L TR EE ~~'~0 Vi el Her rerlr rHirr 1 '"166166* A METHOD AND SYSTEM
OF "TREATI NG A SURFACE OF A FABRI CATED M CRO- COMPONENT FIELD OF THE

| NVENTI ON The present invention relates to a method and system of treating
a surface of a fabricated m cro-conponent, and in particular for creating
a desired surface finishes on selected regions ogmmﬂmumﬂmﬁw

m cr o- conponents for tribol ogical performances. THE .
| NVENTI ON The denand for and utilisatilon of small and LQnrpact nmechanisns is
increasing due to the requirenments of nobile devices and products. Many
technol ogi es have been explored and tested for providing mcro-scale

f abri cat iAMERHOMAND,SYSTEMIQF FJREATING 20 SURFACESOF AFABRIATEDS .
geonetry shapes, materials Wf abrication processes (such
as deep reactive ion etch [ —t = ser cutting) used to make
m cr o- conponents and devices fromvarious materials (such as _
sem - corElEL00OF, THEIINMENHIONYS, ceram cs and polyners) often result in
rough surface finishing. Such rough surfaces produce high abrasion, heat
and noi when u?ed for tribol ogical r{aggipl i cations such as ~sliding and
rotating MoPIGRE! INMealien (krtet feA Bethad apre syptess of disaling Euégce Q_flarten |
the |if ghi A SESHIP n [ ' . ough the a | cation
of furtﬁgtr)ﬁ%tgée@lgggregm as t%’ﬁﬁ Wlp%rté%g%{rji ?fgrs Cﬁ%ﬁﬂgng- BF?'IQ%Q csg‘ﬁ't?(‘}ﬁ (DLC)
coat i ng,finiglegnen selectery ragibnshefrifablicatedc essioagorhpsndreenfort tritkogigalt he
fabricat eei(}f m cro- conmponent surfaces, they may result in coating film
failure R Oﬁg&? 8ﬁ?'y provide a short terminprovenent. These further
processes generally faced adhesion problemw th the rough surfaces and are

not str ABACKGROUND OF THE INVERITfONCal performances of the m cro-conponent
or devi ce. T

The demand for and utilisation of small and compact mechanisms is increasing
due to the requirements of mobile devices and products. Many technologies
have been explored and tested for providing micro-scale fabrication and the
ability to generate and process complex designs, geometry shapes, materials
and surfaces. Many fabrication processes (such as deep reactive ion etch

~[DRIE], grinding, laser cutting) used to maké.micro-components and devices

'from-Variou,s materials (such as semi-conductors, metals, alloys, ceramics and
poI.ymers) often result in rough surface finishing. Such rough surfaces produce
high abrasion, heat and noise when used for tribological applications such as
sliding and rotating motions. These characteristics are undesirable as they
shorten the lifetime of the micro-components or devices.

Although the appl.ication of further processes such as thin film coating, diamond-
like carbon (DLC) coating, polymer coating and chemical processing has been
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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FrrrerEr e veer (e vieetr vt 1l 1l *cooooz* 2 Anot her probl em
of ‘eonventional fabricated mcro-conponents and devices is their snal

size and that the surface which needs to be processed may be difficult to
reach. Also, the surfaces to be processed nay not be planar. Conventi onal
machi ni ng techni ques for inproving these surfaces are cunbersone,

i nefficient, and often produce unacc§ftable quality. Moreover,
conventional chem cal or nmechanical t4eatnments do not achieve precise

tol erances, which render such processes unsuitable for inproving the
predeterm ned surface region of the mcro-conponent or device. In view of
t he for eyoothgr [problleenrsf reanvientioralt fabricateak dhiero-sérapbdoents ant hdelicemndd or
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nmet hod of treating a surface o ricated m cro-Specinmen by i1rradiating
t he surfmaechining techappruEsnion improvingthesensurfacas. dteRrumbessame; imeffasent, and a

systemfor treating,a surface of a faprigated mcro-specipen using an
o ar ecotd it pRuRst HinpacsSble” Al ARENer G iohahaBsn gt o
first aspeehafical Beafhes@Noi Mteathieve tpteERel BldtaAYeSledhrerm et Sich |
treating a surface of a fabricated m cro-specinmen conprising irradiating

sai d supfogesses ufisuilakleeformimprigying the prefietaraingd Rurisseeregignhofl fwer to
melt one rig| In said surface to snooth said surface.

Accor di n@?{rg'éé?ﬁspg%on %59%53/&% of the present invention there is provided a
system to treat a surface of a fabricated m cro-specinen conprising a
mount i ngindeiemc of the fohegding grdbkapes ireqoirémehs, ta ewleddekistaThoimbakiethodand an
i nfrared rglR wavel ength Jaser for irradiating said surface of sai

sai d
speci men@ %’8% &yﬂgg@@rb iShgfacg treaigent te Medyce Acswiaceptirish fpefatricated n said
surface ffrsEhporictts whitH 86&s not suffer from the above disadvantages.

SUMMARY OF THE INVENTION

In general, the present invention relates to a method of treating a surface of a
fabricated micro-specimen by irradiating the surface of the specimen using an
infrared (IR) wavelength laser, and a system for treating a surface of a fabricated

micro-specimen using an infrared (IR) wavelength laser to irradiate the surface.

According to a first aspect of the present invention there is provided 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.

According to a second aspect of the present invention there is provided a system
to treat a surface of a fabricated micro-specimen comprising a mouhting 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.



3 According to a third aspect of the present invention there is provided a
met hod of treating a surface of a fabricated m cro-specinen conprising
irradiating said surface of said specinmen using an infrared (IR)

wavel ength | aser to nelt one or nore asperities in said surface causing
said surface to flow thereby reducing the anmount of surface irregularity.
According to a fourth aspect of the present invention there is provided a
system to treat a surface of a fabrichated nicro-specimen conprising a
mounting device on which said specinmen to be treated is nountable, and an
infrared (IR} wavelength [aser for irradiating said surface of said

Speci mMenAc&dtdihg @S@fhirlaeégmact@frtmge&emirrv@ntioﬁmﬁei@risrmbeideameniemcgsoﬁ n said
surface causing said surface to | ow t hereby reducing, the anount of
surf ace reatinguiaasuifgce @i @ Habrisaied MHeropERecHNeANnCOMPIiENS| Brastiating sajd

enabl es { he. LGN ! ' LAt 0 melt
and srmo%‘ﬁ‘?él%es&sggﬁ gséj:ae.%hﬁ?ééj% lng%ﬁ I%ﬁ%%\%@kﬁqﬁﬁ ﬁgag%rrcl%unébﬂg)rdgv?ge good
r epeat abmioré yaspérittes inasad fsurfask dauisinghsaid spefacedadlowAthdrelsereduoirag ttent s of

the fabricated Cro- c_orrpol}{eﬁnts according to one or nore preferred
enbodi neATQUSE ot $1TaGR IROHEHIYay reduce the roughness of the surfaces of
t he speci nens, the bondi ng or adhesion strength between the treated

sur f aces pAgp&rdifPtr ab&h %lrspeepbf' f1d prRiseht AveniiBy tlb@ref’i@"&@@l@i@d d Ey@tem

processes such™as thin filmcoating, DLC coating, polynmer coati or ot her
cﬁg@ﬂ\@m for

