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I nvention relates to a nethod of operating on a workpiece, for exanple to
modi fy or prepare a surface increase the degree-of. nechanical 9/ct142045
t he degree. of topography of the workpiece or parent material in order to
30 roughM3®/BHat eri al s whi ch have been made rel ativel PCT/GHEEERT by
machi ni ng, polishing, formng against a flat nmould and so forth. These
rougheni ng net hods i nclude surface- def O{matlon by nechani cal neans such
as grooving or knurling; or chem cal neans such as etching. Alternatively,
mat eri al has been -added to the figimis MRISE@ATIHf face by nmeans, for
exanple,. of arc welding with méechanicalr interlTock with respect to , anot her
material or body; or to create holes in the workpi ece. Various net hods

have been used to TReEeanGehbEos UFEBEEes A& NSHIBRGE .Bf'bﬁérauﬁg 4 gne
exanpl e smal | have een derﬁgéla%ed onto a netal surface,
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. parent and -angbger bedy ‘%a{ L hod of -nodifying- the .
_ surface -of ; ng gfwork Iegecﬁﬁ%%f%%%bﬁ ol -ne anof her -wer kpi ece - - = F
material is mel tedV%ﬁHO'é%dE%‘-’d‘Oqsaﬂ’éV&I b?eﬁﬁh%ﬁd thfe quasecéhgmmaf,eceo a
pover - -bpam whegieysat oQaCrﬁatiéleléHlé)anEBHehaQ)@mBééﬁs nRHROSESh 4 $&fes of

Iocatlons on the i.nfluence of the r beamand then allowed. to solidify:
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knurllng, or chemical means such as etching.
15 Alternatlvely, rnater:.al has been added to the parent
- material - surface by means, for example, of arc welding with
a consumable flller wire. In one example small drops of
metal ‘have been depos:.ted onto . a metal surface, . UtlllSll’lg o
L the consumable electrode gas metal arc (GMA) process in _ .
20. th.ch the current is modulated such that molten drops are e
' ' detached from the meltlng w:.re electrode J.n a d:.screte and.

el Piadl o regular manner “.These drops serve- as. ra:.sed dimples on the -

otherw:l.se relat:.vely smooth parent mater:.al surface and ;" '
mms s Hgve beett uBed "to’ réduce the tendency” to"ellp ‘betweern the “""*"“'*‘"‘i =
'7'25 parent and anot:her ‘body. o R T
. EPs A 0626228 déscribes a method of mod:.fy:.ng the
surface of a workp:.ece which is to be joined to another’ -

'member comprlses exposing a series of 10cat10ns on the

workp:tece surface to a power beam whereby at each locatlon
‘workp:.ece mater:.al is melted and spaced laterally under the

o= :|.nf1uence of the power beam and then allowed to- sol:i.dlfy so |

e -as to form a cavity surrounded-by an area of Solldlfled o .

7 | 'materlal which is raised with respect to the adjacent
4 | workpiece surface and has a re—entrant profile. ‘

35 ' In accordance with a first aspect of the invention, we

provide a method of operating on a workpiece, the method

comprising causing relative movement between the workpiece




of operating on the nmethod co

novenent bet wee ce 0.E CPA 2
traverse directio pose a series
b wr kpi ece to the power beami and at each |ocation causi m]ggtw@\l pZﬂ%r
‘beamto nove in multiple directions relative to the-workpiece in a
predeterm ned nanner, wher.eby at each | ocation, workpiece material is
mel t ed, and di spl aced by the, power beams& as to forma cavity or hole.

‘The advanced texturl ng t echni que clained here differs fundamentally from
the previousl y@RAofinPRNETapBRPed ndt woaverse| Airpetianafecast 6P ngxpasepaver

beam i s specif peglikby 68Us66at Dof®Veh (RN WK i@De t'onthé ﬁbﬁ@letSé&?nneQ d
| pstead of being static. The power beam nay %

manner at each | ocau,tg
pul sed so as tBFe%Po ef%%%tf'llq’%ccﬁq%‘ﬁ"g &I%E@erpéﬁé‘rﬁﬁl‘}}O"?t11|1§“‘11tlple o
- continuous. Théitrgptiaehby redlaatives| o SRkl wdtkgickde fiﬁQﬁerﬁﬁEd@%ﬂﬁﬂ%&
-defl ection’. notions_of Wlth&}' g)tam at e h.l ocat,i on have the effect of
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“each | ocati omelvedenadalditdpd ammdcripnt the tduvdhiedbeas spr edet eomifeagh by an

initial step cLin e desired 20 novenent. The invention can be
used to form c%%‘?%}gs‘s#nﬂ?}iug surface of the workpiece or .to create hol es,

. typically = ext endi fEh¢ RdRIFachd sasnirping &.echnd dus mamad)fhaxmdléfm be
~carried out Wﬁdh&&mé’ﬁﬁé‘ﬂ? ﬁo?ﬁﬁhe;ﬁréﬁﬁéﬁgﬁgek?gén R %ﬁ%%ﬂ
0 eamt o rmve

- cavity or hole is forned ref-erab e ste causin

“in the prddet érﬂntﬁédaééféﬁﬁ&§r§°¥meq‘i%d§m€ﬁré’ﬁﬁgﬁ%)@i&rﬁp@lc}fm cEQEEE or

each posititen.mdes 1R8RipALaseRyr 3ECONPrefetceflines0 niindd: sat;)%a\l@?d
0

at
3%13235 hat JPHLEa ok se G RS dAAS ) orithe BPURE: BBPR HEYodn a
frequency thapudsedeast aanec @Ry epatlt etcﬁb&temat &dthetighl paefesialbagt i on
namber of repag o8 coonfinidie, “aid MypisaTly Pedstittay 9 If%ggf’ﬂ*?hor
hol e haslﬁeenfrﬁquﬁﬂefy Tfﬁ@@r@ﬁmsdeﬁbeshapa ofmctthleamsavofthe Hodamt atbe
' each location have the effect of markedly altering the
redlstrlbutlon of the molten material generated at each
location. In general the movement of the beam is
predetermlned by an J.n.1t1a1 step of selecting the desired
20  movement . '
The invention can be used to form cavities in the
's_'urface of the workpiece or to create holes, typically
extending through the workpiece. The formation of a hole
: can be carried out with or without a backing substrate.
25 Furthermore, when a cavity or hole is formed, preferably
the step of causing the beam to move in the predetex_"mined"
~ manner is performed after the cavity or hole has been
formed. This enables the shape of the cavity o‘r'hole to be
accurately determined. In manjf cases a manipulation step
30 may.also be used during the cavity/hole formation where the
diameter of the cavity/hole exceeds that of the beam.
) The secondary deflection is preferably at such a
- frequency that at least one complete pattern repeat {or at
, ~least direction reversal)- is performed at each location,
35 and preferably an integer number of repeats is carried out
at each position. For 1000 holes per second in steel, a
 secondary frequency of approximately 1000Hz, 2000Hz or
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ul ation step A
_ ~,3000Hz is app this case the g
\ epth ‘and width, o ch.” Hi gher se & ,
fr enC| es may be required Wit h smal ler di ameter cavities, apd tind, 2005
material properties aI so influence the 5 optinmum frequency. The-
“secondary deflection” used may take vari Qus forms, including circular,
linear; ellipsoidal. and/or sinple geonetric figure shaped notions. The

secondary deEbseaeoefﬁaga%ieg_ggﬁcor%r@ﬂly &gsgtéﬁé SUAROLE ¢8uld be

rri ned. I'n many c

variations of "'te beam power ~densi on (e. g

pul si ng of beafhBWRY et geP Q/I@Eiywn@tht,heonb@anﬂf 6@@5 posth i on)H-‘e%her
achi eve the d f I f e hol e
formation  procooaiaty fELqaRHcLpll Rl o Pearaaec bt %mg*l‘@eﬁfa‘f‘%%ﬂéﬁ%f. on

i s carefu||ycesﬁtpeﬁheenéoqhﬁnmq¢ﬁ¢%@%oaaap§r5éaﬁm@éﬁQaﬂnﬁﬁpem%e

consi stently gpphingf fgcbqggﬁa | ocation, i.e. the secondar_y and primary
beam notions are co rect sed i reI a,tlon to e another so that the
Pexturing orfect | Thoo IeArOuRTD SEEAPaRkR holAsT y TAN cLRBR. SYRT BRI o
fashion.. In fdsrmgaselmﬁm@;mgy diafdEla:0n, Bifdab) e ¢Xl besoiPalt | ong/or
- dinples with re-entrant prof.iles, may be engrated on the therw se
conpar at | vel y STt h nerBrEde AR o ShARRE HEOFaPBRc afBP HOGIRRY dl y
" nelting smal [de@fBet¢ntoni Sealy r egfisms bey reecandsi e @ Wittipi cathier f cowistsatle
. power m SHEN; elget n t ar The
hi gh po%gf density %gsm | gcr%%%?’?&rﬂr]ovﬁgi %P%%l%g'l n?gtagl p% F?eﬁé#&’:e
series of sushstalidetimmmless. E!yu-'bﬁibls@wfsbaémnguﬁh‘@rm I gnavarylng

sehi - continueys 'f'?d?:l.ﬂsr prdsqgﬁcﬁ'ﬁ” tlbe a@i-ﬁ@%%eqzhé tdésif&i EfdAl -ddie

rai sed material comes from “nelting and dj splacing. the nolten material,
t hus | eavi ng 319tk E1BEY] tcipl?t?f"‘?:\qeoﬁélren?hesﬁ?éfl%t e drokey fermaisiony’

vapori sat i onpaiddess<.he high. power ~density of the applied beanerNENDED ‘
SHEET 15 ~ In general, the duration of the beam's interaction is.
carefully controlled so that the secohdary beam defleCtion
is consistently applied - at each location, _i.e;' the
.secondary and primary beam motions are correct1y phased in
_ relation-to one another so that the texturing effect is
20 reproducible and does not vary in a non-systematic fashion.
In the éésé of cavity formation, suitable raised
portions or dimples with re-entrant profiles mwmay be
generated on the otherwise comparatively smooth material
surface from the‘parent'material by rapidiy‘melting small
. 25 localised regions by means of a (typically focussed) power
beam such as an electron beam impinging_on'the parent
material. The high power density beam is rapidly moved
from point to point to produce a serieg of such raised
7 dimples. By closely spacing the dimples a\éemi-continuous'
30 line or ridge can be producéd. It is noted that thé raised
material comes. from melting and displacing the molten
.material, thus leaving a small cavity in the'parent, Some
material way be lost by vaporisaﬁion under the'high,péweri,
density of the applied beam.
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- 09/ 11/ 2005 WO 02/ 094497 PCT/ GB02/ 02237 4 In use, when a workpi ece provided
wth cavities is adhered to another nenber, both the cavity and the raised
di npl e can contribute to mechanical interlock. The adhesion tot &&At2d2005
surfaces of materials from5 the vapour phase is also nodified and
enhancedWOrR®%448@7entrant, profile further increases the REEKRIO27f or ces
required to separate the parent from or slide the parent over another
menber: The re-entrant profile is benefigial in retaining, for 10 .
exanpl e, an adhesive, especially an adhesive which does not itself bond to

