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present' i nwerkiornss el ates 'to an apparatus and net hod for pgh@fd2gisand
reading information. 5 More particularly the invention relates to a
storage device providing a high data capacity at a small formfactor.

BACKGROUND OF TH ~ ~~~dBf | Y_000002" There are vari ous

t echni ques and d%&W@M%%Q@ EQRNTORINGANDRBAPINGar t i cul ar for
| arge anounts of data. The eary I &eS were punched paper
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Later on, punched paper tapes were widely used for comutln\amm’wm‘”@mmﬁm
nodern storage devices include all types of disk and tape dri .

capaci t yTBGHNIEALFaHLDecordi ng nmediumis rather 1imted. Known ari6les*
magnetically coated strips of plastic on which the data can be encoded.
Storing data on tapes is considerably cheaper than storing data on di sks.

Tapes have usually storage capacities, ranging froma few hundred 15
ki | obyt e€ha presaay érvantiayi tpddisst tosan drpevetne and nethoddfor sterihg anthieading infopsgions

much sl ssing dat.a on disks. For exanple, today' s half-inch
taped. i bt P BERLREop et By £ 48rRa bPru G tras i Blsmeey wior 60
MB t 0 40émdiBormdatérer -i nch cartridges (Q C tapes) have a capacity of 40 MB
to 5 GB, and DAT (Digital Audio Tape) cartridges have a capacity of 2 GB

to 24 GB, but they all require 20 relatively expensive tape dri '

nost of the storage nedi a bases on a magnetic recording technlnmmgumummmﬂn
storage nedia are not resistant against influencing magnetic fields. J
nobi I'e  BACKGROUND OF THE INVENTION *G00002*

There are various techniques and devices for storing' and archiving data and in particular for
large amounts of data. The earliest storage devices were punched paper cards, which were used
10 as early as 1804 to control silk-weaving looms. Later on, punched paper tapes were widely used
for computing. Today, modern storage devices include all types of disk and tape drives. The
capacity on the used recording medium is rather limited. Known are magnetically coated strips
of plastic on which the data can be encoded. Storing data on tapes is considerably cheaper than
storing data on disks. Tapes have usually storage capacities, ranging from a few hundred
15 Kkilobytes to several gigabytes. However, the access to data on tapes is much slower than

accessing data on disks.

For example, today's half-inch tapes, available as 9-track reels or as cartridges, have a capacity
of 60 MB to 400 MB, quar'ter—inch cartridges (QIC tapes) have a capacity of 40 MB to 5 GB,
and DAT (Digital Audio Tape) cartridges have a capacity of 2 GB to 24 GB, but they all require
20  relatively expensive tape drives. Since most of the storage media Bases on a magnetic recording
technique, the storage media are not resistant against influencing magnetic fields. For mobile
storage application a small form factor is important whi.ch with current devices and media is not

achieved.

The development of scanning tunneling and atomic force microscopes has led to storage
25  systems which make use of parallel local probes. An atomic force microscope (AFM)-based

data storage concept is described in “The Millipede - More than one thousand tips for future



storage application a small formfactor is inportant which with currep
devices and nedia is not achieved. The devel opnent of scanni ng tunnel anC 2005
and atom c kcroscopes has led to storage 25 syste j ke use
of parall elvJ g’@@?ﬁ}ér obes. An atomic fofce mcroscope (AFM%&EQ%Z]@?a
storage concept is described in "The | 1'i pede - Modre than one thousand
tips for future - 6 DEC 1005 WO 02/077986 PCT/1B02/00783 2 AFM data

st or age" ,ARMdgtagpiorage’, Ypttigen el JBRM dawrngfof Resessetc tndobevedoment probrd, Nuc,. 44
No. 3, q@%f@go There is a clear demand for single storage devices having
storage capacity of nore than 1 Terabit. It is further inportant for such
a storage device, in particular when being used in a 5 nultinedia system
wher e i maeref is airelsan@dfardofop &ing®d ktbRye devibesthdviriel stBFde COPHRAS WE in¥dte TRANET
that very high data rates (read/wite speed) can be achi'eved. O her
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invention to provide an gpparatus and .method for. storing and reading high

dat a cap&ERFPLOMOVEREE W) StF9y 1§90y, datarsechtys aeryshock esistanamnifusasin
ADVANTAC%Me dfﬁpdt&l\é?N&hg.\‘ In accordance with the present invention, there

is provided an apparatus conprising: a tape having an information |ayer on
which information is storable in the formof perturbations; an array of

pr c;bes t Mais anpotfjent of ithe pfeaerd sinvdndion ap eveauahe theadisidventpgesbefsthe paor tinelt is