cheni cal tptreets swufacayofa fahricated mipis-seerimenagprmpsing chaouniipg

or of er 1 cAReABSH 18R, SPBFTRRS Prognteatrd SruBlEie,AB0T AL Fidues FREL: ment
to creat qagelpgti Ribes Yof REiidiing shidsudaces of ealdedpéciaien) saif 1dsebbenty ed
m cro- conponents for tribol ogical performances, such as sliding and

rot ati ngarrapged te snelt PPe FEOHK aspruliey BT srideyirtansoeRYEng Sat SURCE vent i on
may enabhgwttngrsebyrgaﬁgiﬁatthgra?r?&ﬁ'ﬁ dr Qubbick R SUTERed on varying types of

surface such a

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



4 planar surface, various circular surfaces (for exanple shaft, rod, ring,
di skand plate), and other geonetrically shaped surfaces (such as stepped,
hexagonal and polygonal), as well as internal surfaces of thin planar and
circular structured conponents (such as the internal sleeve surfaces of a
ring, a disk or a plate). Furthernore, the materials from which the

speci nens nmay be forned may be those used in sem -conductors (eg. silicon

[Si], carbon), netals (eg. steel, allf’m'nurr), al l oys (eg stainless steel),
ceram cs and polyners. The fabrication processes used to nake the
speci nens may include DRIE, grinding, mlling, |laser cutting or other

convent i plaabr saface, variduesc binculae surfates s(;fmrfexaawefshafv(;j mied Steg, disksand .
fabricated usin cesses such as DRIE ri ndi an ase cuttl n WI
have ot Bttt Bhe? Geamelbrliv Shrbay reibes ubHeas 5o

enbodi meghg BlydoRal) awgu' é’@nﬁ@bha?@@ﬁ’bﬁeé BﬁtMﬁepném W&lf%ar eefru&tp d aser
power, t he repetltlon pul se rate and e scanning speed gal vanonet er

i s used) compphentsgdsech agliheiniatnal sleerbtsurfases of ai ringy'asdiskiof agdateind obt ai n
opti mum (snooth) finishing. Furthernore, one or nore preferred enbodi nents

m cr o- conpneidrer S dRAE I i Wik FREsuRuiniet, A B ool dnay % °

at mosphethdsepueé@umesaﬁﬁchﬁdm:tbm@gatsnmn [S‘H]'e chadyr C}C&ﬁéﬁlsﬂ(é §o-st@grponent s
are usual ]y very small and the surface to be treated nmay_be difficult to

reach. ARBINURG. 3lpysates stainigsststash e@err?wcﬁcﬁn%édymeiﬁaﬂ'h@rfabl"ﬁﬁthfég |
|
circul ar %Jhedég‘égé"ﬂsedt g)enﬁ'ﬂ@ttﬁ@% %%}H@zs {F(ﬂ;é( ﬁ({lL&Qrﬂ)ﬁfé,Agn{uﬁégf g@pﬂéng an

gui di ng ricated mcro-co onen reat ated
m cr o- colgseneuttingranother coredkntional mabloiny teehniyuiesi cati ons  such as sliding
and rotating notions, one or nore preferred enbodi nents of the invention

nost _and THGi SUTBGAS Ehelifo SReCHIE, dRGRIedupi0s BisiESseh Siche gt PHOE: ween
the tregkRdingUriassr 8Ndnk VAl HRdk efffSrenBRPEsaS fIMRdHIRG/Rd T HIRY s Riceghanced.
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.

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.



5 Further processes such as thin filmcoating, dianond-Iike carbon (DLC)
coating, . polymer coating, or other chem cal processes may be applied to
the specinmens 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 DESCH PTI ON OF THE
DRAW NGS Enbodi nents of the invention will now be described, by way of
exanple, and wth reference to the ac?:onpanyi ng draw ngs, in which: Figure
1 is a schematic diagram showi ng the structure of a systemaccording to an
enbodi nent of the invention; Figure 2a is a schematic diagram of a nounting
devi ce f burtbereprdcessessusly sisethirofim Bogtimg, diamieingdike Grbba (DL)hesaings

di agram ofI a nount.i ng dem ce for. use with small inner circular hole

speci menBOYMET SOFMPLLQT Siher hienical RIPSPFSeS Fay ke @npled do dhe ahesipers

di agram afe@trbHirh&Rt 2@ Wid BB riGre! BRfEREd USRDYMIMEE Of tﬁlé%%hf?%% re L
Figure 3a is a schematic illustration of a series of exanples of specinmens
for nouffablg a furthes reductian ir frictiguiire the tribalogibak applicatianseiithe dredtdd gur e
3b is a sghematic | stration of a series of exanples of specinens for
nount i ngﬁﬁér}(agﬁogﬁ%%@%r{ég of Figure 2c for treatnent. DETAI LED DESCRI PTI ON OF
PREFERRED EMBODI MENTS Figure 1 shows a schematic diagramof a system
accor di nBRIBF DESCIRTION OF THE DRAWINGSNt of the invention. The system
conprises a nounting device 100, for holding a specinmen (substrate) 101 to
be treated., The unfing.devi.ce 100 is rmounted on a notion stage 200 and
is arr anEHIquH“BEPSnB{/Q!ﬂgM%“PHéM VW bejdegeibesh Dy way ebexamplerandr
rotate t@iRirERIreMtd tb tHacadBWBdyhF&avifigd R whide

Figure 1 is a schematic diagram showing the structure of a system according to
an embodiment of the invention;

Figure 2a is a schematic diagram of a mounting device for use with the system of

~ Figure 1;

Figure 2b is a schematic diagram of a mounting device for use with small inner

circular hole specimens and examples of modified shaft tips;

Figure 2c a schematic diagram of a further mounting device for use with the
system of Figure 1;

Figure 3a is a schematic illustration of a series of examples of specimens for
mounting in the device of Figure 2a and 2b for treatment; and

Figure 3b is a schematic illustration of a series of examples of specimens for

mounting in the device of Figure 2c for treatment.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

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



notion stage 200 has a gonioneter facility for the tilting thereof. The
systemal so includes an infrared (IR} wavel ength | aser source unit 300.
The system may be controlled by conputer 400 carrying application software
for controlling the laser wunit 300 and the notion stage 200. An
alternative to noving the specinen 101 by the notion stage 200 is to scan
the | aser beamemtted fromthe | aser source wunit 300 across the specinen
101 using a gal vanoneter system 500. |® operation, the |aser beam fromthe
| aser unit 300 may be directed to an objective Iens 301 using mrror 302
and focused by the objective lens 301 onto the specinen 101 nounted in the
nmount i ngdidestiares, H0d, toatiit ahdiun rotat€itggethet withhthe mMoumtingdelevd a©010Phd t sel f

bei ng nmounted on tES notion stage 200, I; the | aser beamis to be scanned
by t he gH]q;'QHOSE%QPe Qhasagapemataciaciiteiosdhgditingdherrof. | Thessystemralsaised
ont o theijnzRRfd il ' | ' i al viahomnet er
system 560 ratS@Ir&%ﬁaﬂlﬁwvg%?g%ﬁ?@g%séﬁssbgﬁt WQE ?ggérTi§§ %\%m H@X ch may
be oni tt eantrellathby cempoitemd0Q caeyitngt applicatien sbftware fordtontodling the mset he