Strengt h betvgen oo adm e R e B F tvon mol vin
streng e n a _non- adheren eri e.qg.. a_l.ow frigction po r,
and the paré eﬁ&fﬂertpalangﬁsf%cg‘eﬁg’?rbe%loﬁ&é—g‘?e&ag&%é’t chgil}ey It%/lge;% t he
i nt ferI ocki ngdg&tplllée_ca}‘nl tbﬁltnzﬁbamar aot mechinieali ingedilbcdn, the pr oc_esseg »
surface is substaptia cl.ean r n n
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t he action of the I”S 1 nCr-easi ng h obtained 1
subsequest . athes vapomon gphageopsr aflisonmogd filedr and sshaacesf. cl osel y spaced -

sinmples forma sefie COPLLOHRHINE! dqfrodiie ! dgenBrel e Ablyagbso Magea Le-.
entrant profile. For the purposes of Increasing the overall bond strength :
of -an-adhesi Wwechanicalafescrst saquhredt he WPRAVR B paFepbpiyrm & - -
~enters the cayijigs ahe'Bhredt bher cadithent mefibeiace on the dinple to - .- -
i ncrease its bonding shear, strength,. Preferably the surface.topography
utilises the exi sfrf"ﬁgrﬁé?’éﬁFaﬂ’ét%’??g}l%ol% eﬁ‘&é)r{t:f“sﬁa?‘nrﬁ%e?}%}l??s %gr
deposi t @@ Onk&aipd ehasfidhdébvée eadupettionldfly ehaadhegiveewhiohfdees not
t opography relies.on utilisin h el ti ngl._vapofi sati C ilLtys Qf a
7 Qg)\er be.a_on?‘tl’?Faﬁ p %‘?_.&Ons??% F‘%%fé&séohr & t%&af‘}d‘% ogvg%tﬂ t% aFocus
i'M-the regi ostaiengid .woRl teamasdyelds thieebongdb oy rengsit hetwsien e BRVeient
in the predah@UedRFIEDN CAUSES AN 1B ARG pblignterabha dige be
heated. Such an area nay surround the particul ar , :
: parent material surface may be- increased substantlall__y by
15 - the interlocking nature of the _re-entf_a_ht profile.
,. In addition, the processed surface is substantially
cleaned and freed f¥cii- any minor contamination by the
.action of the beam;- this. -,,*i'i-i;c'zi.'e_a'us"ing_' the bond strength
: obtained with any subsequent adhesive bonding operation.

20 . . Where a series of closely spaced dimples form a semi-

. continuous ridge, this ridge preferably also has a re- .

SR LTI

et rantTprofite s oo s e - T T
iticreasing the overall bond -~

: e For the purposes of |
=y g T reTgth-Ofan~adhesivesr d-is-aleo noted-that-the-adhesive —rurmr =
25 preferably also -enters the cavity as well as the re-entrant

' surface on the dimple to -increase its bonding shear

strength. B e ‘
Preferably the- ‘f:‘fs"iii'_ffacfr‘a.i-_;fi.';tbpbg.raphy' utilises the
- L exiating 'paréilit.i".i mé?i':'fér;iél*{ sono additional ‘material - igs
"30- deposited onto. the parent:’ The technique of changing the -..

s 'sui'fac‘:ef:f‘ta o raphy rélies “on utilising . the melting/ R

- . vaporisation capability of a power beam or high power =
density heat source typically brought to a focus in the
region of the work surface. |
35 Preferably a portion of the movement in the
predetermined manner causes an area adjacent the location
to be heated. Such an area may surround the particular _




09/11/20Q05 5 The heating, of an adjacent location is advantageous in

The | ocations are typi-cally .spaced such. that . W 02/094497

PCT/ GB02/ 02237 .10 these have a different form for exanple, th@%okl/ a0 0%
15 the ti ﬁn% by the beamat a location. .20" allows the. achi evenent
of better‘g‘g’fﬁ@ *6hi sati on between 25-"The tining- of the PeHfPétents is
al so preferably location or may constitute another |ocation. The adjacent

| ocation may be heated either before or agter the formation of the cavity
or hole, so as to effect a pre-formation or post-formation heat treatnent-

respectivel y. 1bhatwenkpreagy Sonidtaicutien driva e deenit ilcegi oTheaadpacenther
heated to The.form.of the- red rm' d 440}V oAt h ybe
sinlar to t haPCeFiPR™ ﬁ%rlﬁo %tﬁ SFela%ng% (?ftt elt%\% g&rag%%{% its
: mel ting point of wheemantityabrthelagdi aoeas tocefifent Bomeeefprmgpionl by,
portion .of t r SR 0%

. pesR %Q%QEgbﬂeﬂeg@ SR R asﬁ:ﬁe QiLA0%ek GBekBeLze

exanpl e the aFes sdrrounding a circul ar. hovement -
.. of .the.beam ¥ypifegel yin heheecadlagenhe HHSigat eﬁﬁln 8 ovdifghthealed ake a

.raster form balou;aber ‘aﬁbvénﬂté“méi‘@ingtPBEHQUQeS i npr.oved adheS| on of .
mol ten material to hee wor k |ece surface. Pre-heatin aI SO 5 at it -Can- be

~used to control thé& OF)?FHQ’ theePrefier REMLPRE m°'6%‘5 OFAtifd
traverse and mhyabévgirﬁﬂar to that of the portion of the predetermlned- '

movement at the adjacent location. However, typically,
.10 these have a dlfferent form, for example, the portio‘n“o,f _
SN o the predetermlned movement may take a raster form. VI-n | |
o \‘) .7 " another example the area surrounding a’ cav1ty is heated by - = 5‘
| a. .clrcular_rr_movement-of the beam. Typically the heating .
- ‘portion.of the predetermined movement occupies about 30% of
15 the time spent by the beam at a location. '
| - The heating of an adjacent 1ocat10n is advantageous in
~:-that it can be used to control the cooling rate of the - . -
-,materlal and  in that it produces- :meroved adhes:l.on Qf-
_ :molten materlal to the workplece surface Pre-heating also _' o
200 ‘_a.llowe the achievement of better synchronisation ‘between . o k
7 the -beam mo_\_rements ~in the _tra_;_ver'se -and ' transverse

A The 1ocat10ns are typ:u:ally spaced such that t:he [
-mwi»‘)-» e R wm%ereaimdrepkaeeel £rom-adiacent.. locata@nsmlsﬁgsnmc‘onee.ﬁr h,ﬁ
‘_'"';"'25._5‘ The , tlmlng of the beam ‘movements is also preferably_'r Lo
,controlled such that the material from the adjacent =~
‘- “locations remains molten and coalesces during such contact:
Thls coalescence allows a greater range of shapes and s:.zes .
to be achleved in the re- entrant features as these features,,]l-::"—:'r_;:;.__;—‘__ r__‘-?f_r
are dependent upon surface . tension “forces: Wlthln .the }’-.'5 '
s . ejected materlal and the temperature (cool::.ng‘ rate) hjé; s
—e - . secondary deflectlon of the beam is. therefore used to.
T control the eject:.on of material, whereas pre/post heat
treatments can be employed to control the cooling rate.
35 In the preferred example, the power beam comprises an
-electron beam. Typically, this will be generated in a.
conventional manner using a conventional electron gun, the




directions | ocations remains nolten.and coal esces during such contact
controlled such that the material fromthe. adjacent f 35 to be achieved
in the re-entrant features as these. features This ., coal escenc@9%i1bAR0&HS

greater r hapes and si zes ejected nmateri al and the t erature
(cool i ng \?‘B%’/oﬁ)w-ﬁ - --:The are dependent upon surface telﬁgdg BO3Y3P e s

within the secondary deflectlon . of the beamis - therefore used .to.
control the ejection of material, whereasépre/post-heat treatnents can be
enpl oyed to control,  the cooling rate. In the preferred exanple, the power
beam conpri sebeaR JPRERI oMY a‘T"?BF‘éaIWe HaRigqe b’éld@eneﬁamﬁﬁtﬁﬁ a
co?ventional genBeblussNgy aaqﬂém&mih waélneilleest E:Qﬂtﬁlal'ﬁ dE:%%rQ%ElAQLOQg -WO
02/ 094497 P even t s t centra -Qurr
dependi ng- nn é%gsﬁg%ib’t%??@o%%% ﬁ’r‘?é’ nggﬁefe;eue% atyEiGa Ly ot fhge or, -
parent materi pbwaudandpepeéddoﬂpfnevéeentedf the~bsa:Rpi§’>suaDO:hhebﬂ:bﬁréS4 ~
- .beam bein noy S r e e control
t echni queg5| ﬁ 568 % %Qgéé\%rg iﬂ SSCH{@ gﬁg g@%&%ﬁ |B58&85? gdu eggl n by .
ref erence. Tyﬁﬂﬁaptry mctriee Cm/beresarEIeSpeedond modlee melot ive dpeedi sfsuch .
that nore thg8veRlne ¥ ng.ar f
~ typical ly 177100t h o? ?ﬁéé é‘é’fwl %e%%glt gg l%cawt e%%.se‘i:??n}é li&\k’/ﬁ]BPe the .
Ctransit time EBetMERfs  iLs eshies 5BANGIt nuvine avetiwesn - gevisdeendisThe. - -

relative Speedypi)éallf?VQV@OOthebﬁBQﬁet Hﬁeh@aﬁhﬁ@datth%é@{kéh IS The.
beamls |caIIy|n-

typically. up 1 den5|t he ele tron-,
t he ranég 108549 ‘ﬁ‘?ﬁEZ) e(‘}f\ﬁtt | é’§ mist YP&ﬁg"e&éplgp BB,
and si zes. Trmgeom-‘snoépémh S vvel I beI ow 400/ second. and, there is no