sur

face e ,t.ape;: neans .for .selectively form.ng the perturbations_ via
t he gfobgé?th%e%m%?fogrté%gfeé%ﬁilﬂbenflﬂlé t?)lpg’é’écf?c%‘ a@”ﬂtﬁgaﬁgfr’f’&pﬂa@ﬁ YRung and ¢ he
probes; asudingrhigtedateeapacifies. noving the tape relative to the array of




probes. The apparatus is a recorder, whereby it also useable as a playgn 'CZ— -
As a player, the neans for selectively formng the perturbations are ngg 005
necessary. is for the purpose of reading 10 stored infornmation

er
only. In awg'p’g’f’ﬁ?%d enbodi ment of the present invention PATHBOAYEEr at us
conprises novenent or drive mneans folf noving the tape relative to the

array of probes which can be fixed in its position. Thereby, each probe
can scan its track. This can be achieved by a sinple structure of the
apparatus. 15 The drive neans can nove the tape stepwise in relation to the

array of SUMMARY BNDIADVANTDAGES OFETHE INeERT2ONOde can be provided. In a
further enbodi nent, the apparatus conprises novenent neans for noving the
array of probes relative to the tape and wherein this novenent neans
gener at edn agrogianed withithe) prasent dpeantion, Thers is providetitas apperats angeprisiag: & sagle

probe ca He.al i £ aC: .t h ‘s 2 urface leading to a
hi gh deng f“?ﬁ g? ﬂléf&é‘%%@*’é&yﬁﬁg IféVJ h"r‘ﬁ)elﬁf)bpg e°t“a“r§r‘°’£§3%§%ﬂ‘ %’8(}%’%%\()%@3 rﬁ'é?agl?ﬁi@%t o]
t he di r eetrayof mbbesthat iefinctién faoes thappe sidhi thatshop@bed seen tdwarticRaf thd@pe;each

probe. scans its trac n the tape's surface. The recorder cqnprises neans
for etas W@“ﬁ%&S%PY?ﬁY g‘?ﬁq‘%@? PEYHHS%&%? ¥ip the prplespmpansdon dedectingibe piasenes as

for writohge EIMrBatlcﬁad& the pAobed; AR Brive héknk YEnéiRk Mk tapd E1a Yk ArﬂgofFor
erasing the 25 perturbations, a probe that touches a perturbation i

shortly RERe®ed such that the surface nelts at this place and the
perturbation di sappears. - 6 DEC 2005 WD 02/ 077986 PCT/1B02/ 00783 4 The

I nf ormat i f . [ a plurali of, tracks depgndi ng
on the ngﬂnggh?%&s %rao{?ggﬁdgégﬁ-ﬁ&%%ﬁg%gg e‘%@g &K asél\% af’g&f-l’l@ﬁ& ‘fﬂ}eﬁ'llﬁpf%; of
tracks, wedlectivelydadting the pettiubhtiohs asd oy nédessasf, Theplagerdaion thelpiepdsapLreading be
arranged within a cassette or a cartridge. Such tape storage unit can be
handt ed Stgregr'l’bfgg?%’ro&?“@asi ly. The tape is protected and not exposed to
direct influences of the environnent,

In a preferred embodiment of the present invention, the apparatus comprises movement or drive
means for moving the tape relative to the array of probes which can be fixed in its position.
Thereby, each probe can scan its track. This can be achieved by a simple structure of the

apparatus.

15  The drive means can move the tape stepwise in relation to the array of probes. By doing so, a

reliable scan mode can be provided.

In a further embodiment? the apparatus comprises movement means for moving the array of
probes relative to the tape and wherein this movement means generates an oscillating
movement. This shows the advantage that each probe can scan a plurality of tracks on the tape's

20  surface leading to a high density of storable data.

The probe array can be skewed relative to the direction of movement of the tape. This shows

the advantage that each probe scans its track on the tape's surface.

The recorder comprises means for erasing the perturbations. In general, this can be the same
means as for writing. This leads to a simple structure and array constraction. For erasing the

