,;€36:667t9.:9::6p:T:jg*1 A METHOD AND SYSTEM OF TREATI NG A SURFACE OF A
FABRI CATED M CRO- COVPONENT FI ELD OF THE | NVENTI ON The present invention
relates to a nethod and system of treating a surface of a fabricated

m cro-conponent, and in particular for creating a desired a4 shes
on sel ected regions of fabricated m cro-conponents for triﬂ@“mmmﬁﬂlﬂm
performances. BACKGROUND OF THE | NVENTI ON The demand for on of
smal | and conpact nechanisns is increasing due to the requiremetis of

nobi | e devi ces and products. Many technol ogi es have been expl ored and
tested for providing mcro-scale fabrication and the ability to generate

and procesy METHOR AND SYSTEM OFETREATINIGEA SURFACEOF ATFABRIEATED Many
fabrication processes (such as deep reactive fon etch |[DRIE, grrindlng,

| aser cutting) used to make MCME&EQMME devi ces from vari ous
materials (such as seni-conductors, netals, alloys, ceranics and pol ymers)
of ten res'F'IELb'ngj%lWEmNﬂ ni shing. Such rough surfaces produce high
abr asi on, sed for tribological applications such as
sliding and rotating notions. These characteristics are undesirable as they
short en t Adel preeentnipventiomn eelatesr to-a ongtbad sl systelmvofctesating & soufglcet dfea
applicati of further processes such as thin filmcgating, dignmondlike

o bon (DIt T SBMPRBR Lot 15 BAMCHREPE ATeqs & deyeRasurecs
tried on FRRhB3LHA CSEIBELel FESORS NGO RtiHcate frﬁf“c?é—coﬁ?)‘%%ew férestHbélobléal
coating filmfailure or may only provide a short terminprovenent. “These
further ppPefesvsascefeneral |y faced adhesion problemw th the rough surfaces
and are not strong enough for the tribol ogical performances of the

m cro- CONBAERERBU f)vbf‘el'HE INY HN” probl em of conventional fabricated
m cr o-conp'o'rrerrt'ﬁ'rrg—d'em-ces—lTEtﬁﬁrr-' T smal | size and that the surface which
needs to be processed may be difficult to reach. Al so, the surfaces to be
pr ocessed Tiheydemand domand artilisston ehsmall edndrecipacihmechahishiugsintrgasing

i nproving these surfages are cu and often produce

nbersope, inefficient, ]
unaccept aBME Quthe reAUINEMens ) ”@BH@%‘%W@@WH%& oManyctaehinelagies
t t t i i t i . Sl
ne t abl 5278, B8t BXQICPYE P foda B HrBUER, ek Sed & aBHoBH ot e o
m cr o- conpbitighto @endeatecand Iprocessicomplere desigagogegmetybsieapes, enateraient s,
a need exists for a mﬁhod aBd/ [ s¥stemfor a Eurfa e treatnent to (g{oduce
a surface@PfnfWfRgeS: MBRY JAPHCALAN PERTRRTESNEHER 3% 48PRIS8_CHS: ILetedt from
t he above[DREI\GRHALE SasSUVYNIRY) UseliHio |nW@\fﬁhi@\é-b6%1?6Héﬁ@| anliNgeEES Nt

invention relates to a nmethod of treating a surface a fabricated
ni cr o- spe&oAkENabigus Mmatarialsi (sychras semi-geadustorsanelpds:i alipysuseramiss and r ar ed

i o1 or epebPREiota BREh xa8iT LR SRS hisRR RoPa3thof st Rbel Aflied s *
surface. Aghoabiasibr, cheatf ard hoisepadienolisdd fortrivdiiical ichfioné Rech as
provided a nmethod of treating a surface of a fabricated m cro-specinen

conpr i si n§liding aanét foffingairaotians: abkess charactepstiosmere ugndasirahle s dhe (I R)
wavel engt t T ities.i said surface to smooth
sai d surfggé&éiéhc%@gﬂﬁ'lg ?fgﬂg @é&%ﬁ%&gggﬁ‘{s é)ﬂ‘%ﬁlﬁéeé%pr esent invention there
is provided a systemto treat a surface of a fabricated m cro-speci nen

conprisin mount i ng devij ce 0 ich said specinmep, to be treated is
mount abl eABaae ABpikation orirtha Brackgere SHSEASHDIN fFT SeRtng. gewaid:
surface ofjs %bF’oq?P@L@F'&oaﬁﬁ%,ngr)Tlgﬁ@r doRtiRg #d BRefLd g;raeéésw@%a%r b&&H €

asperities 1n sald surface oth sard surface.
tried on the fabricated micro-component surfaces, they may result in coating film

failure or may only provide a short term improvement. These further processes
generally faced adhesion problem with the rough surfaces and are not strong
enough for the tribological performances of the micro-component or device.
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\According to a third aspect of the present invention there is provided a
nmet hod of treating a surface of a fabricated m cro-speci nen conprising
irradiating said surface of said specinen using an infrared (I R) wavel ength
| aser to nelt one or nore asperities in said surface causing said surface
to flow thereby reducing the anount of surface irregularity. According to a
fourth aspect of the present invention there is provided a systemto treat
a surface of a fabricated m cro-specineh conprising a nounting device on
whi ch said specinmen to be treated is nountable, and an infrared (IR

wavel ength |l aser for irradiating said surface of said specinen, said |aser
bei ng a”ﬂh?)%rt @rdﬁ?érh SN H\Veﬂﬂbrn%méﬂ%dtéd HictdlcSRIpBnBHES 8R8 déVigedgs sai d
surface to t1ow fhereby re%um ng the anount of surface irregularity.

Fur t her notiegir $inall size arid thvat e eadate whidch hesds todnmprmsa@dtmasob@éiﬂ%wlht e

h i - ' f i i | h i f )
NS0 Such SFATR Alsgsitingrasen B Brafopbeulayad e bR, CORSHoREr: ace
finish formé&?ﬁwiﬁ@%éﬁ?ﬂgées fr infsrelingthasaeNaced atdeufriarseratethefficient,

m cr o- conponentsTaccording to one or nore @r ef erred enbodi nents of the
i nvent i on andyoftenypreduse unaegeptable sualihe Mareavess convenionshchemiaal of he

bondi ng or_agdhesi st.ren b 1.t he t rfaces.: ed or
appl i ed P&t agl'??ﬂﬁ%?t%ng%ﬁgnﬁéﬁ%%ﬁlﬁ&g , p%:cﬁ%e@%@“gégh%é&fﬂ?ﬂ&% %ﬁ}éﬁ
coating, ¢saaki N¥suiPle/ TBF IRPAEVIRG the pidtterehingd caurfaueocegiorsofirilye be
further applied as an additional inprovenent for the tribol ogi cal

per f or manceisrae¢ompenenien @vies.cr o- conponents. One or nore preferred

enbodi ments of the invention nmay al so enable the |aser treatnent to create
a desired .fac | Nkshi 0 t i f [