. prjctical _upper "@é\tuti s EQ%(?SPBS& F%an t]Eh 3 exanm) é% 20/3%%(30 beléla be

achleved in some nor e 1 $°C pos
ns1zes The slowest speed is well below 400 second .and
there is no practical upper limit to. the speed - for

15 example 10000/second can be achieved in some materlals and
. more than that is certainly poss:Lble
The shape of the beam may be 1mportant and preferably ;
~ the current 1n the beam annulus is -at least half the-:
‘ current in the central portion, and more espec:.ally at
20 least equal to the central current. Satlsfactory results
L .~ are obtalned when the current in: the annulus :LS tw:Lce or
'lf,,,:1:':__,,___ﬁ‘f___,f,,__,,_..,_,__r_..:;__i:even three tlmes the central current,K dependlng,_.on the
R -.-__-;parent matenal and type of dlmple desired. LI . ::
¢ Yoo oo oo e OLDEY. - ARPL A CAL AONS . Ot hEX . poxsmbeams egum,e@eemw.w
- 28 - used for example a laser. With a 1aser,. typ:.cally a 5
_ sllghtly higher net energy is required per cav:.ty in
' o - . contrast to an electron beam, owing to the. reduced coupl:.ng e
- efficiency w:.th the workpiece.. __ Actual . laser ‘pulse .
S duratlons may be shorter than w:.th electron beams, and,.
30 correspondlngly the. peak energy . densu:y may be sllghtly_r'
' higher. Cavities of similar size __can:_b,_e _pr_o_du_ced at a rate
of 20 per second using a 300W mean'_ _qutpuj_;_p_uli‘sed CO, l'aser, '7 : ‘-'7

giving about 15 joules per cavity.
'Potentially any size of cavity or hole can be .
. 35 - produced, for example rahging from those with
diameters/depths of the order of millimetres to less than
10 micrometres. The minimum diameter of each cavity/hole




" intrusion of ¥

The shape of the beam may be inportant and-preferably the current in the
beam annulus is at least.. half the current in the central portion, and
nore especially at 20 | east equal to the 'central current. Satlﬁﬁa{c]tbx’?OOS
results 25 used, for exanple a laser. with a Laser;. typi cal a slightly
hi gher n¥O @8 is required per cavity in contrast tol’gﬁ"(ﬁi’é@%zﬁﬁn beam
owng to the.. reduced -coupling efficiency-wth the workpiece. Actual

| aser pul se durations - nay be shorter than with el ectron...beans,..and
correspondi ngly the- peak energy density mar b slightly higher. Cavities of

simlar size gﬁ%&zﬁﬂﬂ%&csg Bhie DI Biaiecdd PahersEONdr Y| duhrRAY mean
out put _pu. aser ving about ] oul’ es per cavi tg Pot eﬂt lally

any size of Mtw%r aﬁbllévéén BRings apré‘@&-@@d PR eXARPPESF anyThg 7 om
those wth %ﬁﬁ?&ﬁfﬁé@@@é&rﬁa@a&u@%l@h .M ripieahtey tahéascslwausr 10

m cronetres. m ni nrum di anet er of _each cavi le 09/11/2005 WO
02/ 094497 PCTREBHRI®SIBVe § Fagdrupnfiaahehet ‘Ht %&gﬁ’ﬁa?‘éﬁ%ﬁ-‘( OFARRRd
| arge di aget eg sgese be @Q@lﬁ/z@;b Wi arye tisanpréferted caskarthe
- appropriate secondarg{lg%? ECt.I o :@/ JcaII the holes or . cavities have a

maxi mum di ameta¥1o¥ R aln?oma depth in the.range. 0. 6-1nm
- In the -preferred cHse, dir’rmes:cxm/s tcyf oead:ﬂmleavltzhorsh@ﬂ@utseltmﬂuqmzbove

 di mensi ons_of,_eagh PESLLNCL B! 51361 3ULBRONE o bld (eRILRAL YL N

producing a re-entrant feature. 15 20
~ some cases, . pheduchvgta ese-cﬁ'nﬂ*nﬂnéis featW®e a conplete renoval ‘as in
classical, EB dril {00 sokle SoRdd O thdbséanit féd Y ot Thbaesl afah ahdveanat hen

be arranged in_ either .a square. or cI ose ked arra rrent- ve

Cayities or rerestantiakinppemilss. eay b%“%rﬁﬂﬁcéﬂ" ra&q\%% in

patterns of Céli/ttlﬁéﬁsa- dcﬁlabfef@fnﬁdoslenpﬁmd:aaﬁzsangeMEHtes cHowevei ng

oroduct i on TSI URRIThBRAE S B AT Hare AR RaveSe SRasdrl fkiPine
' other patterns of cav1t:|.es to be formed.

15 , In some cases, textures contalnlng re-entrant and non-
re-entrant features could be combined with the production
of through holes rather- than BIind holes. The' dlstlnctlon-
between this and the knowri art of EB- drllllng is in the
rellance of the process on its controlled displacement of

20 some Or ‘all of ‘the melted mater1al rather than on its

_ _ .complete removal as in class:.cal EB dr:.lllng. ‘The control
A and - 1mp1ementat10n "6 “thig “process ‘would be - in- the ' -
| secondary beam deflection, -to control the timihg and extent

25 eject:l.on of material follow1ng penetrat:.on would occur,
using a volat:.le backlng materlal in ‘the mnormal way,
rfollowed by a controlled meltlng and. dlsplacement of
perlpheral materlal to g:Lve ‘thé" edge proflle des:tred. B

5 Typ:.cally, ‘the workp:.ece 15 “any - metal or other

36 Mmater:.al Whlch ‘can be melted or vapor:.zed by ‘the power'
beam. - - An example is’ steel Non ‘metals may also be
processed even though they are not electrlcally conductive.. .
‘For example, re-entrant features can be produced in
cefamics such as quartz and alumina, glasses, polymers, and

35 composites. The mechanism is the same, save in some

- polymers, in which more of ‘the material is ’vapoz_'ised..

TTTTOETE t“'ﬁ"”“b"”%"'“"s‘"’ﬁé‘ﬁet’f&tion‘ th:rocigh' the -mater 1al s Parthak—




between this and the known art of. EB -drilling is in the reliance of the
process on its controlled dlsplacenent of sone or all of the nelted
material -rather than on its e an e and inplenentation of this0%&L&/2005
woul d sec am defl ection, -tocontrol the tim ~g. and extent

. = % h¥u9P i =A the 25 ejection. of material foIIoﬁFﬁﬁ“ﬁ@ﬁ@??atlon
woul d occur, u3|ng a volatile backing- material in. the normal way,
followed by a controlled nmelting and di splgacenent of peripheral material
to give the edge profile desired. Typically, the workpiece: is . --any
metal or. other 3@mederordancehiwdébhhcan dhecomdt edpeat vaporthze bbysdhe
power beam An.exanpl-e LS 4 al iqay. o.he ssed
even t hough the --ar él- n%t "e% ee%lt ri ééal IJy coné’ma%l \?ZO @ée§§m?n&ﬁ8§
re-entrant fealeuéesf €aRPBa sgeopueparing & euafiags odchheswoukpiecandsing '
al unina, gl as%@&etﬁ%@’ﬁ%@%md@ﬁ% t%5tﬁ@rf99§g£ 653?389 JECLRA méﬁtwﬁ €8e,

save in.sone _polyners, in whicCh nore of erial is vaporised )
09/ 11/ 2009  WEOBDY 608407 P@FPCB@‘Z}BQ%F% l’rh*ff ekaEmcel ke wogRRRe: .
aspect of . t he apeeadheringvenbtber AefiBbROtoOf hé ObFéPar8dWBhKkPhes Eot Cthe . ,
anot her nenber %P nprises preparing a surface of the workpiece using a

met hod accor diy €O -the first aspect of the invention to- formone or nore-

.cavities in the suEhaeemethbdelsomk@f@beu1aandmbeheofngppmmbhe&onanbeInto

the prepared puckacual ! ithe WAL ShEnIL S8 10%ahy PRililed o2 duDET Of

applications. “I'n artld | ar, er
ot her 10 4fat ef“ﬁéﬁ‘r\?\,ﬁﬂchwbaﬁhbe'-‘aymc@@ssﬁHCC?SSFENﬂ-ﬁ-Ndueaurbsiuaﬂsi byniam@t i on .

of pressure, Beﬁblﬁétsbﬁnbs%ré%sfé OThdd¥ Bt BRem$a¥ht 8§ cthoR £HOSAhe
\rbstrate or-- wor k |ece For exanple-, - the other nmenper could conprise-one ]

nyl on,  PTFEAVBIARS Pufi ﬁmﬂ?ﬁnﬂubﬁea%%vswmﬂmec r BT (Ranme,
magnesi um 15thadother sichibes, cofh 1K iipe S sef onep @It il app |t qmmf the

~invention i nghﬂg?nlﬁgh%“ il brakf“.l.o a,dsphenorTIgl rgé%‘gg,pad cpe}r(t:akc_:ljrp $1u

15 and its alloys ‘
Examples of i__mp_ortant' ap,pl_icatlions of the invention
'include,adhering'brake~pade‘to*metal brake pad backings;
. bonding low'frictiqh;pglymere porcorrosiqn‘resistant metals
for manufacture of proethetic ‘devices, for example hip
20 joints etc; bonding of. rubber to steel or-other metals, for
example. for .manufacture of 1mpact—ebsorb1ng buffers, andﬁ o

oo bonding. of . alumlnlum to. steel. Qr-casgt: 1ron, for example for-

the manufacture of: ~lightweight brake dlsks.
j} S —— QemewexampLesmef_mehhed&raecordrngwte Lhe. AnVeRtdon.arrm e
25 will now be described’ w1th reference to the accompanying

draw1ngs in’ whlch :
. Figures 1a~1h show successlve stages 1n the formation
of a cav1ty w1th a; re- entrant feature, , . '
Flgures 2A-2C: 1llustrate three dlfferent arrangements,;

;;‘3o;j(of cavitiesj A_;‘"%"