25  perturbations, a probe that touches a perturbation is shortly heated such that the surface melts at
this place and the perturbation disappears, |



e.g. dust. However, also reel tapes can be used with the present inveﬁ%igg.
The surface of the tape can conprise a polynmer which can serve as the DEC 2005
i nf or met i owd @wetegs Such a surface can be easily achievedpg¥n§ﬂﬁw% coating
techni ques. The tape may conprise a bagse and a coating conpri'sing ?he

pol ymer. The base conprises a 10 base |ayer conprising one of the

materials: nmetal, mlar, teflon, polymde. By having such a tape structure
the info tion is storable on the base layer, as a first information

| ayer, fdne idQEnation laygsofithe iape can epmise a pisslity Afitranks dhpendingtonrthe nusbea of
second i ' | ' | furt.her .enbadi ment . the
coating gi;d%@&g’géagﬁ Bi)dg'? ﬁﬁgsc g?%@?‘ﬁ??@%@%ﬁ of tgggsé r“?al{lé,h Eﬁ%sr ® atotﬂélﬂs%‘ﬁgy of

i nf or mat sforablexdats., i.e. two, three or nore information |ayers can be used

for 15 storing information in any suitable way known in the art. For

exanpl e, %he information | ayer can be based on nagnetic, nmagneto-optical,
f er r oel edP¥ fape camhbs yranged withinghcassefig ofa raririsigprSughdape storhgs wrdl caa e ihsndied

Wi tisng bd sibeh edsily! er@é ' f.the high d density that
is storable on t hétyr:’gtgtl egifs%? ﬂ?ﬁ‘%@%‘ﬁ??@%ﬁdﬁ idérﬁlisiélrlﬁ%%lc?Se‘%ttﬁeo?“mg% Ring

. pi ct ur es.godustrdlavesenhlsd met tapesamnde msed wieh the prtséminvehaon.ng ot her

I nformation, e.g. sound, 20 text, subtitles etc.. The tape can be endl ess.

Thi s has Bhe dva {.hg e that the tape does not need to be changed. The
l ength o “E?%B g"ﬁ’eﬁéﬂ GEPPHR BlwHer Which eancsgrveyas the ifermation laygroSudtbl e

or Sever aburfi¥ LaFbe A RideABF nbih enflff l:bGflgRgquence. The tape may
conprise neans for nounting the tape in a p ucl’allty of nested | oops. By

ar rangi n% 25 the tape in this kind the length of the tape within the
casset t eThy tapamayi cogwprisen teee end erdating conqmismgetie polyniee. T bask RoMPrided I eel

ver §inon. MO'02/ 077986 PCT/ | B02/ 00783 5 CRI. PT] OF THE

D e ity EORBSIER 0 8 Baalt Moo MR fedie PABGRRS. BOGRPREIEIRIA

bel ow, byapsatruaireahaifibenatiohyis storibl oh e bRBAGyek Oad HeirkOhfRihidh BEHETEL i C

drawi ngs. FlI \:)Egshows a schematic side view of” an apparatus according to

the presEPR% Ry jaghptic orientation and on the coating, as a second information layer, by
indentations. In a further embodiment, the coating can be on both sides of the tape. In general,
more than one information layer, i.e. two, three or more information layers can be used for

15  storing information in any suitable way known in the art. For example, the information layer

can be based on magnetic, magneto-optical, ferroelectric, charge injection, thermal techniques.

Thermal assisted writing is such a thermal technique.

Because of the high data density that is storable on the coating, this layer is particular suited for
storing pictures or movies while the base can be used for storing other information, e.g. sound,

20 text, subtitles etc..

The tape can be endless. This has the advantage that the tape does not need to be changed. The
length of the tape can be defined such that a daily recording is possible or several movies can be

plaiyed in a defined sequence.

The tape may comprise means for mounting the tape in a plurality of nested loops. By arranging
25  the tape in this kind the length of the tape within the cassette or cartridge can be extended

compared to the well known two reel version.



