v;rse3e] : Z| . 6T: =D+4~ 13 Aug 2003 Device for contacting and/or nodifying a
surface having a cantil evet..and a nethod for production said cantilever

. TECHNI CAL FIELD The present invention relates to a device for contacting
and/or, modi fying a s m W a cantilever connected to an al nost pl ane
carrier el ement staymmmm ﬂ m said surface, said cantilever has a tip
at it's |oose end being ip.&l.0se contact to said surface. The device is
useabl e for thernonmechanical witing and thermal_r f_j)zgpaf bi nary
information in a storage nedia) like a thin pgﬁl)am&@ or suitable for
| i t hographic and i magi ng techni ques and as well for surface nodification.
As well the invention relates to a nethod for production of said cantilever
with said tip. BACKGROUND OF THE | NVENTI ON Devi ces for ultrahigh-density,

hi gh- speed data storage applications using thernmonechanical witing and
thermal readout in thin pol yrrer filmas stor age nedi a work on bases of

Ao ot RGP B3ARAEI: B SRR yRRe RIS bBBehaly o
Hi ghdensity data storage usi nggp(;dmgh@iagm@&ghﬁeqeechm ques', IBMJ. Res.
Devel op., Vol. 39) No. 6) pp. 1700, 1995, E. G ochowski and R F. Hoyt,

"Future Trends in Hard Disk Drives', |EEE Trans. Magnetics . 3)
pp. 18501854) 1996 - RP. Ried et al., '6MHz 2N m Pi ezoresW@ﬂMﬁ’ﬁ@ﬂW’ML
At omi cFor ceM croscope Cantilevers with Incisive Tips') J. ch
Syst %RLP@EL@D 294302) 1997, US Patent 5835477 enti tipag”
I\/assStorage an ettiger et al., '"Utrahigh Density, H gh data rate
M cr omec gt predenﬁmaamdmgelambeaamwgﬁ copetemg andRsranodifydiid a swsfate haoingM cro
and NanoEngi neering 98) LeuvenBeI ql um Sept. 1998, to be published in
M cr oel ect$8Hleversaanecied fog almost magmalw%étawngraparﬁ&@md pustace,
ther m)mecsla a‘ﬁﬁievWﬁiﬁ arng Fls fo%?t?&’r&bél Ahqye cgﬁtagﬂtgsaljd SuRREE TRAERPe P 1 OF
art. Very c ose to t ace of a st age consi sting of a pol yner
film a tis ps@blesfopﬂrmhomaﬂﬂnuhatwutmglgnd theanalseddoat fibihay énfofmatien intaor age

nmedia 1. The ti rotrude fro he | 00 nd. of a.cantjlever 3 which is
e to soraptinBal Bl ol bRt bl sinable i et GHERE & & dof i ned

di stance el and Ye R@H%o@urﬁa@@m%&@fcﬁ@&t 'I%Clbéll thE(PrKveWﬁbﬁ tdwes?‘tobd ﬁéﬂh}Sd
information into the storage nedia 1 the polymer surface is locally

sof t ens/ nbet produgtidn offseidwsatiteser wWish Saihyipsi nul t aneously applying a |ight
pressure onto the tip 2 by the cantilever 3 resulting in nanoneter-scale

i ndent at i f orage nedia 1 representing the binary
i nfor mtlgeﬁéﬁdgéo{r}%%bﬁ: “?iﬁenﬁ{/émoﬁ ng of the tip 2 is provided by a

resi sti veDpliedsffor alttahighrdeasity) highespeeddatketorageagplicrtioheudingary i nformati on

stored in_the storage nedia 1 the heated pl atfogy??ﬁagﬂ the heated ti are

al so used aen%n%céﬁgwﬂgwetlwmt@%aa@ew NSy e I AR IEHat

surface of d‘ 438 BpAtXﬁﬁﬁfﬁ obde rﬂ}crc\%bﬁyegﬁtmgléagmq@e L6 ABREBBY methe%mmag power
is applie eater atform so that the tenperature of the platformis
nodul at edptﬁyxcammtsdemtmuegheiaMenfﬂthe\npl atformand the storage nedia. The
tenperature change is neasured through the platforms resistivity and

depend h bi he h f
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bet ween tRes. pjeaélbgrmoar@ Neeospp. b8EMP1993)e st orage medl a i s changi ng by
some 10 nm resulting in argl atformtenperature change due to _cooling of

t he st or age Eréapehowski ardsR Foflogt, Futpns Frerdstip flagd DiskdDuvast IERE dransi ps i nt o

