WO 01/ 15154 PCT/ USO0t 22859 -1 METHODS AND APPARATUS FOR PHYSI CALLY
PATTERNI NG NCNCPERATICNAL STRUCTURES OF AN OPTI CAL DI SC Bﬁ%ﬁﬁgﬁg@? §F THE
| NVENTI ON  TWORVBY of the | nvention The present invention T ¥
optical disc technology. Specifically, 5 the invention relates to nethods
and apparatus for the physical patterni+lg of readable nonoperational
structures on internal or external surfaces of optical discs. 2.
Description of Related Art 10 Recent deveI opnents_in optical disc design,
optical disc manufacture, FTHODS AN @%‘A&?ﬁmﬁuf acture of drives for
readi ng these discs havnmsmmmmnEmwmnmrmnmonm cal disc drives

to interrogate disc surfac ?ﬁﬁ oper at i onal
structures. As described rmes:'rﬁ‘?é?‘ I'n cope ng angﬁcom’mnl y owned U. S

Patent 15 Application Nos. 09/ 183 842 filed Cctober 30, 1998, 09/311, 329

filed May 14, 1999, and 60/gadk@GGuiblcreridYNUENTINP9, hereby incorporated
by reference in their entireti'es, these nonoperational. structures produce.

signals during trackable reading that are discrimnably enbedded wthin.
the normal ellkectr iRield of thedpvention; the enbedded signals report phyS| cal

properties of the-2Q ﬁQé@R%@éﬂd&quela%ésr%%ﬁﬁc%ﬁ dxéc”teGl‘iHHh’:’%Ct 5PEkiid i hods and

physi cal synchronl zation approaches npre describ

Appar aPus f ortheypRyeatipn pplates tBé’t‘%fhﬂQﬁﬁF%ﬂ’R%ﬁ“’lﬁsfPﬁ&‘% %?’E‘&‘Pﬁ%l zation
Mar kers, " W\orrehdatlé aondterational sitnGurddadreiterhppbi estiired shiefaces0f dp@icaB8,

filed on AUchFé 23, 1999, incorporated herein by reference in its
entirety, analysis software newy 25 devel oped for this pur pose and
described nore fully in "Methods And Apparatus For Anal yzi ng .
Nonoper at i onad. DatfReséastiin efReltednidt i cal Discs, " Worthi ngton et aI , U S

Pat em‘l Appl i cati OIke it c?e%{p% gieﬁZSBmf &Anf gl &%f'ﬂ'égilg%t o%t‘?’dal d% 99:% @I%r

|ncorporated her ei ence S en ese S|gnals to

be char act er ianddn Q?F sighjagd mﬁ@l—}fﬁ@ﬁfe efr@vseﬁzrersmgdhwmlfwemm n
essence, t he&ﬁadiﬁit@:lo@ﬁ'ﬁﬁ%&:sl&&ﬁiﬁb&l dibealiesCtoGhicygh® disc Y&@skel @6r tieCanni ng

confocal laser mcro | on of one or nore disc surfaces. The
robust ness of PEHTEC ] E‘b?rg‘?&? %egnbzg"érgfbl e the optical inspection
As described mare fully in copending and commonly owned U.S. Patent
15 Application Nos. 09/183,842 filed October 30, 1998, 09/311,329 filed May 14,
1999, and 60/134,368 filed May 14, 1999, hereby incorporated by reference in
their entireties, these nonoperational structures produce signals during
‘trackable reading that are discriminably embedded within the normal electrical
responses; the embedded signals report physical properties of the
20 nonoperational structures. In conjunction with physical synchronization
approaches more fully described in “Methods and Apparatus for Optical Disc
Data Acquisition Using Physical Synchronization Markers,” Worthington et al.,
U.S. Patent Application No. 60/150,288, filed on August 23, 1999,
incorporated herein by reference in its entirety, analysis software newly
25 ' developed for this purpose and described more fully in “Methods And
Apparatﬁs For Analyzing Nonoperational Data Acquired From Optical Discs,”
Worthington et al., U.S. Patent Application No. 09/378,878 filed on August 23,
1999, hereby incorporated herein by reference in its entirety, permits theée
signals to be characterized, classified, mapped, and represented visually.
30 In essence, these developments permit the disc drive to be used for
scanning confocal laser microscopic inspection of one or more disc surfaces.
The robustness of this approach makes possible the optical inspection

of structures having enormous variety in shape, size, and chemical and optical




of structures having enornous variety in shape, size, and chem cal and
optical WD 01/15154 PCT/ U300/22859 -2 properties. This flexibility in turn
pernmits such"@8HBI¥ ati onal structures to be used for a w’ffé""?ﬁ&?’?éﬁ%/ of
signaling chores. For exanple, as described nmore fully in copending and
commonly owned U.S. Patent Application Mos. 08/888,935 filed July 7, 1997
and 09/120,049 filed July 21, 1998, hereby 5 incorporated by reference to
their entireties, such nonoperational structures can be used to signal the
results of clpeepesties. afibisflesibility daltuts perymits seohgnenppefational stmatoksday, to
enzymati C as3Rised @ IdeSafieFdr dighuihd Shdrel.| P ASRAYS as deScrflel $5dr

det ecti on of mralian cells. In each of the |aser m croscopi.c applications

of optical dif¥®y dpj Gerending, andy, Gommmonty, SWRSAo Ne-afRlsHE| ARRLSAER nijes.

structures masy882,985 Sas dalyUNoIBVT and @3 120,049 fideie ully 21Ne199p] herdbydi SC
Prior 50. 1 eqidforafd by SiEreRBP] B Shiretiel, sllBVngidbliEEndiGuliaROge L he
nonoperatlona structuries rando Yy upon t he dsISC Su ace, as Iin certaln

si npl e count A8 keppsadcie: sigral thegesutsnely chemital and binlsgicalsassaysigangingucl ei c
acid array amainyshinnhd8say to®nzyMbidRéskys 38 nucidic A8 hyPSdiBatbnlRRR,
preferable tqogls toge(%eﬁ%ihes? nono%%%a}:t?gonal signaling structures in one or
nore order ed ‘AFFEYC TIPS PRTEERSFE®a need in the art or nethods, -
appar atus, and compeschidnthetlasgr fmiarpsdopict apnlicatigrsy of opticad atisce drivesy of
readagbe NONAREHA! the Ynoplratbhl! EsnMiRg inRRlleS dhudt KE qispeSeaSHMVGY OF THE
| NVENTI ON The present inyention provides nethgds and apparatus, for,

