.; €3e(=889; Fb; <<6<T(=] h42 AUG 2002 *166166* 1 H GH PRECI SI ON

THREE- DI E/ﬁm“l‘wmmnm IMENT SYSTEM FOR LI THOGRAPHY, FABRI CATI ON AND

| NSPECTI E INVENTION s The present invention is ref gtkm‘l)tzﬁﬂp
hi gh preci si ongdshige- di nensi onal alignnent systens using scanni ng probe

m croscopy (SPM techniques. In particulfar, the present invention is
related to a three-di nensional alignnent systemfor |ithography and

[abr ] catl onHIEA. PRECISION! THREE. DIRENSIONAT |ALIGRMENT SOYSTEN |
t he advent of scp?'p? rgm&ﬁApﬁrg f?@sﬁ&m ﬁtﬁ\rfg%gﬁgg@ﬁroscopy,

i nt ensi ve researc nterest In nanone m cronet er
| ength scal e surface nodifications utilizing the above 1 s nentioned
t echni ques has been expressed. These fabrications usually involv

_ ol ve -
control |l ed nodifications of the surface norphol ogi es Whiaj wﬂm,mumm,mm’cal and
I nportant for the fabrication of mniaturized m cronech

el ectroni ¢ FELPeORi THENANVENHBONCal e di nensions. It becomesomor e
significant when one considers the limtations encountered by the 20

photolithogra systens, as _devi.ce di npnsions, are constantly. being scal ed
own 0 Ehe sullie rereiteigaation i relglell 87 aohBhcp@eteioh JAreedimensignst " he
ArF laser lipe at 193nm and the unayailahility of go tical, materials
mmy |t pPUGRTeRh YRR USInGrecBRBIn G REIRS MHTa8FepySRYBHeRaNIauRE.HBugh
ot her ~ 2 AUG 002h2 ) L . . .
particular, the present invention is related to a three-dimensional alignment
system for lithography and fabrication. The present invention also relates to

a high precision alignment system for SPM inspection.
10
BACKGROUND OF THE INVENTION

Since the advent of scanning tunneling microscopy and atomic force
microscopy, intensive research interest in the field of nanometer and
submicrometer length scale surface modifications utilizing the above-

15 mentioned techniques has been expressed. These fabrications usually
involve controlled modifications of the surface morphologies which are
critical and important for the fabrication of miniaturized micromechanical
and electronic devices with nanometer scale dimensions. It becomes more
significant when one considers the limitations encountered by the

20 photolithography systems as device dimensions are constantly being scaled
down to the submicron regime. The lack of efficient light source past the ArF
laser line at 193nm and the unavailability of good optical materials may limit

prompt application of such photolithography systems. Although other



.techniques |ike the e-beamand X-ray |ithography may serve as attractive
alternatives, precise optimzation of process paraneters and

technicalrel ated i ssues may further hinder their participation. A{tgeg% ?gn?
achi eve smal| features using nanolithography systens have s been des :
For exanple) U. S. Patent no. 5,517,280 amd 5, 666,190) disclose the use of a
scri bing tool éi n this case a photolithographic wafer) with an array of
canti | evers tgalniques like ecartbeam andr Xyay dithography caay servfas: attiagtivgui des
extend longitudinally along the bottom surface of the cantilevers) and an
aperture in algnaivesyuptesises optinyzation of erogpes paramatels mmdoteehnicalnd of
each cantilever. The photolithographic wafer is brought into close

proxi m ty wifelateddssugs mextfudheninder theimpartigipatiogap separates the tip from
the surface of the fabrication wafer. A piezoresistor coupled to each

cantil ever all t he respnance f ency qf the ntilever to va
according to t%\égseg'ﬂgﬁ t%ﬁcgﬁ?—:{eg%fﬂ".‘li ?%{BWGVSIPQ '@d@ﬂwgiaew Rystems é%\’? abl e
gap 15 between ev ry_bi@@ nd t he iabric ion wafer i.e. to aet a uni form
tip heigft, Beemsasct Epé?éa'l’"?%rgxﬁ- 2ateRbdve 2R’ <80t ANd2PO6AYS:
electric field between the capacitive plate and the fabrication wafer
causes the tdiselose theruseopf ascribiagctont i(inethis casera photofithogranhic wader)
continues to flex until the gap is adjusted to the proper |evel, indicating
the correct WphA&@nrfraypef eaniilevers anditipsdarcseatp fertitres da jastabggation: waier. ace of
waf er . Altho\tlj\&h this photolithography method allows a plurality of

cantil evers YWaveguidase ewtend nlangitudinallypradeng i thegbaltemc swifeee, afhdhe are
the following limtations to the method. Firstly, the fabrication of the
cantil evers eartilexarsgandiap apsriure imthewayveguidesisaplaced et dhe apex gfentipve. | n
addition, due to the conplex 2s fabrication process, the resulting

cantil evier s amdhe ignel of eadhhcamtidewamd heaphotolithographic wafter is brouglhlf ik not
uniform resulting in difficulties in obtaining uniformalignnment of tip
hei ghts. Thi clope grbximityswithithe fabhricatiohweafepsuph dhatla gapt $eparatesctha tip
plates to allow for individual adjustnment of each cantilever. However, this
means that nfromy thes seffacd of ¢lad fabnoationi waferaAdpiezpeasistor eopplatdeto back to s
be provided along the surface of the photolithographic wafer. This not only
makes the cicantilever ellomanghy casgiance Hrequahsy bf nthbs cahtilenanbier \ary
cantil evers which can be realistically controlled within one

phot ol i t hogr agdordingeatocthe stiecofrttibgapi f Insordantd lobtain éhaniférmipesuitableegapo a
relatively | arge degree before the desired gap distance can be reached, the
tip may 18 pbeiwdermevbry t'r? drl fhecfabtibatidrelwaterdlel o0 getheauniformatip Aeight, a
substantially different fromnormal. This may further affect the

l'i t hogr aphi ccap#ditivé glatehés gﬂ@@iﬂbue hbaVd the eanmtilewst. tA DCoklbckid Sfeld
surface. U S. Patent No. 4,991,962 discloses a high precision alignnent

system for abs@eiOtie BBSCHVE IbloteVEi®the Ralriditivh wasst cHuse8 the thicker
nanol i t hography system 1 s using optical nmethods. The alignnent is

acconpl i Shed?aﬁioﬂtﬁ%é icRatiRVEBIMIK Tha' dtitifover €onfifiuddité KBk @ndi tHy gapi on.
gratings on the nask and the wafer to generate interference signals. It is

cl ear that alg Baafhcld SHpEP\alehaiciti, HHB Tofcl aflabing! forl BRyRider of

a few nanoneters, : onl'y al [ o\ di mensi onal ignnent. \Wen a
scr bi neuar SRR3R o R RgRNSt Pt . SHtapy of crwafel, M, MR o of
sCribing toobgostolithography method allows a plurality of cantilevers to operate within
the same photolithographic wafer, there are the following limitations to the
method. Firstly, the fabrication of the cantilevers and waveguides is a

