are separated by a slit 58. A lens system 52 is arranged between

the weakly reflecting element 50 and the detector 55 to focus the sensing beam 51 in a

detector spot 59 in the plane of the detector 55. For better understanding, this plane is rotated

through 90° with respect to the other elements of the system. The output signals of the

detector elements 56 and 57 are supplied to the input ports of a differential amplifier 62. The
30  output signal Sm of the differential amplifier is a measure of the angular position of the

mirror 17. This signal is supplied to the driving circuit for the objective system.

The detection system is designed in such a way that, if the mirror 17 is in the
mid-position and the beam1S5 has the nominal direction, the center of the detector spot 59 is

situated midway between the detector elements 56 and 57. These elements then receive the



determ ned. Fig.2 shows the principle of the mrror position detection
system of the present invention. In this Figure, only those el enments which

are-rel evanf,of,g‘{sﬂzhe detection systemare 20 shown. For thg a6 185
clarity, y the chief ray of the beam 1§ incident on the pivotable

mrror 17 and reflected by this mrror is shown. A weakly reflecting
el enent 50sdnge amount giemdiation sdﬁmaqjhd:ihomputtsmalls awnqmelfdnd(tmemilqbly sighal Sm isr or .
Thi s el emep)

for exa t han. 10% of the
radi ati on O%ro ﬁ"’Lfb‘g%?ﬁUTgf glvé’teéieﬁlg gt Ctﬁgﬁ’&? ggv?sd%r%cpgarg ot the posttion &t
radi at i on- $@aldhg thealoplsls iatro@G0dK tieChiror 3 is thined talbt ¢efi, €He Heam raflectelas ithils WO

separate detect.or, 25 el enments 56 and whi_ ¢ separated by a slit 58. A
one. oyt efie if fetleefig M Tk ufraiec bl dicninty®¥ B BB YRy e bR fhes. and
t he det gct a¢fldofedidowhards, dshifdisdatstynde BidaMfap 31 dhdahe Géctsitspot HHRE 59 i n the
pl ane of the det Sctor 55. For better under standing, this plane is rotated

t hr ough 90BOWRY#Hds Eissampledo thedositinr 79 e Peicetor §IC@F“tt5I§éhW§€%YﬁS lqsﬁéadéﬁi'@ﬁut
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of a differential anplifier 30 out pdt signal Smof the differenti al
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signal is 'ﬂ/%ﬁl’ Il L ﬁagﬁk Wcﬂ%cﬁ%&&fu\ﬁgva;cﬁr astln&c%@% ﬁg{ cﬁxe? ¥a§/f(_jmanc-lr he

detection systemIs I'n suc in the
m d- poé@t i the datectot @@t bmamhﬁ)wm fdnexam;m maﬂhe dosithart 5%’nDeit&:ter demtm56mlﬁent he
det ect or

S ed, m dwa e he det.ect o ment.s 56 and
o S hos e Btivamie® b oot et YEF 1 SotS SE R aabe R 1oRE T8 aone
anpount of thischiv&yt, both theovdliedndtthesign ofthe uﬁglsihmhswtﬁcfretgequﬁbr Bnig pivaeed@ah put
nal ZEr.o. en the mrro i voted, the detector spot npbves in
?g pl ane {?ﬁ‘ d"t“l‘*fB“‘ﬁﬁS‘sW’r Hinapen depids 1“§§g gf’lﬁ‘%ﬁeptr?fé“‘oeo%‘?‘@a'a"rl?l&ﬂ‘ t wherejry o
mrror 17 ing liney 6TaRe étieftrbys 1524dd 15t RErrépana tothd MakiffhnD¥médd 8f détlebtidH, i S
deflected to the left, as indicated by the chief ray 15 . The sensing beam

is thel5 %Ppﬁev%wmaﬁmdwh%lmmew@l S%ynma@e@hbéfherrayrosﬂ anAde he
det ect or Sgpks MRS LOMEN ‘P@ﬂdjt% thd ot & With thBSadRRirh 'dgﬁec'é%ns Det ect or

el ement 56 then receives ess radiation than detector elenent 57 and the
si gnal Sm has a negdig-Beshowb agart pf a firseembediment OF an gptiaat weitiwith thetrhigror i ght |