physi cal | y é‘r?’ﬂrﬁfge gé%%ﬁ?t@aﬁﬂﬁﬁﬁgf"éttf’dﬁ t POt £2fPe ePBlcaiAng it i cal

di sc. | n one manmbd@cerendispsdecthroopperatiomsl atrustures tandemlypnporirtgndist ¢ beads,
and the 1ot NadkakdVal ¥P8erBlR| Jiapll SELSHDUopIBAREL! Gk RS adichliaelll SC. 11

anot her 25 enbodi nent, the nonoperati structures_have “elettric
charge. BRI EFUgRaeit pyriciq acid arpy aeiyainGss tiie WORRY 183%P) ot maw ifeadt s and
advantiiges ofbet prefdrablens idisposé thesb@monaperatiaid sifaling etiatwReésin one of t he

fol | owi ng. det;gieq fAAsCLlbd O 2/t6Rs! duend®, 60X YACKLOD W B bRE
acconpanyi ng draw ngs, In ich Trke references characterd Fererto |ike
parts t hrouglfPRRratas androppogidonsihat facilitate the physie patteming efogadabitot ogr aph
of a portion mehopéra@phdl 6BuctllesSén apepadniasb, a plurality of beads of uniform
conposition and di aneter have 35 been manually di sposed;

20 SUMMARY OF THE INVENTION
The present invention provides methods and apparatus for physically
patterning readable nonoperational structures on an optical disc. In one
embodiment, the nonoperational structures are magnetic beads, and the
_ method involves applying external magnetic fields to the disc. In another
25 embodiment, the nonoperational structures have net electric charge.

BRIEF DESCRIPTION OF THE DRAWINGS
The above and other objects and advantages of the invention will be
apparent upon consideration of the following detailed description, taken in
30 conjunction with the accompanying drawings, in which like references
characters refer to like parts throughout, and in which:

FIG. 1 shows a light microscopic photograph of a portion of an optical
disc upon which a plurality of beads of uniform composition and diameter have
35 been manually disposed;



WO 01/ 15154 PCT/ US00122959 -3 FIG 2 shows a portion of the signal
acquired by reading through a single one of the tracks of tge 'gc portion
shown photW@eHIM4cal ly in FIG 1; FIG 3ais a |ight ni EFHY ‘8’6’2{5 .
phot ograph of a portion of a trackable 5 optical disc show ng an
aggregation on the disc's netal surfa8e of beads of disparate size and
conposition; FIG 3b is a trace chart aligning, in X-axis registration, the
el ectrical response reported in the buffered HF signal along ten of the.
tracks that pas®IG.18 shews.myporties efcteonenst achuired BE Tenling HIRUEBH aphi cal | y
in FIG 3asifhCondst tBOQ¥EksofThél@ise bertivhishowh phib®gtaphically id FIGsty at i ve

enbodi nent of  an apparatus for aligning magnetic particles on a surface of
an optical disc (disc not shown) according to the present invention. 15
FIG 4b shows aWGp3pds splightinrierosrepic photographicf@ pemignral avtrapieable t h
enbegded ”B&a%]‘é Sdis@'sﬁﬁwﬁg%f‘ adtedaiion dhOthePdiSOS Ghedil diifdcBQf VeR8€ Bf

invention. 4c shows a top plan view of the disc support nember with
20 enbeddedlisrRAgpiEsize aad SEMEAYWNI n FI GS. 4a and 4b, according to the
present invention. FIG 4d shows another side el evational view of the

apparatus shown gig, gbliC% wff it Wikdingin ORLS Heaiirdfiork Gl LlefiRd ther eon,

according to the present I nvent . FIG 5 presents a |ight mcroscopic
phot ogr aph wssparise repartedde the buffered JF signal glong t6p 5 thh Frark 8 kEThet i ¢ beads

havggbeen afhir@@cthi AéglorbeMBE alsc shévon photbgrapliicaltiamial 3a; appl i ed nagnetic
fields according to a nethod of the 30 present invention. FIG 6

il lustrates physical -patterning of bead chain on an optical disc_in
accor dance w t h Fife 4prshownte sids elavational ey of an diusiratiyy eoledimensgh 4

DETAI LED D@p@tﬁ%ﬂ! foF afibink MMARNEONattitiesrddes sifate bhen ioptealtdisn herein -

descri bed e fully understogd he. W ng detailed description is
set forth. %ﬁcﬁésﬂ%ﬁﬁcﬁ?%ﬁf"ghe,eprf%elnsglv‘\’ngllr']%&"terms are enpl oyed. 5 As used
hereditn, the term"radial" denotes, in.the plane of one or nore of

FIG. 4b shows a top perspective view of the disc support member with

embedded magnets, also shown in FIG. 4a, according to the present invention.

FIG. 4c¢ shows a top plan view of the disc support member with
20 embedded magnets, also shown in FIGS. 4a and 4b, according to the present

invention.

 FIG. 4d shows another side elevational view of the apparatus shown in
FIGS. 4a-4¢c, with an optical disc positioned thereon, according to the present

25 invention.

FIG. 5 presents a light microscopic photograph of the surface of an
‘optical disc upon which paramagnetic beads have been aligned into several
chains using externally applied magnetic fields according to a method of the

30 present invention.

FIG. 6 illustrates physical patterning of bead chain on an optical disc in

accordance with the present invention.



a disc's data-encoding surfaces, the direction forward or backward al ong a
tracking spiral. A disc surface, according to this invention, can be an

i nternal orwexsi/emssél surface. As used herein, the term "t arCrASon/22859
denotes, in the plane of one or 10 nore of a disc's data-encoding
surfaces, the direction inward or outward along a line drawn fromthe
disc's physical center to its outer circunference. As used herein, the
phrase "radial plane" refers to the plane in which a disc's tracking

(e.g., spiral tracking) DEPAILEPDESERIGTEINCETHEINVENTIONE pl ane of one or
nore of the disc'g_ data-encading surfaces. .15 used herein, . .the term
"nonoper at i onal stiF Sééeﬁrtg'ag%'eeaﬁ%e%trlﬁ/n ﬁg mrrhg'fstfpﬁg%ﬁnaggb?/\ﬁlﬁi Hidggs 8?)“[4 cal

di sc that is thefdlowingxietpilesddrsicription isi sghfdrth. winethetdescrifption, e follewlingy an
optical disc &ga¢&e enidléyedi gnal of which, however, is not required