m cr o-con‘d@ﬁéén\?s&f {C)Hréqﬁﬂlghgﬁ'ggpgoyé@%r%u%ﬁ{cﬁ gur(‘:%&gs?k s%?él glgrn(ffl énnedthod
rotating. ahddbrtsysterhl for aosefave treatnentetbepnoddce rebsuifacenfigisdf for igbricatedt i on
may enabl e the treatnment process tq be ipplemented op varying types of
surf ace sdE'ﬁrQi§°’5‘p°nﬁ”§I ‘%ﬁﬁg d@@ﬁf"é’?éyﬁ%ﬁg%@%ﬁm&’ 3I£§3@Lﬂ¥¢%§e§s (for

exanpl e shaft, rod, ring, disk and plate)) and other geonetrically shaped
surfaces ﬁﬁ!@mmY%Fm@INVEmﬂal and pol ygonal ), as well as internal
surfaces and circular structured conponents (such as the
internal sleeve surfaces of a ring, a disk or a plate). Furtherpore, the
mat eri al s |hrganerli the presentdavention ralgtesdoramethodf trratingogsuitacg ¢ha

sem - conduygt o i {,]; . S 1 QEMm)
al | oys (egaé?éﬁstﬁﬁg ggi'grcz'ﬁb%&ﬁbr{:g&e{ﬁlag%rt'gﬁg}]so ynég!respﬁ %e SP %Eﬁecna? %g{rg o

processes jppa@ddt (RyWseelehgtisReer, mmsa spstenn fdrurkatibgl Esudace of agabricatedng)
| aser cutting or other conventional mnachinj ng t echnj ques, Tge sur faces of
the speci rfaisO-FRSEIMER eing nrpirarestdR s wavelepgthlaspiicdragiats dha §UHAGE] aser
cutting will have different types of finishing/roughness and one or nore
preferred enbodi ments of the invention may enable the use and control of
the | aser Awoedingttbe fispaspedtof thalpsesenttinventivnt theres isapiaividpdsp deethodn

gal vanoneter ,js used) of the |aser ut pnent to el j 'S rface
and obt ai ﬁr‘%ﬂ;'ﬂ"gnﬁn?‘(%@ﬁﬁ)ﬂ%)aff?ﬁ '%Pﬁg’.“' TPREMG! &O%bé{g?ﬁqﬁéb%‘ﬁﬁge?%gred
enbodi mentgyrRfcetdfesdid \spatinteh GBMgeé\@liﬁf%rébglR)f waterengtrofasenté aesit ohetdre
fabricated mcro-conponents to be conducted under anbient conditions, that
i s, atnospherd aspariiesin saigheufagsnioremeethazaid surfase f abri cat ed

m cro-conmponents are usually very snall and the surface to be treated may
be difficult tao reac : ; nar
or 1 (deeufrBiPaseldhaviat o e BRRRn MuRfubh BerE BB A Tor
hol di ng ang tgsrtch Barfabe of abfdbtiehtsdl microespecimeneotprisinda movatirg dexiset he
fabricated m cro-conponents may bge usec% for tri bql gl ical,a l'iﬂﬁat EQDQFCR such
as slidi n®PmhieB: sRidn§PREMEshdo bR ctredterp S Mywitablee A i'HEAS % he

i nvention I [ i fflol shigdusét BBinef

abr asi on, \ﬁgg?lggﬁtg l%cs)%gg?rr@épt t@%ﬁ%@g,gl{ﬁr?gbb%%?gégﬁggg?gﬁyadhesi on stn;gengt h
bet ween t harramgsat tedmelirdnecersmaralasperitiesdn saidsuriagst focsmaathesaidisyriagg. be
enhanced.



.5 Further processes .such as thin filmcoating, dianond-1ike carbon (DLC)
coating, polyner coating, or other chem cal processes may be applied to the
speci nens after treatnent and one or nore preferred enbodi nents of the
invention may enable a further reduction in friction in the tribol ogical
applications of the treated m cro-conponents. . BRI EF DESCI PTI ON OF THE
DRAW NGS Enbodi nents of the invention will now be described, by way of
exanple, and with reference to the accodrpanyi ng drawi ngs, in which: Figure
1 is a schematic diagram showi ng the structure of a system according to an
enbodi nent of the invention;, Figure 2a is a schematic diagramof a nounting
devi ce fo}?\c‘dﬁledi Eé‘attﬂl‘(?;d %lé@é@crﬂf%e':rgé&rﬁ ifverftioBth8re?fe provide8G REMOE of

di agram of "a"nmounting device for use wth small 1nner circular hole

speci nens treating xarmuirzseodf = fhlricated maitto-spgsimeRi gomprigingairragiating isaid

di agram of g further, nounti ng device. for with,th e f .Flgu 1;

Fi gure 3aSHHage § ﬁéﬁja?ﬁ’%c'melnu‘éﬁ'?%ﬂno'ﬁhgfec;agérVY%Vsel%qg%Qj%%l S%g]lt dsri)ée{(%:'emens
for mount ifigrel dipehfles Y saRl Qrfddedttuinisaiacsutackad flowetereby redudingrtigair e 3b
is a schematic illustration of a series of exanples of specinens for

mount i ng iamaurd ofleuifaee bfegtilgfitye 2c for treatnment. DETAI LED DESCRI PTI ON OF
PREFERRED EMBODI MENTS Figure 1 shows a schematic diagramof a system

T oot tiret . ( m ot |
o | seq Ascafling 5 BLARGASHES, B Rk bRt fyeiBn AURE ovidceca SYSeRT, | |
be treat edp trEaE angufidenef d€abdeatddnicso-specittath comprisingi ® maurding dddcend i s

arranged to be novable in the XYZ 6 directions nd tq tilt .and/o otate
t oget her n Kvhighe %ﬁﬂm%ﬁW&@vt%é’eldfﬁatﬁésrrmum?tg?'aﬁ@gzéﬁ infeargd (IR)

goni onet er e{;\%?e%ﬂrg;ﬁ Yad& fot MG adiatihd 82id BEFBEE of HaRi SpséirfBralsafd iaydrustang an
infrared (VY el'ength l'aser source unit 300. The system rrg% be
control | edarlangednipunelt oh@Oor anargiaspedifips it saidosurfade causing said sutfaee ite ng

the laser unit 300 and the notion stage 200. An alternative to noving the
speci nen i@!"%‘)?r?%r%ﬂr@nth&%%u%ﬁ%ga% '@%%Lﬂaf' e | aser beamenitted from

the | aser source unit 300 across the specinen 101 using a gal vanonet er

syst em 50G{HarPBes ahicOlise R B S¥aveesipth naser eablas deatino tpeiiiratathbe
directed tou anrobfée'cti ve lens 301 using mrror 302 and focused by the

obj ect i vehmisrmcempomnt’)s sudaep causing itl‘@lmﬁﬁme“dnpfhthtitﬁelswﬁﬁﬂ-i ﬁbsod&‘pﬁg
100, i i : : . -
the moti orts IRt idesyc Moy JROVEIeDHoctf ¥oriciabily bE Sl e iR@HRY Thed on

gal vanonetgyechwsnsem 500, then the beamfromthe |laser is focused onto the
speci nen 101 using an objective lens internal to the gal vanoneter system