the beam daigfaepesidiaddiiin Hidr0bs 8 B GOTRC bl RekdffUiemasyd nf cat ed

by the chi . e sensing beami1s upwar
i ndi cat ed ¢pstitheddlyiaeklement ’HlWhlahdulﬂs(hntlhie' tdmsmusdre rammonmf\zhxsscmbm;n for
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In  this weyritybatiinthelobiet ey tiendndigbeingis shdwii. Mie anging Hehlmduglmcvdﬂltc khet he
mrror 17 ;Ialzsm c;f\{ﬁ)e;[ reagiagg‘rp-sensitive detection system 32 in the same way and by the same
elements, 17 and 27, as the scanning beam 25,28,31, and focused to a sensing spot 59 in this
. plane by the lens 30.
25 The plane of the flat weakly reflecting element 70 is arranged at a small angle
o, of the order if 10° or smaller, with respect to a plane perpendicular to the axis of the
objective system 20. Due to this, skew, arrangement of the element 70, the reflected sensing
beam 51 is spatially separated from the scanning beam, so that the sensing spot 59 is
separated from the spot 32. It will thus be possible to arrange the detector elements 56 and 57
30  of the position detection system in the same plane as the detector elements of the information
detector 32 and to integrate all the detector elements in one device. Such an integration
reduces the costs of the optical unit, because fewer elements are required and alignment

becomes easier. A top view of such a detection device is shown at the right bottom part of

Fig. 3. This device comprises the signal, focus error and tracking error detector 32 in the



be determ ned. The situation depicted in Fig.2 may represent a practical
enbodi nent wherein the lines of the chief rays 15 and 15" correspond to
t he maxi nuRvGoIsRd2 of deflection, in 15 the positive and pegabbi@es
direction, inparted to the scanning beamgy the mrror 17, and the spots
59" and 59" correspond to the spots associated with the maxi num

def | ect i onformpf g quairah deksctar patthe tfo detdctar stements $6i ST theahirmnpositidncal - uni t
with the ”%iété &4 ssangul ar position detection systemof the invention. The
weakly reflecting element is constituted by an el enent 70 which

subst ant i alnktgad ofths fhltt;ﬁatt i@ ar sl dngle chan opticat ¢adgy ingingeamal velipe aipte
reflects onI a smal art of this ra tion, as the sensing beam 51. For
t he sake of? Iagfl?ﬁey‘; n g’r‘?l%‘“ﬁ“f’fh‘g Remein ¥ a‘tBF skeypsustane of rHhispYedRT pcts abfn. The
sensi ngs beagakirsfiéttgrect ed to the plane of the radiation-sensitive detection
system 32 in the same way and by the same elenments, 17 and 27, as the
scanni ng beam 25, 28 Figs 4 shows # Bartafaiseeendemhedisnang obherptial tnit wih the mirane by
the lens 3f, ul%ﬁp&éh%n@e?é&ﬁoﬁ);ysfelﬂfotfth ﬂ)ﬁl M tfil%%}n%%ﬁn@ﬂtl Fﬂe%ﬁ"& cdlganhﬁ
arranged at "a shall angle 0 i f respect
to a pl anebeperipeapdiatadl fzom the qnﬁemaxq:agnmg bthabydhwemblmeomyfsa mmmlgbaam to

this, ske of,,the e t 70, ect ed, sensi beam 51

i s spati al hﬁ{ é%grgrgl@gﬁ]fl f (%‘r/ﬁ; VCPIIE r?ﬁretgbliﬁqe 8 1a ?Pa‘f’a“fc#é‘ggle(ﬁ@%ng spot 59
is separ aécmdmfg‘lﬁmnt TRisbemh iSkEneatly p&\rahiedtlﬁlHaxr&ﬂloﬁQSﬁrééﬁbﬂhﬂtho&hé ange the

det ect or eI ement.s 36 and 30 of . t osjtion detection ;ﬁ/stem in the same
pl ane as t 'FESTISEIOR HFCt'é)Pé’gﬂ}?tpé’la(S‘fzmﬁ &2 ﬁPIBFeFré? thahthe feam isfully Bansmittedite
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reduces the costs of the 0£t| cal _unit, because fewer elenents are requi red'

and al i gnriSAR Papee Bieughdbes ) diplain? byics sodhatals diseettonzof gelerzation is Wtakidce | s