speci nmen [ | vangmet er m.ror, the notion of the gal vanonet mrror
bei ng coHHﬁ%age%‘cg&et &'8%8&‘?3?19%1?6@00 ”t”oa'g‘?faaﬁ%%?%%’m#?ﬁg?ae?'mﬁ ﬁé" t he

| aser  begihe dtionestdge FVOWS tbhRahafbUsssr Bdard dnhitiet fRSFAQAL r Yurédre
nount i ng devi ce 100 or use with the systemof Figure 1 in the course of a
| aser trHBtPORtackeshihe spasineed Xlausing agabvnameteo systenb800r eat ed which is
nounted in the nounting device 100. The nmounting device 100 conprises a
gui de 10 el o3 g ' S 0 The fiLrst. shaft. 103 is
arranged%'} \yﬂﬁg%tg@ tﬁ%ela'ssggc?%%enﬁ fﬁ%ﬁ%&&%@f huen:lt sgggrim?t\fd'f’%a‘#'re&ﬁg t8farf he
first shabjecliodlens 38t asihg hifror 302, anthfadused tspthiengbjectvs eshs 391 ity ded
with its longitudin axi s, a i;naged with that of the first shaft 103 so

that t heR&ERFGHRENBI moup 8 neunihdeviee 0P sas shawsde higureHathe 103,
104. A h : Hepg| ' - '
Mdiptting Hevicy 106 itsBk mdurfled Yht A mBLiGh %’Eéo(f]'éj g@p?ﬂg'ttr{%[%gho 107

replace the first shaft 103. A™hotor 106 is nounte
and ar r ahgam isdo be scanned by the galvanometer system 500, then the beam from the

laser is focused onto the specimen 101 using an objective lens internal to the

galvanometer system 500 rather than the objective lens of the laser system,
which may be omitted in this embodiment, and the laser beam is directed onto
the specimen using a galvanometer mirror, the motion of the galvanometer mirror

being controlled by the computer 400 to produce 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 that 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



7 drive the first shaft 103. The notor 106 may be, for exanple, a |inear
nmotor or a stepper notor, and the type of notor used nay be dependent on
the design and geonetry of the specimen 101 to be treated and the _
procedure required for the treatnent of the specinmen. The nounting device
100 further includes a stage 108, which may be nounted on the notion stage
200 of the systemof Figure 1. Thus, the guide 102, the first and second
shafts 103 and 104, the hol der 105, theé notor 106 and the first block 107
may be carried on the stage 108. The first block 107 houses the notor 106
and the first shaft 103 coupled thereto. The notor 106 drives the rotating
mot i on ofiriventhesfirst shafit 1081 Bt ntotoh €06 hwaygbée o eabmpié,sa hedth@osdialita 103. A

hol d | oade d shaft 104 with it
oot t udkRPea Tt pg be TS o AbteF ese ma 8¢ depandenban thgr“ﬁ@sg'ec%?m shaf t
104 may Beormetr & thedpeknéah 10w fohse Heasdd th tﬁ?ﬁ)rfgeﬁ% ﬁg@ﬁq’oi' the

position prior'to treatnent. Al so, the secon adj usted or
renoved WRaiment ofsthacspeciment eahe'lrheutsi}mg dgVIIcea‘cDO)furlth metnmlled slstdde 104

G 11 or ont OB b8y bBFpRERRALREIGE ot aite by ol . Siste et Howra 7. 1 ne

nount i ngTHey,ithe guid¥) 10T e edltstgnd 88corl Shaftss 109 aabetbOthEhbRfr 1@)’5‘%?%r ot her
of the first or second shafts 103, 104 has a slot for aligning t

speci men™edar 166 ped fhe fbﬁ‘\ﬁtprqkh*éﬁnﬁ@mbm@af”éd\ﬂfbf@elsleg@r‘lDSr to treat ment .
The guide 102 assists in enabling the laser treatnent process to create a

desi T ab ehanfiied o el e SRR 108 HEl RELFS offighaR%e n@bmgﬁ%ﬁ&“' en

101 when 1t 1s rotated urt hernore

repl acealbhe enotbrt He6ednves rthy bmtatieg em’oﬁdn acfc thieli spedimenh e sgiesutmeie 101 to
be treat

hjrd bl I t abl th ta 108 f se when
per f or ni ﬁ’é‘ E@?'taé %X'Stqutg?ném% 6§§ ¢ sasegﬁ“ n‘F‘%éS@ff‘q{ggrt%e @Hgéﬂg&ﬁ%ﬂ t hat
do not rgssidesHAH #04 W«iih lfssl’éﬁgltﬁ‘émﬁi &€ afigtePlo that BF HdHrt BRN, 193St ep
geonetry). The third bl ock

The second shaft 104 may be pulied back to allow the substrate 101 to be
clamped in position prior to treatment. Also, the second block 109 may be
adjusted or removed when it is not required. The spring load of the second shaft
104 which is located in the second block 109 may be adjusted to suit the different

amounts of force required in clamping the specimen 101 in the mounting device
100.

The guide 102 which is located on either one or other of the first or second shafts
103, 104 has a slot for aligning the specimen 101 in position on the mounting .
device 100 prior to treatment. The guide 102 assists in enabling the laser
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.



maybe renoved when its use is not required. 8 Fi gure 2b shows the features

. of 'a second enbodi nrent of the nounting device 100 for use with the system

of Figure 1 in the course of a laser treatnment nethod applied to a
circular specinmen 101 for |aser treatnment, when the circular specinen 101
has a small inner circular hole. The small inner circular hole is
concentric with the central axis of the circular specinen 101. The smal

i nner circular hole can be nade durin% the process of fabricating the

m cro-specinen. Wth the small inner hole in the center of the circular

m cro-specinen, it allows nodification of the tip of holding shaft 104.
Wth theFigige &b showslithe ddaluegs of rrosectst embpaiimeat obthé apsurgithy dévice t he

' - ' y | f d it t th f the.qguide 102. The
m cro SpELTEn Sa RSB L S R, i LB bl he quce 167
process b?pﬁé&ﬂbeaapﬁéﬁlbf all imBeH W?”fo"—'ruféts%‘igtreérfﬁ%rﬁh!ngeﬁ’nth%e'c?rﬁﬁlgg

i
regions of the specinen 101 when it is rotated. e dianeter or size of

the tip SPeciges 01dmsdapemal iomen eiecular bols. Thee seradll innenmirculacihateliar hol e

of speci L The LI .inner. hple coul d al so. be angt her shape. (such as
squar e o[crgﬁcec écr:\g}'&;p‘aﬁgggnfrgﬂa(igso khq §"ﬁ’é‘%§ %etcHn?ré?I len® SIhIBNEERt er

poi nt of cirb@arrholcocspeei rade dUiggtthe p?f)péé‘@ohﬁﬁbildéﬂn? hRé mitRftspeeikdent hen be
nodi fi ed a,ﬁ_gropri ately to hold the specinen for the Taser treatnment. Figure