500 rather than the objective_lens,of the | aser syste whi ch

ot ad g fhear ERBEaPRS A e fapTeateY nidp-asiamnanS pRSalY (i b Bfore
speci nen i I ofM } tthe meﬁf@@g\ebﬁrthm rror
bei ng contLt?r(‘%féﬁIﬁe‘%i g’)?/'het{ emﬁﬁr%u%fglrﬁﬂggvetrgbgr %ycgéggiecanni ng action of the

| aser bearsurféicgsof tika specimenshthef bonding or athesipnrsitengthh betwesai ther treated
nmounti ng devjce 100 .fqgr use wth the.

syste Fi 1 ] co of a
| aser treak Sm@f‘ﬂ_o ea[ﬁﬂﬁt%% P GHbe pg@% Islb%%{ g)ebeé raﬁqu g4 \L/J\/Tﬁtl?@% i's
mount ed i NybhBEsBAUBLER Sasi @inC ANl Wdating, DLC coating, polymer coating or other
chemical processes may be further applied as an additional improvement for the

tribological performances of the treated micro-components.

One or more preferred embodiments of the invention may also enable the laser
treatment to create a desired surface finishing on selected regions of fabricated

micro-components for tribological performances, such as sliding and rotating.

Additionally, one or more preferred embodiments of the invention may enable the

treatment process to be implemented on varying types of surface such as a



:The mounti ng device 100 conprises a guide 102 which is carried on a first
shaft 103. The first shaft 103 is arranged to rotate the speci nen 101 about
the |l ongitudinal axis of the first shaft 103. A second shaft 104, which is
springloaded, is provided with its longitudinal axis aligned with that of
the first shaft 103 so that the specinen 101 is retai ned between the first
and second shafts 103, 104. A holder 105 may be included in a further
preferred enbodinent to replace the fir4t shaft 103. A notor 106 is nounted
on a first block 107 and arranged to drive the first shaft 103. The
notor 106 may be, for exanple, a linear notor or a stepper notor, and the
type of ”?loé{fatr@.ﬁ%c@)&a%uﬁ%ﬂ@m@?%"url@ﬂeé %r@@nﬁ#ﬂe%ﬁ?&@ﬂ?ﬁﬁ@, 8isktdred

o be

speci nmen treated and the procedure required for the treatnent of

t he speci iigte), and e geemetigally shepedusunfages (Riichdas sierpedyehexd@®@onghi ch

may be no e i Sy j T , the
gur de- 102 Mo, 2R B iRl seiaBs DR A4 o REAHAP sttt

mot or 106 canpohkatd (sush aslthe kintéfnal sieviessurtaces e aaing, leedisk aga [#a). The
first block 107 houses the notor 106 and the first shaft 103 coupl ed

e on FABER Sl B8, larETe o VI 50 BB Iy BoRabE g o
t he | ongi i . S

spring- | oggled n it 1 it Ssili irgpdi Xi i d t hat
of the 1 rarosapanth, SeleoHcltr e el 10y °%£‘5°P’E”i R R0 SR o

t he subst rhurinuei), adoye (e aipiotessnsteebi cemmipsiand polymearat mbet fabacation t he

second bl ock 109 ma adj ust.ed or removed when i,t 4 ot .required. The
Sori g 1 odiocsEsenaitac o dnaKE e SlpciPly ST 5dute ORIES P aHE, mifhoocy
109 may begsaficustirRfor thertbnidiftiofal iichiMingfBenAlquesf force required in

cl anpi ng the specinmen 101 in the nounting device 100. The guide 102 which

is located on either one or other of the first or second shafts 103, 104
has a sl otl eosuEaeefmifgthenSpesipens: fahticated Weiag: PECEsRes HIGHy @St %Edevi ce
100 prior e } i i ; i

treat mont GRGlHcEaNdTREr olitholit Hove 8RR Hioke df il diess 2 one

sel ect ed roegnhonesprefertdu: embedimentsidfithetieventioni may anabésl the-use laednsomdrol t he
gui de 102 is renmoveably repl aceabl e anﬁitherefore be sel ected,accordi ng

ma
to the sp&ith@nasen Royese the Sgpatfions PUie 6l 8eg theoSeanniag aPasce (RS he
stage 108 f i : r ' Leat ed
i o1 o- comSaNERERRE RN oG Rike? clffont B HET e SAGFRR LAY afd
speci nen lobtain@ptiten ¢srnoeth)inishiige third bl ock 110 may be renoved when its
use is not required. 8 Figure 2b shows the features of a second

enbodi nent.. of the nounting. devi 1 far e Wt h tem of Fi el
in the cofrug@ef)moée'l%eepr %rzi"t ﬂéeﬁ rr. ﬁﬁ@&oﬁﬁﬁn}f\%ﬁtﬁe im(?:ei)ﬁ'(?ﬁl @%ys‘gde%ﬁl n
101 for | agertréat@eht@itsurideenct bire ¢abiiodted rfieestompohBatshes ba somductedner
circular hole. The snall inner circular hole is concentric with the central

axi s of tn&der pabient copditionsnthedis, atmesehelic prassure and coprartempesatetd be
made during the process of fabricating the mcro-specinen. Wth the snal

i nner hol e-{_n [0) i NG Yo i

a1 cat 1018 BN ERRR icrorbompénees Atetis bl Very REFITERG th didtifto be |
(eg. r ogndmért]eu nmyhbbedifﬁmu]lctttap@aeh H) dAisp, thehsﬁrﬁace@l{els nmctreratedcmaylbeotsbé}‘
centered without the use o uide 102. T snma i nner, cjrcul ar. hole on
Cpoei mon TN Rrladedrardiaty HoERar e MouRiad Semice: BAY beslAREERRICE ang
even surf Th Ay TI=1 o THY G Kiidatst oM } 101 when it is

r ot at ed. ?ﬁ@*ﬁ?%ﬂé?&@ggﬁmg?fi of thgﬁgPp fo§6?%g$gé?g§k%§%%nds on the size
of the small inner circular hole of specinen 101. The small inner hole

coul d al sADthenfiahrinated Haisco-componapts mayr beoused feratiinglegisalagpplinaiions i t

is made with, reference to the cent.er_ poin f th 1 CIO- i . ti

of the holtEhassieins peH Tolife TRifhs Shr foch Ml PRBERL R e, ne
speci men figVeritid® Ma§nable tidRstuctibh Bifecttth 8R@\WSereby rbaattisresf abrarid)i r d
enbodi ment of the nDuntlng device 100 for use with the systemof Figure 1

