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Method for "ft'riting of data in an optical memory · 

. and apparatus for p~rforming the ·method ' 

. . . 

· · · ... rcriN-096/00154 · · 

· ... · The invention: concerns a meth~d for Writing. of data in -an optical memory by 

means of a -write unit. ~hich emits light pulses which. cause localized changes . : 

5 in one .or Jtiore light-sensitive layers in the-opti~al memory, and- :wherein the . 

. . · . optical rttemory isttansported: p~st the write ~it in linear movement aIOng a .·· .. 

path. 

The invention alsoconcerns an apparatus for writing of data in an optical : . 

memory by means of a write ·ll.nit which° contains one o~ more pulsatin~.Jight 

10 soiirces· which illuminate localized ·&-eas·in one. or ·more ~light-sensitive. layers . 

15 

in th~ optical memory, and wherein .. the optical memory iS trOO:sported past the .. 

·. write' unit jn linear movement .along a path ... 

<?iitical storage media for digital data in the form of discs' or cards comb'ine 

substantial storage capacity with :portability; i.e~ the medium can easily be · 

·removed from the' write/read "device for storage or for ·transfer. to another 

write/read device. Spool tape can ~so be used foroptical data storage ahd 

has a number of features in common with discs and cards, but can in addition 

·. store· considerably more ·dat~. ·· 

. In genera~ the pres~nt invention concerns the· storage .of infol1llation. oti . . 

20 optical storage . media With special . ~mphasis on the possibility of producing a. 

·large number of copies from . a m~ster file which contains software, 

catalogues, music" ·sources, video sources and the like .. 

· More particularly,. the method· according to: the _present invention ·concerns· the · · · 

writing of data iii ~ptical media which may be ill the fo~ of a tape duting a . 

·25 part ofa production process where data are recorded in the medium. With. 

... this ·in mind,. data storage media in the ·form of cards~ e.g., have been 

manufactured in th~ form of ~·wide, thick tape on a spool and. run through a 
. nmnber of processing stages which correspond to those which are employed 

on a _continuous tape f~r optical data storage. Aft~r the flri.Rl :stage fu the . . 

30 process·, the tape is divided -into sep~te_ cards~ E~~n-- though the tape format 

en.tails :·a restriction which appears to exclude disc media, it is natural to refer 

: to ·the 18:tter, and this isdone to some ettent i~ the followirig. · · · 

· ·. THlS: SHEf!T HAS. BEEN 
· REPLA~EO· 
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.·1n·:principleall.physical formats.for.·a:·datastorage medium can carry memory 

layers with very. different ·p~operl;ies· .. So-called ·read~only memories· (ROM) . 

represent a subclass of digitaJ opticaJ storage media which have been shoWn 

to be esp~cially ~ell suit~d to sior~ge·:and. distribution of.professional data . : 

. bases together' with consumer".'oriented .. material' such as .music,.video games, 

reference works etc~ In this subcl~s ·.data ·are.stored :~nc~ and for all and'~~. 

subsequently be read. out repeatedly. A typi~al example is .the ·compact disc 

(CD) which is used ~ongst other· things f9r playback of music. A similar, . 

. but more flexible- type of media is that which is written once and read many 

10 tinies (WORM), where>data can .be ·writteii: on the media by the user. As soon 

15 

.. a~ .the. data' are "Written. in, they cannot be' altered,. but iliey can be.read a· 

. number .of times· and a written me<l:iuin: of the WORM type is therefore rather· 

. similar to a ROM. Media which can be wri~en, .erased. and written. on< again a 

great iil,Jmber of times ·are naturally ptore ·flexible.· 

. Optical data storage .media c.an .offer a substantial storage. capacity and. also be 

easy to take out, transport and ·store 'forlatet us·e. However, with regard to 

coriim·ercial ·exploitation, e.g. mass ·:distribution. of mu~ic recordings, video 

recordings or sitnila.r types of information, there is also a requ.irenient ·that . 

there should be the pQssibility of. transferring large voluines of data from: a . 