2¢ shows Wik thesmalldangr hgle iy the eemsaiohdhe dculaiemierrspesimans t au;ovmoh L or
i . S\ j Jq . of t, met
use W t hd feicHRhedt e ki 0§f ?‘cc)ﬂd'bgsger 904! 3Qitk"th L%gfn%{rﬁ@éﬁ?acgg of °

applied to the specinen reat ment on |
t hi n pl aneundeshdt qoimtiedcoi saperedydibyuitied rapesispedisnerf @aneksengdie centdrée

i nternal sl eeve surfaces of, a ring, disk or plate. The conponents of the
syst em oVBPHhLINE Yse \Rﬁlﬁ&gu@@r?@p SF@lﬁt'H@e’Eﬁ'ﬁﬁﬂﬁ%h@@ &t spegmen 3@81are
denoted Buablg fiMRase?! PoARft ﬁ%@@&@'té-cﬂeﬁt&% 'éed%\éﬁé@@ ﬁad FORHH SuftGce WD
used for the laser treatnment of internal surfaces of thin planar and/or
ci r cul ar fipishing wneselssted regionst he thecsprtitmeock010@hen it is rotated. The
diameter or size of the tip for shaft 104 depends on the size of the small inner
circular hole of specimen 101. The small inner hole could also be another shape
(such as square or rectangular) as long as it is made with reference to the center
point of the micro-specimen. The tip of the holding shaft 104 would then be

modified appropriately to hold the specimen for the laser treatment.

Figure 2c shows the features of a third 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 for laser treatment on internal surfaces of thin planar
and/or circular structured specimens, for example on the internal sleeve surfaces
of a ring, disk or plate. The components of the system of Figure 2b which
correspond to the components of Figure 2a are denoted by the same reference

numerals.

In the system of Figure 2c, when used for the laser treatment of internal surfaces
of thin planar and/or circular structured specimens, the second block 109
together with the second shaft 104 may be removed from the stage 108. The

first shaft 103 and the guide 102 may also be removed and replaced with the



together with the second shaft 104 may be rempved fromthe stage 108. The
first shaft 103 and the guide 102 may al so be renoved and replaced with the
9 holder 105. The hol der 105 has a slot therein which receives the

specimen 101 to be treated. Figure 3a is a schematic illustration of a
series of exanples of specinmens or “substrates' for mounting in the device
of Figure 2a and 2b for treatnent. Figure 3b is a schematic illustration

of a series of exanples of specinens of “substrates' for nounti ng in the
device of Figure 2c for treatnment. The speci nmens of Figure 3a include
cylindrical elenments which may or may not have an aperture extendi ng

t her et hrbelgar 186d, THeoholeteartPbehasaa tsiotahgraimmwhich segeives tracspexdimear10r i sm
‘an oct ag ngll ‘?‘EQ an elliptical cylinder and an L-shaped (or step)
prism HE@ ns of Figure 3b include cylindrical elenents, rectangul ar
prisms or substantially flat plate structures having an outer peripheral

shape suFlyues 3=cig gué@feméms:ﬁlal@quh@ﬁ oFr a tddridB Ol ékamﬁré%hopfsﬁé&ﬁ\&iseapnt S
shown in Figure 3b has an aperture therethrough wh ave a circul ar,

r ect angulsiPStatesy fogfgeuring indheptavics of Figwse hh@@@brfoutr@gtmantt heiggteenent s

may exte s Il Y, se ower

requi redgg IQ? rsggfg Fnaa?g |l|ﬁ§?3t% cff aé?ésrﬁ QE%hﬁpSl’g@'Bﬁ%@iﬁgﬁé}%gﬁﬁuﬁﬁﬁat&épend on
t he rougfmescsumtfnglhetheldefvmeeofaﬁguﬂdwc fottegdtenef the specinmen to be
treated. Surfaces produced by nmechanical mcro-machining will generally

h a er surfa fini h,t ap those produced by DRIE or |aser cutting
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speci nen I u esi gns
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that is tﬁ;ﬁtangulaearlsmmanrmﬂagortaiajrlsnveamelhpycallcyﬂindedabg* darhe-strapedr{ost age
200 and {%e desired nounting device 100. 1In a preferred enbodi nent, an IR
wavel eng 853?1 unit 300 may be used for the

The specimens of Figure 3b include cylindrical elements, rectangular prisms or
substantially flat plate structures having an outer peripheral shape such as
circular, rectangular or triangular. Each of the elements shown in Figure 3b has
an aperture therethrough which may have a circular, rectangular or triangular

peripheral shape. ‘The apertures in the elements may extend part or all the way
through the elements.

The laser power required to treat and improve the surface of a specimen 101 will
depend on the roughness of the surface and the material of the specimen to be
treated. Surfaces produced by mechanical micro-machining will generally have a
rougher surface finish than those produced by DRIE or laser cutting and may
require higher powers to heat and penetrate the depth of the specimen. As laser
treatment is to be used on specimens of varying designs and geometry, the laser
power required will also depend on the velocity that is both linear and rotational

velocity, imposed by the motion stage 200 and the desired mounting device 100.

In a preferred embodiment, an IR wavelength laser unit 300 may be used for the
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



| aser treatnment. An exanple of a suitable |aser for use is a Nd: YAG | aser
having a |aser wavel ength of around 1064 nmw th | ow pul se energy, a high
repetitive 10 frequency of around 5 kHz, a pul se duration of about 100 ns
and an out put power in the range of around 10Wto 100W In further
preferred enbodi nents, other IR wavel ength | asers which have different
characteristics or specifications nmay be wused for the treatnent and
surface i nprovenent process. The speciHens 101 nay be treated according to
one or nore preferred enbodinents of the invention as set out below. As an
exanple, in a first preferred enbodi nent, the specinmen to be treated may

be the ciffequehey efbicaindeSpizs 8 iuRsed dation f BEBUET G i £tk Bldodd Wogler 2! ©
havi ng a, ﬂ]lameter of, for exanple, around 2.0 mllinmetres andpa engt h of
around 1!®hefangerftaraunddOVhio 180%hnér furtiertpmefesiaccembedenents] other IRce nay

be about ) p e8| 1.C strate 101 to pe treated may
be fabri (%Jgga@st? n%%rg%ﬁéﬁﬁvggg@#%dto%gégr'?ﬁ%OMPQP&'CBB‘PW 83Pei at i on
of the | ased for thettneatmemt and surfackdmppeiment pkBdesgy be cleaned using, for

exanpl e, acetone (CH3COCH3), in an ultrasonic bath to renove any | oose

particl es,and resi dual sking material on the specinmen 101. After the
cl eani ng%&eoéggg',mef'}‘?‘e @@%nbﬁotie PREArdNg dpi OMecam plaieedraferretet ween

the firsentusli®ennsf hBahentibindafbst dfibefiw! he mounting device 100, as
shown in Figure 2a. The guide 102, which Is selected to be of a shape which

will fit the particular _sgeci men 101 to be used, may then be noved al ong
the firsfS amgxkampls in@ finsk pegferermmbodiment, aheg@pedireen e dieneated rhhg axis

about whi ot rirdi t e, ecl 101 b ligned. in the slot of
he qui doerys ictmiere e Boo dFRB°EH It Shier oA mbigre Bauliia usi ng
a handl e digrnetenanf, fonexatple,aatbuad] 29 MilintdiRsPagHt 4 98ngh bh%réﬁgﬁcw?@“ 101.
Once ali speci nen 101 on the nounting device 100 has been

npent, of the
conpl et eg’?'WFm?éregaP@éhQ_@nghﬁﬁﬁsuéf thetdieuavaresdiak surfaee maebeiatout 2hmf3 103
and the shefdnm@Brd.S THASHc80bstrate 101 to be treated may be fabricated using a

DRIE process from a silicon wafer.