5 FIG 2 shows a top view of the apparatus in a stepw se node. FIG shows
a detailed top view of the apparatus. FIG 4 shows a detailed top Vi®BEQR5
the apparatus in an oscillating node. FIG 5 shows a side view of a
cassette. WO ®B/078986hows an arrangenent of the tape to an RETdB978ape. 10
FIG 7 shows another arrangenment of tshe tape leading to a | ong version of
the endl ess tape. The drawings are provided for illustrative purpose only
and do npESORICEOA OF YHEEPRASENGs practical exanples of the present
invention to scale. 15 - 6 DEC 2005 WD 02/ 077986 PCT/IB02/ 00783 6 GENERAL
DESCRI PTI ON Before different enbodi nents of the present invention are
descri bed, the basic elenents of the storage devices in accordance with
t he pr esBreferiedeatbodimentarof timdoveasion dre descnibebinaletdil pelblog bpmwagys examplr @fdgs ar e
wel | knomqhelferrentts V\/r}.ilﬁh are easg él_o make. Existing sem conductor and
phot opl a&? EIFEBrs R Mo i vipe dbsmate IaWIngs, "ol oyed. In essence, the
techni ques of mcronachining are enployed to create discrete probes and
probe arrays. \Wen di mensioning such probes, one has to take into account
speci fi crparanet ergowf a sdhemimd Giid akwlam{ﬂapg&m&y@éao&ﬁﬁ othé;prg&h&tll & PT Obes
are fornmed. Wien properly designing such an array, It can be N
massSpr oBl@ed at |sbowgatop viavdofthe hpparags iy a etbpivisd modd. | y, probes and probe
arrays a de by, i porti.ons of a silicon substrate. This
substr at gﬁﬁ'?nor rrasPﬁ‘{v/sc{lqggie%g?g‘élﬁ‘?é%b363%3m30ri ented silicon could for
exanpl e BEGmet et chews a dethiled te Vigw of thaappigatiyin @f aéEitdial nvde KOH sol uti ons.
Wet et ch't,ﬂ?{ 5toechni ﬂues ar.e ,general | y dependent on crystall ographic
ori ent at f t hSlQYbafeyigw ofagassetitnn) orjented silicon shows a 15 very
Li‘iVl)etChFI@.ﬁ_ 0‘;] tshéw{ an'labdanPArAHe of the ik BanleldiRssafRd etch stop al ong the
axis ic
10 FIG.7 shows another arrangement of the tape leading to a long version of the endless

tape.

The drawings are provided for illustrative purpose only and do not necessarily represent

practical examples of the present invention to scale.

15



generates well defined etch planes with 54.7 angles from (100). An

al ternative approach nakes use of dry etching techniques, e.g. -6 DEC 2005
reacti ve- ivio@adgset ching (RIE), chemically assisted ionpiaap@bghi ng, or
m crowave assi sted plasma etching. Dependi-ng on process conditions, deep
and ani sotropic structures can be obtained | eading to excellent dinensional
control. Masks_can 20 be enployed to define the structures to be etched.

The prob@gNﬁgééi“]a%%Cm\mo§ny shape that can be obtained by

. phot ol i t hography and etching. The cross-sectional .shape could for exanple

cant | ovenattdferchCipnfint e Beser iuPRIRRR Tesonbll he Bu B30R1 R LB"°

sui ted fasragdideviebin wadrdanre ofithihe prsent (ifvetidhtire sdidssanduct i ng materi al s,
like gallium 25 arsenide, as reported in "dynam c M cronmechnics on
Silicon:_Techniques and Devices", K E. Petersen, |EEE Transactions on

El ect r orfrebeseapd peabe ayays: ED25, No. 10, 1978, pp. 1241-1249. Usually a tip
is used as |ocal probe. Different techniques are known to produce such

tipse T can for exanple be made, by isotropi .Qr _dry .etching i
COPTbIS nap? l§P\‘=’S\N|aﬁeh"v ﬁekr}?%ggﬁﬁmﬂts owglﬁh-é/'% %@CQO‘B@‘Q\/’A@WE’”@? 9%%‘8°n£°t° and
PCT/ | BOZiHofopRatic 7fablic@ilof ©Facsdsad ot &ei @Impidyedl a6 SiskhdePNihe TR hhRLéOWFNY

materials are well suited for making | ocal probes and |ocal probe arrays:
t ungst erficfamAgiingte are ewpployed ka erastediseists prabesand psehei arenys.(Were dimegpioning

UndODEd)suclq$ﬁJ§gs,?g§ > talkd Yhtd @JcB@lﬁtspécéfri@E&%%teﬁrof bioch 'dfl“é?i%il\(;lfs]pﬁ %]E gﬁsgs&Ete to

nane sone. I nat1on of wet o y etching and
oxi)dat i dn whishis theo probesy asth fppngdoi Whenl woprely. dSsigitieg shelr pear atrg iti pm dee,

t he ,denser information on a, storage.nediumcan be stored, i.e. the higher
thelgtor’ﬁ%%'%%‘ﬁ‘ﬁ%ﬁt}o‘%?oséa ‘Em‘géhg%d’é%ce will be. The probes can be coated
with an appropriate netal such as gold, for exanple. In U S Pat. No.