(al thoygh possibly useful) for drive gperation during reading.
Nonopegational st ﬁﬁdﬁsﬁ?g‘g‘?‘?&‘ﬁﬁ&é’fnf’ senpies inthe Plapg stprareredignal 20
el enment s, as addisclsi datalennatinig atiefhgesh cho diredtionufoewtaddese backvidde dl&igma

"anal yt e- speqgLf} 'pgjggl g,ﬂgﬂ_} r . p L Qnal ructure
that can be Etgiecgﬂ%ggési g’ngledlt e parcg"s%fr‘\:glfaﬁnoégaﬁglggl |%’ géf?\lg%y énﬁe?#aé sanpl e
appl i ed to arPrépterealisufrs®. The termthus includes, inter alia, such

sihgnal ﬁl enentsda&saifddelwaiﬂlitﬁé Gécii‘:ﬂ”l&éﬁgd&' tial”id&b’fédjﬁg eS'of%ﬁe%5 vell as.
those at are descri.bed.i.n copendi ng_ and.caonmonl y. own U.S. . Patent
nopl 1 &0t +on” RBZ S8 BE GB-RAPERE e Rh f ST herTae GrerFerd abugly o1,
1998, 09/ 183 lgwdmpndrpnothediss’s plyysiced oditeriodtsOmmt @ icircBrdertndeed Moy 14,
tlﬁ9_9, thetdi scl OS%Qﬁe@he%i:Pdﬂe?hgad'emt hq?%te@(ilet’ef‘sr@it?e%nré%&%&wp& iln

eir entireLies, e term.i.ncludes ose.structures that are al one
det ect abl e 30"’ Sﬁgﬁﬁkec%ﬁs %%&ggaﬂﬂ'ﬁsﬁfo‘?@pqsﬁ‘;t%ﬁﬁﬁg}a&& ti onal
conponent s t @nb@r moge dithedlistist dte-ghtwling'surfacesi herein, the term "magnetic
bead" 15ncl udes maggeligy h&%@@gn%ﬁcy“nMe%ﬁ%P%ﬁ@W%&xﬂa% cl es,

i C

bot h spherical and nonspherical, the diameter o h can vary om about
1 rimto abodtruFtHR,onzer @ithin anqptical dist ithat; is gappble o mredysing sgiensh of a
portion of arwhentthedisc islireel byparubmivhlidiec raadse theé sibhal of whithSEswdies it n

Noy 14, "Joa0 hof AR (g poriniy 34601 0P Bk Bk AR Ity bl O
uni fornly 2. 8Y9sepematignalefraictyras sinclusdensler * sEavanles apalytepeesifis signahe

20 elements, as described immediately below.

As used herein, the term “analyte-specific signal element” refers to any
nonoperational structure that can be used to signal the presence of a specific
analyte in a sample applied to an optical disc. The term thus includes, inter
alia, such signal elements as are exemplified herein — including beads — as

25 well as those that are described in copending and commonly owned U.S.
Patent Application Nos. 08/888,935 filed July 7, 1997, 09/120,049 filed July
21, 1998, 09/183,842 filed October 30, 1998, and 09/311,329 filed May 14,
1999, the disclosures of which are incorporated herein by reference in their
entireties. The term includes both those structures that are alone detectable

30 by an optical disc reader and those that require additional components to be
rendered detectabie.

As used herein, the term “magnetic bead” includes magnetic,
paramegnetic, and superparamagnetic particles, both spherical and
nonspherical, the diameter of which can vary from about 1 nm to about 1 cm.

35 FIG. 1 shows a light microscopic photograph of a portion of an optical
disc manufactured essentially as described in copending and commonly owned
U.S. Patent Application No. 09/311,329, filed May 14, 1999, with a plurality of



disc's reflective surface. The tracking features (e.g., a wobbled groove),
Is readily observable; nmagnification precludes the continuity of the
groove fravooinsisnag observed. 5 FIG 2 shows. a trace chapPCT/Use¥32889ed t he

el ectrical response reported in the HF signal during trackable readi ng of
the disc along a single one of the wobble features that passes through the
area of the disc shown in FIG 1. The trace chart reconstructs and plots
the electrical signal from di gitized data earlier witten to a bitstream’

file, as WBEEdJHMWQ@M&Q diSm tuet(heawﬁnd%ﬂamaapb&dﬁmu@otucal Di sc

Dat a Acqui ]Oﬂ Usi n Si chr qni zatl n . i ngton et
al., US. ﬂ%B’ngc“égﬁx%ncﬁb BARRdE Jouttrs; Bk o LR T %ﬁ 1999, and
" Met hods Amdadﬂ.pp@smei‘de,ﬁumhym gclm%r%haﬁmf OfIQER EI‘OA&]Q‘PF’ed From
Optical D §e50 ob¥bddli ngton et al., U S. Patent Application No. 09/378,878

filed on August 23, 1999, whic er corporated by 15 reference in
thei®? entiretie¥C %ﬂwwﬁ%%%&&&m%& getcg?f%gfes??faste rl\ég?é?ﬂ’@t ance
al ong the tHaEF; sigde dirmgi tsackhblesrending afdhe Hisc silggab singls phaybtheby. di gi t al

oscill osco Bwn rqt descri bed
~in copendi %’ ia’tir% %@%%{%JSQQ&H?%%%EQLAJM&Q&SE catl gﬁﬁl% = 318{/ 183, 842

filed Cctolseace 3@”"19598“8%Pﬁ@r%l?’i?dth?e?lé?%cﬂys‘g’fé frgep figitiesd 9838t o feat ur es
20 and 22 akfief QritGnatocd szﬁ’barhl"lﬂe,pieme dullyf déd&ﬁbad & rMMeti@dd sindn t he

P iBCC O ArpEreas for BEALITS: BRd AXRHAUGE YRG! Alychbl SyllplBslie, SPaPE that |

has™pr evi o(i® P een cof esponse tromthe disc
surface as Mawbeﬂsﬁwrthmaﬁ@eméeb Pi§ Méﬂl’b’éﬁ%d“‘b&@élsq gfiledoncent er, and

