”E for witing of data in'oh ptiial mrry. e mpparatu o,
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) ~ optical ‘nénhory. wherein
. write units.enmit light pulses which caude N OCZII i'zed chatngle)solrnnghg

or .nore Ilght sen5|t|ve lLayers in- the. optlcal menory, and - : . wherein.

the optic :
alend s pgﬁi fd(r lvmhhgmlpdatem ansoptinal WEMerYini ¢ i1 | inear -movenent

Seouonti oand appAgats Ty, BoTornilg iR nfetR6aT o A0 apparatus for stagewse

Cwrite units including one or nore " pul sating Ilght sour.ces which-

IR .
AT um nat. glq_ | ogali: ed ar e‘%%%$ ) neﬁhﬁfmuﬂggm data in an Sptival imempey bys i N

‘the opti calMneho
t
-past. the whedres of atwrrtel uhlmhtclhﬁmﬁe]hgﬁfgg‘b‘ﬁﬁs g‘ﬂbél’ rfs““i% locallZe CRAEAR
S 5 . _ 1n one or more hght-sensrtlve layers in the: optrcal memory, and wherem the o o
R optlcal memory is transported past the wrrte unit in hnear movement along a :
path ' S

- -'The inven ntion also concerns an apparatus for wrltlng of data in'an optlcal
L "' memory by means of a wnte unit: whrch contains one or more pulsatmg llght
10,  sources which 1llum1nate locahzed areas in one or more hght-sensrtlve layers .
 inthe optlcal memory, and whereln the optrcal memory is transported past the |
- write umt in 11near movement along a path ' -

- Optlcal storage medla for d1g1ta1 data in the form of dlSCS or cards combme o
- substant1a1 storage capacrty with portabrhty, i.e. the medlum can easrly be
- 15 ' _.removed from the ‘write/read dev1ce for storage or for transfer 1o another
| " write/read devrce Spool tape can also be used for optlcal data storage and
" “has a number of features in common w1th dlses and cards, but can in addrtron ST
- store cons1derably more data ' ' : e

_ :In general the present 1nvent10n concems the storage of mformatlon on '
20 optical storage medra with specral emphasrs on the possrblllty of producmg a

~large number of copres from a. master file whlch contains software, '

S catalogues musrc sources, v1deo sourees and the 11ke '

' More partlcularly, the method accordmg to, the present mventlon ‘concerns the
- writing of data in optrcal media which may be in the form ofa tape durmg a
'25' " part of a productlon process where data are recorded i in the’ medrum With
" this in mind, data storage media in the form of cards, .85 have been
-manufactured in the form of a ‘wide, thick tape: on a spool and run through a’
- number of processmg stages whlch correspond to those Whlch are employed
ona contmuous tape for optrcal data storage After the final stage in the
30 process, ‘the tape is divided into separate cards. Even though the tape format
T entails a restriction which appears to exclude disc medra, it is natural to refer
L to the latter, and thrs is done to some extent in the followmg :
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L - - number of times and a written medium’ of the- WORM type is therefore rather .
N '-751m11ar to a ROM ‘Media whlch can be ertten, erased and ertten on agam a -

o great number of tlmes are naturally more ﬂex1ble L '

15

Optlcal data storage medla can offer a substantlal storage capaclty ‘and also be .
' 'easy to take out transport and. store for later use. However with regard to .

' "commerclal explortatlon, e.g. mass dlstrlbutlon of mus1c recordmgs vrdeo

_'recordmgs or s1m11ar types of mformatron, there is- also a requlrement that -

- there should be the p0551b111ty of transferrmg large volumes of data from a

= master source to 1nd1v1dual relevant optrcal media, for example a d1sc, tape or S
L card ‘and in a cost-effectlve manner Two fundamentally dtfferent methods

are known for prerecordlng data Flrstly, data can be entered 1nto the medrum |
as an mherent part of the actual manufacturmg process for the medium.

o Examples of th1s are punchmg or m_)ectron mouldlng of the p1t pattem durmg

25 o

the manufacture of so—called CD: ROM's, and photographlc exposure and

: subsequent chemlcal development of photo-sensrtlve emulsions, €. 8. optrcal

. cards. whlch are produced by Drexler Technology Co,, Palo Alto, .Callforma, o
" USA. . . o A o .

' The ﬁrst method is well-establlshed and has long been commercrally

_30_"_____

explorted With regard {0 the second method, we can refer to the fact that

‘unwritten medta offer the user great ﬂex1b111ty and ellmlnate the need for
-_._":'batchw1se productlon of drfferent versions of stored materlal ‘but represent a’

form1dable challenge for the data transfer, since large volumes of data have to

) be wntten on each 1n1t1a11y unwrltten medlum at a rate and a cost wh1ch for
) 1mportant appllcatlons must. be able to approach the cheap, hrgh-yreld

) :' methods Whmh are employed at present in the manufacture of CD ROM' L
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~ be. w5t t esoftwarne whege éhaynaﬁmlt}géffa‘ﬂ%‘yeéol?ﬁ fégf‘l\{\ﬁmaa By Aalldl ook o
_-.they cann a E\Nl'ltt?nln
. (ehurpment w1th a plurallty of heads are specrﬁed to be around
T ._'_(Laser Focus World page 64 August 1993) The wnte rates are probably

L _much lower than th1s

a .Data transfer to known optlcal storage medra based on cards, 1nclud1ng that ,
10 o offered by the’ compames Canon,. Drexler Technology Inic. and their hcensees, E
| ' by means of a laser wrlte beam is several orders of magmtude slower than
- X this. These cards have capacltles whlch are well under’ 10 Mbyte, but the
slow. wrrte rates are still a bottleneck w1th regard to- copylng, eSpeclally due |
! " to the low effectlve speed whlch can be obtamed with this forward and _
15 '- backward scanmng movement of the laser wrlte beam relatlve to the card For
e xample, in. GB-A-2 189 926 (Drexler etal. ) there is dlsclosed an optlcal o
| ';l_.storage medium in tape form whlch is. attached toa card base, and ‘which i 1s
o '_wound up on .a ‘spool and whlch also has a continuous pattem of parallel
S separated and pre-descrlbed servo tracks over the entlre ‘length of the tape..
- 20 : .The tape can be: ‘wound on and off by driven transport spools, while data. are o o
N recorded on the tape by a laser-based wrrte/read dev1ce A system with’ cards
mounted on a drum is. known from US patent No. 4 912 312 (Haddock), SR
) where the forward and backward movement is avorded However, placing:
- _-_"cards on a drum and retr1eval thereof after the writing appears 1mpractleal
25 with regard to production at. htgh speed and hrgh volume. Haddock also ' ; s
o appears to only mvolve the use of a smgle laser wnte beam

- Fmally it can be mentloned that opt1ca1 tape systems for wr1t1ng and readmg
_ - between the spools have been developed (C. Terry, “Dlgltal-paper storage
) . :Flex1ble optlcal medra boost data densxty" Electromc Des1gn News, page 77,
30 April 25, 1991) The two systems for wr1t1ng and readmg which have been "
- descrrbed do niot appear to’ be suited to cheap, hlgh-speed recordmg of data
o 'w1th a view to drstrlbutxon of €. music reeordmgs and v1deo recordmgs
o One system 1nvolves the recordlng of a large number, e.g 32, of parallel
. tracks across the width of the tape. The tape is statlonary during this.
" 35 - sequence and moves rapldly forward one step- for the next sequence Ina -
R seeond system a s1ng1e laser beam 1s scanned across the wxdth of the tape, -

er thl'hgs o
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_ '_The object 1s espec1ally t0 be able to transfer data to storage medla whrch are. -
'-"phys1ca11y formatted as cards or tapes Durmg the writing process. the cards
~ should be joined to form a contmuous tape, but could be dlvrded 1nto md1v1- :
' dual cards after the wrltlng sequenee has ceased A ' e

| 15 e In specrﬁc terms, therefore the obJect of the present mvent10n 1s s to speclfy a . | o
- method for wr1t1ng of data. at hlgh speed on tape or card-llke storage medla as - - -
_well as to prov1de an apparatus for performmg the method

- The above-mentroned and other ob_]ects are achleved w1th a method whlch 1s
: _ characterrzed in that. two or more write umts are provrded ata dtstance from: |
- 20 one another and mutually stepwrse dlsplaced in the path's transverse d1rectlon, S
e wrth the result that a write umt is assigned to a sectton of the. opt1ca1 _
memory, that data are wrltten in the transport direction in separate and suc- B
- cessive stages’ respectrvely, ‘and that at each stage a fraetlon of the volume of
o mformatlon which has to be recorded durmg the writing is wrltten, as well as_.
25 an apparatus which is characterrzed in that there are provrded two or more -
A wnte units arranged at a d1stance from one another and mutually stepw1se | |
o dlsplaced in the path‘s transverse dtrectron, and that a write unit is ‘assigned to L
" asection of the optlcal memory, w1th the result that the wrltmg of data is
s performed in the transport dlrectlon in separate -and successive stages, each"
o 30_' - stage contrrbutmg a fractron of the volume of 1nformatlon whlch has to be.
N recorded durmg the wrltmg ' | o Lo
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fate of 6wh1chgttl§[rgl@j canb;reaﬁiedmdevmﬁg erencestq,ﬁlae]gcgotngagyc transter -

