;e3e  d40<6rTX , 30 August 2004 1 A PROCESS FOR MODI FYI NG CHI P ASSEMBLY
SUBSTRATES THIS I NVENTION rel ates to a process of nodidyiuggstd®op assenbly
substrates. Mre particularly, the present invention relates to a nmethod of
nodi fying or repairing chip assenbly substrates w thout requiring

| it hography or the renoval of any previpusly nounted conponents if already
present. Once a chip assenbly substrate has been manufactured with any
surface nount assenblies attached thereto, repair or engineering changes to
the circuitry which involves the addition of new traces, typically copper,
becones difficult. Renoval of an unwanted circuit part can be readily
acconpl i shedARRQGESSHOR MOIMEVING CHIP MMB&YMFWt rial

practice. Adding circuitry, however, using conventional techniques would
require the entire substrate to be plated and then any unwanted traces
removed through a photolithographic and etching process. The uneven surface
profile of cUHIS REYENIDION selbies to3d %@cmkéeﬁmaﬂyingbmbasseﬁfulpédb@@ates.

phot ol i t hographi ¢ process inpossible. The adhesion and reliability of any
freshly plated copper traces would al so be questi onabl e because the nornma
grinding and surface etch procedures utilised to increase adhesion of the
copper traces to . i .- k of
adhesi on of the C%%%%@9b¥§§égﬁ#ﬁﬁ%ﬁﬁg%g%@ﬁ%?dgﬁﬁgffgﬁgﬁgngﬁﬁﬁb%é serious
problem A psoegaiingt biep edse¢mbly ubsthate0 wlithoste keiringe lithog@bhy @rathei r cui t
pattern and sinultaneously selectively prepare the surface for inproved
trace adhesi GmoxsuM@ny pgvidusyaneunjed sopimenents Halipedyameseal- f or nodi fyi ng or
repairing chip assenbly substrates. It should be noted that polyner coated
substrates al so suffer fromthe sane di sadvantage of |ack of trace

adhesi on. 30 August 2004 2 Increasingly, high density substrates are

bei ng used and t hOscd hehipasdmbly subkeate hg FRe mhagfehanDeah anpdirficeat i ons or
repairs invol ving connections on and/or between the outer circuit |ayer and
the first inmepntagseabligh pitached heiete sepaiar gngingesing phanges tethe sbewirs nor e
expensi ve a r. Xaq:k: il t rqduce new connect.i Qns on

and/ or bet vven‘gP] ﬁlzvog‘gﬁggbgéfidrl%]?? PF%V%}raX%?h%p?%gy Fﬁ?%ef’e?eﬁﬂlg?s ﬁ%}‘é"ﬁgand W thin
buried | ayerRemuullod adlus®ahieg c8@E phrd arf bexdalily atconplidhdeswf tliigss of a
process able to nodify, carry out engineering changes or repair chip
assenbl y subitaeavids 2 1a88r @ eommennindysitinbproctinee Addingbirenifrprhaververi ng

circuitry and.for mcro Yi a formati o t hes mert.hod have not begn used for
addi ng ci r cul' v oyl dgchnigues vpy EJPH‘BFF ﬁ‘lﬂ s Bust\ﬂr%@.to cRlfled1 of the
acconpanyi Ngardr iy MGSurvhdntRe FREERnidVeE BrbQINLPRIONAbBSIAE 88P SRhiHE" form ng

mcro vias: 1) a photo-defined process utilising a special photo-inmageable
di el ectric vitreedss sThexwsyer sareccdelleopl chip aisgemidy sebstiates viakes aaygri ndi ng

and surface | n_bei ng.used t.o i nprove adhesi on_of the.plated copper
traces; 2) aﬁgg?%sgfnﬁgflo%%glltﬁ%@ﬁlﬁr%rg’g?é Wﬁoéﬂglgr eal s agpesgf‘ghiaf’gcant

amount of defelilsilifubt Rgly tfAGhBD bRk Boppee Rratk GloultH SlsobBe 'RFRIcaghIPY P! asma
or sone other type of de-snearing process, w thout Besnearing, adhesion of

any plated neacayse;the popnal grindlim ard wvidcasech proceduses utilisahite inareaspr e- et chi ng
br ocess. st eniotesidy of (PR PN T B bolf e Rl Sl SR bl Subst rat &
to enhance apfksif@dhefontdTendbaphedr&oPRahe _grinelaﬁlb‘é\frétgﬁfegﬁlt@p%r udef i ned

mcro via method, this process is inconpatible with chip assenbly

substrat es. Problgmaudypsecess dhergfor whitheenalpsadentisely sicfiee aicirevia pattern
phot ol i t hogr J: .final patterning.because the plating step is
not area Spe%{aﬁllglug%n%ggﬁ%i E%I?égciyé{g%aﬁ)%hy Surfalt>for improved trace E{lhesmn

would significantly improve the potential for modifying or repairing chip

assembly substrates. It should be noted that polymer coated substrates also

suffer from the same disadvantage of lack of trace adhesion.



surface nmount conponents are attached to the assenbly, it therefore becones
difficult, if not inpossible, to make any changes, nodl Avgesti or

repairs. A photolithographic process would al so require the production of a
new mask for the proposed changes so that nodifications or repairs would be
expensi ve and ti nme-consum ng especi ally when only a single or small nunber
of chip assenbly substrates are to be nodified or repaired. A nethod of
netallising (or adding traces) to a polyner filmis known from Applied
Surface Science O@creh@@dy, Higlbdensky chtvatiel apeeinpOlsydand ik ald meed 6 or mat i on

of positively charged surfaces and its application into the metallization
of pol yner fipkpsengingering ghangep.i modifigaionkor LepAHSdNVOIKing GORBREIIGBS OB net hod of

sensitising a predetermn.ned. ar f p Fefl A | aser
radi ati on soﬂﬂdgoéetfeﬁ‘g?e&n%‘.e e glgc gi I %raé)dldg{r{l%c%%{ng@sep%{ar@p%gr%gmg? t he
pr edet er m negsafiigp of the polynmer filmfroma neutral charge to a positive
charge. Once specific areas of the polyner film have been charged, then a

catal yst is deposited on the charged areas by dipping the polynmer filmin
an aqueous sol ution containing a negatively charged colloid conposed of

pal I adi um and a syrfactant.. The al . or |l oi 41 ugi = he

catal yst adheres éﬂ%s%gﬂgépgcgpgdﬁ §1Eeee§%§]](i)sfl\%t ZH@ @gﬂgsct%b.g’tléée gﬂlf’r%é@tg.ts The

pol ymer fil mybgudehR édnns@dnabBH ahd/BEb&REer the Ddulk alrtuiglapért dhdahe Gigpper. The
negatively charged col |l oid adheres to the polynmer filmin those specific

areas whi ch inasselayereand withihi huerdedl layers, weplelsilse dirresse dke Sewbilith-andss pl ati ng
| ayer of copper.is limted tqg.those . .selected areas .of 1the polyner filmto
wht oh he- copebitnat Taarutbie ROBGHRN Gy S0 RlafRRrEe chPlel B MR b s of (e
pol ymer fil miap gss6mBly @b§ifgesas traces, then electro-less plating of new
traces is achieved by this process. However, there is still a problemwth

adherence of traces to the substrate. 30 August 2004 4 It is an object of
the present invention to provide a process for nodi fying, changing or