. 20. master somce t~ individual relevant optical media, for e:Xample a disc,. tape or 

card, and in. a c6st-effective manner. Two fundamentally ·different methods : · . 

a.re kriown for prerecording data. Firstly,· data can ~e entered ·into the medium. 

as all. inherent part .Of the ·a~tual ·ni~ufacturiJ;1g. pro~eSS for.·the mediUII\. . . 

Examples .of ·this are ·punching or. injectiOn moulding of the. pit pattern during 

25 · the manufacture of so-called CD· ROM's, and photogtaphi~ ex}>osure and 

·. subsequenl chemical develop¢ent of photo-Sensitive emulsions, e.g .. optical 

cards. which are produced by· Dre?d~r Technoio.gy Co,., Palo Alto, California; 

USA.· 

The first method is well~established and.has long been con)~ercially · · 

30 ... · e~loited. With regard"to the s~~ond.niethod,·we can .refer to.the fact that 

:'·Unwritten 'media offer the user great flexibility an~ eliminate.· the need for 

··. batchwise production of different· versi<>ns of stc>red inatenal, but represent a · · 

formidable ch~llenge for the data transfer, since large voluine:s of data hav~ t~ 

be. Written on e~th initlally un~itt~n medium at a rate and a cost which for 

· 35 .importantapplicaticms must. be: able to approa~h the ·cheap,. high-yield.·· .. 

. . methods :whi~h are employed at present in- the manufacture of CD ROM's .. 

. ·THIS SHEET.HAS ·BEEN 
REPLACE{)· . 
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For. exainple, a .production line for cQmpact discs _delivers one disc-·· 

. apptc.>ximately.every ten secoµds .. _'With a ·storage .capacity.bn'the. disc of, e.g~, 

. 600 Mbyte data,_· this means' ai1 a~erage transf~ rate of60 MbYte/s. ThiS 

-__ substimtially exceeds the :Write/read rate·s which. cari be achieved. by to-day;s . 

. 5 . software, where the_ maximuni read r~t~s for ~apidly rotating, parallel track 

equipment with-.a plurality ofheads are specified to be around .12._:Mbyte/s _ 

. (Laser Focus World, page 64, August 1993). The wtite .. nt.tes ar~ probably 

much lower than this. 

Data transfer to known opti¢al st<>rag~ media based on. cards,· including that · 

10 : offer~d ·by the· companies Canon;.Drexler Technology~ Irtc.· and th~irlic~nsees,. · · 

by_means .of a laser'write beam is several orders ofmagDiiude slower than •.. 
this. The~e cards have capacides which are weil 'under",10 MbYte, but tl).e . 

. slow write rates are still a bottleneck with regard to copying, especially due 

to the· fow .. effective speed which can be Obtained· with this forward· and ·. -

. 15 . · backward scanning movement of the l~er write beam relativ~. to the c~d~. For" 

· ~xatripl~, in GB-A~2 189 926 .(DreXIer et al.) there is disciosed ·an optical . 

_.storage mediuin iri tape form wb1ch isattached to a catd: base,· and which is 

wound up on a ·spool and which ·also. has a continuoU:s pattern .of parallei, · 

·separated and pre.;described servo tracks ·overthe entireJengih of the tape.· 

20 The utpe_ can be wound on and .off by driven transport spools·, while .data. are . --

·. recorded on the tape by a laser-based ~ite/read device. A system with.·cards 
. . . .· . . . . . 

mounted on a drum is known from US patent No. 4 912 312 (Haddock), 

w~ere the. forward .arid backward movement is avoided. However, placing 

cards. on?. drum and retrieval thereof after the writing appears iinpracti.cal .. -

25 · . ·with: regard to production at high speed· and high volUlJle. Haddo.ck also . 

. · .appear~ to only involve the use of a single laser write .be~~ . 

- Finally it can· be ·mentioned that ()ptical tape systems for writing and r~ading 

betW'een the spools have been developed(C. Terry, "Oigital~paper storage:_ 

·· Flexible optical mettia boost data· density';, Electronic Design. News, page_ 77, . · . 

