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207903 1= | NFORMATI ON RECORD AND A METHOD OF REVERSI BLY RECORD '
ERASI NG | NFORMATI ON THEREON 5 This invention rel at eé’bwa3 :
isnf ormation r.ecord which is reversible _jo the sense of having an

i nformati:on track therein which can be erased while maintaining the

re-recor di ng capabiNo(TION REGOND ANPNS. MEYHODSOFPREVERSIBRY, 895
whi ch i ssued June and- I1s_rrncar (;)ra.RS’qu,T "(Sﬁl‘i E& erence,
has_di scl osed an abl BEGQRQFNGPAIND Mﬁm@ 114300 JONGEIH opti cal
recordi ng system The optical recording nediumconprises a reflective |ayer
which is goated with absorpti.ve | aver, where the thickness .of, 1he.

absor pt i vg | ayer is ca’ggl% "%‘58?“% Eﬁé‘%?‘? e%?i’\#?%m%ﬁ‘mp EeCPEd Whleh 18 ng
mag@ umis redpsestsiBlé anlthe sendel ¢ dvinglah brefprmdticrc teshlatthbbein ecor di ng
medi um vapori z

es or _ahl ates the sorptive.layer |eaving.an openi in this
Taver ana oxpUERHG cef e eFreed MpLT Tpeptaifipd e s8Rl FRRRRESYL |1
reflectivity ofttheemediymerturbed: portions of fthe' recordi ng medi um and those
portions in 20  whi Chgﬁ&ngp%ﬂ'ﬂg 8! ?&Eﬁ?@b‘s‘?“ﬁzﬁkﬁ{iﬁh'ﬁsﬁ%eﬁﬁ 27,
optlcallx and _converted Intb an el ectrical signal representative of the
recor dediPnf odfE8iand imincerpenaedcherein I refsnents | hasdisplasgtedher ein
(71l ayer opt olTTLE A rerePling IedluEtor R L G20 opfica) recoraine
i nt er posed beSYSERY héf%%%lpé@@fxré’—caﬁ megdiup, FompEises rrﬁ{ﬁcqa‘*ei%ng
Op} i tcaljI [ec?[] dv'l?ehni%d_bmed]jb?ﬁt fdnchhe&&#@fret ﬂeyab,sw?ﬁ-ievmé ;:mlsknesss? t
related to the i ckness_Q e _spacer | ayer and 1.0 opti.cal cgnstants
(tho/fndex of Of e, aBRGrPAYA TAKEF S8, riesath R0t e pEfieahafy o P 2
r e; : ecti 8, specerdimgdmediumpisi redieads sA foeusdd nll)cnhxlated Rigghtpbeaml
reflectivit A r [ | um _ koer - a
nodul at ed | Ygﬁlr#écg% gglctég eig%ogra %r#ﬁlesulma%\zégggf%% i ‘\S/‘ngfﬂgé}grs t%?%l}g g’vgn
opening in thilsyemjeavinghan epgnisignin tthis dayer |aﬁdmgxpesing_:ttheer¢ﬂ@@tive
Lhrough the SRagel | Bifting Feadolit! Gl AltrkPlice R ARRUAY el MY

def orm wi t hout on of an opening, also leading 1o an Irreversible

change in t he unmerdurbed (gortionss ofetiieuneganding smediuy and, thase RATHMS s s
of materi2al s iyhih! oW %ﬁ;éﬂc}ﬁgt oY) defoFREHUA éR13%s tiBadeticted Gistidally ad

recordi ng nmedi um di sc} ong. . 4
J yele%tri%al s?gnal representative of the recorded

. converted into- an
information. ' _
~ our UK application No. 1590296 , incorporated herein by

- reference, discloses an invention by Bell providing an ablative

trilayer optical recording meduim ha.Ving a transparent spacer layer.

~ interposed betwzen the reflective and the absorptive layers of the
Spong optical recording medium. The thickness of the absorptive
layer is so related to the thickness of the spacer layer and to the
optical constants (the index of ‘refraction and the extinction coeffi-

30 cient) of the reflective, spacer and absorptive layers, as to
reduce the optical reflectivity of the recording medium. Energy
absorbed from a focused modulated light beam ablates, or melts the
absorptive layer, producing an opening in this layer, thus exposin_g
the underlyihg reflective layer through the spacer layer. '

3% Alternatively, the absorptive Iayer may deform without the formation
of an opening, also leading to an irreversible change in the
reflectivity. This medium permits the use of a broader class of
materials in a low reflectivity medium than that provided by the
recording medium disclosed by Spong. o
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-2+ 5 Bell et al, in US. Patent No. 4222071 issued Septepber ”7
9, 1980 .and incorporat ed here| n by reference, have disclosed an” inproved -

Lrilé -optical recording nedium haV|2ng an absorptive layer of a |low : '
mel ti enperature materi-al such as telluriumwhich provides high quality,”
hi gh al -to-noi se recording capability with 10 the formation of

openings in the absorptive layer. Bell at al, in U S. Patent No. 4,101, 907
i ssued July 18, 1978 and incorporated herein by reference, have di scl osed;”
an overcoat structure for the Spong and Bell optical recording nedia mhléﬁ!
conpri®es a thin baBellest bhydén UvSc|Batentt No. 422201 i isoubdySeptamber 15

ner mal 1y 9nagedciny BiaFBaifid hepell Babfulnafiave (ABchAa gh, | U f

heat gener isbvical uhdamscnmwaxemwdnngmedmm\kmwogt anagvte:sozmuvc he ef fect

o 2o Ve O RSO o g o e
structure peovidesobigh fqlmh%ehigheﬁlgﬁﬁh'r@ bﬁlsphé(!‘?@‘ébﬂﬁl FRPaitdysyithhat
tBPgm'Irf'nU s Ifgfdméﬁﬁnd!iftoﬁ@?uﬁQE irneQHédéHEb apedt signal is reduced.

sics Letters 35, 81 ¢l ose
conbi nati on of the liek a4 dRi Um Sy iPatg glt NPSC’]W%P' géfggsuecﬁquybgﬁnl er
| ayer OVGViMU‘QthﬁxWrBtéd/méﬁYﬁrb mﬁbfﬁﬁén@@ Havet dikdlbsed hat mvercoat

efficiency of this e for_t n of eni n he, absorptive
Cayer . I'n SYIUCHTS R%raa}% Fratieacrhontig gPodia wiHiFR " scor dec
in an irregemprises armhinrbblyrxénrhayng gverlying cqtmahgsr[mvedayeotamdva se

T revessi bl gl boLk At IS, P3AAL  dveretne Waditye 1hound iRl 1R,

i nformatio can be-reversibly recor ras over use* ul range
of inci dentaylergia themmeByi insatlatingr andgcmmnmamnegcavgapmdigcmay ¢

overlying &ﬂ%cﬁqzﬂhpbtvﬁeﬁf’Pﬁn%ﬁﬂﬁﬁblﬂ_ e 359 F@éwema%ec&n Wbb@?éoﬂ

series of expose reglons sorptive operties

M}(p)se opt i ¢ ‘E
have been Faxesr angl the iefferidof rsolvents Presenh Bgqt 1Bf""t

abso[] pti v]§tm@xﬁforca;ht orf MRUSHédrpriee Qayteal 'mwnardu eﬁrcpteaﬂuw( @ change
Int re ectl

01" keEbs Yaddh SnatHoe il FRC LR iFRRESb B Sl gt et o0
focal plane of the recording lens so that the mf!uence of the du.st
on the recording and readout’signal is reduced. .o
Blom, in Applied Physics Letters 35, 81 (1979), has
disclosed the combination of the Bell tellurium tmlayer disc with a
25  thin barrier layer overlying the absorptive layer and has calculated
 the thermal efficiency of this structure for the formation of openings
‘in the absorptive layer. | ‘ ' A/
In all of the above recording media record information is
recorded in an irreversible manner b_y' forming pits or openings or
otherwise irrcversibly altering the absbrptiv'e layer.

30

We have found that an informatio_n track can be reversibly
recorded and erased over a useful '_i‘ange of incident light powers in
a recording medium having a capping layer overlying the absorptive
layer. The information track compriscs a series of exposed regions
in the absorptive layer whose optical properties have been reversibly
changed {rom those of unexposed regions of Lhe absoxpuvc layer.
This change in the optical propertxcs produces a c}mnge in the
reflectivity of the information recordmg medium which is detected.