Before initiation of the laser treatment process, the specimen 101 may be
cleaned using, for example, acetone (CH;COCHj3), in an ultrasonic bath to

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

After the cleaning process, the specimen 101 may then be dried and placed in
between the first and second shafts 103 and 104 of the mounting device 100, as
shown in Figure 2a. The 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.



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

The vel oFheythirdfblbdie 110t isomotsictuired0dr AR 0SMbbARNEM dhd Fhay théreforel bd he
speci nen conponent 101 rmay be set to around 0.1 nmm's. The power of the IR

wavel engf$MP¥&Er may be set to around 10 watts with a repetitive pul se
rate of around 5 kHz. The above settings may be denoted as Paranmeter A In
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stationary and a gal vanonet er nnrng
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af orenent i. d silicon substrate 1 be as_follows: The rotating speed
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wavel engtr fien sty 280 AES HobnIMAGG0 vatts with a repetitive pul se
rate of around 5 kHz. The gal vanoneter scanning speed may be set to around

10 m's. The above settings may be denoted as Parameter B. The |aser
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| aser aforementioned silicon substrate 101 may be as foliows:

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
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



12 and notion paraneter settings, specinen dinensions and the materi al
from which the specinmen 101 is forned. The duration of the |aser treatnent
process nmay vary froma fewnlli-seconds to a few seconds. During the
treatment process, the |aser beam may be approxi mately focused on the
surface of the specinmen 101 and need not be exactly at the focused point of
the objective |lens used for the | aser source, which enabl es the treatnent
process to be performed without contilBual refocusing of the | aser beam on
the surface of the specinmen 101. The | aser treatnent process of the
fabricated mcro-specinen is preferably performed at atnospheric pressure

and at aard endtidre Mzraatetere setinge X tspacinaen Yisiepgiongdoang hien matesialbeofri t t ed
to renove %Byteundesi red @@Ir.t icles itted fromthe surface of the specinen
r

101 duri ¥ gesR&AMeR 013 fPHRed: dvetionesf the laserrerimantAreresor
renovi Nomigh/anABR & #6wRAI-EEdIRISAb dTMPEEGdndd © Prevent contami nation on
[ 1.1

the surfacé of” the specinmen 101. In the aforenentioned enbodi nents, the
circular_silicon substrate 101 may be used as a spindle shaft for a
m cr o- r oPHfiING dhertreatineshpracessuihie lasexbaam may b apprximatety fanuseéddesi r abl e
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of around 10.0 mllinmeters and a thickness of around 1.0 mllinmetre, and
d3.0mllineters. The

h | hol h di t f f
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form of speci men may be use
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 specimen 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.



as a rotor for a mcro-rotating nechanism 13 Before initiation of the
| aser treatnent process, the specinen 101 may be cleaned using, for
exanpl e, acetone (CH3COCH3), in an ultrasonic bath to renove any | oose
particles and residual masking material on the specinmen 101. After the
cl eani ng process, the specinen 101 is then dried and placed in the holder
105 of the nounting device 100 as shown in Figure 2c. The holder 105 may
be specifically selected to be suitablld for use with the particul ar
specinmen 101 to be treated. As the position of the |aser source unit 300
may be fixed in the nounting device 100, the gonioneter on the notion
stage 20Befony indiatisndof dheilaset eatment i prgcesks vinee sheBinaén at0ANgAE Isaich
that the | aser bean1g%y cover and treak tqg ntire sleeve hale surface of
Clp 02}5@

the specPfaned MSINgw i example.gAreeNeo _ i AN mdyagenie natholt i ng
devi ce 1R{nbas ahf fsbsePpartRicdtand RESigRAGhEBKInG itdfal bRAAY spRimédlgghaser

treatnment. Prior to conmencing the laser tregt nment process, pre%erabl y the
necessar Afteg #ie wiaaning pyecess, tbe specimen| 10igist themdtied nendupladdte iméieanet er s

associ at | t | aser.. haye been set, .and the alignnment of the nmounting
device 1 ®d8w1bt§ hOJQﬁStTBH”%?%Ss"%o{Q@ESb%‘é’wnc@ngﬁg&f%%.& Iﬁh?ﬁpkgﬁfb&ﬁ ment
wher e t hmayoié epesifiagity 88@cied 14586 SuRaBRNAMBSGRANhBGaritylas RPWBinidh Fi gur e
2c, possible settings for the |aser treatnment process of t%e

af or enenfPbiebedigatedn substrate 101 nmay be as follows: The rotating speed
of nmotor 106 may be set to around 4000 RPM The velocity of the notion

stage 208 ; | | L O ' ] _ 1 may be
et To arsang PhoHoReredastt edtibe BRI MBS BRI R BRIFthg, Il o,
around 1009athesgonidmeter epdhe motorpetaye 280 enay ber esul t tikHhe rhban@ikpve
settings ma denoted as Par ter A, In an alternative enbodi nent, the
ot i ongsfi%ﬂée 9@8 A0 ng%ﬂ?qﬁ%ﬁ{%ahe laser beam may cover and treat the entire

sleeve hole surface of the specimen 101. When the alignment of the specimen

101 on the mounting device 100 has been completed, the specimen is then ready

for the laser treatment.

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.

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



stationary and a gal vanoneter 500 nay be used for the scanning process. In
14" this enbodi ment, possible settings for the |aser treatnent process of .
the aforenentioned silicon substrate 101 may be as follows: The rotating
speed of the notor 106 nay 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 vanonet er  scanni ng speed nay be set to around
10 m's. The above settings may be derdt ed as Paraneter B. Agai n, the above
comments with regard to optim zing the |laser treatnent process for the
specinmen apply simlarly to these enbodinents. In a still further preferred
enbodi netiis embodipearitngossibliéesettings efbrnthe Baserf dreatrmeanpireceshefstapped

surfaces_pf a 2-step stainless steel (SUS) substrate. The 2-step stainless
steel (S e’%‘&BE?’P%‘féﬁﬁ%}sH%@at& f@n@'ﬁ{%ﬁa%ﬁ'&m-so mllineters, a width
of around 2.0 mllineters and a height of around 0.5 mllineters for each

step (g vhégo@tihgts@bebgifghé rAbton " 08MHay be Jat kb bRRIAES00 RIev. b&kEr 101
may be fabricated by mlling and grinding processes. The roughness of the
st epped 8lithedEewargiepatralgsat maw be seticcaronnd 4109, watts aithoa nepsititive pedseren may

of tne 1 BePr 2o T i Ga0bReR A kM, SBady M be Bl o 1 or

exanpl e, 1@eemndme (CH3COCH3), in an ultrasonic bath to renove any | oose
particles and residual material on the specinen 101. After the cl eaning
process, n be dried and placed on the third bl ock

he speci nen 101 may, th
110 and Fhe@@ﬂ%éﬁgﬁ% rf‘?Y?PydaEFﬂP?%%@érP@@W&FQrsBi% and 104 of the nounting

devi ce 100, as shown in Figure 2a. As the surfaces of the SUS specinen to

be treat again) thd'hBoRITBOMMERS VAfEralafd & ogﬁ’rﬂizgr% fiee ﬂa@%g h%gfsrﬁgw;dd%gﬁ% or the

process. en the alignnent of the SUS substrate on th di ng
devi ce 10w the speeimes applyisimilarly tealthese @mhddimieater tr eat nent .