· 30 . April 25, 1991). The two systems ·for writing andreading which have been ·. 

described do not appear to be s~ited to cheap,_ high~speed r~cording of data 

with a viewto distribution of~ e.g.,, music recordings and:video recordings ... 

_ . One systetli involves the recording of a large number: e~g~. 32,- of parallel 

. tracks "across ·the width of the tape. The tape is stati()itary duriiig this . 

35 . . __ sequence and nioves rapidly forw~d one step for the ~ext s·equel1ce~ In a 

. second system a ~inglelase~ beam is sc_anned across the width {)f the tape~ 

THtS SHEET HAS. BEEN 
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· ·while .. the l~tt~r moves . in· s~ch a. niann~r th~t ·a diagon~lly described track is 

. . . obtainecl :Parallel tracks ·over· mi area are produced by a number of passes~ . 

. which in tum requires the tape to ~~ spooled ~.number o_f times~ . · . 

. For both these systems the data transfer tate is givena~ J Mbyte/s and can be 

:s. upgraded ~o 12 Mbyte/s/ . .. . .. . . 

10 

. . 
. . . ' 

. The object of the present invention is therefore t{) ·avoid the .above"'.'meritioned 

. · drawbacks when ·transferring data at high sp~ed for copying or production of · 

.. ··a. large· number of data-carrying media fro~ an individu~l master medium, 

whileat the same time avoi_ding the disadvantages"ofthe ab()ve-m~ntiorted 

prior art. 
. . 

.. 

.. The object i_s especially to be able "to" transfer ~ata t~ storage media which are . 

physiCally formatted as cards· or tapes." Duri~g the writing process. the ·cards 

should be· Joined to form a continuous tape, but could be·. divided into indivi­

dual cards· after the writing sequence has ceased.·· 

·1s ·· In specific terms,. therefore, the object of the present invention is to specify a . 

.method for writing .of data.~t high ·speed· o~_tap~ .9r card~li1:ce ·storage media ·as . · 

well as to provide an ~pparatus for perforinfog the method~ . . . . . 

The above-mentfoned and other-~bjects are achie~ed with a method which is_·. 

characterized in that.two or-more.·write units are provided.at adistance_from 

20 . one anoth~r and mutually stepwis~ displaced in the path's ·transverse direction~ 

with the result that a write unit is assigned to a sectiOn or" the·. optical . . . 

.memory, that data are written in th,e transport direction in: separate and sue~·. 

cessi~e stages r~spectively, f;llld th_at at each stage_ a· fr~ction of the· volume o:f. 

information which has to be recorded duririg the writing is. Written; as well as. . 

25 · ·an app~atus which is characterized in that there are provided. two or more · 

Write units arranged at a distaiic~ from one anoth~r and mutually. stepwise , · 

displaced. in the path's transve.rse direction, and that a Write unit is assigned to .. 

~ section of the optical memory; with th~ ·result that the Writing of data is 

.. performed in ~e transport directi~n in sepaI'ate:·~d succe~sive stages, each .. 

30 _stage contributing a fr~ction of the "volume of irifoniiation. which has to be 

·· . _recorded dliring the Writing. · ·· · 

TH!S SHEET HAS·· BEEN 
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__ _ Tlle_:invention will now be described ~n m~re detail 1n connec~fon :with __ _ 

.·embodiments, fundamental .principles··and_the possibilities.and _capacities 

whi~h thereby can be ~ealized, and with reference. to the acco~panying . 

. . drawing~ iri" which 

5 fig~:· la illustrates sc}lerilatically a d~vice for- parallel writing ·on a tape • . 

-consisting ·of connected cards ·an.d._viewed from.the ·side,· and· -

fig. lb is the.sam~ viewed from: abov~, and· · _. 

. :fig. ·2 illustrates how the opticaJ d~ta storage ·medium "is organized with · ·- · ·. ·· 

memory areas on a card ·and each card c~rinect~~ tc;° form_ a· continuous tape . 