S gnal - 1 caguE Ao R PTRAR freotce b shivckbelin M ks RS, B Fherad
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a small an

arranged |don1bhfanemeﬁm«: bgarﬂnqﬂmerlmanﬂ”th@hmtﬂ’nm pioeles thefaa etk thddtie wedge acts
as the 5 ak refl ector 4 shows a part of a second enbodi ment of the

optical urfP{esfidsrenning '?ﬁaF’r°6P %ea te&'rfr%metqnaﬂmaé%@emg&ﬁarg yathaphlee of he
I nvent i on.radifidnNiThe RAHPAE [E%hventubﬁalfﬁré)ﬁ@éde@ltﬁmﬂ ﬂ&ﬂectgﬁ%fﬁt] on®B@ at ed

fromthe on?fm ng scanni ng beam by the conbi nation of a polariZing beam
spl i t t30hg sprpceAToTBrewamt reflestion atghespsuafages77, where X is the radiation

vavel ength of the 1Rc54aRpkdhe ARRRYon BhSo A shilackl NFRY bomdtOTRL A ' 1 @

di rection corresponding t
reflection of such an uncoated surface, of the order of 4%, is sufficient to use the radiation
reflected by this surface as position-sensing radiation. The uncoated surface 78 of the plate
77 should be the upper surface of the plate 77 so that the radiation of the sensing beam 51 ‘
25  also passes through the A/4 twice and the beam 51 is reflected by prism 75 towards the
position detector 55. Like the element 70 in Fig. 3, the A/4 plate 77 is arranged skew in the
scanning beam, so that the sensing beam 51 is spatially separated from the scanning beam,
and the detector elements of the sensing beam can be integrated with the other detector
elements.
30 As the A/4 plate also acts as a weakly reflecting element, a separate element

for performing this function is no longer needed, so that the costs of the scanning unit can be

reduced.



transm ssion direction of the polarizing beamsplitter so that the beamis
fully transmtted to the mrror 17 and the record carrier 1. Onits way to

and-fromt g iged carrier, the scanning beam passes thipeggipod/ags</ 4
plate 77 twice so that its direction of pglarization is rotated through

900 in total when the (reflected) beamarrives again at the prism75. The
reflected 15 scanni his dsaknom tb arrdrigenolef 4 Bdtpbae batwedrethd exlintiop soirteind/ 5
towards t radi.ati on-sensiti.yv det ect i on, sglster’% 4. Its conpared with the

3
senmi-tr anglgea?bé‘?ﬁlv?rﬁsFeé’? I Ap Qpficatscanning upywithout ombiningit with ¢ palagzatiohe heam

splitter Léaraagli&ihg priérfl. Rgaid Bre BirRMbSIEHhE MRt HiskY dNoaB Rl hAblahd 6F polLizhist ed
scanni ng beam can be separated fromthe ongoi ng scanni ng beam w t hout | oss

of radi atof Bi.scamingleampndtsevayshrongly ba it the aimdynatety asberinthat
anti - ref | echihQ £RAL bdih Ry gtahth@adwfom%% 5 girssvt%gﬁﬁ&l 54 4 Qeclbn t hESE
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surfaces. According to t vention, on ces’'1's no ed.
The nor malof pelefizagion wbicha$ diigodnt fromubat ofithedadiatidnasumittedby thhsowcad@heof 4% i s

sufficient : . : lation reflected b hi s.surfac

osi 1 on- eaagib BiAE if ARl bllend EiobRINREn e I BB SifiedPutbg souree-shou o
be the upmae ientdaceanafsotbhémplemiemted i s0h b aptidahscan@ifly ahit BPainginpahsrmasi ng
beam 51 25 al so gasses through the X/4 twice and the beam51 is reflected

by prism Pt RERMrAdhe meving aufrer bianddheebieqtivs system pad legung theptate surfrce n Fi g.