. “Thi's sub R
__....,._le ch ¢a 5htre\‘}‘§t} lBy o daysg sta_r.ttral I y: exceeds the \M’I te/read rates. -
. sof twar e, .where t he. maxi num read rates for ra ool
. pldlyrotatlng, L
Bgr :rgo df’ ggl%ypshate?%hgﬂﬁﬁcaﬂ&td‘dgvibbtfo@parallelf whnitims onreetapseci fied to .
S write rat mslstengwlmmmyc qaar g\ggd v1lé%ve\(/lbfrom tl?éigﬁle, %ndA“g“St 1993) The ...

o -.ﬁg 1b: 1s the same vrewed from above, and

'_ "'flg 2 1llustrates how the optlcal data storage medlum 1s orgamzed w1th _
_ ' memory areas on a. card and each: card connected to. form a contlnuous tape
. 10 o w1th sequentrally and successrvely provrded wrlte un1ts S '

- -Flg 1 1llustrates schematlcally an apparatus for wntmg of data in an optrcal
_' '_memory and accordmg to the present 1nvent10n The- actual data storage
.medlum is in the form -of a tape 1. whrch 1s wound off a storage spool 2 and
Lo i 'transported past a number of regularly spaced write umts 5, 1llustrated here as -
15 4 units S, S,, S_,,, S, If the tape 1 is composed of cards C or has to be
SR : dlvrded up into cards. after the end of the write: sequence, .the dlsﬁﬁi'ce
'.';between each write unit S can correspond to the length of an 1nd1v1dual card
© o After the end of the write sequence the tape is cut up 1nto cards C, 1f thrs 1s : o
_ ~ the preferred final data storage medrum The use of the tape format as=
- 20 . illustrated in ﬁgs la and 1b opens up new possrblhtres for parallehsm in’
| writing of data by laser. The number of laser units which can work
.srmultaneously on a single disc or a smgle card is in fact extremely 11m1ted
- .'due to the'space requrrements A medlum in the form of a tape permrts the -
| E number of write umts to be mcreased arbltrarlly, provrded thatthe tape is | o
R 25 long enough This is illustrated more clearly in fig. 2 wh1ch shows the tape | 1 '_ .
. g v1ewed from above and divided 1nto preferred equally large cards C whlch '
.- when assembled form the tape. The optrcal meriory area on’ each cardis .
_ N d1v1ded 1nto N fields F, 1llustrated here as 4 ﬁelds F,, Fz, F;, F4 whrch extend
~ - in'the tape's direction of travel N is also the number of wrlte unlts S which
30 . are employed along the tape 1 before itis divided mto cards. In ﬁg 2 N 4 .
o When the card C enters the ﬁrst wnte umt S,, data are. wrltten whrch cover a |
track width correspondmg to memory ﬁeld F1 At the next write umt memory
- field F, i is written and so on. until all the ‘meémory fields Fy, F2, F3, F4 have
_ been wrltten If the wrlte speed is R byte/s the effectlve wr1te speed for N
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" i's known fdismanus between edoh vunmmnnmd( thednmz}long the tams, rreotion: 8f war d-

_:23 lrjgt3 lr(:,\g%‘feqvhgp@&& thp (B i WF@@?‘WM 363 AdeAgMINIA )TAPBresent thig um

- product i orleagthhLgis assumdatmbmbgﬁwe@m @n@nd) ElQoQin*@ géﬁﬁ{etgwfgﬁ gg?; d to
! nvolﬁe factorE %d“é&sthAés&hﬂgé ﬁldt%ﬁ@rpd%iﬁlé lél@gtl’ﬂ for the data transfer I
S sectlon i.e. the wr1te area 1n a productlon line, e.g., is 5 m and L =15 cm, 1t' :
s found that N = 500//15 = 33, Compared to productlon lmes for other types -
'of cards Jomed to form tapes, a length of 5 m for a glven write operatlon is .
- " not excessive and the total dlstance between the beglnnlng and the end ofa
15 'multl-operatron productlon line can very well be.20 m or more. If the tape is, |
) composed of cards of, e.g., 10 cm, 200 cards will constitute a- dlstance of20
o ) m between the storage spool and a recordrng spool or the cuttmg point. The
- capaclty of the storage spool 2 is expected to be many thousands of cards

_ _ _' _'The wr1t1ng process 100 can be’ subject to. certaln restrlctlons whlch have :
) 20 o consequences for the number N of | memory ﬁelds F Each write umt S covers'-- |
- ~ afield F with 11m1ted w1dth on the tape 1. Moreover, When wrltmg by laser -
. _ each field F must be able to be wrltten w1thout overlapplng of other ﬁelds
o The posmonmg of each field F with regard to adjacent fields can be a
- difficult task and an 1ncrease in the number of fields F in the write units S
.28 increases the system s total complexrty ‘The effect on the optlmum ch01ce of =
_;_number of memory. fields F: cannot be: descrlbed in: gencral terms, ‘but must |
i ~ consider. explicit tasks concemmg each 1nd1v1dua1 embodlment Each wnte
- 'umt S 1nc1udes a detector ‘which: guldes the wrlte beam, as'is well known in - -
o the art. Dependmg on the medlum employed it can. be practlcal to wnte each e
30 field F in direct cont1nuat1on of its nelghbourmg field, i.e. without. any o
L '-"'mtervemng break. Known data storage media’ with predetermmed data
. _pos1tlons, e.g. based on the use of spherlcal mlcrolenses, c_an, e.g., be .
" especlally relevant in thlS context Alternatlvely the pos1t10n1ng can be made
o less critical by havmg a gap ‘between the field boundaries,. e1ther physrcally
35 pre-formed on the tape 1, or software-controlled asa part of the wr1tmg .
- ] process If the number N of fields Fis large the number of gaps constltutes a’
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: ..The present mventron 1s expected to be able to prov1de wrlte speeds whrch

. are at least as good as or much better than write: speeds wrth the use. of

known medra “The use. .of a single laser ‘beam for wrttmg on a rotattng dtsc

" medium gtves up to 1 Mbyte/s in currently avarlable commercral desktop

equlpment However, in productton condtttons lasers and control systems can

o g be.used which can. substanttally increase the wnttng speeds For. example htgh a I

- beam deﬂectlon tates can be achieved acoustrcally, and there are 1nd1cat10ns R
‘that 3 Mbyte/s can be achleved wrth the “Laser-tape“ system whlch employs a ©
e smgle beam. Tt is indicated i in- the ltterature that addressable laser groups - E
- __.(VCSEL) and posrtronable lasers offer the possrbthty of parallel writing on a
large scale. The. same can be achleved w1th spatlal hght modulators (SLM)
- "combmed wrth a hght source Also known are d1rectly wrttable opttcal e -
. f_memory systems based on electron. trap- technology, such as "ETOM" from .
o “the Optex Corporatron in USA and whtch is. at an advanced stage of develop- o

o 'ment and is stated to gtve transfer rates of 15 Mbyte/s or more by means of o o
T grey scale codmg | - | o -

' In the present mventron, assummg a wrtte rate for each wrrte unrt S in the L
range 1-10' Mbyte/s, it is possible to’ achreve a wrrte rate wrth N units S in the: -
' range from N. Mbyte/s - 10 N Mbyte/s A number of memory fields N of 30
. 'was found to be compatible w1th those criteria which were descrtbed in the’ _
o prevrous paragraph Ifa more conservattve value is selected for example N=_ .