repairing a chip enbly substrate w t the.requirenment. of .1ithography
or necessitating eF&ﬂ%@éPQ@Tk6V%W$%h@ﬁ§rWﬁﬁﬁPgﬁg%gﬁﬁﬁﬂ@A?gg“?? is a
further obj egh fQimatiog, BERIBEodsTHASR hbOBLch AsEPRK aHdln%Eﬁ&diQ?,cﬁfB[ﬁ@ess for
nmodi fyi ng, changing or repairing a chip assenbly substrate which al so
pernits addi meeHisafiorcolmiae vise. tigweed ofithehadcompanyan drdwangs dlbustriatesi s anot her
object of th resent. i nvention_to. seek t.o pr.ovide rocess for nodifying,
changl ng. or  TEBAORTHLoRA G4 S BTy TS AICET e 1A PENEGRTBTCPRES! o
flexibility @il NepeBROPHOIEGFhARIS URIREITRARN W dxpofial hde{d¥Ra801 NpUt to a
| aser system A further object of the present invention is to seek to

provi de a nepiodaceofhenvids,f ¥ignigdmigi mdaswéarb| gichs stept beang sisdsl) ta hmpeeddi t i on and

renmoval , if negeded, .of interconnectio and/ or i nput/output (1{Q) pads for
the purpose B'¥4P P§?‘?Fg1’18f?§ SPEPY; tfa%%j o) ‘?‘]‘gfhﬁé@f’ilf‘@r Eﬁ‘ﬁ;ﬁbﬁe‘é'{“(? rapi d
prototypi ng ghils ASHRitad SMBSIrAlRBris AR BRitRA s whidh Rigent
invention is to seek to provide a process for nodi fying, changing or

repai ri ng a tsuroved byayasmavpt kéme athenitppeast dersinyaringbpriocess ewithatodedi ngl y, one

aspect of the present i.nvention, provides a nmeth 0 di fying a chi
Seberbly sundri: et S o BEECeRE T Poott pls) A4 G IS btk

which no pre-etching is required which is advantageous but, when only a

dielectric is used, some process steps must be added to prepare the polymer
surface of the substrate to enhance adhesion of the plated copper and, as with
the photo defined micro via method, this process is incompatible with chip

assembly substrates.



area of the substrate to provide the selected area with a pr 8' ferm ned
char ge; 30 August 2004 5 texturing the selected ar e%péPg‘ESﬁg @hbstrate to
affect the texture of the substrate surface; depositing an el ectro-Iess

pl ati ng catal yst, having an opposite charge to that of the predeterm ned
charge, to at least the selected area gf the substrate such that the
catalyst remains affixed to the selected area of the substrate only; and
nodi fying the chip assenbly substrate by electro-less plating the chip

assenbly substratgu medey pideses areqaise t phbictithdgrephixatprdopst foerfiiahs af fi xed
being electro-less plated. Preferably, the step of treating and/ or
texturing tHattemingbesausgribe pleiRg Slepds nphares spesili osselicHyfrg OO @ f | uence

| aser beam on the sel ected ar L entl £ | aser
beamis in tsl%tta?eaﬂ’&gnto‘f(m@o@%n‘?%reo%ﬁ%g)ﬂg{e aﬁ%\%@?ﬁ%éﬁ%ﬁ% Q{Cﬁ&@gul se wi dth
of the | asergifRam Fmd: MRpSRIVES (16 dnake &dy ichanges t edifieaims ok rdfdiso H0
nanoseconds. Conveniently, the repetition rate of the | aser beamon the

sel ected ar ezoiaithagrapthéc prangje voTuldsplso reguirk the prededtion Abpynew ask Rser is a WV
e oMV Bl IR Tl U L Ry oo

substrate. o iC . Or contains an
aromati ¢ pol yEtonsumifth AYSUEIy2@Bén only a single or small number of chip

assembly substrates are to be modified or repaired.

A method of metallising {or adding traces) to a polymer film is known
from Applied Surface Science 69 (1993) 1-6, “Excimer laser polymer ablation:
formation of positively charged surfaces and its application into the
metallization of polymer films”, Hiroyuki Niino and Akira Yabe. This provides
a method of sensitising a predetermined area of a polymer film by applying a
laser radiation source thereto. The sensitisation changes the charge of the
predetermined areca of the polymer film from a neutral charge to a positive
charge. Once specific areas of the polymer film have been charged, then a
catalyst is deposited on the charged areas by dipping the polymer film in an
aqueous solution containing a negatively charged colloid composed of
palladium and a surfactant. The catalyst or a colloid including the catalyst
adheres to the selected areas of the substrate surface. The polymer film is then
rinsed and immersed in a plating bath of copper. The negatively charged colloid
adheres to the polymer film in those specific areas which have been irradiated.
The deposition of an electro-less plating layer of copper is limited to those
selected areas of the polymer film to which the colloid has adhered.
Accordingly, when the selected areas of the polymer film are configured as
traces, then electro-less plating of new traces is achieved by this process.

However, there is still a problem with adherence of traces to the substrate.



6 Advant ageously, the catal yst conprises negatively charged col | oids

contai ning palladium Preferably, the texturing step 3bAugdse2d04 he texture
of the substrate surface roughens the surface of the substrate in the

sel ected area. Conveniently, the treating step and the texturing step
conprise the sane step. Advantageously, the fluence of the | aser beamis

I ncreased froma first fluence level to a final fluence |evel.

Conveniently, the treating step positively charges the selected area of the

substrate. Advantjiageoishyiec@ of "Bt Mhwentién REOMoURE & Nprbbeds Sfebst r at e
down to a buried Fayer WIM ﬁl I‘cl) th ecés}abstrate such that a g%nnectlon W t hin

t he subst r atreodifyind)eclaniging or repuiifg ed chi?r @fsembhl wbstme gridwubfthe r eat i ng

t he sel ected area of E sub trate corTH es the steg }reatltn% t he
trench or vﬂﬁqu@é‘?ﬁ&‘éﬁ bﬁ’é“‘?ﬁesﬁ‘ﬁﬁ TeRpRR] of PEGYIoSHY IAMEY st 1 at e

are abl at ed% E t? rermve unwant ed conductive portions on or in the
substrat e, P&t on usi ng a high incident fluence.

It is a further object of the present invention to seek to provide a process
for modifying, changing or repairing a chip assembly substrate which also

permits addition of conductive traces with improved adhesion.

It is another object of the present invention to seek to provide a process
for modifying, changing or repairing a chip assembly substrate which offers
greater flexibility allowing modifications to be made with only software input to

a laser system.

A further object of the present invention is to seek to provide a method
of modifying chip assembly substrates by the addition and removal, if needed,
of interconnections and/or input/output (I/O) pads for the purpose of carrying
out repair work or engineering changes or rapid prototyping chip assembly

substrates.

Another object of the present invention is to seek to provide a process
for modifying, changing or repairing a buried layer within a chip assembly

substrate.

