METHODS OF DRI LLI NG THROUGH HOLES | N HOMOGENEQUS AND
NON- HOMOGENEQUS SUBSTRATES Techni cal Field [0001] The
WO pweniieesn rel ates to | aser m cronachi ni ng andPCT/HS2004/012191
particular, to the use of high-power |asers to effect
renmoval of substrate material and thermal energy added
during through-hole formation. Background of the
I nvention [0002] Through-hole drilling is a basic
process carried out in the mcroel ectronics
manuf acturing industry. Exenplary target materials in
whi ch through-holes are typically drilled include
mul ti-chip nodules (MCMs), ball grid arrays, pin grid
arrays, circuit boards, glass cloths (including FR4),
hybrid m crocircuits, and sem conductor microcircuits.
These target materials typically include separate

conponent | aygETHODSRIRDRILL G THROSIGSHOLESand/ or
rei nforcenent materials. ThI‘OL'I_(IJ] pically

h-hol es are t
0r i 11 BUHENMEGENEDUS ANRENHOMO GEDRGISRUBSTRATES
smal | dianmeter (e.g., less than 150 m crons)
througtéggh%g F'?%ﬁ made nmechani cal drilli ng of them
i mpra the need for small-dianeter
[0007]Thehnbenitis felates &S Eser hileronachiing @imeie iy aﬁlcular to the use of
i ncreased need for high aspect ratio throug - hol e

high-pewagiasaes eseffest ramoval efibstate materal @ndttbeﬁaabenergy added
duﬁﬁ@}ﬁ}oggh %'é?orﬁ%%{,‘ to or less than 1.0). Hi gh-power
aser

éen used al nost exclusively to
form tB@d@r«blhlmdm@mdﬂmlveatlom 0003] Exenpl ary hi gh- power

lotﬁ%S ueho inGiser Basie praessahaspadut & '”r%ﬁg@lgctromcs
u‘ﬁa&ﬁﬁh ddﬁgeréhen%IbWia?Qet'ﬂéférPé molhﬁ% g%'}?oles are

aser to i arget“material at a e3|r
typmallyahlllaﬂum@udbmtdtrtahrpentohlutﬂsr(éﬂéMsﬁ tdllegrichagays, pin grld arrays,

cirgylt By 0Ber ptha sl Bl ER, By CaniiruSt and ggiviconductor
mlérla%w . OP é‘%r@ét rhﬁger'régé n§| ic ng%(tbv o egﬁ&‘é@é‘ Cszﬂp%r?E@t layers of

conmp etey orne mat er |
meddls ordamic dralm@dctandjulgtemfbmdnmntcmatqmam nghmiughkeles are typically

hol h drill J th
o) R e s Al s an
15b §siBford) 'tﬁrbhpﬁ H&é@hé@nﬁd@jé rﬁﬁéhérﬁﬁél dmﬁrﬁﬁgf Meﬁgﬁﬁﬁra*éﬁcable As
various’ prob 004] One problemw t

the need falrrannall dtgmetebﬂnyhughrhel@& incieases,dite e iscd gensequent
lncreasedr needS for high aspect ratio through-holes (through-holes for which the hole

diameter to hole depth ratio is equal to or less than 1.0). High-power laser drilling
has been used almost exclusively to form these through-holes.
[0003] Exemplary high-power lasers that are used to drill through-holes include
ultraviolet (UV) lasers, carbon dioxide (COQ) lasers, and excimer lasers. Drilling
involves directing the laser to impinge the target material at a desired spot and
ablating the entire thickness of the target material to form a through-hole at the
desired spot. During drilling, ablated material is removed through the top opening of
the hole. Once the through-hole is completely formed, the remaining ablated
material may also be removed through the bottom opening of the through-hole.
Although laser drilling facilitates the formation of small-diameter through-holes,
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is that they typically exhibit poor wall quality. As

the high-power |aser drills deeper into the target
woradoenimbq nore of the thermal energy added rem@l/nS20041012191

the hole than can escape through the top opening,

| Ry _ :
BRI Rh RIBLASIingah ABBHEY oorideptgled e o
proidlessi al matrix. This diffusion causes signi f| cant