40 The capping layer inhibits irreversible recording in the absorplive
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-i3-; Iayesr updn exposure of the |nformat1 on record to a recording or erasing’
I'Tght beam: Thé invention al so conprisesza nmethod of recording, erasing ap®d
rterecordl ng is nformation in an information recording medium In the
acconpanyi nglaffawunpgs: chG];kJE& bfi frhb@ozlﬁm?ﬁ tddordt [@tg: Qﬂuﬂ;dlﬁg ?r
Cross-section | rst embodiment of a reversible information
recordi ng 10° ?A%g ﬁlﬁ]?‘ FﬁaﬁE 2 is a schematic illustration of a
crogs-sectional vi ew Bheairderdiuh altdodiomprtises aamc&hedsmﬂolrecmmimmat ion

Vrow 15 o CEMTnaThRY P teRARRIIRISA Fotioh ) BR, iPDrRr P PR, "

medi um FI Gm&? i"éma schematic illustration of a cross-sectional view of an
i nformation record ofIﬁh@hénggeggn gn?gﬁgngrb{}flg&gat ion reversibly recorded
‘therein. FIG 5is a schematlc Il ration of a recording, readoul. 20
and erasing appar at usE KeWREsE 1§ ahsehrmatie gllwstraion cafordcngssehectionaht i on.
Referring tovfdwd.oflathest @uiodiRkAtLidH arP@&d&nbrcemmmazW rPFoPmWPQO' ayer
structujg whic Q conprises a substrate 12, an 25 absorptive [ayer
overlying thB%StH8trate 12, and a capping | ayer 24 overlying the absorptive

| aygr Thedabsorpt i VeFIGYRE 22si a @?@ﬁﬁt%ﬂ%ﬁtdm@htot‘ah éz“b%sr-%@ﬁiéhé‘lg,
out an vel engt hs e.cap :
gﬁgst anti al Ig{et %a%%&'dbgﬁm g nﬁt’FFsV%FﬂPII% P’T@%B’ngloﬁgreﬁ: 88t and

erasi ng Ilghmedmm beans. The substrate and capping layers are corrposed of

materials effective f | i of.an _irreversibl
in, theRgbsorptlve Irnyﬂ up@c:?exgggﬁ%lga {@E‘%‘ggf}r r?gcg?ssersggfﬁqaafl‘ﬂﬁ’tv
behw’ ReYerrohg tbi gmbpdimpnt rt‘é'vérmvﬂr@!bhwf infortmadionr ecommdlagnmpdh)ema

bi l ayer structure whigfg COMH i 'aSEEh ?FESfIf\?ét‘Faﬂlén Sfret:*gscé-s\éﬁtxo é@/
overlying the subst{eé_te 12, ects a substant portion o

Ii ght i nci de?k anhEosmagion FECOER eﬁ@% Hnyentioro having andormu@mrcwcgm bly
beans; an abssyopdiedethédedn .22, overlying t.he reflective |ayer, of a

material which is ab tiv of
SIQIrC.p 5 lS a schematic illustration of a recording, readout.

20 and crasing apparatus for use with the information record of the
invention. '
Referring to Fig. 1 the reversible information record 1
may be a monolayer structure which comprises a substrate 12, an
25

absorptive layer 22 overlying the substrate 12, and a capping

layer 24 overlying the absorptive layei‘. The absorptive layer 22

' U is absorptive of light at the recording, readout and erasing light.
beam wavelengths. The capping layer 24 is substantially transparan
at the wavelengths of the recording, readout and erasing light
beams. The substrate and capping layers arc composed of materials
effective for inhibiting the formation of an irreversible changL in the

absorptive layer upon exposure to the recordmg or emsmq light
beam.

30

" Referring to Fig. 2, the reversible info_rma'tion record 2
may bec’a bilayer structure which comprises a substrate 12, a
reflective layer 18, overlying the substrate 12, which reflects a
substantial portxo_n of the light incident thercon at the wavelength
of recording and readout light beams; an absorptivciaycr 22,
overlying the reflective layer, of a material which is absorplive i

40 ~ light at Lhe'wavelength of the recording, readout and an erasing light



40  .light at the wavel ength of the recor di ng, readout and an erasi ng.ai i ght. ™
--Atam and a capping | ayer 24 overfjying the absorptive layer, of a N

matgnhdl which is substantially transparent at the wavel engths of the i ’
‘ ng,bda??,danu anfhmsiw'hwdd ghtovaad: ?mng the aibéc]icmwglca?(ﬁd, or bn capﬁi ng -

are_effegtive .for inhibitd ormatign an irrewersible change

in the ab%?tﬁn ew%h%rls éd&?‘g?t’é@%r gpfi};pgr thoarc{dlt %J %?V%?'AQF% qfi beam

Ref er ri ng resoFdiaq ,3 readevensideeasingolighti beamec o Mhiecngefiediivm Sndonpri sesgg

subst rsmat e [ |0 C . .1 Ne f bbi ng | ayer

16 overli ecé%éﬁgﬁnfé g?sg%‘r %5@?ﬁ0?°{ﬁgh?dégﬁ :ﬁig [f%?ﬁéﬁing?ke%ri ve |ayer 18

overlies tineevensiblegchapge insthe ahserptivealasrerrgpopvexposurae te aef | ecti ve

layer 18; popdiQ Bl ¥fadiRycligRe Buan .| Fes the spacer. layer 20; a capping

| ayer 24 overlies hz ahsor EFEiI vg I Syer 22; :g]d a thick overcoat 26 overlies

the capping 15 IK‘F eroingaiRy HIG .3 teversinle infarmalden nfecording

recor](c:(l)ic ng.madiato Bt canprisessa by, &I&matmm}i’!a mameguanﬁgf:mpi g | ayersh

are gfgf ectjye WO matian of. an irreversible chapnge in the

absorpti vé{q\ﬁa%&#ﬂg‘ﬁ g&%%@& ig‘i?“o’t g‘sr X%ﬁﬁ%éhﬁrmwgs??ﬂ%lcf’gﬁq °ge 20

An i nf or msuibstrateat®; af reflectiveridiyey, 18 mverliessthe sabbésg dhiyeediGna in the

absorptiv AYRr ' h e | | d o havi ng

SRORkE Vel 20, "BYECHE, TnerkENGLIVY 130EE T oh Wikl

di fferent Opt unr ecor JTdyer _he
refl ecti vilRyen 22 a¥erligs tha spacerclayer 30y arsappinaitlayer 2deaventicsvavel engt h

I's changedhenabdtqrtive dapas 2225and Wehidlt Yuirkoan 2550%&%69}1@%"@5}@ ions
i n eiqtgher lorcrb thattl]e. Ieﬂath _anq spamgg OJ t.hgébegl ons sio SW t C] d. C
Ref erri ng %G, and Is,qubgantigllx Arppaparentiat dhepperardingy diegcoutan  \oJ
i nf or mat | andr ecasing4waveldmythane Thetspdceroand heappihgr Idteranarecor di ng
Crack | n ChCvd fbt iopmislly WE°orhiidn, B an JEFE bl chivgh dort ur bed
regi ons 4thambsorpdive-daydr pponuekpdsureitona retortinge arperasihgpligherti es at
the readi pgappvel ength have been changed by exposure to the recording |ight
aboor X Tve Tayer T ARIIcERGLoP tak | SEEF Fesdncingyidmibtisena SaFissnat i on
record. Tioé reyibns iinnshé nbsepptivel kiidry whicRhdWie been reversibly
' switched to a state having different oplical properties than the
unreccorded layer whereby the reflectivity of the informalion recording
medium at the readout wavelength is changed in those regions.
The information is encoded as variations in cither or both the
length and spacing of the regions so switched. _
Referring to FIG. 4, the identification of the component
layers of an information record 4 is the same as that for the U
information recording medium 3 shown in FIG. 3. Information is
. recorded in the form of a track in the absorptive layer 22 which
comprisés a series of unperturbed regions 42 and a series of
perturbed regions 44 whpsé optical properties at the reading
wavelength have been changed by exposure to the recording light
beam. Accompanying this change in the local optical properties of
the absorptive layer is a change in the local reflectivity of the
information record. The variations in the reflectivity of the
information record are detected optically and converted into an
electrical signnl’rcprcschlativc_of the recorded information.
The substrate 12 may be formed of glass or a plastic
material which is effective for inhibiting the formation of an
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|nformat,lbn record are detect ed optlcal 1V'and converted into an el ectrical
Sr'gnal represent ati ve of .the reco ded, i nformation. The substrate 12 ma c@

formed of gl a¥&eyrraible Lhangesdn theppbsorptivelaker sush éﬁtIi";?/lé"ﬂ”byl‘3thm¥J
; nhi bi t i n% t herf(lcpaiybmethydfneahacrylatd e‘l?pﬁ:labllyem'mgﬁom:ﬂ t%fhé digeor p]t : ve
ayer such as at e |ca
t hg form of MG %r¥1\“ k %g?%rmﬁﬁgzyhg?t Eét@a i/l ‘bé“TLbF'y “ 3
matieri al , sucnlmns!m whm rmfiequ light et the setortingatvaveiengho tldumg
| t h th tg 1 d l
wavel eng H&nsmmbntw fhh@nBHECeegﬂé ﬁb%&ﬁgi‘i%%ﬁ& th ?iggfisﬁépﬂ“cgw\'z?

