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M cromachi ni ng usi ng high energy light ions FI ELD OF THE | NVENTI ON
This invention relates to the area of mepnufacturing conponents and devices
for mcro- nmechanical, mcro-optical, mcro-fluidic, mcro-electronic,-

m cro-acoustical, and.m cro- ghem cal .appligations, %jautilises hi gh
energy |ight ions f mr%ﬁﬁﬁmm&éﬁsmgp@ @@e&'&yiﬁ tdionfer

i ndependently of, or in combination with, other techniques for

m cr omachi ni ng. BACKGROUND COF THE I NVENTION  The prior art which
relates to the present invention is the use of X-rays for m cronmachini ng,
commonly referred to by its German acronym LI GA(E. W Becker, et.al.,

M croel ectroni c Engi neering 4(1986)35-56; W Ehrfeld and H Lehr, Radiat.

Phys. ChemEL3) PPPIRBERIVENTIONCh in its nost common enbodi ment conpri ses

four main process steps: i) In the first step a | ayer of positive
pol ymer resist, usually polynethyl nethacrylate (PMVA), which is typically
several hundred mcrons thick and adhering to a netal substrate, is exposed
in a deepThis iyentiathsjatapiy the ee o§ manuptringagempensot and deyiessafor micro-
synchrotron sourge) .thro a proximty X-r sk. The use.of a planar
ek t hEPRHE T ERsoR TRty e R oy e 0P, Ref BER i
to this StRénical hpplicatibst, lahe uﬁﬁé‘&ﬂﬂgﬁkﬁ@rg? 16k iGky r GhRMIEAiHRY S QRS bel S
used to renove the exposed vol une of the resist and expose sel ected areas
of the undppliedi ngtheet midependsothat ef, Thi 1 cdosrhinationd ewigh,o pehrer nusthnbgmedi vl y
specific in conphetely renoving the well exposed regions of resist while

| eavi ng uREXPTREAHE mar gi nal | y exposed resist unaffected (V.

BACKGROUND OF THE INVENTION

The prior art which relates to the present invention is the use of X-fays for
micromachining, commonly referred to by its German acronym LIGA(E.W. Becker, et.al.,
Microelectronic Engineering 4(1986)35-56; W. Ehrfeld and H. Lehr, Radiat. Phys. Chem.
45(1995)349-365), which in its most common embodiment comprises four main process

steps:

i) In the first step a layer of positive polymer resist, usually polymethylmethacrylate
(PMMA), which is typically several hundred microns thick and adhering to a metal
substrate, is exposed in a deep X-ray lithography process using X-rays (usually form a
synchrotron source) through a proximity X-ray mask. The use of a planar mask with

defined areas of high and low transparency to X-rays is essential to this step.

i1) In the second step a suitable chemical developer is used to remove the exposed
volume of the resist and expose selected areas of the underlying metal substrate. This
chemical developer must be highly specific in completely removing the well exposed

regions of resist while leaving unexposed or marginally exposed resist unaffected (V.
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Muni ch) . i) The third step is to electroplate rretal ontothe exposed
nmetal substrate until the deposit fd rrgl‘ﬁl thic % t-Fagl!:rem st
t hi cknesShicaraad Wnflashagper,edsrianrensfuph,dis SPRRRIDE t"aT‘ EHFRERr es
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structur as a nouldt structures™in other materials.
The neri ppurfén)t he LI GA process lie chlefly the ability of the first two
process steps to formmcrostructures of large structural height (tens of
mcrons to a fewm), with aspect-ratios up to 100. The aspect ratio is

defi ned a,sth rafj o of the truc ral  heigh

di mensi o#i) ﬁf“&glsuﬁ’r’éc‘f’l %CtroB% sl gpﬁ) %&e & Bpe% ﬁ’g&k ?%r a#eag&rrena ons
of sever { qHAD €8 % Pdsfst ABkidsS, mr PRAhiBg DleSisE BStheh eps
one and t%!: Jgtg&g{é]%%%lr%aﬁbégiove '[I]'he |mst ations Sof t he LIIGA process which

are rel e&‘étﬂévdd&otlém/emiasles&mmmsmtnmmgfrernah@;lmtaéb‘wtmeth the first process
step of deep X-ray lithography using a proximty X-ray nmask, and consi st of
the foll ow ng: a) That w thout undue conplexity such a process is only

sui table.for the I - ; hanar
base wi t i"\al 18 338Y pen%f) a?Jettzg E‘Ee{ﬁ%#gn %%gg&ea%n&{)ﬁﬂwoeﬁ)rﬁ%ﬁc

appl i cat igeps nMi&@ifs.it 1S deS| rabl e t hat the deposition of energy by the
exposure process should be of limted range or depth that the X-ray
exposure process is unsuitable. This is due to the fact that X-rays are

at t enuat by matter, do_n J QEf c
That 1 he iedternat SRRt piTsT s TSy B bl pElbedc ol Brb0Sy pAORerorm
exposur e st-ennlStufs YT 148k strii@uiaPhdiziRtdngdf aficienotod Wnﬁ[)dvdxﬁhVusp&t{mtﬁasof
pr oduction mcrostructures.
up to 100. The aspect ratio is defined as the ratio of the structural height to the smallest
lateral dimension. In typical practxce, polymer structures with lateral dimensions of several
microns to several hundred microns are formed by process steps one and two as described
above. The limitations of the LIGA process which are relevant to the present invention are

associated with the first process step of deep X-ray lithography using a pro‘ximity X-ray

mask, and consist of the following:

a) That without undue complexity such a process is only suitable for the production of

prismatic polymer structures on a planar base with walls perpendicular to the planar base.