Accordingly, one aspect of the present invention provides a method of
modifying a chip assembly substrate comprising the steps of: treating a selected

area of the substrate to provide the selected area with a predetermined charge;



30 August 2004 7 Advantageously, a laser is provided to carry out the
treating step, the |aser being switchable between a | ¥hAbgutddd setting and
a high incident fluence setting. Preferably, a |aser is provided to carry
out the treating step and the operating paraneters of the | aser, including
the fluence and the selected area scanked by the |aser, are controllable by
software. In order that the present invention nmay be nore readily
under st ood, enbodi nents thereof will now be described, by way of exanple,

wi th referenggulif feeReRAMRAN tRY stlsBeng Affebtthiiixtite ofF tialddbstiate | | ustrat es
conventional nethods for mcro via production; FlGURE 2 cogrl ses two SEM

m cr o- gr aphssuifatey sippesitingoant dlectrodngsupatingecatal yit dwvivgag opapyite chidigdd® a process
enbodyi ng the present jnvention; FIGURES to,3¢c are erj t hree
cross- sect i o‘ﬁ%‘ ?fht?‘BtP _eé?rﬁ@fltfh@rigﬁ’ 15 q}ﬁa@ﬁﬁuq TSk eéioef’rﬁ%ﬁf: ghevéut%gtr% process
embodyi ng t NGRiER B catdRe R RS oA 0 BRERcA afcd dtdhaadsfabRhlyes of (hree
Ccross-sections t roug?‘u a mcro via produced in accordance with a process
enbodyi ng t hadpmedifying i thy ehtpi essemblymaibstraiepai elecioe-loss plating dienehip connect i on
to a buried zlsgeyn?l;ly substrate, only those areas to which the catalyst remains affixed being

electro-less plated.

Preferably, the step of treating and/or texturing the selected area

comprises the step of scanning a low fluence laser beam on the selected area.

Conveniently, the fluence of the laser beam is in the range of 0.02 to

0.26 J/cm?.

Advantageously, the pulse width of the laser beam on the selected area is

in the range of 10 to 50 nanoseconds.

Conveniently, the repetition rate of the laser beam on the selected area is

in the range of 5Hz to 1kHz.
Preferably, the laser is a UV laser.

Conveniently, the substrate is a polymer substrate or polymer coated

substrate.

Preferably, the polymer is an aromatic polymer, or contains an aromatic

polymer.



A dramatic change in the surface energy of a polymer substrate occurs when
the pol ymer surface is treated with a [ ow fluence UV Bhdegusth negatively
charged col | oi ds contai ning palladium (Pd) are used as an electro 30
August 2004 8 less plating catalyst, the palladiumis selectively deposited
only on those areas of the surface whigh have been | aser treated and which
are positively charged. As a result, only the |aser treated areas are

catal ysed thus achieving electro-less plating only on sel ected areas. The
aimof the laser AJ4Ratgesislyithbedatdydhadonilsys Reghively eragid icRoidbie pol ynmer
surface of the substrate and to nake a sel ected area positively charged.
The ai m of tdoataimsgpaltadesn.ment enbodyi ng the present invention is not only
to sensitise the polyner surface of the substrate but also to affect the
texture of the subleferadlyg tistekintiag aop tpiféice thahéxture of dieesbsthae sufist r at e
surface. The aimis not to forman electrically conducting |ayer as would
be required Pogheas thersuepea ¢fdheebssite inthe seleHed §fGes. The nunber of |aser

pul ses required to treat the surface area for use in the process of the
present invention is substantially reduced conpared to the nunber of |aser
pul ses which would be required for electrolytic deposition techniques. As
stated above, theCsnilaichi,@hstuédtiagstepant nigatermiring kiep @omprisd thasmoe UV | aser .
In the context of the present Application, the term"low fluence" refers to
par anet ers ofttfenergy per unit area that vary depending on the type of

| aser, and which may al so vary depending on the type of material used. In
the case of a KrF (wavel ength 248 nn) |aser, the critical fluence range is
fromabout 0.02 to 0.26 J/cnR. For other nmentioned |asers, the critical
fluence range is Afvinhgeswnis tior flasnce B eheulaser deamiie incoeuséd fremcefitdv | aser
treatnment on_the substrate surface roughens the surface. This is extrenely
advant ageousflisdcaleyel topdinabflgnepdsyekur f ace will enhance the adhesion of any
subsequently plated nmetal traces or pads to the substrate surface. However,
excessi ve roughening of the substrate of the substrate may be

di sadvant ageous, as pl ating may becone non-uni form and sone areas nmay not
be plated at all.Cénwdichapltbe aemipistepiposidugipehirpgs tharselect@Dardwginhe 2004 9 be
achi eved by varying the fluence of the |laser and the nunmber of pul ses

i nci dent on t4B8rder f ace. The preferred | evel of roughness is root nean
square (RM5) roughness of between 0.2 and O Swn Excessive roughness is
greater than an RVMS roughness of |.Swm A preferred nmethod of achieving a
desired |l evel of roughness is to enploy a nmultistage "ranp” of the fluence
of the |aser. TheAduinkspeeusiy af trergh or Miadi @beidedvrt thel sobstfates dmer tpal ses of
the | aser beamthat are just within the critical fl en%e range of the |aser
(for instanclrig 1aver Mgy thespbsiratggiich ﬂl‘ﬁﬁﬁﬁé?“%f“”bﬂ’l‘éé’st Fé“légé‘%%ei %@Pse the

sel ected aregs,fkabbgoipgt rate surface. The fluence of the |aser beamis
then increased In a succession of steps until the final (though stil

within the critical range) fluence is reached (for instance 0.2J3/cne). It
has been found that using this nethod, a fine scale roughness (<0.5

m crons) is achieye er a large, area, and good, adhesion of .the catal yst

i s obtained. The %?g?ﬁﬁé e ske ?%ﬁﬁa@%h%ﬁésaﬁgF%dnﬁk‘ﬁegFrﬁﬁmgﬂﬁ coul d,

for exanpl e, odhprided heRiPUrd@adngSBE gRchdr viPW fl uence pul ses and then fol | ow
on with a series of high fluence pulses to gain not only inprovenents in

surface roughness but also to provide a nore highly charged surface which
woul d accept colloids nore readily. The increase in fluence my be effected

as a constant inc ease.fgon1the first Iom/fluegﬁg I§¥el to %Qe final higher
fluence level. |nHPPEMTEEY R SEPYRI Beawp FBTEES ted sLopper
traces on a pployieode uiWhitd 86 RIubEYEHRAEH GNEOH RO istityaRdiRhdoRat
adhesion was significantly better than copper traces deposited with an

el ectrol yti cugpinge bigh incident fluence.



As an exanple of a process enbodying the present invention will now be
described with reference to Figures 3a to 3c. Figure 3aApgusigddhtes a
substrate 30 August 2004 10 1 forned with a micro via 2 which has been

abl at ed using conventional techniques. The micro via 2 provides access from
the substrate surface to a conductive ljayer 3 bel ow the substrate.
Preferably, a W | aser renoves any unwanted passivation layer and drills
the necessary vias in the substrate. Typically, the substrate will conprise
an aromatic pol yredvastigboldly, a 1aeh s fraldedr oadangpax ythe Togtind\stbgahe i s
operated at a high incident fluence during this step to increase the speed
of the procdssr being swischablanbetweai lowalueasmssitting ande Fighy HsidsnhBMaAce r eat s and
textures the ?ubstrate by creating a high density of shallow dinples in the
treated area*™§e dinpl es having a depth of within the desired range of

