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DI SCS W TH CONCURRENTLY READABLE ANALYTE MATERI AL Fi el d of t%%ﬁ@@ on 5

The present invention relates to the design and nanufacture f

gISCS and tQﬁi@ﬁaé? in optical disc readers and reader/ Wppf8659m5136
pecifically, nvention relates to the design, manufacture and use of

optical discs that permt the concurrent and lo discrimnable acquisition

of signals framoRASRS OPTRNAL DISCS WITHESONCURRENIISE READABLES

anal yt especific signal el emenikNAIANTE MAOIRERIAEr at i onal structures of the

di sc, such as tracking structures. Background of the Invention 15 Over the
past decade, scanning confocal |aser mcroscopy (SCLM has revol utionized
life science imging. In scanning confocal |aser m croscopy, laser light is
scanned across a specinmen at a precisely chosen focal plane. Light

refl ected back fromthe 20 specinen is collected, excluding light from al
but the specifically-illum nated confocal plane. By excluding |ight
reflected fromall but the chosen inage plane, glare is elimnated,
producing crisp sectional inmages fromfull-thickness, unfixed tissues and
cells. In 25 addition, the reproducible spatial precision of the
conputer-driven scanni ng process permts the exact 28 April 2003 WO

001 26677 PCT/ US99125136 _ 2 _ spatial registration of the

i ndi vi dual I y-acqui red sectional inmages, allow ng the tonographic
reconstruction of a three-di nensional inmage by overlay of the
several l y-acquired sectional imges. 5 Wesendanger, Scanni ng Probe

M croscopy and Spectroscopy : Methods and Applications, Canbridge Univ.
Press (July 1995); Cul ander, J. Investig. Dermatol. Synp. Proc. 3:166 - 171
(1998); Padd Proc H ol. Med. 213:24-31 (1996); COckleford, to
J. Pathol. 1 k‘" Of“"e@wb“ et al., Biol. Cell, 80:229-240 (1994).
The use of 51 aser - exci t 5§ eplfelsl?BFeéEWé?ﬂtW’e§eéﬁBeﬁ)rtt9t &bpsdeian gand- speci fi ¢
probes has peinmd tiaedfsciams g bastcalndirsescepy tieibe vadajpi ed beyond

standard 15 Céﬂd1d%ﬁdd§b§5f€adéfﬁghﬁg féh&%fﬁhgﬁtéﬁﬂW e%%e@iffﬁﬁ¥i¥5 Thus,

| aser scannin cytone%ers q@g E g qg$§%;|cglar“§l g Ad

f1 uor escence- tHsdVERL PRI @8 ST ey A Hf% an et al.

Met hods Mol Biasl of gptiegl FHiscsofByt priwHtethg|conauairenBigd 2: 20 261- 273
(199B); Juwan &isc’iﬁmmn@ié HlisiPioB s IIGnaid9)om Catch et al ., Cytonetry

34 53038 (199cpdrlt ke Ploctliceull £8P R afed!] URntl8! Yahijeed 235236

specific signal elements, and from operational
structures of the disc, such as tracking structures.

Background of the Invention
15 Over the past decade, scanning confocal laser

microscopy (SCLM) has revolutionized life science
imaging. 1In scanning confocal laser microscopy, laser
light is scanned across a specimen at a precisely
chosen focal plane. Light reflected back from the

20 specimen is collected, excluding light from all but the
specifically-illuminated confocal plane. By excluding
light reflected from all but the chosen image plane,
glare is eliminated, producing crisp sectional images
from full-thickness, unfixed tissues and cells. In

25 addition, the reproducible spatial precision of the
computer-driven scanning process permits the exact
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Ashby et al., US Patent No. 5,549,588, 25 describes scanning | aser

i croscopic assay of "genome reporter matrices."” In these genone reporter
matrices, each el ement of a spatially-addressable matrix cont 83f¥riteda3s in
whi ch expression of a conmon fluorescent reporter is driven froma distinct
transcripti oM919367t equl atory el ement. The strength of t hECFYYF3¥cence
signal acquired during scanning identifies the | evel of gene expression
driven by each spatially-identifiable transcriptional regulatory el enent.
Scanni ng | aser mcroscopy has al so been235 adapted to scanni ng of nucleic
acid mcroarrays built 28 Aprii 2003 WO 00J26677 PCTNS99125136 - 3 on
silicon chips, Lashkari et al Nat|_. Aced. Sci. USA 94: 13057-62
(1997): DeRi si %Eft re%tf%ﬁ?&é"“z?%'éé?)’é’é“(’ié%%lyw&“&ﬁ%det al., Nature
Bi ot echnol ogy,sqcazlp@sg bMage09 Al lovingrddsuteneatrapfics jonic fluxes in

cells, Schil d,réaidstrﬁatgwrafla gﬁﬁe@&ﬁm(elﬁgé}lal TLRRRY pot ovérray). | nvestig.
Der mat ol . Syrrp segé}gxflyl%%qugg)ﬁ&l onag [easur enent of the
0 u

subcel | ul ar di s tion varirrous ce ar conp ents Takubo et al.
Haemat ol ogi éa @@m@aewan ele i : { alldese applications of
SCLM demands asigatioakbzed: meehedsfambmﬂmarcacmmm oldaeﬁrﬁ)@ge cal equi pnent.

There thus exigis a ggg l(\ﬂl é}ﬁﬁgggf f&Ill%%d'eﬁ?eXEenﬁH’e%tQ neri ¢ device that

permts 15 conputer - rlven confocal 'l aser scanni n croscopi c sanpl e.
The ni ni mum nelfEMECd FERRI FEMent 3 3% sddh 4taR wc@addP%]%er f ocusi ng and
det ection opti2sqc.prieci. sExp. Fuadni Mgd medis 24and Cxﬁq:sut,eDCklﬁfenﬁace - may 20

all be fourd imp, Sﬁaﬁt@z@ér dm@hl-@alu@lwp meRgenhs eF W iterss, Qalical disc
readers and re&tgezrz/ ?94§uch as far CD and DVD, focus light froma

solid state | aser-%on? € of a spinning disc and scan the disc to
detect information that TP% e Odedagr i swiltpbila DBioxssceat | dxegddr essabl e
patterns of sudMd grefeshs uod Urigand AspgdidliicoprobeoHdsC peraiswsi and opti cal

di sc reader s/ Wit 9:L 56 263000 PO AT 9560018 iARRkhCAtLpns Ul d

present marked a vant. over exls roa r1nci
are 30 wi déSpresid é’\?&l éﬁ‘?‘t? tW‘a&ﬁﬂgl"cRNacWe YREL Stor I°<§\A/F‘ﬁ%a¥ﬁtst al | ed base
of CD and DVD-ROMrdaderss¢amndsgi nptadtatrsphesenprdawenbe about 300 million

units, and is ﬁ%ﬂq@uqqrwttuaunh@nnmoés\e%%é b&sdd %‘?tBﬂe@Nﬁ! 500 million
units. Optical PUb|IS n%%i ndug § 35 Ass usmsnb%ﬁ M%gho(gsruqtech I nc.
Wodst ock,  28°% |’°’I° 29 §1 SBBYF 6898t /136

Biol., 91: 67-75 (1996); Juan et al., Cell Biol. 2:

20 261-273 (1998); Juan et al., Cell Biol. 2: 341-350

(1998); Catch et al., Cytometry 34: 36-38 (1998);

Luther et al., Microscopy & Micro analysis, 3: 235-236

(1997) .

Ashby et al., U.S. Patent No. 5,549,588,

25 describes scanning laser microscopic assay of "genome
reporter matrices." In these genome reporter matriées,
each element of a spatially-addressable matrix contains
cells in which expression of a common fluorescent
reporter is driven from a distinct transcriptional

30 regulatory element. The strength of the fluorescence
signal acquired during scanning identifies the level of
dene expression driven by each spatially-identifiable
transcriptional regulatory element.

Scanning laser microscopy has also been
35 adapted to scanning of nucleic acid microarrays built



- 4 Vernont) (199B). The devi ces axe ubi quitous, inexpensive, and
reliable. Oher advantages of using optical discs for detection and
characterization of mcroscopic 5 structures are discussed i n VI3 A& 0855B
(cordon), EP A 392475 (ldemtsu), EP A 417 305 (ldemitsu), EP A 504432
(ldemtsu), VWWod1e8623 (canera), and WO 98/ 12559 ( Dener s)jCraussssiowhi ch
are incorporated herein by reference. Further advantages are set forth 10
in conmonly owned and copending U S. patent U S. Patent Applications Nos.
08/ 888,935 filed July 7, 1997, 09/064,63% filed April 21, 1998, 09/120, 049
filed July 21, 1998, and counterpart international applications published
as WO 98/38S10, 15 WD 98/38510) and WO 98/ 01533, the disclosures of which
are incorporat @t khéteson lppipef dhamhkariHewesdr, RyocholNghl optdadal di sc
readers possesgdihepg®cdyanhgatr dLr@guhst teseif(ar eef kecyi ve confocal |aser
m croscopi c sc%r)__r_{iengé %gr_%hg&al(l%g7r eqm')éle nts 85 exll,;édrneg di sc readers
present signifi c'anf1 I'pedi'nents to thé'success §i- det ecti on and

charact eri zat i dHosechielasdeop? 2 BtF-§7t U827 Hi SFodeaspperetthe®fsurface of an
optical disxs Theaie slhexedt iheeslld,ogchhad) ccaper ahilohah Pb: 2saqupe enent s
that must be sghi,skednfflerae 0P Col. Ghi¥Ee AP REhbYo] 0 faaf and decode
the data present Wwthin an optical di's¢: the reader rrus% ffoCus correctly on
the disc pl ane %R€od? it & HE2ds1 %08t apAste BRTIEERE ?adiB positioning of
its optical pichbpellilansgtisBfimoritonobit hari@angeefiialapositioning of its
optical pickup,coppdnéttdMUshkeoRtéOlait.nenspaeehb Rfgidkss2r@dAldean. The nost
conmon Opt'foal d9§§ systens use elenents of the optical nediumitself to
satisfy at bast2dhe of these requirenents. 28 April 2003 WO 00l 26677
PCTI US99~25136 - 5 Thugleti pagh tgfpitdgeeprpebiaprtdpnst aé WPt substrate i s

i nmpr eissesl Withc&mﬁﬁh:&&i dpeat K1 ipete plpcef off &@igterotortbasicRd pits, the
signals fromwy e t ti 186G fea t i.ntajn proper 5
focus and tra\(lz\%p%gl.cg{ ne%%%&,eg%lhe e?%gf- 'gﬁg(%d%lﬁ&g g ﬁg%%sﬂjwrﬁet %ﬁé by the
user provide tH@¥r 8FUIRIPENELUE IFHHFTSCr E}EYh?%g r PR Subsequent reading.
Mor e gener als y,computactimivenheomfostli Agsept sominidgsofse andar ds, the
structures useg,it-@oep&9Me sdapfe serve 10 sinul taneously to provide
operational signals that the.readerm rg‘gui. res to contro Si S %Be{;)ati ons.

Al though efficient, such?St SABHPUS REREAG DricA s SReFor i tTng data
f r om nonoper at ijodgvist ructanegss EpPspoided apdoretert Wins@pPtiss For exanpl e,
because the trglcngist r4eehtifs damsQbhhgatehputeabeddetradd hi mayhe

| nformati onyg aydh 8L EAGLACe M KpeScaPHdRd baabhe daser - proxi ml

surface of tThe isC may Inferfere w etection Q uch operati onal
structures, andHkEESi ntWEERE Wi T209eEFrRd T55ERA YOSt RB<Reader .
Furt hernore, suchfnonCpemst bUbal fetusudtighestrmy d iselidf $tatieedrbyrout si de

the focal plangOf LherdiesSerSaonSimlingnalsst{ctddadStAs dsdPrevent their

concurrent and discrimnable.detectiaqn by the reader.s optical pickup. 25
One sol ution tdidettﬁf’ b‘?%ﬁﬁmgﬁff’g ity o8 ﬁgﬁﬁ%dnd%g& el ne such
proposed dr2¥ve apsgdalin asifreeadbin dalserngnet tkbgdcaer EEEdkuggs -
information, the other tnagehecdn AF optecal raddy asd &t fcad934 40

(ldemtsu), EP A 417 Ldem t P 4 mtsu), and EP A
417 305 (ldem trseﬁ)éfr?g‘%eslvt%rrg gzﬁc% %d?ﬁf?ﬁ??%ﬁ?ﬁo%tggggggri nci pal advant age
of using opti caAPPdii§at IPHIYPYIE RTI5eIEr WATEPOIBIFTE2E8E e2¥4%0N, which is the

ecuneni cal di steikttihg@namiroadbés dedrdasipiherertchrbes®i sts a need in the
art for 35 gptipRlesfiess LRANaREI{HY adaStaRdassl opirhealofi &fide
installed base of CD and DVD-ROM readers is estimated
at present to be about 300 wmillion units, and is
expected within the next 5 years to rise to over 500
million units. Optiecal Publishing Industry
35 Assessment, 9th ed. (Infotech, Inc., Woodstock,



28 April 2003 WO 00l 26677 PCTI US99J25136 - 6 reader or reader/witer to
acquire signals fromnonoperational structures of the disc, such as

anal ytespecific signal elenents disposed thereon, concurrently28aAgri 2003
dlscrlnlnably W t h S|gnals gener ated by operatlonal 5 structur of the
di sc, such asVPP¥¥ki'ng structures. Summary of the Invent|3ﬁT+ﬁ§%ﬁP§sent
inventlon sol ves these and other problens in the art by providing optical
di scs, nmethods for manufacturing such optical discs, and nmethods for 10
readi ng such discs that permit an opticd -disc reader or reader/witer to
acquire signals from nonoperational structures of the disc, such as

anal yt e- speci fic_si gnal nt d osed t her concurrently and
di scri m nably \R/I\Afrﬁ ,95"5 uslggg‘eene’lr%at &g cf/esopér aPﬁb‘ﬂ%’r IBstructures of the

di sc, such as ﬂﬂaémnﬁg-@t:r%@meéslabi'he present invention is based in part
upon the novel discover pthbﬁtad’iﬁmﬁﬁgéatéﬂﬁ&hngt bpeicHIesicaB ber di sposed

confocally wt BeEQ@tfzb%e Laki onal tewg% o(}f ggrggéd ciacl di sc, and yet

Iaser-prOX|naI to a revi ous reflective t hus sol vi ng
the optical pr SBF‘é‘?ﬁ‘HTesrréFﬁt%’rsrﬁ“ﬁéefio&’&sw%l%ﬁp?%%oi%‘iﬁ?yé‘ﬁ roperational and
nonoper at i onal EBt & R32476s (IJémisgeonBPry 419 aohi évbehnibsuranuf act uring novel

di scs in whichgbhg fpdsaer rp@@e@ttrguqcew@f9gm6gbs%§m§gﬂ d, 33 substrate (that
is, the substrgg wf’%’%e t hat ont éé‘;’ 8 the disc's information | ayer)
is presented af°tH t ABPRSRE m)§ 15PoRF ret RahRrAREe ‘?l nvert ed

di scs"). Becauberehe Hyexafeneliass aFurh@emw@V&ntm fuscaletpfarih i s
substanti aldoy SABtduionle bhad tadhhat ca8pehdingdiusg’ spdidit v ag€entt hese
inverted discsy, ?ﬂé'atg%% lgggsiotglégaghgﬁjs]ﬁ of nonoper ati onal features of

submi cron di nen be manufeactur ed by using a conventi onal
not her part asY4tanpert®97hul®/fatefafi fhited 28rAbr21. AFF3 . WO 001 16677
PCTI US99/ 2513609/im,\mr9dfnh®zgemhwent eb i ,saadwedimtopeiaati onal structures

presented in p@ﬁtéfﬂﬁ:i"oﬁhieippﬁc%%%ﬂg ﬁmlifsﬁgauéé% 3%%%@ :2 ‘SAQLSEdag;

father or s s use use

process of ]r%’a ﬁsaéﬁ utee o h@nireigt é)gpﬂé%“anql%éés?le%’r?é”d#rB}Pr’r%‘bnvent| on;
the resul ti ng Roewmabrpengeed hanetindbdi meferieace. oper ati onal structures
presented in negative rgbwefer, TRUSholdh aftiical @sfeGleadele i nstant 10

| nvention presenl s, oteahe A% aGORBLLAANG 8, SUPS! Il E Y Substrate

having a patte sur ace and ‘an a nal the patterned surface
of the substrafBRERfiYy iIBERT ML AXOSEAPL B &FAPRLRE N ‘P%‘Vértlé*‘aﬂhe di sc, wherein
t he i nf or metoi omedradpsrmennel ofleskiamning disc readers present

significant impediments to the successful detection and
characterization of microscopic structures disposed
upon the surface of an optical disc.
There are at least four basic operational

25 requirements that must be satisfied for an optical
drive correctly to read and decode the data present
within an optical disc: the reader must focus correctly
on the disc plane encoding the data, it must control
the radial positioning of its optical pickup, it must

30 control the tangential positioning of its optical
pickup, and it must control the speed of disc rotation.
The most common optical disc systems use elements of
the optical medium itself to satisfy at least some of
these requirements.



15 operational structure that is trackable by an optical disc drive when
the substrate's patterned surface is presented |aser-proximal to its

addi ti onal surface. Manufactured according to a first process 88 Aptii2003

i nvention, the operational structure of such an 20 inverted disc is
trackably di sposwdérds a forward i mage in positive relief. RGI/USHy2§136
orientation, the disc's operational structure is trackably disposed in the
pl ane of the information |layer that is nost distal to the substrate's

addi tional surface. 25 Manufactured accaoyding to a second process of this
invention, the operational structure of such an inverted disc is trackably
dlsposed as a forward inage in negative relief. In this orientation, the
di sc's operational strudbdfe VSatgéfEk%.%]r \PIASESESER | the K550 pl ane of the
i nformation | ayebstiate iis mstegsedxwieh 4 GEaad suobsk radde agdof izonal
surface. In cegplajly, %}bg%asggaspﬂtee mé/egltgeglgl ?Eémfv!rﬁltcﬁle L£ONprise at

| east one nonoperati onal strpcture that js readable poncurrently with the

oper ational (ah8e3PpdMei eRFEFaly leFaETﬁC}f’g‘ﬁ LS F‘ﬁé’f‘ﬁ"?"en B4PPE&rtai n of these
23 April 2063 9@ HIG6T2aPRId)SOTh160 36, -t dehboenqutitrg dyhe

nonoper at i onal m§£)€ém$ﬂirt%env‘fﬂ' therraxepep%blaﬁaltﬁaeré@@ﬁﬂdec signal el enent,

i s disposed cog C’f’d}ﬁy \Ién one eatl 0 ruct ug( | n anot her
aspect, the in o] 59?%!%%“5 f’ﬂ%dss Ut qﬁl&ﬁuf 5%? tt'tshg 8&R i nvert ed

di sc substrat egena¥pidy.t he eznrewfi bhe pevistday arhbeabdiissr naki ng a forward
i mage, positivetswddels, tA¥estrdtQpes Ccaded itac etitbaé radtey havveg a trackabl e

oper At | onaly oSt CUG H feck 09y TES 08 SBOPLL ST on 8" 11001 7 RhafPeL v th 2

trackabl e oper at i1 onal ructure | orlenta on and
relief to a stap¥dsd rﬁ@é‘tlé?s EhFoRREAL  HrshiaRGTERECRPt i c”é‘ithﬁfl% substrate
directly from ehfistempesuch nstansiocdsadmaiet hed provésioweitd on provi des a

net hod far nﬁkh@&u?xfr@;r watd #iB0GonBE8Rdd Mhaekt eict hiMerdigdoden Opti cal
di sc substrate wt tr.ackabl e operational structure, the nhethod

conprising: folRPH g}b “dGEt se master: formng a stanper having i mage
orientatiorSand relief &ppos¥awrlee barauTedies ETARKL R StaNgtRBe i ng the
optical disc SHbétdhﬂﬁl@adbll?CérﬁbédﬁiEGWimrStt&ﬂép@hfoﬁ@ad:[brﬁll@yhﬁI’oﬂanbodl ment ,

ei ther of the %%D—&%&t 'sQ?@&‘{%@ ngge@qycplthgr Qggé Ogaq‘ﬁge per f or med

using a CD-R or reverse thereo the nol d bei ng
a DVD nol d. Th&URERRS ofi §Be diest “‘P&shﬂ‘?e?ﬁﬁf@ &’éEPe%% &Pt Afas conpared to
25 di scs nol deduthh ape@@tdohdl sEh@cknven) i ftlhmshbnt@:rﬁnuedesthmt hods for

maki ng i nveft edoPpddiC ey edh 885y o%uw@bkéa&é}r t FackRRHRoFEadpg of
nonoper ati onal _struct

usi such inverte suhstra In a first
such enbodi rrenf’on%%eﬁaru‘fé°Pﬁ}/e?1rt’i“g°ﬁ“ﬁ?8v'f‘%l’é '} ﬁﬁ?l"ﬁ i?%{:rbl %ﬁ’gdea trackabl e
optical di sc hab¢ntpednedrremi Fheeddiad! ® arsrepérarl oiuciureetas es, the
met hod conpri swgpram]ltytngiﬂ dcﬁ:fcheﬁéhkl&rlcﬁmrsc&'ﬁ)miﬁlﬂ)mtdfeeéﬁefbrsUrfaCe of

an inverted d| g d ;di.$P9$L a 35 nonoperational structure
confocal ly vvit and ea%te e DY ia BRoRp
25 One solution to this problem is to use

nonstandard drives. One such proposed drive uses two
optical pickups, one to detect tracking information,
the other to detect surface structures, EP A 392475
(Idemitsu), EP A 417 305 (Idemitsu), EP A 504432

30 (Idemitsu), and EP A 417 305 (Idemitsu). However, such
modification moots a principal advantage of using
optical disc readers for laser microscopic detection,
which is the ecumenical distribution of such devices.

There thus exists a need in the art for
35 optical discs that permit a standard optical disc



28 April 2003 WO OO ZG677 PCTNS99/25136 _ g _ proximal to, the reflective
| ayer. The inverted disc substrate can be prepared by any of the

af orementi oned nmethods. Wth either the forward i maarelief inv&8tAsnd 2008cs
of the present invention, there is no transparent substrate |ayer

| aser - pr oxi mawotee2dste di sc' s i nformation | ayer. Additi onal PEEE2HRe
therefore desirable to alter the length of the optical |10 path, thus
facilitating focus of the incident |aser on the surface of the disc's
reflective layer. This can be achieved-bg attaching a nonintegral or an
integral laser-refracting nmenber as a cover to the | aserproximl side of
the inverted disc, creating a disc 15 assenbly. The cover serves to
refract, and tHeRdPEr pheFeads oy WELEST thfe ACAULBR Hidriadht £69% 0 the disc s
operat i onal pl aftﬁ],opﬂauslonam &Iﬁ@hbemre&smcthet&escp,r esent ak nuedllyiter provi des
an optical dl SGR39¢HD! Y1 hia! 0. ﬁgneseaﬂg%@ea A | 8BaLySidHgtur es,

conprising: an Inverted optical disc and.cover) wheré¢in the cover further
focuses an i nc@d‘é’nth‘S‘s‘E‘P ablyhuith fianalss GRREEIST PYyePeT W e

enbodi nent s, 5t et meteres sohdmientibge alsuah ehetthgcirandtautetwsbl e t her et o.
In 25 other enbodinents, the cover is integral to the disc. In sone

enbodi nents, the cover gonsi sIts e fentl ally of plastic, essentially of
gl ass, or essem-ﬁ%—i%e i nvention provi des addi ti onal
appr oaches 30 for achi eVFiR) REeReDE alnwHindiesi epbresofthere apérefitiegnal and
nonoper at i onal ﬁz%tlurnesln TdHes art by PrAALiRGr PSRt 4188s | Magmoak t he

oper ati onal st r H‘r gﬁ gét“f,_lf]_%gsgﬁgh qug'ltéaguh%éé/ and g@gﬁ?cg%aﬁt e trackable

structure, is h |ca ecte |'ane con with the
nonoper at i oh2l rea?‘&“ﬂpﬁ‘fh 2@@35 %IPR?G‘?F P@T‘?Q‘J’S‘Q’@izﬂi% Tead$r struct ures.
In preferred enbodiemdat gyritearetbeatquirehsliggabsm fronusedopdobtaininajes of

hol ograms i ncl tgierulgw%zegaéf %%gr agaél %c@lf aghsnmeatsb@egklétgl%taqr es and
nonoper at i onal truc |t| onal, approach for such

physi cal segre ei“‘(?ﬁ‘ g%p"f&\‘}aﬁ{‘%’é%mb'f CI?EFFFF%?/&Y BYD t echnol ogy. Thus) in
anot her aspect dltsmflp#esm Withepigeml piasredesedrPyoppreaFienslc having a
readabl e | O1ponafiRic@lke8abf HheUal sik £, s WALl Stdgkithg etkactumeas | ayer; an

addi tional reflective | a%%&’ gggl a ona%qr tkgr@seﬁt &HC%’Q%’? ;}Mﬁere' n either

the reflective |ayer or sal | ective as a structure
trackabl e by arffspfrEst ‘El’r%“t?vleé&d%li‘at ARFOPSTRREI I Sttﬁlécﬁﬁﬁ%i)é’raé‘tl onal
structure is dilspadegoseddabifpcalln with tthackpdotat inadcstrectunest ypi cal

erbodi rent s corgRLipber pidh D ShaldAiliecaepaixiing telhective layers is
semreflective, and ﬁ,non per. atl?f“e‘&;tt Str ct ure is dis osed gﬁnf ocal ly

with a 20 sﬁ?fa%r@v&f’ué rREPLiRE Fe ‘lv\‘?e PESEr WS AR gé’ﬁ?r ective
| ayer. Al t houglerrtlicadbpyeblkiss ofi bedntmirdinga ppevachiaslsengeushie ogpt i cal

probl em of est alddraftiBgal fiis noaBpaFdEitay ebrhdueper athonal and

nonoper ati onal geometry is achieved by manufacturing novel discs in

which the patterned surface of the disc's solid

25 substrate {(that is, the substrate surface that
contributes to the disc's information layer) is
presented as the substrate's most laser-proximal
surface ("inverted discs"). Because the beam radius at
the operational focal plane is substantially smaller

30 than that at the disc's first surface, these inverted
discs newly make possible the use of nonoperational
features of submicron dimension.

Such discs can be manufactured by using a

conventional mother part as stamper, thus generating



25 structures, they do not of thensel ves necessarily permt the concurrent
detection of such structures. First, these approaches do not necessarily
sol ve the probl em of maintaining tracking, focus and synch (spé&dépdi@dogol )
in the presence of such confocally di sposed 30 nonoperational structures.
Second, nonopwoabréral structures that are di sposed conf ocRFWYSIUESEI t he
operational features (e. g., pits) may cause signals that are
insufficiently distinguishable fromthe operational (and data-encodi ng)
signals as to prevent 35 their discrimn@ation therefrom 28 April 2003 WO
00/ 26677 PCT/ US99125(36 - 11 The present invention is thus further based
upon the additional discovery that the electrical signals generated during
di sc readi ng hfPavard agimagiccaieeri et GHF&Ei BREI PEARERP 2han has previously
been 5 under st gaducllpds ipsestheedliacipoisdaiveigdles .t hatsawym@ designed to
provi de two spegif.i i rrmt i QF hAf.o0 i cessary for
di sc operati on%%ﬁgkgﬁé‘yﬁn op%%%%% Eﬁ’akﬂggﬁd% rgkl%ttzlgtllg X{Sgﬁ%:dorgg)él}gngghe di sc -
may in fact be Yf§8r RRFATROFeaSIF 5o Pg 8 dar T8t bRbF RE% 0 reveal a
previ ously unt agppedsswea tanofacioy, nehieonaatbauthashen physyecal structure of

the disc. Addi tiQRakLly . £ i€ cBhPSRNor ,NERRT +ON1I48RBNEEFALLP ikiaghk the

requi red operat, ona opponents 15 of thes | ectrical_signal§ can

L TLr i valy. HSVEEbrE UPRR. PETe R asiRGaL e TETA P SR Shgnal to be
used for such rmegepeyatieddal - measurenments without interference with
successful drive operatims, ThuSa fiirsyehspodi hatheaspecdnt t he i nvention 20

provi des net ho ol 'gﬂggj ]t k ion of the portion of
the el ectri %J;I q?ﬁ’%ﬁgf‘gﬂ ?’g%ﬁlggg%j or é&?s@?égéercaoﬁﬁ%ﬁ,gggé\r%i cul arly that
portion of the RiP§harteedbier EBPFOTAtE SEVERACKIRRGECFPRM T HUSEpBIREi ons of

the signal usecnt addbpoialt berfasponde pytlérmgnepefate analthet ruct ures on
the disc. In ongpgerhes heeXsiPlld itpd 18ThReb MRRESL ThpsS A enpr esented
that allow a frg ue@ segir ggatl o€ of t.racﬁl ng Si %Eaés from nonoper ati onal
signal s in the ¥ R td 88 ‘i%‘ﬁ&r‘fnt "i‘%‘gbé?’ tPe®Y & HF signal to be
used to repd¥t Berehionatasitoncowradigseiat tvackabder byt an exptdicgposed

t her eon. |Thif1 Ri4RO8E Ak S@@hﬁgﬁéiél{bsftfratéa§kgbitg:e&hgﬂaéﬁrﬁd’duqﬁhef HF si gnal
is acconplishe i tracki e t [.ONS ow frequency
S anal o Tn ¢ ne TEEelled TaeE b R P e e et ng i o

standards to be ignored YfutAgturet accogding o F0F3THp BRACEES 9L
PCT/ US99125136 thik2invesdiong, théeopizibliengl osmmcspeei 6f exhidn aGD and DvD

writeabl e apgl rgNeite@M &S ANEA A& D1y disposed as a forward image
in positive relief. 1In this orientation, the disc's
operational structure is trackably disposed in the
plane of the information layer that is most distal to
the substrate's additional surface.

25 Manufactured according to a second process of
this invention, the operational structure of such an
inverted disc is trackably disposed as a forward image
in negative relief. 1In this orientation, the disc's
operational structure is trackably disposed in the

30 plane of the information layer that is most proximal to
said substrate additional surface.

In certain embodiments, the inverted discs
further comprise at least one nonoperational structure
that is readable concurrently with the operational (and

35 particularly, tracking) structure. In certain of these



In conjunction with the inverted discs of the present invention) these

| atter disc geonetries allow 5 the purposive, concurrent and discrimnable
detection of nonoperational structures on an inverted optical <4 Ari 200
present invention thus provides inverted optical discs, as above descri bed,
wherein the PP @BEFati onal structure includes a wobbl e grBBVES®ARbrding to
t he manufacturing process, the wobble "groove" is presented as a forward
image in positive relief (process 1) or as a forward image in negative
relief. The latter orientation facilit-atees centering 15 of nonoperati onal
structures, such as anal yte-specific signal elenents, over the structure
tracked during readi n%. Nonoeperati onal ., structures disposed confocally with
and | aser - pr oxEFRAIHIETEF s cERE MOPBPRER F HPAtaFEr UGl & o fBAFR 1Y Yedet ect abl e
with, and thei ansimgpiaits - 80ech fSicr BAagnabl eldmeatn, idheliapolskd gr oove. Exanpl es

2 - 3 present edoIRINydRIDNYHAUEsE NS S3aeeIshy] HsRcehirsi Nl e data-layer,
forward i mage wobbl e gr Qave, ~.Rosi tive relief .inverted_ di sgg of the present
hu

invention to (1) detect ?gﬁi?n ﬁﬁﬁe%?’oot(ilebﬁnggn?lﬁ?uﬁ5ﬁg ?ls and (2)
detect and Shavmgldhasds 2& napiRLFELRE oBYele s ryapted el aspenbeteateasr.f ace of an
optical disc byhspedhel ¢ntemiine pgbeidenad nihotiSfdy wakihgiaal | y-nodi fi ed
optical disc reader le 7. n S g A f nucl ei c
aci d- based 30 gssayrdt Eﬁ?ﬁg: ?eotselg??gn)?%{r%lfgi 6?‘2%1:%%?%&%& ggccﬁsbc:d. Bri ef
Descri ption of SHPRFIGCEWPAYERT e LABBYRP L PROTRELORD} SEFYCENER adP8nt ages of
the present inmetttadomowpkisivey-afpantng aporRedbrcoitdi detabciablef t he

fol | owi ng det abbeehdesahi Pt ure?$adiida1203: MOV, 26677 RETNS99/ 75136 -
13 taken in con unglt.l %n Wlthttl’!]l? aécon%targl_l ng draw [}%s not _drawn to

scal e, in whi cA™ % EhaFAct i€ FRFEMIH- 95 K8 Bat I FBABRIIE and in
which: FIG 1 chlgrladigpi swdstyiahgl direstaly Epomyphre Htamperandr @ader, with
FI Gd 1A prgsengiwtgman@itded,vitﬁw th&igeiéxemiae@pé inféletlhoai ekuip OLi eﬂt efl to
read a CD disc j i i i - L on { with the | aser
opti cal path | AL g FpPARE ol Heg Ve SETLLEM A KBl

cr oss- sect iX6naPPiAGRY PASE heuksfidteowbth enttaechabtt apsealic®alat greater
magni fi cat i on; sandtuireh Ehés mekBGoghovmpi saimger $pecing/e veeersd the surface
of a CD-R di scpyéddy Webbhend LR EmpEL GRividly ARdgL B ShAWari&sRERIT Vel y, the
position of beans, ffr om a te/gl cal tgr ee- beam pi F up 1% relati vg:hto a track
on an optical BFLET SRACERC XS RARYT OPTI A g e Fdte LB Y hd Essoci at ed
el ectroni cs thaptiged diect sukatrssanditert iy farhnthe fs¢emprng, and readi ng;
FIG 3 shows processes kprakdsrll aghsaigd ,2@idréa dAayae discs, with FIG
3A showi ng a standard.el rof ar.m riXj cess; with FIG 3B
showi ng a nodi %‘?%ﬁﬁ?‘&é%gj‘g& argecngrlgbﬁg ?éc}%]}q%&p?rcééé;% IC%:lra(rpllvgglti on in which a
not her part i sPeEermed Yeimher COcReSF i PRy BY MEFGRT dl9méde, TPEYise ve rel i ef
inverted di sc Ehemedf)r,dwhgh ttthet melirbsing a mvennolh, wWhehndtéd 3C showi ng

the conventiongls{DRadl 365 SHPHaRRL BeStAMRRA abPti| {3 Bhpases# APl €t ed with

reflective | ayer and protective |layer, oriented with respect to a
convent i on&l° iﬁf%‘f‘sf 6‘6’29?%91? aasé%lp; "\%ﬁ?h FI G 3D showi ng

The invention further provides methods for
making inverted optical discs, suitable for trackable
reading of nonoperational structures, using such
inverted disc substrates. 1In a first such embodiment,

30 the invention provides a method for making a trackable
optical disc having concurrently readable
nonoperational structures, the method comprising:
applying a reflective layer to the patterned surface of
an inverted disc substrate, and disposing a

35 nonoperational structure confocally with, and laser



30 the forward image/ positive relief inverted disc substrate stanped in
FIG 3H as conpleted with reflective |ayer and nonoperational structures,
oriented with respect to a conventional interrogating |aser; a4ttAmil2B0F G
3E showing a forward 35 i nage/ negative relief disc of the present invention
as 28 Apri WOQGSTIND 001 26677 PCTNS99/ 25136 - 14 obt ai nE@T’W*"E&‘?%g a
reverse inmage nmaster disc in a standard el ectroform ng and matri xi ng
process; FIG 4 shows structures applied to the airincident, |aser-proximal
first surface of a 5 conventional single Fayer CD-type optical disc shown
in side cross-sectional view, denonstrating interruption in the optical
path to and fromthe reader's o Ei cal pi.ckup; FIG 5 denonstirates the two
‘types of to reREPEHR BECa"sl?ebr’Fég B’ﬁt%"rﬁ?éﬁfﬁgg & HorEREFOh&15Ei ngl e data

| ayer CD-type slilsgranet halr| @S préparerd 158 adgnohstheatifpgenentsicaedyvi ew t he
reversal of thg.gdy4si.cal structure, wth |aser-distal structures brought

| aser proxi mal and | aser-proxial structures.sent |aser 1S distal, and with
F1GS. 50 and 5D dempnst PATE g P80t ARITRHaE Rt THIIROBE L TR THAEK ng
structure, herbneewdisdr dlscy|qg fervard igsiage/veeariofe aglodefi cal pi ckup

pos: tioned tpfpaaﬁ:_tads&ngé@ dfayae, pfddeilt SHUéERECHHN,t tackable n_od

anal yt e- speci e [ r o] si de

Cross-secti ona‘lftcak/rlfgg\%%eg\n{t%%gaﬁgsgéry%gtlfgéfr%%@ﬁ"%ﬁd}é@a lged by lines, with

FIG 6A denonstisft'isndnEREM3to@ls 1B¥sor e PAddFLPOHM SRSt 8F€ her focusing |ens
to the opticaltipmcfope desifdbGe 68 ddnonshealemgrht loE thangetiicalf ocus with

addi tion ofpa gaxf Uhher £ S0UTaBnd St us0 ok NEnOPIHGRknP! £4dly okl G 7
schemati zes the nol egul ar {iﬁpoaen s.an &g(} Sfe(:ffl ¢ I npunoassay site
constructed on¥hEWEFFRCTT Vs HtFact 65 FI YRt W6 act™ § *Alkabl e

anal yt e- speci fhe amitievead bif attefhite pmesdntedralentri en, iBeatiath FIG 7A
showi ng the assaye:Sire€r@ét iy WemBEEidd @ncelesardltheands&t G 7H showing the
i mmunospeci fic mg{ eng e, 0f f"tlhﬁtfﬁ(ve her igg’dlllage @1§¥; ;agcﬁ 21 @ human bl ood
sanpl e foll ovvl%g addition ol a huran ood sanpl e and~™"devel opnent "

t her eaf t er 1By #FFaWReY - adlire i5iYesf s e tr- F§EFETn] @4t BT at ex spheres;
28 April 2003 fAGt0EN266 77odUSTNESS 1DTdisent 1bght onto the disc's

operational plane.

Thus, in another aspect, the present

invention provides an optical disc assembly having

20 readable nonoperational structures, comprising: an
inverted optical disc and cover, wherein the cover
further focuses aﬁ incident laser on the disc's
information layer. In some ewmbodiments, the cover is
nonintegral to the disc and attachable thereto. 1In

25 other embodiments, the cover is 1lntegral to the disc.
In some embodiments, the cover consists essentially of
plastic, essentially of glass, or essentially of
silicon.’

The invention provides additional approaches

30 for achieving confocal disposition of the operational
and nonoperational features.

Thus, in yet another aspect, an image of the
operational structures of the disc, particularly an
image of the trackable structure, is holographically-

35 projected to a plane confocal with the nonoperational



FIG ais a video inmage captured froma |light mcroscopic exam nation of a
portion of the IgGspecific first surface anal yte-specific trackabl e assay
disc after application of human bl ood and anti body 5 conj ugat e28 April@003
spheres; FIGS. 9 and 10 are atom c force m croscope (AFM imges of a

si ngl e | at ex w@bm@ees7i mrunospeci fical ly adherent to a firsfCEYpIRews

trackabl e human-19gG specific disc, at sonmewhat higher 10 magnification than
that used in FIG 8, with sunmaries quantitating di mensions observed by the
AFM during image acquisition; FIG 11.igspan atom c force m croscope inage
of two | atex spheres i munospecifically adherent to a 15 first-surface
trsckabl e human-19G specific disc and present in the sane AFMfield, with
summary quant i BEFEHGESrendt e ispsef veP Ui meRnss aArM G eRE1PPrage

acqui sition; Fh&lodhranm dsansddEM indegetames qufanbilogtdnee id@lddaensi onal
summary of a rgg,doad sgskg%éﬁ%) oleMEHO AsRBGI bR&L | ot 3dRELERt o the

surface of a first surface ackabl e humg C-specific disc;, FIG 13 is a
digital oscil | BRRUHFIALBRNGS hGSt Fe f8: specific perturbation in
HF (quad25 $un) signal &btaddtidmplaappyddaliodi such adadeitslt r ackabl e

scanni ng over gegfshAioadcarld davaneasPest fuaalilyyadhgment to the surface
of a first sur{:a e trackable RBC-specific disc, wwth X axis displaying tine

and Y axi s di sp?% or%éjgﬁfhe magni tude of 30 the quad sumsignal; FIGS. 14 -
17 present digital osci Fhascobe anpibphgsraadw hle tiiesemdl yt e- specific
perturbation i in¥n{iphagrsuidesiagnabt Obinidied hyviy eplrecakbld SC reader's
trackabl e anpj I e LLSEIN . I .
i m’runospecisl?i cg?ﬁ%%ﬁelfgﬁ?{ %%lutcﬁllel%br?éng{eﬁglgg %pl%ﬁie%ggggm 00l 26677
PCT/ US9912513612Y4% a&raadﬁ’r%ftalsaﬁzéﬁ‘était‘fea&ﬁ‘éfsre FCAspecific disc, with X
axi s di spl ayi ngoneparadidnyl axtisiciugpl ayheneinheibkemitthedeeblettiorequad sum
signal ; FIG 183}ér ardisdiliakasitR@nkiPest td i vel 18 dlinhisphe events acquired
fromthe sane d{_éscdt dengnst&q%ll ng_t he retg.r oqucél.gl 4d of the size and shape
measur ement s obet Several “dft1er ent -t et bl God “Eer 15 r%’?unglsl%eci fically
adher ent t @5t hehefesin thecrongpgrationplestorussyrg et isROselew of a 10 single
| ayer trackabl eeadediyt erispeehd itradkabl@ssiicade W th aypasant egr al
| aser - pr oxi mal e#@tﬁ%e}{tgt F&&Sit\ﬁ%lgoﬁlfg? fPst 2o ShVS RPLEf BId €d

e_layer trackable

enbodi nent of the sing r anal yt e-%ﬁém Ic optical disc of
15 the present TEFRSHEVEN12¥F T EnEelr el e SPERat F¥hdPest ruct ures encoded i n
a refl ective hobtoopeamatiehbicstimgtamei hmghlaposetfiecdifswad lyratth rg st ruct ures

in a plane;@0niReal caVolrh e DOROP &IHAL EQEﬁéctS.{[\er@._E?_éﬁ%xditmo_sed upon the first
surface of the_disc;..20 FIG .21 shows a sinplified top side view of the

physi cal or ganFS I e6F 8 at¥E const ructed to the zoned constant |inear
vel ocity (ZCLV) standar @ltmpgh rhespbowe wiescaiheddtPvsdr sprEedshesyi ew of one
of the sectorsséoivd eZChbVichBproblehGf 2taBdifhing Fdcabows nonoper ati onal

structures di spgsad upeR,wahhed JLapd. Al 0.0V Re kA ohle sectors on a
ZCLV first surface ana y?’e-spem fOIbC %tl:sc; 2 ° * o
25 structures, they do not of themselves necessarily

permit the concurrent detection of such structures.
First, these approaches do not necessarily solve the
problem of malntaining tracking, focus and synch (speed
control) in the presence of such confocally disposed

30 nonoperational structures. Second, nonoperational
structures that are disposed confocally with the
operational features (e.g., pits) may cause signals
that are insufficiently distinguishable from the
operational (and data-encoding) signals as to prevent

35 their discrimination therefrom.



FIG 24 shows a side cross-sectional view of a typical dual layer DVD
format disc; 30 FIG 25 shows an expl oded side perspective view of an
assenbl abl e dual data |ayer anal yte-specific assay disc; FIG 28A\nsha s a

side cross-sectional view of a dual |ayer analyte-speci fi
enbodi ment 3¥XYAA] ni ng i nternal channels; 28 April g@@%@%ﬂ%%??

PCT/ US99115136 - 17 FI G 27 shows a side cross-secti onal vi ew of a dual
| ayer anal yte-specific assay disc with internal assay-facilitating
structures; FIG 28 shows a side cross-skctional view of 5 yet another
dual -l ayer anal yte-specific assay disc of the present invention; FIG 29

shows anot her al ternatl,yﬁa %@%%ghge?ﬁﬂvgti%nt:ﬁ@ %ﬁyerfuhgﬁgyt se%em fic disc;
1

FIG 30 shows a side cross-sectional view errca ignaling
noi ety engagedHa® &hi addifricmad, dhFeeveryr ithak %ﬁ‘mcéﬁéc?hbel ed; FIG 31
presents dat a digmanat generf@EC Quirt. a4 ORiRP ireadkadgniwtel anfaf t he i nner

di aneter of 2. gideke Stadithadl Stnalnd BRAR £ICNLdIEDEY Geyt Ne 15 di sc

further optlm rst surface det tection re hose shown in
FIGS. a - %rﬁéw‘ﬁg FWEpdPr ethYrIGrETdERt HIMaAFpBRE M€l y | 00 nm
FIG 32 pr eserrlandabd fo @ucatidei twd oswarifiicr bgpepiaf exam nati on of the

outer di amterlrpfforﬂxagﬂox§'-ﬂ€k|,l?e dairdrhaly fin die%@saar}bhﬁ;ﬂoaggent invention, the
di sc further Cg;tl mﬁ |rst surfta.ce gg gc C{‘l 1% il%l ve t hose shovvn
in FIGS. 8 - 3 ao’ﬁ ng a %858??%&0& V steplﬁ of' p‘?ocs? tely 1ol

nni ¢ force 25 9f ¢hesebsr c- afriimatreh B queripdnerd dieasbred BF & he "not her"”
part used 10 staTRtyhet drgas toeasuesl d Pprevidus B2 wtdpgdd wda@th34 presents

data fromato i o] di t f th
30 Trotner - paf in2bERCId 336AD, Eng AR OB Mlodul® B Ao O AT 55 CHG

35 is atop ng‘JSS[S:ECtI ve Vi ew of a polycarbonate | aser-refracting cover, as
used with the discs of ZAdd3%.ioBdlapd B tpregeneratwenttiendat a shown in 35

FIG 40; 28 f¥onkst 2003 WRaQ0LRE6Fdquired operational components

15 of these electrical signals can affirmatively be
segregated, thus freeing the remainder of the signal to
be used for such nonoperational measurements without
interference with successful drive operation.