complex process and therefore expensive. In addition, due to the complex

25 fabrication process, the resulting cantilevers and tips within the same wafer



~ 1 2 AUG 2002 4 OBJECT OF THE INVENTION It is therefore an obj ec‘:t2 épetaueuz
present invention to provide a systemto overcone the shortcom ngs as
stated above and give precision three dinensional alignhnment. s It is
anot her object of the present invention to reduce the requirenent for
conpl ex scribing tool designs in nanolithggraphy. It is a further object of
the present invention to provide an SPM system which allows for multi-probe
i magi ng of s@¢ afen natanormuresulingrimEdiffiguties oobtainipg agiiformi agnmeoh
provi des a hip%h preci sion three-di nensional alignment system using SPM
t echni ques. dipsheigbts. cldip preklem is padiallysselved byopravidingrthe dapacitive
effective three-di nensional mcronovenent in the mcro- to nanoneter range
of a planar ¢tgtestto allow fordrdividual cedjestment df eaamicantilevennHowevehehis
al i gnment process. For the purposes of understanding the present invention,
substrat e i s ndednshthat asimersus edectriealeconnections faandke capemitien plates dmwvesto
according to the present invention is perforned. For standard applications,
t he subst 8at denpravilethaong thieasiafaceuof theephdtelithogrdphid agafepfhi®nos oalyni ng
is perfornmed, 20 and may contain features with various recesses. Lateral

moverent ref enakdso thé ecironiteyreaxtrenfiely heompled, r bdite atso tlinsits 2hengutnber pobfane
l.e. the X and Y axis of Figure 1 and 2. Axial novenent refers to the
nmovenent in zadtilewets which can be realistically controlled within one photolithographic
wafer. Secondly, if a cantilever has to be flexed to a relatively large degree
before the desired gap distance can be reached, the tip may be positioned
10 to face the fabrication wafer at an angle substantially different from normal.

This may further affect the lithographic step when the reactive light is

applied to photoresist surface.

U.S. Patent No. 4,991,962 discloses a high precision alignment system

for aligning a mask with a wafer in a high resolution nanolithography system

15 using optical methods. The alignment is accomplished by observing
alignment targets such as muitiple diffraction gratings on the mask and the
wafer to generate interference signals. It is clear that although alignment
obtained using this method is in the order of a few nanometers, this method

only allows two dimensional alignment. When a third dimension of

20 alignment is required, such as for multiple tip scribing wafers, this method

would not be useful for preventing tilting of scribing tools.



~ 2 AUG 200 5 substantially normal to the planar surface of the substrate

or tool along the Z-axis as shown in Figures 1 and 2.. In the prefbkdrAd6 2002
enbodi ment, the fine distance control unit conprises a set of at |east

three strategically positioned fine distance control elenments s which are
capabl e of controlled expansion and contrgaction in the nanoneter range. The
nost preferred enbodi nent of the fine distance control el enent conprises a
pi ezoel ectri | r | may be varied by varying an applied
vol t age. Thi@iﬁﬁzm&ﬁa%g ﬁgﬁh&ﬁbﬁ nanol i t hogr aphy, in which case the

pl anar object is a scribing tool having a planar base with nultiple tips

fabricated on gyg tﬁléf%f@ﬁ?anmﬁé& de'1Re Oﬂ@%?ﬂein%ﬁﬁ?ﬁ Go {rBeide A8lsHfiSo0"

substrates such as ers order al n uni orm eatures ‘fromevery

(1P, eSS RO oP! 8 UGN O] s R i, R O

t hr ee- di nensi ona I 'ghment suc entire

surface bet \é\.ﬁ@ﬁhﬁﬁahgl Qﬁq{}rﬁgﬂédand the substrate nay be achieved. A 15

proximty d I'S prov to nmonitor the distances between the tool
and substrate, and to send information to a feedback unit to control the

scri bi ng gor ocegpis dhdtREF Sl5jebt éﬂtﬂ@?ﬁe@ﬂtlﬁ\iéntiéﬁ'tb reaibs ithd 'Féqlﬁrérhéﬁﬁfcﬂft i onal
means such as a conventional stepper notor may al so be provided to all ow

for initial efpppRACScing I{|§0|sdg§|é:ﬁ§ﬁg| nARIitRQ¥apHy. the substrate. One or
nore 20 piezoelectric elements nay be used t0 provide mcronovenents of the

stage in which the substrate is nounted. As multiple tips are used,
efficiency is Hiighh yuitmgr ahject ofvthe presghteinvemption ¢to provide care|8RM systérans,
while at the sane tinme maintaining a relatively sinple electronic control
system Fr onwhioh alioves fordmalti-proba\imagirgy ofinswafavest rol , wel | -formed uni form
features are 2s produced. ~ 2 AUG 2002

10 SUMMARY OF THE INVENTION

The present invention provides a high precision three-dimensional
alignment system using SPM techniques. The system comprises a fine
distance control unit for the effective three-dimensional micromovement in
the micro- to nanometer range of a planar object, and proximity detection

15 unit to monitor the alignment process.

For the purposes of understanding the present invention, substrate is
defined as a structure with a surface whereon processes according to the
present invention is performed. For standard applications, the substrate
would have a planar surface whereon lithography or scanning is performed,

20 and may contain features with various recesses. Lateral movement refers
to the movement of the substrate or tool along the plane i.e. the X and Y axis

of Figure 1 and 2. Axial movement refers to the movement in a direction



st

.S I n.anot her enbodi nent of the present invention, the alignnment systemis
used in the multi-probe inmaging of a sdrface. In this enbodi nent, n’ﬁ tAiU%l 9002
scanni ng probes on a probing tool are aligned with the surface to tl

scanned using the alignnent systemof the present invention. Signals 5
generated by each scanning probe are therysent to a central SPM contr ol

unit for processin BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a
schematic di égb%tﬁﬂgﬁ")anﬁﬁﬁél ta thegplapay suface of thacsubstrajetas toakalengattienent

of the present invention. 1 o Figure 2 is a schematic diagramof a

nanol i t hogr agraxis pstehemacindrigites t end@ot her enbodi ment of the present

I nvention Figure 3 is a schematic diagramto illustrate a process for
fabrication ang t ansf 0 100nm f eat ures ont o any, under|
substrate. Fi gﬂpéhﬁ Rrg r@ﬁ@ﬁ’é’pfrﬁe@r é'@‘i‘g t?PP%é’PPH}E/’E URH o 8ess

for fabrication s and transfer of sub-1 OOnmfeatures ont o any underlying
substr at e. Fﬁﬁtu?fgatSle?? threertrategically &’Qﬁﬁ'ﬁ’ﬂﬁé fine distange coptral Pém%tspr obes
on a probing to DESCRI PTI ON OF THE | NVENTI ON 20 The present invention
uses scani n@lﬁ'ﬁbﬁ@ GRRaRIe & ppnirelies pypaRsien aﬁdcﬁnn@r@cnonll@ the nageRIeter

t hr ee-di nensi onal _m croalignnent system M croalignment and
ni cr omani pul EBNge Thermest prefeired rﬁﬂﬂhodimntr@f] tha/fine idistanee gontrel element,
nanonmet er or subnanoneter scale. The features of this
comprises a piezoelectric tube, which crystal size may be varied by varying
an applied voltage. This system may be applied to nanolithography, in
which case the planar object is a scribing tool having a planar base with
10  multiple tips fabricated on one surface. These tips may be used to create
features on substrates such as wafers. In order to obtain uniform features
from every tip, the system according to the present invention is capable of
providing three-dimensional alignment such that a uniform distance over the
entire surface between scribing tool and the substrate may be achieved. A
15 proximity detector is provided to monitor the distances between the tool and
substrate, and to send information to a feedback unit to control the scribing
process. A coarse distance control unit comprising a translational means
such as a conventional stepper motor may also be provided to allow for
initial approach of the scribing tool towards the substrate. One or more
20 piezoelectric elements may be used to provide micromovements of the
stage in which the substrate is mounted. As multiple tips are used, efficiency
is highly improved over single tip microlithographic systems, while at the
same time maintaining a relatively simple electronic control system. From

the fine and effective distance control, well-formed uniform features are

25 produced.