10 with sequentially and successively provided "Write units . 

. Fig._ 1 illustrates schematically an appariltus·for.writing ~fdata-in an optical 

~emory and a~cording ·to the present invention~ The acniaf data storage 

medium. is. in the f orin -of a tape 1· whiCh is wound· off a storage spool 2 and 

. transported past a number of.re~larlyspa~ed Write units' 5~ illustrated.here as 

15 4 units 81, 82, 83, -8~:If the iape· 1 i~ composed of cards C .C>i' has to be 

divided up into cards after the end of the Wl'ite : sequence, ·ihe d~ce 

betWeen each write unit s can correspond to the lerigth ofari: individual card .. 

. After the endof the write sequence the t~pe is .cut up into cards C, if this is . 

tiie prefep-ed, final data storage medium~ The use of ilie tape format as. · 

20 illustrated in figs. ia and 1 b opens up llew -possibilities for parallelism in· · 

Writing of data by laser~ The number. of i·a~er units which can work ... : .. 

. simultaneously on a single disc or a single card is Jn fact extre~ely limitecl, 

· · __ ·due to the· space requirements~ A ·mediufl.1 in the_ forth of-~- tape permits the 

number of.write units to be increased arbitrarily, provided.that-the tape is. 

. 25 · long enough. This. is" illustrated. more clearly iri fig .. 2 which shows the _tape 1 

·viewed.from above and divided illto preferred equally.large cards C which . 

. when. assembled form the tape·. The opticttl memory area on each card is 

divided into N fields F, illustrated ·iiere as 4 fields F1' F2, F3, ·F4 which extend . 

. · i~ the ~pe's direction of travel. N is also the ·number of write uriits S whfoh 

30 .. . are employed along the .. tape l before it is divided ~nt? c~dS. tll fig. 2 N = 4~ 

When the card centers the first write unit 81~· data are Written which cover.a . 

-_ .. track wtdth corresponding to memory .field. F 1 ~ At the ~e,q Write unit m.emocy 

fieid F2 i_s "Written_ and so on _until all the.~emory·fields F1, F2, F3, F4 have 

.been written. Ifthewrite·speed .. is_R·byt~/s~the e:tfective.write speed ,for N 

· -_ ·1 Tii1s ~~··· .. ~ afEM lj• 
. . . ,. Ref.J&f . J_ 
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· tm.its will .be NR bytes/s. Gi~en. a measured value for NR, the ·size of N will · 

. be the \Vrit~.speed. R for f;v~ units:... . . . . . . 

Ariin(}icatio11 w1ii ·now be give11 of p~ssible realistic·val~es _for the. n~inber or" 
memory fields F oil the assumption that the actual system; i.e. the maXimum 

s permissible length·. of the tape 1 which can be written .siinul~eously with N 

.· units S is given. Each write uriit'S .oc~upies a length L, iri~luding the required .. 

dis~ance between each write Ullitand the ne:Xt along the' tape's direction of . 

•. travel, i.e. th~t. the total write operation ·occupies :a: length NL. At present the 

· ·.length Lis assumed tO be betwe~n3 and 20 .cm depellding on.technical.· 

· 10 · · factors and costs: Assuming that the possible· 1ength for the data transfer 

: section,. i.e .. the write. area in a production _line, e.g.~. is 5 m and L··,.;, 15 cm,_ it 

· . is found that N ~ 500//15·= 33. Compar~d to production lines for other types · 

of c.ards,joined to form tapes, alerigth ofS m for a given write operation is . 

. · .. not exc~ssive · ~d the totaI distance· between the· beginning ~d. the end of a 

15 multi-operation productibn line can very well be. 20 m or. mote. If th~ ~pe is 

composed of cards of,· e •. g., 1 O c111, 200 cards will constitute a distance of .40 · 

m.between the storage spool and a recording·spoo_l or the· cutting .. point. The 

.. capacity of the storage spool 2 is e~pected to -be niany.thous.aildsof cards.·· 

Tue· writing process too can be· subject to certai~- restrfotfons ·which have. 