: n the courestantl neigeaséu rearthe rb@n:i'tm; 2ipHer adhesion ﬁtreggtisx_:b@wt»ﬁen(gmef or
st ruct ur od et eEAeS: Fof s Bied Eiartlst e ey BETarpli e oy

ring, disk or plate. The conponents of the system of Figure 2b which
correspond to the conmponents of Figure 2a are denoted by the sane reference
nunerals. In the systemof Figure 2c, when used for the |aser treatnent of
internal surfaces of thin planar and/or circular structured specinens, the
second bl ock 109 together with the second shaft 104 may be renoved fromthe
stage 108. The first shaft 103 and the guide 102 nay al so be renoved and
replaced with the



:9 hol der 105. The hol der 105 has a sl ot therein which receives the speci nen

101 to be treated. Figure 3a is a schematic illustration of a series of
exanpl es of specinmens or 'substrates' for nmounting in the device of Figure
2a and 2b for treatnent. Figure 3b is a schematic illustration of a series

of exanpl es of specinens or “substrates' for mounting in the device of
Figure 2c for treatnment. The speci nens of Figure 3a include cylindrical

el ements which may or may not have an aperture extending therethrough, and,
for exanple, a triangular prism a rectangular prism an octagonal prism
an elliptical cylinder and an L-shaped (or step) prism The speci nens of

Fi gure 3b Funihler peoaasises ditichals e fimh icdating cdianmindaikePtArbBR (QIL@Uéb%tt'iﬁPE ially
flat plate ftructur,es having an outer peripheral shape such as ‘circular)

r ect angul &CYEReT ¢eatingu 0k othereherpical Riocesspe may becmplied teitharspesinens an

aperture ' [ Vi v LI C : | ay L riangul ar
peri pher a}dﬂgf}gﬁgg&,ﬁ#ﬁg a};@eﬁbuﬁsmlaﬁ ? H%egkén%hp édlﬁé@ﬁ%@ gtﬁgalbg&[ﬁt'éﬁ niq)? t he
way t hr oughableca firtmermresuctidre in frictiondovke tribojogicalapplidatiens ofitide itreatew e t he
surface of .a specinen 101 wll depend on the roughness of the surface and
the mater 4% °'PR%“§'H§ci men to be treated. Surfaces produced by nechani cal
m cro-machining will generally have a rougher surface finish than those
produced BRIBRDESCIPTION OFTHE'DRAWINGS require hi gher powers to heat and
penetrate the depth of the specinmen. As laser treatment is to be used on
speci nens of varying designs and geonetry, the |aser power required wll

al so depefdbafimgets, ef g iRvertign will mew e deseribeth by wayt obezampls, canid v,

or o7 orr ec T BT ARt SRl MRBEE A HhitR500' nay be uced for the

| aser treatnent. An exanple of a suitable |aser for use is a Nd: YAG | aser
having a Figee wisvalsehgmatioidisgranmshawWing the stiuctureay P el steneaesaingtdli gh
repetitive 0 .re%repﬁé of around 5 kHz, a pul se duration of about 100 ns
and an ou?BLﬁm?ﬁdA@P ATYRENVERYL of around 10Wto 100W In further
preferred enbodi nents, other IR wavel ength |asers which have different

char act er Fijuré 2ads aSseinha it rface
inprovenenfguprocess. Thﬁ%@lib?mfbmqélﬁﬁ%@m@gd%\?ggrﬁﬁ\?gbEiﬁ%gyﬁ%ﬂjoﬁfej or

nore pref Eigus@ T1enbodi ments of the invention as set out below. As an
exanple, in a first preferred enbodi nent, the specinen to be treated nmay be

the circu r ial f ci.rcular silicon (Si). substrate

havi ng a g]lcgg"rrrg?tgrlgo% gg%’i‘aﬂéz&ﬁ%ﬂeﬁm 8€8Jhéﬁ ul H?Y'F?ﬁg'fp € %S@aﬁ'éﬂa% of
around 1. Girculat horetspecinens Aed esagipiessssef mbdified shiaftaipsf erential surface may
be about 2 to 3 microneters. The silicon substrate 101 to be treated may be
fabricat ed. usi a DRIE process froma_sjlicon wafer. Before initiation of
the | aser lgt“é%%eﬁts Es,d'qg’i%msﬁg]@i futhet gnowefing, deviceafes duses with, theor
exanpl e, agRb@NF KighiRCECH3), in an ultrasonic bath to renpbve any |oose
particles and residual masking nmaterial on the specinen 101. After the

cl eani ng Eyocess,.the speci nen 101 may then be dried and placed in between
t he firstFighee Sécisna sahematicliigstratiprl 0ff 2oseti¢se offmxanples @ \Epeeinéfs fars

shown in Fj . The .qui de. 102, whi s .selected to be of a shape which
will fit ‘%%’ﬁ%’f’?&ﬁ Q?Vlg%ggﬁ%’ge ?éla"[dgﬂbtortfge@ar,neﬁlgfq‘ﬁen be noved al ong
the first shaft 103 to the specinen 101 to align the specinen on the axis

about whi Eiguré 3hi isl arsghehtaticTilaseaten Bem 38dedray e%n?lé@réﬁ(%de%irﬁ@ﬁs gbot of
t he guide 102 manual |y rotating the second shaft 104, for exanple using

by . :
a handl e E’PEJBHB%H' thecdevice ohhilguseileder Weatmantposi tion of the speci men 101.
Once alignnent of the specinen 101 on the nounting device 100 has been

conpl et edpetria 85 HESERIPTIONISE REPERKED BB SIENTS /1St shaft 103

Figure 1 shows a schematic diagram of a system according to a first preferred

embodiment of the invention. The system comprises a mounting device 100, for
holding a specimen (substrate) 101 to be treated. The mounting device 100 is

mounted on a motion stage 200 and is arranged to be movable in the XYZ



:ready for |aser treatnent. 11 The third block 110 is not required for
this enbodi nent and nay therefore be renoved. Prior to comrencing the | aser
treatment process, preferably the necessary software prograns for
controlling the notions and the paraneters associated with the | aser have
been set, and the alignnent of the nmounting device 100 on the notion stage
200 has been conpleted. In the enbodi nent where the notion stage 200 is
used to achi eve scanning, as shown in Fbgure 2a, possible settings for the
| aser treatnent process of the aforenentioned silicon substrate 101 nay be
as follows: The rotating speed of notor 106 may be set to around 4000 RPM

The vel ocidirectiéng, md s hmran@mg@ta’&eqogéms/wimmeaiﬂcﬁunuﬁl%rc%‘x}idé)ﬁoef 'Fiﬁtf—'
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poi nt of the obj ective lens used for the | aser source, which enables the

t r eat ment %ﬁé&i@%@dbenfgewposmmm HLusingnan mkiectiver @@gsmtegnalf ta the | aser
b t T f th
eam on gswéHaﬁe@@r stBHF5§BeFa'tI$@nt the! BBid ARE IhE B o e e

fabricate mcrose men I s yper

and at anihéaht rrta@rntwloamttee in Ahlsemhbaomntsaﬁd ¢he (asdr isdumny d‘lmctéwoﬁtdted
to renove,any undesired gg@i\%cles emtted fromthe surface of the specinen

101 duri n{'8 SREGMERUSIAG, INVRNET BYEPR iheaiotien of tha aaliansyretenmiter
removing bBpgUHRIIEE by iHd b@hﬁﬁté}‘udﬁa&?bhﬂuce a scanning action of the laser

beam.