- Figure 37 shows an example of an electron beam power
density distribution; : o o ,
Figure 4 illustrates schematlcally apparatus for
carrying out the method; -
- 35 Figure 5 illustrates part of a second example of
apparatus for carrying out the method;




bonding low friction polyners to corrosion-resistant netals for

manuf act ure of prosthetic devices, for exanple hip joints etc; bonding

of -rubber to steel or other netals, for exanple for manufactureQ®/11/2005
| mpact - absorbing buffers; and Figures 2A-2C illustrate three- different
arrangen®it @ 08#49%avities Figure :.3 .. shot ° an exanpl eP6T/GEY2/8328Tt r on
beam power . bonds ng,, of- alumniumatQ steel or c.as.t iron, for-
example ..for the manufacture .. of |ightweight brake disks. 25 will, now
be- described with reference to the acconmpanying draw ngs, in which: of a

cavity,wth, are- eﬂq% d|6f gﬂgggratgég}g@saﬁgpalla{%uselg,cfmﬁggggsglﬁen&;ﬁges in

t he formatlon densit stribution; Figure ™4 illustrateS schematically
apparatus fordet@&k¥ying out the met hod 35 Figure 5 illustrates part of a

second exanpl e of g & wqﬂlﬁtr%ersyla&g dfidtes T e AR ity e MO
02/ 094497 PCT/ GB02/ 02237 gure Oi | | ustrates
rel ative. beam novefHiEes §6 Fgure U aifonsH ECEFF&HFa %eshe?ifl Pt ment

of a Figwe Fddmawsidates 4 chmnea dicdle Qfs:Eig}la ddckingreubstdettai;l ; Figure
7 illustrates an. metric pene o| g rate.
THETR G AL Abh R ok Freangt PhoPER IR T oy

successi ve stages i srn
backi ng. - subst rtatizegugh Pigle ol tdwude & Hagkinotsubataedssi ve st ages in.

formng a- througrp{aquf‘e Wd Fm&l BAGK e Wiidal fon %ﬂ%eaﬂlbfé%a _

raster pre-heat t of - an ocati1on; adjacent location' .-.. Figure
|l c shows a @avameRtsost - heat treatment of an 15 adj acent |ocation; and,

Figure ljigl shows. midumeal1Prendieatat éepeaeat pﬁreahetaeglt&ealtaiemerbf a

Iocatlons 20 Figure ) .a=vapour ' 11.3ed ,.ca ity 3 -begins to forte with
) o loca ion;

Flgure 11b shows a raster pre-heat treatment of an’
adjacent locatlon, - _
F1gure 1lc shows a circular post- ~heat treatment of an
15 adjacent 1ocat:|.on, and, _
- Figure 11d shows- a linear . pre heat treatment of a
- reglon between locations. S ST e i
F:Lgures ‘1la-1h illustrate successive stages in the
format:l.on_of a cavity with a re—entrant surface feature.
20 At the" start, an electron or laser beam 1 impinges on a
| substrate such as . a. steel workpiece 2. - Subsequently
LR (Flgufe lb) A vapour fllled -cavity 3 beg:l.ns ~po-form-with:
: ' molten “material 4 ‘being displaced laterally outwardly. ;
R \)‘“‘m ST A‘ffe‘f:‘ f‘ﬁ’ft“ﬂé’r‘ﬂerp@sﬁrewmreﬂnoitemmaterial At g Qi splaeeémm cspuned
25 - -and . the beam is deflected to form an extended molten zone IR
" 5 at the .surface (Flgure 1c). The beam 1 is further
deflected (Figure iq) thus displacing further molten
materlal 4 to form an extended molten zone at the surface. _
D ' The deflectlon can take a var:.ety of forms as shown in- = -~ ™~
30 F:Lgures 1e and 1f. Typically, it follows -a.-.closed locus.'_ DR 3
B and may be repeated a number of times. R e
s o The ‘beam 1 then moves to a second locatlon and begins .- - .
to form a second cavity 3' (Figure 1g) thus displacing
further molten material 4'.  This further molten material
35 4’ overlaps with the previous material in an adjacent zone
5 and then subsequently solidifies into a quasi-spherical




-gures. la-lTh illustrate successive stages in the formation of a cavity
wth a re-entrant surface feature. At the-,start.. an electron or |aser
beam 1 inpinges on a substrate such as -.a. steel workpiece 2. 09/11/2005
Subseque%b%ﬁm%m ten material 4 being displaced Iat erall out vvar d%?/

R sure; core inoiten--materia : 4. is,: iXsg and
the beamis deflected to forman extended molten zone 5 at the surface
(Fi gure ic). The beam 1l is further deflaoted (Figure 1d) thus displacing
further nolten material 4 to forman extended nolten zone at the surface..
The "defl ectiprofLabe twldem ther fergesf of cswefacasesisdwn asisnindlc@tedFagur es”

le and i f. Typi - S I epeated a
nunber of ti n@sfﬁﬁyg%f 1? %]ﬁy\% fn%gtggh 0@1"3‘ sl.e%on oc%’?lﬁ%nplgn egins to
forma second caviiy %n%ﬁlgur@ql‘g)catw aidd! hevega eamiRer sbepenand .

~material 4'. dbig d44 e Miﬂb@%&%'ﬁé APrangdy 8id aQﬁowht Elnt Pegr-gyi ous

material in an adjacent _zone and then subsequently solidifies into a
quasi - spher i cad d§@§F§@O§W62/@&ﬁﬁrH@kﬁﬁdu -cal BpMe¥ifater 4tf oS t REt ¢

~..§l ectronzléeareeéen@fatn gber t@:@t tﬁﬂt@féel t¥ be R e e ?@&h@vﬁgztehsmﬂ {aB -

~Figure a varie erent si.z orm an e cavities

“may be arrang®RPYR %’ﬁ g\hgu? érg&r gerIlg W?thJéﬂe‘?f RFtFoRe® gg‘a?eﬂ). ‘
~However,. it ilsigie¢r messtertn aerdsity the bavadhbsvdd. be the. sane. si:ze :and, |
as. PCT/ GB02/ OZZBh%oééjf tér}cgeﬁ%%&esfckro%estﬂ% fé'.lrf 0157 Iﬁéa% %&_el |cat ed”

at 6 in Figure | ormn re-entran eat ure n general Seach
ccavity w0l hEsdelewsini | ar shape and .10. follows: For. texturing of. steel,

with a beamof 14Gky acsgharald ObPOlEREdRl @ 42Tk heay catremaow ving

a_l power -of ---5.8kW the beam woul d be focussed 0. a di anet er
70. 4nm and wRREIRIAT 1aBPALPREI 3L ARG H2Wr REAR, eerrfetlzxaeﬁpwyoa
~ suitabl e def |ggkdorofd restmm,l eﬂn@rl@e&ﬁtw@&lld &S@V&cuébétﬁllﬁoCaSalaﬁlEEeﬁeak

beam pover UESELLY AR i ik oiFe! A hlodPed SN HE jofpsbelile
beam 15 Examples of suitable deflection frequencies are set out
- above. In this case, the peak beam power density would be
_ in the region of 10°-10’W/mm’. Each hole would be made with. . L
~10 joules energy, in ~1.7ms. The transit time of the beam .
from oh_e_ hole position to the next is typically 1/100th of
20 E the‘dwell time at the hole position, i.e. in this qas__e_-:__
~17us.. Since the beam may be travelling- at speeds of
o mlkn/s-over; the workpiece surface..it need not be sw:.tched-;.},_-;;:_;.;‘;.;‘
. off or reduced in power whilst in transit, as no, surface :
S m&%@p@&h&f«é&m&g&%&ml ikely.at-these secanning ;ﬁpae,dswmwmn
25 in any event : T oo o
T In steel, cavities produced w:.th 10 joules are ~0. Gmm |
_ depth below the original surface. These dlmensz.ons ,_a__re_'_
* s :c_.e_giuced. in each cavity by the intrusion of .re-melted .
_. “. material, so giving the re-entrant features. The pitchiof . -

S R Similar cavities may be produced wi_t;h;. “lase¥s;
e~ -  typically a slightly higher net energy is required :...per
o cavity, owing to the reduced coupling efficiency with the
substrate. Actual laser pulse durations may be shorter
35 than with electron beam, and correspondingly the peak
energy density may be slightly higheri Cavities of similar
size can be produced at a rate of 20 per second using a

© .30 " the cavities would typically be.=lmm.




- fromone,.hole position to the next is typically 1/100th of 20. the dwell
time at the hole position, i.e. in this case. --17zs.- Since the beam may
be -travelling at speeds of off or reduced in power whilst in tP8rlit/2895
no surface sty, at the workpiece surface, it need: not .,be swi ached .. ~

- rt. e-WOB&8H%%eyst P these:.snxingg .:_25 in any eventCT/GB2@RFe| |
cavities produced with 10 Joules are depth.. bel ow the- original surface.
These di nensions are reduced, in each gavity by the intrusion of

;re-nelted. the cavities. mould typically-be.--Ilmm Simlar cavities may .
be produced. 3Woin mdadsS Riput PhTadyce, Ibisght, | wikiigher~1Hejoabes gpers,
required.:-per cavity, owing to the reduced coupling efficiency wth the
substrate. ASRYAEYl-aser pul se durations may be shorter -material-,. so.
giving the re--entmanthéeqiwm:rémeeaampmeof 3te t Inmwanttldielte'dbubﬁoneam
and correspondln K er densi ivg
Cavities of &) g'gr thes?g%g%ﬁ%g&)a a%‘)r{(}dglggdga é@?( g[em éf]gmoé %gtrgtsgggﬁg usi ng
a 09/ 11/ 3005 iWOFa2LEe439%hRER/ GBORAS2A3PN1a 3b@v¢h@§hr@m peampul IBYsCO
| aser, giving,.ia hgufj;lersel v %}' l'{)éh Qakhﬁo@éffc?ér'iéﬁtfxé’@mlfe clehe raover

di stribution  Scross The e ectr form. simlar tq that shown |
5 in Figure %iwhi ¢éh diameissy of aborl QIé@ﬁr@#tbéhnﬁlﬂﬁﬁglc?ﬁér ringg L

_relatively hbgtbe&e%ngr- fRasivint At oEheheehoat kit Malh mastimomt 46 of .
about. 0.. but ."a signifi-cant . fringe In a typlcal el ectron gun, a
cat hode of r@f?éc?o??mnetal-ls heated to -2000*C in a vacuum of 10-5 to
10- 6. nbanp. A pot gat the 6hsd80ef m kil exnnedre betaas tragxyb ddrh felmemig typelsol | ow
power regi on.