reflective Iai‘/‘wr 18. “A substrat Cck enou
renmai nder of 1a¥ersiycié\isubstratecneed QfﬂMghﬁeféBbeenM}sapfmrepm dhet he

substrate 12 Admaindert 6 theé dtpuetutrdie focused |ight beam dianeter will
produce noise in the sclﬁgnal channel durin tgeadout a subbing layer 16 in
f |

the form of a non- confBPR&IABHIONAGNEES L t§urfage dd af theusubairadpodd or
acrylic ¥&sinon rohe bealdepihthé efbcased ight Heaes dl&n@térofmlloprfﬁd@ ngfsof the

m eroscopt cal Ty ibiBhot SreBBef Hrind eidtute” o StfingLlaysh 16 inThee °
reflective | afpem o8 pmenecanformalf taating ofsabplastici matérialgt s0oh afn tdpxy
TG S Sl PR, i SRR o S, B 7SR

formed of a net. uch as alu numo
reflectivitytok é'%ﬁ/é’ﬁ@ﬁgtlﬁg Iameﬁf dbepeeme (Tid subbirg |layer will

“reflectsl@at ligasd aSMidey: I | ayer
. 18, which is %l gal Ily é’%gg{cagg t%@agtm%ﬁgﬁ%% eﬁ}gﬁbhr {l&c"rse%ﬁghgg’%om ted on

: th&.,S’urface Pt he substrate or on the surface of the subbi ng | ayer 16
"usi ng vacuum evapor at e ’c‘EﬂectwehlaWhem pitcfeFdBIy V@ﬂlé’ctsaasétﬂﬂétﬁn(ﬁfal

o a materi altt20HRR - ofik; IR C R AL TR asroRgi anet revdant wRHleRgtes
or al ummrg;;n @ndids vWimtaléy efomn’cdcaf lay metal- suehtay |aﬂ7@nﬁ-nﬂn vmogek?lrvspgﬁl i es

3:)gnsg>c<posur:%gs hiy Prler}kcacggé}mm%r epzésglgn% %M‘g’eam ﬁ%rﬂﬁ&s% ‘%
deposi ted on '2¥er r]@f Fé@?ﬁﬁealﬁdyéﬁ ] ngrmteofectheommm tigintor a(I‘hon
techni ques. AlelRictivid ¥ijor 19} %Hic?x iﬁit@bic’ﬂ gy W‘Ebﬁ'ﬁ' ﬁ‘@%fﬁ HaAoRERetd
coati ng SUbSttﬁm  al la%/ thr egcposxtgdeocrg Sth%nsurfalcg 14 of the esuga?:L:l-J:.:Lil ;[)I? %N
the surface of the subbing layer 16 using vacuum evaporation
25 techniques. Alternatively, a single or multilayer dielectric reflector

- may be used. : '
The spacer layer 20 is formed of a material such as
‘ silicon dioxide, silicon monoxide, titanium dioxide or aluminum oxidce
-/ which are optically non-scattering and whose properties are such as

30 to inhibit irreversible récording in the absorptive layer upon exposurc
to a recording or erasing light beam. The materials may be deposited
on the refle;tivc layer 18 using electron beam evaporation techniques.
Alternatively, organic materials which can form a smooth coating
substantially free of defects and which have the requisite inhibiting
properties may also be used. Thése materials may bc deposited on
the reflective layer using evaporatxon spin coatmg or glow discharge
deposition techniques.
The absorptive layer 22 is formed of a material which is

capable of being reversibly switched from its original state to a
second state having different optical properties at the readout

I nhi biting
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peLties may also be used. These npgeri als may be deposited 9n'thea!
et | vé | ayer using evaporation, spin coating or glow discharge

i ti oy, géfﬂgﬂy%a TP@vémswtmvmbaaﬂe %me%;{:omze%agabﬁx@%erl al

WhIChIS caa bei'ng reversi romit or| nal” .state to a’
40 secoh@lfiﬂ Fedupnod ntp ébPP’ér‘&%tm%Qﬂﬁ%aﬁtab‘PoMP@sa er‘?é'éﬂ - 6-

wavel engt Bptidl r[ﬁ‘b%‘b?tllélse w é:kp&u@-@seo ian @Pasingt ligh@amhnldrt pyof being .
ret ur ged to about

t.at tical .we
o opest ! cevpRgats Joshetls 103 sRehiced R ab b Sfedl BN RLTS ~
heat. It Ithe rtfdcondtrﬁgsm'r ;raéing wavebgrigthsl change; thwsonly tthetrtd!mor di ng or

Ceasne”s! BSERRLERYRE oD Bl lE BRI Bc BBl T

second stﬁ € erasing wav in the
optical pmwepelength.maFhenchamge dncthe epticel tpropardies sayr bieludei an, the

extincti OPhSHGEf 'nC'r{'?Ptmd%xlgf rc‘fPé’é%'lmt 'tﬂ? @:Enh?ﬁéﬁ ENET TR erft,, change in the

hi gh? order optical constants, fo net 0- opti'c or
ro-

el ec oFPMPIRAAN afi Ehgse fNPcor n’a§: QP9§e"\‘ r‘é?n ?Fﬁ‘r PO The
change i ncbhstamsi Cfor exampld,i the Wwhadgneétosdptie drcbiéa@'babbﬁccdfmff@md:mst he

f fl f h for [
glnggggsoowfhg{’]épégl‘y‘e'%e‘%ﬂ cand %m‘zeilé{r SS‘%E%} glrlgﬁg cg}?élr?é’eén | W“t H@"‘r“"{)pt i cal
proper t i eproperties peidlilead (IOaa rdﬁtecthhig changadnnthed agounbeaimlight! ude

phot ochr o%ﬁ Iﬂ.&ksthélilﬁ 2 and CaTi @3 and organic
corrpﬂpnds nmag ptirc erla suc as MBi-_and Pt Co; and materials
whi ch®under go a |a€iaS@95p¢fa§@temi%Mm§h CaN URGRNGO rRYErRiBi® Chgnges

crystal |'i g tthe®f dptfcal®d ﬁpéiue%habaﬁ%xﬁesm ® é)freEBi'éldg’J‘%i‘ ér)"Pﬁan N

mat eri al Iudetell rium, selenfum tellu sel eni'ym based

chal cogenh‘él tabeayy sinchude photoehromic materia vaPS‘ i3S [doped) Gatpeanghese
mat eri al s camiOQeanid porgdrdd dnmmmcw,rl magnumwm&nms asuskaagum

og h f
at oc) al < M1 and) B | anh RCerSh SR afnksn 3 IERY bReR TraRsi R e
I ayelzoorl wihexe| theldegrieecof crystallinitycof rtdu;e materiabehaaged. f Exdmgples
deposi ti g apiggk: WEEhot Snddlbf el 88 BEIESiseRehiatl * BetdFiuayRpeaent

oxi dati on ucli n lve ue. In
t he monol §9l@rmgmr ased eth%@ogen éRn@%%Y%f arﬁ@msbsraspl n% and arsenic

triselenide. These materials may be deposited by appropriate
techniques such as vacuum evaporation.
After exposure to the atmosphere some of these materials
will oxidize leaving an absorbing layer which is thinner than the
layer originally deposited. This effect may be compensated for by
depositing a layer which is thicker than that desired, with the U
subsequent oxidation reducing the effective thickness to the desired
30 value. | |

25

‘In the monolayer structure the thickness of the absorptive
layer is chosen to provide a balance between absorption and reflection
of the recording and readout light beam. TYpically the thickness of
the absorptive layer is between about 10 and about 100 nanometers.

In the bilayer structure the thickness of the aksorptive
layer is chosen so as to reduce the reflectivity of the recording
medium at the wavelengths of the recording and readout light beams
and preferably to minimize the reflectivity at these wavelengths.
Typically this thickness is between about 5 and about 100 nanometers.
For example, for a structure having an aluminum reflective layer and
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|, ayer is.chosen to provide a balance between absorption and reflection of
the. recqrdl ng and readout |ight beam Tppically the thickness of the
absorptive |ayer is-between about 10 and about 100 nanometers. In the

bi gayertﬁt r um]E :db@oi‘lbﬁvbhla kpeRavinlg hbouBIsOyr pélenturhaytdie tlsxcd:hosemfsotflafh .
reduce the r ect.d vi ) e
recordi ng a P@Bb q%zleé'h{s BESHSC&& B?@F’g&aso%a# ttﬁng e%tmg%%

refy ectivi tyniaﬁmt/hsdsetv:a\mi\mhmmtsh ol 488 aahgmehers .t hi ckness i s between
about 5 gand about 10§ “fHéO é;f}% sﬂﬂxctu':rﬁrt}?é‘%ﬁmlﬁ}es@& ghat sbsdrpipydavi ng

an alum num reflective an absorptiv ayer havi ng,  about 90%
sel eni um t Hayemiig k%s'gkﬂ-ﬁdt te the| thigkness |°fethﬁa§@r?c¢% Wb GEPPINHABAEE er s