| ess than or equal to O Swm when the fluence |evels are mai ntgi ed within
t he af or enent i onddclerably, calasen ieprowided g earmyaph the ftrepting SIEP dRAdhe 4 singl e
hi gh fluence_]| it hin.t it ¢ . s 14l i PNy, can
provi de a suorpfega\é@brp%%aértléelgsoqb%ﬁcéS&Jé%gééue(%@]t eﬂlkf'gg? ra ﬁ%&]&oﬁ%ﬁﬁess,yv\her eas
canpi ng the dchyRA®y theM&dr, 4ro cohimlabR®yRbAWwalel uence | evel does not cause the
roughness to exceed the desired level, i.e. an RM5 roughness of < I|.Swmm In
the context of the present Application, a high incident fluence nmeans a
fluence greater than about 1 J/cne. The next step in the process is to
remove any unwanted Y t: : I j & ia or
contact pads. Agallﬁn?rﬁglnhgﬁwfﬁ Erseg%i{ti%%’és?)\?&oﬁgﬁ@dﬂgolﬁdg(eﬁx?% llyit p\%‘%ﬁ%?ﬁd’/fl uence to
abl ate any sgisthodimémslterdof &Gk siow Healebdribedsdr wasof dxampluintitineftrdncont r ol | ed
by software) to a |ower fluence setting and the sel ected areas of the
surface of tWéhesisempaningdrevingsdnddidith the | ow fluence beam The
treatnent step involves scanning the laser with 30 August 2004 11 a
sufficient nunber of |aser pulses per unit area to ensure that the pol yner
surface i s adequately positively charged and adequately roughened. Figure
3b shows the sel eflGRIRRAI ¢ltustrart comventioml methods forwhicohvihpedbeion; t r eat ed by
the low fluence laser. It should be noted that no handling of the substrate
is required between the step of obtaining the mcro via 2 (Figure 3a) and
the step of treating the substrate (Figure 3b). In the case of via pads, an
entire pad area c r : i (o) 1 [ of the
| aser beam can beﬁg}a e gucg @?@?‘%ﬁ)ﬁlﬁy atrnggl?) #E}éﬁéﬂlﬁ%ﬁ@@g g?q;toﬁgﬁcl%lgger beamis
mai nt ai ned Wridek obtainable using @grodesngrboalyang thdpresquoinventiam; i s i ncreased. After
the selected area of the chip assenbly substrate has been treated by the
| ow fluence |laser, the treated substrate is cleaned with an organi c sol vent
and rinsed in DI water. The substrate is then di pped for a short tinme (in
\tNgtee?rder of 60 SPRAIRES 30 aRda SRS SURBL bsE-battinhs I RUPHigtoW th DI

via produced in accordance with a process embodying the present invention;

and

FIGURES 4a to 4c are a series of three cross-sections through a micro
via produced in accordance with a process embodying the present invention to

make repairs or provide a new connection to a buried layer,

A dramatic change in the surface energy of a polymer substrate occurs
when the polymer surface is treated with a low fluence UV laser. When

negatively charged colloids containing palladium (Pd) are used as an electro-



The substrate is then placed in a bath containing neggél velé 8Q$r ged

pal | adi um col | oi ds. The negatively charged pall adi um 207t ach onl y
to the selected areas of the chip assenbly substrate which have been
treated by the low fluence | aser. Thus, only those treated areas of the
surface are catal ysed for subsequent el ctro-|ess deposition. 30 August
2004 12 The final step in the process is to deposit the new conductive
portions, conprising copper traces, using normal electro-less plating

sol uti ons andsyppletessaalystTthe tpdisint is celectowlydddpesigidt dndy on thQsIelaxdasi | d

el ectro-less process or tandar el ectro-| ess, process .f wed. by an

el ectrol ytic® 18‘11"663’5%‘33 ‘1’—‘]?16]&?’@"‘33%“?1 ﬁféltrF%PFgé‘n‘fW; ‘%EE? BOVP‘é‘ﬂ E*F&‘qud with a
new Copper tAgGGeir, bily IRAMMGHaRE o8 hfeGial Rof BhisOlchfol imgRlctibigs can be
carried out ter ep ofr el ectro-less deposition. F shoul

appr eci at ed plaatg diile oalseleete@ramees%‘he:mm af ths laser treeqmentelnﬂmtto thas oxhlyt hogr aphy.
Because the electro-l.ess plating is stgdt%tsly limted to the sel ected areas

of the subst?f&péomviiweh@wowé@ﬁ stFfacet VUPHEG BRE 19 mek e SFiesE, the
process is eﬁ‘éﬁ?&élﬁvély 8@%& '”Yﬁ'ﬁ dith &b e@ﬂ&tﬁlgﬁ’tsen%ﬁb%gﬁgqlf@ re@éntl aser
nimse

processing is ection of areas to nodi fied or
repai red caninvtutipnlienctosiily @l deasitityyths polyher siréueg e$ tlte@ubhﬂmslmittamne
paraneters i fput to the |laser system The | aser can be anﬁ/ one of a nunber

of conmon U\ﬁfe&ééhest%'ﬁéﬂn‘)fa@e@ubs%ﬁe surface andrpraferably roughendhesybsigiger or any
O e el Tolurko e A5 H0lo AFR, 41 HRlPi R4 BeANANC S IE b
ef fecti veness r ocessi ng Pri o I gures %a to 4c,

it will be appaiantort él@étrdl;hﬁ: aépamodasafnicp@@l plrlﬁcmﬁbdrsOfaiaga Pideg to make
repairs where new connections to buried layers 6 within a substrate 1 are

required. Thieqpigerbio teegh thetsusfaec arca Fasrsh imthgipredens efhtde prasentriaventiont o expose

the traces 8..in n Figqure.4 are to be
| er conmect BavbsRialY Fedifed SHRe S0 niEH Yy e s R whlRo ! ¥ ot e
with the | OV\feﬁhilﬂaﬂfb?eﬂeaﬁﬁyu&@®o§1h@ﬁ\/fbchﬂ fidsgure 4b). A new conductive
portion 9 is then plated onto the bottom of the trench 7 to connect 30

August 2004 13 the traces 8 within the buried |layer 6 as shown in Figure 4c
in accordance with the process described in relation to Figures 3a, 3b and
3c. Thus, in accordance with an enbodi nent of the present invention,
changes, nodi f| caf\p statedaboreghe pubstratn sudacerid dreatod ith @tbw lyencs WY an

g)(;lms)glnggt gh; asel, zr?ﬂi%l c\éntsexp tt thé E)leesc\e% tﬁp%ﬂ%atﬂ)%ct%s %erma‘tlo venod? réfers t];

parameters of energy per unit area that vary depending on the type of laser, and
which may also vary depending on the type of material used. In the case of a
KrF (wavelength 248 nm) laser, the critical fluence range is from about 0.02 to
0.26 J/em’. For other mentioned lasers, the critical fluence range is of the same

order.