20 . con~equeric~~ for the number·N ·of memory fields ·p. E~ch-.write ooit S. covers. 

a field F with li~ited width 6n th~ tape. L .Moreo~~r, when Wrlt~g by laser~ 

each field F must be able to be ~ritten without overlapping of other .fields ... ·.· .. 

The positiOning of each field F with regard. tb adjacent fields c~ be a . 

diffic~lt. task and an increase in the number. of fields ·F in the write linits S: ·. 

·. 25 increases the system's total ·comple~ity. The effect on the. optimum cboice of ... 

·number of memory fields F·cannot:be describe4 in ·general terms, but must · 

·. considc;,r.explicit. tasks con.ce'l'Iling each individual.en.ibodimtnt. Each· Write 

unit. s includes a detector. which guides the Write beam, .as is wen· known in. 

. the art. Depending oD. the medium employed it Call· be :practic8.l to. write each 

30 field l" in direct continuation of its neighbouring field, i..e. without. any .· 
· intervening br~ak. Knowri ~fu· storage ·niedia ·with predetermined_ data 

position.s, e.g. based on· the use of spherical microienses, ·can~ e.g., be . 

·. especially.relevant.in this context." Alternatively the: positioning can be made 

les~ critical by having .·a gap betwe.e~ the fi~ld boundaries·, . either physically 

. · 3S . pre-formed. on the tape .1, ~r software"'.'controlled as a part of the writing . · . 

· proc~ss. If the number ·N ·<?f fields· F .is_ large the number of gaps. constitutes a · 

· °TH\S SHEET HAS BEEN . . 
.. REPLACED. 
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proportiomi.ily large .area which cannofbe used·for storing data. If each gap,.· 

... for' example, is 50 µm arid at.most 3% ofthe effective ~emory ~ea width of, '· 

for .example, 50 mm i~ .lost in.the gaps, this means that N = 0~03·50000/50 = · 

... 30 .. If the cards are ~onriected. together to fomi ~-tape with the-side of.the . 

card along the. tape's direction of travel, the -~ffective memory area can, for 

example, amount to I 00 .mm, arid N = .30 would then only entail a loss .of . 

. . 1.5% of: the effective mernory. area~ : . ' . ·.· 

. The present invention J.s expected to be able to provide Write speeds which ... 

are at least. as good as or· much better than ~ite speeds With the use :of 

·· ·10 · kiiown ihedia. ·The. use .of a siD:gle laset beam· for· Writing on· a rotating ·~isc ·· .. ·. 

medium gives up to. 1 Mbyte/s in ~urrently av~ilabie co~mercial desktop.· ·. . 

. equipment. However, in produc:tion conditions lasers:and control systems can 

.. be.used w~ich can substantially increase.the writing speeds. For exa.nlple high . · ·· · 

·.· beam deflection rates can be achieved 8:C0Usticaily, and there are ·indications 

15 · ~at 3 Mbytels. can· be. achieved With the "Laser-tape" system. which employs a· . 

. single beam. It is· indicated in-the ·literature that addr~ssable laser groups· 

.(VCSEL)-.and positfonable l~er$: offer the possibility of parall.el writing on a 
. : large scale:. Th~ saine can. be achi~ved with spatial light°modulatoI's (SLM) . 

· ·conib~ned with a light source. Also knoWI1 are directly writable optical 

·-~ .. ··.memory.systems based on efoctroritrap-_technology,·such as :"ETOM" from• . 

. · the Optex Corporation in USA and whi~h is at art advanced stage of d.evefop-

15 

. 30 

·.· . 

. . mentand is stated to give trMsfer rates of 15 Mbyte/s or. more by means of 
. . 

. . grey scale coding~ · .. 