' width of th a | 22 Qed3@m In
t
_the case of 8k 8ﬁ38FF8n %88%.Suﬁgngbagpfngﬁ%e§3§ésggE?E§|Sctron Beam guns
coul d be usednts ygpiral eldn:iwngunsaaestieode rph Nef RGN Mabfd B&am
~current is coptiall egd bY. o3Pt hid da” BiASium Obs" W AhelS " 16t@iade. & In a
di ode gun,
potential of 30-150kV accelerates the beam through a hollow
15 - anode. In a triode gun, the beam current is controlled by
.a third "bias" or "Welnhelt" electrode. In a diode gun, .

the beam current is controlled by the temperature of the

cathode alone. ‘ _ , NS
- The. beam passes through a system of magnetlc ‘lenses
20 etc. which may incorporate a magnetic trap (a device that
can protect the gun from the ingress of unwanted material),
“f?aﬁd*GETEECtion“coi&swwhrch“can'manipulate-thembeamwatihighﬁﬁﬁ;;?fff
"speed. The working environment of beam may be- a vacuum of -
= )""““"‘W“’“""‘“as* Tittlie-at-rt= nbar;~ecypicatdy-S-x - J.‘Qiiimbar e 1o T2 Y-S FLR | FR—
25 level has an effect on beam quality and- 1nten31ty é
o Cathodes can be either directly heated or indirectly
heated. Diredtly:heated'cathodes require replacement at -
intervals of (say) 10-100 hours, an operation which takes
{typically) ~15 minutes to accomplish. ~Indirectly heated
30  cathodes are far more long lived, typically- operating for
hundreds of hours before requiring‘réplﬁcéweht.”'
Beam quality can be monitored . in real-time by use of
(say) a slit probe device. This has the potential to be
linked to the electron beam control systems as an automatic

35 system. _
In one example, the workpiece can be processed as a
continuous strip using a conventional air-to-vacuum-to-air




the beam current is controlled by'the.tenperature of- the cathode alone.
The.' beam passes through a system of magnetic | enses etc. which may
incorporate a magnetic trap (a device that can protect the gunQOr/dmfheo05

I ngress n ed material), speed. The working environnent of beam may
be a-vacwzéq\{\)?ﬁ’&ud de-fl eetron corns- which can mani pul aPET(HO28833%~ atth

11~~ 30 cathodes are far. -nore long lived,. typically operating, for

hundr eds of hours before requiring repl aggmant. Beam qual ity can be
nonitored-in real-tine by use of (say) a slit probe device. This has the
potential to sesteém nkeiti mame:@émcém@memmmuﬂt Sfikstt edip Bbc @i ons
automati c 35 t he _wo ece can .,be processed as a
cont nuous st o ngh BBRNEAPPRRG) o ParobERARE,, Al Findsf B8RS o
effect on beatiqual i ty and intensity. Cathodes can be either directly .

heat eddor- indire ]m%awﬁ r e.f£€ ment
at intervals of ay% h:E“%t(fg%q:o0‘[%1 %éégaﬁ?g%%&gl% P%éjjté OE é\%f’fﬁ
(typical I§)" -nlaﬂiefﬁlrﬂ}t esdndiyiguedy i sWigurs nddrecePy hbat:edtbgl ¥agos WO -

~02/094497 PCHARAALD2237, 1%I§Y§t€r@e‘&’mff hag tl%fd?ie’iycfﬁééf & | ypdeidiafor
“applications such adz t he manufacture of 'saw bl ades, in bi net al‘tlj stri ps
etc.. An alterdfi HﬁFb‘éﬂEhc 6 TpridceESIFERRE With( AR pemBL inkake 2P

i ndi vi dual |y ]{eFalguI:e 4) Temd hagelbe 10, ask waailel | ﬁéceéﬁaﬁﬁll? wRelqhiteis -
| oaded into ci:al l S| acuum cha t.o er V\n,;h ap enpty -
t ake- up reeﬁ%ee %es@éaﬁegl Igf%d rgne’fﬁfrcibgfaﬂqty tb(g T 1%F9ein

di anet erlQ.f tHesr nexanplsd, i Shﬂotmmmtakeparésbend btadHors ekanglioe the2s

i ni mum pur € g adl ! endl eg_ 28880 13 5Ny FEBN CKness) K12l 1S

-l\z)SOm*n Areel wth a radius o erefore--be a I'd up
f6 6 tonnes r@ﬂl&@mﬁﬁm de5%t Mopld ath%TF@;ﬁCPr%qu akke \WQ hhaldkwp o €4, a

Imimin proceswimisS BECE o ma@ Blegi greagi Iehdditofd S SM&H' a wEeh Ms&i take
about 24 hours t pro i f texturing speed is increased

ces
proporti onat &%* t§ r}m%%%rpr'ﬂﬁéa%’ﬂﬂ SPSRONFUROSBEBLE s STPRANARS At n,

~ such. ai1s such a reel would take about 24 hours to process. However,
if texturing speed is increased proportionately to gun
power the with a 50kW gun, processing at 10m/min, such. a

reel would be processed .in ~2% hours.
_ A preferred route, however, from the p01nt of view of
20 integrating the electron texturing teghn;que_w1th existing
_ ] production . practice, would be to ‘texture individual _
Tnﬁﬂfﬁa:; ;7;‘workp1eces -such - as -brake-.pad. backlng ‘plates.. APBPR)-.: ggaﬁ;};j;.é
- example of apparatus for achieving thxs is shown in Flgures
ﬂww)mw_wwy_f,wawmming.$wkchu§@s 2£¢2lmaaﬁymountadysldewby E-B N, T R =08 KT SRR —
25 one shown in Figure 6) and two stacks of PBPs are fed down
the chutes towards an electron gun column 22 such that both |
lie within a deflection field. The outlets of the chutes
20,21 are located in an evacuated chamber 23. Whilst one
. PBP is being removed after processing, the other is being |
30 processed. This means that the available beam power can be ‘-;_;
utilised - fully: by ‘being- poperated continuously.  In
- addition, unlike ”other;ftechniques, this would readily
enable each PBP to be séledtively textured only when it is
required. Texturing selected areas of conventional PBPs
- 35 with holes in already would also be possible.
In practice, stacks of PBPs could be loaded
continuously into each chute so that the chute’'s sidewalls

»




reel ,woul d be processed.in -2% hours. A preferred route, however, fromthe
poi At of view of 20 I ntegrating the electron texturing technique with
existing production practice, would be to texture individual woeKd-1£206%
--such ...as -brake= .pack ....backing >pl~ es :{PBS) exanpl e of apparatus
for achi &N@#%HH7s is shown in Figures 25 one shown in FiP§TIE@BE2EAd t wo
stacks of PBPs are fed down the chutes towards an el ectron gun colum 22
such that both Ilie within a deflection fkeld. The outlets of the chutes
20,21.are located in an evacuated chanbe"r:.23: _ Wilst one PBP is being

removed afterc-r@% %e' asfe&{-)fvgtxhgé%uﬁ heing %Ofa@imeaﬁedtms Thigryreans

that the avai am . power can be utilised ful rat ed
conti nuousl y. 1Q(H:h FRH 1°il"oﬁ° GAriRele G Pé@@‘e@Hﬁ‘f“kjue%xaFﬁﬂg gbﬁ?ﬂ“?e@b?
enabl e each RER:te& ditneifliRfid p@&%ab@betEOkmlassmfande iE aneqoi' rethg
Texturing sel ected, areas of conventlogal E %V\Ilfth haol.es i.n alre s(;Iy
woul d al so befPIERIBFRIT | A BRGRERcESaLt acREIToF*PRASs TEGT Fife crl'b"g%Fed
. continuously sidwn efcesieg s pmldektb todh e Tt s vl ewead lugm D O M / @606 WO
02/ 094497 PCT] GBOZ/ 02237 13 cl as, n eal . To facilitate
this, every LEHih PEBISTE % ouaf %#i( @m@%@(@cﬂ fitting the
chute dinensions mﬁttmpstaxtlhrlng,aﬁw%t%ﬁﬁe Qﬁuhfh giuplyi glltoin@ ain a

- vacuum seal . rﬁpﬁlé.’g JHEAR e Q4N I@g&%@qlﬁ%m| ded to

~maintain vacuu e exits belng conne ted to a vacuum unp"- (not. shown).
After. texturing, QURe PBPy¥OZRigcs mpith fal Prepggedy s g% FREuPet woul d

be enptiggl- atrdqeed, arit NEgAY&hen -bé)%ﬁed\nﬁéﬂhgcadmbhv@ nfcepaﬂi@mgﬂrface

has been 10 formned, .t can_théen .be j .ol ned u5| % 0%211& &renber

in)a conventi ehdth & CORYEREIPRFYSsOTBRPr ai a cPreYJn%u§ t%’?% Trface

Wil =" consi deflabl yte&mm anﬂrfateengﬁ.mén t:baspdemablamd"enh&tew wihd

enabl e cert ai I n us re 15
R Hd R e ,{n gﬂd ugagé ii’fl }’%8918 &‘éﬁt’é&ﬁ

coul d not be&T escri strate
formati on ofmagi€michll 99 dne mwedeslsmg tat@l%%ﬂ%c@héph RESHRPF L e.

The i nvepdionGany lsio-the sgtkd 0 formthrough holes. Figure 7 illustrates
the formatlon of an asy nTTEtI’IC
The examples described so far illustrate the formation
of blind holes or cavities in the surface of the workpiece.
The invention can also be used to form through holes.
Figure 7 illustrates the formation of an asymmetric
20  penetrating hole 30 :in_a workpiece 32.
. . ' Pigure 8 illustrates in more detail the formation of -
o mermsE g through hole -in arworkplece By wInitially, an: electron - -
or laser .beam 36 is focussed onto a surface 38 of the |
wrmis e R pTECE 34mgo-as=Eo-penetrate-the-substrate -and-8tart-Lo rmrau |
| 25 enter the backing material (Figure 8a). Optionally, the "
' beam 36 can be deflected at very high frequency so as to
“shape" the beam. for non-circular, non-beam-shaped holes.
As the beam 36 penetrates the workpiece 34, a region of
liquid metal/substrate 40 is formed along the sides of the
30 hole. SRR R
- " "As soén as the beam impacts on the backing substrate '
< 42 (typically- made of silicon rubber or other volatile
| | _ | materiai), 'a small gas explosion will occur which causes
o most or nearly all molten material 40 to be ejected leaving
- 35 - sgharp edges to the hole. (Figure 8b) .
The beam 36 is then deflected at a lower frequency
(Figure 8c) to melt the hole periphery and to displace




20 penetratlng hole. 30 in..a wor kpi ece 32. Flgure 8 |Ilustrates in nore.