The use of the low fluence UV laser treatment on the substrate surface
roughens the surface. This is extremely advantageous because the roughened
surface will enhance the adhesion of any subsequently plated metal traces or
pads to the substrate surface. However, excessive roughening of the substrate
of the substrate may be disadvantageous, as plating may become non-uniform

and some areas may not be plated at all. A suitable amount of roughening can



nounted on the substrate surface. It will be appreciated that as high
density substrates become nore conpl ex and represent 3hAsgesh2@ieat er
percentage of the cost of a product, then the incentive to repair defective

substrates or to make engi neering changes or nodifications will increase
dramatically. The process enbodying theg present invention neet this need.
It will be noted that processes enbodying the present invention permt the

addition of netal traces with inproved adhesion to inplement nodifications,
changes or nePaiHis el by2PargigSthk NBuchbd R aRS 2488t ¥iné URS nuAiber oPgafseyat i on
| ayers present on a substralge woul d only have to be renoved locally by the
| aser so t hancitiém anetbe soiffadeh elteupreferrad devahdl sowghmass it Wt asapcAEt s can

remain in pl and protected by their passiyation |layers. durjng subsequent
processi ng s@é@@. ro?ﬁﬁ“"éi‘)&ﬂ":’atlwef’%ga #w4 Y ”Whi]g’ﬁceésé%e Boéég% Fé%llgfi?a%r/ processes
embodyi ng t RE,PLERERIY robPiREd bON5HHAOW that 50 wm lines and spaces can easily
be obtai ned as shown in"Figure 2. Were |arger areas need to be plated, for

exanpl e via pads, the edge definitions provided using processes enbodyi ng
the present invention provide good results. Plating two regions separated

by | ess than 20 has al so 0.August 20Q4.14 been denopstrated. Such
rgsol utions are 2&?’? frﬁdsrﬁ‘?t]i‘%ﬁloé af:g‘fmﬁ%sat %ﬁilggﬁiﬁ?ugﬁ“%ﬁés%
i ndustry. T%ﬂ;ﬁ@} l &Mlti“sfagep%yri eoffet!h@%féﬁcé 865 the AGRPS I THeOrMS I Firger oved

adhesion on only selected areas of a chip assenbly substrate allows
nodi f i cat i onisradiatedngith low fluepad pslstsoobthertaste baamhtbeitt are jestrwigbinfibe a mask

and, if desired, w thout thte need (I[;é)r,rem)ve surfa m)unt1 d senblies, if
desired. Al tHBifgHIaEe E98% e ‘é‘ﬁg’éaﬁ fstEce o RPN E%‘ﬂ?a‘g"w col | oi d,
It is envi Sgﬂg&sw%sﬁggf@%@%ﬁ@g ﬁfe'aé.’Sf‘&]k%{?bsﬁ%bé ReaperfrRriRdcysi e a

positively rged co IS instance, a system would be required

t hat produceldsea baagas iherlincredhead edsisuessmoef atepauntilithe §indricuglyeull t hat , as
wel |l as finding use in repairing and di fying chi ubstrates, the present
i nventi on woiteinghe grmqabmnge)rfbwenp%ﬁira@%ﬁéaﬁﬁacep@aﬁ% pégfla%ﬂe? or

smal | -volu L : P  LSicrbik) ididikage. all or
nost of thﬁoﬁi{i@ﬁ%ﬁhﬁﬁ%ﬁ%ﬁwﬁ%ﬁ,&ﬁgﬁg /%“E‘é"%gg gﬂifﬁécrout)er p(l)l ynmer | ayers
of the substdéwat e larphalending gobdiadiesioh ay thesatatyst id obmimdd] i neated by this
technique prior to chip assenbly operations. Lasers which are particularly
useful for carrying out the present invention are pul sed | asers which are
specified by their individual pulse energy and the pul se repetition rate.
The average power f I itk asd SR, b &kl Vi dual

pul se energy mul tT%rggtcbd}tﬁ%%be%gﬁét@gﬁé ?i?ées.lr Sone exanp esah{)b?é’pul se

| asers are Nistlypégvidddd seeass lowkflbencé\pilseéad thenoHowKmGritlaaderked ofxci mer

| asers. Since such |asers typical lY have an unstabl e | aser cavi tg, t he

out put beam high &yprcs nulses o i notAly WP YemantsIp shrface rauglogss bt 8§t her eby i s
not critical ot gobie 4 RYaNh " 2O SNYCHS Y BhIA hoct i &ofBIAE GRire OF the

i nvention é’oﬂxugust ?8584 g?@ g@?)%e%dsgl gn thec ener gy °8edgoé’?t ed per?3 pul se per
uni t area, Iireadily. MThchiecicasstiaiine seangybededfestcdyas peonpaitsncrease flohutace. For
excinmer |asers, the beamis norpgally quite uniformand the fluence is

det er mi ned b fSHE’é&ﬁFW@g"ﬁ’emi%gg@émgh%@?we g?{ﬁl'di viding by the irradiated

ar ea.

Initial tests of adhesion of electro-less plated copper traces on a
polyimide substrate have been encouraging and show that adhesion was

significantly better than copper traces deposited with an electrolytic process.

As an example of a process embodying the present invention will now

be described with reference to Figures 3a to 3c. Figure 3a illustrates a substrate



The process of the present invention has been showmn to work with | asers
havi ng wavel engths | ess than 400 manonetres al t hough B¢ Augugd(W4aged t hat
| asers having greater wavel engths could al so be used. Pulse widths are
typically in the region of 10 to 50 nanoseconds. It is envisaged that

| asers havi ng sub-pi cosecond pul se wi dgfgps woul d not be suitable for use
with the present invention. Repetition rates in the order of up to 20 kHz
have been shown to be useful for carrying out the present invention. Sone

of the | asers fwhhah wathea UsiReb tvéa 2ewhiohmhishBednnulslatet Omsinge conveMéhdl aser s,
have a beamw th a Gaussian distribution, where approxi mately 86% of the
| aser ener gytefhniquest Heheamisgo yéx 2 peevigss aceesssfpun the sebstratg syisfaee Ehodi nent s

f th L i i cal b d
ot ovi de. & gr SEBINEOE PEBNE spSURS GPritiire Etupp SRS HE LT
profiling woudwhnédirBaRivalién Ne@m RidObtille the Ql%ésgtﬁﬁcﬂhlﬁsﬁ aRe GuBdtfatdyution to a

stepped or squared distribution. It should also be appreciated that the
i nventi on wi Typicadlykthaisubsteate withepguprise amapymdtisqrodavertsaelas vpplyimide i maged

beam the pattern where ting is desired.i.s .i,rradiated for .a specified
number of pu‘i”?é‘sel’o’f"ﬁgrfgea I@seﬁ%tﬂpﬁr“?“ﬁ%‘ﬁ aﬁ‘@%?f‘gﬁmgﬁ'e’ﬂ%{j eS8 ocat i on
and the procg,qﬁcrggsg%@ge%ﬁﬁewﬁesgane or a 30 August 2004 16 different
pattern. The nunber of "pul ses for each sanple would typically be between 50

to 500 or perhaps as nuch as 1000. The precise nunber of pulses is
dependent upon the incident fluence, the |laser repetition rate, the |aser

I th dt t trate bej i di.ated. 1t i I i bl
1o s o focused Bt bemionat Bt rudng e Fhyirst PRITERS nodhchlidh B8 mmged.
beam  Agai N, g fpai€ by lckGRhg raaﬁgng&ﬁn? oRERalfoRedIpANR A ek grefuer of

pul ses per area. Thé nunbér o ul ses per area is determ ned by cal cul ating
the tine it dialpks hdveng oclaptbdofbeithint the tdesivesl smgowé ies dhars bz equaldow

mul tiplying 6?Lr% “t?l}/enttgg ﬂEeuIch ?evreﬁ%?f} Iingljn?ari]nerd%iﬁiin ithe%'forlélmznt%nca v;:fiti\c,\:flI ere. s
fluence range. Simple irradiation at a single high fluence level within the
critical range, i.e. with no ramping, can provide a surface roughness which
exceeds the desired roughness, whereas ramping the fluence level to the same
high fluence level does not cause the roughness to exceed the desired level, i.e.

an RMS roughness of < 1.5um.