3, thqoX/ 4haplsaiRctéd idveardy thaBgiedive kgierh inddafed, SCanni ng beam so that the
sensing beam 51 is atlala/? separated fromthe scanning beam and the
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detector el enents MEPH@‘S b radedbiag suidaa op theiflat plgteatOedr afiitsialtematives ther
det ect or : - s a weakly reflecting
@hg&ggp&é emBRdittnd % %ﬁﬁgg 5 aﬁlmlﬁlﬁga%ﬁgjsrﬁﬁp@

ment, a s ate el ement unction is no | onger
needed, so that theThasignal ddteatdrshgwmimihagightrbortovepartod Fig. chas émlr ditExtorl/ 48742
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t he radi ation soufce an ve 'systemin a anni ng unit,
wi t hout c oadi] diregjiontr and tangentjabdiceciiamat, respectivelymSaph a téteqigr ipnsedin Agai n t he

function of the. X/4 plate is to.rotate the pl.ane of pol arization of the
scanni ng Bglgﬁﬁn%thoq ‘f’lgpékﬁﬁo'tcﬁlfe&?étﬁgl?ﬂ’é fgﬁqstefrogﬂ?w(ﬁ“ﬁ’@ r%ﬁﬁt)]?'ﬂdlééc?ﬂfééng P WScertain
that 5 ragiegtodpthe edfiettet ScargmEbaLh ivhade Rtighhe:, f&@x&hbl@%%ﬂﬁxﬁ@ﬁg al . €.
parasitic radj.ation, grgg direction of paolarization ich i1s different

from t hat Ymdrird lengdp tReetactas. Ay astipmai heams hastiye, mytally perpendiclarat i on

i s t her ebystipghivie pdcarifed inktdal bf s Y6t Gpdirehd Rahedtih RMich Thesé B¢aPinet BR Ssource.
The inyention can also be inplenmented in such an optical scanning unit by

ar r ang? ngSityatedaye differanpaighnpeibiang: Hea msgifisplanebebyeen thesgiva Hlanesdfect i ve
syst em angdsisaaut Beint e PboahEcrdiilfats. He iltdiol $ Hakfie8th HABEdSRC f)l}aﬁe.
obj ecti ve_system uncoat ed.
If the focus of the scanning beam 21 is in the plane of the information layer 3, the spot 32 on
the detector 34 is round and symmetric with respect to the detector elements 80,81,82 and 83,
. so that each of these elements receives the same amount of information. If the focus of the
25  scanning beam shifts in the axial direction with respect to the plane of the information layer,
the astigmatic focal lines shift with respect to the plane of the detector 34. This means that
the spot 32 on the detector 34 becomes an elliptical spot in which the long axis of the ellipse
is at an angle of + 45% or - 45° with respect to the radial and tangential directions, depending
on the sign of the focus shift. By summing the output signals of the detector elements 81 and
30 83 and those of the detector elements 80 and 82 and subtracting the sum signals from each
other, the focus error signal Sf is obtained.
The tracking error signal Sr is obtained by summing the signals of the detector

elements 80 and 83 and those of the detector elements 81 and 82 and subtracting the sum



Also the weakly reflecting surface of the flat plate 70,.0r of its
alternative; the wedge, in the enbodinent of Fig. 3 may be an uncoated
surface. TR otlsganl detector shown in the right bottom pagdr@oosieds 3 has:
four detector elenents 80,81,82 and 83 mhich are separated from each other
by strips extending in the 15 radial direction r and tangential direction
t, respecsigoas from egeleother. Fhis ensthod of genesasiog ianrackingrbirerssi gnahis\known ahide

so-cal |l ed t .G f or detection nmethod. According to this

met hod, tﬁgﬁlf%%r[ga%k@éegggﬁﬁﬁﬁé% beamis nmade astigmatic, for exanple by
arrangi ng a cyl i ndfhedaforthativm sigmaf Sidsobtaihed byesuteniag therautphin sigsdls giith¢ i ¢ beam
has two, t yal | er pengli r astigmatic focal |lines instead of one
focal spo Qur%iﬁgc%ﬁgﬂggﬁ? @’&ﬁ#%ﬂidt%ese focal lines are 20 situated have

di fferent axial posSeverahfocud dirck de@éaionfrhehdids pdiermaats@ahe diighatid methpd arees,
the astigmati G beam has a roungl gciosﬁ-s%cti on. The detector 34 is arranged
in this sp¥Y%ilbe givaptien cappe combiped with gachof these mathedsy beam 21 is in the

pl ane of the inforng hiRindtidy Hethdd of BeedRBlradldn®brrors BhE QB KhEWN Bffed-S T OUNd
and symretric with respect to the detector el enents 80,81,82 and 83, so