.. In the present invention, assuming a write rate for each writeunitS In the 

range i ~10 Mbyte/s, it is possible to achieve a write. rate··~ith N units S in the ·· 

range from N Mbyte/s - 10 _N Mbyte/s. ·J\p:wnber ~f memory· fields .N of 30 · 

was found. to. be compatible with _those criteria which wer~. d,escribed in the 

previous Plll'agraph. If a· more conservative value is· ·select.ed, for exampl~ N = 

I 0, the write. rate. when using· the·. method. according to the present. inventi.on . 

willbe 10;...100 Mbyte/s . 

It will be possible .to combine the optical memory which. is .ethployed by the .. 

method according .to. the present invention with sphe~ical microlenses which 

· ·. ca,nbe·.addressed slriiultaneously by·:m.e~s· of a l_aser cluster~ On the basis ·of 

prior. art the data transfer rate can be written as: 
. . . . . : . . . . 

li11iu1nr··· THIS SHEET HAS ·eEEN · 
. REPLACED .... .,.':'.\ 
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(l) R = nv/8_ d byte/s . 

. . where ti is the' effe¢tive numb.er. of_d~ta point positions·:~dei" each mi_crolerts 
at the effective scanning rate for the laser system which.reads or w:rites on . · .. · 
the medium, and d·isthe.diamet~r of the sphere;_With·~·.=·1~ µm and n~94 

5 the following is obtained: · 

(2). R .· 6 v MbYte/s, v-being expressed in. in/s. 

·.The ·effective ·scanning rate v·should_b·e_maXimized inorder.to ·achieve high . 
· speed. Two· different methods will no'W be described~ 

. The. object of the first is to move the optical write head physically in a 
10 ·forward and backward movement .. This is a· slow.operation, si~ce co:rmnercial 

· optical card readers normally work at a speed ~f 0.5-1 ·.m/s.·. With microlens- . 
based storage media the laser systeill win· not 11eed to $can af a constant .. 
speed. 

A second.possibility is to movethebeam:bymeans of:an opti_c~ element .. 
. · 15 . This can achieve a high spe~d by. acoustoopticRI meal1s, ·but the strong 

convergence of the ·beam makes this difficult. However, the short length of 
stroke, ~or example a few Illi;n for high values· of N, simplifies. the situation., 
and displacement. of the ·beam .by·ID~~s of movabl~ · optica~ demen~s can 
thereby be implemented. 

20 · .. A numerical exainple will illustrate· this .. Assuming· a Speed.v_tn.the range· . 
. 0 .. 5~10/s. giyes according to formuia .(2): R = 3~60 Mbyte/s~ This .applies to 
>each individual write unit s~.fr,_for.exam.ple, lO:.write .units:·s are provided, 

. . . . . . . . 

the write rate for the ·entire system ·will be. 30-600 Mbyte/s ... · 

· In the method according to· the present i:r~:ventiori ai1 apparatus 'is emplOyed · 
25 according to ·the invention which. also divides the. writing process :between a . : 

. : number of coo~erating, but independ~nt.Wi"ite ·units .s based ori the .. · .. . . 
·~ssitmpdon that each individual write ·unit can write ~ta· speed. which is: not . 
much less th~ that of a single, large write· unit. It is .well-kno~~ ·however,· 
that. there are certain m~chanical restricti_dns on th~ Jl}aximUm. achievable 

·30 scanning rate for~ write b~f:llll relafrv~ t~ the data storage medium;. For 
example the rotation ·speeds for recent optical _9isc St()~es have been 

. THIS SH~ET HAS. BEEN-:--J· .. 
· .REPLACf-0 .. · .. 
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substantially increased in order to. increase the ·data transfer. rates~ In this cas.e 

.. mechanical restricting factors. will" arise iJi the. form .of vib~ations. due" to 

.unevenness in.the dis~ or a decentrail.z.ed disc .mass-and accel~ration and 

. . de~eleration effects when files with" different r~dii have to be ac~essed at high 

5 speed~ Systems· ':"hich write in -straight_lines are _more relev~t in this . 