[og34iniie bl At pearBinydhBtisTiIs i honBoRdtiReouy substrates
is ﬂh‘ét eidy §hRAlY )éxh%"l%r%éll qedity. aA@Qﬁe ﬁﬁ.}lﬁ{)b@br Fé%'é? déifls deeper

the top openin the through-hole results in
inte dslnmrgehmafcem rm@g@oﬁmeeﬁlenaal algerw@@kﬁedabnmms lrethe hole than

caflSEpHs HPReR e K G58hPontssifgin A RanELantaRRlnt of thermal
enbryynatflISIAg ARrdlighCre hakd wallentolthe Yaityeh eheMal rhétnwrrmb dlffusmn
result frominteracti on between the | aser beam and t

caysggyeignifigast stauctura) ﬂaaa@ﬂepﬂoéhed@@ebm@temﬁoca@drwrtmn the heat

sl Ao 8] Gk DB eIt} 8o i

threngh tiee &sp oéniag 'of thieaflirdugbbaisiesnltofin tHrefommation of through-holes
material ; once the reaction front |eaves the spot
ha&'ﬂgdmdleﬁliahﬁl fikeq pralrdsipas apdasiresinfgtelhackni s entire
i
W%*"ﬁ.’*ﬁ%"?“&?@%@%ﬁ"@@?‘d% S QMg ftblan Ej&as i 18mation of grooves
onshe tlroagh{HaO Glallé, WhlchdeplnIOfrbamnmmbtldJrabetwetm tHe Iager beam and

Got gt o%ﬁsﬁéfﬁi%blegygggﬁbg@afwn% il b earals resuts
in fch%rfB]I@\NBg?éfléﬁcé] St{ rllqgfigi'ﬁ%lnﬂlc feRLHEH oggl?i Ilr)i"’lhca spot area,

debris r nin uring laser
causihg mapid ruxpassmmobfdhe Imcslternumaterrteﬂx drtue theakadfidrefroatiieaves the

spiCABRC Horoeh dfenel PP URLEadhis S Cytieds Fopeatdd al various
r ,ﬁﬂﬂ/ SRR

de&ﬁfhgs rerl;gagﬁg & pe I'S @f)% cur Ehﬁ%y%ﬂggﬁlgf rgr]égg ﬁ‘% @}Jtnsurface.

[OQﬂﬁnjwhrrdlplr@bleeswrlh daserhiling thoot-hakddiis ithata pgrtlon of the drilled

ea ed deb hange ,t he nature 0{9
targeHRIGRY B Paely BioSR Spaa! e P et by plasta plume.
FoPEkathpee tarpet ﬁ%ﬁ&lél'@)‘é‘b‘ﬂ'%'reniahﬂﬁgh“}’tﬁé’ KSEIind laser drilling often

saturation depth that unfavorably inposes a practi cal
lgniteaﬁndcﬁicmesaoqmbm theeheattaffestatl zest Because aigasq:ﬂu miedypically

o Wi T neBBECeqnls af bRt B BROT lnsif PRl BBfoximately 80% of
ea@bla@br QUIsbalh@lu@é@ aQﬂaSrﬂﬁfm@‘i’l@d Tfﬂ@@@&]pf*ericséifybtbaﬂwéélﬁfg in

| aser - ng through-hol es occurs whén fofrm ng
uncﬂwn&b@w&m @tchbﬁch4 ghly heterogeneous materials, such

[Oﬁ]ﬁgéltlglﬁgﬁﬁssuﬂémecﬁe& 'f&bris can change the nature of the ablation

process from predominantly ablative to less ablative and more thermal, thereby
creating a saturation depth that unfavorably imposes a practical limit on the power
density and repetition rate of the high-power laser. Limiting the power density and‘
repetition rate limits the extent to which the ablation rate can be increased.
[0008]A fourth problem with laser-drilling through-holes occurs when forming
through-holes in highly heterogeneous materials, such as FR4 cloths, which are

organic polymer resin-impregnated glass cloths sandwiched between electrically and
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organi c polymer resin-inpregnated gl ass cloths
sandwi ched between electrically andthermally
weoeonduutehese netal | ayers. Because the | aser abP@X/Us2004/012191
characteristics, such as nelting and vapori zati on
thdTENGRindLeRye Mdtiiahydi8! ERAGISAL ki Bbidiharkéfistics, such
processi ng through- es 1s very difficult. For
asenaltipy @ndt\rapovizption temperaturespdiffer foresachfindividual tdyas slaser

GO 0 MR Bl L B
terfiﬁét%ftm’fe%%’f%\)enfﬁéss}l réTRidrtdldehCamE palyHict rekinaRatx differ greatly.