: \INhe'[]ht hte rlefdn‘?PtthgtV.'éﬁuézﬂ e?rF]ﬁﬂ’a'hﬁs Cdkf e Q‘e}ﬁk}éﬁi»@ngébaéﬁr 488s¢16p1w@; ers. 5

n the trilayer structfure the thickness 0 ayer i S
related to tRPPIRG Qyerrogt, la¥ersee %ahﬁéﬁ;feré g‘{/é?fet %&gl cal
const ants ofrecbedingf heeliumeat thaceecordisgrwavelengthigi ngiumdi ov@rcﬁmably,
| ayer s,jqot hat,, .t h t e Hig at t he
recor dllr?tg Eé’l g%%o[%ﬁl ﬁg %%%ﬁggguy\g? Qgﬁaﬁg%dl ﬁ?%gaﬁ‘gcgﬁgl ng and readout
~wavel engt hs mmcttmtssasrerwetdh&ommlamumu cornespeadingdot they ni ni mum
- correspondi %Qld-‘}eﬂé%%i%?t boﬁgfdcﬁft | ¢henCBJERARe if{hﬁﬁa % @i&ﬁﬂﬁﬁ‘dd&rhhq of

t I t I t th
Cesul i h alnerRRSAREYS, THWEF A3 Hig FPORing HSYRRI L Sl s HGRuRn 15
The gpti rr:al lreit-gﬁm F)] thbegéﬂemagylses the tm{amgeﬂe?m .absorptive | a_yers
can be cul ated us , r . ex : | S in
"Outi‘cal Properties gn#'%TﬂPﬁ"@zl‘?“gﬂﬁgl‘f‘égﬁ%ﬁékézs%a%ﬁgg %)aflcgc:f' 388
Publ i cat i onstbspnptiveNiayersr ¢an te68alqulatal using; feriexdmpleystfaimataixes of
e LM CKneSAEhGR ob WisBlssed HACAOPERE HEBPEPHEY Sf FHASSARE Afgbly) ned bY

deposi ting the spacer sor pti ve

| ayer mue%rﬁtaqar«rgnsmm‘@rr Snhlicatipnss, Ine r Jork , nd¥0LnPat 63 he

recordi ng wavel engt ha1ddipatRATE! dsBfEl valués dreand thftiGaepBisr shé ni Ck may
be. up $P about 500 panoneters”fhick and s |cal gi’ éePofrom about 10 to
gﬁ"@ s

150 nanonet SPRCER] apserphive, lavers ¢3p ha,@ SRR A86r pti ve
| ayer are frsyascabcluye& apabovecind otheho deposi Qh&tﬁizsorp'ﬂkﬁe daper ng | ayer

t2 g’ tmﬁg ggsgor d Oflg@%ﬁ% E}A%Je\fﬁc%{]wiy of 51”3. recoP[dxlrJlrg}r %%%E\'n\r/\eay\”tﬁh respect

recordmg wavelength. The spacer layer is at least 10 nanomcters
thick, may be. up to about 500 nanometers thick and is typically
25 from about 10 to 150 nanometers thick. Typical values for the
thickness of the absorptive layer are from about 1 nanometer to
i about 60 nanometers. |
% The capping layer 24 may be formed of a material which
is chemically unreactive with respect to the absorptive layer 22 and
the overcoat layer 26 and whose properties are such as to inhibit
irreversible recording in the absorptive layer upon exposure to a
recording or erasing light beam. We believe that mechanical rigidily
of the capping and the material undcrlying the absorptive layer
layers is the most important characteristic for inhibiting the formation
of an opening or other deformation of the absorptive layer. Preferred
materials for this layer include sxhcon dioxide, silicon monoxide,
“titanium dioxide and aluminum oxide whxch may be deposited using -
clectron beam deposition techniques. Other materials such as organic
materials which have the requisite properties may also be usefu' in
this application. The thickness of the capping layer is chosen
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" 30 " the overcoat |ayer 26 and whose properties are such as to inhibit,’

«

Quersible recording in the absorp8kve | ayer upon exposure to a Feco.rdiing\l'
\si ng |ight beam W believe that mechanical rigidity of the capping «
and\thje nprigardy sedddtyitnyill Hahiigoths iformationrof apeirseversibde nost . -

>t ant pdlap | glhd ptivel Riydr1d B hoMt itk nedd ofMiHIRENi Ng OF
ot her def%rna?,if,‘géqgf %%gﬂggggpﬂ&lggﬁrgge?gﬁgﬂ erred mat errula%f s?l for thl_s
| ayer i ncPY8E i§i BP'E:‘H?F’Hi%ﬂ“Ge} 0;iandc AR0GdIamameders i ¢ ani um di oxi de and

al umfum oxi de whixh overcbat depeasiz6g dpréefiepsbB} SitiveBn b dOPOS idridon
t echni que

. er. ateri uch as organpi terials which have the
requi si tea%&"gpgrwl@eﬁ%&atﬁgg EY, P Bpﬁ}ﬁﬁ4g’a LSﬁi R Ea&[qroﬁ‘? The
t hi cknesselinhinalte arappduge |sigaal idefetiss eaused by rsurfage dudthehick wil | I
inhibit t ; ' f ' ' rgj 0t ord.ive | ayer.
Typi cal 1 PO EledRys 2ol Rl ehuhiaN: bfird T b By, QBT Bl
nanonet er@articles which lie omrthe, sippext susfase of therevancabt ylaper varen about
0. 05l.tand RBOPémdved | frbRELRE foBAL plan@ ofPh BRI tgﬂes& tNghdipyer to
el imnate Qr reduge signal, defecfs c uste)ﬁlf sur as?e}) ust \ith@!?ch_
preci pi t REELCY PBnF ﬁé'egﬂflé%ﬁﬁ r%"i‘f;‘lptt RE i%@‘ém%ﬁl% ofedhendisoui® particles
which | i e:omsid!d!mlhlvpmc%wd .ac.ﬁt Q%efﬁlexrﬁtﬁl‘iépd'bzt' |‘t@z%i§{ar@]ﬁ:a¥%n é% Q{) nr ?E‘e)Ved_

A . _ S em s a eir e
recor di nd Beghs AR TE o (SRR efln, L Al ERatvelY e o g TS T educed. A
usef ul nethiekness may biessuglp| thatt then cappingilayeprean alsoy functionegoxy resin.
Al t erfnat itn@l yhicReot@Pdiaty | ayer thickness may be such that the capping '

| ayer can also function as 15 the thick overcoat. An information track \o/
may be fornmed in e infarmation drack deayiibe) farmednin the dnformatiomg an

| nf Or ITal iretof @irey thddiuhk BRERY thPmirRs Url iRfbrifRflddesrd Ifpd herein to a

o RS B Eacb 5o s Mo hapaslonags'chance
the opti aecopdimgelightsbeimt 6f seffierert g?iﬁhﬁiat? fﬂ‘e’t ggfgdggedagesﬁ;fncmng%l n
ocen SRR/ Y i ptangl TR Kaldle R Va0
wi t hin aipi the opticoli prropesties of the &p@ded regionseinrtisn ﬁh_edpcas?wteat . |
DRt angeetinaeal cifesaony. St o RALABAD AU o gl il 1012
phase tr avalength o o rggord information at video rates, the recording

process must be initiated within a time period of about 10 to 30

nanoseconds. The erasure process, the return of the recording

medium to about its original state, can take longer. For example,

the time for the crystalline-to-amorphous phase transition to be o

initiated in tellurium and related materials is limited by the rate at o

which the material is heated to about its melting point, and has -

been demonstrated to occur with nanosecond range exposure times.

The time for the reverse amorphous-to-crystalline transition to

occur is relatively slower, since it is limited by the crystal nucleation

and growth rate of the crystalline phase. . The rate of crystallization

can be increased by heating the material to a temperature above its

giass transition temperature where the time for recrystallization Lo

occur is Lypically on the order of microseconds to milliseconds.

Information may be recorded in the information record by

- reducing the degree of crystallinity of the absorptive layer by

exposure to the recording light beam. It is not necessary that the

exposed region become completely amorphous since only partial
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ini.tiated in‘telluriumand - reI ated. mateﬂ aI sis. Ilmted by the rate at
vbl'ri’ch thel matefial is heated to about its9+reltirg point, and has 30

denonst r4at ed .to occur with nanosecond .range exposure times. The tine f
thé reverse agmopbhistion ds )m-tmigh ne pravide aosufficientwhange éhathesepyical

The e ystal 1 sensmice B8 el YRV, I8 AR RE et Mt 00

heating the np¢ecnss process,enﬁeu-anwdm@bn\fermasoglIagsmqransmg dhe degtf‘c

Trmper S of "EF Ry shAURIY, O pd IR Al SRy 3 anBOU e BXBRERdD) o

the order of -mc econ I Secon corded in
t he i nformati owst@&@myt)is m@aasa@{ ha‘hﬁegra%um wauld: bmm rnom,mﬁ inhe

- absorptive’l aé!@é:;] 1ﬁ§pﬂ§é”d%gtr@et$ﬁci'?§&ﬂﬁh@@ loiraRé - Jﬂ?@t‘Bth chBOt
necessary that t he 40 ose I on co onpl e el\é m)h% S since
only partial. S@Pt&%rlﬂMF at I&"l‘ PBR “c‘%‘/ ) 18,1 W d3fdge

i n the opti carswssapdtused otrhwhabsormi lg\tewthycate of ﬁimouk-ystzﬂhzd:mn 1 pox

the reve{ge pLOces rmat rea5| ng the degree 5
of crystalli nfur‘?/tm%slspggg\pé%gggq %@tﬂoﬁw c@ﬁ%‘ﬁ‘ée 1t he degree of
~crystalli-nity is necesTheyulilihy @Eaharhammurdayhemfcvasemnt 102202 aesng -