"1 2 AUG 2002 systemis described bel ow using nanolithography as an

"exanpl e. The nanolithography features and i mages produced may be ds? AU 12002
"as subnanoneters to hundreds of nanoneters. Two enbodi nents of the present
invention will be described. In both enbodinents, piezoelectric s materi al
is provided for the fine distance controlg unit. The first enbodi nment

provi des a piezoelectric sensor to sense the approach of the scribing tips.
The second enbdeiammer;ﬁrab?@a@erﬁpﬁme prasest BWGBBBQJ tiex gligrenent; sysiemdgs t he
sane purpose. Referring to Figure 1, this enbodi nent of the present

i nvention t Wsedimpithe sault-psele dmagingoef aisysfage. imbhis emkedimenthmultiple 22 of
a scribing tool 24 such as a silicon wafer to perform fabrication of

sub- 100nm f eag¢antisg piebeisngs aqrobingntontsaren aligeed swithit the stdaee ttopbear e
ideally of uniformheight, and mcrofabricated onto a flat surface of the
base of a scst¢anney tusing ther elignmenbrsystem tdfethiei psesent invedtiers. Sigials ti ps
26 and are strategically 15 positioned at the periphery of scribing tool
24. Theseé segeneipted oy each soanning yirobe avedben iseat tona arendial tSPMI cantrol
connections to the adjacent piezoelectric tubes 28 electronically. The
remai ni ng scunibforgprocpssingy al so be coated with a electrically conducting
mat eri al, depending on the various applications. The piezoel ectric tubes
28, which serve as th ne distance 20 control unit, are attached to a

¥
thermal Iy stgﬁlngRﬁgﬁdlgmoN PETHE: DRAWINGSvt or 32, attached to the

thermal ly stable support, is used to facilitate coarse novenent of the

scribing tool.towards_the substrate 34, In this enbodi nent. the proximty
det ector | ol B8 1 5op sPapMATE it ot & Tanalifingra8ho, et Aspedbg o
supports 38 positioned directly underneath the 2s three or nore peripheral
tips. This p Bﬁi%"??fﬁglﬂ%i°ﬁ ﬁé@’?ﬁi"ﬁﬁﬁ’eﬂé% milar to 1 2 AUG 2002 8 the
el ectron tunneling technique in SPM and known to one skilled in the art.
The condycti i nidte i |Gt o+ 4 ' Wit h
the fabr Lt | S o 5 2 SMEmatl dagenf of o fafomtBtaphy SJaie Actorig o the
f eedback |°°Bﬁoﬂ%rté?nt?5tﬁn§ﬁ%ﬁﬂi§ E@seﬂf‘iﬁveﬁﬂ%ﬁo nmoni tor the distance s

bet ween the peripheral tip and itS correspondi ng conductive pad. The sanple
hol der is attached to stage 46 which contains an X-piezoel ectric scanner 48
and a Y- pi eFigelred Id a sehanatic didgtamm ablithwsttdie & prosegsofortfabricatidrnanidat er al
X and Y directions in relation to the scribing wafer. In the

mi crol i t hogr eaRYfepicd 6eBS100HME feathrsy erite aMyeurrizmlyi subistatau e to be produced
is fixed onto the sanple holder 40 and the stage 46. The scribing tool is
brought into close proximty with the substrate using the Zcoarse stepper
not or 32. ThEigisarkis alschemetic diagransto ilugtrate arether pmasgs\for&bricationas
nmounted at suitable positions, or by proximty sensors if alignnent

f eat ur es15ir e apddeansferoof sute180mstfeatuses patdi anypuaderlyirng pubstiteors 1 s or

ot her translational nmeans may be provided if coarse novenents in the X and
Y directions _are al so desired. Wien the distance is very closes the.
conduct i ve pf&yrgg i8Ry Sehematie diagram fed'&liﬁr@&%a@sﬂfmﬂfd’%l%?%ep R IREOBINSsence
of the sensi n(gﬂti ps 26, and send the information back to the central

control unit Q. Dependi ng on the techni que chosen for scribing, the 20
central control unit will send an appropriate voltage to direct each

DESCRIPTION OF THE INVENTION

20 The present invention uses scanning probe microscopy techniques to
provide a high precision three-dimensional microalignment system.
Microalignment and micromanipulation refer to alignment and manipulation

on a micrometer, nanometer or subnanometer scale. The features of this



.pi ezoel ectric tube 28 to expand or contract. Due to the strategic
positioning of the piezoelectric tubes and their corresponding sendihd\Gi ﬂﬂﬂz
26, the entire surface of the scribing tool may be tilted and adjusted to

t hreedi nensionally aligned with the substrate 34 bel ow. For

oxi dation-induced 2s nodifications of thg substrate, only close proximty

of the tips in,the  ~ 2 au~,2002 9 Angstr t o nanoneter range, to_the
substrat e | SYSIAM I8 GeRCTIBRG: HSIRME; sing; Renglihoqrany; aenan  PEATIElenolhe
required. If %Q/@i]cal dification substrate icﬁx rgqui red, for exa] le to
physi cal |y dian@ithography feptureseang images produeeds ma, ke s (HRall @St r at e,
then the SPM gontrol .unit WLII feedback to the fine s diéé{ance cg{nrol uni t
to fully or %@n&m%eﬁ%ﬁet ypdredge of Jaanameteser TWo,erebediments nell dhen t he
resist layer. If larger holes are required, circular notions_of the tips
may be proviRfegent invendiepnudll bec desginadedln bath sopediments, piazoelegirigi gnal
the X or Y-piezoelectric scanner in the stage to nove after the tips

penet rat & t Haatasial 48 preyided fonthe fing distanaencenteol| uptiterThe fitst @mbadiatent he
substrate, resulting in the creation of trenches. If the |ateral novenent
does not recdurovisiesi @ pirzneledtric sensar dossenspdheappseachnpf the gedbingdipsont r ol
the |l ateral novenent of the stage, rendering the stage and the

pi ezoel ect r i the sacond embmdimentproaides athgurtgpas ofpraximityl elsteptorshior thges
alternative detection .nethods with 15 associated circuitry and feedback
systens . | rmsamhepurpdsali nent, a plurality of proximty detector other than
a piezoelectric sensor is provided, such as a optical beam defl ection
systemor a ca&aﬁ%i tance detectign system In the optical beam defection
system a noni tieRRacdat Figurer 152thiss qrpbodimant ,0f ¢ the pesetripventione
substrate 54 directly below the sensing tip 56. A laser 20 source and a
phot odi dfe deArBpRHgHs 8 plyralityseftins 2@ fabtcatad omifip-hase 22 of aschbing taqgl ng
cantilever. As the tip touches the nonitoring cantilever, small novenents
in the nanonddesuchapgen sligonewatar dotpatfasn fapsication 9fgsih-1006m éRatHesy t he
SPM control unit 58 fromthe various detectors feeds back 59 to individual
pi ezoel ect ri @penings aW Henches fama substrate; cThesea tips arei ideady 2ef Hajfoke t he
axi al distance to ensure conplete alignnment. 1 2 AUG 2002 10 Figure 3
further il udeight éhdamiorofabricatedronto @ flatisurfage iof theubaserofres setibiag teab- 100nm
features, trenches and openings onto the underlying substrate. In Figure
3A, the top Threerowmore of the dips ladg aisedias sensoy %5 gﬁr and aarengtiatagically