5, 204, 5&3syally, protits 9fd prdBEl ariys AR ﬁh{lehbﬁ%ﬁiﬁg)aﬂ@&?orﬁ&ﬂ%f(B._rsil%fl s, THhiPS

whi ch can be used in connection w he present invention. An exanple for
the mi cregbginte sarqrealln(109) oripnted @APQcoriinted| siised conld: fee example|be wejetdhedn

cantil evgy ' ' f WGLOSGRRY | . ger al .,
Sensor o S ARy Bemlie Ry QiocRSIS kR, sFAGEIAGHR tocpiltall HIOBnehy T
not e t hatepéndenteemerystalldgatphic éridntativatdf dire substadte, . (0@ rariEped silivonskowsde in
argpr Odvue%l' Jweet%ﬂ' gatg QF EB (mnp%ﬁe, leading to a good etch stop along the (111) axis which
generates well defined etch planes with 54.7° angles from (100). An alternative approach makes

use of dry etching techniques, e.g. reactive-ion beam etching (RIE), chemically assisted ion

beam etching, or microwave assisted plasma etching. Depending on process conditions, deep

[ --) .-and anisotropic structures can be obtained leading to cxc_ellent dimensional control. Masks can
20  be employed to define the structures to be etched. The probes used can have any shape that can

be obtained by photolithography and etching. The cross-sectional .shapé could for example be
rectangular, round, ellipiical, or polygonal. For the présent purpose cantilevers having a sharp

| tip are preferred as described above.

Also suited for the fabrication of probes are other semiconducting materials, like gallium
25 arsenide, as reported in "dynamic Micromechnics on Silicon: Techniques and Devices", K. E.
Petersen, IEEE Transactions on Electronic Devices, Vol, ED25, No. 10, 1978, pp. 1241-1249.

Usually a tip is used as local probe. Different techniques are known to produce such tips. They

can for example be made by isotropic wet or dry etching in combination with the oxidation of a



Driving circuitry: Certain neans, including driving circuitry, ' '
preanplifiers, and an appropriate wring for reading and witing 'BDECZOUS- '

i nf or mat i owgRre7de be applied. In order to handl e the hi gbrAgdois rates
resulting fromthe nultiplexing of nmultiple parallel channels, one needs to

provide a very fast electronic circuitry. To nmake these neans one can

empl o eXJS t.ool s nd rocess nmpn t he sem conductor and
col 1 & st Single gk Rl MenEhsiiconr brecfO NEV G e akeraaiel s96eq fos masiarlesslcal |

for cir CPfc;brey ahd Rall fi8be 'H'Fazg fufl s?éiﬁ'ﬂﬂ\' §t8n taﬂd&“?la‘tlﬁr u%ﬁﬁﬂt ety / slIREN) (ﬂ:l%ﬂ
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atom c orce m crosco syst e (tremely ‘smal |
si ze. Ther mdrpadl dolmitdlajmndz eny @fnaatmjemeta}y ot condbdtiviercesinics, to name some. The

appl 1 cat FORPEROGh oY B 29F B Bme S HpBRIE Pibaipt lradi b ey e BPiRS wBRtept
i ncl @i NThe GRRtpbr @Y QIps Sid, UBS HEMEr inFordRE6H R Adstbrge HRgiulM 4d B@%red Wﬁet han
one thousand tips for future AFM dat a storagg)moTh Vettiger et al
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Jour nal Bighre theasterase sepacisy of @p-ﬁéﬁ&ge depipe willy probesgaip (b’gcroa&edem@lo abent
of whi ch b%ciéor dH%?arl Qﬁcﬂ% %‘3&? lfé‘rr g @f ﬁnrl?.@cfat K3, SHH f&g J518 c%scglt%eﬁdshgt%ﬁge

medi umin ance Wt I nvéntton is7a”’
st or age hawdo andka \tipsgr afeys @f txpmwaldhm‘aﬁ beabddoiA cbiveetion wﬁh ehd1prdsent Miiefitior an

be used |n conn Wi t the present invention can be grouped as
fol | ows. @rftﬁf a’eﬂ’élwgff brication f 4.4p sdsordisclased invthe prticlesilicom captileyaippy ed

t hergy r OHM’)A { esrakhohify Bade mr&eoﬁy'-t ?rBrﬂQgetr Reat, CS%H%@QHH g u%wAe%?rs@O

conposi tion; alterlng the crystall’ine phase; creating or destructing
el ect r onl29% pat ¥93-240. ft)is irgpastant topnabEh DY BEAND of DAIOH TaBisatRETIoLBAROBOFESs 8

enptyi ng, gﬁ%es&m %lrggrgﬁ&mlga@&}e @maﬁrﬁetef'at' ng or altering domain structures

or polarrzation St crea ering chemcal bonds. Even a
conbi nation of nedia within the tape can be used. The probes will then be

adapt ed Beigdifegityy: Cenaif mikahs,tificludify HAGIng REARET, |px‘&nﬁﬁﬂie?s ahdadfprbpiddte t O
t he above exanppl es, any conbi nati on of physical chem cal effects can be

used.  SWiIRgTon readins et avriting la@mmn lre@ﬁ tQype enpéw@.lpfo&deém bendlp thehigh éata s
gi vem | nra'tés%esﬁﬁ;g D the MuitPlexihplof lﬁﬁlﬁgl@g:; araf DA AR, oﬂ@ﬂee%§ ?A bx%k/}deya very

mentioned i n the above US patent, to use a very
fast electromc circuitry. To make these means one can employ ex1stmg tools and processes

common to the semiconductor and solid-state industries. The driving electronics as well as the
probes call for circuitry like that used in scanning tunneling microscopy (STM) and atomic
force microscopy (AFM) systems, albeit shrunken to extremely small size. The miniaturization

20  is mandatory to obtain short interconnections, high speeds, and less power for circuitry.