t he inden t ¢ he cantilever systemis caused
than in c%@gh&& éPOI ??INO ef Cltgﬁbitﬁg«h?é% ever has a greater distance towards
the surface RP. Riedleagk, mdlzaZN/Eopxeflﬁsslgmengotrhﬂ?o@aamicfcett@fe @aritileveerd wigh at

its |l oose_end sgone inportant aspects have tl§ be coitglgered: The mass of the
cant i | evelnctiee Tigspb l\é§f%erlt%“10“§§h s HPleOtBoshPRi #3824 )2%Hi ghr esonant
frequency_ cang PL(%H@S@S@PE&Utle%WFa%S%r@ dsauired for low loading force in
order to elimnate or reduce tip and n%dla wear) whereas a high resonant
frequency- alB. destiger ghals Jékahpbdiamsing. High detatrhie Micpartmhgtﬁtals%cauhidg Peotzs

o1 a1 1 or m HEHEE DUTArRCoeth CoRsoRbLER BaNOERHrRG L g FEH B or i

requi renegg tcm)ar adbChsbiished ﬂtwgetwmaldat@ﬁe@ag between the 13 AUG 2003
-3 surface of the cartier elenent and the orage nedia to guarantee that

only the tips are making contact to the nedia and not the carrier elenent.
The object of the present invention is to realize a device especially for

t her nonechani cal witing and thermal readout of binary information in a
storage nedia taking the above nentioned demands into account. Especially
the object of the |nvent|on |s to prOV|de a t|p arrangement mhlch alloms an

Y o -,



It iks a further object of the invention to inprove the tip geonetry and the
way of production the cantilever and tip at the | oose end of the cantilever
. usi ng nethods which are easy to handle allowing a | ow cost fabrication and
high yields. The tip volunme shall be as snmall as possible so that the tip
mass can be reduced for realizing a high-resonant frequency cantil ever

system and reduce the heating tine constant. SWW ME | NVENTI ON
According to a first aspect of the invetion the ngZp ded a device for
contacting and/or nodifying a surface, said device conprising a cantilever
connected to an al nost plane carrier elenent staying apart fromsaid

surface, said cantilever has a tip at the | oose end thereof being closely
contactable to said surface, wherein said cantilever stands out of the

pl ane of Adasicedmangdhent fanherdmontettanibs vaitigsaiddentant islshu®h in Figatl | east
partially attached with additional material, said additional material has a
ther mal eSepEGSERtENg Rrinsert Yesrgloss tohg wifare ok stpeage mediz!l eopsisting ofal

expansi on Bl ent . ' ' ' | ] ever. s made.
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provi ded Theldp2eeothale fesn tiaclobstgerdrd/awantitedéf ywhigh és Bxed @aeplageadhdpetevi ce
conprising a cantilever. connected to an_al npst plane carrjier el enent
stayi ng affper §lemantdawhich iy posttioned inya defined digtanggdram resuglaee of the siogage
canti | evefedsafk I 'ﬂﬁqp Sal ein
said canti ee@ér&s%gﬁn qut o%n?t éM Bﬁggéa%%% %&gglrﬁralitg?ﬁg{yfg%gﬁttlff%a%ﬁ%
wher ei n t healtypsifidnefveits ivathnthd beatéd tip Adiyesimeltaneoudy applging al ligho preesiré onto

providing_ an. inirinsic,stress such . that the canti|ever bends oyt of the
bl ane-of Uit Lbf fHesaidRkehiesALES IR mel T Ao RS Rttt sifieRhint i on
there is RB%E%%@I &Qﬂtiﬁ%’{h]p%irfé?yﬁif&%a@ioﬁfi’t‘[‘fddnedff%dé}ﬁ?”ECt ed to a plane

carrier elenent staylng apar roma surface, said cantilever having a tip

at a | oose end thereof and being closely contactable to said surface, the
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binary information stored in the storage media 1 the heated platform and the heated tip are
also used as a sensing element to detect topographical changes on the surface of the
polymer film. While reading, a low constant electrical power is applied to heater platform,
so that the temperature of the platform is modulated by the distance between the platform
and the storage media. The temperature change is measured through the platform’s
resistivity and depend on the heat sinking capability of the heater platform environment..
By scanning bit indentations, like it is the case in Fig. 1b, the distance between the
platform and the surface of the storage media is changing by some 10 nm, resulting in a
platform temperature change due to cooling of the storage media. In case of Fig. 1b the tip
of the cantilever dips into the indentation so that more cooling of the cantilever system is

caused than in case of Fig. 1¢ where the cantilever has a greater distance towards the

surface of storage media.