, 970 Kelvin (K)"and a vaporization tenperature of
Silmooudiodds {akommonlynsedsvovasy glass ceintscerment).has a melting

terfRer e ol R KRV E ot s wRRe A B B aradne b about
2,503K.1 puddntfat,| rgahResing (1.8S eBbRRS) vapBrerepétwdc¥btut 500K and

ablating_the resin surroundi ng i ndi vi dual gl ass fibers
abeut T00K.edhertisparity it vaparigationiemperatums makiag itedifficult to laser-

abigf 1K oy Cohbonsnf kIR MhPLLTE Fesh sBRbiRB f vidual lass

fibéran in gegiohe Wirectip bepiceht to fibertbupaigy, | asers is to
optimze the cutting paraneters and, in particular, to
[OQ@]TBW ifarcifiel iinearygndudsal seluianefo minjeiziag the dgtimental effects

coé%&%{éﬁéﬁ?rﬁhﬁ?%ﬁ@@hﬁﬁ%lé@gﬁh ﬁﬁlg%‘z"m %S%Fé %ﬁg Ap?imize the cutting

ecause opfi ron

parzaieterd and) in pirtieuiad ¢b Useelefinbd laser priges. dHewesds tiie degree of
. throughhole formation. [001Q] Al though high-power
imprayemedyt thatiGag hemade; ysirg s mpthed i relatieloRinigiad because

i i _ . fici ]
op AR RIS A RAFEARIES A oo
holelformgtiemol es havi ng snooth walls with a reduced

f cutsurface ooye formation, fiber

100D NG Rt bW eiSes eIIEG I o itetiah Pt smiconductor
migiBfthRifa thrbRidy] fioldbotidfhicall gfci8nt el 3fih tfethod has been

founkeodmlidhtough-fidles hprimgahneath wdlls With prreslaoéd inoideTideoor cut-
i.s, therefore, . to _provide an effjcie an onpomi cal
SufgAe 9RPOyP ToBTaary et RIS GT dineh & hhBkn d Ry EheB e
A e PP EpRer RSl U rbaGh holes having smooth
wallhe resulting through-hole exhibits a smooth wall and

m ni rrg t her mallE !!dgmage!_ The overall result is a nethod

of pe .° v tions that offers inproved
[00A9] ARTOFE Of e pRISERt AfveRfion &S thévafdtdatd hdbvide an efficient and

reproduci bi | i t?/ of the
economical method of forming a through-hole in a non-homogeneous substrate
using a high-power laser to effect controlled target material and thermal energy
removal. The resulting through-hole exhibits a smooth wall and minimal thermal
damage. The overall result is a method of performing laser operations that offers
improved performance in terms of processing quality, reproducibility of the
technological result, ability to drill high aspect ratio through-holes, and effectiveness
at low additional cost.
[0012] The present invention is a differential diameter hole drilling method by which

through-holes having improved hole wall quality may be formed in a target material.
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technol ogical result, ability to drill high aspect

rati o through-holes, and effectiveness at | ow
w@dwstiweal cost. [0012] The present inventi onPCEHUS2004/012191

differential diameter hole drilling nmethod by which

Thé Wié’tH@B iIeSs BANhG @ pilde h@léelﬁ’a\hﬁé @ d’l@Heté‘rUtﬁlat islle§Shdtfthe

formed in a target materi al. The Tret hod i nvol ves

de@lred threughrhpie dlarrr&ieeammmengdrdhm@ artbraughehele Hayingthe desired
e%n the desired through-hol e di aneter and then

aa?&? Pi-i ng a through-hol e having the desired di aneter.

[0d1@@Th§]p|l$hﬁoll@l fbehs EQiI’fénh@r ﬂ"ﬁ’o@gtﬁ mmﬁﬂhehhbpéﬂé‘rg\g)'fbréauced during

her mal ener% produced during |aser drilli may
Iasar drilisg may difiuse lr@tmthemwanmeﬂhéhe@pyrreducmlghe lasnount of

thefRY Bhe i MGG b SiShhitErBtbes e 8 magprang the degree of

thet‘ﬂner U@ﬂna@éﬁfﬁ@ﬁe heat Sffedteatzopbiof @ﬁ@dar?@ﬂmaténdl hgattirr @reful
rial i X, Careful selection of the pilot hole

Selgq:tmfb@fefihedmthﬁl@ diamatengnd Headilting 9arﬁraete<ﬂ%§rowdes significant

oy b AL A BB B BT L TR e
throbigh-hole dwrifgitsrfdrimationrsthdegtitemees théevalledualigref thieydritied

the drjlled through-hole. [0014] The pil ot hole al so
threughrBole- channel t hrough which drilled target materi al
[00FRITRE piGTTRIE 3ied T R hafidf RC0gn Wb hiled target materal may
be terhaved athgmbyrracmamig ovexall threughdolethroeghps. [Bedaust a portion

of the FelpL raer TRGE R AL 23 (ArRRVes) 75 Paridlidne diugh-hole
forrhﬁﬁérﬁrg"oc%“s%rlg Yblf84hade vlég 'q&g@gtfaﬁnémgf‘weégpglot hole, the

por t target materia
thetmakmrgymeq@yed o remsoledtheaeh@ining o riiemaf targgt imatdriab is

redGiedo e H A arSl ariely is MRS to BB e Smeging portipn of the
thrcﬂJdH hélb RIseftREFRA cfélﬂ?é’%é BtHe Q.]‘rrdd?ﬁilrﬁ’q ?a?ﬁ@f m'aﬂ?’r?d?'iﬁéfﬂx results.