t hi ckness of between about | Onm and 1500nmthat permts nodifications s

rel ativelsy ecpositigney aintheoperipheryt ohscibingnidohi24: These t $ansingl tipsoasquent
pattern transfer process steps. An exanple of such a material could include
phot or esi st eoatedowithecopductivehyrhaterial 40 eallow/Nodnnadtionsedoritiol agicedd i s
preferably nmade of dielectric material such as silicon dioxide, which

al | ows et chi pigzbeleotricutubesh28 tdlectrbricallyt The remdihingssdritiingttipstiay alsos as
an efficient 1 o etch stop. The depth of the features 69 attainable in the
second | ayerbé coatdd with acelebirivally copduetirBimatanalpdepehdingoon tied hatoasg. vi a
time etch process. As nentioned earlier, the entire substrate may rest on a
sanpl e hol deapplidatiohs ciThe piezdeiedieid thibes 28! adticl etvdtad thenfin@nriistanceor e

pi ezoel ectric scanners. As described above, the axial novenent of the tips

on the 20 control unit, are attached to a thermally stable support 30. A z-coarse
stepper motor 32, attached to the thermally stable support, is used to
facilitate coarse movement of the scribing tool towards the substrate 34. In
this embodiment, the proximity detector includes a plurality of conductive

pads 36 and piezoelectric supports 38 positioned directly underneath the

25 three or more peripheral tips. This proximity sensing technique is similar to



1 s scribing tool is facilitated by the novenent of the z-coarse notor and
the piezoelectric scanners as shown in Figures 1 and 2. After successful
pattern transfer into the second | ayer 66 by dry etching techni (i]lef?”bl zmz
the plasma etching and reactive ion etching and/or wet chem cal n
(Figure 3C), the top layer 62 may be strigpped away to expose the second

| ayer 66 to 20 reveal sub-100nm features (Figure 3D)) Prior to the pattern
transfer st elpe electreatinnglisgdpchrique inSEMrgnd kaown doronatskilleddethesart.hat i s
generated du ring the mcrofabrication my be perforned if necessary.

Fi gure 4 sholle snoduetiveppade 86 dndt thehpierdelectiiatsuppartis 38 alre slignddOwith
features onto substrate 73. In Figure 4A, mask |ayer 74 such as a resist
has 2s a t hithlerfabsicatiorb eiaferdd andhe dabimple hotder>AMrand $eridspsignaksvia the

nmodi fi cations 1 2 AUG 2002 11 relatively easily by the plurality of

m cr of abri cafeedbacipdodps 42 textnep SPMfcontioh umitnddeto ahonitorl the ritstadee

phot oresi st and PMVA. As in the nethod shown in Figure 3, the entire
substrat & nelyetaeene she daripheralitipl andoltslaorpohiding icondutinvdgshd. oThbage 80
contai ning one or nore piezoelectric s scanners. After tip approach,

trenches andsamplei hgkieBds attacheddiecstdge Me ehith Sdont&ine ary 4X-pieZ0adtricn
Figure 4B. This is followed by deposition of naterials |like a netal 84 as

shown in Fi gsdamnd® 48 and %xvnpiequwf&m&a@memloawalwmé SRiga! to'tove i

subsequently followed by renpoval of the mask | ayer via conventi onal

| T-0f T pr omesaterel REAEY QirbBUORS irHaidlfon'18ahsBAbfy wikyekn 1n 1 o Figure

4D. Prior to the deposition step, a cleaning step renove any trace
anount of debris that is generate during m crofabrication nay be perforned
i f necessary. Whithe micelithagraphy iproeeds, dhe fsubstraten wihesaon pattepss aredbar | y
with references to Figs 1 to 4 with enphasis on a mcrolithography system
it 1 s stooul ble produckx i3 dimddtdrdd thbesdmpleresider 40f and theistagd 481 Théy and
shoul d not be taken as Iimtation on the invention. In addition it is clear
that the nets$oribirgdocippdratglst into closeppregienity withethbi substvate wisifg the iZa nmany
applications where m cronovenent and three-dinensional leveling is

required. |tcosrsestéppar moted 320 Thercvayse Aigrinentpdce®sl nidyciod hQQiStdtﬁbXbe
made by one of 20 ordinary skill in the art without departing fromthe

spirit and tlidescedferis isuritsd et sGitable sdsitiiié, orhBy fprbxinfift sBRsergsifem and
process described above has inportant applications in the fabrication of

features on gligrisén featereshayl prasentd6s gaataBstiREk AbaiBhal BRPPER mbtdreon
wafers, this mcrolithographic system 2s nmay be used on other substrates,

such as yxet abt btheP ahskionahPbahs m$Pbe prévidediTa4ted MevermbRissin theext i p
may be made fromsilicon, doped sili'‘con and silicon nitride. If 1ithography

o e er  acelsids s, omed, Wa BRI b GRS e,
the stage atcdritfuchob! pEHENg6! hdS PidRdMEtRE CBUPORE g8 would detect the
presence of the sensing tips 26, and send the information back to the
central control unit 44. Depending on the technique chosen for scribing, the
20 central control unit will send an appropriate voltage to direct each
piezoelectric tube 28 to expand or contract. Due to the strategic positioning
of the piezoelectric tubes and their corresponding sensing tips 26, the
entire surface of the scribing tool may be tilted and adjusted to three-

dimensionally aligned with the substrate 34 below. For oxidation-induced

25 modifications of the substrate, only close proximity of the tips in the



.S approaching the sanple holder from above in a top-down approach, the
entire systemmy be rotated 180 degrees, such is the scribing/probing unit
is below the stage, and the probes/tips are pointing upwards in a b tc}mnzoﬂﬂ
approach. Al though nechanical nodification of the resist layer is use
exanples 1 o in Figures 3 and 4, it shogld be understood by one in the art
that the present invention is useful for other types of nodification such
as physi calAngstiohe o iEnomeier iraage dastherFsubsiiiate de esufficiete ansk physisahct i ons,
different circuitry of the SPMcentral control unit and feedback detection
t echni ques inteyadtiorustihe 1% Bepbdteequiresk o Iphysicat ndedification swbstrate ibeam
defl ection system and capacitance detection system other detection nethods
obvi ous t o required; fdreekamplehto physically eteate leholeeih worabistelayet lom thest ance
bet ween one point of the scribing tool and its correspondi ng point of the
substrat e suttacasofthbfstibetrateytiders tind SBRMcodtroFanit Wik féédisack ot thecfinecont r ol
unit, the best node disclosed herewith is a plurality of piezoelectric

el enent s. |distance @ahfroblsit esfullh I pairlidly parictiatétite registhapeh anld- ereptandabl e
materials may be adapted for use in the fine distance control unit.