b) That in applications where it is desirable that the deposition of energy by the
exposure process should be of limited range or depth that the X-ray exposure process is
unsuitable. This is due to the fact that X-rays are attenuated by matter, but do not have a

fixed or well defined range.

c) That the cost and effort involved in fabricating a mask for the X-ray exposure step

is high for the fabrication of prototype and low volume of production microstructures.
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the adhesion of the resist structures to the substrate can be adversely

effected by the undesirable exposure ofzthe resist due to photoel ectrons,
auger ‘el ectrons, and fluorescence x-rays emtted fromthe substrate

fol | owi ng, ab Lon of x- from.the pri F.J, Pantenburg,
o a0 er odi b HRodRes R B bt s uGeis B SuBSate Gnlee ssyprsemaites edad o
Mohr, Nu ‘B'y- theNSidesiabl@ st pd&id) of BRS (dHQ5485 1o %@)oele_ctro@zﬁl 1 ¥R gﬁ_rés:l,_ Hhd

| NVENTI ON It is a primary object of this invention to Fovi d means of
exposi ng flaoressérse, x-fays enniged fropodhe sifbstrater fohtawingnabsprption ofs kagysafrom the
direct-wite beam of e etic ions. _ecigéi cally, the type of ions

erpl oy ed PRATRiSOURERE | KocaPres REal< Micsgelecispnify Snairenienad  99ers 226hi um
W th Kkingty I i { object of this
i nventi o%t'jl' Z’aﬁt’éﬁ%&i’g%ﬁ gg!@%ﬁ%mag st@@ﬁ%&?%\%&%%é%ﬁ%ﬁﬁi@ in a resist
many mcrons thick (eg greater than about 2 mcrons), which can either be

of practical use in thenselves, or to formmcrostructures in other
materials, for exanple by electroplating onto a netal substrate. It is a

further j | jon that the mcrostructures created in
a resi st%i@%ﬁg%ﬁmﬁ%@{bﬁt he range 2 to 20 microns) can be of
hi gh-aspect-ratio (i.e. the height of the mcrostructures is large in
conparison to their lateral dinensions). It is another object of this

i nvention to provide.a s.of exposing resist which overcones ny . of the
i tati ohts 958 RielT Rty vsFasy 1o BRRYIdS b oo I SpPRne s Frchagt tony
process Whiigohe iof nhiBRmMdchBiing b9Rusidy 4 BfedtlvatePbARLSS energcBREBhS. | &eﬁﬁﬁgﬁ%,ages
of the present invention over prior art include, but are not limte 0o, a)
the gr eattlsy tyge ofritis !eorplloyfedémQ@;ﬁdvn{ltidllearmlwiestbpcmfmydmg&hj ledliuenor livhium,

machi ned, . % reductiqn or elim %gdt%o?ge\ﬁanage to material underlying the

I ed
resist, it HacUpsnergigs ingxcess of
Another object of this invention is to provide a means of creating microstructures in a resist
many microns thick (eg greater than about 2 microns), which can either be of practical use

in themselves, or to form microstructures in other materials, for example by electroplating

onto a metal substrate.

It is a further object of the present invention that the microstructures created in a resist
several microns thick (eg in the range 2 to 20 microns) can be of high-aspect-ratio (i.e. the

height of the microstructures is large in comparison to their lateral dimensions).

It is another object of this invention to provide a means of exposing resist which
overcomes many of the limitations associated with prior art, namely the deep X-ray

lithography process which is the first step in the LIGA process.

Specific advantages of the present invention over prior art include, but are not limited to, a)
the greater geometrical freedom in the microstructures which can be machined, b)

reduction or elimination of damage to material underlying the resist, ¢) the ability to
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structures with sub-mcron dinensions in resists of many mcrons thickness
and d) the ability to m cronmachi ne strugtures wi t hout requiring a mask.

O her objects, features and advantages Of the present invention will becone
apparent fromthe detail ed description which follows, or may be |earned by
pract i ce mfchingestrynienes voth sub-micBm EmeDHSTRIMPESEN drmaEmbrRWY tiiskness #dg. 1
shows the effect.of exposi the resist, 1 to hi.gh energy light ions 2 of

di fferentd)eﬂ’sra@“yé‘?/mlg“’@[aggf‘? St&f?&“ﬁﬂﬁ?‘?“‘(‘?:‘l‘%?ﬂg%“éf rr]) foll owed by

devel op : | : : | '

usi ng o el opiop®, features and gt BRAS SR tidfieSint iV ORIGKRAT QiR PHE |
or magnetthe dbtajled destsietion evhjvhddilkeves, ar nagrbeytearned by practicepdtiad ineéntioaam

Sel ective areas 3 of the resist 1 are exposed through the

rel ati ve scanni ng noti on between the beamand the resist 1. Fig. 1b shows
t he resist | after devel opnent of the exposed resist. Fig.2
shows structures in a resist 1 containing blind features and features

formed bYBRIEF. DESCRIPTIONGOF THE DRAWIRIGE devel opment st eps.

Fi g. 2a: ows features formed by first exposure and devel opnent of resist
1. Fi g.2b: shows a second exposure of the resist 1, scanning
over the devel oped resist with the high energy light ions 2 to

sel ecti veky €Xpo : L 2G: f
fol | ow n?léécond%gg\%ﬁggéﬁf : Sf e?(%%slnég[ ﬂie.%l-ﬁ?g. éos tplpéqgs gﬁ%&% lfg?%q?xgs? r%aﬁ on of
met al m crost r uctdiffeendendipgheveBPEChnd &) i(B,>0B})ofodowed dly development of theayer 4

over a substrate 5.
exposed resist. The exposure is achieved using a beam of high energy light
ions which are electrically or magnetically focused to produce a nearly
parallel beam. Selective areas 3 of the resist 1 are exposed through the
relative scanning motion between the beam and the resist 1. Fig.1b shows the

resist 1 after development of the exposed resist.