For designing the cantilever with a tip at its loose end some important aspects have to be
considered: The mass of the cantilever has to be as small as possible to obtain soft, high-
resonant frequency cantilevers. Soft levers are required for low loading force in order to
eliminate or reduce tip and media wear, whereas a high resonant frequency allows high
speed scanning. Also the tip height should be as short as possible as heater platform
sensitivity depends strongly on the platform-media distance as it is described relating to

Fig. 1. However this requirement contradicts the demand of a large gap between the



said carrier element. The inventive idea concerns to the shape of the
cantilever which is normally straight and lying in the sanme plane as the
carrier element. Instead of making the tip longer, as it is the normal and
known way to becone contact to the surface for sure beside of all conbined
di sadvantages, it is proposed inventively to bergh;ﬂj 4l ever out of the
pl ane of the carrier elenent for exanplg for a 'Br ers. 13 AU G
2003 4 The way of bending the cantilever can be manifold for exanple by
bendi ng the cantilever along its whole direction. Bending occurs by

provi di ng atiriaee pf i carider ¢lempent| andshe stosagermedie t@amriamtev%iatmbcthei tpsusual | y
i ndependent t (A antilever. Intrinsic
stress in taﬁg%cagl%%ﬁog@g{ra{o?é%B%gﬁr%g@%ggﬁgéﬁgggnnﬁflg by a special heat
treatment of theTlgabbjebeveth®prdignt ivemivmais e redlizaddidevion aspevdibr fal | i ke

doping material into the cantilever or by stress buil di n(%_ up, during the
cantil ever theimameshagigowriting and thermel readoneph bimatyo nfemationdnca sforaesver | s

to have a j . -und e i L.Clr built
2 stross atiid g B BovhiétionPy hafafls HATKeoR? SBBLLNFYR oMBR, TT,

f abri cat i ontheMnvehtion isl to pesfide atip aerabgonainn gvhidheallowwzean @xagrariadgemétasad .
Bending of the cantil ever can also be built up attaching additional,

mat eri al orfaBltisudepisingle catdevess ands tonguagantegiel welbrthat ??ﬁgémgéﬁ tiphistigd a

t hermo exp s L] ' ' ' e fher pansi on
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t he di ffer aht sutfecaral tiex parageonediacf Of cowst sleviced odinprisihg rthalsams diadic
additional material.causes a def.jfened stresa nonent act'l??lg directly onto
sai d cant i | 290 ei hey Bvine gutanbieveeonmeiad tBransalmps RIPF | YL PBeRing |
Normal |y t hgahanthdrEd6i 4 SurfRECs AN birtitdwér Bhs #tibiat 29 166% HAWide@dIRe and
mechani cal stability which is connected with said carrier element commonly
produce of cntacttensazd swface e buhusabletfer differant eppdications likeditiBagraplry, etrdavent are
made out of q&g L ece., By usjngigéasna enFancgqlchegical vapor .deposi tion
(PECVD) a <PPYIEGHIGR a1d/qrdmaging  uskoqiapissd 13 Sl #1sQ Op Jmaroyed i1 i 81t he
cantil ever hy sd &ith B8R aBR iRPdhtivE 8BS likPinTAboGRE béBFenSnBORA devidre silicon
nitrite layer also extends into areas of said cantilever not being
supported by saildiscafuriher olypetrad the inyentidngp imprayatholip gepragtreansl thomast can
be i nduced | i I I t . f g carrier
o emont . Thf R0 GE AL b B aP BB iorthe bIIRIEPUR B meier oC
bet ween t hewhicl aed edslyeio drandlel dlosvingia dow hestsfabfieatnadndt ligh SieddsagThéereigi a and

providing at the s tine cl ear. space between the plane carrier, el enent
and the st ofoAyme sall B agmal @rnﬁﬁﬁélebsy tﬁﬁﬁﬁwaglaés a@ww@uw&y&r IZigg| i con
trit ey . _ . ¢ . o

nitrite on ethgﬂ-?es%ﬁﬁaﬂt;ﬂ'egl}ﬂgﬁcgtﬂﬁtégg%&gmojnd r%c@%ﬁéaﬁﬁglflﬂie%oﬁﬁhﬁt.