25 finally Axufgasd 20900, AYMéEthodd1And ApParabtiat snadfing Nerdpagatiohal

character | | C has orr eI a i cal _
response a é ‘P‘Hggraﬁ ‘gpq’e‘%f?ﬁés’e ge&rfg%a %ead |"Ust t%rn %%:ﬁn% he wobbl ed
f eat ure beiNeg 097 3ATHETR ﬁEdcm igash @3f $399)rwhicly gre hereby “‘Fqﬁ?fll‘qrﬁe »Yi s preceded

and;§ol | OV‘@gfel-éi'xcEH?mﬁ"eﬁG}é‘deEaﬁ‘hé Ra&R dhows riasadistafies; uginad, divtaisr e 24, a
feature resul ti n O&b 9 ng‘Pnon‘gl acent spacing of discrete beads al ong
tragk &S

the track. #mgtH lif:1¢ hat el ectrical signals generated by
nonoper at i onal Y sigrtaly displaykdsisodigitaliqsoitioscopté x resl titmgdeokespentidlyvi dual |y be

i dent 'df ' edttﬁé‘ darid) aars%}tﬁ&.l éa%dnbemarbobafdlﬁé wwﬁaangr&nsafd 8 CPaﬂéHt' y vell -~
spaced as to

obser ved. PBF‘EE”S’?P hgg /21%%:%% ﬁ/lﬁ‘? 3‘6{]’56 ﬂ% 613 ﬁ%ﬁ g’rﬁlf’é%lﬁa 8‘? Ihgreé‘é ;3}3? a? g
tragkabl e Q'Bfetdh&é disc of simlar design upon which have been di sposed
beads of dispar Yata ﬁiaﬁﬁ'es 20 and 22 are correlated with the presence of the 2.8 ym
beads on the surface of the disc. Features 22 have a characteristic biphasic
shape that has previously been correlated with the optical response from the
disc surface as the laser traverses first the leading edge, then the center, and
25 finally the lagging edge of the bead. Feature 20, lacking the characteristic
biphasic shape, has been correlated with the optical response as the laser
grazes the edge of a bead just touching the wobbled feature being tracked.
Each of the features 20 and 22 in FIG, 2 is preceded and followed in the
electrical trace by a baseline signal feature 24, a feature resulting from the
30 nonadjacent spacing of discrete beads along the track. FIG. 2 thus
demonstrates that electrical signals generated by nonoperational structures
disposed upon a disc surface may individually be identified and characterized
when the structures are sufficiently well spaced as to permit the entirety of the

characteristic signal to be observed.

35 _ FIG. 3a is a light microscopic photograph of a separate trackable optical
disc of similar design upon which have been disposed beads of disparate size
and composition. An aliquot of 4 pm diameter blue polystyrene beads



and conposition. An aliquot of 4 pmdianeter blue polystyrene beads WO
01115154 PCT/ USOQ/ 22859 -6 (avai.lable from Spherotech, Inc., of
Li bertyvil | avo é1l181546. 8 j am di aneter bl ue pol ystyrene beadecrasaiisssl e from
Spherotech), and silica beads (available from Signs Research, Inc., of
Brea, CA) was m xed in water, spotted opto the nmetal surface of the disc,
and the disc then air dried. FIG 3a is a light m croscope 5 photograph of
the disc surface show ng ap.aggregation (e.g., a.duster) of beads that
include two givhildhile FRad Sphrotacsi 1ag), SfALibaviyvillel aLp 0.8 Sind r @A eReBsS2, and
three 6.8 jam bl ue pql ystyrene beads 34. FIG 3b is a trace _chart aligning
the el ectri CBPIV?‘@E"TS‘S?R‘%ES igéﬂﬁ sHomSpheroteghls dng gilica peadsdaugilable fiogr t en of
t he tracks t BigrisfResearichy Inicg lof Brea, G2 ivais miked hewafd, shosted vhed\the metal
phot ogr aphi c i i w3 J 1 R . 110 ghedy . 36 it can
be seen that Q%Jgés(cgl é}rg"gé gl sgch'a d%%&ﬁ%@é%%gggééﬁég%ﬁ%H‘%ﬁvﬂ%ﬁ%&e 38. In
contrast to Pbefegregl of thedige syrfpge showingan pegFeaptien (@&ch chistegheidisadepr esent s
]E he signal pﬂaduﬁaddé)ywcasmbanglh@ds 3% d sifigleciegin uagengmtﬁfeherbaim 3R aed urfe,

eature 38 repr nts.a ¢ ex res se caused by the aggregation o
sever al beadéh’%i(é%edﬁnz’hb‘?%@y%ﬁﬁéﬁgﬁﬁlf hough sof tware-based al gorithmc
approaches, nore Fif.[3p idasttadelnbart aligninpithi elkstrivatiredpries refsorfedlin Mal yzi ng
Nonoper ati on quir.ed . ' ' : | ., US.
Pat ont. Appl | Lo HEOGBHA Athd (o8B kP el ebh Bfe cordfl Bl oFindl
conpl ¥ si gndiscshern phgtagrarhicallyén BIGBan oWith meferense i iraes3@ohlBd 3bn the art
Ij or conple EFRt@hybamh&hahBSsdliha]fsignﬁHﬁhfﬁréﬁB'ﬁ prdtedé ahd Folloef fehitbelé \3'Bdua: Iy

i scrimna ' £ i S | r operationa
structures 'oﬁna_ |ssg%£¥1ér ar?g.bsfﬁg?%t{fr@éez’e%“%&]%] ’ gaghnée)fgadﬂ ?lgrrgprlf‘eeﬁeﬁl(t)sds t hat
pernmit such H¥yneigeal prodirsd byte singlereal-srackd noneprygtienal siructyee.deatiiece of t he
di sc i n di saggiregabéaitsaioiplaifbspatide@atiSed BPth 86 bf bdvéRlbesds Presents
sol uti'é)ns to thids cosru;)rpalcem by exploiting physical properties that inhere in
t he nohoper afT8fat® ¥4 €t ures to effect the patter of their disposition on
‘the di sc surface. Aitloughf software-besqdl alggyritbmio dbproathest mora &nllypdasatibaghal :
- Structures apf«-MEBBILAhE ABPE-ab N FRARR LMY NBRpeAtiondiTifta AL ifaerBih app! yi ng