4 detail, the formation of a through- h o | e in- workp ece
Cniti .'aIIy,. air ;electron. or ' 3 6 is focussed onto a surface093/81%'(210r9e5
u.,a...,av@p)h/e94397so~rrsce--the vaubstrate ant-a t, .... pRE/ERRAI2INE

backing material .(Figure 8a). optionally, the beam 36 can be deflected at
~very high frequency so as to "shape" the beam for non-circul ar,

non- beam shaped hol es. As the beam 36 pedéirates .the workpiece 34, a .
regi on of net al,/ substrate 40 is fornmed along the, sides of the 30

hol e. As soongeﬂ eXASLhBY LA EE: JaseTiRd. Bk kiTh? sEPREFat ked 4Baghipncal | y
made of silicparthbberapbust H&meQh%t IHak iR} esulsdtratie AR dsgast&Xphasi on

will occur vvhicp gzugg r’rg :g neréall Iten material 40 to be

ej ected | eavi Bg-2 REFRCEdhEe¥t bt RETRHFEY - (Fi gure 8b).. The beam 36 is
t hen defl ect.ed at adjewentf hedeencyan( Begufer@edl tim mal tsitntid 410! mapaerphery
and to digpla 1 :_Q% i_gQn Eigure,9 .
i Il ustrat %s t&glggé‘%aé%g&?%}@a e(r)(%ﬁé%ahh%”%%q: ele(l%sésoﬁo Balki ng

~ layer. Thus, Progiggreurgedaretripr3st onpbhbes ehaaedohdabe:ece 34 to forma N
hole 50 with nol tﬁﬂ]t@ﬁh&fi@élflo S Pifed e sﬁcdpéen hedean %ﬁlﬁgua,eg%)_ilg

_deflected at very %h frequ cg(/ﬁso as_ to -"shape" the hole [
-then defl-ect®@fa Pea rh('jEFr eC2p PET/&H?D2239r1arpad\oaX iRt ngs

el ted mat erl:ﬁéqéﬂre:ﬂ.a T tliold efsaadt O, is RYehELat ¥aPRiE EoRPYbiteq
backi ng $ ﬁbst rate fSSI sts the nmetal/substrate flowif required.
Adj acent~hol elge%'g Forh¥-in a simlar manner (Figure 8d) t-o create-
s_bzrl appi ng nol teangmmee d6ilbsasates thedioematiordof ea ettiramngh ohodeher

ped ol o5 s i re Jhe fle BRI 045, donpral et genty ol g0

Al ternati vel y, asymmetric nolten zon gur can . or ned*which
can be eit herbeRfr}apbaeingesAn & Yerkmisce nvh- o9 cfompp pks nd@t with

re-entrant hohBremimitetidD #6 218851 PBEr 8lidedNe The beam 36 will be
15 deflected at very high frequency so as to "shape® the hole.
..The beam is .then deflected at an intermediate
ﬁfrequency (Figure 9b) .to extend, shape and displace moltemn-
material 40 at a peripheral zone 52. _
Further, non- overlapplng symmetrlc re- entrant holes
20 could be formed in a similar manner (Figure 9c) or
~alternatively the holes could be located close to one
R SRR anotl;erseas——togenﬁrate -overlapping,. molten .regions 54
_ ... . defining reentrant features. In ‘a further alternatuive L :
w{):hmm . ek BAGRES -8 @meRON-OVRXI-2PPing. —asymretric. . holes, &..ﬁanwebewe __
' 25 . produced. : T
o In the exarnples shown in Flgures 8 and 9 hole ..

- formatlon could be carried out at rates of about 1000 per.
* second._ . The initial deflection frequency (Figures 8a. and

.. '9d) will typically be in the range 100KHz-2MHz while t,hf-'___:; s
30 . subsequent "profile" shaping deflection frequency used at E
-7 the-stages shown in Figures 8b and 9b will be in the order e e
. m—0f 1KHz-100KHz. B o B

In some cases, the e_lectron or laser beam 1 can be

used to preheat areas prior to texturing/perforation and

35 typically being defocussed. Thus, the beam can be time

- shared between these tasks allowing both to be carried out
substantially simultaneously.




- frequency. (Figure 9b) -to extend,. shape and displace nolten could be
formed in a sinilar manner. (Figure 9c) or -alternatively the. holes could
be | ocated close to one ;. anotkxer so .as to M tg_eerate-- ov89/apbi 3§05
nol ten re~aons defining. 'reentrant -features In "a further alternative
25.. prodREUPHYn the exanples shown in Figures 8 and 9 MIVEBIRE mat i on
could be carried out at rates of about 1000 per- ..second. The.initial
defl ection frequency (Figures. 8a: and 9@); Wil typi cally be in the range
100KHz 2MHz ' while the 30.. subsequent "profile" shaping deflection. '
frequency used at M@Jﬁéanges;h&lm@v\howna Fegtiress ofb cand tleswichin be formdd

order of 1KHz- 100K I £ I can

be wused to p’rléhaeﬂok‘éﬁ'pelfscepgyogggog‘?@ﬁ %%%%S?%erﬁ %ﬁ%’% |ro%fan§$é§l§ﬁ?§1p%%al |y
, being def ocustslesl. bdtus, The &coow cHI0 bdendtrs sthe ot bat e moesent agks

al I owi ng bot é%éé | 09/ 11/ 2005

WO 02/ 094497 /%ﬁ%éég%%&f t?(r)gcéﬁio}{l/% éhioév?{{aﬁ%gr es gf cavities can
. be formeds in a V\oﬂk@ﬂé%@mb?rﬂ‘@r%ﬁﬁnﬁal’éﬁr HPBEPIEGRIBREVESN N® RYERES oF (he

beam The arrpu-JlOfodenalasy faheuﬁstaﬁtyslw\@mr atH heThepkprgeersét h
respect to the el ectron gun.. The beamtrayerses thg @ﬁl{ e between a

nunber of | FEHFEEHOR| Shg" BT LUREY aAELALFY1PPNedF § ?a??’é?g‘g
direction or. @l priTRIY Elﬁwi'@ﬁéeois |ﬁe§ému byhideglesuovshe 16pdrafios,

. traverse |s-a%ﬁepeat gd_thr oggponﬁé 'f]agrngé) tzl on, Tplgan&‘g@# \4%% appk |ed |
causes the c t| orm as the arrow -
102. Thelco:urv.mﬁlcaremwma)brhm:@lca@@sonhésecbndarYndeféﬁC(:semnﬁﬁrthe _
def | ection) shaud t | & i et MeeN

q;eérh'ew}r:’[éh s g 1%)@001%@"*1%&% Nale thevit fU8! c&i ABvECEKE

1. ations is typlca e time spent at 15 . each | ocation
and t her ef or 323ired v%f?@h-ts i ndicated at” 101 are much. nore rapid than the
relative motion,. of sid€@ld be remembered that the travel time between

 locations is typically about 1/100 of the time spent at
15  each location and therefore the movements indicated at 101
.‘are much more rapid than the relative motion of  the
workpiece 100, or the orbital secondary deflections 103.

By summing the three movements mentioned above and

with appropriate control of their relative frequencies, a
7 20 combined motion of the beam in relation to the workpiece,
generally indicated at 104 in Figure 10, is generated. '
FT S =Rigure - 11a-11d; -show--the--use -of var:.ous seconéary
: . .70 deflections in pre/post -heat treatments. In Figure 1la; a~_
oy o e OOP~pre-heat-is-shown-in-whichprior.to mvmi;y,yﬁ@mt&gn,m
' R 2Sf ‘the beam firstly follows a circle 105, the circle lying
| outside the circumference of the final cavity. The beam is
then moved in two circles 106,107 of smaller diameter to

eome  E

actually form the cavity. , , T

L Figure 11b shows a raster preheat where part of an_‘ 7
o 30 adjacent location (for later cavity. formatlon) ‘#s first-

| pre-heated with a raster movement 108.  The rcav_lty -at the- -

R © . actual location is then formed using a circular beam path
_ at 109. The remeining'part of the adjacent location is

. ' then pre-heated with a further raster movement at step 110.
s As the beam movements are very rapid, the series of
‘locations in the line next to those currently experiencing

cavity or hole formation can therefore be pre-heat treated.




~workpi ece. 100, or the orbital secondary deflections- 103-. By suming the
~three novenents nentioned above and w th appropriate control of their
rel ative frequencies, a conbined motion of the beamin relati oﬁgt/dLlflgOOS

wor kpi eceyo goRR4A! |y indicated at 104 in Figure 10, is 964" @I&ﬁ%zzs'i
deflections in pre/post-heat treatnents. In Figure 1lla, I'gure 1la

-11d, = show =-the use_ _of_ various -,: aeccndary 11-a- 1. t he beam
fi rstly follows a circle 105, the circlelfyi ng outside the circunference
of the final cavity. The beamls then moved in two circles_ 106,107 of

smal | er - di andis Bigh aepeed | 9L f Ehs BFROEAR (XSUlES giine Littlp digsRs of

raster preheqird\hﬁaﬂ: pa;reﬁnp@i:aa.urao Bylj agent tlmreat tBAt(fohe ' hdfectGavd ty
formation). J prefheat h a ra vement 108.""The
cavi t y=at thec KAl AR 5% e [%eaa'f“éﬁr}tcul ar beampath

at 109. The remai rﬂmmrﬁlcofshdms asdjaaﬁarab]leacﬁamda@ ddilreq Forhefded

with a fu th%ei&s’#’eés Qt tt%agm%%tllo Tﬁé A‘cirgxes gqtrllho éer@nt are ,

very rapid, ocalons I'mthe TTné™ 1t CUT TEnt .
experienci ng b@ﬁwmwe(mem@I §otof hustofiorainghar edvity beafrer hduich rigee ed.