Lhe degree of pREUGEIb! b ik Slofeiil dg'ih%&w%\}é}%oépfié?%% It¥6im] g i S

approach nay ica ta rates are. us wher e
growth rate odamsecwizs%meisy&ts éromphe meltingegf i diigh @Qlﬁ)@g ismpegature he

{ﬁgﬁéﬂ{ ng rftlt giatéi"lalr (Lﬁuedg Fﬂﬁ ﬁ’caﬁmﬁé%%ggrésaxdgyemeﬁ %J%ﬁahﬁgdrinél%%a‘ﬁ@?e o
wheelts 18 Bhelrtive Fatdaly SHOR 9 SAINERIm 4 Pbhek Shalreeite, PAFcRabn
ast tit alm um othé lsatiriee 1ayer wad mutnﬁécglmi:irgdt sinee ohelr}t?eal5geneﬂ?ELQHptn whe
materi.a sSuc e rcac nLae, r )
"aver vas not MeLnpr RESESSH u8ks IS oF BrcRdRRLE e ThE dircont 7Bt L Thfoes
little or no sunpuising resulvviar t}wtcombmatloiihef aucpppingidayesuwithi anthe .
conbi riat i on Ofnz%rﬁﬁﬁmmqeg@&w&axaﬁ ggirgq @Eéﬂﬂr{xﬁﬁo%ﬂié}ﬁuﬁﬁ%uﬁn using a

telluriugy.selenfumor. a cogeni resultlng
structuré, incbaleegenide allayeis é(b@ﬁdéa thel angosmu@uggbgn&ﬂrmauonange

of - recordi ng kthahbe %ﬁ@%&ﬁd%ﬁé&@ﬂt oVEF Qi’ Ws@éﬂtx&?%h@bngf 'r‘éEQMﬁid
such-as by th ormati on open sor ot er man déformations I'n the
absorptive | aﬁg{h cam powers wit o l: u'r'evers:lr)l)}3 recor mg m ormation such :
as by the formation of openings or other permanent deformduons in
. the absorptive layer. | S
25 . -The role of the capping layer in the present recording
_ pi‘ocess is primarily to inhibit the formation of an opening or other
. - permanent deformatlon in the absorptive layer durmg the time-
' A ' period when the absorptwe layer is melted. The inhibiting funcuon
of the capping layer is limited in that with increasing recording
power, a point is eventually ‘reached where an opcning or other
deformation is formed which renders the process ‘irreversible. .
| FIG. 5 shows a schematic illustration of an optical recording,
_reading and erasing syStcm for use with the information record of
the invention. The apparatus compnses a recording light source 62
" which may be a laser or a light emitting diode; coupled to the
-recordmg light source is an input signal source 64 for modulating
Lh¢ recording light source. The modulated light beam emitte'd:by
the recording }i_ghl; source 62 is collected and shaped lo match the
objective lens 68 using the récoi‘ding optics 66. _Thc modulated
beam then enters suitable beam steering means 70; and then enters
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The rol e of the capping I1 yer -in the present recordi'ng pr ocess\i
|1mar|Iy to inhibit the formation“of an openi ng or ot her pér nanent

§ : h , e
aKsdr g? H/gjl‘lcl ng;:eq?g%&égﬁ Jef‘ﬂ’le | nLt ggltfbﬁgs%&uﬁ%ﬁ ion o qlﬁﬂngnﬁpdh layer is
limted irort hattormattfon meceedi Ty r Betatdvergnadon bwbe, recoseiing m@déUEnt ual Iy
reached whgr qnﬂnI}Q(Fqn ‘P—'%é% Qg)hemqﬁi'gctgpt,h?ﬂrhs( ft&gryﬁp,‘y@l(gh‘,r,qnqlﬁ{,g“t he

process irreversi tration of an opti Calws
recor di ng,dnivadlth@nehdadialstransigbennmeans Udwtwshawnie ihfi@ckt FOHVe ecor d

of the invany 9&rsTh%c %ﬁﬁéﬁ@tﬁew tRESoBjeCBiv/e X 68 SRl aqurr@eofé&mpl ch

may be a | aser or_ a tt1ng di pde; coupled to the recordin

source i s mgdiugpJd Qﬂgn%ﬂll@éﬁr@te §E’aFH¥g R9das aka MR kDN, e aeHy (F:,q ght

sour ce. Thﬁemghka&@nldrghheb?ammgt ﬂx@db&fmtheAﬁﬂsﬁf éewdm@hmﬁ@umce 62
is coll ect7ed and s ed.to,matc é[’lt]ﬁt]e olﬁjcect ens 68 using rdi ng

optics 66.7R@VESd é{"lﬂ)héf@ me f'?‘aﬂl%"rﬂéﬁrﬁrtsf’g'ér’m "Yeans
70; 3Rd t hedposetieaad uneitﬁesédhera@pnstzsvﬁodmrk 1ﬁ8tht1meeor¢lmgs mediuged on

Fecor di g TR bl ihos Y 2eA L hayS” Riftertar P‘%’évr?%%tf*%ﬁf means of
a turntable drive Mandoxrra@mam tnaakscamtmnede:ang entncosﬂmn)memlimclfb

servo 78 (?ﬁ‘rée;g%é 1117*'519 8139 i%&ﬁb}“ﬁ%é&&@ﬁbﬁitéd{ﬁ'&e&ﬁ@

recordi ng um ust s es acmg} so as to mal nt nt%efo us O
the |ight sheafpbivhich £eRobdigither Separales Irem @%d&edﬁwgen%“dlth#\rﬁ°

through t ﬂﬁgﬂﬂd@hﬁﬁeﬁdﬂd epaics g b.?&gﬂriy $@Hte§09fc@|a‘h‘if B@'ftic@.g 1‘@'he eXpOSng/
and unexpose%ﬂpggféogs is forned,in the recording ’tmh ere expos
regi ons hdhf@ 49 FntsobﬁS'FPcEmﬁl)‘ﬁ%eﬁelat F%"s‘nnﬂﬁuﬁnY”BV 1g8h q'aé’&lé” ’&ﬁ‘tal ned
lndt he redgrmmeﬁwnuﬁnm& ﬂmﬂmB gemadowh By, li§lrﬁ@k1fﬁlaﬂ.8@dl®ytﬂid ght source
and optics_(not_ s ch.can be. e epar at.e fr.om or e, .sanme as

t her ecor di YR Y189 r?ﬂn %ﬁl% 8£ d F@S“ %E?’g%1 Hﬁ ‘F(?ngﬁLego{‘]Yc%h‘and
optics. Thﬂneeadoul:onhl ght poopagaesothrmyla thenbreomosteenaive mheghs ibéam

whi cheg s f%&“@f&lﬂéﬁl@ o?ﬁ?csr 860 Hepg 7ol Hﬂhééﬁlec : ngé&ﬁrF%agyt Hehe varying

reflectivi rmation track, ective lens
and pr opad?Re9detedoyh? nd comversion ﬁg maﬁ%gcurn@id analtwé Epas}%aakt
optics 80 ¢iRBRE tb{.mqﬁalsgqped for detection by the photodetector 82 and

conversion to an elec r| he oulL
ﬁg}n om thg ﬁay%acc optlcsp&% is also coupled into Lhe

tracking servo 86 which generates an error signal proportional to

25 the difTerence belween the posilion of the light beam on the
information recording medium 74 and an information track recorded
therecin. This error signal is coupled to the beam steering means

| 70 Lo make the radial correction of the position of the reading light N\
beam to maintain the focused light beam on Lhe information track.