| aser output of a high-power |as er mal
[0055] lataetirsd ppefetred renatfodimeat gethenpresentinvenstidrorthe daqarlomltput ofa
be drille

niofPefies S hrBall A alERrROeRD i BritBalatl b form g plot hole

ThéTEﬂ@trHo?é nfdy Bé'efillédatich fhawt@@&sd%d)m raérylturdJyg%ahmckness of
hi cknéss of the target materi al form a

the Jjarget matedalesy sush tbéhléteanésamly pastlyrtbrougly the thickness of the

terd®R it abio B e Bite ViatnBte i faleuiiatcall davers anglar materials.

Fur‘r;h‘ert e piftt Bele aBd &id Bro h-ﬁBIeQﬁb?f'det formBHn HierA6€ fajor
of the target material. [001 6] A" second preferred

surleepaithe target material s serapRsitemaion sudaces of tie-terags material.

[0016] A second preferred embodiment of the present invention is a three-step
method of forming a through-hole having a desired diameter. The first step of the
three-step method involves directing a first laser output for incidence on the target
material to form a portion of the through-hole in the form of a blind via having the
same diameter as that of the desired through-hole. The portioh of the through-hole
may be formed on either major surface of the target material. In the second step, a
second laser output is directed for incidence on the target material to form a pilot

hole having a diameter smaller than either that of the through-hole portion or the final
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met hod of formng a through-hol e having a desired
di aneter. The first step of the three-step nethod
wo pwshiwess di recting a first |aser output for i|iPCI/US2004€012191
on the target material to forma portion of the
thrb H"H%ré' TPhé boftoh]'6f tﬁ@ﬁﬂib?ﬁol% Oﬁ?bfé?ﬂbl\{/'férrﬁ@é' ;&%bﬁ%f the bottom of
di aneter as that of the i red”t hrough- hol e.
thqomewumlwfbrmﬁé thmuglrglmolacnoest@myTb@ pilet hele rnay betfhﬁned on either

malitriad o3 st BfathBhion e Hiid Sep.n Tt sk RRilt s directed
for‘i’rﬁb@é‘r@cé 8h U9d targEEiatéridl ®o tomplete FolnatidiPbetheakdiyhahole having

di ameter smaller than either that of the through-hole
thepdesiiesrdismetere Thenthithiesegeutpot mayredisestedrat sithenmajor surface

of PesBlaelgeth Ff ftst il FhofioReter Bl s A8 BREF R et the

thro@g & hBRY pSréioh Aintethe b rBlb el thrigh-hslerdracidlly diled, and, when
target material. In the third ste%$ athird laser
S

thequcbr@@ theough-beledins a smalldiamgtar (essithan180gaicrons), the second
oo oA PGl SRl i B 10U e trat s

coamal wiéh the teowgh-ablespdrtion. naj or surface of the target

al rst and, secqgn t puts
[007) Ehe Sastgd oA 1S PresePk It EGHOR A iss feTorRalaher high-aspect
SRS IRU10% 0850, Sty B8 o 8ng 880 o
mcul'rmg ihb@asedrtbrmigh-hdie veadicthedmbbdamaget mddnmrmllw thiel method

es on the, tar teria t hol e
enatigs BneigaRe A tg THEIA TemouALAS ang (hoRtY SRAupgRmaRpfacturing
|
°°ST%?H§?$§%98?§ oVSRIRIEERSbaHE it AT Aicfod Bt present
invehtionlaelspravoids hemmm@wthbalreiesa:ablee‘ormahelagégrcmmldcmtuctures

on JS vl GRS Aareh i e 4EpdSits adniiiEto heAGm edge of

the@it BandtherBaP¥amdgR! 18 tAEGukban&RYy té&ﬂéﬁﬁétenal matrix. Thus the

nanufacturlng costs and i ncreaseS over al
methagl cpfeihesmfesemt invemtioghpromotes é‘lmsghdwl@tquahtg a]mltbthmughput
.on_al so avoids ,or m es unde i rab
toor B Al BRe Casihl St BePrniBo 2L 3R m SR gl ke agpnt from the
folloWigt detaiad degbrﬁﬁ;orﬁémef&wémoamh@ﬂs N@hich ;sr’aeeeds with
bot tom edge of the cut, and thermal damage to the
ref%r@nr:@ltmmmgcctcangémylﬁmdéawmgs;natr. X. Thus the nethod of

t he pr [ [ t hrough-hol e quality
and t I fi bi bggonal aspects and

[OOdQF’Hgb a@@&ndﬁ i he FquSV Qatar\@r\thafé fragmappay endsd-seeticnae views of
| om ng detail ed scrlgghl on of preferred

a targebatesial 4) different gagesetitirouginhplerfiermation inagerrdance with a
firs%é@%%ﬁ@@éfﬁt% A6 MR dEricd ofBsy itedily Uhinflg & ot hole completely

or partly, respectively, through the thickness of the target material.