‘magnetic fields. eﬁ% Tpqugggﬁgtfe)ratl niL structures can beépatterned into

one or nore JPEEHPIEY) RetPRESt s M-Sy PrgpE ArRigetion Noy P37 8.8/ Bed wi t hi n
each spot i ncan ddeosestl tbideeomvoiliteesiichoa. complex signal once acquired, there

h 20 nonetheless exists a need in the art for complementary approaches that

facilitate the return of individually discriminable and identifiable electrical

signals from nonoperational structures on a disc surface.’ Thus, there exists a

need for methods that permit such nonoperational structures to be disposed
on the surface of the disc in disaggregated forms and patterns.
25 The present invention presents solutions to this problem by exploiting
physical properties that inhere in the nonoperational structures to effect the
patter of their disposition on the disc surface. .
In a first exemplary embodiment, the nonoperational structures are
magnetic and can be patterned on a disc surface by applying magnetic fields.
30 The nonoperational structures can be patteérned into one or more discrete
spots on the disc surface, and can be patterned within each spot in a chosen
linear direction.
Paramagnetic beads in the sub-micron to sub-millimeter size range
have proven to be extremely useful in many different biologic and chemical
35 applications. With one member of a cognate pair of high affinity specific
binding groups attached to the surface of the bead — such as an antibody
highly specific for the binding of a ligand, streptavidin for the highly speciific



Par amagnetic beads in the sub-micron to sub-mllineter size range have
proven to be extrenely useful in many different biologic and chem cal 35
appl i cati owe.o1/W18h one nenber of a cognate pair of hi gh @idrrusidnaesspeci fic .
bi ndi ng groups attached to the surface of the bead - such as an anti body

hi ghly specific for the binding of a_ylgand, streptavidin for the highly
speciific WO 01/15154 PC. T/US00122859 -7 binding of a biotin, or a nucleic
acid for the highly specific binding of its nucleic acid conplement - the'

second nentgrqiRf ofheplaat & RatlkicCadid fethd Wighliespueirc! biadinkr i f 1 ui d
m xture by ingrody tlon1 of ghe beads oltlnﬁv\ec}et% g%%pllcationgﬁ{l a magnetic
field The MEFEE cPrRlepepE— e SEoBY PFORET O1dRe FE S =RPhFHT B2 nechani cal
stress on theepudfiedd froenal fid, midmrehbie dntreduvgieniof the ZAwad$ follnweduloar yot i ¢

cells, to 'a[%ﬂcarﬂe,ﬁlai&n@gghdﬁe fefd. STBE | mABHeRE Hefd 1ol BHAGS: ARG bsert OF t €N
rapi d, highly scalable, |'ow cost and nontoxi @.?Parama netic peads are

| .
readPly avangnififent nchanicpltreps op; thsdoung | SEER GAR T2RERM & common.
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Spher ot ech, Cdmppositiags of thedreags varyewith spme hories |2 copted [PasupREnsHE SPFBignet i c
beads wit h ghauBiRingoR;0e81H 8P Fei0;larfiTFe0d henlinihdbrpbrateal thioughoie been

used in the plesent 1Ny n:?ilon al t hough per manently magneti /851y-

par amagnet | B° PEPTY EPESL LER F5VI8 A REYVIHTPR P55V Pr L P8 T/ PRE present

20 i nvent i ostyreAec contin;igwith béad diaseters vatvingtfrem SGragmelavailableader can be

pat her ned Ofkanfid] o MittendCBiotst] HOARNAY CAPtON [un (SVEIREIRECRr BREAGES, an

enbodi nrent of "which is showmn in FIGS. 4a-4d. FIG  4a is an el eyati onal

si de vi ew OFOPIRhSFFEshy 1evi Jibatvills; dW-  Dgneqiicidgh suryPeamagpeii t menber
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FI GS. 4b arphramagnetic particles can also be useful in the practice of the present

20 invention.

' According to the present invention, magnetic beads can be patterned on
a disc surface using a device with embedded magnets, an embodiment of
which is shown in FIGS. 4a-4d. '

FIG. 4a is an elevational side view of patterning device 40, which

25 includes disc support member 41 (and sometimes called a “platen”), and which
is dimensioned to support an optical disc on one (typically the upper) surface,
hereinafter the “support surface.”

Disc support member 41can be discoid, as shown best in FIGS. 4b and
4c, thus providing a circular support surface, with the support surface

30 diameter approximately equal to, more usually somewhat larger than, that of
the optical disc to be patterned. For standard optical discs, such as CD-ROM
or DVD discs, disc support member 41 would thus typically have a diameter of
at least 12 cm, although often somewhat larger, ranging from about 12 cm to
about 20 cm, more typically from about 12 cm to about 15 cm, most typicaily

35 from about 12 cm to about 14 cm. Since the Red Book standard further
contemplates optical discs of 8 cm diameter, the disc support surface can
alternatively be about 8 cm in diameter, or somewhat larger. In the latter case,



4c, thus providing a circul ar support surface, with the support surface 30
di amet er approxi mately equal to, nore usually sonewhat |arger than, that of
the optical WReKISI4 be patterned. For standard optical di s®CTAISNR88s
CD-ROM or DVD discs, disc support nenber 41 would thus typically have a
diameter of at |east 12 cm” al t hough Q&fen sonewhat |arger, ranging from
about 12 cmto about 20 cm nore typically fromabout 12 cmto about 15
cm nost typically 35 fromabout 12 cmto about 14:cm Since the Red Book
st andar d f ur horeever,clist smplositieembeat4 lcwdll tgtpieally indve: sira sliffivieritas suppert di SC
support surf ' .apbout 8 cmin dianeter, or sonmewhat
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he di.s
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menber 41. Disc support nmenber 41 will typically be nade of non-magnetic
solid material, BRHeming devics fQsgpietontaingpofe than sne digc-$unpcst member ast i .
15 FIG 4b shbws a disc support nmenber 41, which contains a plurality of

enbedded magnets ' ?’Zf@% [ 44 w ||
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t he 20 suppo f t | gser 10 t dis port thereqn),

al t hough in %:&.gé&{:feg% gé&g‘% 6 ﬁﬁzcag%’ﬁ%? ﬁggggeu%%gmg?éyae%&? agt"l’?és % ets nust
be suffici enbe s9-Rlanarpwithi the Hiscdsunrport shefas pp siscesupprat goembert 4hi | | be
appr ect at ed H‘gﬁugﬁvﬁa&ef‘is céfl HeeRdeddol ﬁb)lﬁ‘n ﬁi@agdfs@pasnaédﬂacblamp ﬁgllsd be
nerely nmou nt- ertl'}e(z)' ﬁ%ms tL.Jnre sccesup %Pt@g rthtg'reon)? t‘)Azl'e cra?n a?tergéjtpvgg'reg:ter;x% a %(re the

20 support surface (and thus closer to the disc support thereon), although in the

latter case the combined surface area of the magnets must be sufficient as to
permit the disc to be supported thereon. It will be appreciated that magnets
44 need not be embedded at all, but could be merely mounted to a surface
(upper or lower} of support member 41.