25

30

A erl be possrble to combme the opttcal memory WhICh is employed by the -

10, the write rate when usmg the method aecordmg to the present mventton

_ w1ll be 10- 100 Mbyte/s

.. method accordmg to. the present mventlon with spherlcal mrcrolenses whrch
- can be: addressed stmultaneously by means of a laser cluster On the bas1s of
- prior art the data transfer rate can be wrttten as: ' o '

eet Has Been Reﬁaced
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o recordrng

YR pgraded {This 58e Bedll$ep1aced | Fr nal | y there i's from P pat ent

' ‘appI i catw@’b 630 opt ical- - .. -recordin C,Em;, do
-opti cal recg |ng me g bel t - shaped r'ecor di ngg g@%‘%@ S
- extending al ong the engt e opti c§| tecordi.ng .medi-um and having a -

- consi dera ylr{tar &rgr h Each of .the recording areas is forned w.th
. s Sendr ng transversel y over the w dth direction "
- ‘thereof and thus havrng a. ' length.of a consrderably snall ‘val'ue. The -

- optical” ‘I eco ‘a.heam of whi'ch-scans . .
oo ose ¢ YRR sttl'&réi@e&say nlPhek 37 e peintpGuloasuodsh SHeh oS o
' thg dﬁf | eat Emeﬁaghﬁe stanriagate o tlieeraser:system odich deadﬁabvgrrﬁesczﬁﬂt . '
~.and thi's r rove ' C conden e
opti cal - TRt Snf & NP URRCIED of tBeishteR WO W5t S0aREnERT A ted
r ecorilr ngthqoﬁdlbwmg ishobtained: opt ical recordr ng system does-. not appear

suited to.stagew se. sequenti al . wwrtrng of =~ - e.g:. eard- shaped optrcal :
“'mermories initially assenbled as a contrnuous novi ng. t:ape 15 or: provided .

on a tape(2X Rt 6 wiMuyteds, \hbgmgpmess@bm /sg of data: - - The obj ect

. of the present |nvent|on s therefore to avoid the above rrentroned

l_-_The effectlve scannmg rate \ A should be max1mlzed m order to achleve h1gh :
T _-speed Two dlfferent methods w1ll now be descrlbed - '

N : s '..The ob_]ect of the ﬁrst is to' move the optrcal wrlte head physmally m a o
10 forward and backward movement. This is'a slow operation, since commercial .~
R optlcal card readers normally work at a speed of 0. 5-1 m/s. ‘With microlens- . -
o _based storage medta the laser system w111 not need to scan at a constant .

- speed ' ' '

o A second possrblllty is to move the beam by means of an optlcal element
. 15 ‘This can achieve a high speed by acoustooptlcal means, ‘but the strong '
S 'convergence of the beam makes this difficult. However the short length of
stroke, for example a few: mm for hlgh values of N, s;rmpllfies the s1tuat10n
and displacement of the beam by means of movable opt1cal elements can
. thereby be 1mplemented ' '

20 A numerlcal example w1ll 1llustrate this. Assummg a speed \'2 m the range
- 0.5-10/s gives according to formula (2): R =3-60 Mbyte/s This applies to o
- -each 1nd1v1dual write unit S. If, for example, 10 write units. S are prov1ded B
the wnte rate for the entxre system w111 be 30—600 Mbyte/s -

o -"'In the method accordmg to the present 1nvent10n an apparatus 1s employed
25 accordmg to the mventlon whlch also divides the wrttmg process between a.
PR number of cooperatmg, but 1ndependent write umts S based on the : :
_assumptlon that each 1nd1v1dua1 write- unlt can wrlte ata ‘speed whlch is not
much less than that ofa smgle large wrlte unit. It i 1s ‘well. known, however
_ 'that there are certam mechamcal restrlcttons on the max1mum achlevable '
.30 . scanmng rate for a write beam relatlve o the. data storage medrum For o
o '_example the rotatlon speeds for recent optlcal dlsc stores have been B
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|ng nedi a from an =i ndi

. nedi wo VpOTRIOIGreGISEr

.' _aboi/gmrrent :?ﬁlelfprzl ?ﬁea\ég' ding the di sadvant ages of the
-.--_transfer data to.storage nedi a which’ areJ sot 1e espeC|a||y to be able to-

- cards’ o kap\Rantisly iiiereabed m iordemtqinarease thredph a0 forimlﬁlgdcagé

; 'L?t L?r[nhim(fﬁoq?{ah“”?“s tg:ﬁmg ﬁ;éior%ow ?éél’ﬁe%\thé%értfﬁggvibraﬁﬁdlﬂe t@ards (2)|5ne_q
.'.'\tMI:]jet Ioglg egbneveﬁmspnemerdlsc orendecsntralized @l?&c‘ll‘fqﬁsg“&lac"gleh{tﬁg her.ef (.)r.e |
AN o eigletatiin deflie BRA filbs WRA diFferoAtrdiihane 00 bgcacesssed abhigh |
 abovesment st woctome 1o o Bhf Rnce 366 o st eng in e,

i ventlon

_"drawbacks V\/nen transf er IR P
S la. - Iarge nunb sﬁﬁlﬁg 1add h| gh speed for . copy| ng or productlon of

W th a nmet h:

Cunits at gonﬂe@ﬁbﬁ @gﬁggatsggl%ﬁggﬁlng? r?@airct:a/hehrmlgetszvsee@n smnsrs wvigh it e

SLn- the: patlirbsrlde' arsmaegthcontinuoug; IEYEMEn T, ?N%tﬂ %%He Hi;ierjsox tid ﬁ% \?ﬁrsfl aced .

s S assign RavefibiABcinit flemoneimait A 3ll, exgraeaust ptw ‘te unit
. henory. Wlt ys|ca arated fi u R optjca|
- each fiel oa Hasgnin; \yh@ g ?#lg aéc%{l%e ésc%a g{‘lﬁleceleratedt e%adh st age__

erorg oo srogwd taﬁdabMWﬁdwnowemmmr The latier eesecis Mevest FASRLAES  ©
SR number. of restrlctlng phenomena :will éccur, such as vrbratlons whlch reduce L
_ the tracking accuracy,. power consumptlon, unit costs and. umt s1ze, _etc ' i
~ Maximum acceleratlon dunng the scanmng cycle isa ma1n parameter, but it -
o can be effectlvely reduced by employlng a plurallty of wnte units as in the .

15 o __method and the apparatus accordmg to. the present 1nventlon L

_ In the case’ of a harmomc oscrllatmg movement the effectlve wnte speed can
 be: mcreased N tlmes by employlng N smaller units mstead of one large write
_' . unit, thus obtammg a max1mum acceleratlon whlch 1s scaled in relation to N
A correspondmg increase in, speed W1th a s1ngle large unit w111 lead toa
Lo " zo o '_ maxrmum acceleratron whlch 1s scaled by the square of N.

_ 'OtherW1se it 1s well known that both acqursmon and trackmg problems arise
- at hlgh speeds As the speeds mcrease, mcreasmg demands are also made on -
| a number of links in the cha1n whlch 1nvolve detectlon, loglc and power for '
_ o controllmg the beam posrtlon By d1v1d1ng a write unit: S into N smaller umts
. 25 Sl, Sz, S S4 as in ‘the present 1nventlon, an increase ‘ofa factor of Nis"
o obtamed in the t1me which is avallable for each 1nd1v1dua1 sub-task wrthout
o any reductlon m the total write speed '

R When wrltmg in opt1ca1 storage medla there are also phys1ca1 restnct1ons wrth o
. regard to the size of a so-called’ b1t point in- the medlum, i.e. an area where a.
30 - single bit has to be stored A certain amount of energy must be supphed to
. the central area with an intensity whrch is above the threshold whichis
B .' necessary for reglstratlon of the smgle brt to take place In practlce, however, 3
L the light beam is not stopped at each wr1te point in. the medrum, but the -
. duration of the write pulse is SO short that ‘the scanning movement is v1rtually
o ] '3'5_'_ ' _f effect1ver "frozen" durlng the wrltmg of each bit pomt As the b1t pomts

THIS SHEET HAS BEEN
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separ ate and succesS| ve . stages respectlvel y, and wrltl ng at each stage a

" fracti ol B S ‘the: vol-une: of mforrratmnvvhqtcm ¢/6016E

: 7/01165 . ' ©96/601
_recorde(?v@urlng the wrltlng, said- _fraction substantially being
~proportional ‘to the inverse of the nurrb‘&r of 'wite . . units; as well-

- an appar atus which is characterized i ri.s
- uni'ts. proweesage smallesjis Qrder to ag) red'ﬁeh'ﬁi@{rrﬁgl?ragggieﬂﬁwﬁ %m@g " te
o g;:r’gﬁgedrdt@ is 'i'ﬁcﬁéﬁsdd i5nC bngerr%egitaﬁ lﬁlgh?ﬁltralia@ferafades, hﬁi‘omtws ireached t i s D
- ti 0 e ic b .
each wri t%’gﬁl’ﬁ theomwgement 18 n%[ﬂl%n ¥ tgqfhﬁl’ff!‘b‘ﬁﬁ §¥‘i%&§ p‘gﬂgflﬁlget \g/ete Re
| engt h” of sGiniins @ate @fllofmlshﬂ’redﬁamanoves 107 n07br ymees sl grmamtthea;om’sete '

it B e e S e s b T

~ fraction nfedimna. \lblshmuelddbe noftet, rlmwmry\/thatmpmml tdata)gtqrgge) g the L

. wr Lt ng on spherlcal mrcrolenses are less vulnerable in this respect A reductron in the .
| o _'pulse duratlon will avert the problem, but another problem may arise; vrz "
) '_ “that it 'will be drfﬁcult to supply sufﬁclent energy’ in the time whrch is-

- 10 - available. This in turn leads to hrgher laser output and hlgher costs. Indepen- _
"_dently of th1s, s1multaneous readmg and writing in order to control the actual
wrltmg process, e.g. and to achieve a greater degree of rehablllty or control