The application of an atomic force microscope (AFM)-based data storage concept including
cantilever structures is described in "The Millipede - More than one thousand tips for future
AFM data storage", Vettiger et al., IBM Journal of Research and Development, Vol. 44 No. 3,

May 2000, the content of which is incorporated herein by reference.
25  Storage media:

A storage medium in accordance with the present invention is a tape or a tape-like storage
media having one or more information layers. The media which can be used in connection with
the present invention can be grouped as follows. In general, perturbations can be formed in the
medium, or removed therefrom by locally creating or altering the topographic features or

30  composition; altering the crystalline phase; creating or destructing electronic states; filling or



wax-|ike material, polymer, or liquid crystal in which perturbations gre
treated either by locally heating the material, or by inprinting pattleBks2005
or- pits by ' t he probe up and down. By .10 heating up the material so
as to nelt“?ﬁxkgggﬁly, or over a larger area, e.g. one sng@ﬂgmﬁpéld, one
could clean it up (erase). The heating could be achieved electrically, e.g.
by | ocal heating elenent such as resistors, or by nmeans of a | aser beam

It is fempeamelisingeksirtlie sthes;praavingler aleaial dbmsialstridtolee oppol@izanbi fatgs;heat
sour ce, e.g. a resjstor,. ﬁﬁéh t hat the warm probe generates perturbations
in the STBRAEE" Hedng cherpgal hends Byen heomiingon of mediaswitiip L apeern botuseda d

St or age Thd prd¥eéliwilMhefbe &iaﬁﬁ&%&?diﬂil?, uift;?gﬁféﬂoqﬁe Eﬂéqésggétivemlia‘? storage

sections can be erased at once. Per at1ons can so be generated by
enploying the tunneling effect in order to nove and renove atons. This
appr oac i adgdtiar twithgatowe exaintphest dny dombaration ofophysisal ot cliepdlcdl effedte cdndierased.

patterns, of ato sorped. an the surface of . a storage nedi LS scri bed
in US. %éf).oglﬁf}gsde%f S(S;éi,ggffaoﬁ'l? the glbffger‘?lg edis suitedel given d'ﬁmi h@t' &t ance
fromtha3pediumto renove 20 individual atons fromthe nmediumfor witing,
and to detect variations of the tunneling current caused by the presence

or absence of atons in scanned |ocations for_ reading. Turning nowto the

fi gur es Anofhenppnreach ot axplisityapentiopedein therabers US patents maulddede Hest averheofs ame

or i ke yRaniks mdibrfh ; | GhiSi ' t cording
e A e S

r ecor deheatigehé enatepialypor by impintingguhttems or pi¢ by movingftbe probe vipruiédosvini Bps 4,

an | so to erase _these by neaps, of heatin nd cooling (not shown). The
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Perturbations can also be generated by employing the tunneling effect in order to move and
remove atoms. This approach, according to which the information is stored in the form of
patterns of atoms adsorbed on the surface of a storage medium, is described in U.S. Pat. No.
4,575,822. The probe is maintained at tunneling distance from the medium to remove
; )20 individual atoms from the medium for writing, and to detect variations of the tunneling current

caused by the presence or absence of atoms in scanned locations for reading.

Turning now to the figures, in which the same reference numbers are used to denote the same

or like parts.