Thus, in yet another aspect, the invention

20 provides methods and discs designed to permit
segregation of the portion of the electrical signals
required for disc operation, particularly that portion
of the sgignal required for disc tracking, from those
portions of the signal used to report the response by

25 nonoperational structures on the disc. In one series
of exemplified embodiments, discs are presented that
allow a frequency segregatlon of tracking signals from
nonoperational signals in the HF (RF, quad-sum) signal;
this permits the HF signal to be used to report

30 information on nonoperational structures disposed
thereon. This purposive segregation of tracking
signals from the HF signal is accomplished using a
tracking scheme that occasions only low frequency
signals in the HF, a tracking scheme that is intended

35 Dby existing disc standards to be ignored during disc



PCT/ US99/ 25136 - 18 FIG 36 schematizes a nucleic acid-based

anal yte-specific assay site constructed on a trackabl e disc oé 5‘83 ﬁr sent
i nvention, in which specific adherence of a single 2.8um sphe & fe disc
surface 5 is _driven by nucleic acid sequence conpl enent ar cad) 37
presents IlgWP 093667 oscopi ¢ i mages of three discs, each atﬂ({-rXJng/:zsﬁ‘a

magni fi cations, constructed using the assay geonetry shown in FIG 36, with
FI G 37A show ng nucl eic acid sequence conpl enentarityl0 driven adherence
of spheres to the disc surface at 20 f&?tonoles (20 x 10-'S nol es) target
nucleic acid; with FIG 37B show ng nucl ei c acid sequence

conpl enent ari n h h 0 S ace at 20

att onol es (20E¥Q§6}{?e t%% %?Hf@ %tte%O%%ugF§§%£ﬁecé g% girjldgrfg G 37C showi ng

nucl ei ¢ aci d ¥&4heNe éﬁ‘ﬁpF%ﬂ’éﬁ"ceﬁqlteyéFPO‘é?F%ﬁiher ence of spheres to the
di sc surface at 20 zeptiamobejuflion wdtHlthelesjertadgetsquolfete acid; FIG

38 is a two- d'p@@@@ﬁ@&%eﬁggpﬁs'ék?es@c 15\:9@} &'1&! %%Bﬁl@tﬁééf%g%wacqw red at
300X20man|§?|cat|ono the | aser di,sc identical in

i mensi on o EHB SR TRARS TP e By Rt AP (L SoARAAE58 S 185, m opher es
el ect r ost at i c®ifl pometieagibnad stmratwregbi Qedarsmgeeén@ummal |y aligned
substantiallygakeng a groove; 25 FIG 39 is a hi gher magnification of a
portion of the sane di 35,683 sho i n FLG 3 FIG 40 shaqws Ehg: el ectrical

in n U. rovidaes 1 o
response reported in the HEESTGhall"ar0nG°R ST HgPE8he o T'RE €T acks t hat

passes t hr oug®Ptheakrdgcst Fﬁealm‘é,% %ﬁémb%@: efp&nR B arid FIG 41
presents tire rpkdashiddlngsrusedrea nrdchadsanafwibleegebotde di scs descri bed

in Exanple 5, y I}%QQI I n 8 April 2003 WO
001 26677 PGI/ U 8&%5 eyt lgﬁmf?ajctu%gD%g%ﬁL:r?)ét%lsf)lnElhé%9“"‘?1bmgnvent| on In

order that theS9FAO¥RMt |15npﬁ8F%??1e AP bREVIEY 15?91eu?‘?ypctﬁ11&é?’§t ood, the
fol | owi ng det aieléef daamcepsi bh 915 asetr forvimd limagheidesegatpveon, the 5

fol | owi ng terrf&mée emweoxsdtef\soﬁ%eﬂah%ﬁlfhcﬂlheawgr& Htaghay" denotes, in
t he pl ane dat a- eqlcodl n ur aces. :

%g 2 ?o e a naf ckruqf% F 8 ?e speci %% an
optical |y det &t 8B epsru of &€ r’?al n'rayer), the direction
forward or 10 Sbaékml(?“ﬁpéﬁg ey daie; ﬁErB‘E)W’%ﬁ trAchﬁécd‘éﬁ}Flﬂace accordi ng
to this i nventrleaa;ng:an NbRofpariti@falalstptcexter dlspssed apmfolallsed herein,

the term"t an%?fz' QA 1@%@9'[ ﬁfoxil{félt Q% Bkéges %é&%a@iomf le disc's data

15 encodi ng surtaces, direction inward or_oytward along a |line drawn
fromthe di sc'cg’nﬁ'ﬁ’ffsei"&}p’ gehegralls Mikhoutnd téﬁerlc'?uﬁf‘%’?%lrfce As used herein,
t he phrase20 r ddratrimirapde fedrr heo wobblel gaveovien which a disc's trackable

(e. 9., 20 spiral traclghgp1es raict ur ggedeftei IReeeH, démshdtsatbe
the successful use of single data-layer, forward image
wobble groove, positive relief inverted discs of the
present invention to (1) detect IgG in human blood by

25 immunoassay, and (2) detect and characterize human
erythrocytes captured upon the surface of an optical
disc by specific immunologic reaction, using a
minimally-modified optical disc reader. Example 7
demonstrates the adaptation of a nucleic acid-based

30 assay to the detection principles herein described.

Brief Description of the Drawings

The above and other objects and advantages of
the present invention will be apparent upon
35 consideration of the following detailed description



pl ane of one or nore of the disc's data-encoding surfaces. As used herein,
the term "nonoperational structure"” neans any structure di spou%qeg qgo@?
surface or 25 within an optical disc that is capable of prod Ef gnal
when the di Wobo%agv?ad by an optical disc reader, the signRakyefe¥3kch is not
requi red, however (although possibly useful), for drive operation during
readi ng. Nonoperational structures include, for exanple, 30

anal yte-specific signal elenents, as are described i medi ately bel ow. As
used herein, the term"anal yte-specifit3signal element" refers to any
nonoper at i onal structure that may be used to signal the presence of a
specific 35 apalel o Bopi Sl aRehi Ok LRRRpaRt bRl addlafigs The VO
00126677 - 20 PCT/ US99I }5136 termthus .incl ug Inter a such si gnal
el enents as aPRt &P FPi &P ¥fer éPnWhl‘?m&ﬁ}f&l BaB%%tb“srsaﬁﬁfE’élq% as well as
t hose that axkikkegenmtbethionghopsndang anmavbdehmonl y owned U. S. Pat ent
Application Nos. 08/888:835 nbwked d¥ddcal, s1897e- DY/ek2@pO0ddd il ed July 21,
1998; 09/ 183, 342 fil ed éober t’}leF %9918‘5; 09/31%1329 fi.l.ed %}y 4, 1999;

60/ 134, 368> f 1184 I8 9dY-PsFh SFRCING $38S Y Rdparatus for
Physi cal |y Patilﬁ%rlfﬁaﬁ‘)g{rl\lénmll aﬁakustqm@mpést@nr%ﬂi @épFPcdisc10 Disc, "
U.S. Provi si owiad crPdiseshowippln Gdeoordis - a0t150a287ied,i h@dh August 23, 1999

(attorney docfg\é o %agp%%% %%Bzfaé@c{ tdryorm@g &1@l -prg. M hods and

Appar atus for erationa noper at 1 onal Bata Acqui red from

Optical Discs® °"b‘“§ anf‘é?\tcrfﬁsAﬁﬁFFb"a‘}a}]oﬁlﬁlﬂ ipoyher$ames, filed August 23,
1999 (att apneyrtotiestionuoDerheBORSE- 46 )gremter\\baghi figtagiost aid , " Met hods

and Appar at us,{f gt @@I S}Qvﬁ(ﬁgDat Pe AUV OE'exLJSéf‘QhBh¥§i:§a59e

Synchroni zati o si onal Patent Application No.
60/ 150, 288, 289 fi‘NbcréJd bﬁ%t ’%‘ ‘”’28513 ° (HAX0Friey docket number BURST- 18P),

t he discl osures of whi EﬁG%f 5 ﬁéér%}'@)r%ﬁ%ﬂ resppat INelvef hence in their
entireties. Thesitgom blacﬂmwlﬁs frotmha t hasieaqt EueteFesant patkas € al one

det ect abl g by, %ﬂatqmel cal L kr %ﬁd?}l @é]r,chioag gha‘;n@ggr equi re additional
e

conponents to rendere tecta rovi e some background for

further di scuS¥§®Hagy Pﬂtel‘barleééﬁf’ ?ﬁ?ﬁéfﬁqroﬁnds%??%?ﬂat?fiructures of a
conventional ept¢d¢tomnidesthatr mseesbei thackebbeahbyfon Bfckdngection with FIG
1. FIG 1A depg,@lgsgntgheaﬁ@a,g@ardﬁgoptl cal pickup (objective assenbly) 10 and

a standard CD-type opt[cal th the_light path therebetween
i ndi cated as dashed |1 ﬁé@ %5?‘0(‘3'%?1:?%55[38 FoF ACTRPT s SA" M5 nml 35

conpl ement0of datie Yaygdediscopmithl FEF cladp shonposentstandapd April 2003 WO
001 26677 PCTI 699kd5b2Ring and matrixing process; with FIG. 3B

showing a modified process according to the present
invention in which a mother part is used as stamper,
creating a forward image, positive relief inverted disc

25 according to the present invention; with FIG. 3C
showing the conventional CD-R disc substrate stamped in
FIG. 3A as completed with reflective layer and
protective layer, oriented with respect to a
conventional interrogating laser; with FIG. 3D showing

30 the forward image/positive relief inverted disc
substrate stamped in FIG. 3B as completed with
reflective layer and nonoperational structures,
oriented with regspect to a conventional interrogating
laser; and with FIG. 3E showing a forward

35 image/negative relief disc of the present invention as



- 21 FIG 1B provides a side cross-sectional enlarged view of disc 11 in
the sane orientation relative to the incident |laser. Wth refz%r'@d?ﬂ:god@
FIGS. 1A and 1B, the 5 reader's optical pickup 10 includes |aser source 19,
| enses 12- 14, degam splitter 15, quarter wave plate 20, apere®bpasor 18.
Laser source 19, typically a |laser diode, emts a | aser beamwhich is
transmtted through beamsplitter 15 and then collimted by lens 12. The 10
collimated beamis then reflected toyva#d optical disc 11 by beamsplitter
15. Objective lens 13 focuses the | aser” beamonto a small spot on the
| aser-proximal, or first, surface of optical disc 11. The | aser beamis
rcgfl ect eg. f rCH’BtTﬁthaUlsffr g&:ﬁna?aofe«&]fdeeqhage Bty liléc(iﬂi\daa ﬁonveﬂti onal
type disc,_,t c r.face) of 1 C r rned throug
obj ective | ens a@agﬁdgf%cé:%é&%mv\é%% aﬁdaggtg%é%#%ggr%gégf itter 15. Beam
splitter 15 directs t helG-ef ERPWY € useaNMBIAGIgRO| B 24 - which focuses
the 20 refl ecired deagerldearpaokindetfdcior slBfadstofgaati ¢ el ement 16 can be
i ncl uded bet | ds t 81t Qi kot Lpdice asti gnati sm
in the ref ect,eﬁ epggg?rlé%eéaﬁrﬁgg%\s S %nmgbgﬁwge%te%}%&etgélb? %n Fl " 1B, 25 CD
type disc 11 THPprredd-4hteanphyetewyl dleé‘Vg?E‘?athmlPEE’éW%’t% mal to
| aser - di st al ,irt tedsel apeicalapethr b spal dmbmstlbs tresderl g 2optriafdlecti ve | ayer
114, and protgchidupe | ayer 116. The total depth of the layers conmbined is
nomnally 1.2 nm The fjgure.is not drawn 30 to .scal e, Transparent
substrate 112 makes upHrrGgst? S?m?%sgtf fs\,\m’%’?htf% ne&§50P%a typical CDtype
di sc, as hasipvedsaleneraasdoppdikalinyersingm euyeasiserh ¥pgteal and
structural fua Qager Tdagpdualsd Olvdsh3BIds cts3t @nldihaB substrate 112 have a

pl anar surfa : : k 0 ;‘;g'tg t ace: with a
conventi onal Cfeggjgllgﬁg?t%rﬁ?g 1@2[5%%%2‘?%3%@& gm ma aaoPQa%iéé {%’%gt%?er ned
surface PCTI 19589 §F2ES 3rithyIasehiiiatalo AEFugh S hrPRElbI @88  "surface i s
present ed t hexutishiladmd daseo-suwtiacds ptrscpussentat Laser- distal 5
thereto. YthisRPEChnd QilthSrORE| G ahmdNEhi bmorlte at €he akdJer@alr operti es of
t ransparent sutb i{eateall%efsgéve ]t:ag) slhortgn thuereopgllecal pat.hal nthis

nonochr omat i ¢ s} efP29% s S8RCE: AT As BAF AT UbSEF St 2 S dérves 10
further to focus the iFG-dénts| astidd ViRy of arnfipsdcpbePidyp® 114: on the

| aser - pr oxi malosi®iohed o reuff aceimilea 16Pet ypeiditseurfdee | aser spot has a

di aneter of appr@xhLiat 0 (£ reptesibsteabe 112 further focuses
t he beam _achj evci@résﬂg %%ngeﬁﬁgaf‘lgll g%g?oggn%te %ﬁ% / umat reflective

surface 11%, ¥Wen&dep P R8I FISSaPEEEIIla Vs i 4t tiodRet r anspar ent
substrat e 112 &dsercoppbsEd pathningiddbedobypblinyesar batht BIGaredk has an i ndex of

refraction ofgehopScrhtiny lthebodPP A SRret 2a@NE iKblel @dshFtdde rel evant arts
20 that materj als.other than Bglgctar b(inate nay.at%]l% lﬁgd,mﬁls | ong as the
rial’s

t hi ckness and IHWE8LI ot HFefPatbF ofP B 3thB HEYR provide sufficient

assi st ance t dlaneastsabhgheyshargofin fecuptvidt adddeieratfe® to ensure
focus on refl@nithee Fey®inkldens to the optical pickup;

FIG. 7 schematizes the molecular components
an IgG-specific immunoassay site constructed on the
reflective surface of a first surface, trackable
analyte-specific optical disc of the present invention,

30 with FIG. 7A showing the assay site prior to addition
of sample and FIG. 7B showing the immunospecific
adherence of a latex sphere mediated by IgG in a human
blood sample following addition of a human blood sample
and "development" thereafter by further addition of

35 anti-IgG conjugated latex spheres;



25 Transparent substrate 112 al so provides the principal structural
integrity of disc 11. Reflective layer 114 is approximtely Q t 1
m crons in thickness, and protective layer 116 typically conp%qo'g%rgaggs
| acquer mat gf i at hardens when exposed to W30 |ight pcoikdbsay3khi ckness
bet ween 10 g{r'\%?dg@&?n crons. Thus, transparent substrate 112 nmakes up the
maj or physical |ayer of the disc, and is the only | ayer capabl e of
inmparting sufficient rigidity to the disc to retain the shape of the disc's
operational structures. 28 April 20033WD 001 26677 PCTNS99/ 25136 - 23
Substrate layer 112 is typically pressed with a spiral track that starts at
the innernost readabl egpgrtgon qf vgggodi%eagqu@%d Sﬂ(yornfilasﬁi’é'lrlt to the

[ b

out er nost readabl ecpor,ti on of the §c% In g non_5 recordable disc, this

track i s made™uprOICRISerrRRINACISN: OF A RIFHAYI Af UK of approxi mately
1/ 4 the wavel epgthfiof fiilet| syhftadehanalytarswgctibic cachdkadldi sssayThe pits

have varyi ng hepgtdsrert ngiféwii*bnaed BRRG M o8h ke é&itti%o@E}_COdi ng th? dat a.
As further di scusseq__et]dgéﬁgégw a_standard CD-R recordabl e di sc contains a

spiral groove P&t 2P AI"6f pits. Several partial cross-sections of
such a wobbl e groove 1F3CGare® AsdOsaremtiamigl Foree misgroserPBpect i ve vi ew of
FIG 1C. Refl eatmyeinagger of 14 dinhgapplagéexaiphkyeo. 05 15 to 0.1 mcrons in

t hi ckness, an‘im&%%%%yﬁic@%ia%ﬁ%r%n%eéé eactfiﬂ t DBiAdddec material, such as

al um num silver, or E_’éi)er. efl ective a%oer 11fis typically
applied to thEXpatdRhenBymanr tek SP6F1ELD G185 o2t 19PM9 G Eg HighFRgnet r on
sputteringopr oegssfichtiaht eharattihae B6e@priocads,. #aportidemoseties, can be

used, but is gHeh: LWL afm&lElnzabb¥eived bV EhL NEEM R4S (using silver,
ni ckel , or other netal) c?n al so be used to formreflective |ayer 114 on
the patterned 88¥% &58"F  ttANsparent substrate 112. 25 Protective |ayer 116
typically conprises a Fa€qutt immwear phpmitfiorgar dberesgape dvposed to W

light, a procegstwdllaedx" spliég immifofpecid ichl Tk nakfdeatweena 10 and 30

mcrons. R0t ety auel LHRGRKCRuht PR BpLolfld cldvgahayer 114 from
scratches and oxl dation, and provldes & .convenlent surface on which a
| abel may be BFEFRRd IPpEBEetdNS &FMafepld1a7its YRR Iy applied to

transparent substtitarib2dimehsiehiseobserevddaper tid ARMduxdhga spi n-coati ng
process, wherehy @ Rliikigpownt of a material that hardens when 35 exposed
to W light is sprayed_on the disc near, the %8 ri.l %003 WO 001 26677
PCT/ US99/ 25136 - 24 i Angr h?aﬂr?etaé‘rAg Peagee etV B2t 1Y8  and the disc
is spun at26hi ghmepssefalc guniary @It ki hef agdmodokethe(RRtleri al to cover the
surface of themgisespetheidasDy iainkehtent expasedshofald ighta, £easSi Ng t he
laquer materi Qllr).saéeo t@%’éggﬂle human RBC-apecific disc;
FIG. 13 is a digital oscilloscope tracing
showing the analyte-specific perturbation in HF (quad-
25 sum) signal obtained by an optical disc reader's
trackable scanning over a red blood cell
immunospecifically adherent to the surface of a first
surface trackable RBC-specific disc, with X axis
displaying time and Y axis displaying the magnitude of
30 the gquad sum signal;
FIGS. 14 - 17 present digital oscilloscope
tracings showing the analyte-specific perturbation in
HF (quad-sum) signal obtained by an optical disc
reader's trackable scanning over several distinct red
35 blood cells immunospecifically adherent to the surface



Al t hough conprising three physical Iayers disc 11 may al so be considered
to have an "information |ayer" (also "data layer") 115 to szl%m i 202t
transparent substrate 112 and reflective |ayer 114 10 physica ﬁ

contri bute. V{l}h@,z“-,mf ormation layer" is delimted by two ptaossrsbor

pur poses herein, "plane A" is the nost |aser-proximal radial plane and
"plane B" is the nost | aser-distal radial plane to which the operational 15
structures extend. In a standard CD or gihgle | ayer DVD, there is only a
single information |layer, and the disc is thus conventionally described as
a single datal ayer (or "single layer") disc. The various CD and DVD

st andar ds conbenpl fitret20udf £66 thavkaglé REOHspakifiptdi s, nwitie xdi rection

defi ned by th%ggtdl%'&la?ﬁt\%) Qe 1nd m’?ﬁ@t‘ﬁ‘ ggg%{@é Y.ameter in the radial

di mensi on of the noni pa s is 1.2 mw) t he senior
standard for BEagpdtdegprsct %c‘?r‘r"i‘&l §Y9 2399851 | oqui al |y, the "Red Book"),
republ i shed as | EC 908Fiferid tis physgidl tshipeknesess dfioh. #f- 1.5 nm (for all

layers com@l nediuﬁ@@%ﬁt@rfcqeeeeal exr&h efecemd@twg sorrg %3%' Ej i onal

vari ance, ver SCS_ sui rives may
have a depth 6’“?&‘33“@3??? e Jﬁgﬁfgﬁcﬁb%ﬁté'nﬁgngﬁ? n%zleyat}a FER 0.8 Mm
preferably 1.Beasurepemnfs pvek ssveralapliferent. redpIand gedispreferably 1.2
nm WlthdreSpeﬁtmxtc]s:a;IelgefdtaIw eldhekehd tamctﬂavaldt:scs t he standa(rjd setjs a
nom nal di anmeter of 1 [ acgo ate discs
of radial Apri | gégmvggl({gmgﬁéﬁag 5 ?g‘g%&% %§g 8%|a;n£t er of 100
- 140 nm ¥¥r eFe?‘%]d"f )}ai’fﬁ trackabls, 2R %teprs@Ieé’llgb‘FydllSPSassifﬂ%lqﬁn nost
preferably 120itina Fuwntihtegrele lashe-ptaniceld ahser prafiriadesvé or a disc with

a dianmeter of .§,6m (80 m): the dinensions of the 5 rmunti ng and cl anpi ng
rings renmains the sarre that for 120 di isc depth; only
the outer dianeter IFEEJUC%%I ShoWgugi nf_[m N af’gb%t f gh‘eh'ﬂl sc.

Commercial ly ailwleitilae'ewmﬂica@&l aeathetr%-wmeedmt/mant éisc afcomodat e

di scs of tltsiStﬂéagsmatsehti DIntvéhtilal, I wilt B CcHd @iscBHCopehiazasnpr €sent certain
advantages in_fhe RLAGLI ﬁgo&d tlﬁl.e pL?éfé‘éﬁl'&V‘Rntggg{‘am %”‘E'ﬂgcmc*‘ are a

comrensur at e reduc ron 1 n é’ct cont act

with the enti g Hpage §GrF‘&%edlsé’s SWEFFC’&%“‘-’L FETHBFPYeS o apBEARRYe such a disc
15 in a sl eeveonfdsnsiswdhbdnirbgeiriat 4bhyl tsr et uskeeldspolsed Fpdi 2" magnetic

fl oppy disc. Eﬂgtfﬁgpggrfg{@g |oqu%h@dg5_§éonal standards, such as those
defining a (nmagnet oopt ni di sc’ al.ogue laser ,di sc have been
devel oped,?%and addi t i ohgg 20 sn%hé’ﬁaa?d?wlﬂaﬂﬁg g%% %‘5’ vi&Yel oped in the
future. Thus, of heheliphysiodl tirgapiasbhen il endien eenstiraeted tadi al di aneter
gs S(rjrall gs SQhémah&wa_ %Snls@irg_e 1dnehPate oYty lsmaml)ar&alnaaea di sc, gd rzfgy
e adapted to such siz ag._a e e
: . ?‘f%%s 3n 351 o e% ?Q{‘%A&MA vis S‘t{;te

skilled in the art_ wou her_ recogni ze term
cont enpl ates 8R§ %fuitthébF?c?%"tsaPébFBe %ITi"é,d’\féﬁePﬁe‘?chr 2dot perfectly
circular. 28s a general Fp6i nzd phewst henepearat iboal stpercitiresal requirenents

that nust be Heipdfia GpbhPhosi1ea018RA1 & dHoBGesysiLmd eubuncti on

tl th d d t.r.ol di al
posi t i on, R N selire cBniPbt-GroTiderat i« angent i a

position are together &dF} et |511@IW§ teshial quogskiegtionadgvieyief 2003
a typical dual layer DVD format disc;

30 FIG. 25 shows an exploded side persgpective
view of an assemblable dual data layer analyte-specific
assay disc;

FIG. 26 shows a side cross-sectional view of
a dual layer analyte-specific assay disc embodiment
35 containing internal channels;



WD 00176677 PCT/ US99/ 25136 - 26 As di scussed above and schematized in FIG

1B, transparent substrate |layer 112 of the optical disc is r?ﬁu' rg?o@
focus the reader s |aser properly upon the reflective surfac é&f 4 of
t he di sc. 5»5@50'/2\457? to maintain correct thickness, transpefesoysizand
refractive index of transparent substrate |ayer 112 may render reflective
surface 1Z4 unreadable. And as further discussed above, operational
structures encoded in |layer Z15 are t_ym cally read to 10 maintain correct
tracking. In standard pressed CDs, for~exanple, the reader tracks a pitted
spiral that is inpressed upon transparent substrate 112. In recordable CDs,
thﬁ reader tracks a spirral :gr@%ﬁs(&iwﬂdggc%bgimtmelbemw_)of ;g FIG 4
schemati zes ngn tiopna c [ t he. - 1.nci dent,

| aser pr oxi mal gf ?‘?ag{ al?h’rg?a‘lé%;%ﬁ[tgég?é%ffcla a%%%’y%%%&#@aﬁ%%é@ the figure
makes cl ear tR&FASUETIASRBPEIRELBRGIURAS uctures would lie | aser-proximal to
the default 20 focal plFage zd shbesiadidentcrbasesectuionah rsew effl ective
surface 114. (o) i..0 . t S i ifd c signal

el enent s, ?ha?lggr%%stg{egi Ea%)lsg 5,\%I\/(E)u‘%mllél eteulr%%gtci;g%%il‘b@%;e{%l yafsgtggn{iﬂard means. 25
First, nonopeFBfiRFfenst igﬁ 88740 that are di sposed upon the
air-incident, |aser-pr&%Fneds fshpws angtfhege adtewvnatyipiec ghbobingnse opti cal
disc are not ggly dwsehyRt OxlaTBtet Speditti -AG@sa} SO outside, the focal plane
that is being interrog d he reader. These_3Q .nongperati gnal
structures would have ?égpepf%/ﬁhf’ﬁﬁ "fllas’nlg{é3 s o?%; Cce]:alrﬁgggzgl%% The i nci dent
surface (800 anjprherisaldeigralippemoisty fereaprg, in fa sdsraggeevarhese
structures 40wirey,vdniousr dieneliohbelabdleaer posi ti on between the | aser and
reflective surface 114, Lntgr i I i atLonal structures
encoded in the, 28 AQIFII .2%0%% e%%l’ ;Haté:%f?g%%ﬁ‘gc%eﬁ%%b%%l% reflective
surface 114. PECYEIHACt AFInaFian ?%d@’ﬁn irRst LARETERt PAI2efforts are
undert aken dusingleidatanbaydradisreof dclenpreeenhatnvarng ibasether oxi mal first

surface ofyst hgigd studthesUbstiaiteal Fdr fHig@tokubridaldtections, in part by

keepi ng surfaces_on stanpers and mast cl ean d ¢lear _of dust. Thus, to
adapt standar aei?)'f %ea}togﬁg%sﬁ 52‘%%%’@3&[%@1 Ee ﬁ?’poaglldvga‘(ﬁé?%cati on of
nonoper at i onaFeBe¥tigsd gresve depthdeheRmregimate e i%q @i gnal el ements, 10
there is a need for newieptixakedests dutd drem aeomifcacbmeeng techni ques

that over commeyt fese. JyiabL glifimaliEh ol S1A BRPH: MlarRlhCal 4l sC geonetri es

and tracking sg enes_that perm.t disc tracki nﬂ and ot her operational
sig b %

signal s t &%eSiRGIR 2GacbALEH ALAEI OF iltsh PESeS APnat™d from signal s
gener at ed by Abdsopbrdhiegnaptistizadt foestidistpevefaampaietgctioface of an

optical disc. 8igHw Pat 8ndaY @holhSEHS FIGS. 8 - 12, and having a
reported groove depth of approximately 101 nm;

FIG. 33 presents data from atomic force

25 microscopic examination of the inner diameter of the
"mother" part used to stamp the discs measured in
FIGS. 32 and 33;

FIG. 34 presents data from atomic force

microscopic examination of the outer diameter of the
30 "mother" part used to stamp the discs measured in
FIGS. 32 and 33;

FIG. 35 is a top perspective view of a \
polycarbonate laser-refracting cover, as used with the
discs of FIGS. 31 and 32 to generate the data shown in

35 FIG. 40;



A first series of enbodinents of discs built 20 in accordance with the
principles of the present invention, herein collectively ter §\

data | ayer™ enbodinents, sol ves these probl ens by exploitinggg J%f% noveI
approaches. E recogni zed that the problemof 25 aghigubagss ocus

si mul t aneously on the di scs operational and nonoperational structures would
be solved if the nonoperational structures could be placed substantially in
the operational focal plane, that is, substantially confocal with the
trackabl e structures. 30 It will be app¥eciated that the nonoperationa
structures and the operational structures need not be in the identical

focal plane - it suffipes Uhakchbravonaner abbonal aad-gpesational
structures are

WO 00/ 266?27 PCT/ US99/ 25136
sufficiently G Saég?a%l%% PEPAY t 51 cﬁf‘g’ﬁr?%é%éerq o%f?%’%ﬁb ead to detect
t hem bot h. Bed@gseft hbe masensdivsenftiame ippehiah @@&Fifb@al pl ane is
subst anti al | yaghealehee éhan stihaleat. §hie sphdirects ther &Es&uéliza&\%e‘ a

CONSEQUENCE e LBULRLHPIR oL SPR' A SURSHS e ek hearstie O

nonoper ati ona tures nsron I's
difficulty, however, iEI§ ha'*t7 PRESeRiD P ERE Bﬁ%’WSﬁOP&Et ipages toé be
det ect abl e, sﬁ*lmdeddﬂlecéﬂ dagdent prexingnifdcaeidrect icoest ayetredl14: unl ess

reflective | QYs‘?Jn lﬂe' §s§dy9@;'ef>h8é‘f5§|§hotufnari‘§.”b§§' g, ('wi@h’ only partially
reflective, % gw%\k nono tional, structures E‘Bﬁ | as, Qr - distal to
reflective | a@lé}r 12 W% uﬁ SHoraF e FEEEEITE P eT%n'fasr Pfe | abel

appl i ed t &0 pranioen sdhéxgnne ofcsprexessttantbe ddiGD sukfhcexdtstiong di scs and

manuf act uri ngféarrtmssssnd e 100R QRN i Qa%eﬁtﬁdéQEh!Ef—‘&ci@U'uﬁithaVe to be
pl aced betwe d rggﬁp r}iﬁsgggiéﬁ 3 jijdzs% fI e%%P 1 114 in order
oxi nal*to yc

to place themboth onfocal with
reflective | afi}é‘f"elllédh%?ea%oﬁmwaﬁ t\ﬂhﬁéﬁ ‘é)’cﬁq @&Féécﬁrﬁﬁ \?iodual i zed
application ofttombllest (e d aydf ddiesaf tergéhenudileposasidn amd nonoper at i onal

structuregg iﬁx&“ﬁ?a@ﬁ&nﬂn@; Hﬁéféi&eaé‘iﬁf s@qgé1§c5é 'é&hﬁﬂgﬁgnéalhl% Lt fOf 25
rapid analyte specific ass

jon to robl em
reasoned t hat l‘fﬁveﬁpFﬁ]@qWé’e ﬁ§s?%ké?red5r é’n?ﬁ?l‘%’rf Fuﬁfgf%n%tg Si ngI e
dat a- | ayer, Centppelest(ztaix dPZ ydlesdt hargemisleprartidy it upsi de- down in
the reader) 30 would pﬁﬁsenta weai twiHadmehbesndiseocmpodit@ser - di stal surface

the | | t d FI GS. 5A and
25 e Loecr A B oMb aee Rl S dencl ShERRL1 200 o

¢ over vioul d present. protective
| ayer 1162%s tamifisation oFf Hhe ﬁ%lt rrgrimee Brrfpse 85 Yidse wre
protective | ayenthital raneilednsioR 8 Aptholse2083sUMBd0 By 188 7irPCTNS99/ 75136 -

29 FIGS. 32 and 33, with 2.8um spheres electrostatically
adherent to the metalized surface and manually aligned
substantially along a groove;

25 FIG. 39 is a higher magnification of a
portion of the same disc as shown in FIG. 38;

FIG. 40 shows the electrical response
reported in the HF signal along a single one of the
tracks that passes through the area of the disc shown

30 in FIG. 39; and

FIG. 41 presents the mold settings used in
the manufacture of the discs described in Example 5,
and shown in FIGS. 31, 32, 37, 38 and 39.



nonoper ati onal structures 136 could then be placed both substantially
confocal with and laser-proxinmal to reflective layer 114. Yebgs ﬂfpi@:;,

physi cal flipping of the 5 disc - geonetrically, a rotation o? tD e disc 180
about a tanggjjohedr7! i ne drawn in the radial plane (as theggut®nrsms are
herein defined) - effects two significant changes. The first is a physical

i nversion: structures 10 that are | aser-proximal in a standard di sc placed
properly fox reading in the disc readeig(i.e., pl ane "A") becone

| aser-distal (i.e., are noved to plane "B"), and those that are

| aser-distal in a standard disc placed properly for reading in the disc 15

reader (i.e.,DgiaiNed Béychian lofis efie prroseintdbn(i . e., are noved to pl ane
"A") (schematized in Fif3S a4 -thég) thd fagw%%geﬂ hérdin 'dggbffﬂ,éjd or "image",
i nversion: fromthe pgrspective o the disc drive!'s gptical pickup
(obj ective asB¥Agy FrltKed Ae ¥R Moyt ed 9/FaHE%20 disc's
oper ati onal sdesmtiptésnappessts fagtht s m roher desegiptionhathes, as if
reflected gcrespicvihgngenhs alrd iRg16psa herein defined) drawn in the radial
pl ane (schematized in stSse%'S%learédn - 'l;her pb\égafal'" iqaversi On"\}g esents
little 25 difficulty: a8 YYF1 HEF dPsctis g Bel 509 iV EFEcoVered that a
dye-free wobbtk®l Plgngogé onhar Feeeres anidilscCn- fatst-wrgafdngan quite readily
be tracked wheit®icesheiwebplad opgioavey deteptabbiitad-flageecbt her
| aser- pr oxi mahy Af J Bnkasele s tidlebpl i @fe ql0cEYRY Yorualbanot he geomel ric
form created %q t he ogeratl onal (part)cularly,, tracki ng) structures is
nonsuperi fPo kardoAl PR iRk gra@%“(ail.'e. AT aq W fagfie additional
"i mage" i nveratarrdiegdeestiiiwe dinveot e aranubeeadabiternalaoconventi onal di sc
reader. 28 A ddna2003- MR H01 26677 PCTNS99125136 - 30 This latter problem
may readily be exenplified by .the.spiral conventionally used for tracking
in CD formats. Thus) agﬁo‘h‘i’/% S5 SAR ot & rmd? %ng}eé%d5¥ spins the disc
count er cl ockvlenctess Inewesl Hlegwm PReo® sar Jpret o e ofische drtare' s opti cal
8@ ckup andst r@gksiingesGpfddds f ;tthm ﬁbﬁedﬁi&ﬁ{ S.nimﬂflfrozldio&ﬁﬁhﬁd ("i.d. ]2 to tﬂe
isc's outer g4 er:("o " r I\ng | ears, fromthe
perspective o?i%%o%%}%a?r%fnclfﬁggﬁ gtéésc%légn%t P);gédlc?ar} ::_:Pg?eg ° Wen the 1o
disc is flippetf QrELTaRYr HEAREE FFom t he opposite side, effectively
reflecting the i nage oAstimed pieralinpvidie phirangettadilall phene’h t he radi al

pl ane, the Spi::éﬁrsaEBe@-ﬁ§ @%t&cﬁﬁnﬁﬁlé?% id&sE*;@tr'@Bka%'i‘é €&y no | onger be
tracked f58m i, d. 1t9 0. vent i ona

L.d. gi 1N Sacrcog eI .dréé/éad %5 For B:ljrposes of
further difscu®iSh, “tAS plflﬁase PESFNETE r’rgdgp P USRS BT to refer to
t he convent i apkanerfeApat PoMoLenof hehe s’ splakr,enseding geonetric form
created by a sirsfacesoperational structures, as seen fromthe perspective of

the drive's 20 optical 4pi . (parti cylar. . Ls used herein to
al PGP neh i RATHE e ﬁ%p%lmagﬁgnhf

refer to the conventlgnal ortentation, In the ra ane, of the
geonetric forPrRIEATEd BAY AYCSErir et eresed Pure8UTERE &N from t he
per specti @8 owithie dni opticadptdical thatckisp caphbhe agplpreduting adi sc, 25 the

phrase refersgighihgnbRr theraledsbyedd eyt LACKED] &1SlailEt HEL&FeNET SE or to
a projected i .theie 0 "reve

e of . .Th hrase "r rge image" refers to the
opposite ori e%&?%tﬁlgﬁ‘a- ?%a"fh’icg‘, ltgon?%ere@r"'ilgﬁéat?%% 'St 4P 'élamfﬁ}‘ reflecting
the forward iPegfeibdversaf @b + fvgedrive dreyatdenvuyimet headbmal pl ane.
Anal ogousl yi tdiopRitaaiena Patithickarée el ifludd, | Eof afxempherein to the ]
conventio a .| 0 per at d ures in the
directi onggf the (%%t :sgg%l%}it %tl glglbe:'f%/\%glr?%m égeésloé??es%ag% "H' of the

i nformation | Hyediatgdy\pel@t from the

As used herein, the term "analyte-specific

signal element" refers to any nonoperational structure
that may be used to signal the presence of a specific
35 analyte in a sample applied to an optical disc. The



28 April 2003 WO 00l 26677 - 31 perspective of the drive's optical pickup.
I n PCTNS99175136 particular, the phrase "positive relief" refers to the
conventional physical orientation of the operational structures that are
tracked duryggefksc reading, as 5 viewed fromthe perspagirivsemaist he
drive's optical pickup. Wen applled to a disc, the phrase refers to the
structures per se. The phrase "negative relief" wll refer to the opposite
physi cal orientation. 10 As used herei n t he phrase "standard naster™
refers to a master disc with inmage and’ rellef as typically used to produce
standard discs in a conventional process. The phrase "reverse naster"”
refers to a r&asiletfhu/g tihchonge, demnatiiael @dn sﬁgmxs&c&mﬂe@tgrw conventi on.
The present pxe edr 163 RAREe —pairrfcﬁ.ldlagﬂgtg'eea Ough dlSG Ve”é t hat

nonoper ati ona turés may read osed confoca y wth the

oper at i onal é’f’ilhc"l‘%rté?'g@f that opre ciascaftged ﬁh&oyéﬂd}%éﬂdpr oxi mal 20 to a
previ ously apphmenly efnedt Uve. | yent Eppdicst iaacoopl HHh'eBdebyasranuf acturing
di scs in whi %ng@emﬁ%l tvermgglvstﬁsf,%% %%f&f&ﬁﬁ%i gfstrate (that is,

t he substrate Zur ace contributes i nf.ornation layer), is

present ed as °Che® st rfa‘ié soﬁ?%ﬁol'aéﬁ?epr%&r’ﬁér3%#&88 (hereinafter,
"inverted di ¥e3"}4, 1199Qve 6P AL, Y6fat fdlch WAL dd, nagSde Siwddfact ured by

using a convgmthpnalumhagg B34 tagharatagPesy dHydscaenerating forward imge

inverted dis 0w ratl onal uctures pregent d in positive relief
("Process %gtgers%lc 1‘;’1u1'r ouﬁﬁlgté'li:r%%%%ess Oflnarvl\hlgtﬁ I?Lf at her or son
part is u’s"edDaécs Prpglmwld FPBe’HPF’]Ilr?attFI% second process

("Process 2" Np. th@/zrmnsuen hasled Auzage peyersead (Atosimndeskeon; the 28

April 2003 VO{0d7 %ETPCEIWSQ%% Beondét stul'ﬁé%é§%%rd | mge

inverted discs have operatiohal. structures presente n negatl ve relief.
Al t hough t heABBEW‘tfe§8F| AR YoiRg 02965?5&%’%13 28 YenqnsFasgPrahl probl em of
est abl i shi ngbabg uscdiicedc iroempticed Dheceperaisi.ohaterdnd nonoper at i onal

structures, wpgYyic Rl nef b9eiRelaves E?Q@é&ﬁfg‘u's! per r*11s¢99t he concurrent

detection of ,such struct s. FEirs ro ch not necessarily
sol ve the prdBF%?ﬁ’%ﬁy %ﬁ‘cﬁf’g ﬂ'i"ﬁbgeﬁ gg) cus gpeed 10

control) in BRe pretdeds éﬂds%ﬁﬂﬁwﬁﬁoéarl%%cééogbﬁc rR?r'iGperatl onal

structures. Seqamu,tﬂwnopeﬁgtrwﬁkaat suntht @R Zabdbn avsrkdirgposed confocal |y

with the opegati o als that are
pak %Vi qthiefaé%to pP%EbégioﬂT%% @b’?f‘flos (z%

i nsuffi CI ent I X di st1nguis ration and dat a- encodi nQ)
SLpeeVBIRustngpy H?%gcrﬁar'fntﬁﬁf‘?%rfi‘icﬁ‘&te??

BURST 18P), the disclosures of which are incorporated

signal s

herein by reference in their entireties. The term
includes both those structures that are alone
detectable by an optical disc reader and those that

25 require additional components to be rendered
detectable.

To provide some background for further
discussion of the present invention, salient structures
of a conventional optical disc are described briefly in

30 connection with FIG. 1.

FIG. 1A depicts the reader's optical pickup
(objective assembly) 10 and a standard CD-type optical
disc 11 with the light path therebetween indicated as
dashed lines. For clarity, FIG. 1A depicts a minimal

35 complement of the reader's optical pickup components.



| have now di scovered that the electrical signals generated during disc
readi ng have a tar greater informational content than has pr%iAgﬂﬁo\mbeen
20 understood. That is, the electrical signals that were design 0

provi de twousPREEdd ¢ types of information the informatiopchenessasyy for

di sc operation and the information that is digitally encoded on the disc -
may in fact be queried and neasured in a variety of ways to 25 reveal a
previ ously untapped wealth of information about the physical structure of
the disc. Furthernore, | have invent'ed?]aﬁproaches that permt the required
operational conponents of these electrical signals to be segregated,
freeing the 38rd.enpi pasridds hheidd HRlsst BebeidisAd choargatc Ry iranoper ati onal
nmeasur enment s J j tdq%létli nferference ngitekﬁtgggggslsglultiggi ve tq{geerati on. In one
enbodi nent of thi's "as ect of the invention, novél 'discs were manufact ured
in which the Jélcé@FﬂchéS%ﬁ-gnal s required for disc 35 operation,
particularly the signath egiiereted ao drss. 1R&ndpnsl 2003 WO 001 26677
PCTNS99/ 254 36 gaadd 5 §4CHISA0p1 Bk S SB0GRIRLELs ilided0sbEAC NG T T om ¢ hat

portion of the signal report the response bX nonoper at i onal
structures ont¥¥E5dT&Tt4 alPeali At tHETcdne Y& S TandVai Rt ?abl e detection
of 5 nonoper arndrgkesteoncidur edasrr avurgeel? ek ptciaddy ailsserThus, in a
first tsegI i teﬁ fifod%r]b@l?it%@rﬂ Sa8brthdam fhﬁ@%ﬁt %Qfgﬁﬁﬁﬂiﬂvfﬁtﬂ'r&?ugﬂi tsﬁs ﬁrF e( o
resente er racking.si.gnal s.to be "segrega om t he :
guad- sun) si gbneam, Sg?%%tfenrgci?hggﬁﬁ%ngﬁg a%gatr%%?)n t 1f83i %rpl‘or rﬂr‘%’fai on on

nonoper at Fdnatoldtipabed reeanyispbhen nefdeebad tTOHardhaPpbBIVe segregati on of
tracking si gnalss finopy thenHEpsigted 1ss aobPaptivehadnssi NFarukeacki ng schene

that is intendgd i St i Sc. Stan S € 4l I hng di sc
readi ng, the wo l%Pée%Eéatﬂlr gg\tlg"éssp"%cl?f ?’gégi%ﬁ %Ea%égggﬁ%&ﬁiﬁégbl e and
rewiteabl e starfddflis. 5@ foBbhl PG FdvEifasi¥irst added to the optical
disc standard to permiTheidesedi bexot cd refdedied fran thegudfaceD (and | ater
DVD) medi g5 Ase sekibofih i13y20 {he (il avashvalddandepcafdeoqui al ly termed
t he "Orange Bpok", \"_‘}lhe wob%fe |$ d%t e?t gﬁl b%. t he reco'%dl ng, device solely
during the usE®% GPF TS SHETECT 0 O hEREi SH9C M8 E8F Y% tracking i s
acconpl i shed Byrcgheel]enf ivhelegrs ol 3s @ndr graxey vayeecpbabe R%kEe the spiral .
The 25 standat«hm apdieddr exi. st Begn ispnliesent a8 iditecet tle standard, thus
contenpl ate an b r a d us i gnored,
?&&%ﬁﬁéﬁgﬁﬁf’eﬁt %Egrg d"ﬂﬁ:@y ugh §600CP, | '(-il@fi P eudtid hi

after witing. Xi st1 ng standards to, be 1 gnored during

readi ng, fhe TISCESrtRARE BPREIRTL SSLEELRT a8 si §AFFFEHMC advant ages as a
tracki ng schesierfent U§eczon behénehwlerd betdeen sberm spdipreasast andvention. In

contrast to ayeckdk 04 oY LiftrbHEcdRR)GmRE O¥h 4SS tel 8bAldateky | ow
frequency signal |E t he HF. Because the nonoperational structures (such as

anal yte 35 speti¥i €°8Fygnal elenments , exenplified herein by 28 April 2003

As shown in greater detail in FIG. 1B,

25 CD type disc 11 comprises three physical layers: from
laser-proximal to laser-distal, the layers are
transparent substrate 112, reflective layer 114, and
protective layer 116. The total depth of the layers
combined is nominally 1.2 mm. The figure is not drawn

30 to scale.