- of grey scale codmg, will beeome more: difficult and more expenswe as the-
~ time whlch is avarlable for writing in each b1t pomt posrtlon is redueed By - o
o 15 - .employmg a method accordmg to the 1nvent10n where the wr1t1ng of the data - L
o 18 performed separately and in successrve stages by means of two or more o
~write units and by means of an apparatus which performs such a method ‘the - |
combination ‘of high write: speed adequate process qualrty and small dlameter,_. o

| i ¢ e. high energy in the write: pomt in ‘other words high storage densrty and - :

20 - hlgh data transfer rates, can. strll be achleved wrthout the problems whrch are .
o jpresent 1n the current prror art ' : '

Thls Sheet Has Been Reﬂlaced -
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- -Thelnventlon wllm e%ﬁf{ |n rmre deta|I in connection wWith - . -~

“enbodi -~ - ment s, rinciples and the:: p055| bilities and -

capaci tlmsgmﬁllggt th ﬁ" imml[lmHE be realized, and wth pomNoswoes4 0 the
- racconpahnyi-ng. dr awi n f| g. laill ust rates-schemati cal l.y

~ a'device for parallel witing on a tape con5| sting. of - " “‘connect ed cards

~and-vi ewed PA(I’EN'IBC‘L&HVI nd ~ ' fig. Ib-i's the- sarre viewed from above

“and 20 ¢ fig. 2 il ust rates how the optical data storage . rmedi umi's

" organi zed. vvlth menory - areas.on-a.card and each card cannected.to. for m.

a cgmtl NUOUE, taomamofilfoewﬁng of %atﬁ,?Padﬂ Wi ﬁadl lyedwnwﬁé'&tieﬁ W(r)} te .
S UMtTsS ust SC I.Ca an ;ja a for. witin
dntain A writs it which's %oﬁghfanufswshl& BWE@%%

CRANZES IPORG OF. The

actual. dat anorall@o-sensiltml fayers. in the optitsl lfnemOryf andtvabierein e @btlt:al wound " ‘

 Cphcod Y CRETRRPIb Fer PRl HRR I SRR ) i Jindbe RSVt BVAER o),

- g[err].. I'f path, the tape 1 is. corrposed of cards C° or has to be divided: up

neh e e Giriigkita gt fno ol e it RGP . U Brobge 2%2 “eard.
o Al ter t he edigtapcefiom pne eng emdemutoahl:a;stepvase uhsp_lpced in the'path's .
o 'transverse direction, with the result that a write unit (8) is assrgned to a _- L
._'1,0-' - section of the optlcal memory, that data are wrltten in the transport dlrectlon IR

' ~ in separate and successive stages. respectlvely, and that. at each stage a o
- fraction of the volume of mformatlon whlch has to be recorded durmg the o

--wrltmg 1s wntten

_ . ﬁ-"j_2 A method accordmg to cla1m 1 R S
, .15 '_lcharacterlzed in that’ the optxcal memory (1) is in the form of a contlnuous
o '_'.;tape SR ' |

3 A method accordlng to cla1m l - : _

o h characterlzed in that the optrcal memory (l) is. 1n the form of a forl or a card i
_ ) (O whlch is physrcally connected to ‘other foils or cards (C), with the result o
20 _' that these form a- contmuous tape durmg the writing, the forls or the eards (C).__ o
- . belng agam separated after the cessatlon of the wntmg |

- 4 A method accordmg to cla1m 1 :
. _characterlzed in that the optlcal memory (l) is.in the form of a f011 or a card S
' (C) Whlch is- attached toa tape and transported thereon durlng wr1t1ng N

25 -5 A method accordmg to. clalms 1-4 R
' characterized in that the optical. memory (1) i is formed w1th physrcally
g 'separated fields (F) for wr1t1ng at each stage, each ﬁeld (F, F » ) . _
" substantially correspondmg to the sectlon of the optlcal memory as51gned to a”_
. wnte unit (S,, Sz, ) Sl
30 6. A method aceordmg to c1a1ms 1 5 : : L
o R characterlzed in that the optlcal mefmory (l) is formed w1th one or more o
-'optleally readable posrtlomng marks for ertlng at each stage

B B SHEET AAS BEEN |, o
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- into cards- C |f thrs |s the preferred f'r hal dat a stora o
- of thetape o format as |IIustrated|nf|gs | a and lgg (r)redrum ngwus_e.:.___._‘
possi bi Iw;;,ﬁ,ﬁ@r paral | eI i'smin . witing of data byPFa' Wﬁ% nurrber o
.of | aser units whi.ch can-work si rrultane Esly 35 " on'a single dr sc or a .
--.srngle cardis in faet extrenely Irmteg due’.t-0 the space

© requirene s min o f atape ermits the 'rrb

. units to Aﬁgﬁ%ﬂ‘h‘&a&g@]‘e‘lﬁg %qﬁaﬁr Y, rov!oded I nu ere ?fs lMInE;e'
enough. Tlvlraraetenhedrsn rthatthe posrtlomn@ ararry HfﬂVl‘{]ea Esﬁ SIS\ ?t he

tape 1 vi-eyed f.r.om above and divided. into

:3 _ gf‘gr Yre eqdal Iy l'arge- cards C V\hrch vr/nen asserrbl ed form t he :
e apleI I Igeropteé:al .. - menbry area on each ccard'is divided into Nfiefds -
tha tapg sgﬂdr re?l?étﬁoasaé&dﬁg% &han 6 . - F2, .F3, F4 which extend in

- Wwhi ch Sar e dimgnospsizod ioribat e Pap'éldll?%glfggfg |hatef Pllg‘ngf‘lﬁdj é%mreﬁ‘t“a“w ngf} s ? S
| ."-.I/vlr?ttgnNV\h @%@eamewlﬁng enters the. f| rst.wite unrt S[err] data are T
L 9. An apparatus for wrrtmg of data m an optrcal memory by means ofa.
’j__.j--wrlte unit. (S) whlch contains one or more pulsatmg llght sources which-
o '-1llum1nate locahzed areas in one or more hght-sensrtlve layers in the optreal
10 : memory, and wherem the optlcal memory is transported past’ the wrrte units
-in lrnear movement along a path eharacterrzed m compnsmg provrded two or '
o more wnte units (Sl, Sy eer) provrded at a. dlstance from one another and
-"mutually stepwrse drsplaeed in the track’s transverse. d1rect10n, and that a
I write unit S is assrgned to a section of the optrcal memory, with the result
15 that the wrrtmg of data is performed in'the transport direction in separate and
'~ successive stages, each stage contrlbutmg a fraction of the volume of mfor- o
matron ‘which has to be recorded durmg the Wrrtmg SN
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'-cover ‘a track wrdth correspondr ng to rrermry freld F[err] At ‘the next wite |
unit - field F2 is witten-and so on ‘until. aII {}ﬁm@m frelds
< F err] F[e‘?ﬁm %’[err] . Flerr] have - - been wrrtten € speed -
'grs R byte/s t he effectrve write speed for N units - vvrII be NR. =+ -
bytes/s.- Grven a.measur ed value for NR, the size of Nwll" be t he write- 10 :
speed R for every unit 'S.: .. An lz@_catron wi'll now be gi ven of
possi bl e.fealistic val ues . for the nu rof - mermory fiel'ds F on the:
assunption: that the actual system.: . the maxi rum. - - permssrble '
length of. t he tape 1 which can be wrrtten srrrultaneously wth Nunits 15
..S§'i.s given. Each: wite unit S accupies-alength L, including the requifed
- di stance c..s_bet en eachdwr] tfe jurfit] and t he nextjlgpg&pe tape's o
direction of travel, i.e. thaty | | | tjhe .total: e~ dger Bt-rbn- occupi es a -
tength NL. "At- prefent the Iength Hr
. .cm dependi ng on fethnical fact pr$
possi bl e | engt h “f a
-_peructronlrne e.g. |35marfi Lr1 15 cm - |s =
- 33 Corrpared to productron |ires for ot her t 5O TIRK s JOI ned to
: formtapes a I'engt h of At agrven Wit ABTTIN] S - not .
.‘excessive ‘and] the t-otal .distangef |-
- a rrultr-opera i on productr .
‘the tapeué"?:‘prrposed of cards pf| [e
_constitute a- drfstance of 20 m ef
-spool

s
‘fafd jcost s. Assum 2 +TNat t he

o

+
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very Hel2 or. more. . If -
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or the cutting point. The capacity of the storage spool 2 jgs. €
many t housands of cards. The writi:ng process, 00 AN
sabject to certain restrictions which havejconse- 30. queRces &
nunmber N of menory fields F. Each wite unit S cover$ a field F~ ° W th
limted wwdth on the tape 1. Mreover, when witing by |aser, each field F
must be able tMéthod/rformtmgbﬂdata invan opticehmendioyt her fi el ds. The

posi tioni ng Ofa%%apgaﬁm f{ﬁ, e Io'in‘)’i’hérehéﬁéghgdt o adjacent fields can be a

difficult task N 1ncrea nunber of fields Fin the wite
units S increases the systenis total conplexity. 3 5 The effect on the
opti mum choi c Eﬁm r I r

gener al termserg nusthc%frrlls gtr&ﬁeﬁi{hloa ?s{gﬁg gr??g?%ﬂnwnnﬂg%fdh&%w

i ndi vi dual Senbepfieal memercwhegein tve nr magewiatepuuts emifdight Bkses\mlmh gansges

t he Wi 1R cHRZEB clthges§ in'Bhé ok RIOME light-sEiRiAvE lay PRI e tptieal fnldendFp Cantn

enpl oyed it can
Haed ~ wherein the optical memory is transported past the write unit in linear movement

along a path.