Fig. 1 shows a schematic side view of an apparatus according to the present invention in
25 operatioh. The apparatus that here is a recorder is able to write and read information in form of
indentations 4, and also to erase these by means of heating and cooling (not shown). The
indentations 4 are considered as perturbations 4, but in general under the word perturbation any
suitable form of storing information in a material is understood. The recorder comprises an

array of probes 10, whereby each probe 1_.1 scans over a tape 2. The array of probes 10 can be



made of any suitable material, e.g. nmetal, mlar, teflon, or polynde.gT
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Fig. 2 shows a top view of the recorder in a step by step mode. The array of probes 10 is
arranged as a write/read/erase head above the tape 2 which moves into the direction indicated
by the arrow. The tape 2 is driven by drive means 20 as they are known in the art. The tape 2 is
rolled up on reels at an axis 22 on both sides. Beside a continuous mode, i.e., the tape 2 moves
continuously-underneath the scanning probes 11, a stepwise mode as shown in Fig. 2 can be
applied. For that, the array of probes iO moves up and down in defined intervals. On one hand,
if the array of probes 10 is up, then the tape 2 moves forward a defined length. On the other
hand, if the array of probes 10 is down, the movement of the tape 2 stops. By ﬁsing the array of

probes 10 information is written, read, or erased by the respective probes 11. Each probe 11 can

be controlled separately. The array of probes 10 can also be kept at its position without up- and -

down movement while the tape 2 is in movement. The size of the array of probes 10 is related

- to the step length, in that each step is defined by the array size.

30

Fig. 3 shows a detailed top view of the recorder where the head or the array of probes 10 is
arranged in a defined position. The array of probes 10 is skewed relative to the direction of

movement of the tape 2. The array of probes 10 is depicted in a through view, whereby



WO 027077986 PCT/ 1B02/00783 10 underneath the tape 2 is noveabl e as
indicated by the arrow 38. In general, the array of probes 10 has anb DEC 2005
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scanni ng can he applied. For that the tape 2 noves relative to the array
ndicated by the arrow 30. In this embodiment, besides the plurality of tracks 32 so-called sub

tracks can be used (not shown in the figure). In other words, between the single tracks 32,
multiple sub tracks are reachable by and assigned to each probe 11. The sub tracks are used by
each probe 11 by the oscillation generated by the movement means 25. This allows very small

20  track separation and leads advantageously to very high track densities.

f _ ) . In general, several modes of operation are applicable as described in the following whereby also

a combination of the modes is possible.

As described with reference to Fig. 2, a stepwise mode can be applied. For that the array of

probes 10 has a fixed position while the tape 2 moves stepwise for new track fields.

25 A continuous mode of scanning can be applied. For that the tape 2 moves relative to the array

of probes 10. The array of probes 10 scans thereby in X-direction while the tape 2 is in motion.

The array of probes 10 scans in Y-direction while X-scanning is achieved by the motion of the

tape 2.



of probes 10. The array of probes 10 scans thereby in X-direction whi EeDthe
tape 2 is in notion. The array of probes 10 scans in Y-direction whil EC 2005
X-scanni ngwo28¢R8ecved by the notion of the tape 2. - 6 PEFERRGISYO

02/ 077986 PCT/ 1B02/00783 11 The array; of probes 10 operates in a so-called
XY pitch scan node as depicted in Fig. 4. That neans, the array of probes
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ig. 6 shows an arrangement of the | tape 2 in order to provide an endless tape. For that, rollers
52 are arrange inside the cassette 40. This arrangement is suitable for playing movies or

sequences in an endless fashion.

15  Fig. 7 shows another arrangement of the tape 2 leading to a long version of the endless tape 2.
For that, guide rollers 60 as they are known in the art are mounted such that the tape 2 is guided
in a plurality of nested loops.

Now that the invention has been described by way of embodiments, various modifications and

improvements will occur to those of skill in the art.



1. Arecorder conprising: a tape (2) having an information |ayer (3, SEZQ on
which information is storable in 5 the formof perturbations (4);'§rD r Mgy
of cantilevers with tips (10) that in function faces the tape (2) such that
the tips scan the information | ayer (3, ?of the tape (2), means for
selectively formng the perturbations (4) via the tips; neans for
detecting tEﬁ Pre.sence of the perturbations (4) via the tips; and to drive
nmeans (20) RIMBving the tape relative to the array of cantilevers with
tips (10), characterized in that the array of cantilevers with tips (10)
is operated in an oscillating node. 2. Recorder according to any of the
precedi ng chai ms, Aweedsrdercontygisigpe (2) is conprises several information

| ayers (3, 5) and whereip the array of cantilevers with tips. (10) is .
skeved rol ati ve t 8 @IEAIHNPEEE B iNBAFHSPIAETI o Qmwhich gafoprmytionsis siasahle ifer
accor di ng t g,ea8)m ofF gmbm(ﬁgzglj.ng clainms, wherein the information |ayer

(3) conprises a pol 5mer. 20 4.” Recorder according to any of the preceding
cl ai ms, wherein theairay of eantilevers witk tips (1) that in dunstios darea thel tapa(2)tsyclothat
tracks (32) : i 0+Cl 34 rel h tdlever, (11)
of the arr afedips BEPLETERRERACHDR, (oo el UL BBl B CGY ppfitEind
plurality operturbatkes(@02yia tiee tifdecor der according to claim 1, wherein the

dri 20 tqQq t t 2 i i lati fot
of cant | lovers vi TR ot detoelng BB Brestih oB e Sl g e and t o o
conpri siing moveneativedeas @8Plor nivingiitaie rehdverd ¥ afthy 6ABAHHIGNES Withtip

tips (10) relative to the tape '}\2). R\ LI BK] 646900SG Cl ai rs. doc: nyr -
DEC 2005 - 1810, charageidgad b &t dhppreay of sailoversywathefins ((hQ) iooperatsd inedms

(25) gener ah&311Afhe mode.