Figure 2a shows the features of a first embodiment of the mounting device 100
for use with the system of Figure 1 in the course of a laser treatment method
applied to the specimen 101 to be treated which is mounted in the mounting
device 100.

The mounting device 100 comprises a guide 102 which is carried on a first shaft
103. The first shaft 103 is arranged to rotate the specimen 101 about the
longitudinal axis of the first shaft 103. A second shaft 104, which is spring-
loaded, is provided with its longitudinal axis aligned with thet of the first shaft 103
so that the specimen 101 is retained between the first and second shafts 103,
104. A holder 105 may be included in a further preferred embodiment to replace
the first shaft 103. A motor 106 is mounted on a first block 107 and arranged to



:to prevent contam nation on the surface of the specinen 101. In the

af orenenti oned enbodi nents, the circular silicon substrate 101 may be used
as a spindle shaft for a mcro-rotating mechanism In such a nechanism it
has been found desirable to use a | aser treated specinen 101 to reduce the.
roughness of the surface of the specinmen. Further post-I|aser treatnent
processes may then be applied to the specinmen 101, such as thin film
coating, dianond-like carbon (DLC) coating, polyner coating and cheni cal
processes to pronote further reduction in the friction of the treated

m cro-conponents. In a further preferred enbodi nent, the specinen to be

treated naifiveahe ffipst shef b3, ThBenétor 198TRaEBEI fr é@%l@faﬁnééﬁﬁmﬁ‘@r‘@
formed in a circular silicon substrate 101. The circular silicon substrate
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conpl eted, the specinen is then ready for the Iaser treatnment. Prior to
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stage 200 used to achieve scanning, as shown in~Figure 2c, possi
settings 164 whichlislsatad ipdhemecopd drescks1@9 maydoaadjuetmhtq smtathesduffemm
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direction1@D.t he speci nen conponent 101 may be set to around 0. 1 mm's. The
power of the IR wavelength | aser nmay be set to around 10 watts with a
repetitiv kHz, The above settin may be dengted as
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process ofdevive 400rpriemto dremtiment.i cOine sguide rHi2 asBibtstiy dreabdingf thiel bawr
treatment process to create a desirable and even surface finishing on selected
regions of the specimen 101 when it is rotated. Furthermore, the guide 102 is
removeably replaceable and therefore may be selected according to the
specimen 101 to be treated.

A third block 110 is locatable on the stage 108 for use when performing a laser
treatment process on fabricated micro-components that do not require rotating
(such as plate and or a specimen having step geometry). The third block 110
may be removed when its use is not required.



:The rotating speed of the notor 106 may be set to around 600 RPM The power
of the IR wavel ength | aser may be set to around 100 watts with a repetitive
pul se rate of around 5 kHz. The gal vanoneter scanni ng speed nay be set to
around 10 mm's. The above settings may be denoted as Paraneter B. Again,

t he above comments with regard to optim zing the |aser treatnment process
for the specinen apply simlarly to these enbodi nents. In a still further
preferred enbodi nent, the specinen to b8 treated may be, for exanple, the
stepped surfaces of a 2-step stainless steel (SUS) substrate. The 2-step
stainless steel (SUS) substrate may have a |l ength of around 5.0
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:As one or nore preferred enbodi nents of the invention may be used for
fabricated m cro-conponents of varying designs and geonetrical shape,
additional elenents may be added to the notion stage 200, as required. For
mass production of a particular design and geonetrical shape of specinen,
only those el enents necessary for providing notions in directions necessary
for the treatnment process of the particular speci nen need be provided and

t he unnecessary el enents of the notion 8tage 200 may be renoved to reduce

t he cost and mai ntenance of the set-up. Furthernore, for mass production,

t he handling and hol ding of the fabricated m cro-conponents on the nounting
devi ce mahdideralG5niihe hdider t0BIhas Ehslotritheindihibl rabsives e gpadicpn@f the
specinens., , As |l aser treatnents of the fabricated m cro-conponents

accor di ng iPbedfRated. nore preferred embodi nents of the invention may reduce
t he roughness of the surfaces of the specinens, the bonding or adhesion
strength @éty}%eﬁatiﬁea SERSH3HC SidtARRH 8N4 %é}?esCBfﬁe?Q foP 8P %girﬁ@ﬁ(jseF* al s
may be enhahced. Thus, processes such as thin frlmcoating, 8|anon -1 ke
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i nvention may enable the treatnment process to be i npl enented on varying
types of $RMIFEMuch as a planar surface, various circul ar surfaces (for
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laser treatment. An example of a suitable laser for use is a Nd:YAG laser having

a laser wavelength of around 1064 nm with low pulse energy, a high repetitive



:The fabricated m cro-conponents are usually very small and the surface to
be treated may be difficult to reach. Also, the surfaces to be treated may
not be planar or flat (eg. circular). However, the nmounting device may be
fabricated for holding and guiding the fabricated m cro-conmponents to be
treated. As the fabricated mcro-conponents may be used for tribol ogical
applications such as sliding and rotating notions, one or nore preferred
enbodi ments of the invention nmay enabl el® he reduction of friction and

t hereby reduction of abrasion, heat and noise. Furthernore, the bonding
and/ or adhesion strength between the treated surfaces and the coated or
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coating, dianond-like carbon DLCZ) coating, polynmer coatl ng,
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mi cr o- conmusedriorsthe\lesdtment andislirfage improvietndritoresduedi ments of the present

i nvention descri bed above may be made. For exanpl e, other conponents and

- met hod stel%s can _be adq@g or s bsti%esit 3d for those above. Thus, although
t he i nvent'i'&n SREEMREEN 1¥ds (PAB NP FeRiedudrerdpyr P canar oenmets nereferTedrany

vari at i ongnHRIiPeRts & the WhidHidnt st RR PR t he clains, as will be clear to
the skilled reader, w thout departing fromthe spirit and scope of the

i nvention. 19 dains: 1. A nethod of treating a surface of a fabricated
mi cr o- spediSr@he¥ampla, in Adfinst peafered egnbadinestthaspecimerial betesitos maysi ng
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nmet hod accqrding to claim further conprising nounti sai d specinmen in a
mount i ng Adlimedrepand the ughnessaafithg crsumferentiacsurface mayshérabioat2dod ng t o

claim1l, ' | Sk I i e, oper.ating. conditions for
said | asewg@?g%tﬁfsggﬁﬁg %ﬂ%@%%%%}éégglgg?ﬁ @%Hggf?&mameofaﬁﬁé%ﬁﬂwmaﬁ from
whi ch sai @Rigrooess fremfasitiedn wafeA net hod according to claim 1, further
conprising rotating said specinmen during the step of irradiating. 6. A

met hod acgording.to clapmb5,, wherein the step of rotating said specinen
conpri si néef%?aﬁ'tﬁ’g'ogaphqb%e'@ﬁ%ﬂr%m‘?@t Praeess . the, speaivignd Ac ceawiibey to
claiml, kpahB8rusiRAPFHS! I& t LRGSR ' [ [: r

nount i ng during g{]heg};’:f%rz eggﬁdgéag?g&oﬁﬁggcgwgw ’h?)lr(?j é;gclﬁ)trr%?%gﬁétﬁl t’ﬁ m 1,
further ctameveanylcaserpartidesaind repiduahmaskinganatetial oadhe Bpsoinesr 10£d from
said laser during the step of irradiating. 9. A nethod according to claim