25 . Although electromagnets can be used, magnets 44 are permanent
magnets made of a rare earth alloy such as anisotropic sintered materials
composed of neodymium-iron-boron or samarium-cobalt, with a surface field
strength sufficient to attract a majority of the magnetic particles desired to be
patterned. Surface field strengths of about 100 Gauss to 1 kiloGauss are

30 usually adequate to attract magnetic particles in the size range of about 1um
to 10 um. Accordingly, patterﬁing device 40 can employ magnets 44 in disc
support member 41 having a surface field strength of about 50 Gauss to about
S50 kiloGauss, and even more typically about 100 Gauss to about 2.5
kiloGauss, with a range of 100 Gauss to about 1 kiloGauss being most

35 typically.

High energy permanent magnets made from neodymium-iron-boron or
samarium-cobalt and characterized by BHmax (maximum energy product) in the



25 .. Although el ectromagnets can be used, magnets 44 are permnmanent

magnets nmade of a rare earth. alloy such as anisotropic sintered material s

conposed ofygueasigari um i ron-boron or samarium cobalt, w thecrnmseoszsse field .
strength sufficient to attract a majority of the nmagnetic particles desired
to be patterned. Surface field strengths of about 100 Gauss to 1 kil oGauss
are 30 usually adequate to attract nmagnetic particles in the size range of

about 1m to 10 m Accordingly, patterning device 40 can enpl oy magnets 44°
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means to di'sc or can, alternatively, be enbedded
t herei n, ascanflg reragugfand ﬁ’?é?i%‘&fl%@é?“%‘ﬁl%?’ﬁtb%{ﬂaﬁeﬁ aliquid -
around the ﬁ&cgae&rsgms,&mmdemﬁwuémcusbmmanyaajma 41 can be fashi oned
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aII Ws t he magne |él strengt as ‘further ow, to be
readily adjasrsit@'d Orﬁet%ﬁét@lm@a@ﬁ%mef Af foresprientedsn, "hﬁﬂﬁé‘eé’frﬂé‘ét angul ar -
crosa Sef“cﬁ&: fsﬁfi z@rﬁlr&%enhﬁénwtet brdsb@béuoglnagleaipss lokrisetations, f arid e ?)I’I ent ed
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shapes, or | BREHE %1 °§lﬁﬁta§1rrg’gne re% &goﬁeeéﬁ{e?lg%g?h&}vgsgﬁct to the
platen are d’dpsndxal\mmgnchednenfetamﬁad mgttﬁpv@rdesmd By beimpaspdpremdhoat t er ns
desijged to gggﬂe@gmlémg&csa&awgnetlc particles on the disc surface.
Di sc support nenhér 41 can ag {lonal i e aecent a!lhhl0|4§ é‘l?’ shown in
FIG 4c, to per reS THRRRFS RETEF Thenf °§‘ajé3616a‘f fber upon” a spi ndl e 42,
shown in FIﬁFIGa4c,Ab1permmmmhytgOéﬁwrmtesmomﬂbbenm@f%ﬂm@le@a sc support

menber 41. SRWANEFR &anm&nama& apli Ao %2 2aiiOintéRal foydibe ahpporan el ectric

2 r,
0 moto ar%er?‘nqgly\gl ! %pﬁlld% 42 can be rotatable by a motor 45, typically an electric

20 motor, as shown in FIG. 4a.
Spindle 42, when present, will typically be smaller in diameter than the

central mounting hole of the optical disc to be patterned, perrnitﬁng optical
disc 10 to be placed on disc support member 41 with spindle 42 protruding
therethrough, as shown in FIG. 4d. The space between opﬁcal disc 10 and the

25 support surface of disc support member 41 is exaggerated for purpose of
illustration. To facilitate registrable positioning of disc 10 on the disc support
surface of disc support member 41, spindle 42 will typically be dimensioned so
as to be only slightly smaller than the central mounting hole of disc 10,
permitting the spindle to snuggly engage disc 10.

30 Chuck 43, with a recess or throughvoid dimensioned to accommodate
spindle 42 therewithin or therethrough respectively, and with at least one
outer dimension exceeding the diameter of the mounting hole of disc 10, can
then be used reversibly to secure disc 10 to disc supporf member 41. Chuck
43 can engage spindle 42 in any conventional way, such as in a snappable or

35 screwable fashion.

. When disc 10 is placed (typically reversibly fixed) on disc support
member 41, magnets 44 generate multiple magnetic fields on each of the



Spi ndl e 42, when present, will typically be smaller in dianeter than the
central nounting hole of the optical disc to be patterned, pernmitting
optical di spobdthsiss be pl aced on disc support nenber 41 w tPCHPS00/2859 42
protrudi ng therethrough, as shown in-FIG 4d. The space between opti cal
disc 10 and the 25 support surface of d%éc support ‘menber 41 is exaggerated
for purpose of illustration. To facilitate registrable positioning of disc
10 on the disc support surface of disc support nenber 41, spindle 42 wll
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" magnets pul | suﬂ%wb’éhd@r%gqeﬁé bSé‘é%iEa‘éFr keey Aliengd “?tﬁei?v?ﬁb%h%ﬂuisﬁlgm bead
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Depending on the number of beads present in droplet 46, multiple

parallel chains can be formed. These chains have been observed to migrate
toward a magnet and this movement is arrested when the leading bead of the
chain reaches the limit of the fluid droplet.

25 A careful control of the magnetic field strength is important so that the
bead chain is not subjected to excessive fluid drag forces, which would tend to
cause the chains to break apart or to move out of the droplet boundary and

. become an aggregated mass; conversely, too low a field precludes the formation
of chains. A suitable magnetic field strength can be calculated on the basis

30 magnetic mass susceptibility of the beads, buoyancy, and fluid friction.
However, for any given disc, patterning device 40, bead composition and size,
the intensity of the magnetic field or fields can readily, and will often, be
determined empirically.