Transparent substrate 112 makes up most of
the 1.2 mm thickness of a typical CD-type disc, as
measured along the optical axis, and serves both
optical and structural functions. These dual roles

35 dictate that substrate 112 have a planar surface and a



WO U0126677 PCTNS99/ 25136 - 34 structures in the 0.5 - to mcron size
range, occasion nmuch higher frequency events in the HF si gna|28Ab$|Psz3 t he
wobbl e as a tracking structure permts a frequencybased segregation of
nonoper at i o@alookds®m tracking 5 signals. One result is thatrnishesidégher
frequency HF events occasi oned by nonoperational structures can readily be
detected and characterized. By way of exanple, FIG 13 is a digital

oscill oscope tracing | 0 showi ng the _pgrztgrbati on in HF (quad-sum RF)

si gnal obtained during trackable scanning over a red bl ood cell

i mrmunospecifically adherent to the laser-proximal first surface of a
forward | mgeatpesndd \smrifeteefwitthver cedvehtsionafll 8hec phasieiat i nvention, with

the x axis 1%oﬂb§9&§aﬂﬂ9rgaa§n@n¢h! gxaﬁaﬂlémfaxbngs tg.'ﬁesrm@atude of the
guad sum si gnal econd, converse, result such %ﬂ_uenc based

segregation i%§ Fﬂﬁt 395 “RECKITR YRy tf‘Feﬁ'ﬂféﬁfcﬁ?t?l ﬁnﬁ‘f’% ¢3§FBned by such
nonoper at i onandskynatattaree@Oswifasef fiscpegrdnregdhdased disttiedn as to prevent
| oss of the ttmaeki®g | ock. Furthernore, a | ow pass or notch filter can be
used to renove such hi h fre cy events fro he si gnal reported by
detector 18, further éﬂgﬁ‘surl ngpccn)cr?{—‘ec € r tk:"caq]tf flc‘:s %\ Beappreci at ed t hat
25 such a fi IlleéFaF%“tﬁnPtrPEGr‘F%?ﬁanh&f-’abéwli‘%ﬁ Gﬂbﬁhéat‘méiléent signal used
to detect thesemoaop@rsaidreaal tise giplisal Spsth as anaby:ﬁcﬁzcﬁ:pﬂemﬁtﬁc signals). A

third major adyapfags % s@n@@bbéﬁngéggﬁﬁt ﬁs&%&E%”ﬂl for opti cal

di scs of the present I nvention | can be used by
the drivet% o EFERERITP E;OEBﬁS'E%ﬁ]thqlﬂéﬁF Js‘?:sﬁ"FnllﬁghFle?‘bc‘i %eﬁfl‘é‘f | points on
the disc. G Veyea kiowenwbhél ndereguentiysl diorefisrehal sunfloenaf i on about the

hi gh frequen(éxyCBOWrﬁtsbon@lhe S EﬁBttﬁE!aS al 88ghé Ve P35 cal cul ated, as
shown in Exa e, Q:b Ewer di scusse c bAg i% 2’b13 VWO 00/ 26677

PCTI US99/ 7513 bS ‘é%‘“a Se¥ow, ° B EFS8FHE e Sd‘“ SET35% e HHEHRFed with a
groove havi néOGHéefé)rtb@oPéa@ho%@W%BBI e diamptencPes, pernmitting the |inear
vel oci ty 5 tEpprekbrateaybe. di of altedefdectie gureacpoiny, ithet he radi al

pl ane. In %gggggo&rﬁ@eagg El}]eoqﬂlscm gpal, tgpg a bi - phase mark

si gnal , |s enco on to e wobbl e sig R di scs. The bi-phase

mark si gnal ﬁFGQFH%‘?%GPE%Er?‘iﬁ c}'rlﬁallFOﬂC"TR?échHﬁ“b%lﬁfgéﬂ P6 determine a
| ocati on on pledydasmnatlki samddrss anl Ondet arfmeeifoacndon v ase$ul for

spati al | y- adgiegsabli 3 Bﬁﬁéﬁt afo he éﬂﬁi]&’éa‘i'l%p%éfi&l@%%@Yaréshe utility of
such spat,‘; al dgressabl % |s further. des y owned and

copendi ng ap A& b o ahy P?%}éc‘-ﬁuo agi m?’éé?f uﬁ8d087%88 935,
filed July 7 1011998)?5 tiw tthéc)dlil%ﬁ'ﬁl Gadr é5det %lr@ﬁraﬁ@%@byhﬁ ncor porated by
reference. | mab¥WbifR d proetige Siffilcdent Nhssimianes ts fHeO\FodQgintsi ng a "land

pre-pi t enCO%&@QFmV@@rt%Qyoiéféatla?el%g gQ&&é}e%o' BnLhfe | A sabfas (1.

bet ween t he roQves) enco ress information. In either 20 CD or
DVD format ud&difPoriindayrEstht- i nvention, the bi phase mark or |and prepit
codi ng nmeds opti onal | y lrenkpdterdutsubktthlee dsiPanlae eprovdldelsotlyl particul arly
descri bed w phihesPeClatiQceed edaitegRi 0y JORQREr @il ondleidgn@d s from

layer 114 is approximately 0.05 to 0.1 microns in

thickness, and protective layer 116 typically comprises

a lacquer material that hardens when exposed to UV

30 1light, with a thickness between 10 and 30 microns.

Thus, transparent substrate 112 makes up the major

physical layer of the disc, and is the only layer

capable of imparting sufficient rigidity to the disc to

retain the shape of the disc's operational structures.



25 operational signals, the present invention contenplates discs that can
have information that is digitally encoded according to CD arz%/,&)d'“%
standards; the approaches set forth herein allow such digitalTly e(ncodaed
data to be {V%q)gy‘gy,ed concurrently with reading 30 of theptwidpesisd i onal
structures. And al though particularly described with respect to frequency
segregation within the HF signal, the present invention contenplates that
other types of signal segregation and %or_rbi nations of signals fromthe 35
detector other than the quad-sum (suchf~as the tracking 28 April 2003 WO
00/ 26677 PCTNS991 25136 - 36 error signal) can be used to detect and
characterize nonoper atdubagkabé LGl @32 ¥ tRpAsallyOptysad weeh disc
writers (readerfyifqrs), peludg the abilisy to detecl g g wobble.

Because t he vvoﬁije is pi ca? y detected onl’'ydurrng witing, a process
that i s unne®e¥saey o thsstisapnshdieht FRHR 16T otRhetPrii®ent invention and

t hat causes loasermqet Sicagable apgttilondes tHmtdimcght Thnd edrere with detection
QUal Ly oot P S e o e O 22 and 3

Thi s device ipé'tﬁap%%%b%@fvlagt%c‘ﬁﬂ’fé ﬁgda?qm“ﬁgeiﬁel%%ee wi t hout

obl i gat e pul siamglefgttthef] &berlidhtt babnés giaesl tequeredtieodigicsc witing. |t
15 wi Il be urger s100thaROVEYPIng tiRAGLABY thd M@ngbheak® &alaeal such tracking
structures, vc\)/r}_e}: er_Qr. not _capa Ihee %f writing, ean bgjﬁused i.n the practice

ta. d
of the present FAV et o an%l eS 2%%5Rd presenf‘%d e el n bel ow 20

denonstrat® bRdoYuct edendpriseOdt msicagiabmiddscagertaint iar d i mage,

positive rel ispiraDverda@ gasrér afhanheppr£B&H piiB¥ent sevedal (1) detect 19gG

in human bl ogd,py,{ ’Q(}!HE%%E@%io@é‘%fe( ghicf®l Gfpp3Rd 9{5‘&9@% & Lzg human

eryt hrocytes cagture upQn the surface of an ,%ptl%a 25 disc_by specific

i mrunol ogi ¢ PERKER| FTPEMRELRFLLY thithg PSETRRATVEIVIRYi 2hIF i séCr eader .

Exanpl e 7 denonstr at eRefiechifeptlayieanidt & mppirokimacey Kad6d assay to the

det ecti om ricdChPl &fidVIn@ Andestdied, Mdd®ilaldyleymiridegCaManuf acture

30 Afirst pr %(E(r?ss for n%nbfijtcturtlen A m{%lq1 Jat a Iaye&nh fsorl\(\r/a]rrd i mage discs

of the preseftIrRGEHT SiEtEtbF3 M . ;’ g r?ow}B% W& crivéd i th

reference to9PLés oB/xcappsp. FReBlessiver bayan d1dnidi S¥Ri¢hiYng oper ati onal

structures irapposedite thel petternedS spfate ZF0FIuBEL DOtR6HL7 PCTI US99125136

-- 37 through a magnetron sputtering process. An alternative

20 process, vapor deposition, can be used, but is much
slower. A chemical wet "silvering" process (using
silver, nickel, or other metal) can also be used to
form reflective layer 114 on the patterned surface of
transparent substrate 112.

25 Protective layer 116 typically comprises a
lacquer material that hardens when exposed to UV light,
a process called "curing", and has a thickness
between 10 and 30 microns. Protective layer 116 serves
to protect reflective layer 114 from scratches and

30 oxidation, and provides a convenient surface on which a
label may be printed. Protective layer 116 is
typically applied to transparent substrate 112 and
reflective layer 114 through a spin-coating process,
whereby a small amount of a material that hardens when

35 exposed to UV light is sprayed on the disc near the



Transparent disc substrate 112 can be manufactured by an injection rml di ng

process, in which nolten polycarbonate is injected into a nolyg Agﬁ

having a "stanper". The stanper is nade froma master 5 of the disc by

el ectr of or mvagonestni ch will be nore fully described bel owcTlisrsmjéect i on

nol di ng process typically takes 5 to 10 seconds per disc. FIG 3A

schemati zes three steps in a standard el ectroform ng and matri xi ng process,

followed by a 10 final injection noldipg_(stanping) step, for creating

solid substrate 112 of a single data Iayer disc with wobbl e groove, such as

a CD-Ror CD-RWdisc (for further details see WIlians, The CD-ROM and

Optical D scinseprdiiangt8yseemssfl@ckard Liyererigitt yarﬁlieskse dis84is 15

i ncor por at ed spgs it %' 8 gé@nc&)usﬂ\{gsaeghlﬁllq,ayggt@fert@O not her 530, son

540 and disc Ebstrate 11 &eshowg n sgrclzt[ CLOSS- s% gnal jrs)artl al view

Briefly, the™ R RS WCakOBeYi HWR L PRR ¢ Sh=of F°8i st 510 (made

from gl ass, phestewmosed Eecly, 13{9#’6 stepsingt thii aqprecederinbse shown in

FIG 3A Isn sbepabddn. master disc 510 is pl aced in a gal vani c ni ckel

el ectrolyte bath, when r tric circuit. A
%tgguiﬁ é’o%%rqﬁlﬁget ?nggéaf‘[ih?e?g

ni ckel anode ji s used o Sit sufface of the 25
mast er di sc, 9éFeat’ rﬁ‘&}’n?&ﬁ‘élb@ fc'é"c“ﬁéfler@(F" I"ilé‘)‘(te ap ‘dadlormat et 520 i s

separ at ed fr@ayem‘st@arlsﬁlﬂdatayp]lmlrl"y thuttanehiahwaly sleadest r oyi ng nmaster 510
in the proceggan laenrt:e§tﬂ)§tr§@ heh égé) terieERegsethy,t h1a reverse inage,
in negatlve r Ile r 510 0 Although father 520 nmay be used
directly &s g?’a?ﬁ)]@'ry cﬁnﬁﬁﬁ&rﬁ "on m)l di ng process 535, it has proven nore
efficient in the art {Tdegbhefenmatight layer' dentdetimiteghibested fat her 520,

termed "sonspladds. Therchehdeds q;lferallflanfiljnéngf Ael _%ttﬂﬁ:,f @bged parts from one

35 original S I Xin Aprd I 2003 WO 001 26677
PCTNS99/ 25132535,38;,%%21&“& ¥‘? %%ﬁgg af ;.}))qcaFI V use BN 9 % 515

gal vani cal | ylﬁﬁeﬁéfé;rt&tleraiihajsé’rlﬁé@ t‘ﬂdﬁb’i‘ﬁu§ Fd‘éPﬁF%OnaﬁDt her s" 530.

Mot her s 530 kavectaudesr watednd mage pr esaidad i0b possingle neyeef. The nultiple

S identi Ca' B%heér?e:%?’qs by W Bin E.S H%ﬁ&da@léﬁepa@ Taﬁ ganer ate numerous
sons 540, gntl cal | mage or.i en g n and relief faéher 520, and
whi ch thus h&vec &% J\Pé‘ﬁs‘éc’ Yelfd opre L8 nieiPEiReledatd \Fé‘“rgéfal #t3s conpared to

master disc 8aper | tpist'epngds, lavew "$4diss. 10 used as a stanper in the
i njection nolding of dhscvephly abeadd DDl ke adbiseds xonkeupastdred has a

forward 'zrsa?_§195§§1ea% g %\unév)rf?sx{attl' \ég El?l J'?I t|1_11e| g’i)\;g%glsorﬁ[ \éﬁw% disc 11 wth

substrate 1 as manu accor e 15 groove
118, refl ect PYethenrntisad axig) Woﬂe%t‘l“@é‘@aﬁ‘e@'ﬂ‘ﬂal Piem8pt¥ cal path and
| aser focal dpothenadielwdixkresiogr o6vE20 ingn.shown by dotted line. As can be

seen, substrate 112 i ﬁl@h&&cﬁh Q:'%Je Glbﬁ?néﬁ gHieRBBE£Gi MR ks @leanar surface
Iaser-prOX| mal _to it 3B shows a process,

AT i R T
accor di ng t o EREpredERttn %ﬁt‘i"(‘}‘ﬁa FEBPOLOP, ocess 1"), for creating
singl e d&%a I(agbkoquipdlyedtie s“d?@doBOQh‘E) preepehi ishakmsi GAChA.Ng forward

i mage of thepaémptmerpws@aai ahrd;t@lta_aée@fpquenhesl o (I hilve relief. The

process diff rocess sh | Fl G 3A| t hat not her
530 is used, %i { igegdl recet %eB 0 St anp i T s¢ sﬁ"B‘gflra € 132. As set

forth in ExaFrﬁ‘I“%sFl 1&?:81‘-51 Y#félad’i‘:@@sh‘a‘#étﬁq naflﬁedhﬁﬂfeﬁ“ﬁﬁﬁ ke
for reading by CD and DVD drives may have a depth

30 maximally of about 2.4 mm and minimally of
about 0.8 mm, preferably 1.0 - 1.4 mm, more
preferably 1.1 - 1.3 mm, most preferably 1.2 mm.
With respect to the diameter of CD and DVD
discs, the standard sets a nominal diameter of 120 mm,
35 However, disc readers may accommodate discs of radial



30 reported herein were generated at EXIMPO S. R O. (Prague, Czech Republic)
using such a nodified matrixi ng procedure. An advantage of FPr. C/fp?i?2603i S
that a standard master - such as a CD-R master or a CD-RW naster - 35

al ternatively, @ p@ster created readily using existing BEriR4132003 WO
401 26677 PCTI US99l 25136 - 39 techni ques and apparatus, can be used to
manuf acture the forward i mage inverted discs of the present invention. In
Process 1, as schematized in FIG 3B Q%d_S used in Exanples 1 and 5, the
use of a nother part directly in the i"njection nolding process occasioned
sonme initial difficulty with venting in a standard injection nolding

machi ne. Var idlﬁ&eﬁéf&ﬂﬁlﬁgs-oﬂd hen, | Preeéisnyahdi ng1mmm,naf>ras wll be
apparent to ) : e t t hat nol ten

pol ycar bonat te&%lfé\%%g ovlel‘rg tﬁ{eﬁrm d g\rgg(;%e}r)?gi.%ls—%ﬁgezg%p e, the tenperature
at whi ch t he petheardshatbe walsandaree feiowRkOo¥igdese §oF 02 ehifr ¥ithat t he

nol t en pol ycar ddnaéeemas Bess (dosools. tRaodigierisioasi ofrtgased 1S tenperature

may alter §heRpthfAgladd eRESI RS {ifgsIremPid£LitHNgeREC)s Fhathe

pol ycar bonat e thg O‘_B%I cal pr ospfeJtl es, of dgolé/c.ar b?nate | ayer 132 are

i material tothdipett HAfRCP0rOSEnGEES dReR Y aPBrHYi hi®rFE8 di scs of the
present i nveritiapater rissmgdiced tdeducangr thevdataerpase®shehr ough this
layer. FIGS. AbA.- ddinedcesent dvag18Bhd eptddd@pusesadsk ttha manufacture of
the discs mulgclired 83 ssloflild B EXaDl §19, FiQ.dD ghovs a disc
resulting fromProcess T, WA nonoperational s ruc%ures 136 applied 25
conf ocal | §0 withieiraf#Eeq &3ay- prosdhmdils€s, Presfedc ceveainy@ivantageds can be
seen, substraiethe3@rddtigesvngihe gaktaehbyhiivdntient edméme whatht he present

invention is ese 1 t Lern - ximal to its
pl anar surfacage %sgéﬁ%n\%ukgt%ex%gﬁ %EES? ggdéé%glégsggﬁér}g‘?lou]?%“gtur ed has a

an al_so en e dis
f orward inagéeﬁf‘é?éﬂt'i'&leifzef)tosqc’ﬁ%\?étrgﬁléft?hq AP 8% our se be under st ood
t hat the socalurédce plamarllsas ftiec abfilite tomckededéwech reddspot be

strictly ptana a §166R idind@sort ikeftidailie to 28e PIddve20@3 WO 001 26677
PCTNS99| 75136 - ?? opt | cztalli ptaltohg%,Tpggc.thl s surface will herein also be

termed the "é“d&i %na AONEGET ace € di sc substrate. In both a standard

disc and a forward i mEy&EpesTeyeve VRELPRF F¢didriongl psandsrdehe present 5
invention, th&cht ascthvse hefihgidg ackedgretdpiehb) ernpmioiee exis in pl ane

“AT of the infanBBLE HhdedY8isc HIRe bien! deddiogeASCLnR MdiTRLNR] ane of the
i nformation | ayer I El G§8?3€{hand 3D. In a

, asS s,hown, e pe.tl eg I N ( .
standard @ sErRIGESR MY 5?led°"‘§3t §’§ %[iﬁ‘é hepsst dfte nformation | ayer
that is nost Twexi bieé discshef dillssprasenhts phesrdriosumbnceaveBp contrast, in a
forward i mage/-peaht dvneteli £ M0 Qb EHemPrafeat LAVEAtdsOBhapl ane "A" is
the plane of dfie.i BfQUMY Phsd AURECOha thiy A LEQPLLRGSURS T at e’ s pl anar

size standards as are developed in the future. One
25 skilled in the art would further recognize that the
term "disc" contemplates any suitably rotatable media,
whether or not perfectly circular.
As a general principle, there are four
operational requirements that must be met for a typical
30 optical disc system to function correctly: the reader
must adequately monitor and control focus, radial
position, tangential position, and speed. Control of
radial and tangential position are together

collectively termed tracking.



15 As a consequence of this latter structural orientation, and
notw t hstandi ng the colloquial use of the term"groove" to degq phl??)oéhe
tracking structure, | have found that nonoperational structures 1

di sposed upa dbh&r7 ef |l ective |ayer of a single data | ayerctiusoasid 20

i mage/ positive relief disc tend to center thensel ves adjacent to, rather
than falling wthin, the tracking structure itself, as showmn in FIG 3D. A
second process for manuf act ur i ng singlg data |ayer, forward inage inverted
di scs of the present 25 invention (herel nafter, "Process 2"), will now be
descri bed. D scs manufactured using Process 2 have forward image with the
oper ati onal struct ur eAgprgsenseetl iabovegand vechregbkbfed [im Process 2, a master

disc is creatg@é hayi n&é&pa@ehmsq&atéeléf&wﬁbt@f%% k9Bl structures
that is reversed f.rom canv n{: #1 h %n\%da conventi ona (fl ectrof orm ng
Pa ‘f‘i}‘s &RERD

and matrixi ng FFotBsECIHEE S SF BB AT PRENi sc substrate,
when present awonokhe exafiliegtive eunfacgal exendd4sof f the digser - proxi mal 28

Apri| 2003 \0i0Q43D67 haGENSROUGESISEe tnddkndsl, ltﬁaz@éﬁdﬁrn_cijwface_ (i
inverted), haga,f QHW&e' qﬁgng%]g Qrggggﬁdér%“%hbég?% I}JeQF? ative

relief. Thus, 1n cont r ast I SCS 3C) and
di scs of the T3¥esEREeT RASAEFbIVS sirfarsctt éﬂ‘rééé@?%ﬁng to Process 1 (as
shown in FIG 3D), di sosl aenfdeadiar édsassosdliabgveo dpacgdsn?l (shown in FI G

3E) have the drackipgs setr{aaewrﬁulray@kam@s"ﬁe %rB%aify dellgt pg | aser-distal
pl ane of thelnfgrmatlon ane "B" in e inverted discs to is the

pl ane of the™ Fﬁﬁt?‘iﬁ?elcgygfa?ﬁfﬁ’[g prBSh%ﬁndaF PRefi%EP8ubstrat e' s
pl anar surfader Azawpkestthe, rextropdratkenalpisgtedcepiesl dhaposed upon the

reflective sqrmfp%ggsmldpogf tggngﬁg&rt guBEt At whackiyyg feature. This should
desirably in reass. f ec%lsgn@%l over at 2 obt ai, na |l e fromthe sane

nonoper at i onal’ structure ¢en erecflde&j ag%ﬁ taospﬁ rAK W th either the
forward i nageldyE3ng | wel tiggi efe¢ madowéd discs (process 1) or forward
i mage/ neged i ve relief AIevent schahtdsetphamgsaa?iondl t he present 20

I nvention, i tst%ﬁ@HhPeé’QoaQPﬁiﬁ&i t@%ﬁle%iﬁ— rr%flhéﬁé' Veadeayer 134 now

presented as the,f L g g disc, there is no.transparent
substrate Ia}’élpxﬂ? p‘%’éff nfUE RS Stsf fﬁ%l‘fae}sgp FRuLPE S 3 standard
di sc. FIG 6Aiskluthe diigurehvakgoisilearwihbdt suchr nemebeBtinngk/ positi ve
relief inverteedudtStes WoR181 IR B 5QUbFORinSN@ONLhe ddf@u1€B, is to add an

extra focys %%rr§ogiéwe @ed 1A dAE dhse, | AOB B, ARl Dead Pl ckup.

The readet used produce resen and 3 herein 30
was so nodif idgfagetErhatively, or in addition) the d| stance between the
optical pickup and thelctioperst foradt ssuuntansearapgube @djamigdeso that the

laser will fapusigos oy oleddifd | EAke Stid 86eq0lpddits dofga Bt anot her
alternative, dgggctegble b§5stané)ardwﬁeanf urther described bel ow, adjusts the
di sc
25 First, nonoperational structures 40 that are
disposed upon the air-incident, laser-proximal first
surface of a typical CD-type optical disc are not only
laser-proximal to, but are also outside, the focal
plane that is being interrogated by the reader. These
30 nonoperational structures would have to be in the range
of the beam size at the incident surface (800 um) to be
detectable. And finally, if so large, these
structures 40 may, by virtue of their interposition
between the laser and reflective surface 114, interfere

35 with reading operational structures encoded in the



28 April 2003 WO 001 26677 PCTI US99J75136 - 42 itself) rather than the
reader. In this preferred enbodi ment, a nonintegral or integrglaio 03

| aser-refracting nmenber is attached as a cover to the Iaser-prof

of the di sc woomxweate a di sc assenbly. This cover 5 serve@STUIREDE act, and
thus further to focus, the incident |ight onto the disc s operational

pl ane. By convention, that operational plane would now be counted the
second surface of the disc. Although_asfanintegral menber is presently
preferred, an integral cover, 10 hingeably or otherw se nodifiably attached
can al so be used. In either Process 1 or Process 2, use of a standard CD-R
mol d - whet he¥eklenpiad anrface dfdnda¥td ispifhertips tla%86rasedspnPr ocess 1 or a

reverse i magetddt fsabReanb2 Vrrsehs Sk @adbatﬁacmlag apsoduces a disc

substrate 1. hickness of _a_cover. reases the depth
of the disc gr'"sse alc':hﬁe oae%s}%engfrlétngﬁme flﬁser EElhc’m&'nes lggtem fied in the

standards. Al %‘Fﬁﬁj’gﬁ Pheths pbiscnbAt SURTEIEARLYY Heiesi #£20 denpnstrate t hat
di sc assenbl i kepeatedeépnas ih parm bArkesdping Herfead, ont sm&mﬁedsnonet hel ess

be desirable {4 qﬁ%&@agecig% ta%cgpggis oqf aSgpstrate 132 in circunstances in
whi ch a cover 1Is |ntended added a novel _approach, the depth of

substrate 25 132 can beb ‘r‘%'dlft?e& Batl&ﬁ%’&aa REE R abodd5Fn the final step of
Process 1 or ®cduedeog?. tAstivopudpbsivppieterbien oft monGPeRutfionadt st anper

(ot her 530 '&Rf&%%%g 11nél%h§eah£‘ﬂ&9e fsaébﬁflé%(ig%lseﬂemsl n Process 2)

must be cture nol d setti ngs must be
adj ustedn?o %éetﬁe lﬁrSpﬁ?eit%ﬁpPﬁﬁ ﬁeca%ugé??sataéidt %éfi “results is 0.6 nm
with a 1.2 mfaifgetysiey tedhaiguedithed @vstcems disisy proklemsss is thus be
1.8 mMmm Wi chetwade d@l Ht hedd EoxrC ol ¢l idiBcofectietadledt k@S IS used to

fead) ust 00 USya dilindNAURENAL cnagSpdflie d%gg?’té’%%é&gxbzﬁﬁyoﬁ 99r25136 - 43

apparent that eone e si ngl e I nvert di scs of the

.
present i nvertBGit ng‘ﬁ?‘n ¥%‘? 15pEP Y TR ‘?ﬂrscuﬁﬁeflﬁéyc%‘om ti on chosen
for subst iat eariBisceliminated dromes iptaleabenerstedabyt s 5 above- descri bed

for transpar %no’iié%%&éﬁ@l Ikductiifds |BspdkBECupdty @F skB2a@ Jfhenpresent

single data | a erted di scs of the present invention is not used to
refract the m% (f@& Fggér light, in contrast to |ayer 112 of a standard
di sc, the transparency, index |0 of refraction and thickness of |ayer 132
may be adj usted wgstihgueé megandyee pviwse optical parameters. This presents
advant ages in manufacture not readily achievable with standard di scs.
However, given the insjakied faa§§e9fofe>en@baﬂgermss%fnamyéaosdmng devi ces,
15 it is Bpesent Ic%/ %rg;xeérweic{ F nanufna:ct rLe tpg: sin Ie data | ayer discs of
the presefit iHv&ftCEAHST N o g?ia?% Tfares®ad é‘scP 5288 hel ow. To
denpnstrate tientiese pe¥sidi sPésequlvedy GseEed ¢ sigader §a%a a trackabl e
optical disc Wydr" embodiments, solves these problems by exploiting

several novel approaches.

First, I recognized that the problem of

25 achieving focus simultaneously on the disc's
operational and nonoperational structures would be
solved 1f the nonoperational structures could be placed
substantially in the operational focal plane, that is,
substantially confocal with the trackable structures.

30 It will be appreciated that the nonoperational
structures and the operational structures need not be
in the identical focal plane - it suffices that the

nonoperational and operational structures are



20 concurrently readabl e nonoperational structures, single data-Iayer,
forward i mage/ positive relief inverted discs were nmanuf acturggA%ﬁlﬁﬁ% forth
in detail in Exanple 1. Each disc substrate 132, conposed of
i nj ecti on- mnaloderkspol ycar bonat e, contained a forward 25 i perpesIwtsizs wobbl ed
groove with 1.6 umpitch and the wobbl e frequency approxi mati ng that set
forth in the CD-R standard. A gold | ayer was deposited on the
| aser - proxi mal surface thereof to formgeflective |ayer 134. 30 In a first
aeries of experinents, reported in detail in Exanple 2, an assay site
specific for human i munogl obulin G (1gG was constructed on a small
portion of tHafiiciencliaonigonl surtfcapernit tthe diise. readexcisenati zed in
FIG 7A the cp3saylshded Was d3be6ONHanli®bed. as a three-| ayer sandw ch; as
woul d be 28 April 2003 00/ 26677 PCT/: US9 136 _-_44. understood by
those skilled in_the g‘? ?a\c()}gec%%?%%m arsggéyg,a%{ %Zlepgpe]é%tem&aqsuch sandwi ch
is to presentfoché PlaRrf isasubFEantinldy, santlejodpranethaprataflieyt e capture
and det ect§ orlisAsswoittet ahus@iabe undedsiseqdehye tdfosefpaskidhag  in the art,
t he assay site.i i su tp lak s wi ches, only one
S 8abkpekdn € Rk Y. £B1W E%éa Ft@é&?&ﬁhé@f’

of which is schenatized in F .. In I rst ries experinments,
anti body 76 WEGTBRBEEN rDPMIEECR [HNEsdPRy LY AETAGHERTt 0 i§ nmunogl obulin G
(1gQ, which is found HEte aiédhcehty athogrverf, dpptbrineltely 1.1 g/dl in

nor nal Ihyman e dra@i&mp!sereétm,ng_bl agcli%et@cgwgl_é,rﬁn&ndaéglt \éol Ent eer,
was appl i t.Q the assay .site of.the disc ] briefly incubated thereon.
The disc ﬁgs l%ﬁgﬁeafo}élnaalt ﬁgnre’é%ﬁ/%fgﬁg ‘?Y%f/ 1a%pﬁl P%%??%n' of 3 um | at ex

spheres, eaclreéfeghith Iragrpiedi brusignidémanidat xapsnbssie bodi es specific

for human |19Gi.€he 6mBE psasibbhen MeaEkediagaidee Aslswhematized in FIG 7B,
the result of ; r [ | [ fic adherence of
the | atex spﬁlg%ggéggpﬁ%a?hggglﬁégfe&%gﬁ%g%igsfgrfa?(ﬁgt%?g%dd sanple, the |atex
spheres woul FebeerehtR dRYEEr thly YRIEHE be| e WPhes dgtortrils F§8 capt ured from
a |light 28 mier bbeopaleeleappilhnedi ion mfotacpbvd ilayewnf 11fiecd gG speci fic di sc

fol | owi ng applthaabi@newf RyvENeR] A0GhaRdsentdROAUneadtaanLed | at ex spheres.
The latex spheres.ale neadtiyoappancily s it WObM G giopye itself. In
this video cfpture i mage, {REREATKer areas  are the 30 structures bei ng
tracked. MagHef PéacedPafwesprubeangnareasneipiinafeot12 mrd "gr oove" from bei ng
observed. Theetfildeoivafiadyee LDBROEn Siggests glaie GRay,bdtth Nakeadl, of the

| atex SPhgy 6%, RLenRPNd 10PYadhAnRn 1 I e RRLE rapve on this forward
i mage/ positive reTll ef disc. 28 ril OOBYV\O 001 26677 PCTNS99| 25136 - 45
reflective layer 114. uch a solution, which obligates
individualized application of reflective layer 114
after the disposition of nonoperational structures, is
untenable in practice for a disc intended in part for
25 vrapid analyte-specific assay.
In a novel solution to this problem, I
reasoned that flipping the physical orientation of a
standard, single data-layer, CD-type optical disc (in
other words, placing it upside-down in the reader)
30 would present what would otherwise be a laser-distal
surface as the laser-proximal surface of the disc.
As schematized in FIGS. 5A and 5B, flipping a
conventional CD-type disc over would present protective
layer 116 as the laser-proximal first surface of the
35 disc. Were protective layer 116 removed,



It should be readily apparent that the size of the signaling noiety
relative to the width of the groove nay advant ageously be adjzgss%gp}zdgg
facilitate positioning of nonoperational structures. Exanple 4 presents a
cal cul ati onvadooass7opt i m zed rel ati onship of the signal i ngCHUSNRIHIE size to
groove width, in circunstances in which forward i mage/ negative relief
inverted discs are used. Simlarly, the size of the nolecular tether at the
assay site, here a trinolecular |0 biofdn-streptavidin-biotin sandw ch, may
advant ageously be adjusted to facilitate a noderate, albeit circunscribed,
movenment of such signaling noieties to allow such positioning. Polyneric
backbones of Remopehgtidwdt Ktraatursovadsuserld fhen Seghdaded) bebheties are 15
descri bed i n agsrant yawnedndbdal apigndiang VaSer flokAthadppd i cation seri al

nos. 09/120, q obl 1998 and 08/888,935 filed July 7, 1997, the
di scl osures %Aé%\%ﬁft'%%@%r%w%ré%%/'incqr porated by reference. Furthernore, the

shape of the groove it%&d FiRRYS RNYAICA) datmeingiioththet he CD and DVD
speci fi cat fonsisct & baométitiatad 1guch positiconofigthd-IdiSc 98ahabb@t are at om ¢

force m croscppangiiMail MaAeSaPiwd i3 RBkerh@i £X piRNRr a@difjegnt to the -

di sc, at sonewhat hlgq}eér rraggl |caeb| on than that us,ed,%5 in FIG 8. Readily
evident in FI'G™§ FE°CHFMObBFE fiYove SHEEEF B 1982 44FRRY at ex sphere
centered adj ab@mgeso one turn of the groove. FIG 1o presents 1~FM acquired
quantitative data. Therd gayet NBASAYs2BAU idveksiBninxgaeurdbe hei ght of

the lat EXIEO t?h%rtl,erage aPaOsVe‘?r-%)ngPrﬁ)a{lt Cim %.f s%ggdgfé)%\é.%cl Sla%c‘:élcp7 -~ m FIG il is
an atom c force m croscope-i nage, of ntwo. atex sp er.eg ina single

m croscopi ¢ fRPErIThEC FeAdipat 1Y &hgedipEnt®adatal(fsPs il l ustrates the
uniformty ofpliane Fatedepher bssarsedstaldeved op atrlei oB&d ad i - |1 gG

i munoassay. i, 3ddiy Onngt BfoSuaAM AkkYSase2H ARG 12003 WO 00/ 26677

PCT/ US991 25136 - 46_. secti onal analx%/%l S |dent|%;f_es the horj,zontal distance

bet ween t he cBRPERTHII4S5% PLARGT RRPHETA Y ERT PR EhaN i acERE groove as
843. 75 nni§ 0.1 @hdeygyh) . e.i.npdroel 1Bt begreenbatemwiprbxihal desier.ed track pitch
of 1.6 ~m HA 88600k P1h8E A" EXRRNNBRLSed r@PRRES] 440 Exappl e 3,
denonstrates . hat eSUC .nogopgga{éaoln,al ostructures .may eclxll_aglrxmbe det ect ed
by a m ninall ym)ﬁl FPey JffD R d8vi¢e ds fi gﬁ rﬁeque.nc ,_ni gh anplitude
changes in t H&eHPeEsRARALVeTRAL the disife dRBYE 3 FRSdFrbeBi¢Isi ngl e data

| ayer, forwar@bjerageveasisembry) eltitef gebmet ri¢rfame cassieyd diysehai t h wobbl e
groove pep i ta oo 3CKLNL 902! St RCAPLELE GANGUET §dor W th and

di scrim nated, from si gnal S gener at ed bey nghoper ati onal structures di sposed
upon a surface®gf antBpt il 2§i 3t. Tl eALeAuRATRRSS FedBPEBRY AN Exanpl e 3,

di scs were pripar éas dweredin fiefied)n dEranpie dhe Maddsiaglaid e was pxepared
essentially agdnemEXs8d anZriby!l ssulgli 8§ ng an anti-gl ycophorin anti body
for the anti-IgGantib_gd_y 6_used .in le 2, yCo rinis a 20 protein
that appears on the sur ageyg%caggf%ﬁ%gggr Jf?ﬁeél%t g%gﬁ)eed bl ood cells,
RBCs). A Repdtiffisuttyams Evsthew fascyssed PakPw 1Y Ba¥e applied to the assay
site, and theligicscened tiHaenar dysefiteer webbyed 2hydobe" 12hits an atom ¢ force
M Croscopi ¢ | Jmgescopfdy A@gﬂgo%bﬁldlﬂwn t%ﬁﬁp&GiEé Gead0e) ene e QbiBCs to the

assay site of the disc. el "e,guantltatlve analysis, the RBC s
horizontal si'2EtPET giRfeoRBL9d o @Foavs’ i BETRRANEAt *0i Hi%e known di aneter
of red bl ood BGeceptexin@1Viom) intIdssrsdietad celdefly different fromthe

uni form 33¢, m di anet ergRfevkle hideXnePhebRst e Fo2RdcpbsRId/ 8¢ i n Exanple 2.
The hei ght of _.the RB S observed to be 1.8

¢ He .%bO\ie t he botlt?: ofta rooge ‘g WPserve
Vim As furthdl® GBEEFHIRERY APESLHD Yra fifqi:%“? §&bYr e Endfact ured by €D
Associ at es, [HRRsuperifpgsabia)upon its mirror image (i.e., chiral),

the additional "image" inversion renders the

information unreadable in a conventional disc reader.



28 April 2003 WO 00l 26677 PGINS99| 25136 - 47 for quality control use in
the optical disc industry was used to read the disc. The dri\ég'% l%og
_wobbl e tracking system (nodel RSL100) was nodified by additidn s 17
to the optical pickup 10 to adjust focus in 5 the absence of a refractive
| ayer 112 owolbbissetti sc; the height of the spindle was al scusewmsitie The HF
(i.e., RF or quad sum signal was anplified by the electronic circuitry in
the RSL100 so that an oscill oscope display could be provided without
adversely affecting the 10 performancg,of the wobble tracking device. FIG
13 presents a representative tracing, wth the X axis displaying tinme and
the Y axis displaying the nagnitude of the quad sumsignal. FIG 13
denonst r at esThhatlatterr pdoltl exodhagebéadi yi dederenpl yfiddsibll ehas a hi gh

frequency, highr@Mldnfedeisyont, LBed Nt 3iciady A @ ErRatsader; for an
anal yte the size of a Sphere or, ot her exogenous

nal i an ce%l o | atex
signaling noiety is rggﬁfreﬁ oG8 b‘?‘éatr}e °é’§18ﬁ?al 8¢ &588FFi ¢ signal . 20
Al so evi dent Spiofn tlite ddsei t9wdespockwisiang asnviewd fFomsthpat the devi ation
fromthe l9F basgpédtaiviesod tiedildrevieakoptildahopgbriechrd @edcrel | s are wel |
known' 0 haveyg GhALACLEEhSILL dIEPRCAKR,S hIBR.cUE (1AVG QpSsved this dua
ed, as in e 2,

peak when |atex spheres are us a to report the
presence of 4R8I %5 5 PHECH BamsEak Apehr'd -t oTheskiackimgm r epr oduci bl e
changes in repiegl d&rue appéduss | dzen thHaperspecaivoher eheSuch reproduci bl e

el ectroni ¢ Sogpatal &3 WY, ady WUhARLEUAY e regedsé 0 Infienl thy and

di scrim L@te Sl gnal s..from 30 vari SUSI%YdI r£en5| oned nonQQerat onal
structures. AMWOrihdt 1BBERNEY 4R BHHGY ESPaF BRtORRCHhEENBI ¢ | | oscope
tracing i n FeEfeaBivedyt mafledtsingathe i itagen ofi therswimdd ofverha signaling
event is stfgdﬁgeﬁmiﬁil il&net:{xflqmengag{ai @a\_f@.l,)bltﬁe Qkfxizig\é%p dp éa%mg \?;% itself
cause signifigant, change.in q sum si gna |

00/ 2b677 PC F‘f%sgét_ieéﬁége%h“ The 5B i3 P8 ce’r:forf%era(l:)(?orl&ag%%%gvmth CD-R
standard, maifRPRi helt &ocBndt it al FaBYeNtAaNGd 6§1Ye r espective of the

| ocati on 1%ei ng read oFothpurhees BBAfUythey Sfhbodé€iapeetiet 0 | ock a constant

wobble 5 fre o u tuh i r j o] he di sc and
gHeasy t‘%&%‘égg %%bte §SW Her38ar £ Skt ¥ o0End

the tinme increnents, marked, he o oscoge (r)%%ng, §agﬂ di vi sion on
the oscil | 0sE8PEST g RS IS 1SRow? 11 % 57 é%{) 1% &% FR%ar di stance on
the disc of gsonetmicAdopmasyraddohyt hediacdsi pgesdloianaln FIG 13, 10 the
devi ation i nstbecmﬁgé,sum &Qﬂ?'rfﬁaﬁﬁé!ﬂt&tstp!ééﬁiﬁéVﬁf? tlaQ:t nﬂa&}é Pﬁ Cacki
appr oxi e rect.ed size o e ect_.in _the directigon o e tracking
groove. m#?e gg?ﬁé sI'ze Bt tHe P35 é%‘?ﬂlrsj S P;el?af‘s rlfog‘lsggl i bration of the
reader and o$€rfipskopeies kxithg Jonventignal sphertaatierd dRvERe oscill oscope
peaks reportradiah wipmer, eof ez gedhebrid Morad creat«tebyt kadisdes act ual

object. Thischhkpithd $t266ANUELd aE0kedlY from the perspective of
the drive's optical pickup. When applied to a disc,
25 the phrase refers to the form created by the trackable
structures per se or to a projected image thereof.

The phrase "reverse image" refers to the
opposite orientation — that is, to the orientation
obtained by reflecting the forward image over a

30 tangential line drawn in the radial plane.

Analogously, the phrase "positive relief"
will refer herein to the conventional physical
orientation of the operational structures in the
direction of the optical axis (as between planes "A"

35 and "B" of the information layer), as viewed from the



the 1.5 ~, mlaser focus dianeter at the first surface of the assay disc. 20
Taking into account the 2 umdifference between measured andog@pHedoosi ze
—occasioned by the dianmeter of the laser at the disc surface, the event
captured on the oscilloscope tracing in FIG 13 as a high frequency, high
anpl i t ude dwebeEwsBN i N quad sum 25 signal reports an objREA{USENBEB6of 8 ~ m
in excellent agreenent with the known 8 ~. mdianeter of a human
erythrocyte. FIG 19 presents another oscilloscope tracing of the HF event
signal ed by detection of a separate ra&d 30 cell on the sane disc. The

bi phasi c peak is nore pronounced. FIGS. 15 - 17 are additional exanpl es.
FIG 18 is a digital, superinposition of pultiple events acquired from
various ar ea®ebFPRFVEarE Bl AriyEnsnsPEEE3 n@iCkBPr epifbduci bility of the
size and 2®appicdlad)0 8 26 8 pds PEIVEISIAIIRT 1 36e £e 4O toshhpe

measur ement s QUGEnSEMRNAbNIL{ L8 Ui hede DLPUE ¢RE! SpdHRURAgREC fical Iy
adherent to the dj

sc. lLn summary, anples 1 - 3 denpnstrate that
mi cron-si zed SEHOPET S itg‘ﬁﬁl agg r%ﬁggﬁﬂpﬁﬁ)sﬂéfacuﬁﬁ?ﬁ’@gﬂhésfi rst surface of
a singl e- [Ty &ielny efraxd thpt Pevdpatitdvecofisthraiciréde be cantdiasd to the

principles desekiped RhehpplBya 12 detigsé ehnaTpasts€des®l@ €haracteri zed by
d t%tr%ndarg opt i cal disc reader/witer. The operational
[

an‘inirrally-glﬁdi;hec L
structures of thé disc, 0 T hcTuding tracking structures, are detected
concurrently with and Theaghryseli Tegpkivat el Ffdnvhbhopdeat £8nal structures

using a singltaeoppps=altepphispcaBcatphealiqarticul arly denmonstrates that
| unoassgys for smal 'Asmksﬁ%&ﬁ;f}' xgsgpmser eadlhy, usa%tagapt ed to

detection using this system Ex enonstrates, that cell counting and

a €
cel lul ar anal"FsPEs &% HLMEFErEHTY YAERoNPIFS Y. TRXATDIRF 7, in turn,
denonst r at es typatabs aysedbhseprapwe stishdaxd adisdshiibra di zati on may

simlarly be R@vafgied peodese£Ct itpR Patage tMRveikas ket optical discs of
sol uti on phase

the present inyention.. As set forth in detail in anpl e

ybr i sari o SEaEF D8 MREREL TR AraPeel P ok FOIE CorsYSE RS one. of
tar get nukl eif@oBcrenveantiigg. 25 presence of constant anounts of: (1) a
si ngl e-stranded nucl eimheagids@iolhvenspbr NN tRkgdi in gettenpent 0 a first

portion of ! Reel 3b8el disdovBENA: AHopddadiolaiObentdanasingyc! el c acid
probe conpl enent.a I n sequence to a second Fortlon of the_target ("5

:
probe"). The r:?adéb‘)’/p‘?eoﬂé §ef [FIHErFad o¥; &&et PP Mdgnet i ¢ bead and
the 5' probe skxvcturesha@f eonppgidadd diechi and rvett hasgurpurximedi ¢ bead serves

to perm t2gragRehi r&@iA=aY app ikl RWEhbLEatd anyek . t henparits al | y dupl exed
target, and further, permts dlljr ct_detection b¥1 ag.olrl)tical di sc 35 reader;
the bi ot | n mocEPYEbiatath by mphEacoyEing: a5k dh B A8 v 561 26677
PCTNS99/ 2513@attggned surface of a disc's solid substrate (that is,
the substrate surface that contributes to the disc's
information layer), is presented as the substrate's
25 most laser-proximal surface (hereinafter, "inverted
discs").
I have found that such discs may be
manufactured by using a conventional mother part as
stamper, thus generating forward image inverted discs
30 with operational structures presented in positive
relief (YProcess 1"). A second manufacturing process,
in which a father or son part is used as stamper, is
also described. 1In this second process ("Process 2"),

the master has an image reversed from convention; the



capture of the partial duplex by streptavidin applied to the netallic
surface of a first surface disc of the present invention. Flggx ?ﬁ20m3
_.schematizes the assay site at the 5 tine of visuaglization. Dre H

adherent to the gold surface of the trackable optical disc is a coating of
streptavi diwgodzestmd by van der Waal's forces and by sul fPGTA§HRAI3BoNds
formed between free sulfyhydryls of the streptavidin protein and the gold
surface of the 10 disc. The streptavidin captures the biotin noiety of the
5' probe. The 5' probe, in turn, captypses the target nucleic sequence by
Wat son- Crick conplenentarity with 14 nucleotides at the 3' end of the
target. The target, in turn, captures the 3' probe through Watson 15 Crick
conpl ement ar irﬁyub:‘rlmfﬁﬁwé@tiw dnverted'dignd, hatripnredehéensy t he
Dynabead to &beudiwes Ek@seﬁﬂe&h@ﬁﬁ@@&tiﬂ‘@fﬁelﬁbﬂOSCODI c images taken

separately of assay dlzﬁEﬁo é_&e &85 g#gsccﬂgge&vgo p%gcgﬁgﬂl%gheadher ent

spheres and the wobbl e % are early Visi r
magni fi cat i ofi°pEhdile 6P é‘f‘lltﬂ’ﬁ%eml ﬂEr%%fS"l%SHbﬁ%eﬁ%"“@f adherent beads are
cl early séencentdrrentilgashnighampertsichahucidenonapexhttimngét, wth disc 3

(FIG 370 sgem&x%grmhﬁayna@rﬂotry%'vm@%%eﬁg@eﬁaﬁaperes to the disc
surface at 20 25, zeptonol es -/ nol es ﬁ C%Irml ecul es) nucleic

aci d target, PRFTH difgc ©oneRy ntsﬂgfegh%%@f é’b‘ﬁ%l% EPy-driven
adher ence of Fépsler dhese abproichessdef aele recez@aziiymsiloe RO x 10-1e nol es;

12 x 106 nol gesbBs JtUGhEhE€aAeindy kt2hORing ATdclbSand dynicde (8gédd 30 show ng
conpl ement; arléxtdrlve ggherence of pheres t thfl dldsl gsuréace at 20

f em onol es (5 rql]d f FeR* S Slrlr% ecuh OC? P&F¢ acid target.
No beads wer €°B%%%F@Féél’néﬂl Fh@%‘iﬂrfe&ce %?C‘E}dc héPHEB‘h‘E%deOnéllsc (not shown).