30 The light beam emitted by an erasing light source 88 is
collected and shaped by erasing optics 90 and then coupled via
suitable beam steering means 70 into the optical pél;h. The be.m
passcs into the objective lens 68 where it is focused on the
information track, contained in the recording medium 74, which is lo

35 pe crased. The information track is exposed Lo an crasing lighl beam

of sufficient power ai_nd duration to return the absorptive layer in ihe
exposed regions lo about its original state. The erasure may be
done: in a single exposure, slowing the turntable drive 76 if
necessary, or by repeéted exposures of the track.



si gnal ternminal 84. Light fromthe.pl ayback optics 80 is also coupled int »f’
thre- tracking sérvo 86 which generates an.error signal proportional Lo 25
she .di fference between the position of ‘tHe |ight beamon the information

di di um 74 apd f T |
CTonal 19 Coupl ed to This teafh Rl Rk IREdoBRALE] rEAgR AngTibasifly o
~correction ofightespasidsi oandbe tthe sareli sowrice gWithh sheningsensilvitanch magulation
fowed ||gh ht{?"i‘m&ﬂﬂzhe 'l" nf}m ﬁ?%'LoébﬁrrL%Ckpfﬁ@cd for th p.ulm&‘ﬁul iyglet beam
emtted By a 'S CO |

| er asi ng
optics 98 and then co&pm@& Qdapfsm?‘t'%ﬂﬁlh Yo &8RPEFiBg; F‘ﬁglﬂ%ﬁfﬁg“?ﬁ i/ & the

optical path.gq ,QG,anbpagsflg omto the objective lens 68 Wnere it s
focused on the |nforn?g 9‘%@ cont |nedL % .1 B cor di n gg

which is Lo 35 be ekdledecqtling,af, iAiPrRALILR,HaCKs XxB’bg% Ho -4k er aS| ng
li ght beam ofinforfdttiremecpoding arediumr discbosedo heeeirr o thencahdatqst irveordiper
In the exposgg megw’gs 581 ql?nqgtrdgiléngrdfg lﬁ'@dulﬁto?fzﬁvc-rf’a& cr 8rd!y %vWFé‘le??bdone

I n a si n%l e exlposure S necessary, \
repeat ed exp@wt@yacbftom@eppadksta&@ havipg diffesene opsicali Rregertigs whereby

recording, rqRdopifiednsvi aér NHe! 1'n981t'm§9§ﬁCﬁﬁ:&ﬂihgﬁﬁnéd’i@nﬁ@ﬂﬁ}ﬁoﬂégﬁmﬁ th
the intensity and mﬂdgl Bn chgr ter cs ,of the |.ight .source. cha ?d for
the particul 3P SWHC Is change h{o IingoR 104G a?a‘aoﬁf&Fﬁgl%ﬂ’

i nformation Unmmmmesesdhiganﬂsdépm of: (a) recording an information
track by exposing the Q | OnRwLe [

nmodul ated recording | (bﬂ %@ﬁ@rlhﬁ {iﬁﬁ?ﬂnggoﬂgﬁ?@g gﬁgkggsg pﬁgewlg%gd
ar 6_y'evePsi binggiens tgvﬁ tlwfﬁdbﬁMaSB@@(ﬁmtsﬂmsé negiong ep rsmdtehnd @ei cal

properties “%%P¥131295Wﬂ5h€6tﬂovht Stath ﬁé\ﬁn‘gnﬁﬁbﬁ?tthenoﬁgﬁ%ldb?ﬂcﬂﬁd' um i n
the regions so swtgc | s changed, thereby formng an information track in

the i nf or mat iRSIPPCEHSS&i 47 nedi um (b) erasing the information track by

exposing the swtched (65 emim&h@lrﬁokmﬁbnbemrﬁinb théadiunt hnsehcr egi ons
so switched arc.rever

opti cal _@nopé'l"f"%%’ "é?nﬁr‘ s‘ﬁ‘ﬁy&&ﬁ%ﬁ'lgwg 1 eR’?i'%lo ‘%}ggﬁﬂiﬂ 'Iﬁ‘gﬁlo i ’glmn?|n
t he regihs st&)eeahsrmptim daywer @irat e@vensghly iswitohedlc ko th secondi siase of
having different optical properties thereby [orming a new information
track in the information recording medium.
For those materials for which the erasure process is
thermal in nature, the entire information record can be crased by
25  [flood exposure of the absorptive layer to an erasing light beam or
by removal of the record from the apparatus and heating with an
O external source such as an oven. If the erasure process involves
' recrystallization of regions of the recording medium then the
absorptive layer may be heated to a temperature between its glass
30 transition temperature and its melting temperature to speed the
crasure process. |
EXAMPLE 1
A trilayer information recording medium [abricaled
according to the principles of the invention included a polyvinylchloride

35 gubstrale coated with an acrylic resin subbing layer (Fulure T™
acrylic [inish manufactured by S.C. Johnson, Inc., Racine, Wisc.)
between 10 and 25 micrometers thick, an aluminum reflective layer
about. 80 nanometers thick, a silicon dioxide spacer layer 62 '
nanometers thick, a tellurium absorptive layer 5.5 nanometers thick

40

and a silicon dioxide capping layer 167 nanometers thick. The



3
t he absorptlve | ayer are revergixdly switched to a second state havi ng\#
ent optical properties thereby form ng a new information track in the

At Ireﬂe ﬁ@ﬂ bf'QH??%é@ihnF%ﬁ: ﬁﬂp%cmxa@ absadauL -whickrddigger asure = -

preeess 1Is In nature, the entire informtion record can be erased
by 25 WG’GE? §6r‘@8oﬂaf‘ﬂ@e£ﬁf§o?"ﬁﬁ oyt J0; PeEFelt-erasing | ght beam or
by removal of the'rh&;:fnfdil|ﬁanWat;hr;bqa@@amahnsmndaheymm Iwidihgan external .

sourge such as L f 1t ra sta.l |zat|o
.of rggi oﬁ Fagg%eg? #eﬁf"'ﬁn?#ﬁg)ﬁﬁihe ag’go @‘ﬁ?f’@?g bé heat ed
to a terrpea:aztdmg hght\dmam tpovg&msmc@ent an athslmedmmenmrzmamw and its

mel ting ur O rsagﬁﬁq € tOF $§@$/P E.Body ri | ayer

i nf or mat %gmg%rdﬁﬁ¥ 1 um ?Qbrn?:?:a ed?ig(?{:o gé'ﬁ P kééf r| nC| pI es of the
i nventi omxhlmtweferagp@wﬁpwmd@r was usedr fite h@%ﬁ mwmrt levds % ylic
resin subpiRg bﬁweofmrﬁem;@cwhl Erzfélﬁ‘eshre'i‘@nr%@@t\k‘ﬂﬁdh@b!c%rc Johnson,
I nc Raci nﬁ Equ Hgﬂjbet f.?l ‘gr neters a]Sum num
reflecti 0@ egradatiiydng Ye?fs Ri ¥ e°amsfPF‘i“€B‘R"dF%98 paHer | ayer
62dnanorratag$|al-¥wehom mhbt(rpalam-w-apuéu isignalayeirnis ﬂoiﬂ?’l@ﬂﬁlﬂs t hick 40
and a si .0 1,0%1 cp' ayer 167 nanoneters thick. The

rcflecti b}”ﬁ,?’gﬂ‘&ﬁ{jgﬁmg %nqg? the recordi ng, readout and. crasing

wavel engt h of 488 nanoneters was BEAMPIR Zercent. This nmedi um was tested
)"0 CPLECA SYSACHUAH Mrdhniation, #4aPafhd nfdbliuRC B ARRlec beEoRlingPoL!

04b 0.6 mcroneter e recordin power I Nci
medioim wi thBoRF mFlPr]eISI pidhesinventiany aaglméea!nm H@lﬁ’d’éﬂY ghleridepeam power gy

about 3 ﬁhbbtr\&étéoaftﬂﬂ ﬁhﬁum@%amcgaﬁlﬁhmmeﬂxbmgt hRea RSV |evels
cycl es OL rec cihng readout anﬂ e{)as‘tjé 3@ wWth llttl&?'qk 10 no
degr adat FEAMPHC t ﬂu‘%’l“l"l‘?“g\‘ rehecvve Yeﬁf%‘?%‘t nNARAMEIFEY WICK. a
EI ggal ata $¢§os€'er5 tiwe Nepér sbonal 20 manmmerm;hmaamfu 2 (I;/Hz
andwi dt tion_recor medi um
fabr cat ten "25‘605“ E hﬁxﬁ @H@wﬁ’ﬁyﬁ“ gf\gf{%@ ﬂ‘/“'r{.t‘f’olr‘fy?ncl uded a
pol ﬁ ny Petymeen dadgab@m& at‘:zatamfar@d Gonm. X igapping: layep| balweesi absubbi ng
![ﬁyerk asgd i a2p! Microndiesd WHiEWM Faid PeHe¥BViRY BF ﬁ-ﬂ@%omnﬁ‘wt ers
'C several percent at 4188 nanomelers.