Furthermore, it will be appreciated that the field strength at the desired

35 disc surface can readily be adjusted for any given disc support member 41 by
altering the distance between its disc support surface and optical disc 10,
through interposition of variable numbers of blank (e.g., single-layer



such externally applied nmagnetic fields. Wiile not wishing to be bound by
theory, it is presently believed that the chains result fromthe nmagnetic

di pol es iwowwesis4 n the beads by the externally applied magnsoezsse el ds
provi ded by 20 magnets 44. Dependi ng on the nunber of beads present in
droplet 46, nultiple parallel chaing ,can be formed. These chains have been
observed to mgrate toward a magnet and this novenent is arrested when the
| eadi ng bead of the chain reaches the Iimt of the fluid droplet. 25 A
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41 by aI t eatyigg hindbeisf blahik Heatess aisci i0sard the sapgrosirfasr f ace and opti cal-

di sg t hrou S yhhs
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features, Ssl.lﬁboxﬁ&néxﬂb&r kan\ihélgdd abplubdlity i dfSmagrdedd hadiag ditfedet fisldacki ng.

Field strengl %ef*{finﬁ?’wuﬁ&a %A“%g by interchangi ng di sc support 5

menbers 41 1 n each of said disc support nenbers
havi ng magnet s me@PCHﬂFMdé?ﬁtem ’@Itﬂ @P%ﬁm@beﬁﬁlsﬁmtaﬂl@b In this

ﬁ/ay,ls? greﬁ&h@euﬂgeﬁﬂarumeﬁoﬁ Id ﬂhdh&&ﬁe.m@wuawawﬁf FRA3Y, }tﬂ@dﬁﬁnd be made
y.sel ecti an a riat i SC_support ne Vi i ner adj ust nent
nmade by usre}g% Tes “Egte g’nu ersiaé ﬁ’k"rﬁé \:@g’ ’sfﬁgaaﬁ‘dl ﬁh”g support
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that a disc support,jenper can inchude Rl urall by, of soRADeLS.favi no

20 further physical patterning can be effected by applying centrifugal forces..
As noted above, disc support member 41 can be fixed to rotatable
spindle 42 of a motor 45; to same effect, spindle 42 can be integral to disc
support member 41, and attachable to motor 45.
Motor 45 can be any type of motor, and is preferably an electric motor,
25 : such as an electric step motor capable of providing a stop-wise change of a
predetermined distance in the relative angular position of disc support member
41. Step rotation of predefined angles can be effected by means of an
electronic motor control (not shown) according to devices and techniques well
Jmown in the art. Application of centrifugal force by means of disc rotation will
30 permit bead chains to be disposed at angles different from those that would be
effected by the magnets with the disc support member and applied disc
stationary. Preferably, such centrifugal forces are applied while the beads
remain in fluid suspension; after drying or evaporation of droplet 46, the
magnetic beads will thereafter typically adhere to the disc surface by
35 noncovalent and potentially other interactions.
The use in disc patterning device 40 of rotatable disc support members
41 further serves to facilitate application of magnetic bead-containing droplets



strengths, depending upon the pattern:desired. One such desired. pattern is
to di spose the magnetic beads substantially: 15 in the tangenti al

direction. Agooimsydd in the trace chart in FIG 3b, the dat apcringspbaises
created by each. bead can be nore readily distinguished and thus
characterized in the tangential (Y axisi direction than in the radial (X
axis) direction. In addition to choi cel%f dropl et |location and change in
freld intensity, 20 further- physical patterning can be effected by

appl yi ng cenygi fhugithefephfifed: pathend abéx W%‘i‘alyt@%’ﬁ@dﬁé’l&?&?. ERohekiedl can be-
fixed to rotatable s%b{‘ndle 45 of a nmotor 45; to same ef eCt"rngl ndl e 42
can be integtaf ¥5 HFEB! B P50 PSHENREF St Torth gin, dptal iy capending, ppd 45

Mot or 45 canchaomnly dwypal ULS. rRatart, Applidatich No<e08/888,938 fileel £y 17, 92Dt or, 25
such as an elg6ldol/$26b%89 sidA Ay 93 € ol Vi, dihgs Y Se. nge of a
predet er m negsgi s{a_nc’e ?nlmta;he_brrel g?[“i/e’ aﬁ%lﬂ arh%ggg%gﬁ}og%%g%ugggport
menberS 41. ctEpsnepistheEiengiretistedef i ned angl es can be effected by neans of
an el ectroni ¢ nofThas,Caititical of AiNc SIPHRY) nivefheF 1Ngarkt Bedeordifiatednwith

t echni ques . . 1N . l.cation of. centrifugal .force by
means of di \Q%Lgroo 4 ?%ﬁls\ﬁe?%e%gg%g??n@%ggeda%h%n galay 5{] emavl"g‘;%‘% 8§dl§f angl es
di fferent fr&RPRATOsEemBar Ao dcopiunctipn cwith dthigy lingrr disglacemmenti oh théie di sc
support menbeispenskrpephite dddbesSablSipplicana by droBletd £6 abhyy cisdseh 1qanbs i f ugal
forcefoare ap I#hed ile itltﬁg eads remein in féHu d susgen& on; after

dryi ng or evﬁgo St PSSt o5 ITES 48 PHERD il Slefars etesRtrg ap after
typi cal | y admeavement tofiethdi disc sarr tla dinggr n3fFement of ahendisperdepaaenbe al | y

ot her i nter agiteoSed ICindStibA PlirgSselit! SthéNbiddeddoNdens, 44G0k MRLd@p! e disc
support rrenbehs 'ﬁerdll further ﬁrvgé L&F%%):lll at eg}gggl cation of magnetic
bead- cont ai nPAGHH AFFETIRH e P 59 5% tiple) grasbehegns 69.peaph haying ar

pr edet er m nedngaht eomponsef edchf arigirating)ften apdroplet applistiaybotisaiiped thes t hat
are ugeful i geugheassays are set forth in detail in copending and
commonly owned U. S, . Patent ABpI i cation Nos. 08/888,935 filed July 7, 1997
and 09/ 120, 049 fi fBoush Jessaibed wish pagfifular emphasis abhipapertisrpRbicEiBd oher ei n by