[0020]Figs. 3a and 3b are fragmentary cross-sectional views of a target material in
different stages of through-hole formation in accordance with a second embodiment
of the invention carried out in accordance with a three-step process including initially
drilling a blind via of a desired diameter, drilling a pilot hole of lesser diameter, and

drilling to complete formation of a through-hole of the desired diameter.



[001 9] Figs. la and 1b and Figs. 2a and 2b are
fragnmentary cross-sectional views of a target materi al

wo pooditidees ent st ages of through-hol e fornati onPCTUS2004/012191
accordance with a first enbodi rent of the invention

[0621 ]fF'@sPI @#ﬁd B)éré@cbhﬁinbyeléét‘réﬁ hﬂ@ro@ra‘bHsO{JSE"Méﬁtaken at equivalent
etely or partly, respectivel
magﬂn&a’i@m asd mﬁéenﬁm@ atcomparative rel@M]lp gf gross3zectiadal views of

f f, t
walih fstes ' STREbR LS R EE et Tayer kG i Yl Bohuss in
actorda@ee Wlangethdddofa reeetidel§ MpRA T Hrt 8hd 'trﬁ@ present invention.
i nvention carried out in accordance with a three-step

pr oc esetailed Rpsesiptian of Eﬁref\err@duEmba@ﬂ@iﬁu nd via of a

002 E S i | BARrB AR b5 Blertaser o

effbbirtfhlegimih@llléd eémbokel @fetsrg&dnaieﬁﬁ%%rrh(iﬁ&)llghﬁh@és ifta target
5 are _scanning el ectron m crographs ( t aken

maggn@lqtﬁngmfm lynigrinethost invelyes dillipgespiptinaie Qavmg a diameter that

s GREBRATIE ol T & 88 G RBR RIS 6y o

threhgh-thomfll With careful sblzetida of theadditing pacsmetdrs, imeluditdsthe diameter
rior art and the present

fﬁ}% Pl mig i Veaglﬁé’teprga QN rgstuces tae degEe ARG @mount of thermal
LA R G T R
improgingotherhallé eilirsemiacal quityt off thetdriffed &hn(mght-lmléor m

10022 MU relrsPodd ares. e TB: ik FrsbpeblEor! sghaodiment of the
prégeﬁﬁﬁ%httéﬁaé Idsgr ttblé%% Q%ﬁ: ﬁﬁ bé]/eéjn@'h g,r Iﬁ@%g {1 ('}?dlrected

hrough- hol e an reafter roug
at WQdatloarcm‘alltarget Eratemni Sof Forhdisclrdsidn pgrqmeamargeismatenal 8is

l h ' t f .t [ ot hol | ot h
o i FId 1o fceds 2ih2aggreD A Naimsbaneo Ry THaleHa, but the
mv@ﬁﬁ&g% él@o@bﬁh@@@lb té‘fnbﬁq{cﬁ‘ﬂogémﬁxssé’rr Ié?é‘r‘é@i' rﬂgtérféﬂ‘s h%%r beam 2

thereby significantly inproving the hole wall surface
ablgtes a portism ofiargetimatedat &rt@tq;;m agilet hcpIeO12Bl]1a\ng |a1 diameter 11. As

ML e e e
drilkepsuch @&t ftlexterts @orh{)@hel ?h @ﬁ@th.ékde%smz Sf:tta?get%atenal 8

a location on a targe eria di scussi on

(asgignsde@ by pilat hele m ierfrigl 18) G)FSSLEthShﬁt It extEngs. orllmpal[tly through

ridoad Rttty PRl AERABI R ACTBREL L n 2B 260 o s

blifdavia ket dBssehdtedshetiAs all IHRATaAdAN Mbtesiaks. PRfdpep %eléfctlon of the
target material 8 to forma pilot hole 10 having a

lasgy amtempemt%mn ilayars of taroebmeaterial Srigl remiale unaffected

| t be drilled
eVésHufgﬁm? E{:ﬁd%stggtjs%r@és‘g%%ﬁ_ppet é@y %]%r gﬁa;cﬁlayﬁgs t hi ckness
[0022] Afteit thedetmatidreof pllotthole 10, a second laser output is directed at the
location on target material 8 to form a through-hole 14 having a diameter 15 that is