8, wherei iLng. said.specjen copprises, movin aid, .
speci men B{/téﬁlf)hv?[ﬁ%%gmrgoéﬁq%%ﬁs g’eev%%c'@‘%”m}ﬁﬁ‘% ns%@cgrlﬁgnaf‘ 84. 10.
A nethod betwaret thg first shdisarénd whaftei 03 tdhal S0£Bf e FoRNNKG BetRie GPEME men

conprises deflectin ai d_l aser beam gver said specinen, Said specinen
bei ng nai ﬁ@%{ylp,gh gug%- _@na'l}r!p_ guide 102, which is selected to be of a shape which will

fit the particular specimen 101 to be used, may then be moved along the first
shaft 103 to the specimen 101 to align the specimen on the axis about which it
will rotate. The specimen 101 may be aligned in the slot of the guide 102 by
manually rotating the second shaft 104, for example using a handle attached
thereto, and adjusting the position of the specimen 101. Once alignment of the
specimen 101 on the mounting device 100 has been completed, the guide 102
may be withdrawn back along the first shaft 103 and the specimen is ready then
ready for laser treatment.



20 11. A nmethod according to claim 10, wherein the step of deflecting said
| aser beam conprises deflecting said beamusing a gal vanoneter mrror. 12.
A met hod according to claim8, wherein the step of scanning said specinen
conpri ses deflecting said | aser beamover said specimen whilst noving said
speci men. 13. A nethod according to claim5, wherein the step of rotating
sai d speci nen conprises controlling rotation of said specinmen using a
processor. 14. A nmethod according to clldim 7, wherein the step of tilting
sai d speci nen conprises controlling tilting said specimen using a _
processor. 15. A nmethod according to claim8, wherein the step of scanning

sai d speciThenthirdniplock efsl (cisnhoptdquigdsforrthisngmbbdimért Sie GhaP theatefdie e
processor. 16. A method according to claim 11, wherein the step of _

def | ecti nG®¥Q¥8d-beam conpri ses control Iing movement of said nirror using a
processor. 17. A nmethod according to claim1 wherein said step of
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further systemfor inspection. 20. A systemto treat a surface of a

fabricat e? M cro-speci nen conprising a nounting device on which said
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aforementioned silicon substrate 101 may be as follows:

The rotating speed -of motor 106 may be set to around 4000 RPM. The velocity
of the motion stage 200 across the axial direction of the specimen component
101 may be set to around 0.1 mm/s. The power of the IR wavelength laser may
be set to around 10 watts with a repetitive pulse rate 6f around 5 kHz.

The above settings may be denoted as Parameter A,

In an alternative embodiment, the motion stage 200 may be maintained
stationary and a galvanometer 500 may be used for the scanning process. In
this embodiment, possible settings for the laser treatment process of the
aforementioned silicon substrate 101 may be as follows:

The rotating speed of the motor 106 may be set to around 600 RPM. The power
of the IR wavelength laser may be set to around 100 watts with a repetitive pulse
rate of around 5 kHz. The galvanometer scanning speed may be set to around
10 mm/s. '

The above settings may be denoted as Parameter B.

The laser parameter settings and related alignment may be adjusted to enable
the melting of the specimen’s surface and to obtain optimum (smooth) finishing.

The duration required for the laser treatment process is dependent on the laser



:21 21. A systemaccording to claim20, wherein said |laser is arranged to
operate according to the shape of said specinen to be treated and/or the
material fromwhich said specinmen is forned. 22. A systemaccording to
claim 20, further conprising a rotating device for rotating said specinen
during irradiation thereof. 23. A systemaccording to claim 22, wherein
said rotating device conprises a notor. 24. A system according to claim 20,
further conprising a tilting device forl2itling said specinen during
irradiation thereof. 25. A system according to claim?24, wherein said
tilting device conprises a gonioneter nmounting. 26. A systemaccording to
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is preferably performed at atmoépheric pressure and at ambient temperature.

An extractor system (not shown) may be fitted to remove any undesired particles
emitted from the surface of the specimen 101 during treatment. The extractor
system may be a vacuum system for removing the undesired particles or material

to prevent contamination on the surface of the specimen 101.

In the aforementioned embodiments, the circular silicon substrate 101 may be
used as a spindle shaft for a micro-rotating mechanism. In such a mechanism, it
has been found desirable to use a laser treated épecimen 101 to reduce the.
roughness of the surface of the specimen. Further post-laser treatment
processes may then be applied to the specimen 101, such as thin film coating,
diamond-like carbon (DLC) coating, polymer coating and chemical processes to
promote further reduction in the friction of the treated micro-components.

In a further preferred embodiment, the specimen to be treated may be, for
example, the circumferential edge of a sleeve hole formed in a circular silicon
substrate 101. The circular silicon substrate may have a diameter of around 10.0
millimeters and a thickness of around 1.0 millimetre, and the sleeve hole may
have a diameter of around 3.0 millimeters. The specimen 101 may be fabricated
by a DRIE process from a silicon wafer. The roughness of the sleeve hole
surface may be about 2 to 3 micrometers. This form of specimen may be used
as a rotor for a micro-rotating mechanism.



:32. A system according to claim26, further conprising a processor to
control novenent of said nounting device for scanning said specinen. 33. A
system according to claim 28, further conprising a processor to control
novenment of said mrror. 34. A systemaccording to claim20 wherein said

| aser is arranged to irradiate an external surface of said specinmen. 35. A
system according to claim 20 wherein said laser is arranged to irradiate an
internal surface of said specinen. 36. 1A system according to claim 20,
wherein said nmounting device on which said specinmen is renovable fromsaid
system for noving said specinmen for further inspection after irradiation by
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Prior to commencing the laser treatment proces.s, preferably the necessary
software programs for controlling'the motions and the parameters associated
with the laser have been set, and the alignment of the mounting device 100 on
the motion stage 200 has been completed.