5 reference nmghbitd bels] tHegbriegent invehtitis cohpiehbhdsothbr tieafs siufhgeicknyenber 41
can be coor dpagkes b fhocf L] S khied oHRPENRSL 8 MELLkigun 11 the art.
Angul ar st ep novenent of °di sc support nenber TR 8 nj unceion with the
li near di spl aceneher ¢ample, aggregation of nonoperational structures can be prevented
20 by using beads or other structures that have a net surface charge sufficient to
cause the structures, when in fluid suspension on a disc surface, to repel one
another. This would prevent aggregation. Furthermore, application of
localized electric fields can be used.to effect further physical patterning.
Moreover, aggregation can be prevented using patterned adhesive, which can
25 be patterned on a surface using any conventional lithographic technique, as
well known in the semiconductor arts.
If the nonoperational structures are both charged and (para)magnetic,
both electric and magnetic fields can be wused, permitting further
discrimination in the physical patterning effected. It will be appreciated that
30 some nonoperational structures can be charged, some magnetic, some both,
and that the charged structures can all be of the same net charge, or can
alternatively include structures with opposite charge.
It will, therefore, be appreciated that the present invention permits a
desired spatial distribution (physical pattern) of readable nonoperational
35 structures to be effected on a surface of a trackable optical disc. In particular,
the invention permits a desired spatial distribution of data-encoding
nonoperational structures, readable by an optical disc reader, to be effected on



di spenser permts addressabl e applicable of droplets 46 at any chosen
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20 analyte, such as a nuclelc acid. In such assay : each of said nonoperatlonal

signaling structures is capable of reporting a discrete physical property of the

analyte, and their physical proximity reports the concurrent presence on a

single analyte of the respective properties. As in the case described above,

aggregation of the nonoperational structures can interfere with analysis of the

25 electrical signals acquired duririg reading of the disc. The present invention

presents a useful means and apparatus to effect disaggregation of these
nonoperational structures. '

As another example, the methods and apparatus of the present

invention prove useful in increasing the electrical signal generated by each

30 individual nonoperational structure. As further described in copending and

commonly owned U.S. Patent Application Nos. 09/ 183,842 filed October 30,

1998, 09/311,329 filed May 14, 1999, and copending and commonly owned

U.S. Provisional Patent Application No. 60/134,368 filed May 14, 1999,

incorporated herein by reference, signal intensity will be maximized when the

35 nonoperational structures are centered on a tracking feature, such as a

wobbled feature. Application of a physical force, as by application of a cover to
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Application No. 60/ 8 filed 1999, incorporated herein by
reference, sa%fﬁaqge%l g‘ﬁ PHER T M’ﬁ’ﬁ)ﬁp}n zed when the 35 nonoperati onal
structures are celmr@mmom although khagpefie diead egligament has deemaiebdritskdf eat ur e. .
Appl i cation afova i BYeSEdbxtio bfi Spudd dise RRRlE GAlhPBe %prg?lﬁﬁgfi%att &ciéo o

01115154 PCT/US00/ 22859 -14 the disc gSur face, can: use e
nonoper at i On%ﬂgn&er‘nﬁ é:PBlIdeag thegLRﬁ.'on e surface 'of an optical disc cover, such
.20 as the one manufactured and described in copending and commonly owned

U.S. Patent Application No. 09/311,329 filed May 14, 1999, which is hereby
- incorporated by reference in its entirety.

All patents, patent publications, and other published references

mentioned herein are hereby incorporated by reference in their entirety as if

25 each had been individually and specifically incorporated by reference herein.
While preferred illustrative embodiments of the present invention are
described, it will be apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the invention, and it

is intended in the appended claims to cover all such changes and modifications

30 which fall within the true spirit and scope of the invention.
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it will be apparent Aomethedsfor|phydically wlatierning manepoyatiqngl stapasefes and

modi f i cat i RS Rl RE1FRI WSk Shiudds! ihe Werl BPaASHIIIAG chitaRdal ortaent i on, and
it is intended in the ;%"\ nded clains to cover all such changes and

modi fi cat i oTrid NRPPRFAHCH Pt hin the true spirit and scope of the
invention. WO 01/15154 PCTIUSOOPI 28S9 15 LLbbrra™rrrrerrrrrerrrrrntnl CL_

UMS : CLAIMS gt p eflcai B Optiytically pAuBREROdohseraibiSl GBlkturgat t er ni ng

nonoper at| O:cachdﬂg t%célgll;rlea which includes the step of applymg centrifugal force to

said nonoperational structure.

6. An optical disc comprising a disc body having a surface on which
are located nonopefational structures said nonoperational structures being
arranged in a pattern on said surface by applying a magnetic field to said
structures. '

7. An optical disc according to claim 6 wherein said nonoperational
structures are paramagnetic structures.

8. An optical disc according to claim 6 wherein said structures are
arranged by applying centrifugal force to said structures.

9. An optical disc comprising a disc body having a surface on which
are located nonoperational structures, said nonoperational structures being
arranged in a pattern on said surface by applying an electrical field to said
structures.



readably on an optica dISC applying a magnetic field to said
disc, wherein said n mmﬁg“ﬁ\( ctures are novably responsive to
said fiel d. wbolAspst ho y patterni ng nonoper atpangsoosissaict ur es
readably on an opti cal dISC conprising applying an electric field to said
disc, wherein said nonoperatlonal strucgtures are novably responsive to
said field. 3. A nethod according to claim 1l wherein said nonoperational
structure is a paramagneti.c structures. 4. A nethod for physically

patterning nonopemt i qqabpﬁsaax HISE WS dird6 elinWwhibkefil SdillnbnWbirafiondiC! udes
al force to said nonoperational structure.

the step of ing centrif
5. A net hod gg?% § PRt 3??%?ﬂ?ﬁ§ nonoper ati onal structures
according to claim2 which includes the step of applying centrlfugal force

to said nonoperaiionq&igﬁﬁg@hﬂ&gmugﬂuéﬂnqmghpggﬂghgﬁ QRHPEB Hedi SC

body having a surface on which _ _are | ocated nonoperationa structures said
nonoper at i on3raRgsd kR apnbdng esnigfuegl forsrfe saidstepgatetern on said surface . by
applying a magnetic field to said structures. 7. An optical disc according
to claim6 wherein said nonoperational structures are paranmagnetic
structures. 8. An optical disc according to claim6 wherein said structures
are arranged by applying centrifugal force to said structures. 9. An

. optical disc conmprising a-disc body having a surface on which are |ocated
* nonoper ational structures, said nonoperational structures being arranged
in a pattern on said surface by applying an electrical field to said
structures. WO 01/15154 ¢ L M S PGIJuUs0O0l 22859 -1610: An optical disc
according to claim9 wherein said nonoperational structures are
paramagnetic structures. 11. An optical disc according to claim9 wherein
said structures are arranged by applying centrifugal force to said
structures.