It wll be apprectiwmteadthhstaréd Gls@?)spﬂe&arﬁoa:,amﬁ witleatle | nage, only a

portion of thg emafll %'egtur 528(eA§“ I :?9 Qng@@Z_malél PCT/ US99n5136
Exanmple 7 thgg %em)nstrat cf eIi)c aci h on- based assays

| di zati
may readily ot 56 18%?‘&&3’ Sﬁsﬁﬁ‘%‘b‘—sthl‘?? %ﬁ’ optical discs of
the preseift cpeesitianal Aspdgdatre engobéng) a&:ugmaSSh%rucdmzavmh- based assays

t hat mtay rea@%ﬁ_.yr Qﬁ_s%q-%ﬁ%ﬁgta{&{ttdﬁtrgg%b@n using the optical di sc?] of the
present invention are ridizatj.ons to aci such as are
described in U S Paten “XBs"e §°§§ﬁe£%%f%599§3€&§%iﬁ§¥334 S, 510, 270;
S, 800, 992; 53558"‘1]7%26“?@353@9@“6‘96 agsqmeang bave £PX. 5, 837, 832;

5, 843, 655; | ateatat iimfakmkei &mdl Robkeat tiom Nas yﬂ@ﬁulsZ%BeézDeners) and
further iz Naaag@st%eaaetleﬁag Sl zle&tmaﬁlgggaalg §afli geLosures of

whi ch are incorporated here ref erence In therLr, entl retl es. 15 Exanpl e
7 further defl6fit99sst &€ Pﬁﬁi’l EReBEhHG LYPSAC s A BRCE®ar ati on and
purificationtha mcelmltépnbnweﬁﬁﬁrynﬁyrr@wcadmerabm landbéheised directly

1‘02I 3! gnal i ngnf@f.@afdldinnﬁhagoﬁéLc}lglfeah y@ﬂcﬁmeiaomsawrcﬁ.tsbon, mRyr i }‘l cati onOI
an etection oyt the (0] at e 1 er nucl ei ¢ aci
400 e Y800 OHd Wyl dd P LAREPheOhakl G d

W th radlonuc em ca rmletl Gr the Iike.
Conmonl y wn&8Veit %(P&@Hélpﬁglhpm‘ia@ﬁﬁﬁo‘ﬁ%a% okl infrrmatdrsss, 935 filed July

7, 1997 25 arBoGO/tht) pi48ithl est lideyrelof J&&Sdlbacorporat ed herei n by
ref erence, describe aF\(&q__kgH{op‘; gt gg{resimteg gg@% m stries that
etecti

woul d pernit adaptation of  exist'ing assays to on u5| ng the trackabl e
optical di sc?eﬁ'i“”c Haepregehred rRF@H?PFéﬁna FIPRBEERS AL tY9€55f or ement i oned
uses, the optileatrilisicsighal betpriesenyregutent,i dmepimngritthedet ecti on of

i ndi vi dualo  SBRkimddyY JEeeRb Va2 18¥eNhS  usid' @2 gatR-1 ayer disc variants
nonoperational measurements without interference with
successful drive operation. In one embodiment of this
aspect of the invention, novel discs were manufactured
in which the electrical signals required for disc
35 operation, particularly the signals required for disc



28 April 2003 WO 00/ 26677 PC fNS99/7513b - 52 As w || be understood by one
skilled in the art, nunerous variations of the single data- Iz%g( i 2003

anal yt e-specific optl cal disc 130, with or without a renovable (Pover

“be manufactured. A nonlimiting 5 plurality of enbodiments are di scussed

bel ow. Hol agspkéz6 Operational Structures Referring nowptou§s@si320, one
single data |l ayer enbodinent is shown. In this enbodi nent, the operational
structures of the disc are encoded in a |0 reflective hol ogramrather than
by physical inpression in the disc substrate. Use of a reflective hol ogram
permts the physical plane of the operational structures to be renoved from
t he physi cal plane occupied by nonoperational structures. Miltiple data 15
l'ayer (i nfor tmatclind aper) sdisafteds ddehny ideadifigr £ tthal:ow present

alternative cal..§ge qgﬁ;c,l n ARGak and
nonoper at i ongppifd;}ﬁﬁfielg g ﬂl %588 %nt}égl sérg tél?ésc su_bstrgte 192, 20
V

hol ogr am 1947°RREFAHLLS. ir ﬁﬁ’fuifr“d:Féc?P & AN A PeoF Gram 194 is a
reflective hgpoqmatmrt!ZOHM| di sor ifiwabperdatiemtdonsef uct ures required by disc

190. Specnsflﬁahweer,&naa Eaﬁ@émr@srsﬁl@rs:tle@e&@mmiwuaméM it will

appedr as though a wohhl e gr ooy 25 of ¢ rreg 1.0gi s present at
hol ogram i ma pl ane 5 I Sf SrTEH- nﬁod?gnbé% lmet%tﬁ ﬁol ogram i mage

pl ane 195 isgbé%eﬁfﬁ&ﬁcéxprﬁaiih? ollt‘ﬁﬁéltﬁenogﬁeﬁﬁspﬁyglIé’éﬂseﬁll‘:&ﬁet‘l% and is
subst anti al | pegaif aasickényhs 8ghdienepepat i ailegatedictitions tA86imli sposed upon

the first sur ggce d_tst&ﬁ)ag el sﬁeei‘m%t B8 k$ ﬁ&c%%egepé‘& before, on

t he pl ane share %’ﬁ nonoperati qQna ructures and t he operational
structuréd (ABFRIMagion 58 RgRoRersfdgni HusEETSs P&,*IWQFZMSG - 53 image
of a wobbl e ghevewm)., Flimi purpepivensegregrtiandofi sxadkingabl e acqui sition of

IoPer ﬁtl Iogalb g%ﬁ‘ai§&?‘b‘mf Fﬁé' ﬂ;y,mtgrna@kwga&%&@hlaﬂ&jl arﬁlny]g &- Speci f'tﬁ data. 5
shou e.apparent, .of cours as ocus on the imge
pl ane of t hetﬁg%]gr?garﬁme%n?%%%l1S\Mif‘ﬁe?cg%{ ﬁ’é’n&ﬁegalfn%n ®structures -
necessi t at es Sthpdaxdse toaber igroress duringtdisct Gea@éwloﬁlﬁhﬁom%gr am s

physi cal 3 amgroa@é" tsz;et:hela@rm ot whe 9D heliegaBphiamd magi ng not only

tol erates sugh, f{}éﬂle Q@En9$9cﬁé'ts therefrom As is well known in the
optical arts, each portion o ol ogram s physi cal surface can generate the

entirety of the inmmge WfalioPRlS HESPVEr WiRtiTEk PYIhdGu&he

optical disc standard to permit user-directed recording
(writing) to CD (and later DVD) media. As set forth in

20 the relevant standard, colloquially termed the "Orange
Book", the wobble is detected by the recording device
solely during the user's writing of data to the disc;
thereafter, tracking is accomplished by detecting the
data so written (mastered) along the spiral. The

25 standard, and all existing implementations of the
standard, thus contemplate and teach that the wobble
becomes redundant, and thus ignored, after writing.

Although intended by existing standards to be
ignored during reading, the wobble groove presents

30 several significant advantages as a tracking scheme for
use on the inverted discs of the present invention.

In contrast to a spiral of pits, the wobble
provides a relatively low frequency signal in the HF.
Because the nonoperational structures (such as analyte-

35 specific signal elements), exemplified herein by



15 thereon; however, as the illum nated portion decreases in size, the
resol ution degrades. Conversely, the larger the portion of tbgABﬂ!z@ggam

_illumnated, the better the image. Thus, the larger the illumnating |aser

spot, the better the image of the disc's 20 operational structures - in
preferred wolodésments, a wobble groove - will be. As wdATESBUSEHder st ood by
the skilled artisan, the holograminage plane may al so usefully be
projected so that it is no | onger exactly confocal with 25 the

nonoper ati onal structures, so |ong asq4t he operational structures) such as a
wobbl e groove, are concurrently detectable with the anal yte-specific
signals. Thus, the inmage may be projected not only laser-proximal to the
hol ogram s pHydicEdrep| Hhdheh0tS 30 18 sdcroan erizgi SRBPS L IRABEIOFurt her nor e,

al t hough shawrmaighéegimiqueacti &ent80in oo @rasldldl mysebefr enovabl e. This
perm ts hol ogfamobte £ B TBSRLRF QAUGEELS AGneKh oL | A duegBppeed

hol ogr aphi c lg)rl nt i ng processes. rthernore, ependl ng on"t he

appl i cat i on,Pati% §raRTITAPaRE AppsEat iomalnfrop SHREXARE 00/ 26677 - 54

PCTf US99I 2518@m=deer si bl y attachable to disc substrate 192, potentially

permitting reuse of syxkgstﬂe%hﬁtl%-th&@etﬂ@'pﬂ%x%lehkezgﬁeﬁgﬁf#gg; ?i Lﬁygg e

enbodi nents of tthe trackabl e ass%}/ di sgg of e EE

| ow cost masS PIEIGETFIIPHY BY SRYPPEZALHPRALYHERES W ¢fe 9¥Wst al | ed base of
opti cal readegasiilysbe detestetihand qhaysrcterizednbByserty adirbodi nents of the
singl e data éapedi 8rs. of3 ibea pdRERAL bHYENIIsRBpe Ot S4cisigost rate 192 need

t t h t | i L, t t di bstrat
195, T natbuchrut A8 pdRRebREIRE S, e ThAREAA, REPIAL GLT4 blanes
Al'so as in tPRFamsadivERS tapelRRife SeAPBLRY i9YekhAched RI9Ser at i onal

structures acelleriossedsbeariditdllefddretrenel yo ahat ddset-herdxdmadr aphi c

enbpdi ment s Ry tUsGhEhdy dinGl !ngwaﬁ:d %ﬁ%&fprﬁagﬁ%e RONJE egral cover that
assists in fpcus. raphi ¢ enbodi nent s

I.ln.the hol .the focus_iis thereby
2 st ed ont TTE oL h (RBGR TieTio NP Aithe vt IS I ERES
physi cal L§- i drrdsydua amtinch @indgl aptiisc dibplaningl sieshagpitudet afl ayer di scs
descri bed hefigd rpuaBoyen eynagef ul |y enpl oy tracking schemes other than a

CD- R standard wobbl e groove.. I n 25 partj ORL ] j of the present
i nvention can be buil ’lg)en?oerllg(;o(r: ance Wi %%g‘%ﬂ!e °|§r ?ﬁ%ﬁg#%egiu%ﬁghe pr esent
i nvention wik3sesd srgredprtdasianthal fagr myeh deligher FeIWBnPormat for | ayi ng

out regi ons sfgridle dtsssididdeblyysutas elnhbpdratcionalt AbgEOlsV afrer mat, as is 30

wel I knowp |8t ratient By Gob2E! &k el ohBh k5 OUS gr@_@uﬁé MYosif @dards, including
t he DVD- RAM speci fi f(atl o) c(kseeFuret.t%fmoI]E:(e]VAa 217ow,_p| ncor onro%tc%d her ei n by

reference inth% $XEGEHPLLIAC ass o

filter can be used to remove such high frequency events
from the signal reported by detector 18, further
ensuring correct tracking. It will be appreciated that

25 such a filter is omitted from that portion of the
incident signal used to detect the nonoperational
signals (such as analyte-specific signals).

A third major advantage of a wobble groove as

tracking scheme for optical discs of the present

30 invention is that the wobble signal can be used by the
drive to maintain a constant linear scanning velocity
at all points on the disc. Given a known wobble
frequency, dimensional information about the high
frequency nonoperational event can thus readily be

35 calculated, as shown in Example 3 and further discussed



28 April 2003 WO 001 26677 PCT/1JS991 25136 - 55 Rs shown in FIG 21, a top
side view, ZCLV disc 200 has data area 202 that is divided ig&de’?,pl e
_zones 204a-204e. Although only five zones are shown, actual or mat

di scs may have different 5 nunbers of zones. The DVD-R AM ZCLV format, for
exanpl e, has ®dsaapnes within its rewiteabl e data area. rEpu$PIRSI3goNes
204a-204e is divided into nmultiple sectors 206. I nner zones have fewer
sectors than outer zones, since the radius of inner zones is 10 |ess than
t he radi us of outer zones, The Iayogt3a50f_ the disc is arranged so that
header information for each block of data on each track (i.e., each turn of
the spiral) aligns radially within each sector. This permts an enbossed,
non- wobbl e heeler. afenavexsdiy, uskd dsd canebhe mddtegledovithta, fol | owed by a

"wobbl ed | angr@id GLOONE or! 88 hordifRetaliéoBy Meqiehtied, I n use, the
optical disc_reader, mag rglt.ate a CLthI sg ﬁ‘té constant rate Wi t hin each
REat Py °tondt &

zone, and stPTi™imai EBS ARt Tl 5dafa”Fate 20 within a
zone. For inftftatededortany ¢ilyennpeintbdnr bhateafligdi ®ARPeto naintain an
overal | ssbstantial | yiroaddiaibnfadm dadieiondl | £idnan , okhewn zanes, the disc
may be rotatgd. (s : h g spective view
of 25 a portiﬁgr@%ﬁ‘&ohg}?‘gfs%{%ﬁ%&e%%@ 'OEEZ%%?SO?%%é ﬁ%g}?%n be seen,

nul tipl e traBkEa20maFR B dissded FRRYIRAPY2GR tTATE BH8"8&ct or, so that each
track has hepderidesf added¢soninformat idrothaof camtte emedssed i n ~~pregroove' ~

area 222. DajécdfingagMddAQnTBY {ieru e . S0 fCdedsROth within the
wobbl e gr.goves, and.on t he wobbl gd I and ar eas, between the %rooves W thin
299501 a5 at

"wobbl ed *Pand®SHFGA8BVERY e 5P 79855281 Sc i n accordance
with the preseprctisnpénthomnaiyhepepetifdeabssay udther asi286y 3% may be

gggﬁéigg tlagS\i\n;siném s\yalabhgdadzms]gaﬁlgfp%e fur@feAddcrdbed 1O OO Z6E|7é -

- ea of sectors._on.the disc, S in :
Since, withi %?“é%ogﬁysgg?%?,aznéot%?% Jf%?nélpgga&%?bogl\fe%ag ggoﬁﬁ&?or ms a
conti nuous r&ytesh Tudd aksal?9di 384U 4HP8a 92 \E ¥ It I¥ank us¥%each of the
sectors ti6 pehé¢ alimcadoburkd fodfr eht chssay heThby elvieapedabheddey i nformation in

pre-groove apefleraeCant RSl el nlLl @il oF MBldMhatd6At1d Yi NG the assay
within the wobbled | and and groqQve area. The bbl ed | ands and grooves
within the V\BB‘BY‘éngdI URU A 88v%r%1’rpé%," SHW%'H‘?&‘S&%& Bia 10 tracks in
t he pre-groovkampashnotches simy thheldinh@reenal irequibeteanstlgé an opti cal
di sc reader. wobble grooves) encode address information. In either
20 CD or DVD format used for the present invention, the
biphase mark or land prepit coding may optionally be
left ocut of the assay area.
Although particularly described with respect
to segregation of nonoperational signals from
25 operational signals, the present invention contemplates
discs that can have information that is digitally
encoded according to CD and/or DVD standards; the
approaches set forth herein allow such digitally
encoded data to be recovered concurrently with reading
30 of the nonoperational structures.
And although particularly described with
respect to frequency segregation within the HF signal,
the present invention contemplates that other types of
signal segregation and combinations of signals from the
35 detector other than the quad-sum (such as the tracking



As suggested above, aspects of the various digital versatile disc (DVD)
standards nmay usefully be enployed in the practice of the sipghgidsba | ayer
_15 enbodi ments of the present invention. The present invention is,
therefore, not limted to existing CDtype discs or CD standards. In
addition towbhespecific utility of the ZCLV format for RETIUSPMRIEHyY di scs

di scussed above, it will be readily apparent that 20 the smaller structure
size and | ower wavel ength | aser specified in the DVD standards permt a

hi gher density of nonoperational strugiures to be detected w th higher
spatial discrimnation than is possible using CD standards. Another
significant advantage of adapting 25 features of the DVD-RAM standard to
the forward iHEGE FhR¥RFY)le@adi Besuasd thedptettemndi AR E¥iz8 its | andgr oove
tracki ng featnomepeseeidEdYAs2#d¢tusdi.ch doubl es the tangentl al resolution

avail abl e for detecti ;}? p structures on the
disc. 30 Furtherm)r rygﬁ]?}gsgiqg Q,EBEE&QQJD{}%%% Gﬁg{:é]g fers uni que

advant ages) ffeeq8 ’st(ﬂfsséeélnF%u%(?PFoﬁEﬂdé%YO\Flo tAdhte 2003 WO

001 26677 PST/W@@:&EZSI%&usS?thE) mbhicevésstﬂi‘meca@ﬂ)yl?deemd wadst i n Exanpl es

2 and 3 herelcmﬁag b@mr&pdu b%icéag @ﬂgttithr&fecEQQ&'ﬂ% ‘mdsens 17 to
adj ust the drj vel f & | aser - proxi nal

refracti ve sull% reglfgtaa%l%q?e % EE? %’iﬁs]eﬁtéenb‘ferftﬁé’naﬁﬁsﬁ specif is disc. An
al ternative apprseschasshirofdsihg|atofampdipedes dhetr nightidintergerhfe di sc
itself, rathesitdhhastéteidh o9& héadidrathiondDishrtueesppproach, a

'aser-refaectféa%e@g@ﬂef S ELEPGSYohe LG LRSFTCpr oyl i de of the

di sc as a cover € cover "serves to r cus, the
i nci dent | i gHRUTGIPSERIR T MenpERFiaie Vas strehd® ESaFPLeR 2 desi gned, the
cover obvi at emdal3t.er shioniaviicthes dtapabls dbcietientjioptand. The data

presented in HlaExi4g Q&Wb%l@b&?ﬂﬁb%‘i oﬂ’ilé’@&g p%iéhﬁéaé'f?%&f a further
focusing lens, 17, such a cov F approach is picted in FIG
10 By Convertassn Rbrtie SHedgars | TOAHLTY Foh R, YELEHI Dol O 1 1 chi s si de
cross- sectporeilly bewunddissiobde bewsierseth2 afiysdriupsabla 0132 and
reflective | 3d/éifecja3§uc1UR.CHhc\Mih§ hstieRepees] i iidhest 6UChK afaphBbear e

di sposed. W)b(p Q‘,’%ggggie 30 Icg?rgsl%eqh gﬁucq:s_ttcreagg 82 pameqs ﬁgat ed by

reflective |ayer AI"'SO own 1's noni nt'egral cover 140.
One enbodi rren’cm’&fntéeﬁh a cover 25 is further shown in top perspective view
in FIG 35. Preferabl yexdnpadedi scamsephbyeftthd hiepktiis la¢la@ached Cover) is so

f“h gfnlslsongeza&en{o%s@wé@w@fsﬁcw ﬁhz%sét@f‘dﬂrr% feoaa@aum ,y optical disc,

and el i amet er.
However, it i%°%38 &‘B?ﬁee'mWéfLEBv? tﬁfg Fﬁelﬁ‘fes’i:te% gmﬁﬁ atﬂl Svary fromthis
size. |In theskrdsgnteincentdon Hesplh dekart afaR iy bﬁmﬂheb@ﬂﬁslba’al si ze

speci fi cati ongmifnchBeapptdreal(2§li 86t sdrapdar disarddterassenihan nust still prove
capabl e of rreell]}trt]&otchges ca%tAQ{e«l:llup 00%he sWac%GLz E,?Tééé%%' 25136
25 disc by specific immunologic reaction, using a
minimally-modified optical disc reader. Example 7
demonstrates the adaptation of a nucleic acid-based

assay to the detection principles herein described.

Single Data Laver Disc Manufacture
30 A first process for manufacturing single data

layer, forward image discs of the present invention
("Process 1"), will now be described with reference to
FIGS. 3A - 3D. Process 1 results in discs having
operational structures in positive relief.



- 5% necessary optical and nmechanical requirenents of the drive: anong
other requirenents, the laser nust correctly focus on the di §§fﬁril2003
_operational plane) the disc assenbly nust clanp properly onto e spindle,
and ' ' S the disc assenbly nmust not vary so far from standard wei ght that
the drive syd@hedrz cannot mai ntain proper rotational speedruBaspke 6
presented herein bel ow descri bes the manufacture of polycarbonate covers 10
approximately 1.17 mmthick, but otherw se dinensioned identically to a
standard 120 mmdisc. The covers were,yanufactured from polycarbonate to

t ake advantage of the well known optical qualities of polycarbonate and to
take advantage of the ready availability of devices 15 adapted to its

nol di ng. As further dirsenssedcnteids: htwrrace bDiheramlbesti cs nmay

advant ageousynkeadtseddl By AN HEE {8 n@l%%n%oﬁ%éess'[h%nswﬂ%ﬁ data | ayer
di scs manuf actgtgedp%; m%xargal € 5.,are 1.%.+ - O.megck; the covers 20
manuf act ur ed 35" Th BRERRF RO S &SRR LY 720t § TR RY4&¥bl ed, the two
approxi mat e havingm3g ({sapeer" ouffbedetanpemygi nade prest eamaskexkness

provi ded Iy bhetiRediBeokysépdttzodotiing, whiehmwiiDbea librkayelsy conmbi ned) .

Al though thi 5. does ot E&ﬁs.enlthea'}n{t’gééfo%l 31%"189115[%1’0 e 25 optical path
remai ning within Spectiication - 1t seenmed posstbie that this increased
physi cal depf¥PIFHY SrESENT W APi eefends Pex heScl anpi ng of the disc
assenbly in the driveFIBurihaerdmenetiide tAneenbteps dirsa atdndan@r exceeded

the wei ght Ofeléét?f%'rﬂinljnéﬁc‘f‘%ét%?ﬁﬂiéf;g%ﬁﬁ%i,rf&f‘idv&éd gwgver, we found

unexpectedl y _that the asSenbly bo ed and spun w thout problem The
data presént 56“?8}1 JﬁqGCtiBnV\%? 188t AP ING ngtEP s c °W&P§&P%red accordi ng
to Exanpl e 5sahid 38ibsssehe| Bk dfehosinglendiatg Layen dmd wakhdi sc dri ve,

28 April 200%oM¥lOYrdeeé/ HRidH We99! @5IBobr chbOrwwaide & feaver manufactured in
accor dance ‘Mf%pt Rl ei?s Jhe c9 earlm$rol;{_1i ded_sufied Yy 18881 stance to
focusing to obviate a58| Fon of a Tur ’he‘r%jocus‘rn'g'ie%"fg_io the drive s
optical pi ckBpserrgsosdangagystemsdaPafand UndveRssty Pues@: 48%44n a separate
seri es ofisexpacormniatefinbér&iiomy) re Meremia)\v.edMabeexc|sampi ng ring fromthe

di sc before %&Eﬁ&ﬁim,tﬂstﬁ@e/%rs,o,ps&giééd NGat BesdrdMscacengege the disc
mm t hi And as di scussed

assenbly by clanming the 1,2 ck to cover al one,

2bove, {he dREE THUMH £ 8l EIOaIEEtF 19PANPERRLSS Bt anping i n & DVD- R
nmol d. Al t hough a noni Brégfly, rdwbpro¢espraamehepyn pridfethed as a | aser

ref raglti ngt ?E%ﬁa@ﬂ%ﬁbﬁ ABst o Qgrstél si@l GRaeRY ,frBitnngwéH,y patcasgwerw' Ze

moveabl y ed, ,or. eyen an.integral ne a e noved, can
al so be u@edggﬁbﬂi ntt%ee r Fp%oc\’/ferwgllﬁgypﬁeecer%t\;g?lgfgl%/h%@e]#%vabl y) or

i rreversi bl yF&ft athabll8 sbep RO5di Sastefeptimdi R300HS dBqe8d 2sdge. 20 To
gener at e t hegdatraniy ederbbdelarthbGytdatth nomient ebt adenvelsyaar bonat e cover

manufacturedegs LiasmBkead é/ﬁ%tﬂf:iéﬁdﬂirtr evergidian taodesgs manufactured
according to Ex S d

le. 5. Two to three ro of t hyl et hyl ket one
(MEK), whi chYB&PtY2199P°85¢ of skaieFe St 1 1° f@a?gﬁnﬁf’fr}%ﬁ%°$e%%rs it tacky)
wer e appldSedmastehedigics c cxeat ingpindgkel ntfatd@xr"ASzomma¥esital |y avai |l abl e
pai nt strippnRgkdl AR hRSsHEEth sLRErSOVE MRS mhBesr Py sed gently agai nst
t he di sc foxtabggtllBO (%egonc%.alThe F}/E&( a_terr rrxanen;ml:l t:éa]]jf P5eSnt Qge 30 cover to
the disc at tRB'CTanpi'Ry rify; > APYPhe"BUTEY ‘dPaliet et of the asSenbly, the
di sc and cov@roresi n A6l 8stesulippsethied iz Uit eRepRged with a ‘

reverse image, in negative relief, of master 510.

30 Although father 520 may be used directly as a
stamper in injection molding process 535, it has proven
more efficlent in the art to generate multiple
identical copies of father 520, termed "sons" 540. The
creation of a family of electroformed parts from one

35 original nickel part is termed "matrixing".



The optical and mechanical requirenents of the systemrequire that the disc
and cover be assenbled 35 in close radial registration to preogapk ddag di sc
_from 28 April 2003 WO 00/z6677 PCTIUS99/25136 -_60 going out of round;
eccentricity during rotation could prevent the servo from|l ocking the
tracki ng swgrsakés?To ensure proper registration, the di seCOUSPREIIpr esent

i nvention and matchi ng nonintegral cover ' 5 wll preferably have
structural structures that internesh and/or interlock. In one preferred
approach, the cover will circunferentiglly overlap the edge of the disc.
The prototypical covers manufactured according to Exanple 6, |acking such
engi neered 10 structures, were centered on the disc as follows. In initial
efforts, a plastic trﬁwq,réﬁthew%u@ertmieaklycwé) ifas used to

i Mobi : i ée tdrepsisngl gaﬁ@tracb%yyrt{]cgéwxdtbrmgﬁ , SIS, | \n&méﬁbuff i nverted
optica i sc K_was, i I t i clanping rin
P 1ddfit e n?%ﬁJa 29 Y44 %‘%FP%% 590 zghﬁfeﬁé ‘Eo?ﬁaéd pi ng 9

and the cover was i ced on to resse ace. The deformable
spindle in t’d‘éa%eeﬁéFs?fé'é’él Ha| H°§Pr"s’e"ear¥&1é6\’7er The é‘lﬁlﬁié’itént ly close
regi st rat sonidemtpjenin tothereessb ul irmsanm)| ypreSubsk e rtepos2hase efforts, a

si npl'e, dedi eqqtezgm{.;@gu%e s dashi %gglgglaﬁpqq&lglesh the registration.
The disc an O\é@ manu ct ugéﬁfaccor

| ng to_Exanpl es g qh
respect i vel YT SREALARY & NP r x4 Ph%t wﬁllF ¥ ¢l anping ri ng
142 from datkavs @arevecseTlimageapkesrpuachdn nhagebiys gredddésasrom one 25 side

of the disc dcniphreaves Jmddtlernalsé g1t hah, skepdesd gnes tookaep adj acent

discs, MAgn Sapkeds L ABAPRLOBEL 100G ANGLIEL oG o enough o

scrat ch i §¢ and th stacking rings
faci ng away $‘Fttﬁﬁréﬁé ot hdhe dbsaEre wasufaegured thi® 8xfervaeht al exanpl es
her ei n becaubmge peoseetddinl poahthivpirekligfpermts attachnment of

pol ycar bonate struct uﬁlf";(gn ;& PﬁBwQ'éi?SR rgiyéca5§owp@1 Usederapd /By be required

where plastics oth ycarbonat e _are_used cover and/or 35

di sc. Furthe?‘?rd‘?aé‘“ R/ER"F?"O?F§°FF|§“%J®@&PDOH%1{ e‘“”?é“jig 2003 WD 001 26677
PCT/ UB99LZ51p8r0ove5118 s urdfdeet ik t baweyh 1ilds applpmqqmv?o t he cl anmping ring

142 present spfy@r0ptscal THy %?ItQH’El ;Lawm&xﬂs lhbefOBScNUBbHEok he data area,
MEK cannot bt_eh égb g ¥ ea%lve ib b‘_t(l)n‘g_l %{;ggéliﬁ,ga Wi &\QI D4 W& data area,
I'SC me

closer to the's Buter d gl ues that are
more opti cal *%%uﬁﬁﬁﬁ‘l’-@%dﬂé PFk@ISb’Ha‘é:a&r elerr iy, P%Hﬁe ueH Ryl ues, those
typi cal |y usktk tmlaadhesierfidee 3aper aproitiaalnae its pdbteirsed (see bel ovv) may
prove preherablgseOne such glue is described in U S Patent
FIG. 3B shows a process, according to the
present invention (hereinafter, "Process 1"), for
creating single data layer inverted discs of the
present invention having forward image of the
25 operational structures presented in positive relief.
The process differs from the standard process shown in
FIG. 3A in that wmother 530 is used, in step 625,
directly to stamp the disc substrate 132. As set forth
in Examples 1 and 5, the discs used in the experiments
30 reported herein were generated at EXIMPO S.R.O.
(Prague, Czech Republic) using such a modified
matrixing procedure.
An advantage of Process 1 is that a standard
master — such as a CD-R master or a CD-RW master — or
35 alternatively a master created readily using existing



10 Nos. 5,879, 774) incorporated herein by reference. Copending and commonly

owned U. S. patent application serial no. 09/263,972 by Virtapeaprieobst! ed
__"Mononol ecul ar Adhesi on Met hods for Manufacturing. M crofabricated

Mul tilam nate Devices,' incorporated 15 herein by reference, presents yet

other alterw@fd¥$&3 to standard glues that may prove par tAIHSEHIPCuseful in

affixing laser refracting covers to trackable optical discs with

nonoper ati onal structures. Pol ycarbonate was chosen for the covers 20

exenplified herein to take advantage a@fs the well known optical qualities of

pol ycarbonate and the ready availability of devices adapted to its nol ding.

However, other plastics nay advant ageously be used in constructing disc

covers. SuchtfFERIFYES PRA| BERAZAFUSol GABL RS LRSSy FPcMalHi3FHIES ene,

pol ypr opyl enghepbbsuweordy imbge jpoteprvedhyiieed hefc thkapbeesedi yvi nyl chl ori de,

pol yt etral uorgethyi&ne, pol ystyrene, polycarbonate, polyacetal)

pol ysul forie, cellul oseacetate, .cellulosenitrate, niiro |_.ul.ose, or 30

m xtures thereof. G az%l ggﬂc%ﬁ%ol'bgsuggg?ma}fslﬁ?& &8 %%%‘véed #Rd

nonoper at ionaEesdt iudixaredear b reSer sbeyusk SPoseBobe¥ RAY y with the

operational ghikreetly 65 @het Dej&ktSen Rolheng iptPcesdabacddiyrieddi scs of the

present inventjgon,. .thi } l.as fgc rrently on the
nonoper at i onar%lutfgt %111'{15%@%%&&1%%&%% ?%’3@335 Bo7 A b cTrs001 26136 -
62 oper ati of&festiPeMerddngf magiing-scVarigusdarsretevhaf $hgnal el enents
fall directl| ynjatoidihencapgéngt madtainest aaciridede appatdret dicstheexenplified

herein, iy 0 gkhe1d@hhls sgh00WErs 3988ka! So EREEThEEGen > Tt Will be
under st ood, h0\f§ver $§%$onopergt| on struciures and the operational

t hat 5
(particul ar| POHYFEHGIGS § ST fBEPAHt BFEPPRY he §%Yenti cal focal
pl ane- it sufekrppiet Hdte thupadbrvpesr ati whath stheuppliyezsrkanktepwaat i onal
eructures bankBcsed fiiasl QHEE&dC@Wf&(g@Eeaﬁhi@ ther bitéhe di sc reader's |
obj ective as rrent detect the a This. oper ati ona
structures n%?qgéglﬁog%%gegag %%S'% ﬁ’ésfgsgef - c1:$hs°trp§lll)l %P?ﬁ%t I s,eaglggsic- proxi mal )
side of the &6FRPr3Etifemarhanteprthen oREEFR2} AFOPEXLHPE 165 1%e di sc surface
itsel f. ThisbippEoheienpe¢sent she quayabrbogatd,i tant opiait ages. First,
di sposi ng t he, BERPPELAGEORB ySL e aPlx 113 Bh8Siqkat d138266S

dramati cal | he chem stries_ that may be ed to affi he 20
nonopelrati o%a\:la’esP? ?’ﬂ'}saé‘§l,e éﬁcﬁl%eaﬁ&fzﬁtt-s%?fed'in?'%é!%%q%ﬁcsef’gnents, to the

surface, Althkbeghrepint- doveutidondsasmovk a6 ddley lageptrdier - as

denonst r aj €d Yagsthermdughe Baes Of ayiit | bedlses {L1zxamphe Pleseathenence of cells
(Exanpl e 3), 9d el AGATPNLOT s DUSI el APLUR, 25 (FKpIPh e ) - plastic
presents a far Wi der Selectton of evéi‘ﬁpg P& 'Ht% &Chrent chemi stries. Second,
al t hough t he "golRgagtresc @sSnfi§t bEopdr tier BE#MRYE fresent discrete sites for
such attachnent, pl astiie,.sapf ahess mayievepesoiitdngeadohy be 30 derivatized

to present chemieal!ly, rAgst hgﬁoggézpi{ﬂ%n%ﬂ éfﬁé&'&x def i 5 jeat terns; these

patterns of reactive rqu%_s, in turn, fac ate the_application of
nonoper at?%né’longf’f:?]]cl(ﬁrw& i n28P 2t 3581 PrIULPRS &b é'egh?‘?‘}e)’rvﬁs.
layer 134. As can be seen, substrate 132 in a single
data layer inverted disc of the present invention is
presented with its patterned surface laser-proximal to
its planar surface. As can also be seen, the disc so
30 manufactured has a forward image presented in positive
relief.
It will of course be understood that the so-
called “"planar* surface of the inverted disc need not

be strictly planar, since it does not lie in the



28 April 2003 WO 00/ 26677 PCTNS99/ 75136 - 63 Sone of these patterns, and
their advantages, are described in commonly owned and copendgg?fé{oz%g pat ent
__applications serial nos. 08/888,935, filed July 7, 1997 and 3
filed July 21, 1998, ' S incorporated herein by ref erence. Anmong the
advant ages wh @eesed therein is the ability to array si geafusshkenents in
patterns that report analyte concentrations across a w de dynam c range.

Q her spatially-defined and spatially 10 addressable patterns readily
suggest thensel ves. For exanple, the ygility of arraying nucleic acids in
spatially addressable formats on other substrates, such as silicon chips or
glass slides, is well known. Furthernore, analyte-specific elenents placed
15 cl oser toeptecalnpathdi dbhtsar thfist derfhiasc wald hewsinanlshebout set of disc

moti on; anal yé\neaPetief "hédﬂdﬁiﬁlﬁ"ssﬁfﬁ&@ o&r eaéecsiséd/%luxbswéwer fromthe
i nner di aneter are read after pro rges$ Leat rot.ati onal delay. In

nonequi | i bri um anal yses, %t[‘}(l:ha §t eg I y peldm ts kinetic assays

to be perforh‘ﬁﬂe/\HOFFrté‘a‘FI’F@rmrfeaéVFthﬁ %Cpeﬁn‘ﬂ&e tHrgserkport ed by assay
sites di sposﬁdvdmrlenpeth@rm:aidtyuanbéheg dirackedhi-r the pJoﬁlﬁ)tle surfaces may

al so'readi | yuQig, deni vayis Z?H &GR8N, ¢ o lesly rf‘agmgéﬂ&?ﬁ]a%r
hydr ophi |'i ci tll{ﬂﬁ presenti ng rt er advantages over tal “sufrfaces when the

surface nust & ¥} B%eVﬁS%.PHO§W%M§ bt InERTIYA on, t he
surface may bayeat ber Abdwmi tiespeesdvehat ipr £26at 3@rapdngDdegr ees of

hydrophilicity and hyghophodifias a38c Fq{Hwtek}erV\Epfﬁ'lée @S es wafd t hat the
fl ow of %w acr(%s‘s_htehe furf ce 0

flue nd
times i npeded BY, Y he Wob 6‘89e£?¥%relr1g‘a%TﬁFsm?ésL é’g%ﬁ'g%j]r q:tyed in FI G
38) in whi ch%&a;ﬂ%&ﬁt@f@%@m%@%u | Pycaerteerato dhign al ong the 35
groove. The fd)ﬂ&azﬂ.llifnaﬁe/ﬁﬁsﬂ::dﬂesQeﬁﬂé(ﬂrdlﬁfcesenﬁﬁe WresedB8 April 2003 WO

00176677 PCTWQ{%@}]%PI%@G n UG %iiargantoft gh% hfnfi:%BE’{ fl ow of fluids

across its surface mcro |UI di'c conmponents may rea iIly be

engl neer ed i TR YoELsEietahigom SBEhE‘%H%Ié‘FF’uFoﬁ’@aE §PEERRSScri bed, inter
al . i A5cohson|opneenednae b dpdrdiatappitroatworl serieatationn, 09/ 064, 636,

incorporatedaﬁﬁﬁﬁﬂﬂ%igﬁsﬁﬁﬁéiﬁﬁ“ﬂﬁe colloquial use of the term
"groove" to describe the tracking structure, I have
found that nonoperational structures 136 disposed upon
the reflective layer of a single data layer forward
20 image/positive relief disc tend to center themselves
adjacent to, rather than falling within, the tracking
structure itself, as shown in FIG. 3D.
A second process for manufacturing single
data layer, forward image inverted discs of the present
25 invention (hereinafter, "Process 2"), will now be
described. Discs manufactured using Process 2 have
forward image with the operational structures presented
in negative relief.
In Process 2, a master disc is created having
30 an image of the requisite operational structures that
is reversed from convention. Following a conventional
electroforming and matrixing process, essentially as
shown in FIG. 37, the disc substrate, when presented
for reading with its patterned surface laser-proximal



And yet another advantage of di sposing nonoperational structures on a

pl astic cover is that, 10 when. the cover is both nonlntegrabagﬂg%% &jgovabl e
fromthe disc assenbly, the trackable disc itself may be reus e cover
- whether integral or nonintegral, renovable or affi xed permanently, with
or without W80H¥AYper ati onal structures di sposed ther eonPCTEE¥5a3 ot her
advant ageous functions as well. It should be apparent that the reflective
surface of discs of the present invention is exposed to air, in contrast to
the reflective |layer 1Z4 of a standardidisc. For this 20 reason,
nonoxi di zabl e netal s, such as gold, are preferably used in their

manuf acture, al {hou h al um num or oxi di zable netals may be used if covered
by a thin Ia§r8r15‘f 2R3t EWriRind lerposkryentied) s ehpect ifarveager 134 of a
first surfacédmagelwitdr opecatimnaas fayt2bediisr nebatite presiesEt. i nvention is

subj ect to abrasion, dush, ANCLdREabl e HNAL MEHILES AR NE ST gnal

ver usefully protects t e reflective

obt ai nabl e tneﬁef r om ﬁ%& tic c
surface, and the't nfb fl% 3y EJﬁcsf‘?%rﬁhéanPFFEﬁ%rﬁré’le“&éﬁFadat| on. 30 In
addi ti on, 5t hBagetatturedvasceniingokat Brocdectli dus amowotiver pat hogeni c

agent s fromhvtne US®, dassbgﬁuﬁuﬁ@ehr@&r@édérdlg I%U@f&%%%yl for VI3r5 a'f
agents, suc m era t.andpoi nt plication 0
renovabl e coégﬁ Iﬂl Etla %@n é’FaH’%r\éﬁacsk Fret ‘?ﬁfg B0 26677
PCT/ | JS99/ 25186 -thgt isy r ietihedases-diatalppdandepbditteed on refl ective
| ayer 134 maynfometdss uhgemnq:penati-mnam &h@uet Hﬁ@&r@%ﬂd@ﬁbé{e theminto
wobbl e 9r1Q0V§sl’§r?Q Jllé'hghgf @Pi?lﬂgbmé NG es! QQ&QP SleARaL S, fo the

e n

oper at i onal E uct ur isc, | ncre sin aﬂxm,'&rmng pl astics
useful in cohdf CEchtci SH°8 ’f:r"l‘%%eqr PLERRE HY5{GCovels 2 gsispdtyr ene proves
particul ar | ynesesenationay mcé:ntesldmpmaiedaapaystlm eefaedutted on

pol ystyrege suffaad‘eesulgtafl@a{ d:egt%%}ézerth%ot%éﬂ lﬂi:%%qr'én enéym?f' I nked
i munosor ben s nd,radi oi oas a are made o

pol ystyrene. &%\Pé ﬁ?@ﬁg %‘emgaé’ eﬁﬁ‘ér%ﬁﬁ fhan Jorfﬂ't?e% tBRtcl i ni cal assays
on pol ystlyr efi® %’tﬂ@b&@eﬁoﬁl}éﬁ—‘ &9Baysonaperadonabastituctiweadapt ed to the
present 15 ptenferen aAdacéntonal kye ©F£04.Si on nol di ng of polystyrene is

presently practiced aﬂgtﬁgaﬁie% ?ﬁgo]ggllv; %eq‘“?ﬁg#‘% o] creﬂq cover can

al so profitab] 0S ass St her or ot her 20
substantial | ¥ %/‘?%rféipggg Eob) &F rhogwazd ’r‘f‘%ﬂﬂ dleﬁﬁ{}é’t’%l s, or

crystalline Betief dhyerted|digicsg (Biddexmn 2) Asfwohe hrfsembur se be under st ood,
é _hfef t hi CIQDeSSnﬁnt(i@‘ﬂe][ id4gnomadl de ng?af&tb%haell dv'..s.l‘:‘l?(}erffieéewnt f or

i fferences refractive inde C en plastic in order to
focus the Ia%gesféll(;g'rreléﬁ"yp i f’lriggd?%&hse gﬁ@th F%’F%cesf’rfugi‘ﬁr es. Such
adj ust nent s 38 wdiherqi 1Hine tHansrarentosubrbrape i bwlerdldg artisan. As woul d
al so be undepsdazEod, tdehe@ismghaomw #Hdcaral ast i wtamahbaough a cover -

that 1s, 30 aesdor g eRCONstULl Q00" R0 IR I Loboppkigce detection -

will on casion }) ga| n contr ol
circuit rg, at"3ee fPSaFIHlB?] Eer}ée\#aé’ﬁvﬁe@r Pigcef CD- R\Ndrl ves Al t hough
descri bed as of unifofne coipdel sobukicdh phsehbly Mid.hesyrisaas patterning,

the cover cagdd@laiPextra focus correction lens 17 to the disc

reader's optical head pickup. The reader used to
pProduce the data presented in Examples 2 and 3 herein

30 was so modified. Alternatively, or in addition, the
distance between the optical pickup and the disc's
first surface may be adjusted so that the laser will
focus correctly on the first surface of the disc.