Fig.2 shows structures in a resist 1 containing blind features and features formed by

a sequence of exposure and development steps.
. Fig.2a : shows features formed by first exposure and development of resist 1.

Fig.2b : shows a second exposure of the resist 1, scanning over the developed

resist with the high energy light ions 2 to selectively expose areas 3.
Fig.2¢c : shows the features following second development of resist 1.

Fig.3 shows the formation of metal microstructures of high aspect ratio onto a metal

layer 4 over a substrate 5.

Fig.3a : shows the metallised substrate 4 & 5 with layer of resist 1 of uniform

thickness which has already been selectively exposed 3.

Fig.3b : shows the electroplated metal 6 formed in the structure after

development and electroplating.

Fig.3c : shows the metal microstructures 7 formed on the metallised substrate



Fig.3a: shows the netallised substrate 4 & 5 with layer of resist 1 of .
uni form WO98/20517 {hjckness which has al ready been sel ect FCESEIEIWESEed 3.
Fig.3b: shows the electroplated nmetal 6 formed in the structure after

devel opnment and el ectropl ati ng. 5 Fi g. 3c shows the netal
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5 after grindi ng4oé|); Sp%ﬁt?rs%rlmﬁién%%p glishing,pnd rerpqyal of the KMRPe st Thee
nmetal m crost r UCtkietR miérosBudt@resTdoTBdndtmey Ravl LikigR 85R61 rafid b Ghdivn. Shown.
Fig.4 Illustrates the use of nultiple steps of the basic process to

produce struyctur o t L&k Ssot'gﬂ:l L LY.

Fig. 4a s%@ﬂg theﬂeﬁﬁt)rgtseg ea‘r;seeaostqéu OF) %ggsr%??g? 11 ﬁﬁlce rg&dctel—sltrél?%ess hows
above after depogfpieater gtomaeteitdieomplasdty. of resist 1. Fig. 4c
shows a second exposure. Fig.4d Fig.4d shows the features forned after

the term nating eyel OBiine cxpose GES BIENR (THE EMBODI MENTS OF THE
| NVENTION  Broa according to this invention there is provided a nethod

for exposing a defined ,area,of resist..material to produce a change in a
property of sai d%éﬁ'élé'g}?éﬁ%bﬁb'e g%?‘dj%ggsé%orf éﬁ%léﬁ}seéﬁagg??f}gf?t ]act ed on,
characterised in_that the exposure is effected using a high energy beam of

| i ght ions. | n FighécpshQeht SSCRUEREPSHIC t he exposure of the resist is
achi eved using a beam of high energly _
Fig.4d Fig.4d : shows the features formed after the terminating development.

DESCRIPTION OF THE EMBODIMENTS OF THE INVENTION

Broadly according to this invention there is provided a method for exposing a defined area
of a resist material to produce a change in a property of said area enabling said area to be
selectively acted on, characterised in that the exposure is effected using a high energy beam

of light ions.

In the present invention, the exposure of the resist is achieved using a beam of high energy
(e.g. between about 250 KeV to about 25 MeV) light ions (e.g. hydrogen, deuterium,
tritium, helium mass three, helium mass four, lithium, beryllium, boron and carbon) (see
Fig. 1a). In general the ions in the beam will be of a specific type and of a well defined
energy, and the resist will be a suitable positive polymer resist such as PMMA. In many -
embodiments of the invention the ions will be electrically or magnetically focused to
produce a nearly parallel beam, with a well defined range of diameters typically within the

range of 100 nanometers to 10 micrometers.

In order to expose regions of the resist in a specified pattern (which can subsequently be
developed chemically to produce resist microstructures) a means of scanning the beam

over the resist surface is employed. Hence the present invention is a direct-write process,
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‘beryllium boron and carbon) (see Fig. la). In general the ions in the beam
will be of a specific type and of a wel] defined energy, and the resist

will be a suitable positive polyner resist such as PMVA. In nmany

enbodi nents of the invention the ions will be electrically or magneti cal | y
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means of scanning the beam over the resist surface is enploye nce
present ihighiyspeifid sheaichl devtioper whechproogdetsly removesie Qﬁios%ﬂe‘gmns of resxst
PCT/ SG7/ 0Q057 and _no mask
i s requi Maple l‘i’ﬁ‘flgg suexnoss) ok inergimglysrngsed resish swstantighly @P@cé?qt%’sf\ét Ghicheam

defl ecti I h

Compat o SBa Y OGN FocBRTL 1), Mock e Bl THACLBANE RN tedofeiit of
beam Thehe @Sisﬁ tthérs islaY éhpatithettStongpeatinRitBh byposprRGinti develbpiesds WeLaheper
whi ch conpletely renoves the exposed regions of resist while |eaving

unexpos edesit ammnlgphelly §f tirgfosed resi st substantially unaffected (V. Ghica
and W d ashauser) (see Fig. 1b). Mreover following a first exposure and
devel opment of the resist, there is no inpedinent to repeating the

eXPoSUr e TR Grel@HLInIBRERIN c&fbetdlgd %Hﬁchlhg et ritcrBdrhitlie GF h%siRpleldrRRtic  The
present invention can be used to machine resist mcrostructures of a sinple
pri smat i gegeetneas Wwitisprt drt. gior aesigs of séeral mesiais shicknese vier pleserit dnvamnsion