09/11/2005 %ﬂ/@%ﬁl@@ﬁ?%@g £61186 4 %Erams@ng 611%]%?55_

~results in I'ittle | oss of ~pre-heat tenperature f}; Tha
“respective GRAtRFhdIegtdonohsgear caVEty: ekt foramednearliEgure-lic

?EOWS a Isun talille slmgez%arndiebhewtsl ff?xrrth%za éﬂ@ﬁpl@tés;cﬂ”'eat ﬁféifﬁémf‘t
e cir LS en eam novenent s i r'st .for a cavity,
af ter whi%h 'gt‘rfee Jtﬁl%&\ é:?‘I ect®d %%rté’scﬂja? I oRFQeéF‘F&G ar%ﬁaﬁ B in
anot her | ocatﬁctxnna\ﬂlemeoﬁ l,‘argé yvagedorienrateibne arfl edectedgmatetridl shapse
a further e of 1Q.tre h| partlc
~ beneficial for %s fﬁ'swign ?Efl 9'ne agé ITEI’\g?I ons 0 eJ e&czgﬁdlg[elh al .
~The. beam i s-“fhltcé?t aycamtmous tca be ﬁ@rmlﬂﬂ t oFhigslineoestends  for wosth a

cavity is todse tReMeghschiice | EREMSEKOUS 1 ldy - e8staahcihe %%aém?nérom
the lines of adj.acent Iocatlons 15 defi ni ngbthe previ-ous prinmary beam
def | ect tén D imppng the previous primary beam deflection path. The

surface of the workpiece is melted in the vicinity of the

line. | e e IR

The beam then follows a circular path.liS to effect

the formation of the cavity. When this is performed at a

20 suitable speed the ejected material from the prev1ously

_ formed line of cavities rema:Lns molten. The ejected
— .7-;-:.-'-.----mater1al £rom. groups-.of. cavq.t;.es therefore coalesces by ... .
- : surface tension ‘forces to - create large features :Ln the
v ) .-%w.umw-gmtersmﬂce.s.hermeen AR CAVILIRS o emmacimi e VRO

&

- 25 - Some further example condltlons for forming cav:.t:l.es
' using an electron beam are shown in the table below |




-surface of the workpiece is nelted in the vicinity of the line. The beam
then follows a circular path 115 to effect the formation of the\cavité.:
Wien this is; performed at a 20 suitable speed the ejected matefi%1%(8M05

the previously formed |ine of cavities remains nolten. Th | mat eri al
gy s i

-from gWap ..-cavities t_here.for-e- coal esces - e
tension -forces to - create large features in - the i rasx hat

I, Ttt~" ~ 9. ~e~1, 25 Sone further exanpleigonditions for form ng cavities
using an el ectron beam are shown in the table below 09/11/2005 WD

02/ 094497 17 2025 30~ PCI7T GBUZNQZZ37 Par.anet ergxa 1Exanpl ¢ 2
Mat eri al St ai hPELEREERT NI um St eel 3161 ANBPEAS0dA Text ) §g$-§8NEﬁi“m

Dept hDeep Re Q%E%§351Features-YesYes Prii e pr12eeondar v Xeahenibef | ectijon
Phase | ockin ccel erating Vol t agel30X40 (k%&ﬁ§§$n1CUr'§Eg %ng%égﬁg Bdam
Di aneter - 909%.30.6 current (nmm Presdutteq 0. 001 Pax ¢ apgr ox

Wor ki ng Di Str%thrfer 99&%4400 l'ens pol g N £Ga SHptH™ | Bebprr y

Defl ecti on4041 Patier dth ()
- 5 ‘Re-entrant Features _|{Yes - - . Yes
Primary—Secondary,;  . |Yes - . | No
fDefiection Phase locking ‘ o R
Accelerating Voltage 130 120
(kv) o | 1
i;) 10 |Beam Current (mA) |20 29
Beam Diameter - 90% - lo.3 . Jo.s
current (mm)_ - R '
Pressure (mbar) ; " | 0.001 approx 0.001 approx
'Working Distance - from 334 400
15 . lens pole'piece_gap (mm) - f -
Primary Deflection . {40 - &l
Pattern Width (mm) _ o
Number of Cavities per 60 24
_ Primary Repeat R
Tébfr5'Pfiﬁs§iiﬁéfiééfiaﬁf'”?f*"édffwf??féffﬁﬁﬁTﬁé?fffnﬂ;:"7 Bt

Repeat Frequency (H257 r

e eins

o e e o T 1

B Y N e e et e : . «**""‘“’ i O
=) " |secondary Deflection ~~ | Triple Circle |Single Circle

T Pattern Type

Secondary Deflection  |0.33 . ]0.5
25 Pattern Size {mm) N N ' '
-} Secondary Deflection -=j-_j?4db f : .| 5100 |
'j“RééeatﬁFrequénpyijiy_~;: _— : _ ' B
:.Work Feed'Rate'(mm/min)j*f2200 - 13930
jcavity Formation Rate -:- | 2400 . | ss4
30 | (/second) B
Energy Input 1.03 4,03
(Joules/Cavity)
Area Coverage Rate 1467 2686

{(tm’/second)




Nunber of Cavities per6024 Primary Repeat Primary Defl ection3. 6_ Repeat

Frequency (Hz) ,.a d--..,=_,,enu - ~_,~ . } Secondary Defl ection , zTriple
CircleSingle G rcl e Pattern- Type Secondar yoIEf2p&ct i on0-.330.5 Pattern Size -
(mm) Secondary Deflection - ..24.00 . .5100 Repeat Frequency (Hz) Work Feed

Rate (mn/train):=:22003930 Cavity Fornation.Rate--.;2400864 (/ second)
Energy I nputl.034.03 (Joules/Cavity) Area Coverage Ratel4672686

(m®/ second) 09/11/2005 . 18 at is clained is: 1 A nmethod of operating on
a wor kpi ece, the nmethod conprising causing relative novenent between the

. workpi ece and a power beamin a traverse direction .so as to.expose a
series of locations on the workpiece to the power beam -and at .each
Iocat|0ﬁ”%§ggkﬂged he power: beamto nove relative to the workpiece’in a

pr edet er mne TRnNer having a' conponent transverse to the traverse

drrect 191 WRhaRia f cBBEn) 9648 klﬁé,%ﬁéﬂiﬁg%% Lol =, M2l ted and

accordi ng t r@fn& ux g&[ Q tgl ﬂ "50 & t| ng the manner of
n avr egpars s oarﬁjs‘

novement of X to nove in a

controlled g&q}e tg‘a %rb \ﬁ\ g% a éa?:oﬁ | %o claiml or claim

2, wherein £ fetErr) dan'ﬁnnef— { N h ol e has- an
asynmetric i %ﬁ@%ﬁ Fﬁf Eg ely ISof ‘the power beam
4. A method rﬁ&fe% d“tﬁs !é%e% pBﬁSr Ja Ec?!aé‘%q :ﬁ s vty or’ e " when .a hole
is formed at,ga £33 B EFYS a

2. A method according to claim 1, further comprising initially
selecting the manner of movement of the power beam such that
the beam is caused to move in a controlled predetermined
manner.

3. A method according to claim 1 or claim 2, wherein when a hole is
formed at each focation, the hole has an asymmetric shape with
respect to the nominal direction of the power beam.

4, A method according to any of the preceding claims, wherein when
a hole is formed at each location, the workpiece is located on a
backing substrate, the power beam passing through the hole in
the workpiece and impacting on the backing substrate.

5. A method according to any of claims 1 to 4, wherein, when a hole
is formed at each location, the movement of the beam in the
predetermined manner is performed before or after the hole has
been formed.

6. A method according to any of the preceding claims, wherein the
predetermined movement comprises a secondary deflection such
as a circular, linear, ellipsoidal andfor simple geometric figure
shaped motion.

7. A method according to claim 6, wherein the power beam is
deflected at a first frequency to create a hole or cavity and then at
a second different frequency.

8. A method according to ahy of the preceding claims,
' wherein the beam manipulation includes one or more of a




backi-ng substrate, the power beam passing through the hole in the
wor kpi ece ‘and i npacting on the backing substrate. 5. A nethod accordin% to .
any of claims 1to 4, wherein, when a hole is formed at each | 8411 bn200%

novenent f eamin the predeterm ned manner is per re or
after thgﬂ%%wgiﬁgs been fornmed. 6. A nethod according t%gigéﬂ%gg%ﬁe
precedi ng clainms, wherein the predeterm ned novenent conprises a secondary
defl ection such as a circular, linear, ®blipsoidal and/or sinple geonetric

figure shaped notion. 7. A nmethod according to claim®6, wherein the power
beamis def |teoipeatradt o fspatidikegodntytionceéatbearhvky deapadansaiy t hen

at a seconddyggfﬁgagi&ﬂpquency. 8. A nethod according to any of the
precedi ng cl al ns, erel n the beam mani pul ati on includes one or. npre of a

09/ 11/ 2005" RO 02R0SEAGPA (ROERTdINPCP CBDY/ 237he e REEFLEA1IRT HerimF.
nodul ation ofg i ighdiovesmpenil fenmbi¥ingi 8hai BikbAciBg AHEEidd GcEDEdi ng
to any of_the preQ%g;Qg*clalns,. further gggpr|5| nel ti.ng and di spl acing

, the soli difi @Pteiddr ity aRFadt & (fepifed %@&&%-He. -10. A net hod- .
-accr(lzr di ng to.iany ?lf'rhélﬂucﬁt:l'eaedbﬁ@iﬁgatﬁsd,anlwm etltlme apreegelihecatiaims,
wor kpi ece material.-i.s nelted and. spac [ a der ., t ' e- of
the Dover - baIRIERR TnERCH RoRBiofs ot rafrec aedet Ta s Ml deq s,
hol e- . sur roursgedds) latexedd youndelri 8hei dufiuenreadt vibheipower beamezndi th- -
respect 1o ! el Akiled W05 KBL2SE: BT 68 % Ho - foffR! R08a36E9! Lathd e any

. of -the preceding clains, wherein the cavities or holes are“forned jn the
wor kpi- edé® 13 suKn@ed ab¥ordl ngred &fy 8plidbipedcagtegi@iai weichuniFein
the power begRiEaGEwikRe WepdcCad dhe AldjAdedite wolrkpi@lep urFecand. |
,QL)hoIesrare fornmgd in.the workpiece at a rate of at |east .at arate of at
| east 500 pertlsecdndietied ACIORIIRG 1t AVAiHy RS cPEPHEIE NI AT -

t he' cavities whlexetinl khes cavities or holes are formed in the workpiece .-
at a rate of at least 500 per second. '
15 12. A method according to claim 11, wherein the cavities

or holes are formed in the workpiece at a rate of at least

© 27 -580 per second. : R - : :
''13. A method according to any of the preceding claims,
whe?ein the power beam moves between locations at a rate of
20 about lkm/s. o -
N © . 14. A method according to any of the preceding claims,