Yet another alternative, a preferred
35 embodiment further described below, adjusts the disc



28 April 2003 WO UQ z6677 PCTI US99! Z5136 - 66 have a nonuniform
conposition, either in the radial plane, in the direction of zéair-%bcal
_axis, or in both. It is also possible to achieve many of the dvarit ages
that are conferred by disposing nonoperational structures on a plastic
cover by cowabiomgetthe refl ective surface of the disc w tHPCr/us$s136
transparent |ayer of plastic, the nonoperational structures then applied
t hereupon (i.e., on the nost 10 | aser-proxi mal surface of this
mul tilam nate structure). Polystyreneyhesin may readily be used for this
pur pose and then cured 3n situ. The resin i.s applied by vacuum deposition
or by spin coating, then cured with Wlight; the process is presently
practiced 15 iitgelhe xzatthewi thapdibeneehgéncr yiini ¢higi pred¢fedarsiin as the "2P"
g_r ocess. Thi %nbaahtegsntap}ar aaﬁrh@y}fat er §rtﬂﬁ\:e§frﬁllemlﬁg%fﬂfﬁi'a_%?}iﬁ§t agesI of
i Sposi ng nonoperatj on sfructures, suc anal yt e-speci f.i c signa
el enents, 20 m(fﬁ'gf)fals% ia%.téﬁ%i?éjh%sr r?DFS‘,’efttoel%i%r% E%f%g'gﬂ%fgng&ndary condi tion
t hat ot her wi $8dexp5ttdepfifpcke tareatsveardiasd a§6raPLYr f S8 OFCVRE di sc,
perm tting r edenttras f t@mefiract| sdhdpanat forttlerpkaneoeis a thr e coherent i ght.
However, becalisealii ke ohto 45! 8980 § GtGalionb] HLLANt | gyt hi n as to
y con

pl ace the signal el enents substantia ocal wth the disc's

oper at i onal PYERtAVY, AL PRAFALiIPRAL|RARRS WOUHRi RPRRE fAAUYefo assist in
focusi ng. A ¢deesecond tsabEycdiofetdeodbs . nlthhegh agddidriiovelbkglbe used. 30

Furt her nor e, neuebr 3¢ QlekBEt IR JuEREELED 30 laate?mp%&f, a thin layer of

gl ass, ra{@erh.tnhaggfl asti g or, ot her .ﬁu tagﬁtlta %gdt ransparent super cool ed
fluids, |TQuifdPeFSRTAIE o5Petiirs SPAThE Nt SFFAFRSA T/th 2% PPicon. 28
April 2003 WOs8GI266?7 - 67 PCT/US99175136 As noted above, adding a |aser
refracting cover to the dishef @@iceakel doflimocassenplusd et ares second

surface char LSk t e_di,sGrperott] @xtLasl eng .y’ to be renoved
fromthe opt ?s%%ﬁﬁ&lf%kcﬁb;g @O%ﬂefﬁg%ghﬁgeég%%%é{]?’ﬁgél %ES_IL&O Welgde obt ai ned

usi ng di scs ﬂi?ﬁ&Fgcl?acﬁte&:*Ssa? MEREREFEE 51 A PhTEBTEFE mdit¥act ured as in
Exanpl e 615 r da¢hby %R Ricaokob 2906 a8DiRVWrkdess R t+hpubdubes addiisiconal
focglsicg)g gin%uggggéif%.tzgmﬁsﬂ Stthifc]?ﬁlé?.is ng éid&i@égﬁ%lﬁsa ?ccmg 3. éOtAs shown
in n e discs nufact ured. .in Exa and .used to

gener at e the%&éaf‘alfsl%%evﬂ?eisnélﬁ—?é% ﬁ'gdt T SHPE agf)g;ﬁ%f%%eé’ﬁﬁlrdoxi mately 100
nm near the t&st paninglod - Bi pettisigkhgee sredidiliedninetle with cover, the 100
nm groove 15 sdaptlr@er maltReuglcaty dkpéerivBntat boesdeta®aieriignal and

backar oungly aRabARNIGEAnlY KNG SlBEREPILS ddf ALOUT, SR BaFT G 40,

denonstrating that the present approac 0 constructing single data | ayer
trackabl e di SEdidibh ’E?&ﬁ‘cu?'Fe‘fﬂ‘%kFPF‘EBﬂ'élb‘F]ést‘FoHSp@?%H%ﬁgﬁﬁ Y0 structures is
renmar kabl y r clegseas€Chher thdGknespifi snbstyateotl3pr ésent whil e assay sites

are being prenatadsOdhddieifli wricrsAMBbeeAPR ii8€enddd fdridaiagaasay steps, as
needed to devel op the I%s%axbvgi(eap%%fag lrre&.e E@ggga& esrdbsttora%epare t he
25 132 can be reduced by using a DVD-R mold in the final
step of Process 1 or Process 2. As would be
appreciated, the CD-R format stamper (mother 530 in
Process 1, reverse image father 520 or son 540 in
Process 2) must be manufactured to fit a DVD-R mold,
30 and the mold settings must be adjusted to ensure proper
stamping. The substrate that results is 0.6 mm; with
a 1.2 mm thick cover, the combined disc assembly
thickness is thus be 1.8 mm.
Whichever solution or cowbination of
35 solutions is used to readjust focus, it should be



25 disc for reading, cover 140 is placed over reflective Iayer 134 and
signal elenents 136. Wbble Detection As di scussed above, e%%p&{p
—groove, which proves particularly advantageous as_.a tracking ructure
for the concurrent and discrimnable detection of operational and

nonoper at i omaboségnal s in the single data | ayer enbodi nef@WUE2SIte present
invention, was first added to the optical disc standard to permt
user-directed recording of CD (and | ater DVD) 28 April 2003 WO 00l 16677 -
68 nmedia. As set forth in the rel evanty standard, PCT/US99l 25136
colloquially termed the Orange Book, the wobble is detected by the

recordi ng device during witing of data to the disc; thereafter, tracking
i s acconpl i sSRER2BESNG thetekbhe geaatryapd e wHinglendateriaver optl cal disc
devi ces, vvhl dhavbeavel [ddersnanuf e tytegdnpr i iRend onf el ifimitds contr ol

purposes, hagetbe Aplskikihos 5t 35 BoHBbBI & & aakyDn ghfucture i ¢ hout

wrltlngtoth |ces I_nc ose manufactured by
10 CD Associ &"Bstr3hfe 1320f re}ative teaFPFo‘PPﬁ%Fa&nd’ORﬁEIF% Helel opnent AB, of
Mal no, S\Aﬁdemboﬁu@qsmbept fdoremmmpanehheswspeatieahized Theal ity control

devices, the jgt aQﬂ?Jéj:l @9 ﬂ?f‘ine)i:'h%t bPEsbiP! STRALARLLPRS) Hlext he standard,
generally conte Jé‘# g e 1s,1S redundant after wrltlng
Because the \Rx’i‘ﬁg? sditsﬁﬁl 2 I'?%F(?é:teéc‘?PEdiBYﬁV’tﬂ?r ﬁgnWh‘fsfeﬁjg ©a process
that i s unne@eésasly the Apsidempllament Aigbhs f comgrpsesemt invention (and
that causes hager P 9fng stamddtd dides thattrimgphrente! f8IRx20 Wi th

det eot | o of NBLAAIRECLLNCLRl LS of [EAAPLAY LLeTpsPecial |y desi gned

for quality can gl rewas u in Exanples 2 and
3; this devi @ H%’E%t“‘s}t RHtt Feraxd ttre thend| PhliconeraBetefR-e pul sing of
the | aser at Thile prevegitesadbartepds dd fhanufhcuner nbtngeadiley R coh 6200S

CD-RWdrive ‘éﬂch*ﬂ@%bl%d%'ﬂ:hogéénéaﬁﬁﬁ'iegs| eNFoudiRl V‘@%vé‘ﬁ%et 0 generate the
wobbl e with ting to the disc.

data in FIG to

S gnal | pr ocedSFRELRS 0B Che Lol A0l dTa PR A LOLE Jeifie Lo Lhe d

bel ow, thes ari&l dgurrdsensilynplefwrredetot vanuihqtiurel tbecéinglscope to generate
the real -ti NnRathacdgs a3Be¥Nof NtHd GPesdit - identliBnCaBifgst, the data in

28 April 2003000/ 188 L/ EQTAé’sS&%'béﬁlﬁéloww
To demonstrate that these principles may be
used to construct a trackable optical disc with

20 concurrently readable nonoperational structures, single
data-layer, forward image/positive relief inverted
discs were manufactured as set forth in detail in
Example 1. Each disc substrate 132, composed of
injection-molded polycarbonate, contained a forward

25 1mage of a wobbled groove with 1.6 um pitch and the
wobble frequency approximating that set forth in the
CD-R standard. A gold layer was deposited on the
laser-proximal surface thereof to form reflective
layer 134.

30 In a first series of experiments, reported in
detaill in Example 2, an assay site specific for human
immunoglobulin G (IgG) was constructed on a small
portion of the air-incident gold surface of the disc.

As schematized in FIG. 7A, the assay site was

35 constructed as a three-layer sandwich; as would be



FIG 40 were first acquired, digitized, stored on conmputer magnetic disc,

and only thereafter displayed on a conputer nonitor by approngAg];"ezoo:,,
—interpretive software, further described in Worthington et al., 5 "Methods

and Apparatus for Anal yzi ng Nonoperational Data Acquired from Opti cal

Di scs," U B0®&a6sht Application No. 09/378,878, filed AR§HEFI?23136 1999

(attorney docket nunber BURST-15), and in Wrthington et a.l., "Mthods and

Apparatus fox Optical Disc Data 10 Acquisition using Physical

Synchroni zati on Markers,"” U S. Provi-sa@nal Patent Application No.

60/ 150, 288, filed August 23, 1999 (attorney docket nunber BURST-18P), the

di scl osures of which are incorporated herein by reference_in their

entireties. YSINAYPH BY deress ffrdilad sy thes@gbnef <Frivds2df enbodi ments of

the present asseerH,i thet puesosdwdnsage sdnduiehmibttiplpredand tlsyer structures

speci fied i neidie 156aREEY - 186! ORGEI A G LAl YBESatdl@ Dicapt4d/D) format. As
di scussed in dcgtqaltl ?8 bel ow, th Dvglf(r)b(rfcrrat IS gar i,cul ﬁrlg well-suited to
provi di ng opfPe&etECEEBeort MM ARttt R RPAGTeLAeheY 3P pernit di sc
tracki ng §i gelalkledo ibethe it edheonseny arittley ipehf sgnnt@iiserpamshat ed from

si gnal s genegadedliyoleBAPLF addr@RAbnss | W1y efe 26 wigfc@r Aikng now to FIG

24, a side cLgs q:g_tzie nﬂ‘ I\.(hgw,pf a typical dual layer DVD format disc is
shown. By convention herein, laser light is incident frombelow D sc 280
conprises | aser-proxi fgl tBebSinskt eepdes afegpreeiPertisve | ayer 284, spacer
30 | ayer 286antidddgctieveat ayiessedB8oralxthk |aedfdestvl fauhahant e 290.

Pr oxi mal 1§Ub§rﬁrﬁtﬂ'{o%l%%al§ﬂh@rifg%%f,arlfé¥&9%@rf%ﬁkﬁogéi§al material, such as

pol ycar bonat e, havi n%éan i ndex of . raction chosen to assjst in 28 Apri l
2003 WO 00/ 2B8YFPERNEEY/ 28 13pproxipate bt Jsilng/at | 1R d1°MBRANFBPD eit her one
of the two |byeed. of data. Proxinmal substrate 282 may be manufactured by an
i nj e]g:ti on nol di ng pr0@e§§:|n§iéfﬁd@muhgntmda,oaesmdﬁ&mr ialgeddatxpvgégfz or

manuf act urin or e f.or iscs. Pr te is
typically e %éas%e .%wi’tﬁgga?%p%reiggtﬁﬁet %Iaosﬁgsg%%% tt%;éaé g’gThese data are
typi cal | y5r efBd radefdvadnewitthdh fhpreon ay dhepdise vwog WashsJer disc. The

dat a- bear i ngasdirtflaae "akvpl opedralbyl @pplbsitiiaine o282 us ladated W th .
sem -ref | eCtbﬂﬁeé@a\’,%agﬁAfﬂf Al g ﬁBheﬁféoéjf‘oaﬂsﬁglege&?%é‘a%ﬁr L$65 a very thin

coating of a mmierj.al suc num silver, copper or

gs silicon, né
al | oys t her eBPEiRqHES, BPpELiic JorehPPyYhtIghd FPANSHT ¥28ofBeRi ght .
Semi -ref | ect wvashddhpa@rif84 AS dqhpimedlibed hias FAGL efBectthieyivepgudt efpproxi matel y

30% al t haugBuen rARERceEsT 8f | @ iryal ¥edPit 22 speEPFI® dRIRGend&US,

sem -refl ect] getlll a erte)2c8§ By, ha,ve a refl thl Vi of aIb%uthQ%g - 40% nore
preferably 28% S'Sod-KoSPRBtHt &rabPy BbSthE 3006 5T Di'Sar "stibst rat e 290
conpri ses a Rhd®et isAmPdgechthas %ﬁﬂe}fcﬁpg@ﬁ%ﬂ o gt be aFetyefpPREG th a spiral
data track. &sice the | aser beamw || not pass through distal substrate

290, its optical ch i Si Lo B a te 290
e optical ohargkerhsid G ko UIIRPC:BRkredl SlcH Subghyate 290 may

be manufactured 25 by an inject]on x0cess, su as descri bed
herei n aBdve™ EFWSOPIS, FEpPLRat ingpof sa Bdohi tHe 0G5 in a spiral data

track that napecifiqadak| €blvewing bepipeatblondatfahunar blobd ay@ér 0 (i.e.,
fromthe Ihnaﬁt;asbaaarcbhﬁaggégé he, tdhSEphdrddle aHbeiapof tdpPBresOr in the
opposi te di rection f1 the s éral dat a tﬁack %f Ia}/g(g e0i a1 f: fromthe
outer portiof-of T di EEPTE e a.‘isnf'igrs.e PS5t 4FRBoSSES T h di st al
substrat e 29@nshiefvddeedceptete rimeidi nghe arkayearaas @ret et wo | ayer 35
di sc. 30 structures being tracked. Magnification precludes the

continuity of this "groove" from being observed. The

video capture image suggests that many, if not all, of

the latex spheres are positioned adjacent to the wobble

groove on this forward image/positive relief disc.



28 April 2003 WO 0Q 26677 PCTNS99r 15136 - 71 The data-bearing surface of
di stal substrate 290 is coated with reflective | ayer 288, V\:hl%‘ah MFOW
_conprise a thin layer of any ref lective material, such as go db‘ um num
silver, or copper. 5 Reflecgtive layer 288 typically has a reflectivity that
i s desi gnedwbe@oisgr7as cl ose as possible to the reflectivikcyms$sdsesger 0. This
is done to obviate readjustnent by the automatic gain control when
switching reading fromone to the other layer; such 10 changes in the gain
may adversely affect tracking. For thig reason, layer 1 of a dual layer

di sc nost often has a reflectivity far lower than 70"s. Spacer |ayer 286
provides 40 to 70 mcrons of space between |ayer 0 and |ayer 1 of the two
layer 15 disc, and al st stiouzd he deiaddlprapparentstbst rtatee s282 and

gem -r e}‘ | ect lo\zfgé;htaw{g:?aﬂﬂntgomgiééya'rei99{4’& Al A0y i, o3 Eﬁﬁt ive | aye(rj 288f
pacer |ayer y s.an C esj.v, aV|ng an index o
refraction t F&CVS @T%saéix)é(‘}%?ﬂ e%eo?gf tre?cttf”og ‘b}fl fhe material from
whi ch proxi mEosdgboning @fzagnpselrﬁé;n@haa;tﬂtmtwrnSuseExaalp@VD‘lreader can
focus its daiﬁ’fesehtﬁle& csalc&eauéxefdfeghl Mﬁti@é@d 28%at ichsh@pdothe data in

| ayer' 0, or el g&%ﬁgﬁ;ﬁegﬁggy q[zﬁt e, read 1h %iéé%ggﬁ%a in layer 1. The

mul til ayer nature I'SCS e coricom t focus of DVD
readers make TDYBUBEFRTCRA 41 Vh?/\%h |Eogyprd dimase/negative relgeEsent invention:
t he pl ane occdmpeededydidies aperasednalsiallaciyr edeotitde@fdithe may, in these

enbodi nent s, ntaqeégléfgfeec%&egtp é'a%§£§ys{wmhteh}@ Rl @ngAeeupied by

anal yt e- s]gem f.i géel enments, .faci concurrent discrimnaple

acqui siti PRSt V&f‘“ﬂa‘?%{’t Fh §809Y £y BREASHTEFEOUR oper at i onal
structures ame pﬁéuewd:cmf dealilitatiet b daderdteyerlbeitt he 35 disc's tracking

and ot her Opri&‘chﬁlBélfiﬁéd ue\bu&e&mar& suaﬁ Mﬂdnﬁ@%m&@n%w

PCTN899n5136 |t| rtl_ed g’ 1 % é}a %g r en‘i):(l)dl ment ,
conver sel y, nonopera (Pnaﬁ %?n A %‘f S0 -2 ORT ocal ry Weh data | ayer
1, and the d|1§€*gghtF%ﬂ(lmf@vanasﬁﬁ%rfoépé%%aﬂdﬁ‘@l m@i?*i?cﬂsulaé‘s are positioned
at dat a 515 aylesciibéd Mpetcommohigrowtledeandtdotndiangay. £l eaeshs are di sposed

in spacer ?é%?lgggt:h hatagy %yo‘éc}'ﬁ@c@iswftﬁe&'&\h? 22f 1585 two data

| ayers. Seve e principles are refeEence to the

embodi ment st‘?tmm ﬁaﬁ'@?sﬁil% BHE 72519t bs sgéﬁg]@%ﬁr&ﬁea si de
per specti ve whdghoar\izrepye idoatpaiatead| by erefegsngedi sc 300. The di sc

di sassenbl es pswaabaan&t@l |ty1ealsﬁa§1e thetHEa@foé\F@titbélﬂQ{dW%@ in a typical
dual Iayegoljvgj% byhfﬂﬂgpeEh %8gVD specifications, to
facilitate such positlonlng.
FIGS. 9 and 10 are atomic force microscope
(AFM) images of a single latex sphere adherent to the
disc, at somewhat higher magnification than that used
25 in FIG. 8. Readily evident in FIG. 9 is the wobble
groove itself and a single latex sphere centered
adjacent to one turn of the groove. FIG. 10 presents
AFM-acquired quantitative data. The groove
measures about 171.70 nm deep. The height of the latex
30 sphere above the bottom of the groove is 2.407 pm.
FIG. 11 18 an atomic force microscope image
of two latex spheres in a single microscopic field.
The quahtitative sectional analysis illustrates the
uniformity of the latex spheres used to develop this
35 anti-IgG immunoassay. 1In addition, the quantitative



15 Disc 300 conprises two portions: main portion 302 and cover portion 303.
The portions may be pernmanently affixed to one another, nmay QgAﬁﬁﬂﬁb te and
_.assenbl abl e, or may be separate and reversibly assenblable I'n any of these
configurations, prior to 20 reading of the disc the cover portion 303 is
assenbl ed VON026aT er assay area 306 of main portion 302PCTHEMNY 308 and
area 304 are so dinensioned as to permt a snug and reliable fit of the two
pi eces. Quter assay area 306 of main portion 302 25 conprises a single data
| ayer area upon which are di sposed noggperational structures. Anal ogously
to the single data |ayer enbodi ments presented herein above, outer assay

area 306 is enbossed with a wobbl e goove (not shown), or other appropriate

tracking st riRwHoBe} apR¥ysis ddephibiesitdenhoriariadgdintanGtati on to an
optical di schemadar thPurentant ofothYD aidarddr tse @mternofottea ast to the

si ngl e- Iayera&jm%ns%évé 25905095 APVE. ahh ni'O0 exgegoug may be either a
forward i mage or ersgh\%a(é% # fg% a ZCLV fornmat 35 can
be used. Zﬁgrﬁﬁ"\ef‘ pAVY “06fts %FNS%F% 678 Main portion 302
al so conpbises inner Haseramdeseddds dhrexpedanenty.exeposted irormatted in a

manner sim | gkand eady Mdff&tr@ﬁéls é@y@rsu@HDth&feraE&aaams and data may be
stored on Ia c% ng/ |.a gr t hi rea of the In particular,

i nner data ar €a BT eranm biﬁn}f’%ldnestelcns lﬁ%ta? (5“nl§ufnﬁ {'ydl rect the
optical di sc‘“‘?‘b’efd@ﬁl B %d:}%@{cel 85 highuSregueney c drigdc pmpbitaideayer to read
t he anal yt e-clipagjelsi dnsStlgnatrs sppasent THataisaytldd dvowra-3O6crifbedt her nor e,

i nner datg ag.;@:}i(;éaggylﬂgefg%gr&lsl (?LeZngié‘fJe tljggl%fer it e or "flash"

conponents of rive nee rmt ve correctly to
read and i nt&} f‘ﬁﬁa}érf’aﬂ%}t ¥itBepoliple grgnue speri‘B'téoF/’é?c}ﬁd‘lgtl on 303
preferably ceignalsetoabe ranmyiardntonpiimeat lavish @&nd such as pol ycar bonat e,

pol ynmet hyl agisddimin@ted| A%k s36h&LE QfbnedaEat sy Qﬁ:tnbﬁbi&?ti&}ﬁlldet ection of

t he operati o%@ucsth%ggtg{%sos %I N ;tlhe V\‘/lot%tgl e gEOOﬁ/eoé)tlca C 300 as well as
the 20 detection o hé Nal CBrenent s oks W13t 6 aremi®" variati ons
wel | witRPn the skil|Af rfyiidesr despeihnse iai Eperiey 3th élﬁ%d‘f%ﬁatl onal
structures aprepdriedr asagey foréh AayExXanplieniar ean Heayositd Waet h such

| ayers, Segrgg@ma éés Ca&'l a§t£ﬁ'%& giepwss%shxsrﬁe&el&%e assay pl ane,

which may it struc nat1ons thereof.

Further, th WBPF@B"% f@&vEPepﬂitﬁ'&ﬁGSOS by depositing the
signal el erremtsmmm hé Leskrind Estaples 1 .f aGéyobplomniar 130aport| on 303 before

assenbl y 20f ﬁf&e%saa&tawédrsbenapp@rﬁmfahe Sh&19Khuhgd in the art that
there are many, i nor, var atdf %ggPéhat Coulﬁ’wgﬁﬁﬁi made in this enbodi nent. For

exanple, if T‘ og%unt < oF o ng are needed to interpret
the results 35 of an Bskenariniged sRitpleacdahgean ddged hiddetdata 28 April

2003 was applied to the assay site, and the disc was then
rinsed briefly.

25 FIG. 12 is an atomic force microscopic image
confirming the immunospecific adherence of RBCs to the
assay site of the disc. As noted in the quantitative
analysis, the RBC's horizontal size is given as 7.984
pm, in agreement with the known diameter of red blood

30 cells (8 um); this size is clearly different from the
uniform 3 pm diameter of the latex spheres used and
observed in Example 2. The height of the RBC above the
bottom of a groove is observed to be 1.8 pm.

As further described in Example 3, a CD-R
35 device manufactured by CD Assoclates, Inc. (Irvine, CA)



WO 00/ 26677 - 74 witten both on layer O and on layer 1, w thout
PCTNS99175136 altering the wobbl e groove and assay results (| g\ i~anal

el enents) of layer O of outer assay area 306. Another set of advan ages of
“the nulti-layer S DVD format may be seen by referénce to FIG 26, a side
crass-sect i |pabne¢t7ew of another nulti-layer enbodi nent ofcrasyassssy di sc
built in accordance with the present invention. By convention herein, |aser
light is incident frombelow 10 Disc 320 conprises channels 322 | ocated in
spacer |ayer 324. Assays nay be perfor r.;ed by introducing materials to be
tested into channel s 322 through openi'ngs 325 that lie on the |aser-distal
side of the disc. Wien the assay is perforned, signal 15 elenents are
deposi t ed on freaf lgeeliwe doayenl 32&6e din kAyesptlicafl dise B2dusHrgyer 1 of disc

neads of an oh debd fo IRRN End e, RO 0 ol B e Pt 20 and
progr anm ng r%@é 489 \SYY G A B8k Ra%@%) d¥ag mQéﬁré PRi39itdPPt he resul ts.
As will be apffadens 16 tondhekpptickl pitkep att tmakiuuptefmyist may be

performed ¢n tﬁnélaﬂgéﬁcé“&fc abxeﬁﬁawv@uh&y@f e 13LRA" 8he &h@émlna 322, each
desi gned 25 to

dI nt ass Addi tj on WI II be apparent
that the |ocdts 1gnp'o nhgé)llgdg‘ii"ﬁ ta%ﬂ edr gé %2 Tdy vary. For
exanpl e, charﬁ‘f'*elorSQQado%m)dsbénahj"@@eﬁtnpibfi‘%fyé’h’ b Pn%%%%”flcl ayer 1, or
coul d be roughinecudenyerredhia RBLD0GRACEhat ayerostd4lobaopP® dEidphay of these

cases, the signal; gl svl%efdhagtﬁa& AesEde 1t bcelagngle 22 as a result

of perform ng an assa %/ etecte turn a of a | aser

focused oh®t RETFPEFARFD t%rﬂ%?llﬂree§rﬁf’§§%$tdqvﬁ°?aye 1G- 3 disc 320. 28
Aori| 2003 \/@m/eﬁesﬁ ROENS L 2EIBS tradbng Contbnkjeolnexisand copendi ng

appl i cation S@irégﬁnlayﬂﬁg OHDEHa68Re  aked &@é;slaﬁ%g £R98nadmi¢ERor at ed
herei n by ref%é%l? SCI’I bes various channel ed and ot her three

di mensi onal edflg‘ LI FAIERRS: FIG 27 shows a side cross-sectional
view of an assay di sc BIGw |13r deworfityatesotieat fihe Teg, bleadkrcelight woul d be
i nci dent fsomdalivectiy wisi®1338s of Wikl £2dqueilgnnaligh 3@dpianadeocat ed

towards the ouf q‘r }Q p@é tl_h?or;l éaih& di %LR@@%@%QS%E%M%‘{J@%E“ on of disc

330 as a "stan 330 is divided into two
secti ons. Sec“t‘?eoﬁ1384°5fa I 16a%t(iﬁlés Bat 2 FPB§Fantt Yd%fescri bed
her ei nabove. Segenons 38Groflingyeoidrycdapregebresl 16 graesdy emt nmateri al

havi ng opti calpdirerRespiestildatighry. be different fromthe optical properties

of 20 Also evident from the oscilloscope tracing in

FIG. 13 is that the deviation from the HF baseline is a
double peak. Although red blood cells are well known
to have a characteristic biconcave shape, we have
observed this dual peak when latex spheres are used, as

25 in Example 2, to report the presence of analytes. The
dual peak appears to result from reproducible changes
in reflectance as the laser traverses a sphere. Such
reproducible electronic signatures may advantageously
be used to identify and discriminate signals from

30 variously dimensioned nonoperational structures.

A further observation readily apparent from
the oscilloscope tracing in FIG. 13 is that the
baseline on either side of the signaling event is
steady; that is, tracking of the wobble groove does not

35 itself cause significant change in the quad sum signal.



section 334. In a preferred enbodi nent, the optical properties of section
336 of layer O axe optim zed for focusing a | aser beamonto b§ap,qRPHati onal
_structures 20 of the disc, and for detecting the signal elements in
channel s 332. Referring to. FIG 28, another dual |ayer enbodi nent of an
assay di scwWaueozs67Y n accordance with the principles of tRET/EFEIYAM i nvention
is showmn in 25 simlar side cross-sectional view Disc 340 is usable in
either a DVD reader, or in a CD Recordable reader. Layer 0 of disc 340 is
arranged according to the DVD format.gdata encoded on | ayer o of disc 340
may be read by a standard DVD pl ayer. Layer 1 of disc 340 is 30 encoded
according to the CD-Recordable format, and therefore uses a w der track
pitch, and a | ower defRftSPtdicranyeafatt P aacerdangeavidly FRencoded in
central portstomdd4a, ohalmytmed. a Asaitapr Linea8344lebitayer 1 is enbossed

wi th a wobbl ; td, Sf . 3D I ug nts of an
optical di scﬁ;%s%gr%,glg%dé@ 621% iﬁ%?ﬁ%‘o@%ﬁa@a%@%’l&%ﬁ%e&r %125136 - 76 is
adj acent to ' efd SREALGiPPRed Y JOEF PoFoR AT HPRBGssays, as

descri bedShefrsaveboye. F<@d 2Qoshdhvs kamoonhdinedt eredative ahitddi nent of a

two-I'ayer digfsc Qhadtae Bh ihbeer@id aRdkEd0NEAd 0Bal1Rdddépkur es of |ayer
1ofthetvvolacy.erds Hol ogram 352 i s

Jlaver disc are .provi dedtsk%y hol.9?ram 35%. qr
simlar to hotogram 182" ot ' Fric" 2] PREETHEDBSe SRF oA St ruct ures and
dat a encodeob%rﬁgwpoe?a%‘?%zspapéeﬁ? g dipgaropistagicedpactihesdee to be

| ocat ed at isQe L. pl ANanekvbredhow tHEyY rheind tdiwnl aserrcl aal or | aser

proxi mal abel ghd ¥wiQr oh OB WHeSgaa QNS PYhAT el O perf o ng

assays, so t S qng enent s y be disposed wthin spacer |ayer 358 of
di sc 350. ThEEESiIgnkR 2F e eBPEPE WM Ce URGRFESTHE% Rd2f 2urti®at h of a 15
| aser beam tdkitedts ihothe et mmrtihe opatet toaakisg mrobuees of hol ogram 3S2.
It will be apparent tenhona-tsiahl kege idE the 8hiedthals iama@i&gr ?m ﬁi n‘:clar to
hol ogram 352_nay be.used to provjde |layer_1.1n near any of the foregoin
dual g20 Iayé?r s £8L ra%hod"v\n%,f ﬂ‘r% e%%érngngﬁscfl?qué%?e%r oxi mal rel a?i veg
to the saPfaeeingf 3hemolrtan IPheresd hate advgnapseildesaeBe Wweadksappear to be
pl aced dir ectéporminghan sapgaeatcobiz@ sy s51umpr2 Wid Rildekhenawldbee groove that

is simulated ol 352+ 25, ial ) apparent to one skilled
in the art t%%%/uarr}ar?ggém hgﬂ?osr gé%%lr%mlgnﬁ%g{’%%%&gﬁo% with reference to a
two | ayer diske dodl 4mpkazeisifopusxetairs@ t 8t uske i ratndrtfad%apér disc having
nore than twohe assry. dFse. exanpl e, channels for use in 30 performng assays
coul d bezhocated bet wogRi RAGR el at&iSudt2X8ES2 Ofm A1iBtekbnédyer disc, with

Ca ! b bR LRl LB Pl T AR Srl o vt es
PCT/ US991 251%Eameter of Thize flgiseanih ot e iigcesunfacenf theeeVeRt way of
i I lustrationcaptthyead ohytN@Yosdfillbstdpd itdcing in FIG. 13 as a
high frequency, high amplitude deviation in quad sum
25 signal reports an object size of 8 um, in excellent
agreement with the known 8 gm diameter of a human
erythrocyte.
FIG. 14 presents another oscilloscope tracing
of the HF event signaled by detection of a separate red
30 cell on the same disc. The biphasic peak is more
pronounced. FIGS. 15 - 17 are additional examples.
FIG. 18 is a digital superimposition of
multiple events acquired from various areas of the same
disc, demonstrating the reproducibility of the size and



EXAMPLE 1 Manufacture of a Trackable, Forward Image 5 Positive Relief
Inverted Optical Disc Suitable for Anal yte-Specific Assay AnogppHIiypagd
_father part containing an inmage of a CD-R format wobbl e groove,

manuf actured by G nram (Anaheim California}, was matrixed to forma CDR
10 not her paobdodsyr7st andard procedures. Briefly, the el e®CRYSYRAB3Hg was
performed in a nickel sulfamate bath in an electroform ng system

manuf actured by Digital Matrix, Inc. (Henpstead, New York). The nother part
was cl eaned, polished and 15 punched, 44hen used directly as a stanper to
manuf acture inverted discs having a forward i mage spiral groove with
operational structures in positive relief. A NETSTAL nol di ng machi ne,

manuf act ur ed SByraicteasairenpets mvey bBeverqNaiffdesentsfed bdpadd), and a CD-R
ol d 20 createlldyinhiiMospbcHidaaakl adnlev&ite teSele tdiganerate the discs at

EXIMPO S.R O (Pr ague,Incég&nng;pgg lnﬁi%s The h?&%&%h gﬁflggs of the

i njection nol ding machi ne wer to facl venting in the
mol d, to accltSEerysiassy BEE‘B@%?%PBB%eSt%uﬁSFy@%ﬁHﬂﬁ% 8P9% sed to nol d
t he d| scs Shvashpr biltxtedulrfaBayet aPlsaayleslaydre ipoéytosat lophdtel di sc substrates

ver e then melablzethpllead! doodtaliflg B M- RE: PRILIIGRELUEREL DY Fi T st
Li ght Techno Qi es shown i'n the AF rreasaﬁltgarrents of 30

FIGS. 14 - Fhlé'éfr g’\‘?edaé?ﬁ#dof mEAENEEY; §6‘§ R A5 o2 PRl y 170 nm
with a trackapmmhnaiflmppd@mmats@laydar@ ei®ical @8s@pri| 2003 WO 00b6677

PCT/ US99r Z5138ader Bur itdAVPLELh& dpRatidedl Qtr@ltited e Tpechise, | munoassay
Site on éTr q%?‘g q?:tracﬁk.?? %ructglrggl eardeatd%teg‘yeé first surface,
o1 b

forward I mge ive re Was - ranuf act ur ed according to
Exanpl e 1. Tﬁ@nsw’éﬁsﬁ}ﬁ’f wébh And yeadisy @ﬂaﬁé’rtlﬁ‘éﬁa‘éiﬂ if¥2m zed as follows to
construct annafspyrsiiomaipeciddturiesr uatudg capdbie obptdetadct i ng hurman 1gG in

a bl ood Sarmsﬁchbp A’hx%,lmbggoﬁ ;S%Irtg Fg emonstrates that

6( bi oti nam ri ropl onam d i ot i n- HPDP~~
EPI(EI‘ ce, RocRf" PB°XST{aYSI &b ﬂﬁ%@r '“93‘8%‘2]4% P eﬁl“é%lr\?@ lHﬁEif m of :

di met hyl fidr madageed Ot detachiad usdng thizmisdenssixantdest es, each | ocated
at the sane arbHstFdt¥® thet C@élltlercoﬁﬁtiﬁ% s ee1laxChmafiybiot i n- HPDP

sol ution was _pip e h ated for 2 hours at room
t enper at ur e, %ndgi%e%e\?ésﬁg gccfn}}? Bhn‘\i/lrfge osphate buffer (pH 7). 20 Next,

10 ~, 1 of streptavidi F*88PLei dn iOVEHERI m%frat%sfdlatcassm 96- 001/ MF; 2
g/ n1 ) was pibpetdedhamimiclbfc S&diR aybaYdspaiion hhe slinsidawdg beicubat ed one

hour at Bl %QQpEQ%r\:aN%%tﬂggt%ﬁ&sﬁggn%%ﬁbgeb S e @2c&L OLI Nyl ated

goat anti - al ne em con I nternational I nc.

(Tenecul a, C.Q EFglPﬁﬁs&F“ﬁuFPY?‘étd‘"“I ‘ot 47797017). An ali quot of 5 ~ 1 was
pi petted onto each of Asheefofwrtdssaydsetaks.inTEsaupte Wasoilntidmt ed one hour

at RT, then bedhya&l\altzat5Qnmd&la0§ebeéﬁnéwfﬂnepa£meﬁ) atThe geonetry of

t he corrplete |te|s cherratl edln LPDP 70 forns
ncentﬁ%%ve 8 1f6 Gi's et:‘sur% ?géz%ondgé ?o the disc s gold

the first nol ecu
surface (%) P&ysan@wrﬁ/wpﬁtaamaaam%ts5oi tobrdien&iegledridanded ept avi di n,
72, each nol enwdheiofacid probe complementary in sequence to a first
portion of the target ("3' probe") and (2) a single-
stranded nucleic acid probe complementary in sequence
to a second portion of the target ("5' probe"). The 3'
30 probe was further conjugated to a paramagnetic bead and
the 5' probe was further conjugated to biotin: the
paramagnetic bead serves to permit magnetic separation
and purification of the partially duplexed target, and
further permits direct detection by an optical disc
35 reader; the biotin moiety of the 5' probe permits



28 April 2003 WO 001 26677 79 _ which can bind four nol ecules of biotin at
hi gh PCTI US99125136 affinity, forms the next | ayer. Biotinyl ?853’@
_anti-human 1gG 76, which confers analyte specificity upon th { g Site,
is then bound to the i mobilized 5 streptavidin 72 by its biotin noiety 74.
The goat agidmhéssrn 119G is ‘biotinylated at a location thetugmesses its

i mobi lization without interfering with antigen (human 1gQ@ binding. The
disc, as so derivatized, was then used to 10 assay for the presence of 1gG
in human bl ood. A 100 ~Cl sanpl e of _ \n bl ood was drawn from a nor nal
volunteer. A 10 ~.1 aliquot of the blood sanple was diluted 10-fold using
phosphat e-buffered saline (~~PBS~~). Two further 1:10 serial dilutions in
15 PBS were ci:e(?tﬂzmtﬂecaflt;/hepqrafrmimadduﬂlefxebyn‘étrqbtidve‘ﬂi@lﬁppliéd al i quot of

cach one of L0RARBLER {0 ahrieice Ak 3 iual alrtind liibedobl gad and an

al i quot of each hree seria | uted bl ood sanpl es was separately
and i ndi vi dURRTSEFRG éﬁ%%mifr?none of the 20 four disc assay sites. The disc
was i ncubat ed under nFIGogen schemattizzsedhbuasshy isddechlnbee for 2 hrs at

Irocc)}m ]to errpfgr at e of TDEs G BiGMASnt heﬁhﬁ’&%ﬁ?da?héfbxﬁB%r: Iﬁed@&ﬁ OIto {Ee

gG specific_as ndet .t suita 9 r e
presence of ?‘brésﬁ% 8%\ @bepltlf(?&% Bi‘rﬁl df“i%ols coa%'l aBeadsT"" goat
anti - human | gfGeptayidgar thoungi by hean deﬁ?c Waasaﬁ ﬁ.‘é’fﬂﬁ&r éndd&( | ot 7A2201A)
was spotted Mﬁﬁ@ﬁhd&ﬁoﬁdﬁe fdened asanikenl E6e @llEyhardiscod ncubated for 4

hour s |n a 3 I;ﬁ{gq S h_so phosphat e

buf fer 3:§3Hen Wt | g?lf? fa@e?mmﬂg%et? tﬂg\ﬂ the assay site
after ca Pur Ftﬁ I aéef?ﬁﬁp&laéféﬂlﬁn‘iﬁﬁékfélsoﬁﬂ%nm% “‘SﬁF YiRfvan 1gG
MagaBeadst " "thes SSchenbtei zethe 5'Fpobe/,B.inl §Gri3 ¢dpiurieadtBE been present in
the bl ood sapplfe t(hh@lé&@“ knbe& lﬁHisonZQrfﬁﬁ'doﬁ%@@%eﬂ!&f43§26677

PCT/ US99/ 25136th 11%0 g % ted[p\gnt]gE {}l | mmobi | i zed at
the assay sife" nHEu d&é 78 the e85 1 T néf o i mm%l lize the
anti-1gG Magtdwegats' in7ourmnvggabsude tdre 3dpheebe dihqongdx WakdeRet | zabl e

particl egst hetidn @ohpdyméltaitlieyCoOMBS Givdlleytided tdreritpr ecomdigated with a
vari ety of bhmié Q%tﬁgkfﬁ% %g_ﬁgbg% qggg_gt tggtdr&uman | gG as here, or

alternatively wth react perm t custom conjugation. The disc
was dried, and its suW%ce’”t ﬁ’éﬁsents 11911‘: microscopic images
taken separately of assay discs 1 - 3, each disc at two

magnifications: adherent spheres and the wobble grooves
20 are clearly visible in the higher magnification panels
of all three. Increasing numbers of adherent beads are
clearly seen with increasing amounts of nucleic acid
target, with disc 3 (FIG. 37C) showing complementarity-
driven adherence of spheres to the disc surface at 20
25 zeptomoles (20 x 1072 moles; 12 x 10’ molecules) nucleic
acid target, with disc 2 (FIG. 37B) showing
complementarity-driven adherence of spheres to the disc
surface at 20 attomoles (20 x 107*°
molecules) nucleic acid target, and disc 1 (FIG. 37A)

moles; 12 x 10°

30 showing complementarity-driven adherence of spheres to

"5 moles; 12

the disc surface at 20 femtomoles (20 x 10
x 10° molecules) of nucleic acid target. No beads were
observed on the surface of either control disc (not

shown). It will be appreciated that FIG. 37 presents,

35 in each image, only a portion of the assay field.



10 visualized by light and atomc force mcroscopy (AFM. FIG8 is a video
i mge captured froma |ight mcroscopic exam nation of a port &° f%odshe
_lgGspecific first surface anal yte-specific trackable assay d| sc a
application of human bl ood and antibody 15 conj ugat ed spheres. FIGS. 9 and
10 are AFMwoegrs7of a single | atex sphere i nmunospeci f ircaluspnagher ent to
the disc, at sonmewhat higher nmagnification than that used in FIG 8, with
summari es quantitating dinensions observed by the AFM during inage
acquisition. FIG 11 20 is an atom c fgrce m croscope i mage of two | atex
spheres i munospecifically adherent t3%a first-surface trackabl e human

| gG specific disc and present in the sane AFMfield, with sunmary
quantitating di nensi oEgampservethuay defiensAfdtddr thgt inmgelacmjidsi tion. 25

EXAVPLE 3 El ﬁ%fﬁhz‘&t@%ﬁ%&éé’&‘ A @ﬁé)@Cfe%rd1§§t bé’%cﬂi Mgy Eryt hrocyt es
On An R8C Spgcvl c, Trackabl e I munQassay d?rxb“b‘b °e{A&f§| ngl e data | ayer,
f I

first surfac ‘F%tr’\ﬁé‘rb‘séﬁgl?rlé‘@etirﬁ‘& PP?“%eOH c| §c was
manuf act ur edpaesentdiinyenbidxanfmeng. thienwtlledcsacidce of the disc was then

derivatized g bfiﬂﬂé@&ionéﬁaﬁédcagﬂé vaf t BathaQf readily be adapted

N-[ 6('bi ot n%E] do(%%eglllm i r d lgll hciloc ro q}nam de §5

("Biotin-HP iercer RocK o J’ c—Il gp? 9 PX66%"%0 001 16677
PCT/ US99/ zslaeven@Pn ﬁﬁﬁbbe%:J@AFéﬂ?)lSV\m rmcé\gepvwd RrZay$, of

di met hyl f or mantileas @teodeachiwdd fiauu. s ntwnded assays siazessapach | ocated at

t he same radlsug0 r-;:gytge,;ggngﬂ %f Sége .?dscs B%Q gg‘zl cgf Slglsoi,ézn HPDP sol uti on

wag 5 pipetted. The di S¢ was ‘roomt enperature, and

then washdd W P H° =0 nMSp%%p*ﬁ%ﬁ'e SbGFPe?”('pﬁ ?)37 a%xts 848,927 of
strept avi di nIsoéxnatdionalbhatemd Pubdstat Mas o .CRO $&£128569001/ MF; 2 ng/ m)

w?s R%O pi get (BEmHH)Q hhE BRPEnSSIAY NELRES celld@ 8L S5 ol\%i,pnlnpubat ed one hour
a an e hosphat e .bufie nocl onal nouse

anti - human gF’ygop orlg \Xl:%l%t‘?’bscgy ?‘Bﬁﬁo %o‘ﬁllc%a?ﬁ? MOTROTYEY | ot 113) was
15 bi oti nyl abegeky Worrdasenge 1oy their gntgireties - ant i body was ni xed with
0.1 ng ofisa- Bi otin, mekaMAleXy sAiGEther NAehdnstThees otha0mpghéyiene

gl ycol ) carbo ) ter ne,. Huntsville, AL;
ot PT-028-2 %&&s 2855 BE H;i'h BQE’EQ?‘H% dfggﬂf@‘lrﬁ&f)&‘ i o loned to
react for 1 RBLgcv 'H?ebEPB?%LdW BGHt %%d’atn‘tqna% 8fdophorin A was

di al yzed ovedmrgd:ttl}agan:nsigmdnhrsgarrprbuidmg (achi aEijismsed\A/\ﬁ@st;erBO 000). The

di al %/tzeg bi ?beﬁhé?éﬂytxla\ﬂ%ﬁd Miflm@gn%aﬂi meetbemrn vAaBhi bady \gfatsh i

pi petted gnto. the stre cqate say spots on isc an e disc
P2t oo At Bpl el ERb Rk U Ihaqabete Aopen kel s S IRsflor And the die
50 mM phosphzigéiguidlddespHEyoropherds s cenzidneso deeqicali zed, was then used
to 30 assay mofetiws,poeseneeliKe.r ed bl ood ceI s in human bI ood A 100 ~. 1

ot the bl ood sanpl o weonaf el S AR Aol edi B et o Cy o quot
("PBS). Two FEF 1 HemoB: 183é%??a?35dufﬁﬂn?ii&&1w\€rre

and 09/120,049 filed July 21, 1998, incorporated herein

by reference, describe a variety of other signal

elements and chemistries that would permit adaptation

of existing assays to detection using the trackable

optical discs of the present invention.

30 In each of the aforementioned uses, the
optical discs of the present invention permit detection
of individual, spatially resolvable events.

Single data-laver disc variants




28 April 2003 WO 001 26677 PCTNS99125136 - 82 identically perfornmed. An
aliquot of 10 ~1 undiluted blood, and a 10 ~. 1 aliquot of eag g t‘ﬂéd?)%
_serially diluted sanples was placed individually on the four c asSay
sites. 5 The disc was incubated under nitrogen in a closed humdified
chanber fonygodieszat room tenperature. The di sc was thencwasshesiseM t h PBS.
FIG 12 is an atomc force mcroscopic inmge confirmng the i munospecific
adherence of RBCs to the 10 assay site of the disc. As noted in the
guantitative analysis, the RBC s horlgzpntal size is given as 7.984 ~Cm in
agreenent with the known di ameter of 7ed blood cells (8 ~Cm; this size is
clearly different fromthe uniform3 ~. mdianeter of the |atex spheres 15
used and observed in Exawple b& uiliber&tﬁioglhbyoéné hek iRBEdabwehet he bottom of a
groove is obég,gvergm%gogg 9a181at}t1¢'3h Qfﬁfesﬁl ? geqa L h a 5% sol ution of
ol

gl ycerol, dried, drive as CD R devi ce

nmanuf act ureda’F‘%:"Y‘iﬁjélpr’ﬁ 50 Wicrd dir% 134 t'ﬁbt}bpﬁ’i (‘f’éFhﬂ‘l‘%@ i ndustry by CD
Associ at es, FremovaHlreyicneer CAlaywhs usedacturedd thewcdilduitifie drive's CD-R
wobbl e tr@ckbpgr§3ylsttye@f( aRsksd 1 2Rk 4 ODde BECUBELS IRA ey addition of a lens 17
to the optical pickup 10 to adjust focus in the absence of a 25 first
refractive layer on the disc; the helght of the splndle was al so rai sed.

The HF (RF) quad sun) Helgamdphies Ope ad_BYru¢rdirgleectronic circuitry in
the RsLi 00, and the buffered HF Si gnal |nput to a di gital oscilloscope. 30
FIG 13 presents a repr (ggg?)%%} ive E V\n(t”l;ga tg}glg%eaéé‘_sa di splaying tine

and the Y aX| s displayin nag n| f he qua sumsignal. FIG 13-
denonst r at es1#¥e% et“ﬁ’é’dllé‘lnbl’cﬁ)(fhE'@P} |Tsn dhhliéc?'f'lgp "&b et 25 a hi gh
frequency, hopéranpinafluder3stwenesnbfi thd hidskHFase geradodefi an GD- R reader; for

an anal ythe r281éfie %QQégm QQLZEP Tth FACEYSIRYLREI0 impBdssidie Size of a

manmal i an cel, | at ex ere or_other exo us s aling noiety is
required to an‘é‘?%t‘Je‘%ns ﬁgtr’iﬁtéa ‘spHEt fc?% slrﬁgg?gtl,&'les%lggv?aae"?lt fromthe
osci | | oscopePermtimdhienpByfFi@l pdane ahdthet RpexiAanalon from the HF
baseline is atﬁlwbl&speakbeﬁiént&eahff@ﬂ theOpHy&£dd1s paufievel | known to have

a_charact eri st 6, PLERICRYE, SR mn 47 e ARseT vaflapsodal, peak when

| at ex spheres ar gresence of
anal yt es 15Théa!9rd%f°ﬁé‘akl%p’ééﬁe§ t‘?)“-’f%ulaﬁ fl??ﬁﬁ ey 5BEEH9 e changes in
refl ectance aslohe dasentt abtvermeiva gpiwaehes ¢dnephyslca1

segregation of operational and nonoperational

structures.

Disc 190 comprises disc substrate 192,

20 hologram 194, and transparent protective coating 198.
Hologram 194 is a reflective hologram containing the
operational structures required by disc 190.
Specifically, when a laser is reflected from
hologram 194, it will appear as though a wobble groove

25 of correct orientation is present at hologram image
pPlane 195.