In the context of the present Application, a high incident fluence means

a fluence greater than about 1 J/cm®.

The next step in the process is to remove any unwanted conductive
portions such as circuit traces, via or contact pads. Again, the UV laser is

switched to a high incident fluence to ablate any such circuit traces.

The UV laser is then switched (controlled by software) to a lower
fluence setting and the selected areas of the surface of the substrate are treated

with the low fluence beam. The treatment step involves scanning the laser with



N = nunber of pulses per area, R = pulse repetition rate, w = | aser spot
size; and s = scanning speed. For exanple, for a repeBdAugust2B8pde of 1 kHz,
a spot size of O lmmand a scanning speed of O Smm per second, then N =
200. Wil st the precise range for use with the present invention varies
sonmewhat with the |aser which is used, it has been established that
preferred enbodi nents of the invention operate when the incident fluence is
within a critical range of approximately 0.02 to 0.26 joules per cne. The
fluence requi se@ickan nBRbéealiky ARSAN el ud@darby t@ cAQITS @kt Qhe PoBary skil |
in the art, since if the fluence is too |ow, then the pol yner substrate
surface wi | | sunface iseadehaately Pobitively fcharged find  edaspately rovghenedih Figunedbt here wil |
be cl ean abl gtion of .the substrate surfa i t hout surf di fication.

50 Augast - 200 Theesiet T ok e i R Ly ich A be B RBEY T vent s on
al t hough very.dewakgpetition rates below, for exanple, 5 Hz do not produce
the best results. Typically, repetition rates in the region of 50 or 100 Hz
have been used. There does not appear to be an upper limt on the
repetition rate which works with the present invention. The general concept

of the presentinvention,can arried.out. without l.asers t using sone
ot her form of radﬁé@?@%bf: 6‘0}55529‘{&(]'8 lgnglﬁggt%fbwgs%grraﬁ Sf%qufrﬁg%gmefgce of the
pol ymer so age tsfpasihbiiRinghBe $RER Vif QU{HiSurd Sa)Thikh theD@eponteMag tkth a

| aser. lon beans can produce |aser induced conductivity in polymer
substrat es asdsirate (IFgenvdbyaged t hat el ectron beans woul d achi eve the sane
result. Simlarly, X-ray radiation is another convenient alternative form
of radiation which could be used. The ability of laser irradiation to
change the surface potential of polyner substrate surfaces is known and it
has been identifigdfhabsd hF ¢Hanas, i fn SiHitAGRIPHBNEMRIbel PramRERdNOt ed when
irradiation takes place in air rather than in a vacuum The termchip
assenbl y subsimubareondf éff the spotxizswfshe ase bairmchn be neide hefificeddpiaege.t o carry

or which caryries one qr. nore electronic c nents requirin

nt er connect TBnIGA0E Ak s 1afrs b6 dh ARLHFIpES Pl de Sritigsl dpige Whanthe i
assenbly subgi at&isTB%eRggnodi fied in accordance with the nethod of the
present invention with the el ectronic conponents in place or renoved or
bef ore any conmponents are nmounted. It should be appreciated that it is
preferable to nodify the chip assenbly substrate in accordance with the

present invention with the e|lectrpnic, conponents in place so ag.to mnimse
Phe number of - 30ttulnselecstbacn o Bp CrEAPSROT wsiie e Geatieaet b e

modi fi cati onghe HOWEYiRNce BREE 1R REAEPRILSLSE TP CREMUISW AR GnRAEAHIC W13ty
sensitive to environnmental change and it is beneficial for these to be

renoved pri owndmnsed frePl wagr.t he nodification to prevent damage to such
sensitive conponents. Additionally, sone nodifications may be nore easily
effected without one or all of the conponents on the substrate, or indeed
bef ore any conmponents are nounted on the substrate. The chip assenbly

substrate may i ncThgubarae isHhesl dfpped frta shAATtHne (in the order of 60 secs) in
NaOH and subsequently rinsed thoroughly with DI water.

The substrate is then placed in a bath containing negatively charged
palladium colloids. The negatively charged palladium colloids attach only to
the selected areas of the chip assembly substrate which have been treated by the
low fluence laser. Thus, only those treated areas of the surface are catalysed for

subsequent electro-less deposition.



Wi | st the above description refers to copper traces or tracks, it should
be appreciated that nickel or mixtures of copper and A9 &kgistdpd al so be
used as the material for the conductive traces or tracks. Polyners for use
in the polynmer substrate or in the polynmer of a polynmer coated substrate
are polyimde, epoxy and pol ycarbonat eyjal t hough the nethod of the invention
is not limted to these exanples. In the present specification "conprise"
means "includes or consists of and "conprising"” neans "including or

consisting of'. The fiedtkpan R pocsasid fepobie theofievd Bbmtlic@RSportiBad, on, or the
follow ng clainms, or the acconpanying draw ngs, expressed in their specific
forms or in comprisingf cappeeatmases,onsipe rioomal glpctrordesyi platings salvtionfctandn, or a

net hod or process f attai.nin he di.sclo r.esul as appropriate, may,
separ at el yI,O HP?‘?SFFSa%Pec _RB?IH%[E E%‘hd g’? eé‘ﬁ?l‘? E“zlgti‘ﬁlﬁee ?Cttrlﬁ’éeﬁtl?rﬁﬁ%% "for g
realising thg,ldaneeictPoidss pfbctes Eflob@ABY hl@leRblytic pAReUIFSiure 804 19

CLAIMS: 1. A nethod of nodifying a chip assenbly substrate conprising the
steps of : tridastrates theselcer viad2 plated ofitht heewulspperatracetd Jf ssguired toie sel ect ed

area wth a predeterm ned charge; texturi the selected.area of the
substrate togeéfr? c‘?ﬁe‘ftWéyt{CeRlﬁﬂP 8t ttieh‘?rré‘ifgg?‘r ﬁf‘t?% @Ersﬁ?cg e&’&gﬁi‘?sﬁi ng an
el ectro-| ess%e?,loﬁ%ﬁl_g catal yst, having an opposite charge to that of the
predeterm ned charge, to at |east the selected area of the substrate such

that the catalyst remains affixed to the selected area of the substrate
only; and nodifying the chip assenbly substrate by electro-less plating the

chip asserbly subgLLa gy, OBl Y b 0a%E MRt Sl ontis SRLAYSe o™ 1S
for lithography. Because the electro-less plating is strictly limited to the
selected areas of the substrate which have been treated by the low fluence laser,
the process is essentially additive in nature and thus the amount of laser
processing is minimised. The selection of areas to be changed, modified or
repaired can thus be controlled by simple changes to the software parameters

input to the laser system.

The laser can be any one of a number of common UV lasers such as 3
or 4™ harmonics of an Nd:YAG laser or any other excimer laser. An assist gas

might be used to enhance the effectiveness of the laser processing.