greater than diameter 11. Through-hole 14 extends through thickness 12 of target
material 8. Through-hole 14 may be formed by the same high-power laser that
formed pilot hole 10 or by a different laser. Through-hole 14 cleanly and evenly
penetrates all layers and materials of target material 8 and exhibits negligible taper
from its top end 16 to its bottom end 18. As shown in Figs. 1a and 1b, pilot hole 10a
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(as denoted by pilot hole 10a in Fig. 1la) or such that

it extends only partly through thickness 12 of target
woradoenimbe 8 (as denoted by pilot hole 10b in FgQr/ugmp4/012191

to forma blind via that does not penetrate all |ayers

is fPAHer suBk bt 2bted fa‘i’gct@t; rp%?%r%ﬂﬁ o(—?]"eﬁa\?eé frofd either top end 16

paraneters permts ce ayer target mateéri al
or bottermeind 18 redfpilethald adpefofe tHeefyornnat]brmdéthrbaglsdm 14. As

ShOBRTTGh 25tais) PBPIRTEI 405 1 GERRceotdbr Bl target materia

mel 56 féiedvad tibagh o8 bhan oK ik Bele 188 BEfoRt tie ftmidlioR of

a throug 4 havi ng aneter 15 that is greater

throbgh- hsnl%u"rét é:rorillturermfewﬂehbolesldnlleﬂtmﬁxdpatttyrtb@gh thickness 12

f t 8. Th h- hol e 14
Of%ég%'[f‘%i%{'% C%ﬁée 8@6@%? I ase:o?%at ?o?med td
[0028]PilohRble fPakd trkrbughrhdié qﬂ@ﬁéy( bésmﬁanymmwan e §ar11é major

cleanly and evenly péenetrates | ayer's and materials

sugace g0 qudifferest melorssusfases dd of tasgeiégategabfﬂe Foagsample,

forfelh 3R oD Al nofeOHis gt Fliforhrtdsd A ebe

maibhalt&:deﬂn@l&tn ofthesug-hoky1 pavhielrbre & dreateradiameterithan pilot
end 16 or bottomend 18 of pilot hole 10a before the

holeotQvegandhentbe siaeag pHstmedor sasfaspRila efifargejsnatesabfd
Altéﬁatﬁbéﬂ?oMt@nj&gaulb?h R Par p&%térlﬂ&i 8ﬁ?fé&grﬁgjgﬁ§gﬁske 20a of

oug top e
tarbet matéial @efﬁwrmatthm cfohrmighOIﬁblefMJ; Wrﬁnrghaﬁ@g?eét%r dli'ailﬁeter than
future reference, holes drilled only partly throu

piletrfiale 185 san shexi be staytad erserend mlon eirfagectoRal taég%tsmatenal 8.
As%éﬁ‘lﬂoﬁ’édaél?oxlﬁo Od h(ﬁh 12%0%?}5? eitlePl ‘iihrtoﬁjbﬂ%e %? g%l%?owa.

I ni Fy dri he 'Ssane maj°or sur
[0026] With esferencedp ¢ligs Baf mdasb,Zzﬁ) setomapraferredteanbadim@nt of the

presient gt o taieer 168 meltbgo foryas & Brardhshols having the
deE %d@fa'n%’ne T ThEF O%‘fg@% ﬁ\eltﬂ\reé"’gte?ggﬁﬁ?oem%ﬁ@% tlally forming on

| anmet er t an p| can st arte
first major smf:me 20a bhteg@Oaatdrial 8ragdeptimaise parftiof.22 of through -hole 14

in GedPrBR g birtrde Fador T ae AkABbiecsaa ineiatas hat of the
de§red:EPfrH@éh-ﬂBIé3fInttHé%%BnJT%te% ot H‘Hb% ﬁé\ﬁng agdilﬁﬁfe?ér 11 smaller

di anet er pilo 0, can then be started on
thagetbehaf ﬂmmh bobfmfeo@@ﬂ aﬁd extegdingrmutly padly tBrough thickness 12

ment.i on Qve,. ot hole 10 cgn be either ,
of BRa BAEaT 8 % ity Piraed o8 ssbsBadnains onner 2fia ol targgt material
8 sEbﬂfﬁhat?;ﬁlo@nele?m eﬂteﬁ@@@ﬁt%u@heé ?Ntl%ﬂ SHIRE BB oﬁhetﬂr@wously

present invention is a thrée-s met hod of form ng
formeddbpugheheleortiony 22 h £arapletien oeﬂﬂmae@nd Step reswlﬁ in formatlon
of 3 bpfﬁ <P]ffgdltgﬁxeetérh’f1e M t%teeboo‘t{na rrt1 BP %rbﬂg‘;’ﬁlh\éiae p(l)l[t]il hig ! .' 1 the third step,
through-hole 14 having the desired diameter is formed by initially drilling through
second major surface 20b of target material 8. The through-hole has an axis 34 that
is preferably coaxially aligned with axis 30 to facilitate uniform heat distribution. This
process is typically preferred when the desired through-hole has a diameter of less
than 30 microns.