Fur t her nor ea hole inth@ eesistiager. o Rayer Rolbk 2Pe HequiRItE; ik Mbtiome of eTpr i si ng
only one piezoelectric elenent containing a plurality 1 2 AUG 2002 13 of

pi ezoel ect rijpgy mayebe phbliaBdAlfl tandhdsesredretuinedonRé SIPMIRBRRSI Qhittddh

scribing tool. Another application envisioned for the present invention is

the simul t ajigRalStheMR@r 'YW prizdeltatic SehhREH erﬂ1é3§ta@eSW 8- afldt thel Gpsachi eved

by s coating all the tips of a scribing tool with a electrically conducting

Tat erial, anchdiing oY bR TRAC88AIS if tR6  eldidl hBDaReHE Wi form a

probingto SPM i magl ng.” Fi gure ows a probing tool 86 wt

enl ar gqovi edipfy ?% rBQﬁ’Itl tl'?eocreEFISn.ed?l ridhls Vftfﬁ’{&t Eg&’é‘f o gr?t 46

el ectri cal connect’i ons OI’ comruni ca on W centr m)n| tOI’I ng

el udes sifa coﬁwm%??;@?‘i?ﬁﬁﬁ‘%"ﬁ 57 Incir Re05 usBy B orfRA Mg 1
embodi ment ’Iﬁfd?ﬁl Mdve fr?é géf”ﬁgtstﬁgé o@ri’nﬁ‘é@ga%iagﬁahgna't% P@zB@Ie@ﬁ'uf’" ly

aligned wit e sur 0 serving as an inmagi ng
probe) thi %é rve as, 15 for exanple : (1) a resistivity
nmeter to msssac%urg?sfﬁwn esstg r‘ési stance of thin solid conductive or

sem conductive film (2) a carrier lifetine tester to neasure the mnority

carrier |ifetFiguren2 showeod;ddskin th&teissy hRawRLIVE daldstidre fiathod® wilisur e
the device CV characteristics such as the gate-oxide threshold; and (4) a

devi ce sfzai | AR ciRES EirbViit fal?l‘d f83apREIEsystomde s His @Pﬁbéd?ﬁlbﬁt Y IQf'aIft@BHy

devices. The | ayout of the el ectrlcal connection to each |nd|V|duaI pr obe

may be desi ﬁﬁnlﬂﬁaefdé’tdfgothérﬂﬁé?\tﬁrﬁféfoelééiﬂé'écén@éi? IO provided, | SUichnEsh

pur poses. further possible application u5|ng the probing tool is to

utilize it Gstichl daesiddieBtisme sté’ﬁ?b?b%’cﬂﬁ B! détaetion Rysein VY YRge,

subnano- to nanoneter sized dofs or e dep05|t fromthe tips 2s

of the pro d | . For
1 2 AUG 200 ﬁmg%ﬁnﬁ?%féaﬁﬁ ro@samélmbﬁlngt)aa&tﬁgé uni |§ r?/ﬁe\ngtatﬁ?gh?ayer of

copper. %riﬁargéﬁp%jtﬂ élfds‘&ta?e 53¢ o?r‘ég{lgcﬁeléi\ﬂ' i Qén%’hgst ip 4 aCRXI%‘éFF' on_of

t he pul se cl'eates ma eposit es/ vi as

whi ch 78y g3 e ro@%@&é&é@@ﬁl#@ e RSB mBVBRHE P YRS | ke

el ectroless of e I Ng Processes.
monitoring cantilever. As the tip touches the monitoring cantilever, small

movements in the nanometer range can be detected by system. Signals
collected by the SPM control unit 58 from the various detectors feeds back
59 to individual piezoelectric tubes 60 of the fine distance control unit to

25 adjust the axial distance to ensure complete alignment.



.Piezoel ectric scanners are used to provide fine lateral novenent for the
substrates, It would be understood that other conventional instrunents such
as Z-coarse notors may al so be added if coarse control is requi redljéo

| at eral nmovenents in various directions. 1 o The nunber and positi iMBoZOUZ
the array of tips depend on the applicgjions. Besides tips mcrofabricated
directly onto the scribing tool, tips mcrofabricated on cantil evers may

al so be used. Figups ofurthantillusitates aapeoqesstfoc the falyriaadiohuand dransfercekses

whi ch require conplete tip penetration e.g. for creating trenches in the
resi st | ayeubit00rime fpatvwes; dretmbesi dretl opaniiggwrdo 4he Uderlying sulpstaatesss,
conplete penetration is preferred, as the netallic deposition 84 is nore

stable if in Figurd&fgshe ¢op thiyee 62! is aniasktlageruwhichl maydbes ahesisthavingue to
the flexibility offered by the cantilevers in the axial direction, the

ti ps, evenaithickness of betwedn aboght Ommyantti 50enmotiat pbahits wodificationsay be
noved axially to conpletely penetrate the resist |ayer without the risk of

breaki ng. 2elafelycsagirisy 6Ré BramoRY tips 64s&ald bl s twitistame s@@@égﬁeﬁpnt rol
unit which provides neans for coarse novenent in various desire

di recti ons patief fHaAsP bPocessBESS. AR aRarhplel SMsUch'E MateABY calilddnBRides ed,
such as hydraulic and nmechani cal neans. 1 2 AUG 2002 15 The above

nanol i t hogippporeskt BAE poRviety MdifyIREYIdts TPMNIAYIeThel s688rfd RIS BBNEENT . An

advant age of having the presence of” I'iquid on the surface of "the substrate

i's that debrbferaBly REdd'ef Bicladttit YmaRMaY 8dech ?@. dnt didRide? WiReh idigwas ep may

al so be added after scribing to rinse away stubborn debris. This is

usual |y fo'e}t?l“dﬁﬁ té%cé’uﬁg‘h:e“tﬁiraﬂﬁg&r Gﬁ%iﬁ?is??n&??t?%ﬁf Sct%té"gg%ﬁgaffi&ent

per f or med. e I'iqui ayer 1S a thin _ I'S possible to use the
Dot oMy R SR Tl B2 Bklck 9 RASIAG BNE sand byl she
158" poi nt i el bid bRLSF AR URTHG Beniplid .6 Via i BEH gldddsl; 7 €
m croal | gnigEN hiSheY Beltfier® WP ehiitd Sulsstrate may rest on a sample holder 70
which is attached to a stage 72 containing one or more piezoselectric
scanners. As described above, the axial movement of the tips on the
15  scribing tool is facilitated by the movement of the z-coarse motor and the
piezoelectric scanners as shown in Figures 1 and 2. After successful pattern
transfer into the second layer 66 by dry etching techniques like the plasma
etching and reactive ion etching and/or wet chemical etching (Figure 3C),
the top layer 62 may be stripped away to expose the second layer 66 to
20 reveal sub-100nm features (Figure 3D). Prior to the pattern transfer step, a

cleaning step to remove any trace amount of debris that is generated during

the microfabrication may be performed if necessary.

Figure 4 shows another process for the microfabrication of sub-100nm
features onto substrate 73. In Figure 4A, mask layer 74 such as a resist has

25 a thickness of between about 10nm and 1500nm that permits modifications



3456 s 9 10 11 12 13 14 a) a central control unit; b) a coarse control
unit coupled to the central control unit, the coarse control unit ?quMBdZmn
for attachnent onto a object to be aligned; c¢) a fine distance contr un
coupled to the central control unit, said fine distance control unit
conprising at |east one fine distance comtrol elenent, said control el enent

adapted for attachnent.onto.,said ofject at strategi c _posjtion;

sanpl e hol deFelﬁﬁ‘éﬁI]Y ee(?sf%rbyem 9@"%'% s’f‘fcé?@P”E?teé’ ﬁp%gi%ﬂ' A? %@Fﬁ%i%n uni t
for detecting the distance between, said. obj.ect gn | d substrate at a
plurality of g'é‘t"?ét E@%%" oVRHY 'r‘é’ﬁ-l@ ﬁhBIHr I8t ap tém’%n in the methedi cal 1y
coupled to the central copntrol upit for sending feedback signals; 1 s

wher eby t he ﬁﬁg‘ﬁ’adﬁe;a'ﬁgﬁ\gewet Riirg jubsirate mayHee sededen @ samplee holsler

adj usted by Llhe fine distance control unit and the coarse control unit 1 ~
based on the/BeWiiskcis altashad &nstagr 80 r sontaifing reng @rt Mor tRiezealecttics
unit. 1 2. A high precision mcroalignment instrument according to claiml
2 wher ei b t hECYMyE: Aftar Hp @pproach, trepchersapdapenings 82 are preguaeddnitbpon