In a preferred embodiment, the hologram image
plane 195 is laser-proximal to the hologram physical
plane 194 and is substantially confocal with

30 nonoperational structures 196 disposed upon the first
surface of the assay disc. The laser is focused, as
before, on the plane shared by the nonoperational
structures and the operational structures (here, an



groove. A further observation readily apparent fromthe oscill oscope
tracing in FIG 13 is that the 15 baseline on either side of yghgisiggnal i ng
—event ie steady; that is, tracking of the wobble groove (here manufactured
as an inverse i mage wobbl e .groove) does not itself cause significant change
in the quaWoe@eedi gnal . 20 The optical reader, in accor¥d@E@Milih CD- R
standard, nmintained a constant |inear velocity irrespective of the

| ocation being read on the disc, nodifying spindle speed to | ock a constant
wobbl e frequency. Based upon the knows I.i near velocity of the 25 ,disc and
the time increments marked on the oscill oscope tracing, each division on
the oscilloscope tracin y be shown to correspond to a linear distance on
the di sc of 489§ RE %s‘*"ﬁ%?&§u9é6°‘fﬁf + RETPLbeing CSRBWRTS™H BRE. 13, the

devi ati on i Miswerigqiagbirimcgudaiatidasel bperdtismalOdgiaes 10 ~, mas the

appr oxi mat e yacekeet prly SiciecRind Nl 8R4 dibavbe-ghesntion of the tracking

groove. The actual size of ject is sma rior calibration of the
reader and &5 oscope using 3 ~.mlatex spheres had given oscill oscope
peaks 35 ¥eporting anIfamd@ruédtbslmamens bincopre€m thiater than the 28

April 2003 \@tQ.Q'Jlz1ﬁ§717ase1:840cﬂ§t&ﬁ|thgbhﬁ§ée plahé bf kaley is accounted for
by PCTlUSQQIﬁLEil the Sudl Wlégr f ocus anet er ,at the first surface of

t he assay di'scC. n Con%o account }f%émfoge‘f’r?cf‘of‘?erence 5 bet ween neasured
and act ual sﬁtz“ém&e‘(’fa%l'onwwlfiﬁée%h%t &heolagatebradefs at the disc
surface, theceny capisdddnoBhé h&:m&ahll'@qumchnaplaga inyetG 13 as a

hi gh fregblerlgye vlglrghnggm_lé ggdﬁ?gﬁf%lgnm%ﬂ% ﬁllf&} gnal reports an

obj ect size In exce tthe known 8 ~m

di aneter of ?Wﬁﬁﬁse?'f/‘flhr"(%ﬂ’é" Lﬁ%thei}&fb’i%ﬁ‘l‘?ﬁ LBt hé¥¥ d&ci | | oscope
traci ng of twellHKnevenin dihgnabeiicdly adtbeceacin poktdoseplarate red cell on the

same disc. Tmayramag I__;]Sh %Iall §uf@efc% %ang&%fﬁﬁeghe Fér@reL? - 17 are
addi ti onal exa i\ mul tiple

1ma l at:er Irta tr ur%e nggcsxl) lpn o
events acqui red frdom arlous ﬁre ot PR 54 di SE°°UEhonstrating the
r epr oductbi | thsresn: t hewayeip aﬁdt%a}ﬁéuﬁ‘é%’éﬁ%mﬁ?ém@mcr@é@éﬁaI di fferent
red bl ood 2oircalilze,i enenasfeaccios adddraddber erdnvieeséhg, diec. EXAMPLE 4

Cal cul ati on ﬁrc?%q{shﬁ%gpé%e%% of! ‘gl?gerh%lgbjz_gﬁ ﬂq@k\xhgﬁgfe@h@ c signals can be

optim zed by a Si ze Ical siI ‘enents 25 relative to
the size of ]? o 5BRi Hepds- oo%us'asu"leollF‘BQ\%r €he”11luminating

laser spot, the better the image of the disc's
20 operational structures — in preferred embodiments, a
wobble groove — will be.

As would be understood by the skilled
artisan, the hologram image plane may also usefully be
projected so that it is no longer exactly confocal with

25 the nonoperational structures, so long as the
operational structures, such as a wobble groove, are
concurrently detectable with the analyte-specific
signals. Thus, the image may be projected not only
laser-proximal to the hologram's physical plane, but

30 also laser-distal thereto.

Furthermore, although shown as integral to
disc 190, hologram 194 may be removable. This permits
hologram 194 to be mass-produced using existing high-
speed holographic printing processes. Furthermore,

35 depending on the application, hologram 194 can also be



FIG 30 illustrates a calculation of the size for a spherical signal

el ement 360 to fit

into a groove on disc 362 such that the SI r)gdrl%(%ma

—is bound to 30 the groove at three points: one point at the botf'omo
groove, and a point at each edge of the groove. In the follow ng forml ae,
r is the ragbydee the

spheri cal

signal el enent,
of the groove.

28 April 2003 WO 00176677 - 85 pqu@FPII8HE/ 25136
wis the width of the groove, and h is the depth

By the Pythagorean theorem the relationship between the

radius of the sphere and the width and,5 depth of the groove is: z r2 (r

hy2+~ 2 J ( 1) Solving for r yields: 4h2 + w2 r 8h (a) Since the depth of
a groove is preferably 1~/8, where a 10 is the wavelength of |ight used to
read t he disgpvenaibignaekasleddet he dhsh usibmgrale 48R0 r- ~ (3) Sinplifying

this yields
the |ight usgglcénélgﬁy

DVD), and th8°4

&éﬂté%gAeehyér& %%@Et@@e (143)2, i fnéhe wavel ength of
di sc rphv\/mchls used for

1\‘RA ﬁf"f’ng]res détg },eyﬁeermgg&we ?c‘?‘upf or DVD)) then the

radi us of thErsp)matﬂlecaESSYgﬁeﬁcsebén'eh@spmtdlb%ewodlpﬁﬁé%% tely 1,03m

20030w cost mass- production of discs readable by the wide

28 Aprll
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installed base of optical readers.

As in the other, physically embossed,
embodiments of the single data layer discs of the

present invention, disc substrate 192 need not meet the

optical requirements of standard transparent disc

substrate 112,

inasmuch as disc substrate 192 lies

laser-distal to the data planes.

Also as in the embodiments above-described in

which the operational structures are embossed and

reflectively coated, the holographic embodiments may

usefully include a laser-proximal, nonintegral cover

that assists in focus. In the holographic embodiments,

the focus is thereby adjusted onto the hologram image

plane.

Zoned CLV

Both the physically-impressed and

holographically-encoded single data layer discs

described herein above may usefully employ tracking
schemes other than a CD-R standard wobble groove. In

particular, optical discs of the present invention can

be built in accordance with the principles of the

present invention with a "Zoned Constant Linear
Velocity" (ZCLV) format for laying out regions of the
disc. Briefly described here, the ZCLV format, as is
well known in the art, is detailed in various industry
standards, including the DVD-RAM specification (=ee,

e.g., ECMA 272, incorporated herein by reference in its

entirety).



WO 00/ 26677 - 86 EXAMPLE 5 Manufacture of Single Data Layer Optical D scs
Wth Forward inmage/ Positive Relief Whbble Goove 5 Optim zed Egr F%)%é
Surface Detection PCTNS99/ 75136 A CD-R nother part was fabric @B” rder
at CINRAM essentially as set forth in Exanple 1, to serve directly as a

stanper to RI’OQ)Q%% trackabl e, single data-layer, forwardpifR@6iqnsi tive
relief wobbl'e groove |0 discs. The nother part was used to stanp about 5000

pol ycar bonat e di scs, which were then netalized with gold and stored for
subsequent use. The di sc nol di ng was perfor med at EXI MPO S. R O (Prague,
Czech Republic). Mld settings are set5%6rth in 15 FIGS. 41A - 41l. The
discs fabricated in Exanple 1 (and used in Exanples 2 and 3 to generate the

data presented in Fl Ghe SowiBin fiad gaooyecc&mtlhs_ olegpnicaxi matel y 170 nm

reported as vert nc 20 |n he di nensi.o sunmmary provi ded by
atomc force i@ aﬁg rﬁ’ﬂ%%@c?z fyfds %’ 1‘?ﬁ§ s manuf act ur ed

here, by conmuéﬁwlmedegpgﬂe@% 1 hAgrbengh dedvhiivppanesmareéng the first
surface theorsdbiwvaal a@idimzanof rdiatt aeszg%mﬂmeh@ﬂgéﬁr&f the 25 intended
i ncident |as I 1 r.gsents 0, orge. i croscopic

exam nat i 05’;]1 g’fumP ’é%%fﬁer"% Pame % %;D S‘L% %%Lq{ 3 gtsf °The di mensi onal
sunmary reporeF@‘“El'ard‘ci\ﬁe2&eﬁ9he%fw%ﬂﬂoﬂm%ﬁ}t$éblﬁrﬁatlal @re82 presents 30
simlar data from at orHazlf ofCeoi< 208a0poce edAd@inaiednimfo t he out er

di ameter; as n{uit& P Csaelct%frsdb§§ Wﬁ%@%&i& Hae 9599&/65&%&9 is slightly

greater at &2‘5 er di aneter (here acconmmdat e t he
somewhat i ncrBaBetUtsnAamesy FHRCS Fer TR YS &Pngg IMEitSc in the
di recti onl®f lelse tpan ddie ardius HGouB8rprewsnt s Thral ayous Odathef rom atom c

force m cros@apkcCis 8 aMNefell sgo%tV@eQQéZGQf7orE@€iB§9@chz%h%ﬁ

exam nati on f the in di aneter, of .the rmther p |G 34 presents
data from at g’m ch%‘Lf cé(;q:na}l (?rnos%?%ltcr é:>]<{a n&t1 of <o h @ fé %&er di ameter of the

not her part. SPXARPL RlEamsvaadiatnimdthin each -SRéFPaet i FyLsPol ycar bonat e
Covers Laser peehiastam@gnpolyea hasnpwe bbby Sicadeanares whimhusedshown in top

perspectiye qeWelbn ﬁal%céggaagtéuréoa%wé Wﬁat'-@sﬁbwd Rl{Ga 38ai n side

sectional 10 view (as as g sin ata | ayer analytespecific
di sc), were #EROF&ctINE "é‘s""?1 Fir glpta Ra}h’e%f“r%e st anper intended for
manuf act ure of a standar cs€D, thetortdeal hdtike frzadetf vay i xacateuati ng on a

ol f' ng rr?cthlhzr@)/ WesSc mtacae@ohlaté& a:a%teawﬂ@tut:h %ta@ﬁp%n@olanaher Tthe dat a
sunface ol {5 RSl PALKRIEL L, A g vy PLOSEL O, 2 Starper
mount ed |?1°a“§{téhﬂa%oFQ§9~R Fordinmer genesngehavstiscampsistked to gi ve a
pol ycar bonat ectaved @iy’ @i faimlainl ad 7ov@Rdlll ¢kibsbatitiaiihgr W se
di mensi oned ideatLeeldtd FaReStANOA $o120ufdR Fo?ls, the disc may
be rotated at a lower rate,.
FIG. 22 shows an enlarged perspective view of
25 a portion of one of the sectors of ZCLV disc 200. As
can be seen, multiple tracks 220 are arranged radially
within the sector, so that each track has header
information for a block of data embossed in “pre-
groove" area 222. Data for each track may then be
30 recorded both within the wobble grooves, and on the
wobbled land areas between the grooves within "wobbled
land and groove" area 224,
For use as an assay disc in accordance with
the present invention, nonoperational structures 236
35 may be deposited within wobbled land and groove



The single data | ayer discs nmanufactured in Exanple 5 are about 1.2 +/ -
0.05 mmthick; the cover is about 1.17 mmthick. Toget her, th;stm.ﬁgate
an 25 assenbly that is approximately 2.4 mmthick, outside th RS

physi cal thickness provided by Red Book standard (4.1 - 1.5 nmfor all

| ayers conbi __Enmpirically, we found that the increas bps\gss of the
di sc assenbl‘g(?g')fzgs7 nted neither optical nor 30 nechani ca?gyrucg)%%rm. The

data presented in Figure 40 were obtained using discs nanufactured
according to Exanple 5 and assenbl ed) before reading, with a cover

manuf actured in accordance with this Béample. The cover provided sufficient
assi stance to focusing to 28 April 2003 WO 001 16677 PCT/ US99/ 25136 _ 88

obvi at e addi t} a f i Lens, 17 t Lve,S opti cal
pi ckup. EXAI\/P?_IJOEer‘El?(%fg4 ot %és%%fst ?l\q/iq:t%%/en%ﬁ%ﬁ’ei%éfctl}ogmsggug#éé?ﬁs'i ven Adherence

H gh
of Signal El et f“’é)tg’r%cﬁ{”é%‘l BeeyRy c¥PPPred st gire 85PQVT ayer, first
surface forwesxkd RBgefpouss ta wont bhiwefs wepbde, dirsessarr dismmeiast ured 10
acc]g)rfl: ng to aEwm: €obmatl NangQkd %th d¢ecré éé‘lftdiissﬁé lﬁfé:ﬂ\e&dd?ri vat: zed
as follows ul ati ons. wer erforned jn m_nar ow hood in a clean
room ‘On egchl\@l?fﬂoesﬁe? di $e 'waghgl%{@é’(fsﬁgsi‘ﬁag eergi SOEBRETS 2 streptavi din
sol ution (2 rRYINIEOOTRAHH S @S215adree usadubat &ePTE RBEPTMRAREMN rinsed in a
stream of di siddrdtddyliR® fHAekay Wthihi gHetwsbled tahd2awrd capt oet hyl am ne
(137 ~.g/nl) d t 0 ieAC t o] S ci kg Lyl ng (the
sol ution had eery%stgggaéd a'l?%4g°?%&r)édaltgflraré gﬁ?%%ﬁg lflgtgil?ﬁe the 20
sol ution). ThEPRRIEGs1aRd AndhouBaYeRuedr 3ndi HhR S&PosRed 94%ked with dH20.
The di scsloererankts dni ege hefeogeouar .arkas| esat bafiyd theobescwbrmlsynt hesi zed

to order by KeypliQRReh@dBALA bEEidF10A4EE fdder CA) W th am ne25 nodified
3" or 5 termni as fg%!ows: 5' -%{CC%TGTACTCA&C-a?Dn%g' SEQ 1 D NO: 1)
5' - ani ne- TCCAAGAAAGGACKS FUIBEEEST BT 2) 2 BRRH- Hrbn & R W2 i ndependent I y
conj ugat ed t cdigidEilnversduigle diac affVie- sbandards maynirAasubky sl | ows. 30 A
stock sol uti oémpgifoyleidoin NtiRE@rAEG: d¢-dBi @heNsitgrd\Ndaydr xysucci ni m dyl ester
of pol yethyle : C a ar e rs, Inc.

! & ; HshERkS G &3@) 5%%4‘1%%996?%9 WaleChr EOLY(TE

Hunt svi |l | e, - pr epare di ssqolfving solid in
phosphat e buf 158168 e thexgfare; |n°£oéémw%dﬂ°zeé‘3?tmﬂ“|‘6’599/ 25136 _ 89 _
contai ni ng aztyte ddsaspredly vabnderdsPBSAn, agditAcfS)ot bha fi nal
concentrat i OngQdcid3 coubiith~br( énd V0L REfz MdPtiRssdy 82 ~. L)
discs discussed above, it will be readily apparent that
20 the smaller structure size and lower wavelength laser
specified in the DVD standards permit a higher density
of nonoperational structures to be detected with higher
spatial discrimination than is possible using CD
standards. Another significant advantage of adapting
25 features of the DVD-RAM standard to the forward image
inverted discs of the present invention is its land-
groove tracking feature (see ECMA 272), which doubles
the tangential resolution available for detecting and
characterizing nonoperational structures on the disc.
30 Furthermore, the dual data layer DVD format offers
unique advantages, further discussed in sections below.



The 3' am nated probe (SEQ ID NO:1) ("3" 5 probe”) was dissolved in PBSAz
to a final concentration of 1 nnol/~. L (473 nnmol in 473 ~, L) . Twenty JCL
(20 nol) of the 3' probe solution was then added to 10 ~ LtM(QQAmﬁﬁ NHS
stock solution to yield a final nucleic acid concentratlon of 660 anI/~ L.
In parallel, the 5 10 anminated probe (SEQ | D NO: 2) ("5' 3;2

di ssol ved i "VPMEEF7t o a final concentration of 2 nmol /-~ b |n 42
~L), and 10 ~L (20 nnol) of this 5 probe solution was then added to 10 ~. L
bi oti n- PEG NHS stock to yield a final nucleic acid concentration 15 of 1
nnol / ~, L. The sol uti ons were separatel §7i ncubated at room tenperature (RT)
for 2 hours. The 3' probe was then conjugated to the surface of

nonodi sper sed supey.par ana netic beads (uniformy 2.8 ~min dianeter) via
the biotin nnlety'é%%ng—ggi ng aliquot (100 ~, L, 10 ng/n1) of

streptavi di ncoat ed Dynabeads~ (Dynal Inc., Lake Success) NY; cat. no.
M 280) were added ten $HECEASH tRadPr WdedlinuRhmpDés 12 Hhadbl uted 3’

bi otinyl ated R%9$q1Qéﬁp§£g§l&gaf%ggge?{fg%dygqgg~o#Orne 1%%tdilution). AlO

m nute 25 incu Ion at erature was ween the first
and second addf®f oif &P B?iﬂﬁ?:&@Pu?Fbﬁeti)QQG¥Sb§8d§C°?Fqﬁ FeteE ®et ween
second and 5t habsenaneit wol asanHpesxies et daet ivensubstngtaddst tims. The 3

probe- conj ugagedsHardsa wer & téh%_n aRd1 élsaeﬁiaalwleedmh 220 ~, L PBSAz and 200
uL hybrldlzat;gg%buffer %923 Hg EDTA, pH

7.34). Beads riekdSGe R ot ?"géfli’\)'gt P?\Aﬁf‘Naﬁ% I?]ierfsegrgglr utions using
magneti ¢ sepap@iuw®ie tbgndige Iﬂﬁglﬁean%tW&ﬁe&h&@sﬁbpe¢kﬁﬂjﬁeﬁdirnt

hybri di zati onTRUER®Y 1aBbel\SEiiifoaGhe OATI et -GRErugBindmedibeRUCk € C aci d, the
3 s 25| 22008, MOBOLEEOLE c Box B FCHIMIOR ZB1S G Rg LS present i

thi s conjugate € concentrati f 198 fnol/~. L.
The 5' bioti n§P%ted tHeoBeVERFervesafo 1r?ﬁﬁﬂ°/t-‘CE51dV\%1%uEH|tl%lf88“Fo 1 nm with
hybri di zat i onthef frerideht nalgltormenhe adi o LG efiiott 49 .sukfiaget nucl ei ¢ aci d

was synt hesi zgqlé&,y%gl &e&igoesvé@h&mta%bem@érattqanowrﬁ
20 %GAGI-ACA %CCAsmg QPCE‘C{‘GGGTC(;XI; data presen ecFQLn I;.f‘)IG 403 ) - 1015
15 were obtained, without assistance of a further focusing
lens 17, using such a cover.

Such an approach ls depicted in FIG. 19. By
convention herein, laser light is incident from below
in this side cross-sectional view. Disc 130 comprises

20 disc substrate 132 and reflective layer 134, upon which
nonoperational structures 136 are disposed. Wobble
groove 138, impressed in substrate 132 and coated by
reflective layer 134, is indicated. Also shown is
nonintegral cover 140. One embodiment of such a cover

25 1is further shown in top perspective view in FIG. 35.

Preferably, the disc assembly (disc plus
attached cover) is so dimensioned as to approximate the
size standard for a unitary optical disc, that
is, 1.2 mm in depth and either 80 mm or 120 mm in

30 diameter. However, it is also contemplated that the
disc assembly can vary from this size. In these latter
cases, despite variance from the physical size
specifications of the optical disc standards, the
assembly must still prove capable of meeting the



Target was dissolved in PBSAz to a final concentration of 100 /tM
Thereafter, tour 1, 000-fold (1 JCL to 1 nL) aerial dilutions re,
-perfornmed with hybridization buffer, yielding target test sol iARE20Q3
concentrations of 10d nM 100 pM 100f M and 100 aM Six fl ui d-phase

hybri di zati on reactions were set up in parallel solutions. In each
reaction, 2W098266¥ad- conjugated 3' probe (396 fnoles nucPEIFE'Y and 1
~ L biotinylated 5 probe (20 pnoles) were incubated with target DNA ( SEQ
ID NO:3) as follows: reactionll~L100 nM arget =100

f mol estargetreacti on21~, L100 pM arget 58100 anol est argetreacti on31~, L100
fMarget =100 znol estargetreacti ond4l~, LI 00 amM arget =100

ynol est argetreacti on51~. Lhybri di zati on buffer
(control)realfF6ABA=Y Iﬁﬁé‘ﬁg}‘/‘?cﬁﬂ? rEtohaEdcalt TeE iR erhE uBht B at room

t enper at ure fdgive: hauang othar shedweirer@d® sRPWhe Afaser mybEi di zati on was
iggpgg_ engacaareécﬁnﬁ £us &nhyi@éi&liiamtgi QBef@@f&t_ ﬂta_qnfallmg, rimesed tvm't ce with
, over.e antitatively. netic
~ separation, A?%SW %g%éﬁﬁﬁﬁggoéf% étfﬁgg%lfp‘aﬁ%%@@ﬁéig%i@g@ gr esuspended
"in 10 ~. L PBSARL. dfRF aERCeHbAY WHet siot maxyt Fenkar Lfrop stapdaid suspensi on was
t hen appl i ed wedghbetisitr epleadiriiva' @ xsdprsS pahnot waiskpanapeomsre of the di scs,

yi el di ng target .aj t Sqf ol lows: 5 discl20f ol es(20 x
10 15nol es) tar ggt gl SCZ%E’%ITN es(20 x 10-1enol es)tar 8et di sc320znol es(20 x

10- Z' ol es) t ar get di scAFRSPeE (PYEsent e AREe R R CYe faFSERRFhybri di zat i on
buf f er cont r ¢ikpdnsuéiXatatrer obnpebygartidnkhe bewstss were incubated 10 m nutes
gn_ tge f“h 8¢, a%'r@{&_it\i‘@;sed 1tyhalr1_1r7utaﬁeﬂ1ﬂuaé,hbﬁt%£@@ml 2 Qe W@{ﬁ&ﬁsifo_-ﬂé% dlt ﬁcs ver e
ried, en visualiz [ C opy. schenati zes e assay
site at the tildsr?él@%)?a@lysﬁa Fzg ?3%%r%|&§g’cg’¥‘ydg%'erﬁ‘te £ SV?’FIS;‘E%Fd surface of
t he trackabl deggfretiret Feomspralyerihangter tet tam advarhageoind by van der
Waal ' s for cexhandeby Wwidwnubpgatdl bands tiesmefl patywaebohsee ad f yhydryl s of
the streptavilj R,RE L&kt e gol Of1 1R deS§evildae streptavidin
captures the b otaFn érraé{é(g]t %ng thtégg'%irﬁgi)fg?g%e 5' gr oEe,e‘lnn turn, captures
the target® nt?éilaEF‘éds‘é‘i']lférf"cé‘c’B? Vot stk EMFERSE chAMPSREaPFI i th 14
nucl eot i des diowelrer 3' otded pflashics anayetadvihbagerupdly, benused rin captures the
3' probe thrueheVatsaRdicgk esgpienentarity of 14 nucleotides at its 5
end, thus tethering t abead.to the dige. FIG 37 pr ts |ight
m croscopi ¢ i mages ta@r?[%ga r?gt%ﬁ/a o]fayz%sg)g/s?l s¢e a_cgg,ggcg%éah disc at two
magni fi cati oridt Exanekerft agghadras+and 4% "Robbi@igtdsvesvere clearly visible
in the highemamgactucat i@ ipanehipd @ klet Abeet 1.nor eastigrknunbers of

sihsrent Deadeaeabeasly sachsptobdi 22 i ATUUGLR, ohudbiel ¢ 1 0 15
the maximal physical thickness provided by the Red Book
standaxrd (1.1 - 1.5 mm for all layers combined).
Although this does not present an optical problem — the

25 optical path remaining within specification — it seemed
possible that this increased physical depth might
present difficulties in the clamping of the disc
assembly in the drive. Furthermore, the assembled disc
and cover exceeded the weight of standard, unitary

30 discs.

Empirically, however, we found unexpectedly
that the assembly both clamped and spun without
problem. The data presented in FIG. 40 were obtained
using discs manufactured according to Example 5 and

35 assembled, before reading in an optical disc drive,



PCT/ US99J25136 - 92 target, with disc 3 (FIG 37C) showi ng conpl enentarity
driven adherence of spheres to the disc surface at 20 Zepton‘%%pjﬁ%@?ﬁ(
10-Z1 noles; 12 x 10" nolecules) nucleic acid target, with di'sc G

37H) showi ng 5 conpl enentarity-driven adherence of spheres to the disc
surface at 20 attonoles (20 x 10-le noles; 12 x 106 ol gcpl&shsiReicl ei ¢ acid
target, anwaieges’ (FI G 37A) showi ng conpl enentarity-driven adherence of
spheres to the disc surface at 20 fentonoles (20 x 10-'S noles; 12 10 x 109
nol ecul es) of nucleic acid target. No beads were observed on the surface of
either control disc (not shown ) . Al3Spatents, patent publications, and

ot her published references nentioned herein are hereby 15 incorporated by
reference in their entiret s.if each i pdhVvi @nd

speci fical l yw’r‘ﬂtd"r ﬁ8?’3fe‘8a%"§faarcetf“§§nlcne Qggé:?%ﬁg%ﬁ% g?g?ﬂéir%letd illustrative
enbodi nent s~ Bie tdwvepr prentdédvaaifiotenty @s@dsEANtRdC FPCUFHRY € apparent to
one skilled ppvidte aghitheh omE @ustRér dhrangdsg areharddi £octhd ons may be
made t herein wthout t r ' NthOMNataNgdett £bsct Nt ended in

t he appendeddléjr‘é? s ggg%l%eép%%% gg]c#ﬁdgr%gsegﬁd nodi fications that fall
within thé tineFXpi %% and scope of the invention. 28 April 2003 93
CLAIMS 1. An optical dhnse pépyerteadapies dfoexppriwantsy (PACconbi nation with

an optical difGNAVifd ranshid A nes kARG rAngoBeentttec adbaped i nf ormation
track conventional la% fogr.red ﬁg a first surfaqge Otf_héadrgvgi g6, said track
bei ng for medPREPFE AEHAERIPI TR §P¥FEL i BFAT stracture for provi di ng physi cal
i ndi ci a sui t ebyegé drheadibgasssdmdiys byr pamdingn e ghrfe ™ FBA%ind tracki ng
error signal «ge8eratdmeN, 8addadlid@echavéaguaviedente fdied dhakyfe structures
posi ti oned cghf o6al | delehs 5311 ARRER! b AWanblibyClar@Duthieh for m sai d

) p g

i nformation {'fac sal | ayer ‘conpri si optical neans for generating a
| aser beam stelddbl e for inpinging upon said information track; optical disc

support means for suppathonghsainbrdnsegial rmgmdpeirngs reedenSA¥hip with said

| aser b_egm_ @@grkél&légdiangagggu%ﬁgugnm_ _ fca{refpcitsimgegahﬂ !gser beam
upon said information tr and for nmintainj ug.on sai

i nformatibh tGP¥Ek- a’%l%gfﬁag’iéprFc%t}hed:iwgéei ‘é‘OYenabrq%t g?#%%a%enéggenent with

sai d | aser beaep apairtdgralludeneesfday SeRRRy BenfPBEEIneis B8P control ling
the speed of zaiydedl SAudiindey@Rl | dovaerer agdetiss Mavedsilner ; nmeans i ncl udi ng
tracki ng servo neans.for_caqnotr ' POsitiIORbNEnOfaildee | aser beam as
it inpinges u §H‘°f’ﬁél¥)ot°art g%%e?%#%{r}%ﬁ’: ?gtﬁ track; output connector neans for
maki ng an i pegding el A8PAFPabrERS%r connecti on to an external
utilizatis;m nmeans; saiTb anerakenetansiatar phesertied &di REC détPecBor neans

having at | egg, ;1R PRH65,19/ca0B6h Al d UdvesahsmifidtursRdes din operation bei ng
enpl oyed fora%%nera I ng signal s _suitabl ei{)ri)r t‘}PFHiis%@ti on to said tracking
servo neans "Wpeq6 f TR SITEER hF B0 ikans:

manufactured according to Example 5. Two to three
emall drops of methylethylketone (MEK), which partially
25 dissolves the polycarbonate and renders it tacky, were
applied to the disc's clamping ring 142. A
commercially available paint stripping grade was used.
The cover was then pressed gently against the disc for
about 30 seconds. The MEK permanently affixes the
30 cover to the disc at the clamping ring; at the outer
diameter of the assembly, the disc and cover remain
closely apposed but unattached.
The optical and mechanical requirements of
the system require that the disc and cover be assembled
35 4in close radial registration to prevent the disc from



said first node of operation being further enployed for generating signals
suitable for application to a signal decode nmeans for decoding_the.
FHnformation stored in said information track; said second nodez%ﬁpliﬂr?@%tti on
bei ng enpl oyed for tenporarily interrupting said signals suitable for
application to both of said tracking servo and to said focus tracking
servo; and , WO66¢kcond node further enployed for connectYHPPH W%east a
guad sumread signal to said output term nal for detecting and
characterizing analyte structures positioned on said disc; 2. The optical
di sc player as recited in claim1l wheram-said tracki ng nmeans incl udes

radi al tracking neans and tangential tracking neans. 28 April 2003 94 3.
The optical disc player as recgited in claimi1 wherei aid s d control
signal is applqoéla'gt SXEa?%‘ 2 e z%??%ﬂ:rﬁgéhg %‘6’?1%59?3Ef?f1icc?pé‘ﬁ?i fying a
poi nt of inpi MFEYERE Bie RAXYol fser Insdingsthe brapddagt edigrdlgnal is applied
to said utilization nmeans.erdurénpr&iid Gebidtssri¥myeheadisedted in claiml
wherein sai d ytd Pz’r@&é&!‘ i%%%iéﬁ%?ds n(aggfi?ﬁ§dna%&%@% 3215 anal yte
structure for storing_information Tor 1dentiTying sard ana yte structure.
5. The optital¥idilsErpfeyaklvadavecriatrtivnad| s faturgst RBRt i ncl udi ng means
responsi ve t o isdiedmtshcindypreinversdinal Ihoone girfieirngd amsbdaahact eri zi ng
said analyte SiUcbyes AT i8dchieSAEidh$e oferiBeLAREEA JHi SC player as
recited in cl %%.furthe}é}l ncl udi ng means” responsi ve to_said focus error
signal for det®@t FA§Cand h&FREPEYR Ay ceXrEs AW RS EFfdct ure carried by
said disc. 7. Fdserdpngctd Riagplpl iy drckingesntleceriginekreédn 1 wherein said
optical meams syithcgakds f Ofdi®e SBHYOrdEE RS tAk CaBallRyed1iews focusi ng said

|l aser beamon a plane shared by,th oq,r&gl yée SLAMG “%?2 gpgn thejoperational
structures for permtting concurrent and i B¢t na acqui si Pi on of

operational aMPlgsa yiievwplt £asahl i wssfekatiwiphiliee jbbeirsdngdeone of a
track or groovatlodaperifodvaedl fsafe ppesinhre seelfiadeinfettdwl di sc. 8. The

optical disc Fﬁpﬁf)i%ﬁlaéié@.d?%ii s AppiTed WhER &droppai-de gnaiat i onal

structure %g onie of forward,and a éﬁ\éerse wobblg groove. 9. The opti cal

di sc pl ayet® adHEc Ft BTG ZRAF 2Th&Msi AO¥ST Fa5h&PERi BRAFe%SPPuct ure is one
of a forward & andepreeseedsiahdaphaeDd | Mherdefdmmnableaskindl® iAn opti cal

di 30 pl ayer flmepgawailéwsé !hg&%ﬁ@ié’@ta!nancf&&réb B0 AFERYLertidy :c zation rrFans
and an optical_.dj_sc i SC i.Ng I aying gﬂn? of a spira
shaped or of adg’g%cgﬁ ri&clsas lgﬂeléoi%efbrgnrlﬁa Fgﬁg%rdfélc “€8hVert i onal | y formed on

a first surfac®bseayant &n fbesgapffantack 2bei ML F 0784 ed at | east some
oper at i onako stdewvdicer @ss f ftshioaed didGiceloyplteh tlrdiregdsspatizdn.e for at | east

focus error signal genepdd ifARca065 'AHicd mbhGELL LG gggoﬂﬂ@altogener ation,
sai d di sc havinng uni dentifijed anal%/t e structure osi ti on%d, confocally with

sai d operati o3 "Bt PHcE AES MhFEFPETrTeddr g3 Th Pof* T said pl ayer
conpri si ng: RPGABAR | tlpg0Ielimits the clamping ring 142 from data

area 146. The stacking ring, which protrudes from one

25 side of the disc (and cover) but not the other, is
designed to keep adjacent discs, when stacked, from
approaching one another closely enough to scratch.
Accordingly, the disc and cover were assembled with
stacking rings facing away from one another.

30 MEK was used in the experimental examples
herein because it conveniently and gquickly permits
attachment of polycarbonate structures. Other glues
may also be used, and wmay be required where plastics
other than polycarbonate are used for the cover and/or

35 disc. Furthermore, MEK frosts the polycarbonate



95 optical neans for generating a | aser beam suitable for inpinging upon
said information track, said optical neans including detector ans_ for
generating at |least a focus error (FE) signal, a radial t r ack PAGPEEZ993
signal (TE) and a high frequency read signal (RF, HF, quad sum; optical
di sc support for supporting said disc in rotating r 1 ip with
sai d | aser b\gwﬁﬁgans i ncl udi ng focus servo neans and sgi%gﬁ’fgg?gégerror
signal generated in said detector neans for focusing said | aser beam upon
said information track and for maintaining said focus on said infornmation
track as said optical disc is in rotatiénal engagenent with said |aser
beam neans including speed servo control nmeans for controlling the speed
of said disc lahion diiRuBheHel Gfhied: IRNNY cnfCaliylidg uding radial
tracki ng servo neans and said radial, tracking error signal, generated by
sai d detect or THEEn34? FFSEEREFONP i WRFicRe PEERLEMSpodYIRDAMGtofeeRi d | aser
beam as it i nputgéde upon dalte apéat IMEK cafinotdde onedraskeadddy oif put

termnal meanonaingBid Aol e@fini3titde RTS8l ah, A¥RldaADI8 B8ean i magi ng
‘'signal for connection to Sdﬁ:%d gxt er nal g{ll |1 zation neaqrg sg#lgl det ect or
means ‘havi ng at'Feds?tWo HEHEEDr JP&r 5EPTh PUPPFFEt 5188 5P perati on

bei ng enpl oyedreoRoye rtdicaddy sewitabd eswpubb|ldkedy bpmyefarredito said

radi al tracki ngoagr yacieAesanthssd dypeHsly niseldl 6g s@ifete ®Rans, said first
node al so for i .Sj.gn i{.abl e { | a signal
decode neans f%?ggé%ﬁiﬁa%e%mﬁ%?%n(ésé[)%r]%ggwnctgg&{ gﬁiokgor mation track,
and a second mFGEeBRPHprer QEORUCHAWS dRpResdPedr 18 dhpor ZREEYL i nt errupti ng
sai d signal® 3wist.abl 879 0174gppheeaiomtedohbpéin oy safekramadi.al Cor acki ng servo

and to said fomuaihiagkd NQmBRYP SRLdl 87 sCOMIREL! BPpPicdtaant said read
signal to said output ter ical d pl ayer as recited in

i.nal .~ 11. The opt I SC

claim 10 wher 585 ¥ f i°P?€%Pm&%2 ghY Hdér'ﬁg?r&m ﬁ%lfi?? her  enpl oyed for
generating si difenemelgculisire Aflbes tgppMethodonfaw Manyfaetiriddcode nmeans for
g_ecodi Ing t he iM’ichb_ﬂRbi‘ﬂfht&TdOM_ﬁﬂtil’hnfﬁ.&iadﬁiﬂé@_{d’al&t,i"_oﬂn&dﬁfﬁtatéa. The opti cal

i sc playey.as..r t urthe [ ggﬁé r.segregating
the tracki #g’g é}eéﬁgf‘ ?fofn%%gﬁgg)aé&rsefﬁ%%ﬁée%?%Cthglgg%g‘f o;ﬁﬁ)’térgn‘?%i ng the
quad sum si gndItaRgapd YUsF CHAHSIBE PrOVEnBREE FUGAT AR AISATRf 28t ures. 13, The
optical disc piffjeingslassx refiract dlgicovéds Wreteankablal apticgadl neans and
sai d neans fordifsggu,';,gi_l{lgm?,@ggrg@g_s@,{albggghgp@&éai d information track, focus
sai d | aser 28 Apri l 0(3;} 6, beam on a BI an g%argg b¥ sai d operational and
anal yte structures for PEYFREPPRY S SREUFPRRTE 490 GI'€ TR Rabl e acqui sition
of oper at i dhalexgapdibied siexefnectodiake ddvatpgeptfi the¢ wildc kpPeyer as
recited i nf cl alppitQl Wheriviesabtl pPSicAkrhehate faat uhe i-éadfyhehphé_Si cal P
structure for ¢ track.o u the disc. : e

prq\;;qlwmw UeTREL P0ed TRGKc 08 QDR RULLPEES

optical disc ayer as recite nc her 1 n di ng,nmeans for

char act eri zi ng*¥&VET o LRENAT SLARBICT Mem SEVAAFRNALY R} &6 1Bhil e t he

| aser beam i s donavenst gy Siisd avednd.e Seahusastdcshatchaled neans for
characterizén é'a&g, IS | idion in the HF

si gnal , an(Zjdj m%)gig’ﬁngghilhe l}(rilct' %@Y%ﬁh?ﬁgﬁgg l%(;elgggaﬁfie%gé'beam as it
traverses sai @aNaFyy arser'gr?é’ﬁy?‘%? YRHCRY 3 Subst antial |y qualitative
measure of thediyyénghehlsgrifegupetytmtreflsareetiyadkyee feature. 16. An

0|t0_ti cal tpli SC HAayetyasad! %tl&aalrmﬁsr&t,ih%;&é\cét%@i ?aljrmﬁﬁnlbh an Ogt put. f
utilization ne nd_an .optical,di.sc _haying one ir aped or of a
concentric sha%ggu?ﬁg%? r?attar%gh f?%c‘klsﬁsgrnr’féﬁa%en’ énflgtr)g?l%&ﬂﬁ%éeggf sai d disc,
sai d track3beiHEtrsraetheack - at Glagscagombsd e &FFBnal structures for

provi di ng physi cal indizxs actetit abbe: f @hedhoh@pRtatiosas arvuwetusegnal

gener at 1 on_ andjdhaket s idqgg%éc?r%o%f%@ghcgm%aﬁ?novﬁef%tqoﬁ'%fc havi ng

uni dentified anal yte structureS posjtioned contoca .sal d operational
structures whiHFUCERRES £ thgf Bifatibiber 86Rg1s dedapl 2/ %6hpri si ng:
opti cal neans dfothgepeesdntndnaehiabet. b&adsspetraltisetherlasya vgi ng upon said

i nformati ogst ragd20dnS@k N9 ¥h ! HdabYELStional structures and



optical disc support neans for supporting said disc in rotating
relationship with said | aser beam focus neans including focus_servo neans
for focusing said | aser beam upon said information track and %ﬁlApr" 2003

mai ntai ning said focus on said information track as said optical disc is in
rotational epngagenent with said | aser beam speed contro Lncl udi ng
speed servo ‘gﬂ"?‘fﬂ[’ nmeans for controlling the speed of sz%FﬁB%gé%a€ot ation
in a predeterm ned manner; tracking neans including radial tracking servo
means for controlling the radial positioning of the |aser beamas it

i mpi nges upon the rotating informati oné2track; output connector neans for
maki ng an i magi ng signal available for connection to external utilization
nmeans; sai d OpLj : n r. i.pcludi sunm tar ans havi ng
at |east two %%%1%&%%%%%%5&%% fc.illg'sct' %d{ﬁgg%%ggfg‘ﬁ%ﬁ enpl oyed
for generatin§iEYnSHIETERFe ke Fdreably iidkei bhe tPeLatdorati al tracki ng
servo neans amtrsaiwkresoeudnt thekdimgssereapieded, haneirg detonthernode of
operation enmpleyetk ffoot/@MROLBEAdY ilsNh&E{miPidang said 28 April 2003 97
signal s suitable for aggliggfi on tqQ both of said raq:i al Eéacki ng servo and
to said focus tracking Selvd" did PEPTERtcPPREYSE I"835t *8%i d read si gnal
to sai d out puRcpepsrationakesiisictmrgasatidthehapeariteidnaling sai d out put si gnal
fromsaid sumpag: daiieetor vhid@nbhest Agurbeaned® ridtayer shnthesai d anal yte
feature, said; @piscajlogfoﬁgfr 1 er ; n&l&g_tcg(s:twaq: apd di splaying the
anplitude variation in the signal,” and neasuring the duration of the
refl ected r eaBoBRRARAAIOPRLt PERETAEEs sapd opeERY L] G¥ENCEBFeHBSYi di ng a
subst ant i alol ysgqfifiditemitilyecorfstale aef té hgermizet B diizentregdentd on of said

anal yte feat upgje@id dmaaBamb Ry RHILEDALIINM 52hdedNAlexlh pb@nal s generated
in said second node of eration from sal erational ﬁl gnal s generated in

do
said first node of opef FOH}O%eﬁaEéﬁ?@géﬁFgﬁt%eagné“aB’e fig responsive to
oper ati onal sigspdsedanposnpheiadefrodistil clthay tai didetprovimatdans from
sait_d f:rz_t WDQQdeopQ@iEaEB?f‘rtﬂt@@irldtﬁﬁﬁigﬁmﬁﬁdgdd)ifti%etati&ﬂ- 3-7' The
optical disgc yer as recited in.c m erei n sai d,segregati on neans
further i nlc%l ugég ‘glesgcr 5&5.?6‘?\ %esteg'gt‘i g#‘ﬁlsf' é-’l(?géﬁ?'fgtll (Pnr,esaenctissi gnal i ng neans
responsi ve toSPHeF®} #1gaifierthrdyantagrsc and operative for switching said
det ect or means bet weenFdtsteasispeistihgrtiod rowopandleiomafl operation. 18. The

optical disc play&lnA% bECEhEGiddeakal Mk aCashiuisdd i ncigli a are pre

stanped on or Lo sq{d di ﬁﬁ durin formgHg of__sail qhdl sc. 19. The optical

di sc player aS"fBEIYEEs et M P WART & a4is FHi i a i nclude a

pre- st anpe® nopobpsntrodall nsthectuard, aswch peshrabfet spechbih t he wobbl e

gr S_OV_e. 20. | TheghPl idimedt s ¢ ték%j ayRr saﬁga_{@é:.i t?@thcﬁhgl'_l Yoraléunhiar e; n ﬁai g_

indicia inclu -sta res icig g of the disc

read by said |g8m|9£n |rr?é'e?g’§§eg’éaar?%p§fi?fﬁ'he %Sptd%é‘gﬁgﬁ%CE%ijgyléggas recited in

cl ai m 20 wher 8fRexeqs pfeant ibpsi@sadBrIsRLY Adi creherrEIcgdet Y&t i al | y

addr essabl e pdekampleof3)subndi staizhineat s huc2dic Theidapti cal di sc pl ayer as

recited i pecl aig hgr el nygat fe 1 NQIGhas | D MAG 18Pl sARREGHBEK and pit

conbi nati on cgrﬁ%ﬁy sai% 3?%% ﬂ%%s ,&&gfsoqpﬁacal * ?scs p aye‘rD adapted for

operating in @%fbt SHEAFEReR, SBEMHBETIRS | i zati on means and an opti cal

disc, and said disc beisegohdr neithouph Ome goldasspfacd welfraped or of a

concentric shapedeihdOtEBprOfedt /B cPBEE diited! £8Hrdiaae of said disc) said

28 April 2003attachment, plastic surfaces may even more readily be

30 derivatized to present chemically reactive groups in
spatially defined patterns; these patterns of reactive
groups, in turn, facilitate the application of
nonoperational structures in spatially addressable

patterns.



98 track being forned with at |east operational structures for providing
physical indicia suitable for at |east focus error signal generation and
radi al tracking error signal generation, said disc having uni d&hipri2e@8
anal yte structures positioned confocally with said-operational structures
which formsaid information track, said player conprisi ng: ogti cal neans
for gener at iW&6§73ser beam suitabl e for inpinging upon SSFYPRFBP mati on
track and said anal yte structures; optical disc support nmeans for
supporting said disc in rotating relationship with said | aser beam focus
means i ncluding focus servo nmeans for éocusing said | aser beam upon said
information track and for maintaining said focus on said information track
as said optical disc is in rotational engagenment with said | aser beam
speed control neans i nEPBAI My K588dPRE SIS Sc o AR oF GRS VPBF %St rol i ng t he
speed of sai dadesdesatibeionn iepmnopllydetrrdrianddcopenimg Ut &cki ng neans
i ncl udi ng Fad?&teﬁtf HPp1RGa B EEVD SERARS ALY, ©@NBES) i fliheqr adi al

J

positioning o he, | be it inge n e rqtating information
track; output ,3%‘)’5%’0?@?4@%%@%3On%{(%gﬂgﬁ%i #‘E&’ n%ﬂsilé’(r%gr avai l abl e for
connect i on 5t 0 1BRPERIFACedt PEFoHR MynraEerRRCcesuNNeRY ddiee éABRPFRRATS associ at ed
with said optidtatusessnshesain SUmhengbilieiyctor apeamnsilmaing at | east two
nodes of OPer 83LRlhe AniBhPlerhd khat PG OLAQRRt & A AP OVSH, TOF
generating signals suitable ?or, application to Ssal fadial frac ing servo
nmeans and sai 8°FRR%SL MREEKARAYE ¥8RNFRans) and a second node of operation
enpl oyed for tenporari lophent spatiplilpgdsinkds ngdassatsialtlgbl e for application

to both ofjgsahdaresialiet backéAtk $eLYM RNidgestatledRO4e st r agkd ng servo and
for connecti ng at eaiﬁ? salé? read S|9nal. to sa%d. out%_%is ¢connect or neans;
means for chaFXetRtSzitRg S5 H-BUCSUPEETERT "Proft S tdSurtt ng det ect or

whi | e the | asépabbahy addregeaidliendosmits amaloyher f azhafratesai #greans for
characteri zi ngsespl oyed chpdedeellagBds Tide, a¥ st hel Rldwhude variation in

the HF signal, and nea ur at i of f leeqt r amas it
traverses said_anal yt e%??gﬁ% %%’_t %é%%ﬂzye BP%\glgﬁigaésu glggn??g?%

qual i t ati Vi nEaSEee &t thRelunek d&ﬁﬂeE%‘ﬁf‘ingPﬁt AYeC ArsEeddantl yte feature:
means for segtbgatutrptsaifddasalndtdoni goallytgespeal £it ielemaints second node of

operation fr 05'!5‘1&@&&' W@Eb%@iy Sf'uS}Eﬁé:? ﬂ?ﬂ?rﬁ'&%_egnﬁe% Qﬁlaﬁef:éfs'[ rmd_e of
operation, said segr %%tl on neans bei responsive to 0 era_ILl onal signals
and enpl oyed f&F E%f ile) g’é‘i’c{fe&@t’“gﬁﬂgrg’l—rﬁ%ﬁ§ F?%‘?ﬁ’soéllag Y node of
operation to 3ai domemgidbrbde ufalypesat$wit rahblesning segddddti on neans
. includi ng 7eapsrhdts HiRe@@BCAUSLS /R taNFe PeForfbanblAequiseti on of signals
F o Aoy o TSP AR OInl DS REOLEAAION 0 L AP W AG,S 0N S 28

Sher

April 2003 99 from signal s generate e andl yte features di sposed
upon sai d di sG*ERAFFDMFEOBEEIRIRFEALAY Nl P&Bfons in the HF signal during

trackabl e readi ng of timiopiigkdstdicssur@akesThayoplscateadiidy péayer as

recited in cl et <3 MRt @bNpsdidhedql 864 Pred BRSNS Udes neans for
FE I error signal (TE),

generatin OGUS err.or si gnal , radi al .trackin

and a hi g%fr i‘é’gﬁﬂ%’@ﬂr’é:&&g(si ﬁeaﬁe%(‘ﬁf—‘?.g . thgdSﬁ‘?\;?%ﬁ&g&vgg pl ayer as
recited in cl aetipR4synfiaceer whemdihed shpfazmmsistounefbermlyt benwek he t angenti al
pozi tioni _ng ofwitheah @agfe_obgagaluapsl_é,t tmdmﬁ.ouppewaél&ﬂa@tapw?ti on track
and as said trac ves Jin. atiaonship wt a t | stationary
read beam 26&)ETE%£T€E% é.ilaIWléﬁs%rep sagg?'p fersee(rzll%t{e’ r?#p%dgel@megé %{furt her

i ncl udi ng a f dydsePhl iy and hvdrephekititveans for confocal Iy focusing

sai d read 3®am on bot h repetht i wnalavandbsenaled ehheathe eSloasofai d read beam
| Mpi nges upon fgniagvgééo%g Bhe Co1RURTIok L Ene W1kRC & CRLE MIABeROBY, Sal d

oper ational and anal é’-t e features positioned as a groxjjr mal_| y positioned
surface of saifdddprbctimes impadeddivealhei WPhleagirore &8ifed in cl ai m 24
wherei n sai d thhdekimgiesicgusarsteddovered 1y, sia ghichcdkpnigeder vo si gnal
recovery nmeansilhkopesdd de?Rebas113N2bubeQl¢Y 63 i1BAShisNatheOn said disc are
st andard i CD_desi gn... 28. TEe o[gftl cal .di ch'sol ayer as recit ed in claim?24
wherein said &FaPYTe ot drds SFasipPhyrds rcégﬁlér%fl g Ri R anpl it ude,
hi gh frequency events in said quad sum (HF, RF) signal to thereby provide

di nensi onal information about said analyte features. 29. The optical disc
pl ayer as recited in claim?24 wherein said nmeans for characterizing further
i ncl udes neans for distinguishing generated signals that identify
operational features fromgenerated signals that identify anal yte features.