......

10 The invention also concerns an apparatus for stagewise sequential writing of data
in an optical memory and with two or more write units including one or more
pulsating light sources which illuminate localized areas in one or more light-

W, sensitive layers in the optical memory, and wherein the optical memory is
transported past the write units in linear movement along a path.

15 .

Optical storage media for digital data in the form of discs or cards combine
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 also be used for optical data storage and has a number of features in

20 common with discs and cards, but can in addition store considerably more data.

In general the present invention concerns the storage of information on optical
storage media with special emphasis on the possibility of producing a large number
of copies from a master file which contains software, catalogues, music sources,

25  video sources and the like. '

More particularly, the method according to the present invention concerns the
writing of data in optical media which may be in the form of a tape during a part of
a production process where data are recorded in the medium. With this in mind,

30 data storage media in the form of cards, e.g., have been manufactured in the form
of a wide, thick tape on a spool and run through a number of processing stages
Wh.lCH correspond to those which are employed on a continuous tape for optical
data storage After the final stage in the process, the tape is divided into separate
cards. Even though the tape format entails a restriction which appears to exclude

35 disc medla it is natural to refer to the latter, and this is done to some extent in the

followmg

In principle all physical formats for a data storage medium can carry memory

»
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be practlcal to wite each field Fin direct continuation of its

nei ghbouring field, i.e. without any intervening hreak. Known data
storage nedia with predeternined data positions, €.9. based: on the
use of spherical mcrolenses, can, e.g., b - especially reélevant in

this context. Alternatively the positioning can be nmade | ess 5 critical
by having a gday Bﬁtwﬂhlvet}hdlﬁdrehﬁ?f@qur Se&alledtrbaﬂ-onhymlenmlriey (ROM] or ned

Che. number - reBrestip Sibaioot-diue dpnfin S pifaid Wi b eeRi PR b

proportional | yespecigilyaveld suited to stotuge mxdahambuhleamﬁquofesmmbdata@ada a. |If

h f
moor - ar e vitGeRoRt Wit Sombm e drieHha afirial such as Fiic, YA sl hice e
means that 5N =worlGataOmotbisnibelass dataf areistoredranse and f@bﬁH@@d@@ntsageem@nﬂy be

to forma tapere%tot,},f ?‘gﬁta?év(gf R‘;%éﬁﬁl %l@h?ﬂ%ﬁ&?}g&&&ﬁs@(@m)%é@ﬂ l%fgg

travel, the area can ?
and N = 30 wouimongst othenthings 4py plasbagh of,musigs A similagybyt more flexible

nMenory area. wqm P enies RIE |
wite speeds v{& %:ﬂlzatg{/l%ﬁ'ﬁ gﬂdgghﬂ%rggdggﬁiﬁw aécr?}ﬁ%tter "?ﬁﬁa\?}é‘.?’?

speeds with t t'h@ Meafomw@\memm € USEer. ASTHROn A% aéﬁwena&, ey &gpnot
for writipg Orpetalféredl bmdy ¢4n BB Featn aumftier of tifesland a writMaythediumi of the

ot oduct i on contRORBHB RS heSIoRh FitRt MBIt B LR ON NS btiot san b vaifen

erased and written on again a great number of times are naturally more flexible.

o
Optical data storage media can offer a substantial storage capacity and also be easy

15 to take out, transport and store for later use. However, with regard to commercial
exploitation, e.g. mass distribution of music recordings, video recordings or similar
types of information, there is also a requirement that there should be the possibility
of transferring large volumes of data from a master source to individual relevant
optical media, for example a disc, tape or card, and in a cost-effective manner.

20 Two fundamentally different methods are known for prerecording data. Firstly,
data can be entered into the medium as an inherent part of the actual manufacturing
process for the medium. Examples of this are punching or injection moulding of
the pit pattern during the manufacture of so-called CD ROM's, and photographic

o exposure and subsequent chemical development of photo-sensitive emulsions, e.g.
f 25 . optical cards which are produced by Drexler Technology Co,, Palo Alto,
California, USA. |

The first method is well-established and has long been commercially exploited.
With regard to the second method, we can refer to the fact that unwritten media
30 offer the user great flexibility and eliminate the need for batchwise production of
different versions of stored material, but represent a formidable challenge for the
data transfer, since large volumes of data have to be written on each initially
unwritten medium at a rate and a cost which for important applications must be
able to approach the cheap, high-yield methods which are employed at present in
35  the manufacture of CD ROM's. For example, a production line for compact discs
delivers one disc approximately every ten seconds. With a storage capacity on the
disc of, e.g., 600 Mbyte data, this means an average transfer rate of 60 Mbyte/s.
This substantially exceeds the write/read rates which can be achieved by to-day's

-
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20 substantially increase the witing speeds. For exanple high beam

defl ection rates can be achi eved acousti-cally, and there are

i'ndi cations that 3 Myyte/s can be aghi eved wth.the:"Laser-tape" -
system whi ch enpl oys ‘a single beam It is”indicated " Tinthe fiterature
that addressabl e | aser groups (VCSEL) and positionable |asers of fer

th i bil i IER ) :

hehi bved o5  SOfFPare) Witre Ble kol 1004 fareEIGapiAY Totall SERCPARIOC
source. Also mmeaf with a plur%wétftheﬁqu sprcifiep to bepronndold Mipde/s ihassased
on el ectron tgEgd demgg ﬁ4,|s§ﬁ§'t;st 1993) @Phe Wit rafes are bﬂﬂmgg #ich lower

Cor poration i ? Ustgi and an advanced stage devel opnent
and is state Sve transfer rates of 15 Muyte/s or nore by neans
of grey seal e coding. 30 In the present invention, assumng a wite
rate for each.wite unit ,Sin the range 1- .. Myte/s, ;iL | 0ssi bl e
o achi eve o R wamsdPeio it opical Stibags media Pasbon pamctuding Py odesed
10 N "[Vb%f el S_-by%l‘mﬁwﬂlﬂpazﬁfés Ganm,mfd:@éﬂsedmlgloggoh?anﬂmmﬁlibmm;, by means of
conpatible with those erjiteria which were descr i N .{he.prem ous
par aqr aph. 1 12 esgEWte Bhamdt s&arel rdel S magithae Sonet sha ol Mielf Smsy
10, the wri t chavatcapabities waiicly are well under 6 Nfbyiteabubthti sigwtwritemtes arsatill a
i nvention w | - . E 13 ' i he
opt i cal ?r%mr’%/“&%‘%ﬁ% \I;vgcﬂ é‘%%%gé %bgymgh gspéc&alw lihe BS ﬂf%:%%& BsEcdh SREAWASCH
can be obtained with this forward and backward scanning movement of the laser
) write beam relative to the card. For example, in GB-A-2 189 926 (Drexler et al.)
b there is disclosed an optical storage medium in tape form which is attached to a
card base, and which is wound up on a spool and which also has a continuous
15 pattern of parallel, separated and pre-described servo tracks over the entire length
' of the tape. The tape can be wound on and off by driven transport spools, while
data are recorded on the tape by a laser-based write/read device. A system with
cards mounted on a drum is known from US patent No. 4 912 312 (Haddock),
where the forward and backward movement is avoided. However, placing cards on
20  a drum and retrieval thereof after the writing appears impractical with regard to
production at high speed and high volume. Haddock also appears to only involve

the use of a single laser write beam.

Further it can be mentioned that optical tape systems for writing and reading

25 between the spools have been developed (C. Terry, "Digital-paper storage: Flexible
optical media boost data density", Electronic Design News, page 77, April 25,
1991). The two systems for writing and reading which have been described do not
appear to be suited to cheap, high-speed recording of data with a view to
distribution of, e.g., music recordings and video recordings. One system involves

30 the recording of a large numbér, e.g. 32, of parallel tracks across the width of the
tape. The tape is stationary dun'ng this sequence and moves rapidly forward one
step for the next sequence. In a second system a single laser beam is scanned
across the width of the tape, while the latter moves in such a manner that a
diagonally described track is obtained. Parallel tracks over an area are produced by

35  anumber of passes, which in turn requires the tape to be spooled a number of
times.