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 millimeters 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 milling 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 procéss, the specimen 101 may be
cleaned using, for example, acetone (CH3COCHj3), in an ultrasonic bath to

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

After the cleaning process, the spécimen 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.



15 Prior to commencing the | aser treatnment process, preferably the
necessary software prograns for controlling the notions and the paraneters
associated wth the | aser have been set, and the alignnment of the nounting
device 100 on the notion stage 200 has been conpleted. For treating the

pl anar surfaces of this SUS specinmen 101, the X and Y notion of the notion
stage 200 preferably has a linear scanning speed and interval steps so
that the area to be scanned is covere65uniforrﬂy. The notor on the notor
nounting device 100 is preferably not required to rotate the nounting
device in this enbodinent. In an alternative enbodi nent, the notion stage
200 may Bsomdd ntarnmecirgt dihé olaaery twaﬁnengquoeeumepmf?]m rtn% hecassaey f or

t he scanni rocess. ain, the above coments with regard to optim zing
the | ase?‘“ﬁ’?@‘%t mamsoégsgoﬁtfcglgnq ﬁ%e dPReNRe And plbey Pafameters \Assaciatrd e

enbodi mMegitR thd Mesermed BEe @6t Cand & aw@%ehewwﬁd&%%é@%lﬁmﬁ 200,

may be a useful tool for hol ding and rotating the speci
obser vi ntheanatiomsteger 20 hasdesorcompetedughness and roundness of the treated
m cro- conponents under neasuring equi pment such as a mcroscope and an

opti cal L T ecd % 0 rther

I nspecti EQF g%égﬁj’ thlergr;‘g ?Q%Fﬁ%é%ygﬂ%%ég}ﬁd’%éggﬁg@qt ﬁg%;s#éé}i ?r{aoﬁ%of
nmount i ngthiemotion stdge 200 preferablyehapadingan st8aning spusdt 8Ad tivtepvdl Wtéher
system for ection, After the |aser treatment process of the specinens,

t he trea?‘édg‘gtﬁ a8t tube caryifsbishcayssed runtasmivFnEne upeige e Hey Midor
measur edn‘rb%inﬂﬁg%ie%ﬂzref @%i@@?@fe'r@dl nfof! re@@?éc?f’é réXafd gﬂc%@eo@ﬂéﬁl)wkﬁg ing

el ectron m croscope ( an atom c rce mcro
above dethis ebbddpmenterred enbodi nents, the results of the neasurenents

I ndi cated that the surface roughness of the specinens were in the range of
nanoneter (nm_scale (- 10 nm . ,Fqr the above-described circul ar, .
substrat e, qrhealfe(%%tb‘f?esesm&ﬁa'%?'goqhﬁamﬂt@@ Lf‘gi?% i [Oqy b?of’f‘?'@?a."éﬁ"ﬂj
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 microscope 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



measur enent equi pment. As the laser treatnment only nelts and inproves the
16 . surfaces of the substrate w thout significant deformation, the
roundness and shape may be retained. Al so, while treating and inproving
the surfaces of the fabricated m cro- conponents using the IR wavel ength

| aser, small defect and debris nmay be covered up or elimnated during the
| aser treatnent, whereas where there is a |large defect, such as a crack or
a fracture, the defect nay be anplifiéé or magnified. Anplification of the
defect may easily be detected upon inspection, thereby enabling renoval of
such a defective conponent fromusage. As one or nore preferred enbodi nents
of the i suratasonf thy sebsiatel Wwithoutf significaht deforeationo rthe nesurgineks varid/i ng
desi gns and eonﬁgri%aj hape, additional elements may be added to the

not i on 335@39 ,‘%53?@&aired. For mass production of a particular design
and geonetrical shape of specinen, only those el enents necessary for

provi di ngiseot WhNS trBafihg €8hd OMEprAORRS IAEY slifacédeof ttheakaBHHatéd OrfSs- of the
particul ar speci nen need be provided and the unnecessary elenents of the
not i on sfeeonentsndgingethee i Wwiavealengtbdlaser: smallcdefechmmdrdehtiemmayebof t he

set - up. r ropre, . S oduct i on,, t handl i ng and hal di ng of the
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reduce t egeri dafectdisueh asda apackiornatfradtufd, theedefeReGhaR e aplifRehr
treatnments of the fabricated mcro-conponents according to one or nore
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treated surfaces e coate applie erials may~bée enhanced.
Thus, processes such as thin filmcoating, dianmond-I|ike carbon (DLC)
coati ng, Asobperor nearst ipnefecedoembodaheniscaf theooweatisn nmaybbef usédefor

' Lt ' t he tribol ogi cal perfornmances of
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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



Furthernore,” the use of an IR wavel ength | aser enabl es heat to penetrate

t he” conponent's surface causing it to nelt and snooth its surface. Al so,
such an IR 17 wavel ength | aser may provide good repeatability of surface
finish for the specinens. One or nore preferred enbodi nents of the

i nvention may al so enable the laser treatnent to create a desired surface
finishing on selected regions of fabricated mcro-conponents for ,
tribol ogi cal perfornmances, such as slﬂaing and rotating. Additionally, one
or nore preferred enbodi nents of the invention nmay enabl.e the treatnent
process to be inplenented on varying types of surface such as a planar
sur f ace, waseleogth dasemulmay spnolvitee goodorepeatapllity sdfasturfacedfinishnépr thesk and
pl ate), and other geonetrical ly shaped surfaces (such as stepped, hexagonal
and pol y9BHd™®"Sas wel | as internal surfaces of thin planar and circul ar
structured conponents (such as the internal sleeve surfaces of a ring, a

di sk or @rel @&t fbre pFerehl@arémb@dmﬁémsrmttﬁénmeﬁwti‘olhqmawm enadleS ARCia¥BAS MRy
be formed may be those used in sem -conductors e . | icon %aty car bon),
e

net al s (Hgatrg@@eno cregtaugidasied sHrfasesfinisingten ﬁek@@ f@orys of jaded and
pol ymer s é%r%ﬁ@réérﬁ@%ﬂﬂppl%[g%?i?ﬁ%rﬁ%iﬁ@ %%u’&’ﬁka% él(éﬁnﬁBﬁ@ ﬁ@@ﬂf‘?onm

I ncl ude ng, m aserecut or o
machi ni ng technl gques. The surfaces of the specinens fabricated using
pr ocessehdditivhakg, d?fﬂ &, moge preferrgdambobdismnts of tHenigvention haayeedablé ¢hent

types of fi shln rou ess and on nor e eferr odi nents of the
| vent | oeRESEnAIGESE S 08 dribRmeBiac 8n Vg bincss of SyERer. Sudtoes 4

repetiti grnailstefacat QaAtds Cheulds auatds E(Rﬁeéka(rﬁﬂénsh&?'r%”?i t skl Snd'sed)
of the laser equipnment to nelt the specinmen's surface and tarn opti mum

(snoot h) pfate), saﬂdwg:therrugwmetrma&y sm@edr smﬁa@qo(sefo@r aeostepbedi,u hexagora t he

f f the fab
mor o coRBOTREBIED. Be wealfab el HyddeeS i AR Gonrts GRELIEE Rlrfciueed
at nosphegbmpoheats(sach g th@ﬁkﬁt‘ehﬂa’f&%@@%@faces 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 stainiess 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