Using the optical system described above five record,
rcad, crase and re-record cycles were made with an incident recording
power of about 16 milliwatts, a readout power of about 0.3 milliwatt
and an erase power of about 2 milliwatts. The signal-to-noisc
ratio, as defined in Example 1, was about 40 dB for each recording.
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a Se90 .Te5 As5 absorptive |layer about 20 nanoneters thick and a

ott r a- vi gl et |ight cured epoxy (Polyrad13#9 manufactured by 20 Pol yng
Isndustri‘es, Stanford, Conn.) capping |ayer between about 80 and 120

m cronet er SLARMSE. The reflectivity of this nmediumwas several percent at -

488 nanometers. Usingst hen qRiveraible Vinke %éﬁré&%%aéaxgrifsw . record, read,
r

Y
erase and re-record cycles were made W th an incident cording 25 power
of ‘about 16 nil li wat t &, SUPSERHGUt power of about 0.3 milliwatt and an erase

DDl o 1 v apout A g rbve ety overlyehg Sl blosuate il B e 1
anpl e 1, S, r_each recording. - 13- 1.
A reversibl %%gggﬁa"f}?'ﬁﬁ F%é‘g’?a" BBX&?@WS‘F gt §ﬁﬁs‘f’?‘é€1€§’g§hs of a an
agsorpt ive | ayeqn;dinge{ toddumtt m?!samaimstrfg Hjhtabmerwivhicw\ﬁ?ddyt"l bic.Sd _
absorptive o ar rding, r.eadout _and an
erasing |igh ekg%gl%lﬁhﬁ%iﬂ&n%@‘geg%gé Q%faﬁ'ﬁgs%ff?.%'ﬂeéﬁ ?8&53- PLPRERUES ng
di f f erent op@nhdawhiehdws nnsin{oomationhtraek therainor retd on track therein;
and 10 10 a ' I | h g&m [ e -1
material which.is ,sulgg??’ﬁﬁi?g t?ﬁ?a%gé#?nqlqg% ﬁe \E/‘g% é‘)r{?g?llhyoé rﬁz{;]l.ee?-tal
recording, r¥deRcisagubsteatially trapsparentsat fherwavelengthatalr the rerording,
cappi gg I ayerﬁ]down;)hndt ?yasiﬁgg}jgn’lai}igat;ﬁgyg_the formati OP 1(:)‘1;1 an }rreve.rsi bl e
recording in the absorptiwe ayer exposure o e or mati on
record to a recordi ngngr%lPaéf%é“qqeéﬁﬂ ‘?L),eggﬂr? ‘Vxﬁaaé(ieﬁ ‘LshéHéﬁPthe % on
track conpri inhsibitingr thes fofmatigh oofs annirrievensibde ptecoedinmy én tMy ebsbaygvbeeen
reversi bby syy o Aav..ne. di n i cal rii es _wher eby
hocret oot | LG BpohooRpOniie of M thimaflofheflid 18 o B58BRINES:

regi ons, Wwi tﬁrﬂ/%ﬂgallgbﬁsb%mieiaﬂder or both the length of these regions

al ong the track and t\RefdIACIHY iRESTARATOS YFEER LorfpriSel AScRBENSE regions
representatiye ﬂf Lge recorded infaqr I.on., 25 . . :
in" the absorptive layer which have been reversibly switched to a

state having different optical properties whereby the reflectivity of

20 the information record is changed in these regions, with variations
in either or both the length of these regions along the track and
Lthe spacing between successive regions being representative of Lhe
recorded information.

25
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. i
-14 - 2. Areversible information-record conprising: a subs?rate v
RRpDsor ptive |ayer’, overlying the substrate, of a 5 mat eri al wHi ch IS i
ptive of light at the wavel engths of a recording, readout and an _F
ng light beam -which may be revgrsmly switched to a state havinng a

di fferent degree of crystallinity whi eby the reflectivity of the

an Cniormat on 02 PSRRI ARG AR aMpERIRG; And I e Ay

absorptive. | ayer, aosubstmateri al which is substantially transparent at the

wavel ength of theg eSBES‘H\‘}S‘LQ}/erﬁ?@ﬁ“to@d}qéﬁ{gﬂﬁh%gskbgmaLgea@ls wherein the

capping layer is e fectl fbitin ormat] on of an
i ry ever sﬂmt@rradcwhmlhgmab&qr@tm&f pight atajlee wveleaghbsple aof the

i nf or mat i QRoF&GRY d rEQd@uE QG dhNereing’ Aightobbight whedimapdbaherein the
mforrratmntregi I n,t absorptive Ia¥ ses serle of regions in:
t e absorfgvegeinlyyewits §F‘nb° & Stpte jpy W&F%FBE allinity than
t he renaidrgetaldini t;hemh@n&ry wher edffed tirei tyebf adiel mﬁoymfndrheelcaf@rirgat ion
record I S, changed oth the

Wiqt h i ati h
e e N S WAL P
regiléhs Heacl thepebsent ative of the recorded information. 25-3. An

i nformation record agcom ?e gl‘,@kmnaagge a4y Emﬁée B g a

reflective |ayer |nterpo etvveen t"he orptiv er- and the substrate
and wher énaterind vhw&m%selbﬁtapﬁ@ 1é(b§6¢«rbmr@ruta9tert resweéfe}esnsaftnee t®1q he

optical c@gest@iNg, @fza@dj\@t 3Rd et@ézln@cuﬂg\m; bad@et ptive . and Cappl ng layers
t hat- t he reflectl\élltc%I t\‘(;_\1%r%unex z ortlotr[} 1\IMthﬁj |on record i's/
reduced as’ conpar &8 aFaPPG 1Y & dF FHECHYE HPThdn Bghé&her el ati ve
t hi dihesdesmotionhel azlnscxrrpmcrs:blayeccorﬁsng in the absorzpt;vaxriaynf‘ommml on
record a oghPchf tfib ﬁnéﬂ&hhﬁéco%m%'aS'HéQor&ﬁ}d"’%‘?“ePQSn@Dﬁ nl%t"’e

| ayer an he re |ve ayers,
beam; and

wherein the inf_ormatio‘n track in the_ab_sorptive layer

corﬁpriscs_a series of regions in the absorptive layer having a

20 different degree of crystallinity than the remainder of the layer
whereby the reflectivity of the information record-is changed in
these regidns, with variations in either or both the length of these
regions along the track and the spacing between successive regions
being representative of the recorded information.

3. An information record according to claims 1 or 2 | VA
further comprising a reflective layer interposed between the _
absorptive layer and the substrate and wherein the thickness of the
absorptive layer is so related to the optical constants of the

30 reflective, absorptive and capping layers that the reflectivily of an
unexposed portion of the information record is reduced '

as compared with what its reflectivity would be for other relative

thicknesses of the absorptive layer.

35 4. An information record according to claim 3 further
comprising, between the absorptive layer and the reflective layers,
a spacer layer which is substantially transparent at the wavelengths

of the recording and readout light keams.

R




a spacetf |ayer which is substantially transparent at the wavel engths o
€ 0r di ng and readout |ight beans. 5.15An information record accor dj
¢l ai'm 4 wherein the thickness of the absorptive | ayer is so related to

‘thickness of the spacgr anisbapiatipn ajeebﬁdaé&drhﬂlg)pﬂd cahmcamshand:m of the

o the | nf or ik eBR RS BE G abESnaRYs AVR R KR R U RS v Y

abU ptive myem-mmh :rhand bEﬁpuﬂ}/\llMyde!&d ainl $hata derd omnstsmtsvmt thed. 6.

A rer o ERUERIRE RERBE Dbl sl BBUES ok Py Rk Xl YEnkBUELLY 5
An i nf or mat |anthecmfdrmondmﬂg’r@ol&:IdatfPﬁtﬁbil‘\Y]éﬂéf-ﬁrquel‘t‘ meek?@sééstflﬁ t he

spacer, absagppt) ﬁ@nf%“‘\l' %&pﬂhf& haYée beeh! S/i2thdl iRadtdtRean®hbetdd wivitehed. t he
unexposed portiohs of t Information ,, 15 record is mnimzed. 8 An

i nformation record ackor dimgnfayrmatignmrecandragaerding sieackim dyehergiBet ween

about 10 nang{@etr@ffectivé: W xé%OMBPi'E‘Pts%’lécﬂela' ¢korA Nthet B?oébs%rﬁ%#mﬁd ayer
is betv‘f(f 90ut 1 nano ’bé nd 20 about 60 nanonetersS thick )
on

i nf or ma fe @O1INIYE A o claim 8 wherein the spacer | ayer | s
conpri sed of a materi al sel ect ed from the group consisti ng of silicon-

di oxi de, silicon m)no.lxl d m oxi de gnd 25 ti tan e g
i nformati on record accorg‘i'hd)n{J éﬁ'}nrchF Za‘?/ﬁ?é'Péngu l[ong aé'Bs r%ﬁf’ an {})‘ér
i's conpri sedtlut:kaesatsrafathesspaceed dhsorptive gndupapping dayers aretsiidhuri um
tell b d.al '

el lurium aﬁ@%arse;}?@etcr%ﬂggz:# gﬂé%&ﬁé&m #JBr*Eﬁx%% ofIth@Y (fo%%@i% C

trlsulfi mation record according to
@i,m 1*9r 2regendeiish mimémizedokness of the capping |ayer is between about
100 nanonmeters to about 1000 nanoneters. 12. An information record .

according to claim11 V\/nereln the ca l.ayer i s conprjsed of a materi al
sel ected fromthe grBm Aghdnfanmap Pﬁcgr cArgingcto §lq’fnc8nwhﬁﬁ%‘ﬂ &{%

al um num oxi ggacdrd ldger s tisetweendabsiitlel0 Ranometers Mnd about 500 nanometers
thick and the absorptive layer is between about 1 nanometer and
20 about 60 nanometers thick. '

9. An information record accoi'ding to claim 8 wherein
the spacer Iayer'is comprised of a material selected from the group
consisting of silicon dioxide, silicon monoxide, aluminum oxide and

25 titanium dioxide.

Vo ' 10. An information record according to claim 1 or 2
wherein the absorptive layer is comprised of a material selected |
from the group consisting of tellurium, tellurium based alloys,
selenium, selenium based alloys, arsenic trisulfide and arsenic
triselenide. ' |

30

11. "An information record according to claim 1 or 2
wherein the thickness of the capping layer is between about 100
nanometers to about 1000 nanometers..