Referring now to Figures 4a to 4c, it will be apparent that the above
described process is also able to make repairs where new connections to buried
layers 6 within a substrate 1 are required. The laser can ablate a trench 7 within
the substrate 1 to expose the traces 8 in the buried layers 6 (as shown in Figure
4a) that are to be interconnected. The surface at the bottom of the trench 7 is
then treated with the low fluence laser (as shown in Figure 4b). A new

conductive portion 9 is then plated onto the bottom of the trench 7 to connect



el ectro-less plated; wherein the step of treating and/or texturing the

sel ected area conprises the step of irradiating the s éuged280€a with a
pul sed | aser beam and further wherein the repetition rate of the | aser beam
on the selected area is in the range of SHz to | kHz. 2. The met hod
according to aim1, wherein the fluenge of the |aser beamis in the range
of 0.02 to 0.26 J/cnZ. 3. The nethod according to Caim1l, wherein the

pul se width of the |laser beamon the selected area is in the range of 10 to

50 ns. 4. Th@e mth@wanmahebiged Ry@yas¥hosadh Figed at M ackbeiastdwithe | aser is
a W | aser. 30 August 2004 20 5. The nethod according to any preceding

cl ai m wher etbp prasessqlgberibed imereladion tp HigprsBasbandr 3t e. 6. The net hod
according to any one of Clainms 1 to 4, wherein the substrate is a polyner
coated substrate. 7. The nethod according to Claim5 or 6, wherein the
polymer is an aromatic polyner, or contains an aronatic polyner. 8. The

met hod accordi ng TrusaRy deeqaftteN@ith! 4 Binbvdiicai bf tthe préeat WslenGai)pri ses
negatively charged col | oi ds containing palladium 9. The method according

to any precediangesc maidificatipisr e reprirfecanche mafleép Buregsl kaperafof @ptexisiagt ext ure of
t he substrate.surface rqughens. the surf.ace of th ubstrate in the sel ected
arca. 10, THOREEHEIASESTAE gest 2R ssiRbhe armerl oL camriiT e ieath e
texturing produsesofteuubams dMacs oughness of less than |.Swm 11. The

met hod according to any preceding claim wherein the texturing produces a

surface RM5S roughness of between 0.2 to O Swn 12. The method according to
any preceding claim wherein the treating step positively charges the

selected area of ltt hv%illsgg Sz;[pEJI%E:ﬁted that as high density substrates become more

complex and represent an even greater percentage of the cost of a product, then
the incentive to repair defective substrates or to make engineering changes or
modifications will increase dramatically. The process embodying the present

invention meet this need.

It will be noted that processes embodying the present invention permit
the addition of metal traces with improved adhesion to implement
modifications, changes or repairs t0 an existing chip assembly substrate.
Passivation layers present on a substrate would only have to be removed locally
by the laser so that the rest of the substrate and any mounted components can
remain in place and protected by their passivation layers during subsequent

processing steps.

The spatial resolution which can be achieved by processes embodying
the present invention show that 50 um lines and spaces can easily be obtained as
shown in Figure 2. Where larger arcas need to be plated, for example via pads,
the edge definitions provided using processes embodying the present invention

provide good results. Plating two regions separated by less than 20 um has also



13. The method according to any preceding claim wherein the treating step
and the texturing step conprise the sane step. 30 ABQWspus?@0a4 2
met hod according to any one of Clains 1 to 12, wherein the treating step is
carried out wwth a |laser beamat a first fluence level and the te
step is carried out with a |aser beam g a second fluence |evel, the second
fluence | evel being higher than the first fluence |level. 15. The
according to any one of Clains 1 to 12, wherein the fluence of the |aser

beam i s i”“l?e@ﬁ%@mfﬂéﬁfﬁ‘t&. fsl{cﬁtresfo;wt%ﬂgsl% BV stiRbR fof Rkt {dpusifms

effect treatnment an

texturing o e substrate. 16. The thod a

1 14. The
xturing
met hod

| evel to
ccordi ng

to O ai m 15, inuwleP€Brindikeyf | uence is increased in a plurality of discrete
steps. 17. The nmethod according to any preceding claim wherein the
substrate contains nmulti-layer nmetallisations. 18. The method acc

Claim1l7,

ISy 34 B R e ctrddess HRFosTRInNRfh (EH SifhediOn Gh

S t
wherein the step olﬁbtregtl g an(f or textuE(i)ng t he se]i ected area o
substrat e comly sdeded heas vEp chip dssematily ngbstatd/ ablows anadificatigng, vhaingeench or

via. 20. The nethod according, to an recedi ng cl.ajm further co
step of addi MBI efrwf?fgwgh%ﬁﬁfgﬁfﬁ% féﬁn%g w{ﬁidﬁmf%wy&sg‘tfﬁg
The et hod ageandidithve Quitite MOGHREHBEnslled] ifbesyRgr i n one or mor e

areas of

the substrate are a

SO as to renove unwant ed condu

portions on or in the substrate.

Although the above embodiment uses a negatively charged colloid, it is
envisaged that the present invention may be performed using a positively
charged colloid. In this instance, a system would be required that produced a

negatively charged surface area.

It is envisaged that, as well as finding use in repairing and modifying
chip substrates, the present invention would be suitable for rapidly creating
prototypes, or for small-volume production, of chip assembly substrates. In this
case, all or most of the interconnection lines and /O pads on the outer polymer
layers of the substrate, including buried layers would be delineated by this

technique prior to chip assembly operations.

Lasers which are particularly useful for carrying out the present
invention are pulsed lasers which are specified by their individual pulse energy
and the pulse repetition rate. The average power output of such a pulse laser is
simply the individual pulse energy multiplied by the repetition rate. Some
examples of pulse lasers are Nd: YAG, Nd: Glass, KrF, ArF, XeCl, XeF, KrCl
and F, excimer lasers. Since such lasers typically have an unstable laser cavity,
the output beam is quite large but the resultant spot size generated thereby is not

critical to the invention. As previously stated, the concept of the invention

ording to

further conprising the step of formng a trench or via down to a
buried layer wthi

aim 18,
f the

rising the
te. 21.
sel ect ed
ctive



30 August 2004 22 22. The nethod according to any preceding claim wherein
a laser is provided to carry out the treating and/ or 8&Augnst?§0&tep, the
| aser being switchable between a | ow fluence setting and a high incident
fluence setting. 23. The method according to any preceding claim wherein a
| aser is provided to carry out the treaging and/or texturing step, the
operating paraneters of the laser, including the fluence and the sel ected
area scanned by the | aser, being controllable by software.
/ % W/ N égdlyfw@@ﬁe\l EhD AUTNKIOE bia: BN/ BB 14, ) iDM gt #

; ; ) C
Tcer FUW : D( ydansiih perypulsg, oa]fliaheca] Ber) exgjmer) lasers dhe hgam i agranafly quite] ca] ca] ca)

. o
o e o ) R GRS o B ASRR BeGinng e ncent enstt apda) ca ca ca
] ca] ca] ca] cadieriicpthcit srddiatEakgal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! X&
Z&8&&&C !
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9>: M P: ?7<>77 . . .
@AABCVDDBFDFGF! Iﬁlel-ﬂrf (J‘WWWN}I%WUBEQﬁ Eeﬁ’flég?‘gg]mcgf%(a‘f%}é]aégfca] cajcalc

a] ca] ca] ca] cpdvé] Galsladgrd &ad CRinCAIC alagahe@dsCAllpakk l aat®adagad ¢rdical yNNNOQQ
6SESHSSTU| WYY

[U[[\I\\\]~esers Ravinggrgpos wavelengisjconldedgodw]used.-ca] ca] ca] ca] ca] ca] ca] ca] cal ¢
a)J cal ca] ca] ca]calca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal bb' coccceeeeDg+i
jti1 I nMopp& 5r8r>r@rrrr:sMsss?t| wnhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a]
caj] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]calca]cal ?ttttuYvv

EWOwW?WBWwW Pulse widths are_t%pically in the region of 10 to 50 nanoseconds. It is
xxyyy3zzz6{{{{{| |Q#~j ~~}xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

] ca] ca] ca] cajnvasaged hal lesdre haviag @%M%Q?@a}%ld@}w@%ba?}’ ] D@tib_e f;‘uita]le | cal cal
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10t t RST dEl
! cer Repetition rates in the order of up to 20 kHz have been shown to be

useful for carrying out the present invention.