[0027] Skilled persons will recognize that fiducial marks (alignment targets) may be

placed on the target material to facilitate alignment of the laser output and the target
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first major surface 20a of target material 8 a

dept hwi se portion 22 of through-hole 14 in the form of
w@2mbitnges/i a havi ng an axis 30 and the sanme di BOEUS2004612191

that of the desired through-hole. In the second step,

ma‘?éhéltwll?é’rh ﬁlfﬁe%ﬁﬁ‘élfq& rRatéiarafir shHa%@E'a'r@ USEH%‘ dhnﬂii/e through-

of through-hole tion 22 and extending only pa
holehpartigh, plhtmiﬁssandidr thfough-bele. nheslaisar oatm:ailyuIocatealtlhqﬂdumal
r Sl face

masks FBH and Te e Rt Mt TS af R sl 4itash e Sasritin
tecdHABIdRL dHitrRinly KSovph %’t%é@' Skilfe@r ifBHe . ough- hol e

porti'on 22. Conpletion of the second step results in
[0G28] Skilledrparsons will iiriber cecognize thal many vasiations @il second

prafpira g Bes ik Bropiaef . EQF ERablE et ppgjonc? of
thrBdgh-Hole altlanddsilot lhblwm RiaUsd peRsteate firsi Piajcruiree 2of target
of target material 8. The throu h-hol e has an axis 34

materdal § anethrpeghtiioje déa&ahpepetaafegs@@ndn reajoagUgage 2P of target

e 1 ARl E6 BYRCR 2P EFRA D0 14 PR RERIRIE et
sudack 20§fo¢targét hreteridl 1Bapildithate cicomnay plepeféle é&bdddﬂ%ajor surface
20;([))ersons wi Il recognize that fiducial marks (alig

&F tproet madsrial 8, gnadbepush-ale Trangyiengirate st pjor JF surface 208
|
of {aggg ’#’%ﬁé{@} Iéaiéwvﬁd‘nb%@ppé O %%8%c8gﬁ198tth£ﬂﬂ|o& ﬁg}eo?r 0 of the

erent target materia
secand p@erred emtxrehtnbnt dfrﬂwblprehmttlhventgmmby beoa biiah via.

o b S G e o
sul‘ﬁérﬁ:'meﬂ'f‘@ cEJ Q@bsﬁ‘ t5 Pt EﬁGﬁ’% Hidnndr & @g@id?ﬁiénsmns

oseS|IIe |nteart
aff&@idied| h;dtheanemﬂxd mﬁthb p‘relserﬂemvefrémga"remgmfmantnmpyovements over
vari at i second ref rred

COﬂ\fﬁg]tl@H@ gugh:bp ee[;(rgﬁﬁggn Oﬂ%r i F‘ g%z glps crg?\ be, ‘?or example,
spééHo%‘@é‘i‘t Bgla%o%lffZQﬁi@rst' fRomRhér thfod hB%sRﬁ‘rﬁiAéﬁrﬁ circuit

first ma Or surface 20a of target teri al
strmcttumngVlboem/eIAa pastioneofdhe dotal targehnatarjab thaiwduld eha@bbeen

rerpayasian PRETG 18 PegrSs PG the RbugBHiie Mreflodguing

for@atibA'cd e pRétEIdIA] Plot RbleTorhatich ﬂé?iu‘&% ﬂ’\%‘i@ﬁﬁé‘ttﬁe thermal
second maj or surface 20b of target material 8

enerlgweguwed) (3 ramovmmqo@tmlmmgaocrrtloe of tmrget rrateriai@@dzsaults in

Ski | |
relgeti3honFaoos o ot touring BraS Balisiah i@ er ¢ oo
[0080PPHE BRRIctiBh Of fife PIESRIE cbRNGIELION isTBisdEon thé 'sﬁécmc target
via. [0029] Abl at ed tahg_;et mat eri al @ykgbe renoved

magrrial egdghe stesited dhovghetale aspectdation g ldlesspegens will appreciate
tha@ Iﬁ:ﬁ%gﬁﬂgl .%gﬁﬁﬁj z%sgé? u%tﬁs Pﬁév & ?é;?ébt@& % f)?&:&dc%r stepped, tapered,
or vertically edged vias through multiple sets of layers.