12. An information record according to claim 11 wherecin
the capping layer is comprised of a material selected from the group
consisting of silicon dioxide, silicon monoxide, aluminum oxide and

10 titanium dioxide.

A



/ 3. An information record according to claim2 wherein the degree of

cfygtaylinity of those regions of the absorptive |ayer w exposed to the-
3 diing |ight beamis less than LhaL O unexposed 5 . regions of the =~ -
absorgtive layer. 14. An information-i&ecord according to claim1 or 2

further conprising an overcoat |ayer overlying the capping layer.- 10

15. An infor mati onlBecokn iadeomatioy resosdaparardingeieigiaiohe mhareiess of _

the overCqRb déyfde icT EBFIRAMIRPOMNM tHoHS rRARHoRP VS tHe %Hgdr?'tf(?é §iger 16. G

met hod of reversibly,recordip n j nformtion 15 track in an information
Fecor di ng CHBRRG (o Tevarglit Jiphl \BaaBY 18 desBadan Lhal iefyunex9eptly| ng

t he sBbst raginofofathmtabisoaptivii layers absorptive of - 1ight at the wavel ength
~of a recording, readout ar.d an erasing |ight beam and which may be
reversibly switched to a second state having différent optical properties,
and a cappi ng | ayeld4. 20hn infermytion rdoerdbsocgrnding kaydaim vthioch2i s

crasi ng | oRh g AR 2, e R QeF R Sy v Y FaBBima BB Ton of

an irreversible change.in the absorptive |ayer upon exposure of the
recol@i ng medi um t @5t henr GaesHhEGorRKbcRFASEEAdIAR! 19 228Im W w}@gmod
CK Dy

conprises, the,25 steps_of: (a) recording an information tra

exposi ng EJE\% thiFknass i‘@nﬂP%@HE‘EHFH‘E}t TLiF thetvessy abane 0 15 andi AGORE ght
beam so t bhad midlimensrsf the absorptive |ayer are reversibly switched to a
second state having different optical properties whereby the 30 _
reflectivity of the optical recording nediumin the regions so switched is
changed, thereby fd8m iy methiodf of mevieosiblyar&condingeanpinfoamatieaor di ng o/
medi uE1 ( i g War e Wata'h e el : regi ons
To a1 ght Honr s intSrhfUgh RicRaing Shballn TRATHIGNTS SILSERRE (701

swit ched 8B ADSICRUEVEIFVAG. MerYinge thei sibstrase: icfas patgriak wdhdchaisd (c)

exposi ng &bSorFfive NEL Night! 8€ Ahei WEVERNGHR b d MchRYINYNS rafdsteed Ly 2

Fover oi bi §TRUNECHERY Boams cishV il BaRaPerE RTRBILRWiGERed o 2
properti esetéred edtnté drawing diffeven mbptical imroparaids,i andhe dapmnaatdyar 40
recoedi ngoUEMAVIRY 1HE BRBRSHVE 18)e2 CHnTLE Hsbgﬁﬂ&a%fdﬁﬁ} ec?*a;[mg;ragygrbt Lhe
the wavelength of a recording, readout and erasing Iig’h-t beams and
which is effective for inhibiting the formation of an irreversible

change in the absorptive layer upon exposure of the recording medium
to the recording and erasing light beam, which method comprises the
steps of:

N’

(aﬂ) recording an information track by exposing the u
information recording medium to a modulated recording light Beam so
that regions of the absorptive layer are reversibly switched to a '
second state having different optical properties whereby the
reflectivity of the optical recording medium in the regions so switched
is changed, thereby forming an information track in the optical
recording medium; ' -

30

(b) erasing the information trz‘:ck'by éxposing the switched
regions to a light beam so that those regions in the second state
are reversibly switched to a state having about the original optical
properties; and _

(€) .exposing the information recording medium in the regions
so ‘erased” to a modulated light beam so that regions of the absorptive
‘layer: are reversibly switched to a second state having different optical

properties. thereby forming a new information track in the information -
40 recording medium, the exposure-in each step being effected through the

capping layer.. :
N 0




Capplngwlayer -17- 17. The nethod according Lo cIa|n116 wherei n the
%fep of exposing the information recording medi um causes a change in
Hegree ol (:vystallinity of the absorptive layer in the regions so e«p
18. The method according Lo claim 17 wherein the step of erasing the
informatipn track causes a change in t he-ldegr ee of crystallinity of the
absorptive layer in the region erased to about 10 nexposed state.
19._A net hod of reversthbl y TdreadiehBod HOFRS Y élf’d‘l"dé@ ‘?L’the%fﬁn ﬁ?‘of’l‘r‘a‘t’l%

record, conprgRposing %Hbsffxﬁahﬁatlaﬂ ﬁmwﬁgvmeﬂmrcamseré wmgehm the
substrate of a material whic @Eﬁorpt ve  of
”“r"?faa e

wavel engt hs oftCghee I‘Ecb‘rYfrlr‘l’bl HSUPLYS §1’%br 'Png“ Béé{'ﬁ%n\’ \f\?ﬁ’l ch may
be revers$bl yegpbseded to a state having a differcnL degree of

crystallinity whereby the reflectivity of the information record is changed
in those regions so switched, and which has an information track therein, a
cappi ng | ayer, overlyity 20 he meshad sagqeridiag | Wy elaimol7 avherani bre witikBhof s

SubSFantia"ye@mnap%@n wﬁ th&n%uekee&s&hs% &nsn%@qar ﬁﬁé‘gicg;r‘é@dépt and

erasing |ight fective for inhibitin tion of
an irreversi bF%Y*f'g'EBFHVnQ[ Lﬁ'et ﬂ}és%%Y%tIPVGrl‘ﬁ‘yé}i“- Lf'ﬁ&ﬂ°%><‘|§'d’§ﬁ eubfrﬁi“?‘\‘é
informai 801 rpeouHeckposed exatdli ng or erasing |ight beam which method
conpri ses 25 the step of heating the absorptive layer to a tenperature
range wherein those regions of the absorptive l'ayer containing the’
information track are 1%t uﬂnmbthodabbu'bvr.ahsxibdyoexi'a;hnglmdfegneaonfrecordcd

crystal linity; 3Q lnformatboq reagrctihe%?rf 15l %Oégbgﬂ‘att cd .l rﬂs%?g Ve dfz{}ﬂzr

thE/t errperat ure range anS| erat ur
mel ting terrpewtdryen@f thehsubistoates i vlé a) a‘péel‘lalzthhelmbﬁgdpﬁ&’éwﬂﬂmﬂt al

claims 1®50r @l?cW@LH?lM oQSth@fx%BPam@ @868t %dﬂ%ﬂ' HP&shHF;t haht

conprises a rgflectlve whi ch re g&ects |1 ght at the ength of the

recordi ng and°FéRdou¥ Wb aYo@&r’rEeV?’r'ﬁ‘ Youdened \fQed ﬂ‘]‘ée f‘ga e and the
. absor pt | ve | agtiferedO degree of crystallinily whereby the refleclivily of Lhe

information record is changed in those regions so switched, and
which has an information track therein, a capping layer, overlying
the absorptive layer, of a material which is substantially transparent
at the wavelength of the recording, readout and erasing light beams
and which is ellective for inhibiting the formalion of an irreversible
recording in the absorptive layer upon exposure of the information
record to a recording or erasing light beam, which method comprises
the step of healing the absorplive layer to a temperature range
wherein those regions of the absorptive layer containing the
information track are returned to zbout their original d@ree of
crystallinity. '

30 . 20. A method according to claim 19 wherein the temperalurc
range is belween the glass transition temperature and the meltling
temperature of the absorptive layer.

21. The method according to claims 16 or 19 wherein the
information recording medium further comprises a reflective layer,
which reflects light at the wavelength of the recording and rcadout

light beams, interposed betlween the substrate and the absorptive
layer.
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-18 22. The method according to claim21 wherein the information r ecaor di ng.

rred urther -conprises a spacer |ayer, which is substantiallytransparent
at vel ength of the 5 recording and readout |ight beans, interposed -*-
bet he reflective and absorptive layers. 23. A reversible information’

record”substantially as herei nbefore dezl |bed with reference to the
acconpanying 10 drawi ng. 24. A net hoc reversi bly recordi ng an ~—

o orontac |1 an ity gl AT R L 2o | S
recorded i n iformbtomatecordingomediumsiunthies| ¢@mmslshér©|8ﬂwti6r1@mé‘scrl bed.
20 25 30 35 Yfich is substantially transparent at the wavelength of the
5 rcéording and readout light beams, inlerposed belween the
refleclive and absorptive layers.

23. A reversible information record substantially

as hereinbefore described with reference to the accompanying
10 '

drawing.
24. A method of revérsibly recording an information R
- track in an information recording medium substantially as ‘ o’
hereinbefore described.
15
25. A method of reversibly erasing information
recorded in an information record substantially as hereinbefore
described.
20
25 | | | C
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