t hi ckness t resent inventiqgn enables crostructures with_sub-mnicron
| ateral e PSSR WL Y BT ODUREALTRTOH0S (e mﬁ?}wﬂ@md% gn
resist t feﬁe BB Fe ASRR R Jcafelvms agbe@te et%we rgt,lm thiRtnaf a&agfrllgbg}mé :b§ gy

any other prior art process. This as ent 1 nven

of consi day althe prar et pntocéds.eTﬁlabfspﬁmtolthe pfeséiatnayemﬁak\slnf b¢ ofl @epsiderably
it hographé‘ as used in the LI GA process), _.as considerable difficulties are

exper i enc@lpeusithy fﬂg?l”icétl‘o%?ff Xtray I‘Hﬁshiugg defp Parwi ithegABhERsised fin thesLiGA ci ent
thi cknes %rcgc%s%, Faps Gitte frclltes Fard- e)f’p%%ﬁ&‘a“ L8nf ”S'rm]r alfP Pec}m.lques in

fabricating masks of a sufficient thickness (F.J. Pantenburg, et.al; F.J. Pantenburg and J.
Mohr).

One of the principal advantages of the present invention over prior art is that it also enables
the machining of resist microstructures having a more complex three dimensional
geometry. This can be achieved by several means as will described in greater detail below,
but in each case this increased geometrical freedom arises from the action of two of the

distinctive features of the present invention.

i) The first of these distinctive features is that the present invention is a direct-write
process using a scanned beam. Hence not only can the beam be moved in a predetermined
pattern over the surface of the resist, but it can also be orientated at any angle of incidence
to the resist surface. This orientation of the beam is more conveniently achieved by angular
movements of the resist material (along with any underlying material or object) rather than

by changing the direction of the beam incident on a stationary resist.
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as i n t hdnpoasssmbodimentsiofthe invémioaceneqeerve eif eRpissrecdnd deselopuent steps ill
sequence of exposure and devel opnent_ steps will be enployed to create voids
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invention which contains blind features and features formed by a sequence of exposure and

development steps is illustrated in Fig.2.

In some embodiments of the present invention, a metal surface will lie below the resist
layer, and the invention will be put into effect by exposing certain areas of the resist layer
to the full depth of the resist, i.e. the ions in the beam penetrate to the metal layer.
Following development in a suitable chemical developer, metal is electroplated onto the
exposed areas of the metal surface to the same depth as the resist layer. A
grinding/polishing process may be used to remove metal deposited above the resist surface.
The remaining resist is then removed to leave metal microstructures protruding from the
metal substrate. In the present invention, metal microstructures can also be formed on a

variety of non-metallic substrates, including silicon, germanium, other semiconducting
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of the nPastenbwgi stalj htVeParterburs ascmlésmht)i ali somtt)mbOdlmmtsvmfudhd iveerttioe case
when X-rays are used as the ans posur e as_ for

i. ry ee
T I S T g e
associ at ‘Ban?"cBng%?éﬁéﬁlrngr&?ﬁie%s&tm erifantenburg, et.al; F.J. Pantenburg

and J. Mohr sone enbodi nents o e invention there may be no
Substrate material at all; the whole deV| ce or corrponent to be machi ned

bei ng co:a:;@sed entirely of the resist materi al particul ar enbodi ment
of the i MAEnPRGAUAD sMPodEmen (ot the vaeatwgw%%dﬁcmen@ses Qb FHRISOBISHRECh

el ectr onigG, ey 88%1&@8' e@éc?r\é R écheQ Eé hg@ fen ﬂé(ﬁﬁ tMH&# g&g&u&%“' d

t hen be Forne subs e as ove,
el ectri c&ould then be formed on thxs substrate as descnbed above, whxch would be in electrical

contact with the underlying electronic devices. In this manner, the present invention: could
be used to fabricate sensor and actuator devices with integrated electronics. A particular
advantage of the present invention for fabricating such integrated devices is that the range
of the ions can be suitably chosen such that radiation damage or unwanted implantation of

the underlying semiconducting material is avoided.

In some embodiments of the present invention the developed resist structures will have
walls only perpendicular to the original resist surface. If the resist layer is of uniform
thickness and adhering to a metal substrate this will permit the electroplating of metal
structures with walls perpendicular to the metal substrate. While in other embodiments of
the present invention the walls may be at various angles to the original resist surface, this
having been achieved by arranging for the ion beam to be incident at various angles to the
original resist surface, and at varying positions on the surface of the resist. In a further

embodiment of the invention curved resist microstructure walls may be formed by



contact with the underlying electronic devices. In this manner, the present
i nventi on WBdAH2 used to fabricate sensor and actuator deVFEEEIPLOR7
integrated el ectronics. A particular advantage of the present invention for
fabricating such integrated devices is ghat the range of the ions can be
sui tably chosen such that radi ati on damage or unwanted inplantation of the
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el ect r oplcamiplax thfeerdbmansisnal gearetestotietdneated by elpetrqeatitigcul ar to t he net al
substrate. Wihile in other enbodinents of the present invention the walls
may be at various angles to the original resist surface, this having been
achi eved 1hy, i r ] inel-dens, [ious angles to
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resist. lcompldxitytdaarbecmhddivitanke afe 6@ multi-etehi 6cessdsy GwhRBI S 5uccession of

m crostructure walls may be forned by WD 98/ 20517

PCT/ SGO7/rerasidgyer deposition and exposure steps are terminated with a single degeloproentdifredlt ed
m)vementsxand ovroi ent ag' oﬁnﬁgfS tcpe io[{. beam |n errlﬁgdi ment s of t%f resent