controlled sothat I nCt force acts onto s storage nedi a
Wi t hout causi ng any danage. Also the tip height nust not be very huge for

contacting e 13 AUG 2003 s nedia so that the tip
can be dovwﬁ‘gmw&ﬁﬁ%@‘z@g’ﬁ?é@g to be easier to fabricated and with a
tighter tol erancgecpding Qo rCHHE Aspded oMBFSinventiditthett 1s' grabiRd far @SN fof
nmotions of the cantil ever can be realized. Beside of techniques for
produci ng tdoptacting epdor wedidyiaad surface, said devieq eomprsingpeyitileyengeinectsdal tip
material tq.t hlever.it,l } ] d out
o the sama iR PHsE teid:ehbaP haRRR ot BBl el o, ald oSy BLART, 3
mask and appliy btile Wise eid then@f bbiag sloselgicuhiactabletib gaill sinfern be fornmed out of
the same material the cantilever 1s consistin Due to the fact that the
£
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tip can be kept Wb"r@lnssﬁ'éllqantlleV@Fo“é@ﬁl'SPub?ﬁib? plaae pfied carems ?I%C@u?ﬁdace of the
cantilever whi Chyhce AN AAYARIAREICHIERY hRYRY oRMUA SR IRIGINE frafdifarl1 P CAN
be nore easily protected. Another way of producing a tinny tipis to
oxi di ze edgagd additidrel aandridl duen thdrinah esguacsipe reefiflbizne dgehiohfis tdifferbgtvter af t er
renoving th The .ti i.ng in_.the plane of .the, cantjlever is

t her ef or e CtEF lf 7 eari]i' q%(pmls&%gqe:f eiert c; of Ehe mﬁenaﬂ of which said cantllever 1s made.




Combi ni ng the before described in plane tip and the idea of bending the
cantilever, the tip and the cantil ever nmaki ng processes can be nerged so
that process steps can be reduced and yield can be increased. By this

met hod, very controlled tip apex height can be d m ﬁaa crucial for
maki ng 1D or 2D array of cantilever. Tight tip aiﬁ Ecb g ol erance is --
necessary in an array to have an hom)g%%ous contact with the tips across
the array. DESCRI PTION OF THE DRAW NGS "The invention is described in detail

bel ow with reference to the follown chemati c. drawi ngs is to be noted
that the figuresAgfoEding{o & pesand aspegalithe e ypgflonjthgres pro g&réﬁétevearfrr

sket ches de j.hi el - hg oose end (prror art),
Fig. 2a, b ‘%gl%{-cma%gn(grmg@%lrfggﬁggfsugﬁéganﬁ Pée‘eceéraéoallrlﬁrnas?rn enent in a pre-bend

si tuati on) 13 dAtdnGledeDSornected Baarbalmostplarecadariarelanhen staymgrapmg &went s i n

side-view, and Fig. 43-d Steps of fabrication of an in plane tip.

DESCRI PTI O\?a@gs“fﬁhgﬁ@ﬂaED EMBODI MENTS: Fig. 1 was described in the above
abstract and Shoé/‘ﬁ;rﬁ&h@ b €A bisaflEntiltee eaaelt RIC16REy ddnedcimpiBehani cal
witing and ther reagieryrsfg pr ocsgss Fig. " l%owsﬂétgb he fyop view of a

cantil ever sardsmfpeerent 3 whi ch provi des two separate | ever arms 31, 32
connect ed at |ts ase sectiQ er el elrrent 4 having a

flat plane shapeV Séﬂs%“‘*ﬁ&ﬂr@“ﬂﬁ O%%f\t/fﬁ?‘rg aﬁee CaerSW GRe: B . The
carrier el ement &haeﬁ aiesemﬁllr@epqutmd&vef a%ﬁeﬁaperaarwaeﬂ dBlgdsitog 1N @

t wo- di nensi onal array which provides a two-dinensional cantilever array
chip. At t I‘;Hohduwalemﬂnnﬂic stingss Isecte thab thescadtilevBPbends et of thd plahoofms@8 with a
tip 2 onto da;?rovr ded The cantilever 3 is made preferably entirely of
silicon for and nechani cal stability. The two | egs 31 and 32
of the cantil eveAccdrdiff t@&t}ﬁrmpéaemehnﬁhrlbﬂmea@ﬁ pRovifed #metloddhbs i cal
connection to the heater platformwhere the tip 2 is provided. In the

si de- vi ew dfrofycing 2pantiever aonricried &9 2 Blase sergist damentistayies pagnEone t he

uni ¢ bendor R ol it Rl Bk ot Bl el R ERR BT S0 | yer

5 and the ceuntdctadleto saidl satffatd, tiad méthed eamptisigy thestdpldfl i nt erf ace and bends
the cantilever. The cantilever 3 which is shown in fi 2a, b can be
arranged in a Z-Qﬂnﬁmﬁsﬁ%ﬁ@t’éﬂeﬁ)ﬁu@bﬂﬁ spid rgnidlever ﬁ%ﬂ‘%r qui S the plave afef or e
descri bed canf Ll -8veliSnefiPP! Ying the inventive prebending stress of each
single cantilever in a 2-dinensional cantilever array chip a uniform
contact between ’Ehmimvexhtngl ided eqncernd td Hee shihpe a@éxervadﬁi]avcramhibb ig paallgd. Fi g.