2. Recorder according to any of the preceding claims, wherein the tape (2)
15 comprises several information layers (3, 5) and wherein the array of cantilevers with tips

(10) is skewed relative to the direction of movement of the tape (2).

3. Recorder according to any of the preceding claims, wherein the information layer
(3) comprises a polymer.

20
4. Recorder according to any of the preceding claims, wherein the information layer

(3, 5) comprises a plurality of tracks (32).

5. Recorder according to claim 4, wherein each cantilever (11) of the array of

25 cantilevers with tips (10) scans several of the plurality of tracks (32).

6. Recorder according to claim 1, wherein the drive means (20) moves to the tape

(2) stepwise in relation to the array of cantilevers with tips (10).

7. Recorder according to claim 1 further comprising movement means (25) for

moving the array of cantilevers with tips (10) relative to the tape (2).
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oscillating novenent (30) approximately perpendicular to the directi 9% [?Ef
novenent of the tape (2). 5 9. Recorder according to claiml further C 2005
conprising neans for erasing the perturbations. 10. A player conprising: a
tape (2) having an information |layer (3, on which information is

storable in 10 the form of perturbations (4); an array of cantilevers with

tips (10) tigat inRietordérd ofdageso ¢lhien VaRBerled) theUibvdntat me"aﬂ@(ZS?l@éne?%@aﬁhe
surface of the taIPe (2); means for detecting the presence of the

per t ur bat i oRECI{afing,MYvenent{(P Ysapraorimately; perhgdisulaniy) the diretinni elgmeyemant oé
(2) relativend@pd pg. array of cantilevers with is tips (10), characterized
inthat the array of cantilevers with tips (10) is operated in an
oscillating node. 11. A nethod for storing and reading information

i Sing: [ f il ith tips.(10
whereby i o mat | Ascd 3B%cne BT i 7 Bubleh e ilse g, B oFREne ine

i nf or mat i onpeaydati¢id, 5) of the tape (2); noving the tape (2) relative to
the array of cantilevers with tips (10); form ng and erasing the
perturbations (4) by selectively applying a tip of the array of
cantileversoith tA playdrt@mprising: detecting the presences of the
perturbations (4) by detecting neans (11); 25 characterized in that the
array of cantil evert@pef2) hayipgan infoymationoleser{Be8) omwhich infosnptien isrstorablddn

12. Met hgd Mhﬂio?ggﬁﬁéa%fl{sr(hﬁL whereby the step of facing the array of

cantilevers wth tips to'a tape (2) further conprises noving the
array of cantil evensmay ohcaitibevetsi@)th 3ips ( E))ahatvie foctiohdadeapless @Ry (Pnchmttertei n

the array of, canti] eyer it i ps 0) is skewed relative to the
direction o}het vesﬁé'htﬁ%gﬁrf%e&tt%%{ép? gl).’ [R\L(r)K] 646900SG O ai ns. doc: nyr
means for detecting the presence of the perturbations (4) via the tips; and
drive means (20) for moving the tape (2) relative to the array of cantilevers with
15 tips (10), characterized in that the array of cantilevers with tips (10) is operated in an

oscillating mode.

11. A method for storing and reading information comprising:
facing an array of cantilevers with tips (10) to a tape (2), whereby information in
20  form of perturbations (4) being storable on an information layer (3, 5) of the tape (2);
| moving the tape (2) relative to the array of cantilevers with tips (10);
forming and erasing the perturbations (4) by selectively applying a tip of the
array of cantilevers with tips (10); and
detecting the presences of the perturbations (4) by detecting means (11);
25 characterized in that the array of cantilevers with tips (10) is operated in an

oscillating mode.

12. Method according to claim 11, whereby the step of facing the array of cantilevers
with tips (10) to a tape (2) further comprises moving the array of cantilevers with tips (10)
30 relative to the tape (2) and wherein the array of cantilevers with tips (10) is skewed

relative to the direction of movement of the tape (2).
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