m croal i gnment instrument according to claim2 2 wherein the tool is a

scri bi ng t oomask laygr d4i ag shewwn in Figura #Bghhisr isc faliowedribyr deposition: rf

i nstrunment accordi n? to claim3 z wherein the tool has a base with a pl anar
sur f ace wher Bfatenialsilise ometal84 as shown i Figuse &G, oo axampie by isputtering

i nstrunment according to claim4 2 wherein one or nore of the tips are
coated with andlelectroplaling; ahdcsuhbequiently fallosredaby ramévallofhthermasie taysron

m croal i gnment instrunent according to claim2 2 wherein said tool is made
f rom si | i conyias¢driventionaltlifi-off peocedsio cichieviel formatiorl of featut@isgds phewhdnon

m croal i gnment instrunment according to claim4 2 wherein the tips of said
tool is @ tafigiedd.Privraodise dbpositibn Istefs;rEcleanfhg étdpi Wrem®@ anplrace

m croal i gnment instrunent according to claiml1l 2 wherein the substrate

conprises a amountof debrs that i gedehitg during thigrafabricatiorairiaynive perforatdunent
according to claiml1 2 wherein the central control unit conprises a

scanni ng pr offinegessafycr oscope control unit. 1 10. A high precision
m croal i gnment instrunent according to claiml1l 2 wherein the coarse control

unit conprises a translational neans. . ) .
While the present invention has been described particularly with

references to Figs 1 to 4 with emphasis on a microlithography system, it
15  should be understood that the figures are for illustration only and should not
be taken as limitation on the invention. In addition it is clear that the method
and apparatus of the present invention has utility in many applications
where micromovement and three-dimensional leveling is required. It is
contemplated that many changes and modifications may be made by one of
20 ordinary skill in the art without departing from the spirit and the scope of the

invention described.

The fabrication system and process described above has important
applications in the fabrication of features on silicon wafer having a
precoated mask layer. Beside silicon wafers, this microlithographic system

25 may be used on other substrates, such as metallic surfaces. For silicon



.~ 2 AUG 2002 18 11. A high precision mcroalignment instrunent according to

claim 10 2 wherein the translational nmeans is a z-coarse stepper tor, 1ip

A high precision mcroalignnment instrument according to claim10 g?\aﬁéu& 02
the transl ati onal means of the coarse control unit provides s neans for

axi al novenent to the object to be aligntent. 1 13. A high precision

m croal i gnment, i nsfrynent accordi to.claim1l1l 2 wherein the coarse control
ni + compr Suaters3hedi ey Banadk H8m Siignd dnecslied Brgsilicorn Blade 4 o
the object i a plurali f difections. .1 14, A high precision ,

i croal i gnnelﬂpog'%?ﬁyu%hty’r cﬂ'frfﬂcﬁa @oé%sl"ﬁﬁ#dia'?oﬂﬂe‘?regﬂu'f’ﬁgngdﬁﬁgeé'aéont r ol
unit is attachedq to a support wheregn the s object i,s attached. 1 15. A

hi gh preci si'BﬁV%eclﬁ%a ?%ﬁﬁ%n?‘lthﬂ'égh ﬁ’l?eﬂfs"%\@c%ﬁ ahown g Fgg‘éﬁeﬁ hand\gharein the
fine control ,unit is _%ttached to a support whereon the s object is
attached. 1 depictrdhvjin shecstagsn aki beootigmmend i ther SeRBING/RrOBEII Wait t o
claim14 2 wherein said support is a thermal stable support. 1 17. A high
preci si of ni ¥PRIARCHINGethe sampleuhslderdeemraboug i actap-down cappreashn thene fine
control unit conprises a fine control elenment. 1 18. A high precision

m croal i gnme@itirg gystameray be cotatadht8Q degresismsuzh ds dinee setibingpsobingeunibnt r ol
el enent conprises piezoelectric nmaterial. 1 2 AUG 2002 19 1 19. A high
preci si on m israsiow dherstage;, apdithenprebastiips dienpointing |upiwards ia arbettemrup he
fine control element conprises at | east one piezoelectric 3 tube. 1 20. A

hi gh preci siappmachoal i gnment i nstrument according to claim1 2 wherein the
sanpl e hol der conprises a stage for the attachnent of 3 said substrate. 1

21. A high precision mcroalignne instrupent according to claim1 2
wherein the sa%@uﬂﬁlrﬁ%?h%?gm%‘gécaé'%‘t%Fg‘ggdﬁﬁ'sblaé@b $qd,as @xémj'%ce
control unit, for nmovenment for the stage. 1 22. A high precision

ni cr oal i'@nndRtFigues 3 ard @, dshould be understaedby pne infke artrthahthespeasent i ne
di stance control unit conprises at |east one 3 fine distance control

el ement. 1 2iBvention Ja wseftl deetharchpasi ghraedification wyveht aaceliwsiralgof o
claim?22 2 wherein the stage fine distance control elenment conprises

pi ezoel el ct r¢hemigabmogifications; Fox differenp maglesi ofinteractionsi giffesent ¢irptitryiment
according to claim2l 2 wherein the stage fine distance control unit
conpri ses atOfl thassPi¥heerdraliconyiol epitrang &mumk (detection techniques may be

used.

15 Besides piezoelectric detector, optical beam deflection system and
capacitance detection system, other detection methods obvious to one
skilled in the art may also be used to detect the distance between one point
of the scribing tool and its corresponding point of the substrate such as

different modes of SPM.

20 For the fine distance control unit, the best mode disclosed herewith is a
plurality of piezoelectric elements. It is contemplated that other materials,
such a heat-expandable materials may be adapted for use in the fine
distance control unit. Furthermore, it is possible to have a fine distance

control unit comprising only one piezoelectric element containing a plurality



.1 25. A high precision mcroalignnment instrunment according to claim?24 2
wherein the fine distance control unit conprises an X piezoelectric égaﬂggrﬂmz
and a Y piezoelectric scanner, the X and Y piezoelectric 1 2 AUG 20862

4 scanners aligned substantially normal to each other to provide s neans
for lateral nmovenment for the stage. 1 264 A high precision nicroalignnent

I nstrunent according to claim25 2 wherein the fine distance control unit
furt her conufi piezoalegtri gulkes)ewbidtr iatlowc dmeer dirhénsiedals @lighment abdfl thenor nal
to the X and Y 4 piezoelectric scanner to provide neans for axial novenent
of the s st apeibing Wol. A high precision nicroalignnment instrunent according
to claiml1l 2 wherein the sanple hol der conprises a stage attached to a
stage s coarse distance control unjt. 1 28. A high precjsion mcroalignnment
i nstrument accOHP@INGS appdcalion 2envisignedeifar t e Jpregent okvestion sisinthe
control unit conprises a stage 3 notor. 1 29. A high precision,

ni cr oal i gnnesimultaseeusimagingcaididatp cellagtignnefes sarfaper Ehis is aehisvagddyrot or
is a z-coarse stepper nmotor., 1 30. A high precision mcroalignment

i nstrumefit £98ngi alhtheotips af ascribinghtactiwith acelestdeally cogndiating: materiad; ¢
conprises a piezoelectric 3 sensor. 1 31. A high precision mcroalignnent

i nstrument a@nebtheimpraviding dhennbcessaryrelectricak conadtivnsy todfamec ai probing t
conprises an optical deflection systemor a capacitance detection system

1 2 AUG 2002oalifor SPM itagingr Eiguge e showst & gaobing nigpoh 86 géithparcerdange

m croal ignment 2 instrunent, said instrunent having a central control unit;
a proxi mty ewd&aifithe amat9@0nThe erdarged view shbwsntigs Bat withtelechiedl t o an
object to a be aligned and coupled to the central control unit; a fine

di stance s wumnectionsi94 sfor ajorynanichtiont withhthé tenirale nodnitotingt anite An i gned
and s coupled to the central control unit; and a sanple holder for

recei vi ng a exanspleadfesurizeod witith ashre benprobeddnt this aieawer dhcludes)siiddrachi ng
the substrate to the sanple holder; s b) noving the scribing tool to

proxi mat e tfwafe@ahdaaﬂ%luhérh_@bjéc@ With! & flat 80HAaGS. MNtHis oMbédimBne, ty | ng
the distances between the scribing tool and the 12 substrate using the
proxi mty dehredaljhreént! systéfh allows all the tips to be axially aligned with the

surface to be probed.