3a shows a con na ntilever al rangement cons of car

hemont 4 SragEhtand g iRl semab B 3 R HHETE Sl Lilegd B ik be b

strai ght W bhgi#t addRAdindthokmaPand &lo®in’ Wil & B6ileQantatt foathb 'sﬁr.@fa@énfoagﬁl'et i onal
material onto the upper surface of the cantilever 3 like it is the case in

Fig. 3b, tH@smmftall@nmblnedﬁmadmemylbtsspr@rosed hyertiviely to heatidiesgntilavati ng its
deposi ti on, n St th ntilev g the
cantil ever %‘ﬁl hﬁja Pd%e rftﬁ rgam er%ﬁé?rgmp?edﬁr i ‘{lg{r{c@ﬁ&g&gs it is the

case in Fig. 3b in the upward drrectron. In difference to the enbodi nent of
Fig. 3a in which the tip protrudes perpendi cul ar over the surface of the
cantilever the tip of the enbodi nent of Fig. 3b does not protrude the
surface of the cantilever 3 at all but arises over the surface of the
Garner elenment 3 due to the bending stress caused by the |ayer of
additional material 5. See detailed sketch in Fig. 3b showing the tip 2 in
macroscopi ¢ view. The so called “in plane tip' can be nmanufactured wthin
one and the sane process step in which the cantilever itself is

manuf actured. Forming the tip at the end of the cantil ever wet etching and
thermal oxidation is used for providing a special tip structure at the
cantil ever. Another way of bending the cantilever and arranging the tip 2
onto the cantilever's surface is showmn in Fig. 3c. Here the cantilever is
bent about 180 along its normal direction so




+that the tip which is at its backside still arise in an upwards direction.
Using different kind of additional materials 5 having conpressive or
tensile thermal expansion coefficients conparing to the thermal expansion
coefficient of the cantilever's material. the formof the cantilever can
take on different kind of curves. Fig. 4 represents several steps of
producing a cantilever in detail: Fig. 4a shows‘]zg (Ngﬁggggon of a carrier
el enent 4 which is nmade of silicon ontodit's surface a protection |ayer 6
like Si02 is attached. The protection |layer 6 protects the carrier el enent
from bei ng etched while producing the cantilever |layer 3 using etching |ike

hi-Ag. . Eij : . f. form i n-pl i D, h i
the edge T YHLOtbebRindEFarfug By o oo @R cdbxaolt & Genieh e Gpneiffig o™ "
oxi di zed dyngditd REe Aerectford Behding d3éurs BY Efovﬁzﬁngxﬂn HRridsi¢ oLBHTN Rred Adhe Af t er

renoving the additional oxide |ayer 6 the edge is sharp enough for

provi di nraatilever whighds ysupllpindependaat of Kasis mpeeature epvisgnmegnt o fesiantileyers
stress | o, t C i.leve t 4! e i on. . Eig. shows
the eff e?ﬁﬁﬂg?%tﬁ%gg%’tnrtgggaq%@é‘,g 8%" oen%S ef&rc%ixr:il |§eel\)r‘zf§§ééc(i) ihggt t|9"'s‘f1 trﬁéejr}teogs ed by

renovi ng thatimilefer bhby daplah@tioebfadditionahaateriahitkd dupsd ackriaf intdgecant i | ever
3. The | oose end of the cantil ever 3 bends _out of the plane of the carrier

el enent 4cantileyer oqbycstresobpikding,up dyring the canjileves magarial depasiinsnt i on f or

i nproving a device for thernmonmechanical witing and thermal readout of
binary in I i t : i i I j | ased
on' bend rig PR ool Sof it BARIEE|so pal <R aoh byttt WFEE ol lop i b P
t he di st ahe earnd¢wee avhi¢hhisuik urstrassent dic inteefasd durbrpethereditdewnltredsingoaaterielr

el enent is fi.ciently great to preveni the carrier elenment from
cont act i nﬁjacj(#jéb‘%‘tﬁ“f’é\ 1ch Wﬁgﬂ“d%f’rf"rfée&'ﬁhﬁ%fvge‘? edeysEds @g‘?"ff%ff:t to the
surface of the storage nedia. Fundanentally this idea is applicable to a

mul ti t udep@fdiy ethe LHRNN A YES aldh be Buitaieattabfing a0® tiShd Wit offo 2@Bi ti oni ng
nano- or mcronmeter scaled objects, like tips or other scanning probes