8 33,
that eachSRt tapkdagmethaddn additien-tejthescanmpg spord3.Abfotsmter of which showld ¢incide  t he

focus of LA tfccAcARN SANORAT g stankd thBBd@tibah sghtd, 8ppdsABly WhikBd ffgpect to
the plane of the information |layer, the astigmatic focal |ines shift with
resped® t edighdirgstign avithirespret tolthesenteal spat 23;Tae Ysedvm his mpthed. Thgéewe fllowsp on

t he detec (Mol ' ' }s of the
ellipse %@Esaéé%ﬁggﬂg??dglg oimzfé%tc%(r:ﬂ{e tirggg%!t Sﬁ?\q@%g?)‘éﬁé‘?&tb g%{t}ﬁnﬁ%@l al and

t angent i afifffaction giating betsheprethd iradjationsotrke 1 k angithe beanheplitterik os RS, fwhichBy

summi ng the.o t si | s .0f. the detector elenents an 0] d those
o " o o R B FoAIAL BRfeh N5 ShG LR s PRBERAS o e R el (0o @
each ot hafter tefiectioa@uthe éfomiatidnh fayat, tief thies bedihswdre didectede tiia @diatiorg- er r or

Si gnaéSSr i s..obtai ned gg{ sun;ﬂ ng the si na%s of the detector elenments 80
and 83° antfTEHEE BCtRFHOR FEIYRARLIOS segltm g SeREF8FPAfid subtracting the sum:
WO 01/ 48742 PCT/ EPGQ¢. 5368 %op vidw of @paliasiohsexi¥itRadbtebridnystethiviiciimbybél  of
generati nﬂ a,t racki ng) error signal is known as_the push-pull tracking

error met A5E N §HROINAIOP Y the Hires-fpRhiracking raethag Thissystesy compises drerWadant put

si gnal s ofietédidt 34ffetinfeiRhu®6r Rhd BUANEB Rdchs SRortikteBhom it Rbcto? 5S¢Mahiador f OCUS
error detection nethods, alternative to the asti ggmatl c nethod are. known.

The i nvenP?sgiPndgisction ndripe rdditiqnal detegters 99mnd Ré fr tipgking gor degecton. dhgat i ve
met hodp of st £cdg mnarga%sﬁegti@y,%égprg%gtwgn Webd adend Thasp&ts 98 Bt 9d gracki ng

method. In addition to the scanning 3, the center of which should
coi nci de fonedby $ped Eedking bepmpclhsftrackiag evrercsenabis pltained i eubtractieg hddi t i onal

spots, Opagﬁlitts?én)ﬂs Ptk WEcloRt J0MRd 94 from each other.

As is also indicated in Fig. 5, each detector 90 and 94 may be divided into two
detector elements 91,92 and 95,96, respectively. In addition to the three-spot tracking error
25  signal, push-pull signals may then also be obtained. This is known as the three-spot push-pull

detection method.



10 radial direction with respect to the central spot 23, are used in this
met hod. The two follower spots scan the two borders of the track. The

t hree spot obtained by arranging a diffraction g } ween t he
radi ati on ggj@@gﬁ 1 and the beam splitten,27, or 75, whi cﬁarr}sEgl%i/l??st he beam
fromthe radiation source into one scanning beam and two tracki ng beans.
After refl@cAiM$: at the information |ayer, the three beans are directed to
the radiation 15 sensitive detection system and focused thereon as three
separate spots. Fig. 5is a top view of a radiation-sensitive detection
system whi ch may be wused in conbination with the three-spot tracking