30. The optical disc player as recited in claim24 further including neans
for controlling the tangential positioning of the | aser beam %é it rrgi nges
upon said information track while said track noves in relatio ﬁpﬁlgﬂp h
said substantially stationary read beam 28 Apri+ 2003 100 31. An opti cal
di sc player adapted for operating in conbination with an optical disc

havi ng a spiYaP¥%#aped or a concentric shaped informati OHCE/P;&WSP&”E(;} on a
first surface of said disc, said track being forned with at | east one
operational structure for providing physical indicia suitable for at |east
focus error signal generation and track&ng error signal generation) said

di sc having unidentified analyte structures positioned confocally with said

operational structures, sai | ayer ¢ ri.sing: .optical nmeans for
generating a F3s ri"lg’é’éﬁ{"gfaﬁ %a‘gltz‘%f o) ‘?r%l r@f’ﬁgoﬁpgﬁu’s% &“FRPSr mati on track;
optical disc $tpporfageans for supporting said disc in rotating

rel ationship wth sai drigses HRIBELLDELS comipbAeABaNfay AeatidlySheg sai d
| aser_beam upghy faldesnt SEITL IARLEIAC AT T QhclBh{LAdAg 881 d focus o

[
sai d informati on racﬁ.1 as sal & p s InTro i onal “engagenent
with said IPasdFe ieapribpledi iy d1dant HbICorBaRsY i &bl | i ng t he speed
of said di sc ropatdiony hpphiqutcidet eenlaiechararRgnes #pki ng servo neans for

control1ing thg-pqsi-iRRl AGrHin bYerlasShindaeam as it inpinges upon the
rotating information tra out puh conpect or rregn%rfor Jraki ng an i magi ng
t

K;
signal available for cﬁ‘ﬂﬁe’é‘?fi FPotge R aAgs 2ot TR neans; and said
opti cal neanstpprepemditignabtseustureansn plagtar ¢even itswshabdes of
oper at i on zonclshéh. Nghed cbive 51 i sMER hOhoRPA HriaQN ah8r r@fRIAkl Bgoki gnal s
suitable for @Ré’léics%t iagg r%]?lc}?ait%et Egc&i{ar}gles%&\é Wz qt\r;g ?}gi d focus
tracki ng servo neans, and ' gener at] ng signal's™ suitab or application
to a signal d&¥eRAneans for decoding the information stored in said
informati on track, sai @hdet®ed0— babRehaistuhralseeonshimagral, operati on
for tenporari Ly, b8l Ypt %E‘En?é?i desh@ial s S uisiah! & f@rerRp! i cation to both
of said tracking servqQ and to salg ocus tracki ng servo. 32. The opti cal

di sc pl ayer aBoReR§Taldopal FLuntareqndtangredhtietedna &S s furt her
enpl oyed for ebtheecdvagtagedwansiunghiong el wedd. r ebld shiqpddl beo sai d out put

term nal df or d@ﬁ:@fédt_?_@haﬁdtlﬁé“&:’e&g&@ﬁiﬁé NEhrFaRley be S1ddKCider €RePOSI t: O_rled31
~on~ sai is ok ical dis er_.as Lec [ t claim
or 32 furtherBFﬁc? thilggeﬁg%?\% SoF"E?%%%ﬁ?}iaﬁg’ngigtééélﬁ%alsﬁ_tgheggéata t hat
report one or TRBICHINPsLa¥er pridpeft pestyidagda ) e stfUcttdiés di sposed upon

or wWithinan epises ndnsRidizaddeApetdl200hchhs' g88d, Hye optical disc
player as recb_&@fiemlg Q8% 3th el Pehahif] 49 TRANSuJPh1LRLEERT €T ng
clusters of said pattérns. . ]
or oxidizable metals may be used if covered by a thin
layer of plastic. Being exposed, the reflective
layer 134 of a first surface analyte-specific assay
25 disc of the present invention is subject to abrasion,
dust, and the like, that may degrade the signal
obtainable therefrom. A plastic cover usefully
protects the reflective surface, and the information
thereon, from environmental degradation.
30 In addition, the cover serves to ilsgolate
infectious and other pathogenic agents from the user, a
significant benefit in immuncassays for viral agents,
such as HIV,
From an operational standpoint, application
35 of removable cover 140 after nonoperational



35. The optical disc player as recited in claim34 further including neans
for mapping clusters of such patterns according to positional information
present within the digital data. 36. The optical disc player 284200 in
claim?29 and further conprising; Means for trackabte reading of an optical
di sc and for producing analyte signals fromsaid analyte structure. 37. The
optical di sCOPZHE? as recited in claim37 further incl uBfHE RS for

di scrimnating said anal yte response signals from normal operational

el ectrical responses. 38. The optical disc player as recited in claim 37
further including nmeans for analyzing 6%id data acquired by reading a
respective optical disc having at |east one readable anal yte structure. 39.
The optical disc. player recited in claim,a38 wherein.,said optical disc is
trackabl e andsgﬂbc%d“rtg é?éltéaé’set E’Sﬁ’%% °c%|;98n?'|‘ferefr@‘5&§m’% anal yte
structure. 40laWtie 134t Madl cenpsespl Byernapopesatienili stenatwre3 wherein said
means for anahyadidigvieneherdemnteanbbi®rgicdeat iiy) Mhvtakkers in the data that

report a phys&{ﬁglldo)&rm% 5%%% s}tgg?%“@iéﬂe £30 EYGLL %PeﬂFiJKhel optical disc

pl ayer as recl In cla rincluding a pfuralitty of physically
noni dénti cdl Sha¥SHUEest PhcthR &sFeag%%‘Ieé“s&E}ﬁcﬁW’?rﬁ'l y with the disc's
tracking attributes. 4Bmofihepleptical uzkfsd phagemstasictéontefl in cl aim 41
further includhpg Rangctoig dekaigl nﬂ,ém%sttlg@eﬁglﬁdv\é% physi cal | ocations of
two different anaj%lr]\eﬁhsttrucieyre_ from dat a ac?uljreq%g b¥ r eadi ng oper ati onal
features assoRFELIEIGLR Pt sEanE FHERS Q1S £28R%T A€ structures

i ncl udi ng a frerduched! prepsivatyrene sunfagesecosfhrsleaidy micxatriterrure. 43. The
optical diigc aisweay, &seae_c_ﬁte?ﬁyineﬁ_ci@iéz} ﬁ%mﬁﬂééch&fen}tnﬁls._g g m?gns f?)r
reporting a s patt.ern. of. i, C per of, s second anal yte
structure, angﬁgf% %\%%il fa‘b’o‘b’:?‘%fgﬁxé%?ﬁ (rfng%gé #o%l m(?gtee?%ﬁ ni ng includes
means for repBPYHYTEDE r S YRRtEr Af oIXReIRYSE Aitesd§pbRey of said first
anal yt e structonductd4f dhinioptli eakags sm plodyetyrene @arfaced;n cl aim 42

further includigg JRa0s £95 GRICHLAGING 1A ah§€§éd el 8hbVErd¥unRi cal _

| ocat i onsél]%f said first 1ilgd‘i‘,salq second ,anal y e{fgi}ruc ures. 45. The opti cal
disc playér aB'#et9¥%ed PALLHLARHAY  fRASHEA P nRPAHiNdg ®freans for mappi ng t he
physi cal | ocappbystysengnis \nresent vt prast iondaandirfeaddl¥f a respective
optical disc. adéempili@neptical disc player as recited in claim45 wherein
said neans for mappi ng,| es._neans r..d rmni i ve physi cal
| ocati on of at |east oﬁlépo F’%ﬁ%efi ?@? (]::ao(r%r rsgégn%g%n%%o%geﬁl u%:eures. 47.
The optical dFSEPYISy&f %&a#%cirlaéHeFnt*lﬂrhip#ﬁﬁﬁ’-?uﬁrhé%hﬁﬁcl udi ng means for
mar ki ng a 20epsesstdmtiadby of raaspd rent f ageerokosaed fledpect 1iguigpti cal di sc

with at |east ppenieet Lhaled119heahfS Lile st 1A EARIngNE1IRIALI Ve physi cal
| ocati on.

As would of course be understood, the
thickness of cover 140 would have to be adjusted to
account for differences in the refractive index of the

25 chosen plastic in order to focus the laser correctly on
the disc's operational atructures. Such adjustments
are well within the skill of the optical disc artisan.

As would also be understood, detecting
nonoperational structures through a cover — that is,

30 performing second surface rather than first surface
detection — will on occasion benefit from the presence
in the drive of gain control circuitry, as is found on
the vast majority of CD-RW drives.

Although described as of uniform composition,

35 possibly with surface patterning, the cover can also



48. An information storage and sanpl e anal ysis nmedi um conprising: a major
surface having a planar surface area and a plurality of spaceg-ﬁﬁq
elongated, discrete surface indicia integral with said planar g Fé@@3area;
said discrete surface indicia sequentially arranged in a plurality of

subst anti al Ly, i lel information tracks; adjacent surfgacgudobishis @ al ong
each track separa ed by interval portions of said planar sur ace area; said
parall el information tracks separated by intertrack portions of said planar
surface area; an outernost information track having an intertrack portion
positioned on both sides of said outérf®st information track; ' said
intertrack portions and said interval portions together deflnlng sai d

pl anar surf acgavd @,noaahéfdm o%%,%sw{&acmtﬁslf Cirp ehavipgisubst antial 'y
uni form wi dt hs defl ni_n

t t k d
intertrack poPtids lB‘eg\r/bse 15%‘i (?En?flﬂ'feoroﬁgﬁg% ﬁ%*%gkgrﬁ%?/?ngsal

substanti al | yPhform wi dt hs; each of said discrete surface indicia and
said int erval portionshayi r@w@ioabimé Q@ghbhi@vd ephesenttlst or ed

i nformation Q‘&‘\dan r?é% H__ %%Fenﬁ}‘?gr%d bgaa ,ggselfn said intertrack

portions carry| ng sai d planar surface area
suitable for Eﬁ?ﬂﬂﬁ‘ﬁtﬁﬁn% ?'é‘é&‘tt%ﬁé %Fhaﬂ Pt éSE%‘P RAVEEePY 420atHd | nf or mat i on
and anal ysi s hedizghlastieei swcfdce oFatie 48 swhetti ra said, i nformati on tracks

i ncl ude reSpeE'féﬂ@péI@h@SIQ{(e@ sPiphake 8Xt @pdi Hgna?éﬁ&’%%néﬂ i nner peri pheral
portion to an out%&1 portion of rfac 50. The

sa |
i nformation afd® ggﬁ’éd?‘iﬁﬁlﬁg FReTFURRD ﬁ e?'t’hé’rn E M8 or 50 wherein
sai d nedi d i éa%ﬁls-@mpeél s®ifacthefi tHim mﬂtblﬁmt&nal yS| s nmedi um as

recited in clatrdhnsher ePBlﬁﬁiﬁe@bsﬁé@ﬁrﬁnﬁ?rfafc&ﬂW@th@ed fehrude el ongated
mar ki ngs in S@hg 5 gur c and LS8k |nf or jored as an
= HijcBoss e £
f icia

i nterval portiron 1Scre e sur 468 i n representlng a
forward di sc RBER}IR{ @Ypagpw'vedqméélmszar PresPhE m?ﬁthﬁn B anal ysi s
nmedi um as recechesl iwittl avm igiwhetaienpsadabsdiiscpaisensiyf peactiingidci a i ncl ude

el ongat ed yRr i Ngse 'a}tsaaéh%%e%uyiégﬁ,ﬂfc SgigbiEHRstn &nd said

i nformation |g stored discrete surface indicia followed by an interval
portion for Pt esthnt Pﬁﬁcﬁs?orward di sc having a negative inmage. 53. The
i nformation and anal ysiTdimetihtttmmappreicteonfiers dihd 3 wherein said

el ongat ed nar KEogsmeiitd onbdSadeditalgieal b dilipbeling depicpegatideilt om surfaces
of said marki ggéuéﬂ eg) %uéHb§§ %}tahgk'ysrﬁe%rl‘ﬁg Q%% ghag&gtd rom the plane

of said plana ace a orage_and sanpl e
anal ysi s ﬁ@d|aﬁ]p%ﬂﬁﬁiq S,ﬁgrthermore, it eliminates the boundary
condition that otherwise exists between the cover and

gold surface of the disc, permitting return from the
disc operational plane of a more coherent light.
However, because the layer is designed to be

25 sufficiently thin as to place the signal elements
substantially confocal with the disc's operational
structures, the layer is alome insufficient fully to
assist in focusing. A cover, suitably dimensioned, may
then additionally be used.

30 Furthermore, such a coating may profitably be
composed of a thin layer of glass, rather than plastic,
or other substantially transparent super cooled fluids,
liquid crystals, or crystalline materials, such as
silicon.



a maj or surface having a planar surface area and a plurality of
spaced-apart, elongated, discrete surface indicia integral Wéé]A@ﬁZ@ fl anar
surface area and extending away fromthe plane of said planar su % ar ea;
said discrete surface indicia sequentially arranged in a plurality of
substanti al | arallel information tracks; adjacent surf ndi.cl a al ong
each track é%‘bgﬂ”éf"éd by interval portions of said planar i‘gﬁﬁg g}é&ar ea; said
parall el information tracks separated by intertrack portions of said planar
surface area; said intertrack portions and said interval portions together
defining said planar surface area; -287April 2003 104 said discrete
surface indicia having substantially uniformw dths defining the w dth of
said information trackgy said; iateLt r%nﬁo%tia@é@r %@%y}gg@i j acent
information tracks having_Su stantléﬁy uni formw dths; each of said

di screte surf3eEY @ tha diRF $& gredliery dLspor s IR Yn RGP HRFSFari abl e | engt h;
sai d di scr et eseuidacarifade cilmrartesbitdidsnter viad dierct, | pasmitdiimg enpl oyed for
representing s{OFL£A enf 95 MBS i rendhdh Hron €hE PHilAGepiadifi a i ncludi ng
el ongated nmarkings .in said majqr surface; sald stored | pforpation including
at |east addr 'Eé% ‘?%Pﬁﬁ??%‘?‘nedf dr Fientd% Yehg %’b‘éﬁ’i"ﬁg Fﬁbﬁicg%?on sai d

maj or surf acemamnfhciuredass ion@&xefipkaisd wdthessesr annfachpiedyed for

desi gnating aasuird aladpIdl & 2GR al0satd G bRl 6 86PP WD-RAJaaivd east one anal yte
structure. 55, iThoeu' rtl__fhgr n&&%toiranagd gg@liry?y E rrgdleumiarsdr Cit esdlsltn cl aim 54
wherein said Hl%lér'ette.su ace 1 igl 25 e uGB e’foqngateed markings in said
maj or surf acefefussigiad iReBrerpkafd2sandl I3-nformation is stored as an interval
portion falbl owed by di asrshewsunf aresi redi aha $»y vepaesesmting a forward
disc having anpstddelteh el dumfise T%dd LLHELL Wkrtile 8NALY ot aECI UM aS

recited in clal m54 wherel n sal iscrefe surface indicia include el ongated
markings in s HEoF I8ur AL HYOS AePEPSr fhtion is stored as discrete
surface i ndi cappfotinatedybyo@mn, nheay dthepopt iowm finr fépsesenting a forward
di S_Ct hgv! ng asheeaid P@tgereg&l.éivegheidmfgg&gﬁt | @ aRd gﬂa%,mv&t médi umkas
recited in_any one of clai or . erei.n said, el angat.ed mar ki ngs
are of sugs'f't aéﬁ’t{a}? I%frﬂ'ﬁ#gﬁgsrﬁecfé%’t ﬁ.lé%@mf‘ﬁgl?ﬁf%ertr‘ﬁftelgoﬁlﬁa g‘%‘gl ysi s rredigum
as recited i nPaskgxmwadef ag| eyifensad 5 they ekgchFrel §r3ai®Ps nf or mat i on
tracks i ncl udenswspactiree &eo) nemdhsrapingakhekt gndiprgsent

approach to constructing single data layer trackable
discs with concurrently readable nonoperational
20 structures is remarkably robust.

Cover 140 is optionally not present while
assay sites are being prepared on the disc, sample
applied, and further assay steps, as needed to develop
the assay, are performed. Thereafter, to prepare the

25 disc for reading, cover 140 is placed over reflective
layer 134 and signal elements 136.

Wobble Detection

As discussed above, the wobble groove, which
proves particularly advantageous as a tracking
30 structure for the concurrent and discriminable
detection of operational and nonoperational signals in
the single data layer embodiments of the present
invention, was first added to the optical disc standard
to permit user-directed recording of CD (and later DVD)




bet ween an inner peripheral portion to an outer peripheral portion of said
maj or surface. 59. The information and anal ysis nedi um as rec%% d1iﬂ glaim
54 wherein said mediumis disc-shaped. 60. An information sto 5313 8
sanpl e anal ysis nmedium conprising: a nmgjor surface having a planar surface
area and a I}y of spaced-apart, elongated, discretg Sy I ndicia

I nt egral mﬁ?k“@é%¢ﬁ|ﬂ anar surface area; 28 April 2003 105 gg?gﬁhiscrete
surface indicia sequentially arranged in a plurality of substantially
paral l el information tracks; adjacent surface indicia along each track
separated by interval portions of sai #8lanar surface area; said parall el

I nformati on tracks separated by intertrack portions of said planar surface

area; said irﬁéﬁﬂéﬂaCKsFEEEif%Q%ha{Hié%%iQeié@%ﬂé“ﬁtaﬂﬁ&%é?ns toget her define
said planar surface,area; sald discrete surface_indicla having

subst ant i al | YPUCEBEAH Y dteF@edetrhitrg oA Bt fr16F WeBPR i 4 or mati on tracks:
said intertratdtegbedi onsthretracendidj dewhte i difxdmgaticdobing adkslabavi ng
substanti al | yedIkinkORIMM dHiTeatllh, YrasRify diss GcRbRpsUSAAL Sy Ndicia and

SPLS, LTl RIS P YO Ykl gl STl chepsly sl on of sai ¢
represent i ng 48vdced i Wrirhiavenbeen yonnfapt wied Rrdmprdharfdur f ace adapt ed
for supporti nghadtitleashtle pappbydsL, HhakdCthe &bididy to detect a
wobble tracking structure without writing to the disc.
Examples of such devices include those manufactured by
10 CD Associates, Inc., of Irvine, California and Audio
Development AB, of Malmé, Sweden. Thus, except for use
in these specialized quality control devices, the
standard, and many existing implementations of the
standard, generally contemplate that the wobble is
15 redundant after writing.

Because the wobble is typically detected only
during writing, a process that is unnecessary to most
implementations of the present invention (and that
causes laser pulsing at amplitudes that might interfere

20 with detection of analyte-specific signals) a
reader/writer specially designed for guality control
purposes in CD manufacture was used in Examples 2
and 3; this device detects and tracks the wobble
without obligate pulsing of the laser at the energies

25 required for disc writing. The Ricoh 6200S CD-RW drive
without additional focusing lens that was used to
generate the data in FIG. 40 was adapted to read the
wobble without writing to the disc.

Signal processing

30 In Example 3, described briefly above and in
detail below, the analogue HF signal was fed to a
digital oscilloscope to generate the real-time tracings
shown in FIGS. 13 - 18. 1In contrast, the data in



means for providing positional information to identify said portion of said
pl anar surface adapted for supporting said at |east one anal éh%pﬁ 4d6§ture
€0

61. The information and anal ysis nediumas recited in any on

arns 48,

—54 or 60 wherein said discrete surface indicia and said interval portions
t her ebet wegyy goBk@- Capabl e of nodul ating the intensity ofcaubdophizeébeam
i nci dent thereupon to thereby provide optical contrast between said
di screte surface indicia and said interval portions and facilitate recovery
of said stored information from said ggjor surface of said nmenber by

optical detection. 62. The informatio

and anal ysis nediumas recited in

claim60 wherein said information tracks include respective turns of a
spiral ext endimg fretwagenst fret RRQLLIPEd ) pﬁ@rlahzaartémetd) oan outer peripheral

portion of sgp e 4@ gg %3115@3 adde r{lryf géggelazﬂs%qg%ggl s medi um as

set forth inc

6t fanst sur ace indici'a to a body of disc

mat eri al . 64°nT%e09“fPF16FHa¥‘?W°&nHYaﬁ%H’WI§aﬁ§dFﬁﬁ?ﬁérestétvef orth in any one
of cl ai ms 48gobdwanre 6@ unhkeridesciéba® diruMorshadgpdedetf el .t,r ansferring

surface 'Qg'GM@tﬁéhéaaQQprﬁgréyd§Cfor2£hf¥¥%;hg299§oﬂé¥%H§@H%ﬁ'al ina

st anpi ng progess._ 65., Th formation

any oneof cPaFpgtemiired B’F“"@S(S)‘\'kﬁg?%l’ﬁl%"ﬁe "med

¥5|s nedi um as set forth in
unt $<™Hdapt ed for

transf erri ngAppticatdonntipci @9 439 8a8BodytidfeddPuguamt2¥i d19%9n an enbossi ng
process. 66. (Ib€oiitfyolidBkE® MARErapokysis)NedhdmMasieaihingtbh i n any one of

claims 48, 54, oy 6Q,MMt1_gr§| n tJ"?\pﬁ?géé’um nmy. Bﬁa% itﬁi’éct% @ét er anal ysis of

sai d anal
forth in

te St ructure é%/
y Pgfei pktiomgping Physicap  Surhyesisprhien a\fﬁ%‘cﬁr&'m is a

ormati on a ana Ium as set

transm ssi veuopt i Bxadvidiisnal Ghtehbeapyl DyatdlonoNoanel Ared ,\2si8s nedi um as set
forth in anyfgggdq{ugqm@l 41?9995 at%cfﬁ% wWaekel nbdiseboundari es bet ween
I'n

said discrete surf i

thereto, are yﬁﬁgf%ﬁ’r’ i aEF? ‘Fﬁ’r‘é&?“ﬁhe‘# WRREd3F

CI Sal tQI’t rack ﬁ_(l)l’tl ons a j acent

PR ﬁ the direction

of the inforimreon by aefsred® iantheivremdtiretiséor age and sanpl e anal ysi s
medi um conprising: a disc-shaped nenber having a planar surface area on a
maj or surfsace theﬁeﬂf z_iLndda Iurali sgf spaced- apart, elongated, discrete
surface ifdicia i r surface area; said discrete
surface indicia includi Agcerdripaied phretiagdmeRts PH brPﬁ dresghtace; said
di screte surfiacent iwl Cakebeadanraguest itald yaripbgedatan layphcural ity of

sequenti al |y chefaldale BEOLFRL] AR LHACKS: ool o0sm iflBstapcks 1 ncl uding

respectlve turns o

to an outer H@FF?J'T'Pe]reaIDlﬁGr {PEN 5Pr§‘5Fd rﬁﬁ 6’r15§HF’F3 bl

20

25

30

Iral_ext en ween an | npher eg hpher al pOI’tI on
menber ;
below, the DVD format is particularly well-suited to

providing optical disc geometries and tracking schemes
that permit disc tracking signals to be acquired
concurrently with and discriminated from signals
generated by nonoperational structures.

Referring now to FIG. 24, a side cross-
sectional view of a typical dual layer DVD format disc
is shown. By convention herein, laser light is
incident from below. Disc 280 comprises laser-proximal
substrate 282, semi-reflective layer 284, spacer
layer 286, reflective layer 288, and laser-distal
substrate 290.

Proximal substrate 282 comprises a
transparent optical material, such as polycarbonate,
having an index of refraction chosen to assist in



adj acent surface indicia along each track are separated by interval
portions of said planar surface area; said parallel infornatigﬁA‘grf%&s are
_separated by intertrack portions of said planar surface area,; salé
intertrack portions and said interval portions, tdgether define said planar
surface arespoddserrboundari es bet ween sai d discrete surf asansegiseisa and said
intertrack portions adjacent thereto being substantially |inear, when
viewed in plan, in the direction of the information tracks; said discrete
surface indicia have substantially unifoormw dths defining the width of
said information tracks; 28 Apri | 2083 107 said el ongated marki ngs being
substantially uniformdepth, said markings being |ocated in a substantially
common pl ane fopusinl fa dasehebgammatof esthelr plrenaf tbe face layeas said
intertrack poft uons. berdeen.pdaeerhebN2 s MRy PR hhAGKscthAaangy

substanti al | %nu:“ﬂz'lfocrtni‘o"r\‘ %t g; apportl on of.]rs%l% p#ggar surface adapted for
supporting at 1 east  one an {RS BFCEGEE UPE™M IRTANS FBF BFSRASE ng posi ti onal

i nformati on 98§sFEEMRY Bpo¥ei foparanudacerriey FhRerardable feamalapt ed for
fsugpo_rti Rgs sdiigdcal I,t.fnaacs:I ima@Desubdrate S8 ULE Ltrytgiicagilpl étilsssige surfgce .

i ndi ci a havi t p e i,on; and sai

di screte surp'gg}éaﬁﬁén, I gﬁgggﬁ% rs]aallogig{ %t éﬁf}%ﬁ té{a%?cénsﬂt?%]%e Eattaween capabl e of

nmodul ati ng t R&ei WRIEALY Beferyedyke BEareFititedr {he¥Y®uPonofodt her eby
provi de opti ¢cab taydr asidiscbet ween said discrete surface indicia and said

interval portions and ﬁ@chgéga‘;&ﬁggpgggyaég crapdogi@ied information from
sai d mgj o, su%ace bely ogthaI detection. /0. e‘sl'fge %nfori}atl on_and anal ysi s
medi um ast$effUPBFIIT #84nyP oFRATS YRERNReB raiiecEave gAYl 288 57 o 59
wher ei n sai d Semik¥efgeciive| ayere 2B4r propr ey @syeokstiior medtingative to
sai d maj or swif ackateiialABuewtdLalildess, hgyidlg adunenadhapbl i 1aeal yt e
structure, S%%Bpglﬁﬁ:%ﬁﬁB&LséﬂE¥eof, that reflects some light and
transmits some light. Semi-reflective layer 284
15 typically has a reflectivity of approximately 30%,
although a range of reflectivity may be accommodated.
Thus, semi-reflective layer 284 may have a reflectivity
of about 20% - 40%, more preferably 25% - 35%, most
preferably about 30%.
20 Distal substrate 290 comprises a material
such as polycarbonate that can be molded with a spiral
data track. Since the laser beam will not pass through
distal substrate 290, its optical characteristics are
unimportant. Distal substrate 290 may be manufactured
25 by an injection molding process, such as described
herein above.
Distal substrate 290 is embossed with data in
a spiral data track that may run parallel with the
spiral data track of layer 0 (i.e., from the inner
30 portion of the disc to the outer portion), or in the
opposite direction of the spiral data track of layer ©
(i.e., from the outer portion of the disc to the
inner). The data embossed in distal substrate 290 is
referred to as residing in "layer 1" of the two layer
35 disc,



an information layer including a trackable stricture that is followed by a
read beam of an optical disc reader, said trackable structure %rrgn,lﬁagnt ed
to produce a hol ographic i mage; and at | east one anal yt estruc?u e, said
—“trackabl e structure and said anal ytestructure beihg concurrently readabl e
by a singl ¢guphéssl pickup. 72. The optical disc accordrewgudsgzaadéai m 71
wherein said hol ographic image is projected in a plane confocal with said
anal yte structure. 73. The optical disc according to either claim71 or 72
wherein said trackable structure is_ap imge of a wobble groove. 74. An
optical disc assenbly, conprising: an’information |ayer; a cover that
assists in focusing an incident beamon said information |ayer 28 Apri l
2003 108 a substrate Tawidupaabpatims madfsce faiceiandlan additi onal surface,

sai d patterngg,s4taces6on louba Ng: 0 radd deod f0naBLi-0Rg4 ayer; and an
operational strycture associated wth said_inf orrr% ion,layer, said

/ |
oper at i onal Sric MY ecPPRITIERH P EBYR 2RY6Dt PEAYGiTSELEPFYES when sai d
patterned suritzos.adf saedhl asulgsldatalumdnpmeseiitved | aseroppeixi nal to said

addi tionak spéfireeiobt saydlk SWRSt{pi@11{ohad e rftiecdlivdtaragsenbl y

accordi ng toié:léagsm I71_4d erein sa d operati or a]ITe ?:t?r yeture is trackably

di sposed as a for\hgra i s P 5 5T iVePPEfier 6. "The optical disc
assenbl y accE‘F@iB(%lVéttl%ﬁgrﬁaY$IV\Mer éitd ssaF Aesreter PHHARERt ruct ure is
trackabl y di sgoBjedtmene 1} ame ahtomdtd d ghni nedrtaell aien that is nost distal

to said addi g‘i”ﬁ{ﬁ%@z&%ﬂﬁ?‘@?&rm! %;é%sﬁ:ﬁét&l-rey-la;@;0915&96" di sc assenbly

accor di nq to C n sai d operational strdacture 1s trackably
di sposed 18s FIIeRartl FRag it masadyarsely iect7 §Tagkingpt i*O4 di sc
assenbl y accbiid ngasonc| lynr74 whex elvalsdaveopbsat morkl oftteructure i s

trackably di gposedeiriedr Bliane rat sbd ikRERI 7@ i Oon layer that is nost
proxi mal to said addi Ei onal surfra@?sppf sai, d SH; trate, 19. Th% optical disc
[

assenbly according to %‘F&ero&é‘ys LiEFE VAt o omherrélilﬁr%l};ﬁ oper at i onal

structure i néPagiedesvapbblayedr 6oped ByerTheohpihec &wodla¥etssenbl y accordi ng
to clai m¥4 &ikd hahd atssdidigeatl tb anisid prexiamdl Wubssratet282 readabl e

concur rent | yoh L2k de Rarald 99pLy Sfdehuafor Al oue o0l iz di sc assenbl y

according to any one of al s urther includi ng t | east one
anal yte struBRUreilESHAYT aYShc 4P B entIRRCREt FRXER &Bépéi’ﬁl"%ﬁé’l structu re.

comprises an optical adhesive having an index of
refraction that is close to the index of refraction of

20 the material from which proximal substrate 282 is
manufactured.

In use, a DVD reader can focus its laser
either on semi-reflective layer 284, to read the data
in layer 0, or on reflective layer 288, to read the

25 data in layer 1. The multilayer nature of DVD discs
and the concomitant dual-focus of DVD readers make DVD
particularly well-suited for use in the present
invention: the plane occupied by the operational
structures of the disc may, in these embodiments, be

30 segregated physically from the plane occupied by
analyte-specific elements, facilitating concurrent
discriminable acquisition of both types of data.

Thus, in one embodiment, nonoperational
structures are placed confocally with data layer 0; the

35 disc's tracking and other operational structures are



82. The optical disc assenbly according to claim79 further including at
| east one anal yte structure readable concurrently with said gag‘mFi&gal
structure. 83. The optical disc assenbly according to claim ereln said
Tanal yte structure is disposed confocally with sait operational structure.

28 April 2008 edd2$784. The optical disc assenbly accordi pgriugegbas m 81
wherein said anal yte structure is disposed confocally with said operational

structure. 85. The optical disc assenbly according to claim82 wherein said
anal yte structure is disposed confocally with said operational structure.
86. The optical disc assenbly accordi ﬂﬁ to claim80 wherein said anal yte
structure is an anal yte-specific signal elenent. 87. The optical disc
assenbly accebditfoid eltasat8liher el N HdisodRalk Yémodtimeait ure is an

anal yt e specibhe Sl oAl nehopEples 88 NG, ARLEE2LEl8g a3sendly according to
claim 82 wherein sald analyte srtruc%ure 'S an ana fte-spec!flc si gnal

el enent. 89. PRECTPHIEY M tHi detadsyrpl § AOEEPNGLED cIEEPFAEES wherei n sai d

anal yt e struendretiher apexnaighet speatthressiageraposi eivmetl. a®0datEhe opti cal

di sc assempl ¥a96£0§ di G (AL ChATHS4 2 YOELBIN vedl Bs @Rl bResid ucture is an
anal yte-specific assenbly according to

signal, elenent. Q1. The optical di's
claim85 mheF@FndJs%f‘?"cfegnény%a%eﬁli 38?'6?(32&165' gﬁgﬁﬁﬂtﬁ/‘taé-lé’peci fic signal
el enent. 92. cPhéoopl iwikh ditbemsdetbe ytwarcatdi hgyews.cl ai m 83 wherein said
information layer furtherhnchbtidoese peidaphe¥CatayRimonabsatsai d anal yte
structure is.di ;gg%leeqml ager QﬁgXé“g%ldi‘tnontsalhow;‘eflkeﬁcfd vgel ayer when said
substrate pagJ erned surface 1s presen?edﬁaser-prox_l'na ‘to said additional
surface of? s&fH- stbfrFeseatsoan cppdodpd i tidle @rserersiditbMyercording to claim
83 wherei n savd-iynfordmili aath ayrerf uesdyerdiisecBodes wher @ibecti ve | ayer, and

sai d anal yt e a3LhbgdiiiiRs BubSBIARIN 191 SRARFEn@Np Rl ShagUiface nore distant
from said su%}s%rat‘g addi ti onal fﬂurfaie t han i a,sal d reflective |ayer. 94.
: : L5aHK

The opti cal ERES SHhBl YBLGH Y Y PRI §P2EF 93 wherein said

non-operti ondRysrr2ff.ure i s di sposed upon a surface of said reflective
| ayer. W8 April 2003ikt0386. cMpraBbé CBdo PoTeissseiliv having a readable
analyte strughil Gon S allsSSoSS IR Yo S YT ! SHflY portions may be
permanently affixed to one another, may be separate and
assemblable, or may be separate and reversibly
assemblable. In any of these configurations, prior to
20 reading of the disc the cover portion 303 is assembled
over outer assay area 306 of main portion 302.
Opening 308 and area 304 are so dimensioned as to
permit a snug and reliable fit of the two pieces.
Outer assay area 306 of main portion 302
25 comprises a single data layer area upon which are
disposed nonoperational structures. Analogously to the
single data layer embodiments presented herein above,
outer assay area 306 is embossed with a wobble groove
(not shown), or other appropriate tracking structures,
30 for use in providing tracking information to an optical
disc reader. Pursuant to DVD standards, and in
contrast to the single-layer embodiments presented
above, the wobble groove wmay be either a forward image
Or reverse image groove. As mentioned, a ZCLV format
35 can be used.



an information |layer having a structure trackable by an optical disc
reader; a cover to assist in focusing an incident beam on saig iﬂfﬁ{dﬁati on
| ayer; and at | east one anal yte structure, said trackable ang é‘r?a yte
—structures being concurrently readable by a singl®e optical pickup. 96. The
optical disgogngembly according to either claim74 or 9pcwossRsnssai d cover
is nonintegral to said disc and attachable thereto. 97. The optical disc
assenbly according to claim96 wherein said cover is reversibly attached to
said disc. 98. The optical disc assen‘gl y according to claim96 wherein said
cover is noveably attached to said di 2.799. The optical disc assenbly of
claim98 wherein said cover is hingeably attached to said disc. 100. The
optical disc assenblymagaopsktiont @ogidNRy cohptidast i@he@Sanberei n said cover

consi sts ess ' o] rial ct.ed fr rou i sting of
pl astic and g?%?éa}l{m&n%ﬁg%o%ﬁ %5?324(540 l%sggﬁﬁ{gyttégci%r iﬁ%&?%scl aim 100
wher ei n sai dS&BYERT Eonap¥t RowedeAtph| 1ayest DBPadtsc. PORITHRR optical disc
assenbly accendi dugtrd magyl Be natk¥edwber Bayersai dnépverlayersisdgs essential ly of

pol ystyrenge. +493. e 2PEhEMH 1 & SC assenbly according to claim 101 wherein
sai d cover consists eisenti aqu:!ﬁ of gol%r(r:%égonate. 104. TQe fical disc
assenbly according t o8 PAET HHEEm 737 AWAETR AP 4 BFETEER-DI y has a

di ameter in gopb@ind ips&necticnseshatl 1direct30hemortitad dépeh between 1.1
I13 mm Z&e&@éiItq2(=1a§u_&é.1it150|~fzoclbet&rttﬂecabr_ﬁléa9_d&%&enrbwra&cor ding to
claim or ei_n | anal, sfructure i i;Sp upon a

di sc- pr oxi m?gg%eofangg?%gcsaveé’rl?fgcﬁo%f.g%%soﬁfle%gaqtdd’?lsggﬁg%i ng a readabl e

anal yt e st% uére? e30&aj qugrheresiepr ivnewy dagaf pFed I0f MYt FY@*¢ ayer; a second
reflective | ayes;usednal yapust thet Bf emilizeposedf ikl poagehetts ned si de of

sai d second pef{RCtdMQe chipset, as needed to permit the drive
correctly to read and intexpret the analyte-specific
signals.

15 Cover portion 303 preferably comprises a
transparent optical material, such as polycarbonate,
polymethyl acrylic, or glass, selected so as to
optimize the detection of the operational structures
(e.g. the wobble groove) of disc 300, as well as the

20 detection of the signal elements.

As will be apparent, variations well within
the skill in the art include disposing the
nonoperational structures at either layer 0 or layer 1
in area 306, or at both such layers, segregating

25 tracking structures physically from the assay plane,
which may itself lack tracking structures, or
combinations thereof. Further, the assay may be
performed on cover portion 303, by depositing the
signal elements on the laser-distal surface of cover

30 portion 303 before assembly of the disc.

It will be apparent to one skilled in the art
that there are many minor variations that could be made
in this embodiment. For example, if large amounts of
data or programming are needed to interpret the results

35 of an assay, inner data area 304 could have data



| ayer; and a trackable structure associated with at | east one of said first
and second reflective |ayers, said trackable structure confi r/gpq. % 1 ow
an incident beam of an optical disc reader to track thereal ogigé) sai d
“anal yte structure being disposed readably with said trackable structure.
107. The opiio @Aks76li sc according to claim106 wherei n sapdrasmhye structure
and said trackable structure are readable by a single optical pickup. 108.
The optical disc according to claim 106 wherein said second reflective
surface is semreflective. 109. The_optical disc according to claim 2108
wherein said anal yte structure is disposed confocally with a surface of
either said first reflective layer or said semreflective |ayer. 110. The
optical di scwaiddendbaghtan dlagem d Ghdnber tayesdi,d wiathbyte structure is

di sposed confncalihy Vhi Ridbpilr faG& OhangahdsSedstikgctiive. | ayer. 111. The
optical disc_acc 109, or 110

rding to .an ne of clalns 106, 107, 10
wher ei n sai dsjaq{ﬁalqyfage‘gﬂtlfet 8¥e9?)§e’iji°sﬁi§s%‘dt%rﬁdﬁégl PO SRi ??16 a surface of
said first reflectivehhefihar, s¢t2of Hivappagealofditde mudbidiaken o claim 111
}Nher ein ?lai dnmeﬁo?fhatsmawqieueeﬁhsna}dirwes@@c@rt@ﬂxasgnspr@xsfmé side of said
irst: reflectl] 13.. _The:opti | SC i im1lll

wher ei n sai dééia/n% f’?éeé?x}%lcgﬁf‘é’ |gfs |°§%§%e'gu%tnl-g%&§%eﬁ- ?‘g#‘z‘ﬁqtgi de of said
first reflectf A REyaY. discrPubdtin aggardance withrhBeoBY¢ReRt di sc according
to any one oinwdrdiine. 108y <bdenbiorl Herehr| eiaseaaildganaliyte structure is

di sposed bet ygeesl 8rdh hoef !l ective layer and said semreflective |ayer.

115. The _gptical disc_accaording to, any one of clai 106, 107, 108) 109, or
110 vvherélgn sai d trackbHf 2% Fg'ﬁ?’if'r%si ABPLRRS Mﬁb@ca%‘%\fé‘. 116. The
optical di scseatedr dRVMGr t3R4c| ahardyisl matrebei pexsfanhedr f¥kabl e structure

i ncl udes wobbhttr @09 matletialbetHMel €dbtéd SThtrl ¢hbthayst2xl aim 112
o R B Al LCER VAP B RNy e The ot ol
of the disc. When the assay is performed, sigmal
15 elements are deposited on reflective layer 326 of

layer 1 of disc 320,

Layer 1 of disc 320 is embossed with a wobble
groove, providing the minimal operational needs of an
optical disc reader. Layer 0 of disc 320 contains data

20 and programming necessary to read the assay disc, and
to interpret the results.

As will be apparent to one skilled in the
art, multiple assays may be performed on a single disc
by using multiple separate channels 322, each designed

25 to handle a different assay. Additionally, it will be
apparent that the location of channels 322 within
spacer layer 324 may vary. For example, channel 322
‘could be adjacent to layer 0 instead of layer 1, or
could be roughly centered within spacer layer 324. In

30 either of these cases, the signal elements that are
placed within channels 322 as a result of performing an
assay may be detected in the return path of a laser
focused on the operational structures present in
layer 1 of disc 320,



i ncl udes wobbl e groove. 119. The optical disc according to claim114
wherein said trackable structure includes wobbl e groove. 120 re) |%r3| cal
di sc according to claim 115 wherein said analyte structure i s d| spos ed
“confocally with said wobbl e groove. 121. The opti<€al disc according to any
one of cl ai weolf877 109, or 110 wherein said reflective | BYEUSINRAI36
semreflective |layer are reversibly separable. 122. A nethod for naking a
forward i mage, positive relief, inverted optical disc , substrate having a
trackabl e operational structure, said 4@thod conprising the steps of:
formng a stanper with a trackabl e operational structure identical in inmage
orientation and relief to a standard nmaster; and form ng said optical disc
substrate directly frdomwendystemsdrand] 28perding lrptlfioatherki ng a forward

i mge, negatigegiael h&f )od/neer %9@' opitletaah chwuta@tsrsate with a trackable
oper ati onal sfyuetur i d net rising the.steps of: formng a
reverse rmst er °°F8rn?eeneg g‘erféﬁ'p%\f ?rég%ngﬁen?%ﬁlgﬁsaﬁ T35 ef opposite to
sai d rever se dhaspeted Ay PShar nghree eopessioeabmasgyl défsc substrate
directly fsomassdadtst anper. 28 April 2003 113 124. The method according

to either claim 122 oerIJGZB éhgflgwg %aé&quggg;%gse@‘tlgﬁgg 463l disc is

performed in a DVD nol ing a _trac | e optical disc

havi ng concur%ﬁfﬁ?yr%’ﬁaﬁllé‘léﬁﬁlsﬁ iscr geP b F I %arh - rre?‘?ﬁﬁf conprising the
steps of: applighhgweukdfteednridehtayiaront bedopat tlbr Wddcsadd azfe of an inverted

di sc substrat@asapy eaﬁzﬁﬂlaysweaf@tl%%@lte& cbiir8sl 2Be0butdled3; and di sposi ng
aanalyte tructure confoc said ref tive, laye 126. The net hod
accor di ng*? o B %i"ﬁf‘ﬁg ? fY1 V\%‘?ﬂ”d’igsﬁogfﬂ'lbrg é’ﬁrltﬂlf’%(h%fr i ncl udes
di sposi ng saidisgnaBytas st "gtandardhdaio paykrnddsa.o darverrefdfective | ayer.
disc 330 is divided into two sections. Section 334 of
layer 0 stores data oxr programs, as described
hereinabove. Section 336 of layer 0 comprises a
15 transparent material having optical properties that may
be different from the optical properties of
section 334. In a preferred embodiment, the optical
properties of section 336 of layer 0 are optimized for
focusing a laser beam onto the operational structures
20 of the disc, and for detecting the signal elements in
channels 332.
Referring to FIG. 28, another dual layer
embodiment of an assay disc built in accordance with
the principles of the present invention is shown in
25 similar side cross-sectional view. Disc 340 is usable
in either a DVD reader, or in a CD-Recordable reader.
Layer 0 of disc 340 is arranged according to the DVD
format. Data encoded on layer 0 of disc 340 may be
read by a standard DVD player. Layer 1 of disc 340 is
30 encoded accoxrding to the CD-Recordable format, and
therefore uses a wider track pitch, and a lower density
arrangement of data. Data may be encoded in central
portion 342 of layer 1. Assay portion 344 of layer 1
is embossed with a wobble groove to satisfy the
35 operational requirements of an optical disc reader, and



127. A nethod for making a trackable optical disc having concurrently
readabl e anal yte structures, said nmethod conprising the step
a reflective layer to said patterned surface of a respective

242 2

| yi ng
strate

“according to any one of clainms 74 to 78; and di spdsing a analyte structure

conf ocal | ywaidohsssai d trackabl e operational structure. 1PETUTH@sIAEt hod
according to claim 127 wherein said disposing step further includes
di sposing said anal yte structure |laser-proximl to said trackable

oper at i onal

.AN% AA AL .A&9. A .A . A& . A .A.A.AA A . AA2ZA.ARA?A

structure. 129. The nethoggaccording to either claim 127 or 128
wherein said trackabl e operational structure includes a wobbl e groove.
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performing assays, as described hereinabove.