In addition to serving as an imaging probe, this probe may also serve as,

15  for example : (1) a resistivity meter to measure the sheet resistance of thin
solid conductive or semiconductive film; (2) a carrier lifetime tester to
measure the minorfty carrier lifetime in silicon; (3) a capacitance-voltage
tester to measure the device C-V characteristics such as the gate-oxide
threshold; and (4) a device failure detector, for example, to detect hot spots

20 of faulty devices. The layout of the electrical connection to each individual
probe may be designed according to customers’ specifications and
intended purposes. A further possible application using the probing tool is to
utilize it as a deposition tool whereby upon applying a pulse voltage,
subnano- to nanometer sized dots or molds may be deposited from the tips

25 of the probes that have been coated with a suitable metallic material. For



.1 s.d) noving the scribing tool to the desired alignnent with the 14
substrate. 1 33. A mcoralignnent nethod according to the claim ?12 V\N@eﬂmz
an 2 additional mcro-lithography process is provided conprising ze
additional step of 4 (e) axially noving the scribing tool to approach the
substrate such s that the surface of thegsubstrate is nodified. 1 34. A

m coral i gnment nethod according to the claim 33 wherein the 2 substrate is
nmechani cal | exatyile, the probes maybexated anifosaly withriaclayar ptaeppar. tdndrod
according to the claim33 wherein is 2 nodified by oxidation. 1 36. A

m cor al i gnmdipt apprdach indodthei aontact hblesc baivias3 3arvh@xecutiem of tdipuismal
step is provided conprising s (g) laterally noving the scribing tool

rel ati ve t o voltageuButmedeates oy batdepbsitediinf theccartadthwlas/biasveiehinsay ur t her
nodified. 1 37. A mcoralignnent nethod according to the claim 36 wherein
the 2 furthehemsdive asihucleation sited fori sulisequdnt proticss stepiS likeh etaatmiess gnnment
nmet hod according to the claim 36 wherein the 2 further nodification is

oxi dat i op- i welectropidiing paddensesl 39. A micoral i gnment method according to
the claim 32 wherein the 2 central control unit is a scanning probe

m croscope control unit, and s the object is a probing tool with a
plurality of pPisZesleckigiseannardiare el temsevide fingl lateral mpvementifor theom t he
probes is provided. 1 40. A product with surface features produced by a

met hod usi ngubstratese rlibwould he anderstoed dmt albercanventionaldnstigmantsestehnl
control unit; a s proximty detection unit and a coarse control unit both
attached t o as Zemdasengnotors mayl atsnublec ddded tificoarse cahtrobig reduited tfor a fi ne
distance s control unit strategically attached to the scribing tool and
coupl ed to dateral mewemehtscimvaridusudirdctionsd a sanpl e hol der for receiving a
substrate; said nethod conprising the steps of: 1 2 AUG 2002 23 s a)
attaching the product to the sanple holder; s b) using the proximt

det ector‘g to nﬁhﬁt BEMbes and: RASERNING, Abcthfe fraln Of stPS pHeRPAD PN AP t he

substrat e; L . . . . . o .
applications. Besides tips microfabricated directly onto the scribing tool, tips

microfabricated on cantilevers may also be used. Tips on cantilevers are
particularly useful for processes which require complete tip penetration e.g.
for creating trenches in the resist layer in the process described in Figure 4.
15  In this process, complete penetration is preferred, as the metallic deposition
84 is more stable if it is deposited directly onto the underlying substrate.
Due to the flexibility offered by the cantilevers in the axial direction, the tips,
even if their resting height may not be completely uniform, may be moved

axially to completely penetrate the resist layer without the risk of breaking.

20 One or more motors may be used as part of the coarse control unit which
provides means for coarse movement in various desired directions. Besides
motors, other translational means may also be used, such as hydraulic and

mechanical means.



11 ©) noving the scribing tool to proximte the substrate; 12 d) collecting
signals by the central control unit fromthe proximty 13 sensors; g? @G 2002
aligning the scribing tool to the substrate by the axial and 15 | at
novenents of the fine distance control unit; and 16 f) creating features on
t he surface of said product by the noveggnt of the scribing tool in
relation to the substrate. 1 41. A product according to claim40 wherein

t he product i sThe efoye. nanglithographyoanethods may alser beuperfadaed dunden o
claim4l wherein at | east one surface of the 2 wafer is precoated with a
mask | ayer, liguid eevironneentorAn hAdvantage cfrhavingdhe progendee chdiguid onathest eps
of 4 (f) creating holes or trenches in the nmask | ayer by novenent of the s
scri bi ng t osurfanerefl tiei substeatehis thabstebsisemay bg)meappleasily remdvedy br
deposition nethods on the substrate; and (h) renoving the masking layer. 1
43. A produaddiiongralwaghing step majRalsbebeiatdedi dftéroseribiag dotrirmec aeayar e 2
made by mechani cal nodification or oxidation-induced nodification. i 44. A
product gaccetubbugntdebrisaiThig3s wisaaky Molfawetl [byeaoditying and/erc bakihg2step d
waf er conprises at |least a |layer of dielectric material below the s nask

l'ayer, and eefdrengtchingpierperforaéd. df thermmi 14y ax pothird filin dit & pedsible foayer

before the masking | ayer is renoved.
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1 1 A high precision microalignment instrument comprising :

2 a) a central control unit;

3 b) a coarse control unit coupled to the central control unit, the
4 coarse control unit adapted for attachment onto a object to be
5 aligned;

6 c) a fine distance control unit coupled to the central contro! unit,
7 said fine distance control unit comprising at least one fine
8 distance control element, said control element adapted for
9 attachment onto said object at a strategic position;
10 d) a sample holder adapted to receive a substrate;
11 e) a proximity detection unit for detecting the distance between
12 said object and said substrate at a plurality of strategic points,
13 said proximity detection unit electronically coupled to the
14 central control unit for sending feedback signals;

15 whereby the distance between the object and the substrate can be

16 adjusted by the fine distance control unit and the coarse control unit
17 based on the feedback signal obtained from the proximity detection
18 unit.

1 2. A high precision microalignment instrument according to claim 1

2 wherein the object is a tool.
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A high precision microalignment instrument according to claim 2

wherein the tool is a scribing tool or a probing tool.

A high precision microalignment instrument according to claim 3
wherein the tool has a base with a planar surface wherefrom tips

project.

A high precision microalignment instrument according to claim 4
wherein one or more of the tips are coated with a electrically

conductive material.

A high precision microalignment instrument according to claim 2
wherein said tool is made from silicon, silicon nitride or doped

silicon.

A high precision microalignment instrument according to claim 4

wherein the tips of said tool is attached to the ends of cantilevers.

A high precision microalignment instrument according to claim 1

wherein the substrate comprises a silicon wafer.