For both these systems the data transfer rate is given as 3 Mbyte/s and can be

L]
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thod according to the present invention W|th spherical m crol enses which

can be

addr essed si nul t aneousl y by neans -of a.laser: cluster. On the

basis of prior art the data transferirate can:be wiitten as:; 5

(1) R=nv/8 dbytel/s - where n is the effective nunber of data poi nt
posi tions under each microlens at the effective scanning rate for the
| aser syst em whpgtadedsod2dvlbyde’s.es on the medi um and d is the

di aneter of the sphere. Wth d = 10 [err] mand n=494 the foIIovvi ng is 10

obt ai ned:

10

15

20

25

30

35

'a(ll2) R =6 v Mwyte/s, v_being expressed in
Finally there is from JP patent application JP-A-63096746 known an optical

recording system and optical recording medium comprising belt-shaped recording
areas extending along the length of the optical recording medium and having a
considerably narrow width. Each of the recording areas is formed with recording
tracks extending transversely over the width direction thereof and thus having a
length of a considerably small value. The optical heads record data by modulating
a beam of light which scans across the short transversal tracks and in consequence
the range of the deflection angle of the optical beam can be considerably reduced
and this make possible an improvement in the accuracy in condensing the optical
beam. Nothing is however said of any improvement in the recording speed and this
optical recording system does not appear suited to stagewise sequential writing of
e.g. card-shaped optical memories initially assembled as a continuous moving tape
or provided on a tape of this kind for high-speed recording of data.

The object of the present invention is therefore to avoid the above-mentioned
drawbacks when transferring data at high speed for copying or production of a
large number of data-carrying media from an individual master medium, while at
the same time avoiding the disadvantages of the above-mentioned prior art.

The object is especially to be able to transfer data to storage media which are
physically formatted as cards or tapes. During the writing process the cards should
be joined to form a continuous tape, but could be divided into individual cards
after the writing sequence has ceased.

In specific terms, therefore, the object of the present invention is to specify a
method for writing of data at high speed on tape or card-like storage media as well
as to provide an apparatus for performing the method.

The above-mentioned and other objects are achieved according to the invention
with a method which is characterized in providing said two or more write units at a
distance from one another and mutually stepwisé displaced in the path's transverse
direction, with the result that a write unit is assigned to a section of the optical
memory, providing the optical mémory with physically separated fields for writing
at each stage, each field substantially corresponding to the section of the optical
memory assigned to a write unit, writing the data in the transport direction in
separate and successive stages respectively, and writing at each stage a fraction of

~
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The effective scanning rate v should be maxim zed in order to achieve high
speed. 15 Two different nethods will:noWw be desciibed: "+ “.The obj ect
of the first is to nove the optical wite:head, physi cal Ry;in a-toyward and
backward novenment. This is a sl ow operat i®dn, since comrercial Optical card
readers normally work at a speed of 0.5-1 nmis. Wth mcrol ens-based storage

2 0 nedia tthe vohare of ysfoemmtibh which aretocbé recoeded diring denwtiting, saded.

This can | Secgd dipstart AR AbeReRRala FE Iverte SR RiniR CRRREL, | ong

conver gence afnitshas well as arcapparatus whith és chdractenized iticompeising tveo shmore

l ength of st ar - exany ; i -

s?ﬂgl i fioesst h:gﬁge; ‘Eﬁd‘%?on andﬁ(??%l%ﬁggértr%r% ogg‘a%ﬁgh%gagﬁ]xﬁgﬁﬁﬁ§ s?épnvggens of

novabl e opt i cisplacedrisnthe paslhs transvsipse disectinn, amdrthatia write unit is\assigned toad
Lo P e . . . Y

S?(Sgg :c\(l:mor disﬁéﬁﬁkﬁﬂ?ﬂ%&? ?ﬁ %3 = g-%gtayse?gﬁgeéﬂrﬁ%@aappi.?glngteglgéag?}

i ndi vi dual 36Y swmeﬁy gavel an qqnesmnd@géﬁﬁﬁé,lenﬂshm iseid seqtion of thg eptical

provided, t h?n%bf)eais?gxfédf 18a wiite unit, withithe rEsuld/ fal bt dre virdrte3PrOHR
Moyt e/ s. | n the nethod accor |dns%to t. he tpresent I nventi o an
apparatus is PeRfchirection m separate and successive stages, each stage contributing a

10  fraction of the volume of information which are to be recorded during the writing.

. The invention will now be described in more detail in connection with embodi-
U ments, fundamental principles and the possibilities and capacities which thereby
- can be realized, and with reference to the accompanying drawing, in which

15
fig. 1a illustrates schematically a device for parallel writing on a tape consisting of

connected cards and viewed from the side, and

fig. 1b is the same viewed from above, and

20
fig. 2 illustrates how the optical data storage medium is organized with memory
areas on a card and each card connected to form a continuous tape with sequen-
tially and successively provided write units. '
P 25  Fig. 1 illustrates schematically an apparatus for writing of data in an optical
~ memory and according to the present invention. The actual data storage medium is

in the form of a tape 1 which is wound off a storage spool 2 and transported past a
number of regularly spaced write units 5, illustrated here as 4 units S1, Sa, S3, Sy If
the tape 1 is composed of cards C or has to be divided up into cards after the end
30 of the write sequence, the distance between each write unit S can correspond to the
length of an individual card. After the end of the write sequence the tape is cut up
into cards C, if this is the preferred, final data storage medium. The use of the tape
format as illustrated in figs. 1a and 1b opens up new possibilities for parallelism in
writing of data by laser. The number of laser units which can work simultaneously
35  on a single disc or a single card is in fact extremely limited due to the space
requirements. A medium in the form of a tape permits the number of write units to
be increased arbitrarily, provided that the tape is long enough. This is illustrated
more clearly in fig. 2 which shows the tape 1 viewed from above and divided into

-
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according to the invention which also di vides the witing process between a
35 nunber of cooperating, but |ndependent w:ite units ;S based.on the

assunption that each individual wite unit can write at a:speed which
is not nuch less than that of a - sinfle, large witeunit:* It is well
known, however, that there are certain nechani cal restrictions on the

PﬁXI gU{n aC{“ epﬂifbﬁe% @q&dl)gmrﬁélbﬁdfs@ whioH w%%nta‘é@éﬁlbl%ﬁafgk‘mf%é@a pe. The optical I

eaasoraememm or pgeeds rece ca

di sc Py e oneash Cainak drinsd it adds Boifitateanere s el £

t hﬁ data tr anE-_f ;(]?3, Fatwhich extebnd lnltheitdipés dﬁsmmcﬁ&avelaN fsedlso ﬂmtnmgbémﬁ ors

Wi arise in_t i brati eyeni S

or a decentr aWPigng ?c‘%r\& gﬁﬁlp glda;lpgg?%$ta£;d1 be el %Y@F@tu?‘tﬁ &S (i“

ef fects ween figl 2N wi4. Wher ther eard G emfiers thevirst srite umitc®ss dath @re wiiityén which

speed. Syste t

connect i on, B! acl?aérf{:\gf@h JPEf % (ﬂi[ﬂﬁ]o%té @ﬁoﬁﬁﬂmeﬁﬁgﬁﬁe‘ﬁh&c@@ ers

whi ch provi demgmorpdteld F, is written and so on until all the memory fields F,, F,, Fs, F, have

' been written. If the write speed is R byte/s, the eﬂ'e_ctive write speed for N units

will be NR bytes/s. Given a measured value for NR, the size of N will be the write

10 speed R for every unit S.

An indication will now be given of possible realistic values for the number of
Y memory fields F on the assumption that the actual system, i.e. the maximum
permissible length of the tape 1 which can be written simultaneously with N units
15  Sis given. Each write unit S occupies a length L, including the required distance
between each write unit and the next along the tape's direction of travel, i.e. that
the total write operation occupies a length NL. At present the length L is assumed
to be between 3 and 20 cm depending on technical factors and costs. Assuming
that the possible length for the data transfer section, i.e. the write area in a
20 production line, e.g., is 5 m and L = 15 cm, it is found that N = 500//15 = 33.
Compared to production lines for other types of cards joined to form tapes, a
length of 5 m for a given write operation is not excessive and the total distance
between the beginning and the end of a multi-operation production line can very
well be 20 m or more. If the tape is composed of cards of, e.g., 10 cm, 200 cards
25  will constitute a distance of 20 m between the storage spool and a recording spool
or the cutting point. The capacity of the storage spool 2 is expected to be many
thousands of cards.

The writing process too can be subject to certain restrictions which have conse-

30 quences for the number N of memory fields F. Each write unit S covers a field F
with limited width on the tape 1.-Moreover, when writing by laser, each field F
must be able to be written without overlapping of other fields. The positioning of
each field F with regard to ‘adjacent fields can be a difficult task and an increase in
the number of fields F in the write units S increases the system's total complexity.