10 

15 

20 

, connection, since a distinction cart be made here between scanner~ which 

provide a smooth. continuous m~vement, e.g;. based on rotating _prisms, or 

which have no ·mechanical· m~ve~ent at ~11, e.g. a~oustooptical deflectors,'. . 

. and those: in:which a mass is rapidly accelerated or decelei:-ated, e:g. in a·. · · 

forward and backward tnove~ent~ The. fatter ~ase is· the niost critical,: as a .·.· 

.'.·number· of restricting pheriomena:.will occur, such as vibrations·which:r¢duce. · 

the tracking . accuracy; pdwet constiiriptioii, unit costs and·. unit size, etc. . .. 

Maximum acceleration during the scanning cy~le is. ·a mtrln pafam.eter, but it·. 

. can ,be eff~ctively red\lced by emplOying a plurality of wrlte units as in the 

: method and the apparatus accbrding to the present inven#ori._ . · · .. ·. 

In the .case· of a ham1onic oscillating movement~ -the effective Write speed can 

. ·. be incr~ased N times by employing· N smalfor units .instead of one. large ~te 

unit, thus obtaining· a maximum ·acceleration which is scaled in relation to N. 

A corresponding increase in speed with a single large unit will lead t~: a · .. 

.• maximum acceletatiOn which is scaled: -~y the square. of N. . . ·. . 

Otherwise it is we~l known -'that both acquisiiion and trac.king problems arise 

. at high speeds. As the speeds.incr~ase, ·increasing d~mands are also made on·· 

a number ~f links in the chai~--~hich in~olve_detection,logic.and power for .. 

. controlling the beam position. -By dividing a write unit S into N smaller up.its 

25 .s1·, 82, S3~ 84 as in the present- iri'ven:tion, an incre~se of a factor of N is . 

obtained. in. the time which _is. available for .each individual ~ub;.task~ without . 

any reduction in ·the total write speed.· 

W_he~ writin~ in _optical storage llledia ·there are also physical restrictions. with · 

_regard to the size of a so.;calle<i bit.point in then1ediiJm, i.e~ an area where 'a. 

30 · · single. bit has to be stored. A certain am~unt pf energy must be supplied to 

. the central area.with ml intensity whiCh is above· the threshold.which is 

nece~sary. for registration of the single bit fo take. pl~ce. In._practice~ however, 

. . the Uglit beam is not stopped at each ·Write point i~, the medium, but the •... 

. . ·d~ration of the "write. pulse is so _short that "the sc~irtg movement is virtuatly 

35 · effe~ively .. "ftozen". during tlieWritingqf·each bitp~int~,As the. bit points· 
. . . 

. . . . . . . . 
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•. 

. become smaller in order to a~hfove: higher storage density arid the scanning 

·. rate is increH:sed. in.·order to· give higher tian~fer rates, ~·point is reached·. . 

·wh,ere th~ movement is· no longer "frozen" to a ·sufficient e:Xtent. With-a 

scanning·. rate of IO mis the beam mo~es 107. • 10-1 • µm =: 1 µm in•the course .. 

s of 100 ns, which is.· far above what is permissible for a high-dertsity. siorage .. 

medium. It should be noted, ·h~wever, that optical d1Lta s.torage media based 

on spheric~! microlenses are foss ."VQlnerable in this respect~ :A reduction.in the 

puls.e duration will avert. the problem; but another. problem may m;ise,: viz ... 

that it will. be difficult to supply sufficient energy· in the time which is 

10 · available. This.· in.turn leads.tohigher.iasero~tp~t and higher costs; Iridepen-·.· 

deritly of this, sinmltaneous reading· arid writing ill order to control the actual 

writing process_, e.g. and to achieve a greater degree of reliability ·or ~ontrol 
. ()f grey scale coding, will be.come more difficult and 'more expensive as the 

time which is available· for vvritirig in ·each bit po~t positiQn. is .reduced~ By 

15 .employing a metliod according to the:invention where the \ivriting of the data·. 