In sone - treatnments of fabricated m cro-specinens, heat nmay al so be

i ntroduced. The heat could be introduced to the mcro-specinmen for exanple
by neans of a 18 hot air blower. Introduction of heat for some specinens
(eg. thick specinens fornmed of high thermal conductivity materials) may be
beneficial in assisting the |aser treated surface to flow and providing
the snooth surface finishing. Also in__sone treatnents of fabricated

m cr o- speci nens, gas may be i nt r oduced? Exanpl es of gases which nay be
used are argon and nitrogen. The gas can be introduced onto the

m cr o-speci men by neans of a nozzle. Introduction of gas during |aser

t r eat nentotcain tiewer.i Intrpdaciich rof feat! fearsome fspeeimerts degothiclespstimens dat i on

ol | anroed S fipRdiemiA mondickiBe A Be s Daneieial edssetng Bt he
sur f acesigk@r HatddeqirBsbe B fIBRL amE pr é&ﬁérthé”s béth élf‘r%é:ecfirﬁigﬁi'rr]mgf %ﬂ}ilsed"m"’ever’

the nounting device may be fabricated for holding and gui
f abri cat $@M@i tnegtroentsorménfabriceted micratspecimens,hgasalmay abedintroduced.

and 1ot st Ao e SotRE mag g focdf o o ABRMERIAT Ofhe B Colhen: on

may enabinérotinéed @dmtth@mni@fo-fspfeatﬁe@nb;mﬂeéﬁbebefaynb@upmtﬂmmioﬂbffa%a@n,
heat and noi se. Furthernore, the bondi ng and/ or adhesi on strength between

the tre@¥idp s[perdreaimend GanehePatnearayidiag@ iclaprnritBaceiandhalgobereyantinced.
Furt her Bﬂi@ﬁﬁéﬁ%sﬁé&ﬁeﬁ% Lhfd il mcoating, dianond-like carbon (DLC)
po I'ng,

coati ng, ynmer ‘coa or other chem cal processes nay be applied to
the specinmens after treatnent and one or nore preferred enbodi nents of the
i nvent i ohMhedgbrieatath| reiceo-conpomentedre usoally wefyr sotallcand thé sarface Holbxgi cal

applicatjons. of the treat m cr o-,Go nents. Various nodifications to the
rbod melEaest e AHEGHE T (Gr | MSHCBE PHRFOSI008 HRCIITAKI B
exanpl e, HRhBR br ASTRYIHcaIaNd HERIdVer t%%ugg{gogg\#cédﬁs@ be faBHEsEl Y ed for

t hose above. Thus, al t hough'the invention h
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 of 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.



descri bed above using particular enbodi nents, many variations are possible
within the scope of the clains, as will be clear to the skilled reader,

wi t hout departing fromthe spirit and scope of the invention. 19 LLOYD
WSE dains: 1. A nethod of treatin P surface of a fabricated LLOYD WISE
m cr o-specinmen, the mcro-specinmen béing in the formof a m cro-conponent
that is for sliding or rotating against another conponent, the nethod
conprising jrradiating said surface of said m cro-conponent using an

i nfrared S\wavel ength laser to melt one or nore asperities in said
surface to snooth said surface, thereby inproving the tribol ogical

performance ofa trﬁéth%%f)tr‘é‘éﬁﬁgr@@urfage &f HEfaBAdaiReICAY] &b%é&néhatﬂé 1,

further conprising cleaning said surface prior to irradiating said
sur f ace. rsicrgxspeciman beingrioithg foommfa micro-campoeentcibapis farmslidinguat i ng sal d

A et hod SEBEareghehalRURE Bhididric L b bR irdysihd " Tor.

oper ati nguefaiedi 6f S48 rhivro-dhtbdrade lusier an dhftgrddo (IR avalEegtaf laséd b N cr o-
conponent and/ or the material fromwhich said m cro-conmponent is forned. 5.

A net hod ek @i 9@%6@8&654@8 in $2ich surfaeante issransh r&@ﬂcbtspﬁgcgamrwstro-
componentinfliéing thd Fihsfioalpdrtdrafinibidithe ficd. dihGgericoor ding to o aim s

wherein t ste sal mcro- conponent” conprising rotating said
m cr o- conmponent using a rmt or. 7. A method according to claim1, further
conprisirg tilAimgthad daacocding tmrqlnimerilt fustheg Gorgprisiogebbanhmjrslaiimg during
the step of,irradiatin d according to claim1, further

conpri si r&&‘@esrﬂﬂ% O UK aﬁ?%?ﬁ'd Gnent across a | aser beamenitted from
said | aser during the step of irradiating. 9. A nethod according to claim

8, whereid thea sictho@face6riimy fclamhd, further comprising mounting said micro-
component in @ 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 micro-

component and/or the material from which said micro-component is formed.

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

6. A method according to claim 5, wherein the step of rotating said micro-

component comprising rotating said micro-component using a motor.

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

component using a goniometer mounting during the step of irradiating.

8. A method according to claim 1, further comprising scanning said micro-
component 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
micro-component comprises moving said micro-component by moving a

mounting device on which said micro-component is mounted.



m cr o- conpohent conprises noving said m cro-conponent by noving a nounting

devi ce on which said mcro-conponent is nounted. LLOYD WSE 20 10. A

nmet hod according to claim@8, wherein the step of scanning said

m cr o- conponent conprises deflecting id | aser beam over said ntPWISE

conponent, said m cro-conponent being naintained stationary. 11. A nethod

according to claim 10, wherein the step of deflecting said |aser beam
vanonmeter mrror. 12. A npethod

i defl ecti i d heam usin I
e e A GhePe” Sheardd T B, SharElo e Slecl S saidhonnt
compr | sesnigfd-bafipoREne AothoRRA! dBABERIRY Yaid® Faskr"bART oVBITRIIE Hnic! | St

novi ng sald m cro-conponent. 13. A ne according to ¢ erein the

step of roompanentssdid Mico-compongaitzeing maiptairsskstationamyl | i ng rot ati on of
said mcro-conponent using a processor. 14. A nethod according to claim?7,

wherein the st 1lting saj d o cros t _compei ontrolling
tilting s@i'd 'y @’P%“%%@?Qﬁ'{‘a% ﬁ'é‘"i fbpr‘@gg@?gﬁ?e SIP RY giRg %é@@rdi ng to
claim 8, |ad@rtasam compsises deflestivgsaidbedm dsingl £ galvaAoRES thirfdNPr i ses
controlling scanning of said mcro-conponent wusing a processor. 16. A

met hod according to claim1l, wherein the step of deflecting. said beam
conpr i sesZonth cgﬂ"?’%ﬁg AB toclam § whersin the sier ofrsranding saidy. A

met hod aghirélcbmpbAent Hofphishaetighletty dakf Fsd bbaiPGyat dild Spidlo- Surface

conprises irradiating an external surface of said m cro-conponen 18. A
met hod acwonptinent whilst eioving sdid meicro-samgdosémp of irradiating said surface
conprises irradiating an internal surface of said m cro-conponent. 19. A

et hod acpr di g diflod aRb8Athg ('ERNRs, SHIEThELED S RSty dalll ic%o-
component comprises controlling rotation of said micro-component using a

processor.