i nvent i orf peReen é%?soy ERerat™ upd FEFR RGeS (Rt FOBPLISE ereReated © U ur es
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I n ot her enbodi nents of the present ‘invention resist structures o
geonet r i cedistcomfpbexvariatiommf iee sradeedipatters ad usentitioa afitht iiers begm [fopesdses,
in which a.SLiCCGSSi n of. rg@ﬁ% | ayer deposi.tion agnd exposure steps are
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exi st i ng deedbpgimestustépowuld/ be usdd rreafove ldl agasdaedolpaict &f "hafskis® WIEER atd on
of the ion beam for each resist |ayer; and variation of the energy or type

of. i ons @REASEPtofthe Cflﬁ@icékéwlﬂpéf-yﬁiéﬁ iflysteptesesuch @nsesphadimentmfithe foresent
trati.Qn...: . J. - St final d I t
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of the present invention. In enbodinents of the iInvention which enploy a
met al | i ¢ seBcteasHf[ajrmesd arbitrary geometrical complexity to be electroplated onto the surface of

the substrate.

In all embodiments of the present invention in which metal structures are formed by means
of electroplating, these metal microstructure could be further utilised to produce
microstructures in other materials by micromoulding, as is sometimes done in prior art
techniques. Other embodiments of the present invention could use one or more sacrificial
layers in combination with electroplating to produce metal structures which are partially or

wholly detached from the underlying metal substrate.

In all embodiments of the present invention described above it is assumed that a positive
resist material would be employed (such as PMMA) for which the exposed regions of the
resist material are removed by a chemical developer. But the present invention could

equally be put into effect with the use of a suitable negative resist material (and developer)



substrate, the application of the above described nmulti-step process would
enabl e nmetwd 9stesutt ures of al nost arbitrary geonetrical conptESGIN0037 be
el ectroplated onto the surface of the substrate. In all enbodi nents of
the present invention in which netal structures are fornmed by neans of

el ectropl ating, these netal m crostructire could be further utilised to
produce mcrostructures in other materials by mcronoulding, as is

somet i medoriwhichi the gnexnosed regiass ofitkfudeyelopenare rempuet! bre theschemmicdi alepeleparnt

i nventi on ﬁ%“'éi use, one or_ nor eus?crt.i ]I‘i Ci aclt | ayers i.n conbination with
el ect r opPAY HIFERPESHL SRS TR FUREARTRNY, P hi ch are partially or whol Iy
detached fromthe underlying netal substrate. In all enbodi nents of the

present invention described above it is assuned that a positive resist
mat eri al Inomdny bfthengbovy eldsqrbad embedihddty, thoinvehtiah it pafexpdseing egesists of
the resist materjal are rempved hy a chem cal devel oper. But the present
i nvent i oka%es of ynderm tgkngss, yyhich adlisresrtp @prungeelying planas substratg of spmstsiter
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and the exposed regions remain substantially intact. I n_ many of the above
descr i bedesstbwaticriahos compesy honesishagd megarfaly pedthgsitypgsaln psitistlar spme of

uni form t hi.ckness i ch adheres to_an.underl.yin ar substrate of sone
other " maeBRSIIeR of RS B8 f5Am RistPatHRne roBbeRS ReRRe i 8eSite use
Of ODJ ECari) GhhibR Hid AIriRfy ek TR GRS IR ShEPARHRAE HARRachiA, NeT

t hese objects be conposed Solely of resist naterial or conprise esi st

and nat efoatangfle de¢yeK-tay gkographyp8nthi enkmbodioreat efrthednvenion voduld keploit

I nvention ion beam m c¢cronachi nl ng could be perforned on a resist materi al
1

whi ch hadbsPAYaigeeaus featines Of Uhe Prigs imigr I BFOhE: B evample the large

m cr omachifl il i - of
The. i myenriereL bkfih SKRHR of BEc i g 1ICHEURaRnd I Ehe¥ b SPDREIIREY

m cr omac kikploitthgdthe sagsgthf of tiexmesene ifveatidg mymebi thecdredtad gdvencgiital idedbmean
be achi eved using LI GA, and extend its range of application by exploiting
t he stremgdiRigrangeof §KBRWH i nvention, namely the greater geonetrical
freedomand finite range of exposure.

Generally all embodiments of the invention will employ a magnetic or electrostatic beam
deflection system under computer control, to scan the ion beam over the resist material
such as to write (expose) a predetermined pattern in the resist. Generally the facility to
blank the beam (i.e. rapidly switch the beam intensity to zero) is required, and must also be
computer controlled, so that separated enclosed regions of exposure can be written. In
some embodiments of the invention the exposure may be made with a single scan of the
predetermined pattern, while in other embodiments of the invention the scan pattern may
be re-written a multiplicity of times in precisely the same region of resist. Re-writing the
pattern a multiplicity of times has the advantage of averaging out variations in beam
intensity which otherwise would result in poor uniformity in the desired exposure.
Generally the area-of-coverage of a magnetic or electrostatic beam deflection system is
quite limited. By area-of-coverage it is meant the actual surface area of resist at normal
incidence to the beam, over which the ion beam can be scanned without significantly
degrading the fine focusing of the beam. The area-of-coverage may in a some

embodiments of the invention be a square with a side of approximately 1 mm. In some