A high precision microalighment instrument according to claim 1
wherein the central control unit comprises a scanning probing

microscope control unit.

A high precision microalignment instrument according to claim 1

wherein the coarse control unit comprises a translational means.

A 2002

PuxY: /



;109 ()- 109 ()- fsL10% ()-' @O% ()-F 10"X~_aB:/ 10" 109%& ()-- 10%& ()-
10% ()-!SLZ"10%: ()- 109 ()- "109%& ()- El "!!I1dE/ 10 10L 810 &'& A0
109 ()-L-nf 109&' ()- % 109%& ()- L#Z"10%&' ()-! 10%& ()-!!!"
109 ()-y - 109& ()- 109& ()- 109& ()-Ss10%&' ()- &109%&' ()- 4 10#g#| ###$] $dE: /
10y9nt 10%& ()- sz109& ()-Y 109& ()- 109%& ()-109& ()- "109%& ()-
] $3$%a%AME: /| 10y@ 10%& ()-L&LOY& ()-$ HOu& ()- !109& ()- 109&' ()-

1 11. A high precision microalignment instrument according to claim 10

2 wherein the translational means is a z-coarse stepper motor.

1 12. A high precision microalignment instrument according to claim 10
2 wherein the translational means of the coarse control unit provides

3 means for axial movement to the object to be alignment.

1 13. A high precision microalignment instrument according to claim 1
2 wherein the coarse control unit comprises a plurality of translational

3 means to provide movement of the object in a plurality of directions.

1 14. A high precision microalignment instrument according to claim 1
: 2 wherein the coarse control unit is attached to a support whereon the

3 object is attached.

1 156. A high precision microalignment instrument according to claim 1
2 wherein the fine control unit is attached to a support whereon the

3 object is attached.

1 16. A high precision microalighment instrument according to claim 14

2 wherein said support is a thermal stable support.

1 17. A high precision microalignment instrument according to claim 1

2 wherein the fine control unit comprises a fine control element.

1 18. A high precision microalignment instrument according to claim 17

2 wherein the fine control element comprises piezoelectric material.
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119, A high precision microalignment instrument according to claim 17
2 wherein the fine control element comprises at least one piezoelectric

3 tube.

1 20. A high precision microalignment instrument according to claim 1
2 wherein the sample holder comprises a stage for the attachment of

3 said substrate.

1 21. A high precision microalignment instrument according to claim 1
2 wherein the sample holder comprises a stage and a stage fine

3 distance control unit for movement for the stage.

1 22. A high precision microalignment instrument according to claim 21
2 wherein the stage fine distance control unit comprises at least one

3 fine distance control element.

1 23. A high precision microalignment instrument according to claim 22
2 wherein the stage fine distance control element comprises

3 piezoelelctric material.

1 24. A high precision microalignment instrument according to claim 21
2 wherein the stage fine distance control unit comprises at least one

3 piezoelectric scanner.

1 25. A high precision microalignment instrument according to claim 24
2 wherein the fine distance control unit comprises an X piezoelectric

3 scanner and a Y piezoelectric scanner, the X and Y piezoelectric
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psezoelectrlc scanner aligned substantially normal to the X and Y

4 piezoelectric scanner to provide means for axial movement of the

5 stage.

1 27. A high precision microalignment instrument according to claim 1
2 wherein the sample holder comprises a stage attached to a stage

3 coarse distance contro! unit.

1 28. A high precision microalignment instrument according to claim 27
2 wherein the stage coarse distance control unit comprises a stage

3 motor.

1 29. A high precision microalignment instrument according to claim 28

2 wherein the stage motor is a z-coarse stepper motor.

1 30. A high precision microalignment instrument according to claim 1
2 wherein the proximity detection unit comprises a piezoelectric

3 Sensor.

1 31. A high precision microalignment instrument according to claim 1
2 wherein the proximity detection unit comprises an optical deflection

3 system or a capacitance detection system.
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4 be aligned and coupled to the central control unit; a fine distance
5 control unit strategically attached to the object to be aligned and
6 coupled to the central control unit; and a sample holder for receiving
7 a substrate; said method comprising the steps of:

8 a) attaching the substrate to the sample holder,;

9 b) moving the scribing tool to proximate the substrate by the
10 coarse control unit;

11 C) monitoring the distances between the scribing tool and the
12 substrate using the proximity detection unit; and

13 d) moving the scribing tool to the desired alignment with the
14 substrate.

1 33. A micoralignment method according to the claim 32 wherein an

2 additional micro-lithography process is provided comprising the
3 additional step of :

4 (e) axially moving the scribing tool to approach the substrate such
5 that the surface of the substrate is modified.

1 34. A micoralignment method according to the claim 33 wherein the

2 substrate is mechanically modified.



91 @O%& ()-!& f10%0& ()-!+ S10%j & ()-f

109& () - 2eceeeee(ffbCI\ & 109 & ()-1 & 10% & ()-1 10% & ()-&L0% & ()-3 10 10
106! 109& () -: f Yggyhhijjj dE /! 10" 12 AUG 2002
10"9' 110% & ()-9' 1 109% & ()-9' 1 109% & ()-9s! 109% & ()-Y 9s! 10% & ()-Y

& 110% & ()--jj*ji-jjvkl KIrS1/! 1| SI10%& ()-SS! 10% & ()-S!'!110%"& ()-m
1110%"& ()-m 910% & ()-, &10% & ()-m 1% K | m nnoo ol oaVK@ ! S'1 10" 10"

10"

41 109% &1() -35.! 108¢r8lcpyalignmanikaendthod” htsmiiiy Jto @esBlANVG3CWIer$in@®. oloodp
qqdEVK@

2 modified by oxidation.

1 36. A micoralignment method according to the claim 33 wherein an

2 additional step is provided comprising :

3  (g) laterally moving the scribing tool relative to the substrate such that the

4 surface of the substrate is further modified.

1 37. A micoralignment method according to the claim 36 wherein the

2 further modification is mechanical modification.

1 38. A micoralignment method according to the claim 36 wherein the

2 further modification is oxidation-induced modification.

1 39. A micoralignment method according to the claim 32 wherein the

2 central control unit is a scanning probe microscope control unit, and
3 the object is a probing tool with a plurality of probes, and an
4 additional step of collecting signals from the probes is provided.

1 40. A product with surface features produced by a method using a

2 microlithography system, said system having a central control unit; a
3 proximity detection unit and a coarse control unit both attached to a
4 scribing tool and coupled to the central control unit; a fine distance
5 control unit strategically attached to the scribing tool and coupled to
6 the central control unit; and a sample holder for receiving a

7 substrate; said method comprising the steps of:
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9 b) using the proximity detectors to monitor the distances
10 between the scribing tool and the substrate;

11 c) moving the scribing tool to proximate the substrate;

12 d) collecting signals by the central control unit from the proximity
13 sensors;
14 e) aligning the scribing tool to the substrate by the axial and
15 lateral movements of the fine distance control unit; and
16 f) creating features on the surface of said product by the
17 movement of the scribing tool in relation to the substrate.

1 41. A product according to claim 40 wherein the product is a wafer.
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5 scribing tool in relation to the substrate;
6 (9) applying etching or deposition methods on the substrate; and
7 (h) removing the masking layer.

1 43. A product according to claim 42 wherein said holes and trenches are

2 made by mechanical modification or oxidation-induced modification.

1 44, Aproduct according to claim 42 wherein said precoated surface of
2 said wafer comprises at least a layer of dielectric material below the
3 mask layer, and etching is performed to remove the exposed

4 dielectric layer before the masking layer is removed.