In the embodiment where the motion stage 200 is used to achieve scanning, as
shown in Figure 2c, possible settings for the laser treatment process of the
aforementioned silicon substrate 101 may be as follows:

The rotating speed of motor 106 may be set to around 4000 RPM. The velocity
of the motion stage 200 across the axial direction of the specimen component
101 may be set to around 0.1 mm/s. The power of the IR wavelength laser may

be set to around 10 watts with a repetitive pulse rate of around 5 kHz.
The above settings may be denoted as Parameter A.

In an alternative embodiment, the motion stage 200 may be maintained

stationary and a galvanometer 500 may be used for the scanning process. In
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rate of around Hz. e galvanometer scanning speed may be set to around

10 mm/s.
The above settings may be denoted as Parameter B.

Again, the above comments with regard to optimizing the laser treatment process
for the specimen apply similarly to these embodiments.

In a still further preferred embodiment, the specimen to be treated may be, for
example, the stepped surfaces of a 2-step stainless steel (SUS) substrate. The
2-step stainless steel (SUS) substrate may have a length of around 5.0
millimeters, a width of around 2.0 milimeters and a height of around 0.5
millimeters for each step (giving a total height of around 1.0 millimetre). The
specimen 101 may be fabricated by miling and grinding processes. The
roughness of the stepped surface may be about 2 to 3 micrometers. This form of
specimen may be Used as a slider guide in a micro actuation mechanism.

Before initiation of the laser treatment process, the specimen 101 may be
cleaned using, for example, acetone (CH3;COCHj), in an ultrasonic bath to

remove any loose particles and residual material on the specimen 101.

After the cleaning process, the specimen 101 may then be dried and placed on
the third block 110 and in between the first and second shafts 103 and 104 of the
mounting device 100, as shown in Figure 2a. As the surfaces of the SUS
specimen to be treated in this embodiment are planar, no guide 102 is required
for the process. When the alignment of the SUS substrate on the designed
holding device 100 is completed, it is ready for the laser treatment.
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Prior to commencing the laser treatment process, preferably the necessary

software programs for controlling the motions and the parameters associated
with the laser have been set, and the alignment of the mounting device 100 on

the motion stage 200 has been completed.

For treating the planar surfaces of this SUS specimen 101, the X and Y motion of
the motion stage 200 preferably has a linear scanning speed and interval steps
so that the area to be scanned is covered uniformly. The motor on the motor
mounting device 100 is preferably not required to rotate the mounting device in

this embodiment.

In an alternative embodiment, the motion stage 200 may. be maintained
stationary and a galvanometer 500 may be used for the scanning process.
Again, the above comments with regard to optimizing the laser treatment process
for the specimen apply similarly to these embodiments.

The mounting device 100, when removed from motion stage 200, may be a
useful tool for holding and rotating the specimen 101 when observing and
measuring the surface roughness and roundness of the treated micro-
- components under measuring equipment such as a fnicroscope and an optical
profiler. Thus, the specimen 101 may be moved for further inspection after
irradiation by the laser beam by transferring the mounting device 100 on which

the specimen 101 is mounted to a further system for inspection.

After the laser treatment process of the specimens, the treated surfaces take a
smooth appearance. The surfaces may be measured using a surface profiler, an
optical profiler, a scanning electron microscope (SEM) or an atomic force
microscope (AFM). In the above described preferred embodiments, the results of
the measurements indicated that the surface roughness of the specimens were in
the range of nanometer (nm) scale (~ 10 nm). For the above-described circular
substrate, the roundness was also measured using optical profiler and

measurement equipment. As the laser treatment only melts and improves the
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surfaces of the substrate without significant deformation, the roundness and
shape may be retained.

Also, while ftreating and improving the surfaces of the fabricated micro-
components using the IR wavelength laser, small defect and debris may be
covered up or eliminated during the laser treatment, whereas where there is a
large defect, such as a crack or a fracture, the defect may be amplified or
magnified. Amplification of the defect may easily be detected upon inspection,

thereby enabling removal of such a defective component from usage.

As one or more preferred embodiments of the invention may be used for
fabricated micro-components of varying designs and geometrical shape,
additional elements may be added to the motion stage 200, as required. For
mass production of a particular design and geometrical shape of specimen, only
those elements necessary for providing motions in directions necessary for the
treatment process of the particular specimen need be provided and the
unnecessary elements of the motion stage 200 may be removed to reduce the
cost and maintenance of the set-up. Furthermore, for mass production, the
handling and holding of the fabricated micro-components on the mounting device
may be automated to reduce the mishandling and contamination of the

specimens.

As laser treatments of the fabricated micro-components according to one or more
preferred embodiments of the invention may reduce the roughness of the
surfaces of the specimens, the bonding or adhesion strength between the treated
surfaces and the coated or applied materials may be enhanced. Thus,
processes such as thin film coating, diamond-like carbon (DLC) coating, polymer
coating or other chemical processes may be further applied as an additional
improvement for the tribological performances of the treated micro-components.

Furthermore, the use of an IR wavelength laser enables heat to penetrate the
component’s surface causing it to melt and smooth its surface. Also, such an IR
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wavelength laser may provide good repeatability of surface finish for the

specimens.

One or more preferred embodiments of the invention may also enable the laser
treatment to create a desired surface finishing on selected regions of fabricated

micro-components for tribological performances, such as sliding and rotating.

Additionally, one or more preferred embodiments of the invention may enable the
treatment process to be implemented on varying types of surface such as a
planar surface, various circular surfaces (for example shaft, rod, ring, disk and
plate), and other geometrically shaped surfaces (such as Stepped, hexagonal
and polygonal), as well as internal surfaces of thin planar and circular structured

components (such as the internal sleeve surfaces of a ring, a disk or a plate).

Furthermore, the materials from which the specimens may be formed may be
those used in semi-conductors (eg. silicon [Si], carbon), metals (eg. steel,
aluminum), alloys (eg stainless steel), ceramics and polymers.. The fabrication
processes used to make the specimens may include DRIE, grinding, milling,

laser cutting or other conventional machining techniques.

The surfaces of the specimens fabricated using processes such as DRIE,
grinding and laser cutting will have different types of finishing/roughness and one
or more preferred embodiments of the invention may enable the use and control
of the laser power, the repetition pulse rate and the scanning speed (when
galvanometer is used) of the laser equipment to melt the specimen’s surface and
obtain optimum (smooth) finishing.

Furthermore, one or more preferred embodiments of the invention may enable
the treatment of surface of the fabricated micro-components to be conducted

under ambient conditions, that is, atmospheric pressure and room temperature.