35 The effect on the optimum choice of number of memory fields F cannot be
described in general terms, but must consider explicit tasks concerning each
individual embodiment. Each write unit S includes a detector which guides the
write beam, as is well known in the art. Depending on the medium employed it can

.
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cont i nuous nmovenent, e.g. based on rotating prisms, or which have no

mechani cal -~ movenment at all, e.g. acoustooptical deffectors, and
those in which a mass is 10 rapidly accel erated or decelérat ed e.g. in a
forward and backward novement. The Vatter case i ¢ the nost erltlcal
as a nunber of restricting phenonena wll occur, such as vibrations

m: ;:hSIr gguc:t EB‘pridtﬁ:@ktm@rﬂ@léaMﬁ?Md mgy\é{reacl{iﬁﬂﬂiﬂhuéﬁ of #R8ideig bounnfgfﬁéld, and
el.erati.on e scanni ng,c

bar arster | bub-¢i MBS H ERRYEERedTas Knctn 5 SheRbmRd ywxsﬁ gréieteripgd
write units 18ata pusitions; bg. busddosh thechseluf s@hancaltmﬁcratemesjlcag, ¢.g.,thee

resent invent se a
'I[D he effective %&qr&}aélys Aeevgntg}]ﬁ)bicorﬁext 9’#@?& %ﬁ%??ﬁggnﬂ& ‘@ﬁgﬁ’%ﬁaﬁg‘i
smal | er usi tscmﬂsaletadgzMng) agapdegreeen thecfieldibioundaries, aithes papsiaally pre-formed
ZE‘éhS}Jn”‘ga?ﬁi'rélé?éé e Tot R SbAERAL e Bt b0 ilifl BRIGS: I 0
accel er - cf fields \EEnsdargcsf.hs oumber bf/'gapﬁbccgm@s afpraportionally ldghared se
|t 15 el | Kngpici BiinoP 86 ised it Gbfihg Ralinth ddchd Cgﬂ&rop%am@@slsaso i #d at

hi gh speeds e's S..I ncrease, |ncrea |ng° eman e al so nmade on a
2 5 nunber @psmﬁ@tpﬁ%ﬁ eaffﬁ@uvﬁammwl%ﬁa“ﬁ ok Taeexamplen 30 mawiis logtan thever

for contrgl - gaps, thib infkin fieath¢2n0,0950000¢30 éBsodIﬂ/:héhc&gisaa:eﬁcbhﬁedted&o the O

N smal | er un| er.r Sl err rese

i nventi on, |ﬂ9€’L’e%@£ed’l’s1h&d¥éa¥flﬁ %’?8?4 Wﬁﬁ?ﬁé Q}%@Heﬁﬁﬁam Ofgravel, tﬂe
| effectlve memory area can, for example, amount to 100 mm, and N = 30 would
(. then only entail a loss of 1.5% of the effective memory area.

15 The present invention is expected to be able to provide write speeds which are at
least as good as or much better than write speeds with the use of known media.
The use of a single laser beam for writing on a rotating disc medium gives up to 1
Mbyte/s in currently available commercial desktop equipment. However, in
production conditions lasers and control systems can be used which can
20  substantially increase the writing speeds. For example high beam deflection rates
can be achieved acoustically, and there are indications that 3 Mbyte/s can be
achieved with the "Laser-tape" system which employs a single beam. It is indicated
in the literature that addressable laser groups (VCSEL) and positionable lasers
offer the possibility of parallel writing on a large scale. The same can be achieved
25  with spatial light modulators (SLM) combined with a light source. Also known are
directly writable optical memory systems based on electron trap technology, such
as "ETOM" from the Optex Corporation in USA and which is at an advanced stage
 of development and is stated to give transfer rates of 15 Mbyte/s or more by means
of grey scale coding. '
30
In the present invention, assuming a write rate for each write unit S in the range 1-
10 Mbyte/s, it is possible to achieve a write rate with N units S in the range from N
Mbyte/s - 10 N Mbyte/s. A number of memory fields N of 30 was found to be
compatible with those criteria which were described in the previous paragraph. If a
35 more conservative value is selected, for example N = 10, the write rate when using
the method according to the present invention will be 10-100 Mbyte/s.

It will be possible to combine the optical memory which is employed by the
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which is avail able for each individual sub-task, without any' reduction in
the total wite speed. 30 Wien writing in opticcal storage nedia
tthere are al so physical restrictions wthgs * regard t:o:.the si;ze of a

v

so-called bit point in the medium i.e. an area where & single-" 3 bi t
has to be stored. A certain anpbunt of energy nust be supplied to the

central nteed W \ ' ' h Svi %ﬂclap i oféﬂ | '
necessary for #éﬁgjga?%ﬁﬁﬁﬁb%%%%o?gngﬂ t__pég%w acggqﬁl,ir%&‘é&bé
practice, homé‘i‘i‘re,ssqdﬁgm BAEOYSLyY, By maeans o agll%?r clustsp eg&%ﬁoﬁpp%aﬁdh%t
I n the nmedi ungatautarsfer Aty &dn Boweitteh3@: wite pulse is so short that

the scanning novenent is virtually effectively "frozen" during the

writing of each bit point. As the bit ‘points beconme smaller in order to

achieve 5 (1) R=nv/Bidjbye/sstorage density and the scanning rate is

i ncreased in order to give higher _ )
where n is the effective number of data point positions under each microlens at the
effective scanning rate for the laser system which reads or writes on the medium,
and d is the diameter of the sphere. With d = 10 pm and n=494 the following is

10  obtained:

N (2) R =6 v Mbyte/s, v being expressed in m/s.
o/
The effective scanning rate v should be maximized in order to achieve high speed.
15 Two different methods will now be described.

The object of the first is to move the optical write head physically in a forward and
backward movement. This is a slow operation, since commercial optical card
readers normally work at a speed of 0.5-1 m/s. With microlens-based storage

20 media the laser system will not need to scan at a constant speed.

A second possibility is to move the beam by means of an optical element. This can
achieve a high speed by acoustooptical means, but the strong convergence of the
beam makes this difficult. However, the short length of stroke, for example a few

25 mm for high values of N, simplifies the situation and displacement of the beam by
means of movable optical elements can thereby be implemented.

A numerical example will illustrate this. Assuming a speed v in the range 0.5-10/s
gives according to formula (2): R = 3-60 Mbyte/s. This applies to each individual

30  write unit S. If, for example, 10 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 invention an apparatus is employed
according to the invention which also divides the writing process between a

35 number of cooperating, but independent write units S based on the assumption that
each individual write unit can write at a speed which is not much less than that of a
single, large write unit. It is well known, however, that there are certain mechanical
restrictions on the maximum achievable scanning rate for a write beam relative to
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transfer rates, a point is reached where the novenent is no longer "frozen"
to a sufficient extent. Wth a scannting rate of 10;nfs the. beam noves
I0{err] -10[err] [err]m= 1 [err]mig the course: of 2100 ns; -which is
far above what is permissible for a high- 5 density $torage’ TYEdI um It
shoul d be noted, however, that optical data storage medi a based on
spheri cal i crthé elatestorage hediam: Honexainpde the rolkatsorn spsgeds tfor Acent optical disc

rmy 0" ar Rbrel tao bELh Subdihdily indleakba i Bri 98 "E%&”%lfa#*@% st B
in the tinme windhis ease mechagical restrictingrfactors willuarisel mathe omn bf yibrationssdue to
O P ana " UhiRvefeSsn the BREA A MdbHrafized &sc&ms% and z{@dkfe‘f’é}ﬁﬁf’&d ead' ng

and witing in order to contral OCESS, .g. and

to achi eveSa glessiesationgHoets syhenchilesnith dﬁqspntmdmrhﬂvedp hgrra@yewdmé gh
coding, will tggeeaes ¥Stémfis dﬁﬁén wﬂt& iR 8 aight ﬁnwmw@raévéﬂ%m% »@é&d& o S

avai l abl e for I ti ln each Int "position is red oylng a
met hod 5% Ran PR EIG Bire BRBHEET FRATRETS WHE Forop i aiamasity

per f or med SePQ:roﬁhﬁhMuslﬁmvenﬁﬁé d.g8 tuded @ﬁ&bﬁ&n@tlﬁﬁlﬁﬁs kit wEieh$ha®t nbWRecHanidul ©
wite units and %grreans of erfor such a.

met hod, the cARBYFRERAL alh e GHOW‘PQ@CQEQEﬁe“OI ﬁéh Bass Yual ity
and smal | 1gli aneprily atceterabididr develgatedpeighén wfoxtvearldmmnbadkmrd moveﬁiehﬁrThe

wor ds hi gh stor edens d el datat ans er.rates.. can still

noni oved” — TaqisrsRes temAraiedl 4k pmbREoh oA iR VPR or

art. such as v1brat10ns which reduce the tracking accuracy, power consumption, unit
o/ costs and unit size, etc. Maximum acceleration during the scanning cycle is a main

parameter, but it can be effectively reduced by employing a plurality of write units
15 as in the method and the apparatus according to the present invention.