14. A method according to claim 7, wherein the step of tilting said micro-
component comprises controlling tilting said micro-component using a

processor.

15. A method according to claim 8, wherein the step of scanning said
micro-component comprises controlling scanning of said micro-component

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 micro-component.

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

surface comprises irradiating an internal surface of said micro-component.

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



conponent for further inspection after the step of irradiating by
transferring said nounting device on which said mcro-conponent is nounted
to a further systemfor inspection. LLOYD WSE 21 20. A systentiQRW&E a
surface of a fabricated m cro-speci , the mcro- specinen being in the
formof a mcro-conponent that is for sliding or rotating against another
conponent, the system conprising a nounting device on which said

m cro-conponent to be treated is nountable, apd . an infrared (IR

wavel engtd?- | adbBY$tEM 1q traat ArUApCs TR Bhricad Bricre:sReGMER othegMifshent , sai d
| aser beigy 8@1”1(—5:{"?@ ithE‘% mfe rﬂfcré‘%ﬁnpﬁﬁ%ﬁit at&s fdrsIRHL oS 1ot to
snooth said surfacé€, thereby 1 nproving the tribological performance of the

m cro- cagainsiranotiér campostenty thec systeny comprisingna2 mountiegedevisaiah | aser i s
arranged ta , operate according  tq the shape of {d mgro-c nent to be
reat o At P RESHERERPaIeT ke EaRecs Mo RIS AOR JHFTRE ok med. 22
A syst emgardésitAdaber ¢drairfad?ating Yaidn&urf4cETRF isaid) thiero-€dmpbRéntdgide for
rotating said mcro-conponent during irradiation thereof. 23. A system
accor di ndasey keiag arrangedrernaelh osgiof moteaasprjitiesvn said swiipes tesmgotivt or . 24,

A system ag ' ¥ Sfupth I S 1]t device for
it ng <o YteRd. tferehd Msuintn e Findipapt Rbftfalee oMo AlghT ore
accor di ngcdngpariemtm 24, wherein said tilting device conprises a gonioneter
mounting. 26. A system according to claim 20, wherein said nounting device

iIs novable to permt scanning, of saidg.m ¢ro-co nent across a | aser beam
oo t1 o0 om sl SNt GiE: 20 MhereiRomnid: PaRr oY dianged

m cr 0- CorpngiRt accofdingAo e LB FUAY Rficio%cdhpbiemQo Beltrbhld &/MBFising a

deflector 'to _
the material from which said micro-component is formed.

22. A system according to claim 20, further comprising a rotating device for
rotating said micro-component 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 micro-component 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 micro-component across a laser beam

emitted from said laser during the step of irradiation of said micro-component.

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



deflect 'a beamemtted fromsaid |aser during irradiation of said mcro-
conponent to scan said m cro-conponent, said m cro-conponent bei %

mai nt ai ned stationary. LLOYD WSE 22 28. A systemaccording to Q'I JPMV%?,
wherein said deflector conprises a vanoneter mrror. 29. A system
according to claim?20, further conpriSing a deflector to deflect a beam
emtted fromsaid |laser during irradiation of said mcro- conponent to scan
said m cro-conponent, said _m cro-conmponent bei ng, able durin

rradi at 1%, SYAleR) AEAIHBE JPGTAD (2. vaTRIn Saick detierter SORTEER )
processor : Id rotating device. 31. A systemaccording to claim
24, furt rgeatrh%cnoo?r@%egﬁr{gag processor to control said tilting device. 32. A
system according to claim 26, further conprising a processor to control
nmoverment 28. sal dsystemt aocprding de ¢laim s2hntirthgr searaprsisgoa deflestereta. 33. A

system ac ding.to claim?28,. further conmpri.sing a.nrocessor..to. control
movenent qcﬁcﬁreé’kai% hEam o?mm?f Tﬁ&"%y%%"ir#?é%&:di’&ﬂﬂgﬁl{ag'@foj] rﬂ?zgé'\%h&’%ﬁh sai d
laser is Hmpeiafl 1 sdan’ adidticie-coniponent, suid’ agieretompbfent being _
m cro-conponent. 35. A system according to claim20 wherein said |aser is

ar r anged movabledagingtiradiativRt er nal surface of said mcro-conmponent. 36. A
system according to claim 20, wherein said nounting device on which said

m cr o- congpneng %y%}érﬁﬂ?ifﬁglrjﬁ\gf tQOISA 22S¥FHFER EOMPIRIAG S Eﬁidé-ssor )

m cr o- component I"nspection after irradiation by transferring
said nousdritrd sdielviotatingndediceh sai d m cro-conponent is nmounted to a further

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 micro-
component.

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 micro-component.

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

irradiate an internal surface of said micro-component.

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

system for inspection.

37. A system according to claim 20, further comprising a guide for aligning

said micro-component to be treated with said mounting device.



system for i'nspection. 37. A systemaccording to claim 20, further
conprising a guide for aligning said mcro-conponent to be treated with
said nounting device. LLOYD WSE 23 38. A system according to QDWESE,
wherein said guide is renovable from,said systemprior to treatnent of
said mcro-conponent. 39. A nethod of "treating a surface of a fabricated
m cr o-speci nen, the mcro-specinen being in the formof a m cro-conponent
that is fgr sljding or raotating agai_nst another copponent, the nethod
conpri si r@-i r r%avzigﬂhace%fﬂa‘g %8’?582’701"‘"@&?'8 $3id gyidsispemanable frag an

i nfrared é{@?ﬁ% AR aeld 0 e asperities in said
surface csz%ltjd;%%g sal rg&géﬁéace E’Bbf?%\;'v%'%’hd;?%‘i?{’?e uci ng the anount of
surface irregularity, thereby inproving the tribological performance of
t he ni cr 3% onpfomagthod4of traatingtasurfacerefaa fabgoatedcmierb-specimen c theed

' - ' . i CI O-. ' bej [ h f .G O- t
that 1 o TOERERpebRBrbSTgiinaPR TorE e berer Syrhene abls o WAL G o
conpri si netaAingPagdinstyasethiet &odiipondhit Cthes Aiethdd @bmpnsﬁf@miamg; kaid reat ed
is mountable, and an infrared (IR% wavel e_ngth | aser for irradiating said
surface duriagePfhsaid gnicsensemnanent sising padafrares (R) yvavalerathtlaserta one or

nore aspephi i i I : ; i i t W by
reduci ngqﬁ%ﬂé %Sﬁtﬁgt&s%p%{ﬁgéilﬁf%agr%q Y, g%n%ﬁéf%ag(rje%jyﬁlc%p%\?@% t he
t ri bol ogithetebyerdducimgn tiee @molret of sudac®ripegalatity, thereby improving the

tribological performance of the micro-component.

40. A system to treat a surface of a fabricated micro-specimen, the micro-
specimen being in the form of a micro-component that is for sliding or rotating
against another component, the system comprising a mounting device on
which said micro-component to be treated is mountable, and an infrared (IR)
wavelength laser for irradiating said surface of said micro-component, said
laser being arranged to melt one or more asperities in said surface causing
said surface to flow thereby reducing the amount of surface irregularity, and

thereby improving the tribological performance of the micro-component.