W .wherein-the-transit-time between locations is about 1/100th- . .
_ . of the dwell time at each location. o o |
Fﬁi)wwwié%ﬁ¢:#a5$wwkamebhpéfacgerdingmto»anymQfmthwpxeaadingm£$&d$wg%@;g#$§;é
' .25 - wherein the cavities or holes have a maximum diameter of *- '~

_ about 0.6mm. . . 7
. 16. A method according to any of the preceding claims, -
" 'wherein the cavities or holes have depths in the range 0.6= - . '
.30 17. A wmethod according to any of the preceding claims, =
. D 7.7 "wherein the cavities or holes are spaced apart with a'pitch«f“fg—'
* ..o of about lmm. . .. . B
. ~ 18. A method accdrding to any of the preceding claims, -
v  wherein the peak power beam density is in the range 10°-10’
35 W/mml. ' )




14. .A nethod according to of the-=dwell tinme at each |ocation. ;wherei n
-the -transit-tinme between | ocations as.about -/10Qh any of th%ﬂ?f 2]%
claims, : ~vy .-5- - nethod - accordi:ng.. to any... o f...... ell ,'2@

ding a . wogdeMierein the cavities or holes have a naxi m%m&gg of .16.
A nmethod -according to any of the preceding clains, about

‘whereinthe.cav.ities or .holes have depths in the range. 0.6= 17. A nethod
according to any of:,the preceding claingf inmm':.wherein the cavities or
hol es are spaced a art with a-pitch- -" 18. A rrethod according to any of
t he precedi ngl 2} ai methﬁ‘ér%‘?"?f"fqﬂé‘%e%ﬂk Vet pebdimensi 9 14 ivheReiRange
105-10' of abemé d&Wit8Es Wi €0 /Mble2 Q0 maV@ndl Q9447 RCHECBO24 02237 20
19. A nmethod according to any of claims 1 to 14, wherein the cavities or
hol es have a %& dﬁ“aﬁ’é‘?‘g EXfS1ess than about 10 micrometres. 20. A ¢
met hod accorottcmg tB aeyhoa at@dinkirg teo Jdnvaaﬁre]Lamshe EdViM ash@rei]ﬁl es
" have a d| a f th about 2 d,acgcording. to
—any of th BLLE ng ct eé’ 04 %%%nerg‘fa g ghag'ﬁtﬁgl g———%\?%sa a’&f -
substantlallyalbdmts&rmmgl ze _ 10 22. A rret hod accor ding to any of the -

~ preceding cl oL poles @'%wﬁ%’ uare '
' gr cl osg pac e'd ajra\r,\@@‘:ﬁbg taE%o In# ﬁc%g dll:% ﬂ{eegfé the- rec
“claims, Mervehereaeht%@‘ertl@a/peyhﬁz}ﬁaaﬁre é&tlr afit spbet:an'éla %Yzw,hEA S

nmet hod accordgg\getglga@y of the preced| ng clains, - wherein.the power beam :
5. A nmet hod_ accor di to any

‘conprises an el ectron bea | aser. beam . I n
of the pr&cedify -2I Q?HEOQ ﬁﬁ@?ﬁ?ﬁngurtf’erﬁn)f PFh&rFoRFEIRERYI © ﬂ?%‘g?i but ed
afj 0ss the 2Athelraimet ehe ofatitcidrar suslesd tmfet&eramgé&ninlm @quar\eudms of

1

close- -packed array. ,
- 23. A method according to . any of the precedlng clalms
_ -wherein each hole or cavity has a re-entrant profile.

- 15 24. A method according to any of the preceding claims,
wherein the power beam comprises an electron beam or a
~laser beam.. ] , - ,l n

. 25. A method according to auf of . the precedingjglaims;e
wherein current in the power beam is distributed across the

20  diameter of the beam such that the current in an annulus of

| the power beam surrounding a central region of the power-
"'ggbeam,nmthe -central . reglon ~having. a lateral. 'dimeﬁsigghé

e e : substantlally equal to one thlrd of the beam: dlameter, is

hff)ﬁg;,h:ﬁh;_af leﬁst“halfrthﬁwcur:enrmlnmthemcentralhreglon%ﬁ e —

“25 . 26. A method according to claim 25, wherein the current g
in the annulus is at least egqual to the current in the

oo '_central region.
2T 27. A method according to claim 25, whereln the current
in the annulus is two or three tlmes the current 1n the
300 central region. - L T SRR R
28. A method accordlng to any of the precedlng clalms,
wherein a portlon of the predetermlned movement causes an
.area adjacent the location to be heated.
29. A method according to claim 28, wherein the adjacent

35 area surrounds the location.
30. A method according to claim 28 wherein the adjacent

area constitutes another location.




"t he.power - beam surroundi ng a central region. of the power - beam -t e. -

central region, :.:having.:- substantially equal--to one third af, eam -
dianeter, is k nt { y -eg~P* 25 26. A nethod according to clahﬂéhfigﬁgﬁgﬁﬁ

the current in the annulus is at |least equal to the curr ' centra
regi on. '%0%’9 "hod accor di ng to claim25, wherein: the?’%ﬁ(‘?@“ﬁ%"rﬂ?ﬂ the

annulus is two or three -central region, tines 28. A nethod according- to
any of the preceding:-clainms, wherein.a2gortion-.of the predeterm ned

movenment causes an area adjacent the |ocation to be- heated. 29. A nethod
accordi ng to 2lai nh28etithdr aiosord ngdjtac e iss M. edhanaigunelRet ABOLBEAL i on.

30. A method pgeQedbRo: & OnshRbA BEENRE Ehd ddpi Bl candle af gareensti byt es
anot her | ocation. 09/-11/2005 WD 02/ 094497 PCT/ G302/ 02237 21 31. A nethod

i according to €h@ianapheinkpedhi®me another |ocation is heated before the
cavity or holgzis AomBefiod! adddedamet ey diedad iam). whkréinethedanechedi ng
to claim 30, wherein the gnoth r. gocahkpn I_s .heat ed after.thf‘cavité or

' hole is formedCaRtienelSnBERERY| BELBF ofe35 VIR PN SR L b d ﬂﬁm?g Yy of
clainms 28 to BRe,andehietr nlotdeismi d portion of the predeterm ned novenent

is of a different,f t . Lne nent ,at L he,saj .
Tocation.. 34°n %sﬁ%@%ﬁaﬁ%ﬁgﬁ%ﬁ oL ARG 28 chlSathlletlin |
- sai d portion ohet Beigr arattdan FbeeRyedetermineds teevenent 135 o Aet hod

- according to ﬁﬂfé’}eﬁ@ewfﬁcﬁéi- RifeC pdicifor erhndRerBivemit | Acathensadye
spaced such that the material displaced fromadjacent |ocations is in
contact.186. PeeR%}HY- according-. to. claim35, wherein- the time period
?ﬁ ween the fof mtd eetHod heeadidernttd aagt bnglasms 28 to 33, wherein
i | the said portion of the predetermined movement has a raster

form. _ ’ ) . .
35. A method according to any of'the'preceding claims,
15 wherein the locations are spaced such that the ‘material
displaced from adjacent locations is in contact. '
36. A method according to claim 35, wherein the time
period between the formation of the adjacent locations is
such that the material displaced from the adjaceht
20 locations remains molten and coalesces. - .
37. A method according to any of‘the'preceding_claims,,
- - . further -comprising--varying -the beam. focus..during--the . . ..

..formation'df'the'Cavity or hole. R : |
u«ﬂ@&rwwkﬁmeehedqaseaxdiagm;awgngmgﬁq;hggpxggggiggﬂg;ginm&“gwémnw,§
wherein the workpiece comprises a metal. " . ~ s o
39. A method according to any of the preceding claims,

- wherein the workpiece compriseS'aﬂbrake pad_bapking plate.
40. A method according to any:of ‘the preceding -claims

~ wherein thie power beam is applied continuously. '
30 41. A workpiece which has been OPefated upon using a

method.ab¢o:ding to”any of the ptreceding claims. -

£ .. ... 42. A method of-jbining‘awarkpiece to another member,
the method comprising modifying the surface of the
r ' workpiece using a method according to any of the preceding

35 claims so as to form one or more cavities in the surface of
the workpiece; and adhering the other member to the
prepared surface of the workpiece.




such.that.the material displaced fromthe adjacent 20 | ocations renains

mol ten and coal esces. 37. A nethod according to any of the precedl

clains, further conpris-ing -varylng .. the, beam focus : duri0§ fhé2005
fornatl cavity or hol - ,.Z_ 25 wherein the ' onpri ses
a neta Q’g%‘:’B”%J't'rr%tehod accordi ng to any of the preceding ﬁ&?@%&%mer ein

t he morkplece conpri ses a.brake pad backing plate. 40. A nethod-according
to, anyof-the precedlng clains wherein %-power beamis applied
continuously. 30 41. A _workpi ece which has_ been operated upon usi g a

‘met hod: accorfifng t% meThRg SFCOFﬂéngbﬁébeﬂ4%ﬁWcF§v nivherein, the nghher

j oi ni ng a__womkpbeeecbapaieéses pepasr. the nethod conprising nDdlfying
the surface of ,th WO hLece using a neth d acc ding to.any..o

precedi ng 35 %Falﬁ% @8£§§dt8°ﬁ&5% t i ¥Berfipths, r?gﬁﬁrof .
t he wor kpi ecemembdradhei&ng tmmdatheroﬁenbeonEO thef pr epgiled, sur f RTEEOf

oo aingP o (PATKETbPERR e RRY Pl S RRE R nd e TTRERS . s 4

met hod accordbagyugethane 4&J.umhammnanlde MQllmb@henolmMereslnae of

nylon, PTFE £RQ! yh&héas bk qgfj gmnlA (polynethylnethacrylate)
pol yur et -hane,: ?um%ltlumtan |ts a+ OY henolic resins, 10 46. A net hod

accor di ng 't o ‘&ny ofAtﬁﬁtb?‘écéﬁFﬁg‘dépal erO ehaifer 48onphiereing Wreaakethey. -
.45, A nethodnaﬁs@f%ﬁ@ri@aglaalma]é@ padherein the other and magnesi um and.

its allo yg 2%$re| erlal each Iocatlon |s nel and dlsglaced
so as to- bve: L #RE © eLany

~material. ~ wherein the materlal at each 1ocat10n is melted and
B - .displaced  so as to. 1mprove -the . adhes:Lon between the
workplece and a second mater1a1
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