In the case of a harmonic oscillating movement, the effective write speed can be
increased N times by employing N smaller units instead of one large write unit,
thus obtaining a maximum acceleration which is scaled in relation to N. A corre-

20 sponding increase in speed with a single large unit will lead to a maximum acceler-
ation which is scaled by the square of N. '

‘Otherwise it is well known that both acquisition and tracking problems arise at
high speeds. As the speeds increase, increasing demands are also made on a
25  number of links in the chain which involve detection, logic and power for control-
‘ling the beam position. By dividing a write unit S into N smaller units S;, S,, S3, S4
as in the present invention, an increase of a factor of N is obtained in the time
which is available for each individual sub-task, w1thout any reduction in the total
write speed. '

LJ

30
When writing in optical storage media there are also physical restrictions with
regard to the size of a so-called bit point in the medium, i.e. an area where a single
bit has to be stored. A certain amount of energy must be supplied to the central
area with an intensity which is above the threshold which is necessary for

35 registration of the single bit to take place. In practice, however, the light beam is
not stopped at each write point in the medium, but the duration of the write pulse is
so short that the scanning movement is virtually effectively "frozen" during the
writing of each bit point. As the bit points become smaller in order to achieve

B
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PATENT CLAI M5 . 1. A nethod for stagew se sequentlal witing of data

i'n an optical ‘nenory (1) wherein two or: more write units {S[err],
Slerr], ....) emt light pul ses which causelg 5. F ocal |:zed changes in one
or nore light-sensitive layers in the optical menmory, and’ ** ®herein

the optical nmenmory (1) is transported past the wite unit (S) in |inear

nmovenent al ondughgratorage density amdthectcaningdratenispnoreasédiin emded to givedrigher e
write units (geich Jé’raé%eé gémtrl]s T acﬁéd Qd'ﬁ'ré Bvement i is n id R)@g%eﬁ@?&t' 6% a{‘ﬁ

mutual ly stepw se ransver se
the result théuﬂacmmwe%Wltb@scmgga@ B g theche anémqyresﬂﬁe d&.m—

menory (1), prl%n%’tﬂe EBﬁrsféRiﬂ 198 nsTWHREN i< fak awz@ WA $4 ﬁednhmsm attigh-
fields (F) for witi at eac a ach field Flerr],

.) subsi andensity s@mee@s shfaﬁdﬁw Toted, however; tet @p{m#él%ﬁﬁoe%ge
menory assig Negkedi® based of §phﬁi'ida1 hﬁkrolé‘)ideé lafg1dsh Q'uﬁfdrﬂbllerintﬂi!@ respect. A
ransport ditechl of ) RERANEurdith S S6RR S pRUBHES vt SRSEL! Yol fem g,

arise, viz. that it will be difficult to supply sufficient energy in the time which is

available. This in turn leads to higher laser output and higher costs. Independently

10  of this, simultaneous reading and writing in order to control the actual writing
process, e.g. and to achieve a greater degree of reliability or control of grey scale
coding, will become more difficult and more expensive as the time which is
available for writing in each bit point position is reduced. By employing a method
according to the invention where the writing of the data is performed separately

15 and in successive stages by means of two or more write units and by means of an
apparatus which performs such a method, the combination of high write speed,
adequate process quality and small diameter, i.e. high energy in the write point, in
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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15  each stage a fraction of the volume of information which are to be

recorded during -~ the witing, said{faction substan:tlally bei ng
proportional to the inverse of the . i huynber.of-wi-te Qnits: ¢Sferr],
S[err]...). - - 2. Anethod according to claim1, 2°0 ° characterized in

that the optical nenory (1) during the witing operation fornms a

continuous tapPATENT CLAIMS net hod according to claim1l,

characterized in that the optical nenory (1) during the witing operation
is in the 25 formof a foil or a card (C) which is physically connected
to other foilg. orAcmenlisdfor stagéwdise anuénﬁdiewiénglbf datwain drheptical oremary (1)

continuous ta g ' t‘%e cesgvg{[tgg‘mté f0| lf?mthght(ﬁﬁﬂé%@Wkﬁcligg ﬁi)gg

agal n separ at I On O
accordi ng & o bicalized chagges mmneaurmmezl@xtmnsm lamsoptthe;apucmé maenpory1 pod s

transpor ted ¢ RAPEGE B BpuBalafbobrtl) is mansned padt b vATBHAIL () iRl 21V
or 4, - cmavemest alang ﬂﬁaﬁhhat t he di stance between each wite unit
(Slerr], S[ergharacterized $hpeéABingAald two or more write units (S;, S, ....) at a distance
from one another and mutually stepwise displaced in the path's transverse direc-
10 tion, with the result that a write unit (S) is assigned to a section of the optical
memory (1), providing the optical memory (1) with physically separated fields (F)
_ for writing at each stage, each field (F,, F», ....) substantially corresponding to the
W section of the optical memory aséigned to a write unit (S), writing the data in the
| transport direction in separate and successive stages respectively, and writing at
15 each stage a fraction of the volume of information which are to be recorded during
the writing, said fraction substantially being proportional to the inverse of the
number of write units (S, S,, ....).

2. A method according to claim 1,
20  characterized in that the optical memory (1) during the writing operation forms a
continuous tape. '

3. A method according to claim 1,

characterized in that the optical memory (1) during the writing operation is in the
25  form of a foil or a card (C) which is physically connected to other foils or cards

(C), with the result that these form a continuous tape during the writing, said foils

or cards (C) being again separated after the cessation of the writing.

4. A method according to claim 1,
30 characterized in that the optical memory (1) is in the form of a foil or a card (C)
which is attached to a tape and transported thereon during writing.

——— -

5. A method according to claim 3 or 4,
characterized in that the distance between each write unit (S, S, ....) substantially

35  corresponds to the length of a foil or card (C).

6. A method according to claim 3 or 4,
characterized in that the length of each field (F), F, ....) is substantially equal and

NI oo s
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35 corresponds.to the | ength of a'foi_l or card (CO). 6. A nethod

according to ¢laim3 or 4, characterized.in that .the:l:ength of each
field (Flerr], Flerr], ....) is substantiallg equal.and : .
12 ' at nost :corresponds to the length of a foil or:card-{GQ.
7. A method according to claim1, characterized in that the optical

menory (1) is B&G ot R A £l r eadabl e positioning
mar ks for wi t%tﬁg at dggéggos@@g&emﬁhm8méﬁ%?ﬁég)'accordi ng to claim?7,
7. A method according to claim 1,
characterized in that the optical memory (1) is formed with one or more optically
5  readable positioning marks for writing at each stage.

8. A method according to claim 7,
characterized in that the positioning marks are provided at the first stage of the
writing.
10
9. A method according to claim 7,
, characterized in that the positioning marks are provided sequentially during each
9 stage of the writing.

15 10. An apparatus for stagewise sequential writing of data in an optical memory
(1) and with two or more write units (S, Sa, ....) including one or more pulsating
light sources which illuminate localized areas in one or more light-sensitive layers
in the optical memory, and wherein the optical memory is transported past the
write units in linear movement along a path, characterized in comprising two or

20 more write units (Sy, S, ....) provided at a distance from one another and mutually

stepwise displaced in the path's transverse direction, and that a write unit (S) is

assigned to a section of the optical memory (1), the distance between each write
unit (Sy, S», ....) being substantially equal and corresponding to the length of said
section of the optical memory (1) assigned to a write unit (S), with the result that
data are written in the transport direction in separate and successive stages, each
stage contributing a fraction of the volume of information which are to be recorded

during the writing.
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characterlzed in.that the positioning marks are provi ded at the flrst st age

of the wrltlng 10 - 9. A method accordlngto claim7,
characterized in that the positioning marks aré provided sequenti aI I y
during each * » stage of the witing. I3 10. An apparatus for stagew se
sequential witing of data in an optical nenory (1) and with two or
nore wite unSUMMARY], S[err], ....) including one or nore pulsating

|l i ght sources which illumnate | ocal i zed areas in one or nore

i ght-sensitive |ayers in the optical nenory;  and wherein the opti cal

rrerrﬁr y Ih s t r abis pan¢thdd fes writing of opticalvdatadnami eptidah memezy; thwoptieal terhaonygs a
Srerry o) BahgSied i 0k 53¢ ncrt #%#%ﬁ%ﬂﬁé@#% iy 4Bk egd it doiss
stepwi se & splAananparatus fer performing themashed campeises tio oamprcwmtealmzsl Se,
unit (S) is gﬁﬁ«h&@& Gt 4 Hxsi‘an%‘%cﬁ'éxﬂ’b(xg aﬁd?? P@td ﬁﬁum&g{wgs@m%ﬁlﬁé‘ed in

di st ance bet vve%’n

subst anti al | yp@&nﬁauawﬁver&@&me@ypan& Write rﬂ%) Iscasgiamedito assegtion of thesepticaln

- of the opti cajnmkspy With theFeilPARE HOwritig dﬁawh; ér?émné’ﬂ {d‘ﬂk*tf’axfsgﬁiu
that 25 datagare Witten in the transport d;e?r‘él on In r at

successi ve st Ggeetionyseparate and sygeessiysStaghs $fage S‘é %CW Qe
of i nfornwti oo Bf MferhaidiEwhestolisied be recordid duting fie Whuhgng
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