met hod. This system conprises the quadrant detector 34 for information
read out and focus error detection, the detector 55 for mrror position
detection and two additional detectors 90 and 94 for tracking error
detection.l.The 20 spataptiedl ubd f@Scamihgd, infoenatéwt plarel hayingas opticly etadeblon
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each det ec,tfr%r 90 and 94 E%{F cli Vi d?d i nt.o {hﬁv\o detector el enents 91, 92
and 95, 96, MiOEEHIALRIZNE) 30 2 ta}iﬁ NG [OrgmPY{RS 1 SeAnnKBSPOL FARRYERIRY @ihor 25
si gnal ,5 pugak Bitkdiiofi] LrAaiabioBdhsiivE detBtfd sgaeﬁ%@édﬂe&mg fHeSadigtidaneum fivn t he

t hree-spot push-pull detection nethod. 0 WO 01/48742 PCT/ EPO0/ 12625 12
CLAI Ms:  1.thenfspatiemplanginto gletric signals apd apositignydetectipd sysnafos dptsmippgan
optical 'y fepsialinfr Nl BiFcIMh&R RhfBBEARY if tHad HeWoSitioNhetedlion i dtergONPI | S€s
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track direction, a radiation-'sensitive ection’‘systemtor converting the
r adi atifon posiiom-fersing bekmm towdrds arsadiation sersitiveipositior detector eomypriginglatleasstwio a
position d fe?%til%%ef?tXStem for determning the position of the adjustable
el enment, c aract€28d in that the position detection system conprises a
weakly reflecting elenent arranged in the path of the radiation beam

bet t dj ust abl e el enent _and the objective system f flect|
por i on of-t he. r adi ARBHCBERTAEgRIRear BT SRescierietd iy B R nooma e e~

radi at i on-réfidtsihg pMee POHBE Weakly tflectiDeleBontRKiefddq) adimall@agle té ke optikal &xis or
el ement.s. % An,oPti cal unit as clainmed in claiml1l, characterized in that
t he ndrmalofths 1ve system.

3. An optical unit as claimed in claim 2, characterized in that the position

detector is arranged in the same plane as the radiation-sensitive detection system.

. 20 4. An optical unit as claimed in claim 1,2 or 3, characterized in that the reflecting
element is a weakly reflecting flat plate, in which the normal to the plate surfaces extends at a

small angle to the optical axis of the objective system.

5. An optical unit as claimed in claim 1,2 or 3, characterized in that the reflecting

25 element is a weakly reflecting wedge having a small wedge angle.

6. An optical unit as claimed in claim 1,2 or 3, further comprising a A/4 plate,

arranged between the movable element and the objective system, characterized in that the



reflecting plane of the weakly reflecting el enent extends at a smal| angle
to the optical axis 15 of the objective system 3. An optical unit as
clainmed i %8'0&&:{1}‘42’ characterized in that the position dgt@ecdophehs
arranged in-the same plane as the radiatjpn-sensitive detection system

20 4. An optical unit as clainmed in claim1,2 or 3, characterized in that
the refl eqlehilg refRe@hEdlément iSconsratlited by @h ehaied gurifdcatof pledl/€plaienwlehch t he
normal to the plate surfaces extends at a snall angle to the optical axis
of the obpEcE{rces eGPl SYHRMopt j cal unit as clained in claimi,2 or 3,
characterized in that the reflecting 25 elenment is a weakly reflecting
wedge having a small wedge angle. 6. An optical unit as clained in claim
1,2 or 3, Tfurther cHnpptics] wit as cleimedinany one af glaimgd . sbargrtetized ipthapthe bl e

el ement a ' ' characterized in that the WO 01/48742
PCT/ EPOO/ @g&@@e@@kﬁ@%k?&n?éﬁr@i ng element is constituted by an uncoated
surface of the X/ 4 plate, which surface faces the objective system. 7. An
optical ugit as clajmed. in of i - racterized in that the
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optical record carrier, which a rat us .conprises, supporti neans for the
record ca?‘?rit & Tecorf| cygiet @R PPy f“ﬁpg’f SRR 11%,nﬁcdmgngBgﬂlﬁf%ascgggﬁ]s?aggwged to a
scannilog &bt Shdie i rhiton 18fed) dndineans foa ydivingairet®id Rarrkindhy bptital lngt r ecor d
carrier and the o&bi cal unit reI,ativ&Fto,e ch ot her ,aélcég?ra terized jn that

the opti cHlatysite eqcq ofpeypngraglerizaddn Hhapithe QPUGH, ugihis agpit i apy opp

claims 1-7. .