Generally all enbodi nents of the invention will enploy a magnetic or

el ectrost Y9 88/BSAM def | ecti on system under conputer contr ol FCTFCEEUST he

i on beam over the resist material such as to wite (expose) a predeterm ned
pattern in the resist. Generally the fagility to blank the beam (i.e.
rapidly switch the beamintensity to zero) is required, and nust al so:be

conputer controlled,. .sa that separated enclosed regions .of expqsuye.can be
wri Lt en. STPOSHRERE AL SRS SEEHE FYoTE B S oS phsuPR Iy aliEe Hhe wi t h
a singl e paganefbctditsyRleaffhe bataRteRaTNRE Bmbdlinkditd & @b RVenBEP R4 0Bl of
the invention the scan pattern nmay be re-witten a nultiplicity of "trnes
in preci set yonihe Seme deflcoon cistemsasta pHerany imeanyg ohecaumirigeanpattern, but

mul tiplicity of tines has the_advggta e of averagLQg out varjations in beam

i nt ensi t pAddiioapllne WP Ar SRreGatisdranglalioy stage Ko 1ovaring BRIt p Which e esist red
exposure. r fos gggﬂ@ ' r ctr |.C
beam def lag%ﬂgh?éééog%ﬁfgg gﬁﬁg gt ?\r@{lg’g%ogl?ugef ea- o Iég o%\'}grcgglléiﬁ}#ed?%{tﬁn%ﬂgnt
the act ughefatibh € erebcain @dflec8sn sid Blanking KRbtemN i ei0B6dinteatstdTehd RABhtIAVEN

whi ch the ion beam can be scanned wi thout significantly degrading the fine
f ocusi ng vdfich hdcrostamatureieallsrai yarfing evgles e theargsishsufase aee @nothianined thef t he

i nvention be a square w t.h si de of approxinmatel.y 1 .Ln sone. )
98/ 2051 7 ranslational motions otf a tﬁree axis stage £ com'bmed w1¥h a mngammsm %or ortentating

PCT/ SGQ?/ﬂQQQ@ith to which the resist is attached with three anggla(r: g%%rg%si %fnr??tgrlénét@g}égfg%nt ?]

of the invention a greater coverage than can
a beam deffltikis tsixoaxis ygdterm willybebenierer comtiolldd ese ceoddodiaiewitls tiaf opdnstion of
invention will enploy not only a beam deflection systemas a prinmary neans
of scannithggbeanpdefiestian apd,plankiggsystefRal Iy a two or three axis translation
stage to nove the object to which the resist is attached. The novenents of
the stage will be conputer controlled and coordinated with the operation
of the beam deflection and bl anking system |In enbodi nents of the invention
in which mcrostructure walls at varying angles to the resist surface are
to be machined the translational notions of a three axis stage are conbi ned
with a mechanismfor orientating the object to which the resist is attached
with three angul ar degrees of notion. The actions of this six axis system
wi |l be conputer controlled and coordinated with the operation of the beam
defl ection and bl anki ng system PAP068- PCT



12 CLAI MS 1. A nmet hod for exposing a defined area of a resist
mat eri al tWO@PB@YIZe a chem cal change in a property of sai dPETEGIHVEHN | ng
'said area to be selectively renpved to expose an underlying zone or

substrate, characterised in that the exppsure is effected using a high

ener gy beam of Ilghﬂmmlﬂu m,mnmlgaw nNg an energy of Rt hap?BU,‘K“V
2. A nethod in a Iim1, wherein salld i gtpst-pli_(ans&orrpr;‘se
| sot opes gen, héli tm'br i t*hi um 3. - A netlked—in-accerd ance
with any preceding claim wherein the sai d exposure produces a chemical

change in the resist material. . A nmethod in accordance with Caim3

wherein said chan IS acted on chem_cal .devel gper A net hod
in accord nce '\%lr{‘%ﬁ@ i‘?rrﬁxﬂ‘)s‘%érdgﬁﬂe%%ﬂeﬂOEHé?ﬁ‘%zﬂ‘atﬁf@}éP@ﬁ&“cgélcéé@g%w

renoves t R I e oS r| al
substantialt y una ect egﬁéblﬂg sitd a?% twytehsg%célﬁagééc}géég’n%h %%(C?Iﬁe‘gﬂﬁlmt Bledi ng
clai m noshpb@e ibeffdcheal waigh Eighenetse bparRddligidogs. change in a property of
sai d exposed area rendering said area inert, the unexposed areas being
selectively acted on. 7. A met hod in accordance wi th any preceding

claim rein,th Si st conpri ses, a osi.tive pql r resist such as a
pol ynet \rqd;frret héé?%‘%‘fgl acco@an v mﬁ“ﬂ wher %%%éﬁ?@s\ﬁlfﬂergﬁﬁrﬁeéé@d‘i ng
claimwhesgimewl | the ions in the beamare of a single reasonably well
defined energy.

3. A method in accordance with Claim 1 or 2, wherein said light ions comprise

isotopes of hydrogen, helium or lithium.

4, A method in accordance with any preceding claim, wherein the exposure enables

the said area to be selectively removed to expose an underlying zone or substrate.

5. A method in accordance with any preceding claim, wherein the said exposure

produces a chemical change in the resist material.

6. A method in accordance with Claim 5 wherein said change is acted on by a

chemical developer.

7. A method in accordance with Claim 6, wherein said chemical developer selectively
removes the exposed resist material whilst leaving the unexposed material substantially

unaffected.

8. A method in accordance with any preceding claim, modified by the said exposure
producing a change in a property of said exposed area rendering said area inert, the

unexposed areas being selectively acted on.