Some of the lasers which are used to perform the invention, e.g. YAG
lasers, have a beam with a Gaussian distribution, where approximately 86% of
the laser energy is in the area defined by the spot size. In some embodiments of
the present invention, optical systems can be used to shape the beam and
provide a greater concentration of energy within the spot size. Such beam
profiling would change the beam profile from the Gaussian distribution to a

stepped or squared distribution.

It should also be appreciated that the invention will work with an imaged
beam or focused beam. Using an imaged beam, the pattern where plating is
desired is irradiated for a specified number of pulses. The sample could then be

moved on to the next location and the process repeated with the same or a
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_""0"q"| ] Xdifferent pattern, The number of pulses for each sample would typically be
between 50 to 500 or perhaps as much as 1000. The precise number of pulses is
dependent upon the incident fluence, the laser repetition rate, the laser

wavelength and the type of substrate being irradiated.

It is also possible to use a focused beam scanned across a sample rather
than using an imaged beam. Again, the critical parameters are the fluence and
the number of puises per area. The number of pulses per area is determined by

calculating the time it takes the focused beam to traverse one spot size and

w
multiplying this by the pulse repetition rate: i.e. N=R ¢ 7 where:

N = number of pulses per area,

R = pulse repetition rate,
w = laser spot size; and

§ = scanning speed.

For example, for a repetition rate of 1 kHz, a spot size of 0.1mm and a

scanning speed of 0.5mm per second, then N = 200.

Whilst the precise range for use with the present invention varies
somewhat with the laser which is used, it has been established that preferred
embodiments of the invention operate when the incident fluence is within a
critical range of approximately 0.02 to 0.26 joules per cm®, The fluence
required can be readily ascertained by a person of ordinary skill in the art, since

if the fluence is too low, then the polymer substrate surface will not be changed

but if the fluence is too high, then there will be clean ablation of the substrate

surface without surface modification.
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repetition rates below, for example, 5 Hz do not produce the best results.
Typically, repetition rates in the region of 50 or 100 Hz have been used. There
does not appear to be an upper limit on the repetition rate which works with the

present invention.

The general concept of the present invention can be carried out without
lasers but using some other form of radiation to provide a suitable charge to the
surface of the polymer so as to achieve the same results as might be achieved
with a laser. Ion beams can produce laser induced conductivity in polymer
substrates and it is envisaged that electron beams would achieve the same result.
Similarly, X-ray radiation is another convenient alternative form of radiation

which could be used.

The ability of laser irradiation to change the surface potential of polymer
substrate surfaces is known and it has been identified that the change in surface
potential is more noted when irradiation takes place in air rather than in a

yvacuum,

The term chip assembly substrate refers to a substrate which is either
adapted to carry or which carries one or more electronic components requiring
interconnection by one or more conductive tracks or traces. The chip assembly
substrate may be modified in accordance with the method of the present
invention with the electronic components in place or removed or before any
components are mounted. It should be appreciated that it is preferable to
modify the chip assembly substrate in accordance with the present invention

with the electronic components in place so as to minimise the number of
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components are particularly sensitive to environmental change and it is

beneficial for these to be removed prior to effecting the modification to prevent
damage to such sensitive components. Additionally, some modifications may
be more easily effected without one or all of the components on the substrate, or
indeed before any components are mounted on the substrate. The chip assembly

substrate may include a printed circuit board.

Whilst the above description refers to copper traces or tracks, it should
be appreciated that nickel or mixtures of copper and nickel can also be used as

the material for the conductive traces or tracks.

Polymers for use in the polymer substrate or in the polymer of a polymer
coated substrate are polyimide, epoxy and polycarbonate although the method of

the invention is not limited to these examples.

In the present specification “comprise” means “includes or consists of”

and “comprising” means “including or consisting of”.

The features disclosed in the foregoing description, or the following
claims, or the accompanying drawings, expressed in their specific forms or in
terms of a means for performing the disclosed function, or a method or process
for attaining the disclosed result, as appropriate, may, separately, or in any
combination of such features, be utilised for realising the invention in diverse

forms thereof.
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treating a selected area of the substrate to provide the selected area with

a predetermined charge;

texturing the selected area of the substrate to affect the texture of the

substrate surface;

depositing an electro-less plating catalyst, having an opposite charge to
that of the predetermined charge, to at least the selected area of the substrate
such that the catalyst remains affixed to the selected area of the substrate only;

and

modifying the chip assembly substrate by electro-less plating the chip
assembly substrate, only those areas to which the catalyst remains affixed being

electro-less plated;

wherein the step of treating and/or texturing the selected area comprises
the step of irradiating the selected area with a pulsed laser beam and further
wherein the repetition rate of the laser beam on the selected area is in the range

of 5Hz to 1kHz.

2. The method according to Claim 1, wherein the fluence of the laser beam

is in the range of 0.02 to 0.26 Jem?®.

3. The method according to Claim 1, wherein the pulse width of the laser

beam on the selected area is in the range of 10 to 50 ns.

4. The method according to any preceding claim, wherein the laser is a UV

laser.
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7. The method according to Claim 5 or 6, wherein the polymer is an

aromatic polymer, or contains an aromatic polymer.

8. The method according to any preceding claim, wherein the catalyst

comprises negatively charged colloids containing palladium.

9. The method according to any preceding claim, wherein the texturing
step to affect the texture of the substrate surface roughens the surface of the

substrate in the selected area.

10.  The method according to any preceding claim, wherein the texturing

produces a surface RMS roughness of less than 1.5um.

11.  The method according to any preceding claim, wherein the texturing

produces a surface RMS roughness of between 0.2 to 0.5um.

12.  The method according to any preceding claim, wherein the treating step

positively charges the selected area of the substrate.

13. The method according to any preceding claim, wherein the treating step

and the texturing step comprise the same step.
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level being higher than the first fluence level.

15.  The method according to any one of Claims 1 to 12, wherein the fluence
of the laser beam is increased from a first fluenece level to a final fluence level

to effect treatment and texturing of the substrate.

16.  The method according to Claim 15, wherein the fluence is increased in a

plurality of discrete steps.

17.  The method according to any preceding claim, wherein the substrate

contains multi-layer metallisations.

18.  The method according to Claim 17, further comprising the step of

forming a trench or via down to a buried layer within the substrate.

19.  The method according to Claim 18, wherein the step of treating and/or
texturing the selected area of the substrate comprises the step of treating and/or

texturing the trench or via.

20.  The method according to any preceding claim further comprising the

step of adding or modifying a connection on or within the substrate.

21.  The method according to any preceding claim, wherein one or more
selected areas of the substrate are ablated so as to remove unwanted conductive

portions on or in the substrate.
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22.  The method according to any preceding claim, wherein a laser is
provided to carry out the treating andfor texturing step, the laser being

switchable between a low fluence setting and a high incident fluence setting.

23.  The method according to any preceding claim, wherein a laser is
provided to carry out the treating and/or texturing step, the operating parameters
of the laser, including the fluence and the selected area scanned by the laser,

being controllable by software.