20 

is performed s·eparately and ·in successive ·stages by means.· of two ~r more 

write units and by means.·of an apparatus which performs such a"niethod,.the 

.. combination ·of high write··speed, adequate process qualiiy· and small diapleter,_ . 

. i.e. high energy in the write:point, iR:other words high .storage density. and .· 

high data transfer _rates, can ·still be achieved without the problems which are 

· present in the :current prior art.· ·· 
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PATENT CLAIMS 

l. A .method for writing of data iri an optical memory ·o) by·• means. of a : · · 

write unit vvhich emits light pufses which cause localiz~d chartges. in one or 
mote light.;.s·ensitive layers. in.the.optical memory, and wherein the optiCal. 

·· s melD.ory is transported past the .. write unit (S) inlinear movement along a· 
. . . . . . . . . . 

·path~ . . . .· . . · . ... . · . . 
· ··characterized in that two or more write uriit~ (81; s2, .... ) ~e provided at a 

distance from one another and mutually stepwise displaced in the: path's .· : 
transverse d~~ction, with ·the result that a ~ite unit (S) is assigned to a ...... · 

1.0 section .of the optipal ·memory, that ·data are Written in the transport· directfori. 
in separate and successive stages r~sp·ectively~ and· that. at each stage a .· .. 

. . fraction of the volume of information which has to ·be recorded during the 
. writiti:g is written . 

... 2. ·A method according to clail)l i, 
15 characterized, in ~hat the opdcal .. memory (l) is in the. form of a contintlous .. 

·tape.· 

3 ~ .·. A: method according· to claim l,: · ·. 

characterized in that the optical memory (l}is in the form. of afofr or a card· 
(C) ~hich is physically connected to other foils. or cards (C)~ with the re~ult 

20 ·. that these ·form a .continuous ·tape during the writing, the foils or the ·cards (C) 
being again· separated·. ·after the cessation. of the writing. 

4. . A method according to claim 1, .. 
. . characterized in.that the optical memory (1).is in .. the formof a foil or~ card .. 

(C) which is attached to a. tape and transport~d thereon. during vvriting. . 

25 5. : A method accordillg to. claims 1~4, ·. 
characterized in that th~ optical .n1emory ( 1) is formc:d with physi6aily ... · 

' separated fields (F) :for writing at each. stage, each field. (FI·, . F 2' •••• ) 

~ubstantially .corresponding to the· section of·tJ;ie optical :~emory assigned to a 
write unit.(8 1, 82, •••• ). 

30 · . 6.. . A method. according to. :claims· 1-5, . . . . . 
· characterized inthat the optical memory (I) is formed with one or more. 

optically readable positioningniarks· for writing at each ~tage~ . . . 

111111111111111111111111111111 · 
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7.· .. A method,according to claim 6, ·· · · 

c~aracterized in ·that the positioning .marks ar~ ·provided at the· first stage· of. 

the writing.· 

· 8. ·A method according to claim 6, 

s characterized in that.the pe>sitioning marks ar~ provided:·sequentiany·dming 

each· .stage of the Wri~i]lg .. 

. 9. · An appara~s for Writing o( dR~. in an optiCal •memory by means of a .. 

· write unit (S) which cbntains one. or more :.pulsating light sources which . 

. illuminate· focalized. areas in one or ·Il1ore Hght-sensitive layers ill il;ie optical . 

· 10 . ·. memory, ~d wherein the optical· me~ory. is transported pa.St· the ~rite. ~its 

·. in linear movement along. a p~th, ~ha:racterized in co~prisiD:g provi.ded two or 

more write units (81, 82, .... )provided at adistance from- one another.and. 

·mutually stepwise displated jn:the track's transverse direction,·.an({ that a 

write unit S is· assigned· to a section of the optical memozy;: with the result 

· 15 . that the writing of data fs perforriied in the transport di~ection in. s_eparat~ and 

successive. stages, each. stage contributing a fraction. of the voh1me of in.for-· 

. . . Jnation '.Which has to be rec~rded during the writing.. . . . 

liiiMUr 
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