9, A method in accordance with any preceding claim, wherein the resist comprises a

positive polymer resist such as a polymethylmethacrylate.
This She,
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PAP0O68- P uumulw ulmm 13 9. A method. in

accordanggvvxﬁlﬁosgﬁy l)* ; |L IM ls !ll,herei n the ions are_ el BETSCEHEPAGT or

magnetically focused to produce a nearly parallel beam Ef et red
t

(%V\Bll F !
di ameter, typically within the range ofjzabout 100 nano ép*é ?;’_@LIG‘-Q_S BEEN
m croneters, which is scanned over the surface of the rgsist HHLieﬁr{?%ﬁ_;__i__n__é‘i

predefin patt I ' | honal m.crostructyres in

t he devefgpedkrlgé?lgwﬁ a@%@aﬂ{cgiﬂ {r}r{e%}ﬁ'oéfg %egiﬁlgélgfrggvﬁxggxw C4RYS H’r'@%i&?‘ﬁg
cl ai m whereesfa sirpte thassiiblyoweldefiled erbggm i s at a right angle, or sone other
fixed angle, with respect to the resist surface thereby leading to the
production of prismatic structures in the devel oped resist. 11. A

met hod ip,accqrdance .with Gl aim.9 or 10, wherejn the m crostructures
produced fn t m&@\?ﬁl‘%ﬁ‘é‘if’r Qe it anyprecedingclaion wherein thejons argrelqctrically
structur ' ' i Sq | \ gﬁﬁ;' ] ' er.al.

di nensi oﬁi?ﬁghﬁi%ll%&%& E%g?(ig(%%%?c%r cedlf\;E\APtB %tvgltﬁmgg%éhl%&l&edldla%tg?’ei n

t he ni crtypicallgtwitlés the cahgeed about he0 daoedergre do 110 Shiztoriéters UGARK i9rschrid

pur poses of fabrigcating a mask for, X-ray |ithography as used in a LIGA or
ot her | i?vﬁsghspwfeceppégt@%mt mpaterial in aegrededined petteny thereby motihciGl thres 9 to
12 wher e} ' . t beam to the resist surface is changed
in a con 1?%'31&‘?@851%5 (%S\éﬁlcglgﬁlﬁéﬁ{%ee‘)gg)@gﬁmsﬁ of the beamsuch as to lead to
t he production of mcrostructures in the devel oped resist having a conpl ex
three di nensional geonetry. 14. A method in accordance with Clainms 9 to
13, wher B-n n\cmsthoduat aacesianee withoahye patceding hrénimxpheeih thesdigdctisHcdT @S

hol es, s{)ots. andﬁlxég&ds 1of ot her egﬁr}rfe%ri eis, i{;@\/i ng a well .defined depth

whi ch i s"E8 B BB ERE SERFQ eORGIHVIN FRSPEE i g yestt gurfacn herspy

| nCi denCRa@ifg k8 the RSARYIof W bASRatic sthrtures it tHELORL LA [&GGOr dance with any
preceding claim wherein the exposure conprises a multiplicity of exposure

steps with ions of a different energy or a different type.

13. A method in accordance with Claim 11 or 12, wherein the microstructures
produced in the developed resist have a high aspect-ratio, that is a structural height which

is large by comparison with their lateral dimensions.

14. A method in accordance with Claim 11, 12 or 13 wherein the microstructures
produced in the developed resist are used for the purposes of fabricating a mask for X-ray

lithography as used in a LIGA or other lithographic process.

15. A method in accordance with Claims 11 to 14 wherein the relative angle of the
beam to the resist surface is changed in a controlled fashion during the scanning of the
beam such as to lead to the production of microstructures in the developed resist having a

complex three dimensional geometry.

16. A method in accordance with Claims 11 to 15, wherein microstructures are
produced in the exposed resist such as holes, slots and voids of other geometries, having a
well defined depth which is determined by the selection of ion type, energy and angle of

incidence on the resist surface.
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PAP068- PCT 16. [ ordance with any preceding claim
wher ei n a WOg8BNHIE oﬂ“‘@“ﬁ:m“umﬁﬂ[\osure and devel opnent BCESE9A00D57
‘applied a nultiplicity okt trnes to tthe sane resist-material — reate

resist voids with a conplex three dinengional !gﬂﬂfmm-w;n{;\gﬂggﬂ met hod in
accordance with any precedi ng cl-ai mwherein the exposahgEsi st ijS not.

devel opeq.,i di atel.y and erei.n an addi i ongF—ayer—of—resFst=i s made to
adher e tg7t heEbFﬁeB}OﬂdP apcordance itheany preceding Glaig. wkicrain therexpesves campiasesr e i s

made aft gy WhbEda: i ith B | i re accessible to
t he devel cr)?)erbar ﬁ fee\)/%ﬁ%%e%?p %ﬁ%sﬁaﬁgﬁgﬁh@c%rﬁgﬁcgt\XF?'h any
preceding claimwherein a multiplicity of resist |ayer additions and
associ ated exposures are perfornmed, follow ng which all regions of the
exposed Adsi sth inethed aine acgosdanse hivish t enn Ipsccediagi elaim dwhertinper sequence of
devel ope 19. A net hod i,n _accordance with any .pr.eceding claimwherein
2ot ol | itergptie cepohEad Skt Pp AR YR AR s admiBESHRS! $Be o s98F o
| ayers, adacht frkdrvich Gred VS5OV with BRoMBiest Shitk lilthdhst letdy material are
filled, either parti aIrI y or1 whol |‘§” byoe?ect rlopl at?‘ﬁg&%le%eg)ﬁ{%&f o the
exposed areas of the underlying netal substrate to produce netal

m cr ost rgﬁt ur A nmethod in accar dance with any preceding claim

. 0.
wher ei n one O%SWB?}’Qgé%é?‘?"Waé‘F%W AR REecsiine laimayereis théexnesed regist isnot
| % | 1.Cil | : AL t
oo g6 A0SR el R, SRR TE R SR B

formed which are eit
netal subsginalesist su2face folbwikd Waithi afuthexPosse isvnbde {fteriwRickSalPlegifds of

wherein the netallised substrate conprises a sem conducting material, in
whi ch el Bwtexapied resstivish ag\ascassible tahs devglopar are dpvaddpsde ni cr onechani cal
devices with integrated el ectronics. 22. A nmethod in accordance with