(e.g. Scasmliteyet bynwsing amaddiGorsd owparial having & theirmio gppdnsion coeffsdenty) whiah cl ose

contact to surface and at the. sane.ti t Garner, el e ts, of e
Chiears HgRrasteRaR AetdexpaihilemdlE e tan Tl B FRER SR Ranflsfer

i magi ng S shRRBE. hid HABE agtvyed Yisdr@@Bexpahsisttdalficieid df bb®ahaenals yatiens t he
i nventive bending of the cantilever with special scanning probes at it's

| cose endadditienal materigbcajiserea defingdsHgBdnemen asing disestiy ot giq parkidensect i on

with the i f i ol and thermal readout of binary
N or a1 Bt ﬁ&éog{%i:‘gg@%?gﬁcg‘ﬁhiygﬁfc 2003 y, 9 LIST OF REFERENCE

NUMBERS 1st orage nedi a2ti p3cantil ever3l, 32l ever arnB3, 34base

sect i on4chprmaly bt eamtile &r daymadoéntaclgiof isidican foregoed tterBpl atdamedtanidabyer i
CLAI M5 13 Aug, 2003 1. Device for contacting and/|or nodifying.a surface,
sa . devi EDIBERICL T EpRngerEd i sab dni IS EORBOR RIPHOTSI A8 A58y 1 er
el ement  siihiGe RAINEvdraRIIRA aeki G WIdRGR areAfishe out of one piece. By using plasma

—_ enhanced chemical vapor deposition (PECVD) a silicon nitrite layer is deposited at the
base section of the cantilever which fixes the cantilever to said carrier element. The silicon
nitrite layer also extends into areas of said cantilever not being supported by said carrier
element, so that a controlled stress-moment can be induced into said cantilever for bending

out of the plane of the carrier element.

The advantage of the inventive idea is provide a secure contact between the tip of the
cantilever and the surface of the storage media and providing at the same time a clear
space between the plane carrier element and the storage media. Furthermore by applying a
defined layer of silicon nitrite onto the cantilever the bending of the cantilever is well
controlled so that a distinct loading force acts onto said storage media without causing any

damage. Also the tip height must not be very huge for contacting the surface of the storage



. atikp at the | oose end of said cantilever, said tip being closely
contactable to said surface, wherein said cantil ever stands out of the

pl ane of said carrier elenent, and wherein said cantilever is at |east
partially attached with additional material, said additional material has a
t her mal expansi on coefficient cl which is different to.t her mal

expansi on coefficient c2 of the material of whi cﬁ 3@6\6&%0 ever is nmade.
2. Device according to claim1, whereirb said cantilever is bent along a

| ongi tudi nal direction of said cantilever. 3. Device according to claim1,
wherein said additional material causes a defined stress nonent whereby

said cantilgver..is, bent t .of th l. id i I 4.4, Devi
zecor di ndred & define TR Pe e e BaRr BbuitisP st Phee T SEEReloardn whi on
is fixed with $ajkleCdldraRe agl eRALce FAndssaddhat Lﬂt?ﬁﬁ%mﬁ’%@lidn@b oA ofghached
onto said base section and extending into areas of said cantil ever not

bei ng suppebtileees day be s¢adizedirri er el ement. 5. Device according to claiml,
wherein said cantilever is nade of silicon and said additional material is

N g LR e e

t hi cknessddnidnhlaiginhterial tb3hAoantibH@Bit islgroposeBehitcke fipwilt bafaatedrat afudkor
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consisting of.

Due to the fact that the tip can be kept very small it doesn’t protrude much from the
surface of the cantilever which is an advantage during lever manufacture since the tip can

be more easily protected.

Another way of producing a tinny tip is to oxidize edges of the cantilever which sharpens
the edges of the lever after removing the layer. The tip lying in the plane of the cantilever

is therefore called “in plane tip”.

Combining the before described in plane tip and the idea of bending the cantilever, the tip
and the cantilever making processes can be merged so that process steps can be reduced
and yield can be increased. By this method, very controlled tip apex height can be done
which is crucial for making 1D or 2D array of cantilever. Tight tip apex height tolerance is

- necessary in an array to have an homogenous contact with the tips across the array.

DESCRIPTION OF THE DRAWINGS

The invention is described in detail below with reference to the following schematic

drawings. It is to be noted that the figures are not drawn to scale.