In some treatments of fabricated micro-specimens, heat may also be introduced.
The heat could be introduced to the micro-specimen for example by means of a



TTTOUdU?WHXhXXY: /| 10@/qL0%08 () -! 10%08' ()-! 10%08' ()- F 10%0& () -

1 10908 ()-10%0& ()- 10@X~Z\\\\\"H bC 10@" 10%¢& ()- !10%& ()- 10%& ()-
100 100 100 . "10%% ()-s! G'10%% ()- H  Uaaa' bdEbC 10@ "10% & () -
*1109%& ()-L$! 10%& ()-L$! 10%& ()-"!10%& ()-!!10%& ()-' bTcccdddddxmbC
10@L0% u& ()- 10b 10b 10b9! 109%& ()-+ "10%& ()- +

18

hot air blower. Introduction of heat for some specimens (eg. thick specimens
formed of high thermal conductivity materials) may be beneficial in assisting the
" laser treated surface to flow and providing the smooth surface finishing. Also in
some treatments of fabricated micro-specimens, gas may be introduced.
Examples of gases which may be used are argon and nitrogen. The gas can be
introduced onto the micro-specimen by means of a nozzle. Introduction of gas
during laser treatment can help in providing a clean surface and also prevent

oxidation of specimen’s surface.

The fabricated micro-components are usually very small and the surface to be
treated may be difficult to reach. Also, the surfaces to be treated may not be
planar or flat (eg. circular). However, the mounting device may be fabricated for

holding and guiding the fabricated micro-components to be treated.

As the fabricated micro-components may be used for tribological applications
such as sliding and rotating motions, one or more preferred embodiments of the
invention may enable the reduction of friction and thereby reduction of abrasion,
heat and noise. Furthermore, the bonding and/or adhesion strength between the
treated surfaces and the coated or applied materials may be enhanced.

Further processes such as thin film coating, diamond-like carbon (DLC) coating,
polymer coating, or other chemical processes may be applied to the specimens
after treatment and one or more preferred embodiments of the invention may
enable a further reduction in friction in the tribological applications of the treated

micro-components.

Various modifications to the embodiments of the present invention described
above may be made. For example, other components and method steps can be
added or substituted for those above. Thus, although the invention has been
described above using particular embodiments, many variations are possible
within the scope of the claims, as will be clear to the skilled reader, without
departing from the spirit and scope of the invention.
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Claims:

1. A method of treating a surface of a fabricated micro-specimen comprising
irradiating said surface of said specimen using an infrared (IR) wavelength laser
to melt one.or more asperities in said surface to smooth said surface.

2. A method according to claim 1, further comprising cleaning said surface
prior to irradiating said surface.

3. A method according to claim 1, further comprising mounting said
specimen in a mounting device prior to irradiating said surface.

4. A method according to claim 1, further comprising selecting one or more
operating conditions for said laser according to the shape of said specimen

and/or the material from which said specimen is formed.

5. A method according to claim 1, further comprising rotating said specimen
during the step of irradiating.

6. A method according to claim 5, wherein the step of rotating said specimen
comprising rotating said specimen using a motor.

7. A method according to claim 1, further comprising tilting said specimen

using a goniometer mounting during the step of irradiating.

8. A method according to claim 1, further comprising scanning said specimen

across a laser beam emitted from said laser during the step of irradiating.

9. A method according to claim 8, wherein the step of scanning said
specimen compriseés moving said specimen by moving a mounting device on

which said specimen is mounted.

10. A method according to claim 8, wherein the step of scanning said
specimen comprises deflecting said laser beam over said specimen, said

specimen being maintained stationary.
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beam comprises deflecting said beam using a galvanometer mirror.

12. A method according to claim 8, wherein the step of scanning said
specimen comprises deflecting said laser beam over said specimen whilst

moving said specimen.

13. A method according to claim 5, wherein the step of rotating said specimen

comprises controlling rotation of said specimen using a processor.

14. A method according to claim 7, wherein the step of tilting said specimen
comprises controlling tilting said specimen using a processor.

15. A method according to claim 8, wherein the step of scanning said

specimen comprises controlling scanning of said specimen using a processor.

16. A method according to claim 11, wherein the step of deflecting said beam

comprises controlling movement of said mirror using a processor.

17. A method according to claim 1 wherein said step of irradiating said surface

comprises irradiating an external surface of said specimen.

18. A method according to claim 1 wherein said step of irradiating said surface

comprises irradiating an internal surface of said specimen.

19. A method according to claim 3, further comprising moving said specimen
for further inspection after the step of irradiating by transferring said mounting
device on which said specimen is mounted to a further system for inspection.

20. A system to treat a surface of a fabricated micro-specimen comprising a
mounting device on which said specimen to be treated is mountable, and an
infrared (IR) wavelength laser for irradiating said surface of said specimen, said
laser being arranged to melt one or more asperities in said surface to smooth

said surface.
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21. A system according to claim 20, wherein said laser is arranged to operate
according to the shape of said specimen to be treated and/or the material from

which said specimen is formed.

22. A system according to claim 20, further comprising a rotating device for
rotating said specimen during irradiation thereof.

23. A system according to claim 22, wherein said rotating device comprises a
motor.

24. A system according to claim 20, further comprising a tilting device for

titling said specimen during irradiation thereof.

25. A system according to claim 24, wherein said tilting device comprises a

goniometer mounting.

26. A system according to claim 20, wherein said mounting device is movable
to permit scanning of said specimen across a laser beam emitted from said laser

during the step of irradiation of said specimen.

27. A system according to claim 20, further comprising a deflector to deflect a
beam emitted from said laser during irradiation of said specimen to scan said
specimen, said specimen being maintained stationary.

28. A system according to claim 27, wherein said deflector comprises a
galvanometer mirror.

29. A system according to claim 20, further comprising a deflector to deflect a
beam emitted from said laser during irradiation of said specimen to scan said
specimen, said specimen being movable during irradiation.

30. A system according to claim 22, further comprising a processor to control

said rotating device.
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31. A system according to claim 24, further comprising a processor to control

said tilting device.

32. A system according to claim 26, further comprising a processor to control

movement of said mounting device for scanning said specimen.

33. A system according to claim 28, further comprising a processor to control
movement of said mirror.

34. A system according to claim 20 wherein said laser is arranged to irradiate
an external surface of said specimen. |

35. A system according to claim 20 wherein said laser is arranged to irradiate

an internal surface of said specimen.

36. A system according to claim 20, wherein said mounting device on which
said specimen is removable from said system for moving said specimen for
further inspection after irradiation by transferring said mounting device on which

said specimen is mounted to a further system for inspection.

37. A system according to claim 20, further comprising a guide for aligning
said specimen to be treated with said mounting device.

38. A system according to claim 37, wherein said guide is removable from
said system prior to treatment of said specimen.

39. .A method of treating a surface of a fabricated micro-specimen comprising
irradiating said surface of said specimen using an infrared (IR) wavelength laser
to melt one or more asperities in said surface causing said surface to flow
thereby reducing the amount of surface irregularity.

40. A system to treat a surface of a fabricated micro-specimen comprising a
mounting device on which said specimen to be treated is mountable, and an

infrared (IR) wavelength laser for irradiating said surface of said specimen, said
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laser being arranged to melt one or more asperities in said surface causing said
surface to flow thereby reducing the amount of surface irregularity.