FIG. 29 shows another alternative embodiment
of a two-layer disc. On disc 350, the data and
operational structures of layer 1 of the two layer disc
are provided by hologram 352. Hologram 352 is similar
to hologram 194 of FIG. 20, so that the operational
structures and data encoded on hologram 352 appear to
the optical disc reader to be located at image
plane 354, which may be either laser distal or laser
proximal relative to hologram 352. Channels 356 are
used for performing assays, so the signal elements may
be disposed within spacer layer 358 of disc 350. These
signal elements are detectable in the return path of a
laser beam that is focused on the operational
structures of hologram 352.

It will be apparent to one skilled in the art
that a hologram similar to hologram 352 may be used to
provide layer 1 in nearly any of the foregoing dual
layer discs. As shown, iwmage plane 354 is laser
proximal relative to the surface of hologram 352, so
the signal elements will appear to be placed directly
on the surface of layer 1, or within the wobble groove
that is simulated by hologram 352.

It will further be apparent to one skilled in
the art that many of the foregoing embodiments shown
with reference to a two layer disc could be easily
extended to use in a multi-layer disc having more than
two layers. For example, channels for use in
performing assays could be located between each of the
layers of a multi layer disc, with each of the layers
(except layer 0) providing any operational structures
needed by the optical disc reader.
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The following examples are offered by way of
illustration and not by way of limitation.

EXAMPLE 1
Manufacture of a Trackable, Forward Image
5 Positive Relief Inverted Optical Disc

Suitable for Analyte-Specific Assay

An unpunched father part containing an image
of a CD-R format wobble groove, manufactured by Cinram
(Anaheim, California), was matrixed to form a CD-R

10 mother part by standard procedures. Briefly, the
electroforming was performed in a nickel sulfamate bath
in an electroforming system manufactured by Digital
Matrix, Inc. (Hempstead, New York).

The mother part was cleaned, polished and

15 punched, then used directly as a stamper to manufacture
inverted discs having a forward image spiral groove
with operational structures in positive relief. A
NETSTAL molding machine, manufactured by Netstal
Machinery Ltd. (Naefels, Switzerland), and a CD-R mold

20 created by AWM, of Switzerland were used to generate
the discs at EXIMPO S.R.0. (Prague, Czech Republic).
The molding parameters of the injection wmolding machine
were adjusted to facilitate high venting in the mold,
to accurately reproduce a groove. The polycarbonate

25 used to mold the disce was produced by Bayer Plastics.

The polycarbonate disc substrates were then
metalized with gold, using a wmetalizer manufactured by
First Light Technologies (Saco, Maine).

As shown in the AFM measurements of

30 FIGS. 10 - 12, the groove depth of these discs was
approximately 170 nm with a track pitch of
approximately 1.6 pm.
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to immobilize the anti-IgG Magabeads™ 79. Magabeads™
are spherical latex magnetizable particles that are
§ available commercially — either preconjugated with a
variety of binding moieties, such as goat anti-human
IgG as here, or alternatively with reactive groups that
permit custom conjugation.
The disc was dried, and its surface then

10 visualized by light and atomic force microscopy (AFM).
FIG.8 is a video image captured from a light
microscopic examination of a portion of the IgG-
specific first surface analyte-specific trackable assay
disc after application of human blood and antibody-

15 conjugated spheres. FIGS. 9 and 10 are AFM images of a
single latex sphere immunospecifically adherent to the
disc, at somewhat higher magnification than that used
in FIG. 8, with summaries quantitating dimensions
observed by the AFM during image acquisition. FIG. 11

20 is an atomic force microscope image of two latex
spheres immunospecifically adherent to a first-surface
trackable human IgG-specific disc and present in the
same AFM field, with summary quantitating dimensions
observed by the AFM during image acquisition.

25 EXAMPLE 3

Electronic Detection and Characterization of
Human Erythrocytes On An RBC-Specific
Trackable Immunoassay Optical Disc

A single data layer, first surface, forward
30 image/positive relief wobble disc was manufactured
according to Example 1. The gold surface of the disc
was then derivatized as follows.
An aliquot of 2 mg of N-[6-
(biotinamido)hexyl] -3'- (2'-pyridyldithio)propionamide
35 ("Biotin-HPDP") (Pierce, Rockford, IL; lot
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sites, each located at the same radius from the center
of the disc, 10 pl of biotin-HPDP solution was
5 pipetted. The disc was incubated for 2 hours at room
temperature, and then washed with 50 mM phosphate
buffer (pH 7).
Next, 10 pul of streptavidin solution
(Monobind, Costa Mesa, CA; Lot 96-001/MF; 2 mg/ml) was
10 pipetted onto the same assay spots. The disc was
incubated one hour at RT, and then washed with 50 mM
phosphate buffer.
Monoclonal wmouse anti-human glycophorin A
antibody (Dako Co., Carpinteria, CA; lot 113) was
15 biotinylated as follows. A 100 pl aliquot of antibody
was mixed with 0.1 mg of o-Biotin, w-N-
hydroxysuccinimidyl ester of poly(ethylene glycol)-
carbonate ("Bio-PEG-NHS") (Shearwater Polymers, Inc.
Huntsville, AL; lot PT-028-27) in 100 pl of phosphate
20 buffer (pH 7) and allowed to react for 1 hour. The
biotin-conjugated anti-human glycophorin A was dialyzed
overnight against the same buffer (dialysis MWCO =
30,000).
The dialyzed biotin-conjugated anti-human
25 glycophorin A antibody was pipetted onto the
streptavidin-coated assay spots on the disc and the
disc was then incubated for 1 hour at room temperature,
followed by wash using 50 mM phosphate buffexr (pH 7).
The disc, as so derivatized, was then used to
30 assay for the presence of red blood cells in human
blood.
A 100 pl sawmple of human blood was drawn from
a normal volunteer. A 10 pl aliquot of the blood
sample was diluted 10-fold using phosphate-buffered
35 saline ("PBS"). Two further 1:10 serial dilutions were
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10% > & () félosed humidified chamber for 2 hrs at room
temperature. The disc was then washed with PBS.
FIG. 12 is an atomic force microscopic image
confirming the immunospecific adherence of RBCs to the
10 assay site of the disc. As noted in the quantitative
analysis, the RBC's horizontal size is given
as 7.984 um, in agreement with the known diameter of
red blood cells (8 pum); this size is clearly different
from the uniform 3 pm diameter of the latex spheres
15 used and observed in Example 2. The height of the RBC
above the bottom of a groove is observed to be 1.8 pum.
The disc was washed with a 5% solution of
glycerol, dried, and read in the CD-drive as follows.
A CD-R device manufactured for quality
20 control use in the optical disc industry by CD
Associates, Inc. (Irvine, CA) was used to read the
disc. The drive's CD-R wobble tracking system (model
RSL100) was modified by addition of a lens 17 to the
optical pickup 10 to adjust focus in the absence of a
25 first refractive layer on the disc; the height of the
spindle was also raised. The HF (RF, quad sum) signal
was amplified by the electronic circuitry in the
RSL100, and the buffered HF signal input to a digital
oscilloscope.
30 FIG. 13 presents a representative tracing,
with the X axis displaying time and the Y axis
displaying the magnitude of the quad sum signal.
FIG. 13 demonstrates that the red blood cell is
directly visible as a high frequency, high amplitude
35 event in the HF signal of a CD-R reader; for an analyte
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the size of a mammalian cell, no latex sphere oxr other

exogenous signaling moiety i1s required to generate an
analyte-gpecific signal.
Also evident from the oscilloscope tracing in

& FIG. 13 is that the deviation from the HF baseline is a

double peak. BAlthough red blood cells are well known

to have a characteristic biconcave shape, we have

observed this dual peak when latex spheres are used, as

in Example 2, to report the presence of analytes. The

10 dual peak appears to result from reproducible changes
in reflectance as the laser traverses a sphere in the
groove.

A further observation readily apparent from
the oscilloscope tracing in FIG. 13 is that the

15 baseline on either side of the signaling event is
steady; that is, tracking of the wobble groove (here
manufactured as an inverse image wobble groove) does
not itself cause significant change in the guad sum
signal.

20 The optical reader, in accordance with CD-R
standard, maintained a constant linear velocity
irrespective of the location being read on the disc,
modifying spindle speed to lock a constant wobble
frequency. Based upon the known linear velocity of the

25 .disc and the time increments marked an the oscilloscope
tracing, each division on the oscilloscope tracing may
be shown to correspond to a linear distance on the disc
of 13 um. As measured on the tracing shown in FIG. 13,
the deviation in the guad sum signal baseline thus

30 gives 10 um as the approximate uncorrected size of the
object in the direction of the tracking groove.

The actual size of the object is smaller.
Prior calibration of the reader and oscilloscope
using 3 pm latex spheres had given oscilloscope peaks
35 reporting an apparent size of 5 pm, 2 pm wider than the
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actual object. This likely is accounted for by
the 1.5 pm laser focus diameter at the first surface of
the assay disc.
Taking into account the 2 um difference
5 between measured and actual size occasioned by the
diameter of the laser at the disc surface, the event
captured on the oscilloscope tracing in FIG. 13 as a
high frequency, high amplitude deviation in gquad sum
signal reports an object size of 8 pm, in excellent
10 agreement with the known 8 pum diameter of a human
erythrocyte.
FIG. 14 presents another oscilloscope tracing
of the HF event signaled by detection of a separate red
cell on the same disc. The biphasic peak is more
15 pronounced. FIGS. 15 - 17 are additional examples.
FIG. 18 is a digital superimposition of
multiple events acquired from various areas of the same
disc, demonstrating the reproducibility of the size and
shape measurements over several different red blood
20 cells immunospecifically adherent to the disc.

EXAMPLE 4
Calculation of optimal signal element sizes

Analyte-specific signals can be optimized by

adjusting the size of spherical signal elements
25 relative to the size of the tracking groove, as
follows.

FIG. 30 illustrates a calculation of the size
for a spherical signal element 360 to fit into a groove
on disc 362 such that the signal element is bound to

30 the groove at three points: one point at the bottom of
the groove, and a point at each edge of the groove. 1In
the following formulae, r is the radius of the
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spherical signal element, w is the width of the groove,
and h is the depth of the groove.
By the Pythagorean theorem, the relationship
between the radius of the sphere and the width and
5 depth of the groove is:

2
saat
re=@-h > (1)

Solving for r yields:

_ A+ w?

r= 2
8h (2)

Since the depth of a groove is preferably A/8, where A
10 is the wavelength of light used to read the disc, one
can express the radius as:
12
4—+
r=..__..6_.4.i_.__ (3)
A

Simplifying this yields:

r A -’r‘N2 (4)
18 A
15 Applying equation (4), if the wavelength of

the light used to read the disc is 0.65um (i.e., 650nm,
which is used for DVD), and the groove width is 0.8gm
(the track pitch for DVD), then the radius of the
spherical signal elements should be

20 approximately 1.03um.
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EXAMPLE 5

Manufacture of Single Data Layer
Optical Discs With Forward
image/Positive Relief Wobble Groove
Optimized For First Surface Detection

A CD-R mother part was fabricated to order at
CINRAM, essentially as set forth in Example 1, to serve
directly as a stamper to produce trackable, single
data-layer, forward image/positive relief wobble groove
discs. The mother part was used to stamp about 5000
polycarbonate discs, which were then metalized with
gold and stored for subsequent use. The disc molding
was performed at EXIMPO S.R.O. (Prague, Czech
Republic). Mold settings are set forth in
FIGS. 41A - 41I.

The discs fabricated in Example 1 (and used
in Examples 2 and 3 to generate the data presented in
FIGS. 8 ~ 18), had groove depths of
approximately 170 nm, reported as "vertical distance"
in the dimensional summary provided by atomic foxrce
microscope, reproduced in FIG. 10. The discs
manufactured here, by contrast, were designed with
groove depths approximating the first surface
theoretical optimum of 1/8 the 780 nm wavelength of the
intended incident laser.

FIG. 31 presents data from atomic force
microscopic examination of the inner diameter of one of
the discs. The dimensional summary reports a groove
depth of approximately 100 nm. FIG. 32 presents
similar data from atomic force microscopic examination
of the outer diameter; as is typical of disc
manufacture, the groove depth is slightly greater at
the outer diameter (here, 101.23 nm), to accommodate
the somewhat increased travel of the outer portion of
the disc in the direction of the optical axis. FIG. 33
presents analogous data from atomic force microscopic

10< 10< 10<
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examination of the inner diameter of the mother part,
and FIG. 34 presents data from atomic force microscopic

examination of the outer diameter of the mother part.

EXAMPLE 6

5 Manufacture of Laser-Refracting
Polycarbonate Covers

Laser refracting polycarbonate covers, one of
which is shown in top perspective view in FIG. 35 and
further schematized in FIG. 19 in side sectional

10 view (as assembled to a single data layer analyte-
specific disc), were manufactured as follows.

A nickel disc stamper intended for
manufacture of a standard ¢D, but too thick for
effective mounting on a molding machine, was placed in

15 a standard stamper polisher. The data surface of the
stamper was polished to smoothness, producing a stamper
about 260 pum - 330 pm thick with two polished faces.
The stamper was mounted in a standard CD-R mold and
settings were adjusted to give a polycarbonate cover

20 approximately 1.17 wmm thick, but otherwise dimensioned
identically to a standard 120 mm disc.

The single data layer discs manufactured in
Example 5 are about 1.2 +/- 0.05 wmm thick; the cover is
about 1.17 wm thick. Together, the two create an

25 assembly that is approximately 2.4 mm thick, outside
the maximal physical thickness provided by Red Book
standard (1.1 - 1.5 mm for all layers combined).
Empirically, we found that the increased thickness of
the disc assembly presented neither optical nor

30 mechanical problems. The data presented in Figure 40
were obtained using discs manufactured according to
Example 5 and assembled, before reading, with a cover
manufactured in accordance with this Example. The
cover provided sufficient assistance to focusing to
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obviate addition of a further focusing lens 17 to the
drive's optical pickup.

EXAMPLE 7
5 High Sensitivity Nucleic Acid
Sequence-Driven Adherence of Signal
Elements to Trackable Optical Discs
Single data layer, first surface forward
image/positive relief wobble discs were manufactured
10 according to Example 5. The gold surface of the discs
was then derivatized as follows. Manipulations were
performed in a laminar flow hood in a clean room.
On each of six discs was placed a single spot
of 15 pL streptavidin solution (2 mg/mL). The discs
15 were incubated 1 hour, then rinsed in a stream of
distilled H,0 (dH,0). An aliquot of 10 pL 2-
mercaptoethylamine (137 pg/ml) was added to each spot
to block non-specific binding (the solution had been
stored at 4°C for a time sufficient to oxidize the
20 solution). The discs were incubated for 3 minutes,
then rinsed with dH,0. The discs were not dried before
use.
Nucleic acid probes were synthesized to order
by Keystone Laboratories (Foster City, CA) with amine-
25 modified 3' or 5' termini as follows:

5'-TCGGGTGTACTCAC-amine-3' (SEQ ID NO:1)
5'-amine-TCCAAGARAAGGACC-3' (SEQ ID NO:2)

Each probe was then independently conjugated to biotin
through its amine-modified terminus as follows.

30 A stock solution of biotin-PEG-NHS («-Biotin,
o-N-hydroxysuccinimidyl ester of poly(ethylene glycol)-
carbonate) (MW=3400,Shearwater Polymers, Inc.
Huntsville, AL; lot PT-028-27) was prepared by
dissolving solid in phosphate buffered saline
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"The 3! amlnated probe EQ ID NO:1) ("3

5 probe") was dissolved in PBSAz to a final concentration
of 1 nmol/uL (473 nmol in 473 pL). Twenty pL (20 mol)
of the 3' probe solution was then added to 10 pL
biotin-PEG-NHS stock solution to yield a final nucleic
acid concentration of 660 pmol/pL. In parallel, the S

10 aminated probe (SEQ ID NO:2) ("5' probe") was dissolved
in PBSAz to a final concentration of 2 nmol/puL (84 nmol
in 42 pL), and 10 pL (20 nmol) of this 5' probe
solution was then added to 10 uL biotin-PEG-NHS stock
to yield a final nucleic acid concentration

15 of 1 nmol/puL. The solutions were separately incubated
at room temperature (RT} for 2 hours.

The 3' probe was then conjugated to the
surface of monodispersed superparamagnetic beads
(uniformly 2.8 um in diameter) via the biotin moiety.

20 To a 1 mg aliquot (100 gL, 10 mg/ml) of streptavidin-
coated Dynabeads® (Dynal Inc., Lake Success, NY; cat.
no. M-280) were added ten successive 10 pL aliquots
of 1:10 diluted 3' biotinylated probe prepared as
above (66 pmol/uL at 1:10 dilution). A 10 wminute

25 incubation at room temperature was performed between
the first and second addition of probe solution to the
beads, 5 minutes between second and third, and two
minutes between the remaining additions.

The 3' probe-conjugated beads were then

30 rinsed twice with 200 puL PBSAz and 200 puL hybridization
buffer (923 wmM Na,HPO,, 75 mM NaH,PO,, 1 mM EDTA,

PH 7.34). Beads were recovered quantitatively from the
rinse solutions using magnetic separation (Dynal). The
beads were resuspended in 1 mL hybridization buffer.

35 Assuming complete conjugation of nucleic acid, the 3'
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nmol/pl) was diluted to 1 wml with hybridization buffer

5 (final concentration 20 pmol/puL).
Target nucleic acid was synthesized to order
by Keystone Laboratories as follows:

5'-GTGAGTACACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGA-3!
(SEQ ID NO:3).

10
Target was dissolved in PBSAz to a final concentration
of 100 uM. Thereafter, four 1,000-fold (1 uL to 1 mL)
serial dilutions were performed with hybridization
buffer, ylelding target test solutions at

15 concentrations of 100 nM, 100 pM, 100fM and 100 aM.

Six fluid-phase hybridization reactions were

set up in parallel solutions. In each reaction, 2 pL
bead-conjugated 3' probe (396 fmoles nucleic acid)
and 1 uL biotinylated 5' probe (20 pmoles) were

20 incubated with target DNA (SEQ ID NO:3) as follows:

reaction 1 1pL 100 nM target = 100 fmoles target
reaction 2 1pL 100 pM target = 100 amoles target
reaction 3 1uL 100 fM target = 100 zmoles target
reaction 4 1pl 100 aM target = 100 ymoles target

25 reaction § 1uL hybridization buffer (control)
reaction 6 luL water (control)

Each tube was incubated at room temperature for 2 hours
on a shaker, 300 RPM.
After hybridization was complete, each of the
30 six hybridization reactions was rinsed twice
with 100 gL PBSAz, with the beads recovered
quantitatively using magnetic separation, and
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reactions, 2 pL of bead suspension was then applied to
the streptavidin assay spot on a separate one of the

discs, yielding target amounts as follows:

5 disc 1 20 fmoles (20 x 107'° moles) target
disc 2 20 amoles (20 x 107 moles) target
disc 3 20 zmoles (20 x 107* moles) target
disc 4 20 ymoles (20 x 10™* moles) target
disc 5 0 (hybridization buffer control)

10 disc 6 0 (water control)

The beads were incubated 10 minutes on the
disc, which was then rinsed with a stream of water.
The discs were dried, then visualized by light
microscopy.

15 FIG. 36 schematizes the assay site at the
time of visualization. Directly adherent to the gold
surface of the trackable optical disc is a coating of
streptavidin, bound by van der Waal's forces and by
sulfur-gold bonds formed between free sulfyhydryls of

20 the streptavidin protein and the gold surface of the
disc. The streptavidin captures the biotin moiety of
the 5' probe. The §' probe, in turn, captures the
target nucleic sequence by Watson-Crick complementarity
with 14 nucleotides at the 3' end of the target. The

25 target, in turn, captures the 3' probe through Watson-
Crick complementarity of 14 nucleotides at its 5' end,
thus tethering the Dynabead® to the disc.

FIG. 37 presents light microscopic images
taken separately of assay discs 1 - 3, each disc at two

30 magnifications: adherent spheres and the wobble grooves
are clearly visible in the higher magnification panels
of all three. Increasing numbers of adherent beads are

clearly seen with increasing amounts of nucleic acid
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target, with disc 3 (FIG. 37C) showing complementarity-
driven adherence of spheres to the disc surface at 20
zeptomoles (20 x 107 moles; 12 x 10° molecules) nucleic
acid target, with disc 2 (FIG. 37B) showing

5 complementarity-driven adherence of spheres to the disc
surface at 20 attomoles (20 x 107'!® moles; 12 x 10°
molecules) nucleic acid target, and disc 1 (FIG. 37A)
showing complementarity-driven adherence of spheres to
the disc surface at 20 femtomoles (20 x 10™!° moles; 12

10 x 10° molecules) of nucleic acid target. No beads were
observed on the surface of either control disc (not
shown) .

All patents, patent publications, and other

published references mentioned herein are hereby

15 incorporated by reference in their entirety as if 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

20 changes and modifications may be made therein without
departing from the invention, and it is intended in the
appended c¢laims to cover all such changes and
modifications that fall within the true spirit and
scope of the invention.
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operational structure for providing physical indicia suitable for at least focus error signal
generation and tracking error signal generation, said disc having unidentified analyte
structures‘ positioned confocally with said operational structures which form said
information track, said player comprising:
optical means for generating a laser beam suitable for impinging upon said
information track;
optical disc support means for supporting said disc in rotating relationship with
said laser beam;
means including focus servo means for focusing said laser beam upon said
information track and for maintaining said focus on said information track as said optical
disc is in rotational engagement with said laser beam;
means including speed servo control means for controlling the speed of said disc
rotation in a predetermined manner;
means including tracking servo means for controlling the positioning of the laser
beam as it impinges upon the rotating information track;
output connector means for making an imaging signal available for connection to
an external utilization means;
said optical means further including detector means having at least two modes of
operation;
said first mode of operation being employed for generating signals suitable for
application to said tracking servo means and said focus tracking servo means;
said first mode of operation being further employed for generating signals
suitable for application to a signal decode means for decoding the information stored in
said information track;
said second mode of operation being employed for temporarily interrupting said
sighals suitable for application to both of said tracking servo and to said focus tracking
servo; and .
said second mode further employed for connecting at least a quad sum read
signal to said output terminal for detecting and characterizing analyte structures
positioned on said disc;

2. The optical disc player as recited in claim 1 wherein said tracking means
includes radial tracking means and tangential tracking means.
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laser beam as said detected signal is applied to said utilization means.

4. The optical disc player as recited in claim 1 wherein said utilization means
stores repeated scans of said analyte structure for storing information for identifying
said analyte structure.

5. The optical disc player as recited in claim 1 further including means
responsive to said tracking error signal for detecting and characterizing said analyte
structure carried by said disc.

6. The optical disc player as recited in claim 1 further including means
responsive to said focus error signal for detecting and characterizing said analyte
structure carried by said disc.

7. The optical disc player as recited in claim 1 wherein said optical means and
said focus servo means are employed for focusing said laser beam on a plane shared
by the analyte structures and the operational structures for permitting concurrent and
discriminable acquisition of operational and analyte data, and said operational structure
is one of a track or groove formed in the laser proximal surface of the disc.

8. The optical disc player as recited in claim 7 wherein said operational structure
is one of a forward and a reverse wobble groove.

9. The optical disc player as recited in claim 7 wherein said operational structure
is one of a forward and a reverse standard CD information track.

10. An optical disc player for operating in combination with an output utilization
means and an optical disc, and said disc being formed having one of a spiral shaped or
of a concentric shaped information track conventionally formed on a first surface of said
disc, said track being formed with at least some operational structures for providing
physical indicia suitable for at least focus error signal generation and radial tracking
error signal generation, said disc having unidentified analyte structures positioned
confocally with said operational structures which form said information track, said player
comprising:
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information track, said optical means including detector means for generating at least a
focus error (FE) signal, a radial tracking error signal (TE) and a high frequency read
signal (RF, HF, quad sum);
optical disc support means for supporting said disc in rotating relationship with
said laser beam;
means including focus servo means and said focus error signal generated in said
detector means for focusing said laser beam upon said information track and for
maintaining said focus on said information track as said optical disc is in rotational
engagement with said laser beam;
means including speed servo control means for controlling the speed of said disc
rotation in a predetermined manner,
means including radial tracking servo means and said radial tracking error signal
generated by said detector means for controlling the radial positioning of said laser
beam as it impinges upon the rotating information track; and
output terminal means for making at least said RF signal available as an imaging
signal for connection to said external utilization means, said detector means having at
least two modes of operation, a first mode of operation being employed for generating
signals suitable for application to said radial tracking servo means and said focus
tracking servo means, said first mode also for generating signals suitable for application
to a signal decode means for decoding the information stored in said information track,
and a second mode of operation, being employed for temporarily interrupting said
signals suitable for application to both of said radial tracking servo and to said focus
tracking servo and for connecting at feast said read signal to said output terminal.

11. The optical disc player as recited in claim 10 wherein said first mode of
operation is further employed for generating signals suitable for application to a signal
decode means for decoding the information stored in said information track.

12. The optical disc player as recited in claim 10 further including means for
segregating the tracking signal from the quad sum (HF, RF) signal for permitting the
quad sum signal to be used to detect signals from analyte features.

13. The optical disc player as recited in claim 10 wherein said optical means and
said means for focussing said laser beam upon said information track, focus said laser
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14. The optical disc player as recited in claim 10 wherein said operational
feature is the physical structure forming the information track on one surface of the disc.

156. The optical disc player as recited in claim 12 further including means for
characterizing said output signal from said summing detector while the laser beam is
traversing said analyte feature so that said means for characterizing detects and
displays the amplitude variation in the HF signal, and measures the duration of the
reflected read beam as it traverses said analyte signal for providing a substantially
qualitative measure of the size and configuration of said analyte feature.

16. An optical disc player adapted for operating in combination with an output
utilization means and an optical disc having one of a spiral shaped or of a concentric
shaped information track formed on a first surface of said disc, said track being formed
with at least some operational structures for providing physical indicia suitable for at
least focus error signal generation and radial tracking error signal generation, said disc
having unidentified analyte structures positioned confocally with said operational
structures which form said information track, said player comprising:

optical means for generating a laser beam suitable for impinging upon said
information track and said analyte structures;

optical disc support means for supporting said disc in rotating relationship with
said laser beam;

focus means including focus servo means for focusing said laser beam upon said
information track and for maintaining said focus on said information track as said optical
disc is in rotational engagement with said laser beam;

speed control means including speed servo control means for controlling the
speed of said disc rotation in a predetermined manner;

tracking means including radial tracking servo means for controlling the radial
positioning of the faser beam as it impinges upon the rotating information. track;

output connector means for making an imaging signal available for connection to
external utilization means;

said optical means further including summing detector means having at least two
modes of operation, a said first mode of operation employed for generating signals
suitable for application to said radial tracking servo means and said focus tracking servo

means, and a second mode of operation employed for temporarily interrupting said
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means for characterizing said output signal from said summing detector while the
laser beam is traversing said analyte feature, said means for characterizing detecting
and displaying the amplitude variation in the HF signal, and measuring the duration of
the reflected read beam as it traverses said analyte signal for providing a substantially
qualitative measure of the size and configuration of said analyte feature; and
means for segregating said analyte signals generated in said second mode of
operation from said operational signals generated in said first mode of operation, said
segregation means being responsive to operational signals and employed for switching
said detector means from said first mode of operation to said second mode of operation.

17. The optical disc player as recited in claim 16 wherein said segregation
means further includes segregation detection, recognition, and signaling means
responsive to indicia carried by said disc and operative for switching said detector
means between at least either of two modes of operation.

18. The optical disc player as recited in claim 17 wherein said indicia are pre-
stamped on or in said disc during forming of said disc.

19. The optical disc player as recited in claim 17 wherein said indicia include a
pre-stamped notch formed in the land area positioned between the wobble groove.

20. The optical disc player as recited in claim 17 wherein said indicia include
pre-stamped address indicia formed in a region of the disc read by said impinging read
beam.

21. The optical disc player as recited in claim 20 wherein said pre-stamped
address indicia include a spatially addressable pattern of sub micron features.

22. The optical disc player as recited in claim 17 wherein said indicia include a
bi-phase mark and pit combination carried by said disc.

23. An optical disc player adapted for operating in combination with an output
utilization means and an optical disc, and said disc being formed with one of a spiral
shaped or of a concentric shaped information track on a first surface of said disc, said
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optical means for generating a laser beam suitable for impinging upon said
information track and said analyte structures;
optical disc support means for supporting said disc in rotating relationship with
said laser beam;
focus means including focus servo means for focusing said laser beam upon said
information track and for maintaining said focus on said information track as said optical
disc is in rotational engagement with said laser beam;
speed control means including speed servo control means for controlling the
; speed of said disc rotation in a predetermined manner;
tracking means including radial tracking servo means for controlling the radial
positioning of the laser beam as it impinges upon the rotating information track;
output connector means for making an imaging signal available for connection to
; external utilization means;
summing detector means associated with said optical means, said summing
detector means having at least two modes of operation including a first mode of

operation employed for generating signals suitable for application to said radiai tracking
servo means and sald focus tracking servo means, and a second mode of operation

employed for temporarily interrupting said signals suitable for application to both of said
radial tracking servo and to said focus tracking servo and for connecting at least said
read signal to said oufput connector means;

means for characterizing said output signal from said summing detector while the
laser beam is traversing said analyte feature, said means for characterizing employed
to detect and display the amplitude variation in the HF signal, and measure the duration
of the reflected read beam as it traverses said analyte signal to thereby provide a
substantially qualitative measure of the size and configuration of said analyte feature;

means for segregating said analyte signals generated in said second mode of
operation from said operational signals generated in said first mode of bperation, said
segregation means being responsive to operational signals and employed for switching
said detector means from said first mode of operation to said second mode of operation;
and

said segregation means including means for the concurrent and discriminable
acquisition of signals from analyte features and for the segregation of tracking signals



10 10!\ "1 109 ()-S,'Y |
10%& () - S, RRSTWJUWWI3r S10! ! " 109" ()-(!' (" " 109& ()-(! "~ 109&
q - 15)2’/0 )& ()-(') 10%; & () - (W YV\%(YS/Y(ZYhYt Y{\ (:2)| l( S 10%& 82%‘68/%(8({% (109
109 109 "1090& ()-(!'1""10%& ()-(!'( " 10% ()-(tY{YYYIZY[N\ " <{\=0!!"1$ YVz
10%& ()-0"!. YVz 109%& ()-0"!$YVz 109%& ()-0O'
10%& ()-'!'@0% ()-10%& ()-Y\[]]+") 99\MJ6+: 10@3109&' ()-!3 YVz
10%& () -0 I)‘YVz 10%& ()-0'!8YVz 10% & ()-0'!$ YVz 10% ()-0"!'$ "YVvz

109%&' () - 0'f ) v
S@0%’ ( :om_sn§310 gn: ald g_@?ﬁotég@%wa@blelgﬁ% O}g%tgi& c(%oosed upon said disc and for
10! ° s 1o%grqgumngsm|g@n@ V(a5|at|og§ lq@% HE: s(lgnal Ayoigg Gr)ackablg(@fg%agg@ pptiqal
YXGLO%&' ( )gideccLdddUe( f zX6N=
10! 7. " 10%&' ()-'E. "109%& ()--109& ()-! $10%& ()-! $109& ()-!3$10%7& ()-(f)f*
f +f Of Zf f ghuS10! * L#109%&' ()- 'vL#10% " & ()- 'l1109% ()-Y 1 109& ()-Y #f109& () -
10 10 10hi 6jj chkMaSl@! distt PEYE 49 reclted [rvdlaing23 Wheteir said deteglo( Ineans
. (y;zlg’;’/& ey &?‘én‘%%‘r fdrierating?a Bodus Errbr (FE!didrlal,'a PAdTaL BkingL OB gnn S

(TE), and a high frequency read signal (RF).

25. The optical disc player as recited in claim 24 further including means for
controlling the tangential positioning of the laser beam as it impinges upon said
information track and as said track moves in relationship with said substantially
stationary read beam.

26. The optical disc player as recited in claim 24 further including a focusing lens
in said optical means for confocally focusing said read beam on both operational and
analyte features as said read beam impinges upon an inverted disc having its surface
carrying both said operational and analyte features positioned as a proximally
positioned surface of said disc.

27. The optical disc player as recited in claim 24 wherein said tracking signals
recovered by said tracking servo signal recovery means from said operationa!l features
positioned on said disc are standard in CD design.

28. The optical disc player as recited in claim 24 wherein said analyte features
are employed for generating high amplitude, high frequency events in said quad sum
(HF ,RF) signal to thereby provide dimensional information about said analyte features.

29. The optical disc player as recited in claim 24 wherein said means for
characterizing further includes means for distinguishing generated signals that identify
operational features from generated signals that identify analyte features.

30. The optical disc player as recited in claim 24 further including means for
controlling the tangential positioning of the laser beam as it impinges upon said
information track while said track moves in relationship with said substantially stationary
read beam.
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error signal generation, sald disc having unidentified analyte structures positioned
confocally with said operational structures, said player comprising:

optical means for generating a laser beam suitable for impinging upon said
information track;

optical disc support means for supporting said disc in rotating relationship with
said laser beam;

focus servo means for focusing said laser beam upon said information track and
for maintaining said focus on said information track as said optical disc is in rotational
engagement with said laser beam;

speed servo control means for controlling the speed of said disc rotation in a
predetermined manner;

tracking servo means for controlling the positioning of the laser beam as it
impinges upon the rotating information track;

output connector means for making an imaging signal available for connection to
an external utilization means; and

said optical means including detector means having at least two modes of
operation including a first mode of operation for generating signals suitable for
application to said tracking servo means and said focus tracking servo means, and for
generating signals suitable for application to a signal decode means for decoding the
information stored in said information track, said detector means having a second mode
of operation for temporarily interrupting said signals suitable for application to both of
said tracking servo and to said focus tracking servo.

32. The optical disc player as recited in claim 31 wherein said second mode is
further employed for connecting at least said quad sum read signal to sald output
terminal for detecting and characterizing analyte structures positioned on said disc.

33. The optical disc player as recited in either claim 31 or 32 further including
means for classifying patterns in the data that report one or more physical properties of
analyte structures disposed upon or within an optical disc.
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38. The optical disc player as recited in claim 37 further including means for
. analyzing said data acquired by reading a respective optical disc having at least one
readable analyte structure.

39. The optical disc player as recited in claim 38 wherein said optical disc is
+ trackable and supports at least one concurrently readable analyte structure.

40. The optical disc player as recited in claim 39 wherein said means for
analyzing includes means for identifying patters in the data that report a physical
property of the analyte structure.

41. The optical disc player as recited in claim 40 further including a plurality of
physically nonidentical analyte structures readable concurrently with the disc's tracking
aftributes.

42. The optical disc player as recited in claim 41 further including means for
determining the relative physical locations of two different analyte structures from data
acquired by reading operational features associated with the disc, said two different
analyte structures including a first analyte structure and a second analyte structure.

43. The optical disc player as recited in claim 42 further including means for
reporting a second pattern of a physical property of said second analyte structure, and
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45. The optical disc player as recited in claim 44 further including means for
mapping the physical locations of analyte structures on a surface of a respective optical
disc.
46. The optical disc player as recited in claim 45 wherein said means for
mapping includes means for determining the relative physical location of at least one of
the first and second analyte structures.

47. The optical disc player as recited in claim 46 further including means for
marking a representation of said surface of said respective optical disc with at least one
object that indicates the at least one relative physical location.

48. An information storage and sample analysis medium, comprising:

a major surface having a planar surface area and a plurality of spaced-apart,
elongated, discrete surface indicia integral with said planar surface area,;

said discrete surface indicia sequentially arranged in a plurality of substantially
parallel information tracks;

adjacent surface indicia along each track separated by interval portions of said
planar surface area;

said parallel information tracks separated by intertrack portions of said planar
surface area;

an outermost information track having an intertrack portion positioned on both
sides of said outermost information track;

said intertrack portions and said interval portions together defi nmg said planar

. surface area; .

said discrete surface indicia having substantially uniform widths defining the
width of said information tracks;

said intertrack portions between adjacent information tracks having substantially
uniform widths;

each of said discrete surface indicia and said interval portions having variable
length to represent stored information; and
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peripheral portion to an outer peripheral portion of said major surface.

50. The information and analysis medium as recited in either claim 48 or 50
wherein said medium is disc-shaped.

51. The information and analysis medium as recited in claim 48 wherein said
discrete surface indicia include elongated markings in said major surface and said
information is stored as an interval portion followed by discrete surface indicia for
* representing a forward disc having a positive image.

52. The information and analysis medium as recited in claim 1 wherein said
discrete surface indicia include elongated markings in said major surface of said
member; and said information is stored as discrete surface indicia followed by an
interval portion for representing a forward disc having a negative image.

53. The information and analysis medium as recited in claim 3 wherein said
elongated markings are of substantially uniform depth and bottom surfaces of said

markings lie in a substantially common plane spaced from the plane of said planar
surface area.

54. An information storage and sample analysis medium, comprising:

a major surface having a planar surface area and a plurality of spaced-apart,
elongated, discrete surface indicia integral with said planar surface area and extending
away from the plane of said planar surface area;

said discrete surface indicia sequentially arranged in a plurality of substantially
parallel information tracks;

adjacent surface indicia along each track separated by interval portions of said
planar surface area,;

said parallel information tracks separated by intertrack portions of said planar
surface area;

said intertrack portions and said interval portions together defining said planar
surface area;
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representing stored information;

said discrete surface indicia including elongated markings in said major surface;

said stored information including at least address information for identifying
spatial locations on said major surface; and

at least one of said addresses being employed for designating a suitable sutface
location for supporting at least one analyte structure.

55. The information and analysis medium as recited in claim 54 wherein said
discrete surface indicia include elongated markings in said major surface of said
member and said information is stored as an interval portion followed by discrete
surface indicia for representing a forward disc having a positive image.

56. The information and analysis medium as recited in claim 54 wherein said
discrete surface indicia include elongated markings in said major surface and said
information is stored as discrete surface indicia followed by an interval portion for
representing a forward disc having a negative image.

57. The information and analysis medium as recited in any one of claims 54, 55,
or 56 wherein said elongated markings are of substantially uniform depth.

58. The information and analysis medium as recited in any one of claims 54, 55,
or 56 wherein said information tracks include respective turns of a spiral extending
between an inner peripheral portion to an outer peripheral portion of said major surface.

59. The information and analysis medium as recited in claim 54 wherein said
medium is disc-shaped.

60. An information storage and sample analysis medium, comprising:
a major surface having a planar surface area and a plurality of spaced-apart,
elongated, discrete surface indicia integral with said planar surface area;
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adjacent surface indicia along each track separated by interval portions of said
planar surface area;

said parallel information tracks separated by intertrack portions of said planar
surface area;

said intertrack portions and said interval portions together define said planar
surface area;

said discrete surface indicia having substantially uniform widths defining the
width of said information tracks;

said intertrack portions between adjacent information tracks having substantially
uniform widths;

each of said discrete surface indicia and said interval portions having variable
length;

at least a portion of said discrete surface indicia and said interval portions being
employed for representing stored information;

a portion of said planar surface adapted for supporting at least one analyte
structure; and

means for providing positional information to identify said portion of said planar
surface adapted for supporting said at least one analyte structure.

61. The information and analysig medium as recited in any one of claims 48, 54
or 60 wherein said discrete surface indicia and said interval portions therebetween, are
capable of modulating the intensity of a light beam incident thereupon to thereby
provide optical contrast between said discrete surface indicia and said interval portions
and facilitate recovery of said stored information from said major surface of said
member by optical detection.

62. The information and analysis medium as recited in claim 60 wherein said
information tracks include respective turns of a spiral extending between an inner
peripheral portion to an outer peripheral portion of said major surface. '

63. The information and analysis medium as set forth in claim 48 adapted to
transfer surface indicia to a body of disc material.

64. The information and analysis medium as set forth in any one of claims 48, 54
or 60 wherein the medium is adapted for transferring surface indicia to a body of disc
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66. The information and analysis medium as set forth in any one of claims 48,
54, or 60 wherein the medium may be written to after analysis of said analyte structure.

67. The information and analysis medium as set forth in any one of claims 48,
54, or 60 wherein the medium is a transmissive optical disc.

68. The information and analysis medium as set forth in any one of claims 48,
54, or 60 wherein the boundaries between said discrete surface indicia and said
intertrack portions adjacent thereto, are substantially linear, when viewed in a plan, in
the direction of the information tracks.

69. An information storage and sample analysis medium, comprising:

a disc-shaped member having a planar surface area on a major surface thereof
and a plurality of spaced-apart, elongated, discrete surface indicia integral with said
planar surface area;

said discrete surface indicia including elongated markings in said major surface;

said discrete surface indicia being sequentially arranged in a plurality of
sequentially parallel information tracks;

said information tracks including respective turns of a spiral extending between
an inner peripheral portion to an outer peripheral portion of said major surface of said
member; '

adjacent surface indicia along each track are separated by interval portions of
said planar surface area;

said parallel information tracks are separated by intertrack portions of said planar
surface area;

said intertrack portions and said interval portions, together define said planar
surface area, the boundaries between said discrete surface indicia and said intertrack
portions adjacent thereto being substantially linear, when viewed in plan, in the direction
of the information tracks;

said discrete surface indicia have substantially uniform widths defining the width
of said information tracks;
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uniform widths;

a portion of said planar surface adapted for supporting at least one analyte
structure;

means for providing positional information to identify said portion of said planar
surface adapted for supporting said at least one analyte structure;

said discrete surface indicia having variable length to represent stored
information; and

said discrete surface indicia and said interval portions therebetween capable of
modulating the intensity of a light beam incident thereupon to thereby provide optical
contrast between said discrete surface indicia and said interval portions and facilitate
recovery of said stored information from said major surface by optical detection.

70. The information and analysis medium as set forth in any one of claims 51,
52, 63, 54, 65, 56, 57, or 59 wherein said markings are in the form of depressions
formed relative to said major surface.

71. An optical disc having a readable analyte structure, said disc comprising:

an information layer including a trackable structure that is followed by a read
beam of an optical disc reader, said trackable structure implemented to produce a
holographic image; and

at least one analytestructure, said trackable structure and said analytestructure
being concurrently readable by a single optical pickup.

72. The optical disc according to claim 71 wherein said holographic image is
projected in a plane confocal with said analyte structure.

73. The optical disc according to either claim 71 or 72 wherein said trackable
structure is an image of a wobble groove.

74. An optical disc assembly, comprising:
an information layer;
a cover that assists in focusing an incident beam on said information layer
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substrate is presented laser-proximal to said additional surface of said substrate.

75. The optical disc assembly according to claim 74 wherein said operational
structure is trackably disposed as a forward image in positive relief.

76. The optical disc assembly according to claim 74 wherein said operational
structure is trackably disposed in a plane of said information layer that is most distal to
said additional surface of said substrate.

77. The optical disc assembly according to claim 74 wherein said operational
structure is trackably disposed as a forward image in negative relief.

78. The optical disc assembly according to claim 74 wherein said operational
structure is trackably disposed in a plane of said information layer that is most proximal
to said additional surface of said substrate.

79. The optical disc assembly according to any one of claims 74 to 78 wherein
said operational structure includes a wobble groove.

80. The optical disc assembly according to claim 74 further including at least one
. analyte structure readable concurrently with said operational structure.

81. The optical disc assembly according to any one of claims 75 to 78 further
" including at least one analyte structure readable concurrently with said operational
structure.

82. The optical disc assembly according to claim 79 further including at least one
analyte structure readable concurrently with said operational structure.

83. The optical disc assembly according to claim 80 wherein said analyte
structure is disposed confocally with said operational structure.
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86. The optical disc assembly according fo claim 80 wherein said analyte

structure is an analyte-specific signal element.

87. The optical disc assembly according to claim 81 wherein said analyte
structure is an analyte-specific signal element.

88. The optical disc assembly according to claim 82 wherein said analyte
structure is an analyte-specific signal element.

89. The optical disc assembly according to claim 83 wherein said analyte
structure is an analyte-specific signal element.

90. The optical disc assembly according to claim 84 wherein said analyte
structure is an analyte-specific signal element.

91. The optical disc assembly according to claim 85 wherein said analyte
structure is an analyte-specific signal element.

92. The optical disc assembly according to claim 83 wherein said information
layer further includes a reflective layer, and said analyte structure is disposed laser-
proximal to said reflective layer when said substrate patterned surface is presented
laser-proximal to said additional surface of said substrate.

93. The optical disc assembly according to claim 83 wherein said information
layer further includes a reflective layer, and said analyte structure is readably disposed
on a disc surface more distant from said substrate additional surface than is said
reflective layer.

94. The optical disc assembly according to either claim 92 or 93 wherein said
non-opertional structure is disposed upon a surface of said reflective layer.
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102. The optical disc assembly according to claim 101 wherein said cover

consists essentially of polystyrene.

103. The optical disc assembly according to claim 101 wherein said cover
consists essentially of polycarbonate.

104. The optical disc assembly according to either claim 74 or 95 wherein said
assembly has a diameter in a radial plane between 110 - 130 mm and a depth between
11-13 mm.
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10% & ()- Y 109G éﬂtl‘cals'disc according to claim 108 wherein said analyte structure is
disposed confocally with a surface of said semireflective layer.

111. The optical disc according to any one of claims 106, 107, 108, 109, or 110
wherein said analyte structure is disposed confocally with a surface of said first
reflective layer.

112. The optical disc according to claim 111 wherein said analyte structure is

disposed on a laser-proximal side of said first reflective layer.

113. The optical disc according to claim 111 wherein said analyte structure is

disposed on a laser-distal side of said first reflective layer.
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forming a stamper with a trackable operational structure identical in image
orientation and relief to a standard master; and
forming said optical disc substrate directly from said stamper.

123. A method for making a forward image, negative relief, inverted ‘optical disc
substrate with a trackable operational structure, said method comprising the steps of:

forming a reverse master;

forming a stamper image orientation and relief opposite to said reverse master;
and

forming a respective optical disc substrate directly from said stamper.
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disposing a analyte structure confocally with said trackable operational structure.

128. The method according to claim 127 wherein said disposing step further
includes disposing said analyte structure laser-proximal to said trackable operational
structure.

129. The method according to either claim 127 or 128 wherein said trackable
operational structure includes a wobble groove.