Fig. la,b,c schematically sketches describing a cantilever with a tip at it’s loose end

(prior art),

Fig.2a,b  top- and side-view of a cantilever arrangement in a pre-bend situation,



. said surface, wherein said cantil ever stands out of the plane of said
Garner elenent, and wherein the cantilever is nmade of a material or a

mat eri al conposition providing an intrinsic stress such that the cantil ever
bends out of the plane of said carrier elenment. 8. Device according to
claim7, wherein said intrinsic stress is provi ded by a thermal treatnent
of said cantilever. 9. Device according to claim7, wherein said intrinsic
stress is provided by inplantation in tge canti HeﬁeAU@(QUﬂSaw ce according
to claim1, wherein said tip is directed approxi mtely perpendicular to
said cantil ever and protrudes fromthe surface of said cantilever. 11.

Devi ce according to claiml1, wherein said tip.is provided on a side of said
canti | eveFighdtR¢ tSeverabicaniilgyer aganggmentsdu pidgvievaddsai d cantilever is bent
along the longitudinal direction thereof by about 180 so that said tip is

cont act abE%_ gg_dsai d S&E D ESFab OFS Lﬁ:ﬁ] ﬁﬁt?eotﬁlgi ng to claim1, wherein said
| enc

tip and t I rection of sal cztiln ever ose an angle between 0 and 90.
13. Device according to claim 12, wherein said cantilever is bent along its
| ongi t udi nal direction by about 90. - 12 - 13 AU G 2003 14. Device

according to claim1l1, wherein said tip and said cantilever are made of the
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Fig. 1 was described in the above abstract and shows schematically sketches explaining

the thermomechanical writing and thermal reading process.

Fig. 2a shows the top-view of a cantilever arrangement 3 which provides two separate
lever arms 31, 32 connected at its base sections 33, 34 with the carrier element 4 having a
flat plane shape (see also Figure 2b showing a cross-section view). The carrier element 4
and also the cantilever 3 can be arranged multiple in a two-dimensional array which
provides a two-dimensional cantilever array chip. At the loose end of the lever arms 31, 32
a heater platform 35 with a tip 2 on top is provided. The cantilever 3 is made preferably
entirely of silicon for good thermal and mechanical stability. The two legs 31 and 32 of the
cantilever 3 act as a mechanical spring and also for electrical connection to the heater

platform where the tip 2 is provided.

In the side-view of Fig. 2b the cantilever 3 stands out of the plane of the carrier element 4
due to an additional layer 5 of stress controlled nitrite which bends the cantilever upwards.
The stress between the additional layer 5 and the cantilever is built at the cantilever-film

interface and bends the cantilever.

The cantilever 3 which is shown in fig. 2a, b can be arranged in a 2-dimensional array
consisting of a multitude of the before described cantilevers. Applying the inventive pre-
bending stress of each single cantilever in a 2-dimensional cantilever array chip a uniform

contact between each single tip and the storage media can be realized.

Fig. 3a shows a conventional cantilever arrangement consisting of carrier element 4, a
cantilever 3 and a tip 2. The cantilever 3 is directed straight without bending in a preferred
direction. Attaching an additional material onto the upper surface of the cantilever 3 like it
is the case in Fig. 3b, the additional layer 5 consists of a material inducing, during its

deposition, a tensil stress into the cantilever 3 for bending the cantilever 3 in a preferred



. 16. .Device according to claim1l, wherein said tip does not protrude above
the plane of said cantilever and is integrally forned with said cantilever.
17. Device according to claim1, wherein said surface is a storage medi um
into Whl ch thernmonmechani cal witing and/or thermal readout of binary

i nformhtion takes place by said tip. 18. Device according to claim17

wherein said storage nediumis a thin pol ymer‘]fglm_jg;zi‘ %w ce according to
claim1, wherein said surface is a surface onto whi ographi ¢ and '

i magi ng techniques are applicable using said tip. 20. Device according to
claim1l1, wherein said surface is of a nature which is nodifiable by said

tip. 21. A nethod for, producing_a ntil ever nnect e I an carrier
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place in QRERRRFHOGAER V! ®Betching and thermal oxidation is used for providing a special

tip structure at the cantilever.

Another way of bending the cantilever and arranging the tip 2 onto the cantilever’s surface
is shown in Fig. 3c. Here the cantilever is bent about 180° along its normal direction so

that the tip which is at its backside still arise in an upwards direction.

Using different kind of additional materials 5 having compressive or tensile thermal
expansion coefficients comparing to the thermal expansion coefficient of the cantilever’s

material the form of the cantilever can take on different kind of curves.

Fig. 4 represents several steps of producing a cantilever in detail:

Fig. 4a shows a crossection of a carrier element 4 which is made of silicon onto it’s
surface a protection layer 6 like SiO2 is attached. The protection layer 6 protects the
carrier element from being etched while producing the cantilever layer 3 using etching like

wet etching.