CGaim 19 or 20, wherein the produced metal mcrostructures are used to
create n@roSKrmethddas acfor@dte ity pRb&diRY clalif WHePGR S mBltipTkity SFLHi ng.

layer additions and associated exposures are performed, following which all regions of the

exposed resist which are accessible to the chemical developer are developed.

21. A method in accordance with any preceding claim wherein a metallic or metallised
substrate material underlies the resist layer or layers, and following development, the voids
within the resist material are filled, either partially or wholly, by electroplating metal onto

the exposed areas of the underlying metal substrate to produce metal microstructures.

22. A method in accordance with any preceding claim wherein one or more sacrificial
layers are employed such that, after removal of the sacrificial layer or layers, metal
microstructures are formed which are either partially or wholly detached from the

underlying metal substrate.

23. A method in accordance with Claim 21 or 22, wherein the metallised substrate
comprises a semiconducting material, in which electronic devices have been fabricated to

produce micromechanical devices with integrated electronics.
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-prototype or | ow volunme production m crostr[ictifesi=at 2 sk het hod in
accordance with any preceding clai mwhggein|it he poSFiAGHED resi qt used is the
pol ymer pol ynet hyl net hacryl ate (PMVA). 25 ordance-wi th

o eRpostht, ¢ Ao P B AP S STAEh #g2h 20n iHEeih ol produadermeial
whi ch 1 epgebsinidtuds \4ed 99&@&06ckxteamfd?@gﬁ&airesdﬁyshfepmtygag gglvtliﬁggrtg &Y of

specific 1n the renoval of the unexposed materi al € exposed
mat er i al mietbsioatdingl |y unaf f ect ed. 26. A nethod in accordance with any
precedi ng clai mwherein the resist has been structured by a prior

m cr omachi ni ng process. 27. A method in accordance with any preceding

2 M Yol SHRESH SBRbEL LS 5] Pl MBI LIRS,

proxi mty ma open areas throu e 1 ncl

pass unapicatish S HoRNYPNSS VEIndSrodicRn iicRBthestast , and other areas
conposed of material of sufficient thickness and density to conpletely

absorb the incident ions thereby |eaving the resist underlying such regions

unexpose 8. .met hoq in accordance.w th. C aim.27, nodified by using
a patterﬂ@d pr%o&’iemﬂﬁy“ ey a‘Wﬁi%‘ﬁ‘ HysPeting, Flaind WSk Lisapastuveeiesist dsed of

suf fici egttgggBB&%@@E%%gﬁ}hgmacﬂaggm%&Qn of the ions but at reduced

ener gy. I n acc wth Caim28, using a beam of high
energy light ions to expose a resist material in order to m cromachine
structures of conplex _geonetry and variabl e depth. i
27. A method in accordance with any preceding claim modified by the use of a
negative resist material which is exposed, thereby producing chemical changes in the resist
material which renders it developable by a chemical developer which is highly specific in
the removal of the unexposed material while leaving the exposed material substantially

unaffected. \

28. A method in accordance with any preceding claim wherein the resist has been

structured by a prior micromachining process.

29. A method in accordance with any preceding claim wherein an exposure pattern is
defined lithographically using a proximity mask with open areas through which the
incident ions in the beam pass unaffected thereby exposing the underlying resist, and other
areas composed of material of sufficient thickness and density to completely absorb the

incident ions thereby leaving the resist underlying such regions unexposed.

30. A method in accordance with Claim 29, modified by using a patterned proximity
mask which has some areas composed of material of sufficient thickness to allow

transmission of the ions but at reduced energy.
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~ 30. A nethod in a ﬁmwmﬂ y preceding clai mwherein an e;<p<).sure
pattern |W09d/9051Med‘tm“ ““ c process enpl oyi ng pr 8CESGPUINSDY

means of an imge formng - " PAP068- PCT e
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the i'mage of a mask which sel ectlvely absorips _or Beataesn |ons,} onto-.the

surface__of the resjst. net hod |n ‘accor pr ecedi ng

claim f}%en Lfsgtft}f%‘“t%éoﬁﬁ‘ﬁ%‘ff’tﬂi‘ &’F“B‘f 30, spe ke datm‘ﬂ‘ eﬁﬁﬁdr‘éﬂ%r&%%@l
Conpone iastea g1 RaGHACH 0k 19 BlioRisEhRl Mo Elee Moot Be6iMel Wy

33. AvaRidledeptRl exposing a resist material subst ant lally as descri bed
herein and as ‘exenplified and as shown in the draw ngs.

32. A method in accordance with any preceding claim wherein an exposure pattern is
defined by a lithographic process employing projection, by means of an image forming
system, of the image of a mask which selectively absorbs or scatters ions, onto the surface

of the resist.

33. A method in accordance with any preceding claim, when used for the production of
micromechanical, micro-optical, micro-fluidic, micro-electronic, micro-acoustical and
micro-chemical components.

34.  Components when produced by the method of Claim 33.

35. A method for exposing a resist material substantially as described herein and as

exemplified and as shown in the drawings.
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