Fig. 4b shows a way of forming an in-plane tip. For sharpening the edge of the cantilever
layer 3 the surface of the cantilever 3 is oxidized by attaching an additional layer of oxide
for example SiO2. After removing the additional oxide layer 6 the edge is sharp enough

for providing an in-plane tip 2.

Fig 4c shows the step after depositing a stress layer 5 onto the cantilever 3 at it’s base
section, Fig. 4d shows the effect of the stress layer 5 onto the cantilever 3 which is
released by removing parts of the carrier element under the loose end of the cantilever 3.

The loose end of the cantilever 3 bends out of the plane of the carrier element 4.



24. The nmethod according to claim 23, wherein said tip is formed out of the
material the cantilever consists of. 25. The nethod according to claim 23,
wherein said process steps are selected fromthe group consisting of
l'ithography, selective etching and film deposition. 26. The method
accor di ng to claim23, wherein said process ste S corrprl se OXI dation
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to the same advantages as described before in connection with the device for

thermomechanical writing and thermal readout of binary information in a storage media.
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LIST OF REFERENCE NUMBERS

1 storage media

2 tip

3 cantilever

31,32 lever arm

33,34 base section

4 carrier element

5 layer of additional material

§ 6 protection layer
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CLAIMS

1. Device for contacting and/or modifying a surface, said device comprising:

a cantilever connected to an almost plane carrier element staying apart from
said surface; and

a tip at the loose end of said cantilever, said tip being closely contactable to
said surface,

wherein said cantilever stands out of the plane of said carrier element, and

wherein said cantilever is at least partially attached with additional material,
said additional material has a thermal expansion coefficient ¢; which is different to

the thermal expansion coefficient ¢, of the material of which said cantilever is made.

2. Device according to claim 1,
wherein said cantilever is bent along a longitudinal direction of said

cantilever.

3. Device according to claim 1,
wherein said additional material causes a defined stress moment whereby said

cantilever is bent out of the plane of said carrier element.

4, Device according to claim 1,
wherein said cantilever provides a base section which is fixed to said carrier
element, said additional material being attached onto said base section and extending

into areas of said cantilever not being supported by said carrier element.

5. Device according to claim 1,
wherein said cantilever is made of silicon and said additional material is of

silicon nitride.

6. Device according to claim 1,
wherein said additional material is attached directly onto said cantilever as a

layer defined by thickness and length.
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said surface; and

a tip at the loose end of said cantilever, said tip being closely contactable to
said surface,

wherein said cantilever stands out of the plane of said carrier element, and

wherein the cantilever is made of a material or a material composition
providing an intrinsic stress such that the cantilever bends out of the plane of said

carrier element.

8. Device according to claim 7,
wherein said intrinsic stress is provided by a thermal treatment of said

cantilever.

9. Device according to claim 7,

wherein said intrinsic stress is provided by implantation in the cantilever.

10.  Device according to claim 1,
wherein said tip is directed approximately perpendicular to said cantilever

and protrudes from the surface of said cantilever.

1L Device according to claim 1,
wherein said tip is provided on a side of said cantilever being turned away
from said surface and said cantilever is bent along the longitudinal direction thereof

by about 180° so that said tip is contactable to said surface.

12.  Device according to claim 1,
wherein said tip and the direction of said cantilever enclose an angle between

0° and 90°.

13.  Device according to claim 12,

wherein said cantilever is bent along its longitudinal direction by about 90°.
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15. Device according to claim 1,

wherein said tip and said cantilever are made of different materials.

16.  Device according to claim 1,
wherein said tip does not protrude above the plane of said cantilever and is

integrally formed with said cantilever.

17.  Device according to claim 1,
wherein said surface is a storage medium, into which thermomechanical

writing and/or thermal readout of binary information takes place by said tip.

18.  Device according to claim 17 wherein said storage medium is a thin polymer

film.

19. Device according to claim 1,
wherein said surface is a surface onto which lithographic and imaging

techniques are applicable using said tip.

20.  Device according to claim 1,

wherein said surface is of a nature which is modifiable by said tip.

21. A method for producing a cantilever connected to a plane carrier element

staying apart from a surface, said cantilever having a tip at a loose end thereof and

being closely contactable to said surface, the method comprising the step of:
bending said cantilever such that said cantilever stands out of the plane of

said carrier element,

22.  The method according to claim 21,
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common process steps.

24.  The method according to claim 23,

wherein said tip is formed out of the material the cantilever consists of.

25. The method according to claim 23,
wherein said process steps are selected from the group consisting of

lithography, selective etching and film deposition.

26.  The method according to claim 23,
wherein said process steps comprise oxidation sharpening of a box-like

silicon structure.