[0031]Use of the method of the present invention to effect through-hole drilling on a
target material may be performed in various ways. In one preferred implementation,
a laser is used to drill all of the pilot holes in the target material. Next, the same
laser, operated with different operational parameters, or a different laser is used to
drill all of the through-holes in the target material. In an alternative implementation,

each individual pilot hole and through-hole is formed before the next pilot hole and
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afforded by the nethod of the present invention are
significant inprovenents over conventi onal

wao boosagleedol e processi ng net hods. Thr ough- hol eBCT/ES2004€012191
for exanple, spaced apart by about 2 microns from

thr%gﬁ rhote‘fs%ﬂﬂeaoh‘l“'ﬁs @?pl@ﬁte"f‘n@ﬁ@n r?lla Gl dffsdted %Plt{s?rtﬁ%tg\tlo separate

eover, porti on t ot al rget naterla
lasecatht travel aleeg the sanmjpathwp\arqr u@ing aeluet-bead $assfr.

ol dgmgers RS ep shon gt Palicen ghofeer Bugfons 18 about 300
miérbas eh @ Mghiderverhasdr rrewradué@qwmn dgadraﬁﬁmée bihsetween

renalnlng portlon of target materi al results in
abo:etcﬁmn@ronaandaabcwrﬂa@m t Becausasther w@fﬂre@sbe’wé@ of output beam 2

o oV AR WS SRS s
aref)pidalg p@@é‘udé%ﬂb)tl ﬂepéﬁﬁmp b&tmblrélétpr@cesﬂmd |cﬁ%plral

pérsons w || appreciate he first and second
prqwémgouwﬂu@tgthmwsb@nd @@é@t\@ taaecs beassiee saqendially directed at

tarl5E il 8 LR ecTREg Y | RRtHAS B FpaRbS! path to o

pefples9NTHafirehahdBetondfdsee butpute aghpreiembly . ntdvedg:ohtinaously
target materjial may be perfornmed in various way

thr@u@h paeh igatigniatm Erast %ttff'@ﬁnt for the laser uipIdg tQ eetmqna number

terjal . Next,
of %%mgt I§J]s| %é)éeérsggagera e%\% {I‘[éhd%ser %@@Sﬁm. onal
[0033] Fitet 4rahd B are SEMS mhtatle@mwalerﬂ magaifitatiohs and shdwing
of the thrqugh-holes in the ta et mat

| . .
crogsrsactiapahdewssf e wall sy ﬁce%a elfﬁa@ efuhatespfp?ra?g Hb g énulti-
layBRéh BRAAA0 B0h kS dECBRADILI G (1 el it art and
thee;ﬁriaeen’edvelytlcurm M@re wpemépathat:egsj dsancs Stshatv a cm&st—sectlonal view

I th d head
of 3 88Bicrep- Q?egmngwﬁﬂypggﬁr e HAlgduSinh ond ST kehgh N a two-layer
co;?p%i’— aﬁéﬂ QQiQkHe% 8N$20 MitroRs 9P RRVBD includes
ase may p uce vVl as [

aV| ng aneters of between
alterbating fayers nbglasamibthb@ and glass fiBec sasie 54Itmmndeﬂd)yrtmm opposing

lay &l pripee Bon Lo RParsmackne SERE igert aha 5 ggarty Shows the
mpﬁ’?o@é@%llas"lﬁfdcéﬁdﬁlt)} YorSRieReE Practic€BRHY Méthod of the present

concentric circle processing, or spiral processing
invehiiah Shecificaliy, tmwrgggbfmle afslélg ﬂeeaqhﬁnl’@r@or wall quallty because a
i rected at t

sigp e rtampint of el S ot 1 by it Hastoddnzed, Resin

rec@@élbntdbcﬁré’ﬁlheﬁhﬁéﬂnal'@h%réy éé@e@ttﬂttﬁﬁm%‘jbh-ﬁé%fdlffuses through
outputs are preferably noved continuously through each

thel hjawadirinta the repmewrmuﬁdlmg ther glpes clatle, ¢ausing signifigast structural
darf)g@ge {,gé’sﬁh g%gg)gjfn@ tﬁg@?ﬁ&&lgﬁhﬁﬁﬁerh%%?%ﬁ"él@édtfone surrounding
the through-hole. In contrast, the through-hole of Fig. 5 exhibits excellent wall quality
and minimal resin recession.

[0034] Because the glass transition temperatures differ for varying glass-based
materials used in multi-layered circuit boards, a depthwise differential power profile
which varies for each multi-layered circuit board being drilled may be used in
connection with all of the embodiments of the present invention. The preferred

depthwise differential power profile is empirically determined for each target material.
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[0033] Figs. 4 and 5 are SEMs taken at equival ent
magni fi cati ons and show ng cross-sectional views of

W b@sialobe sur f aces of the through-hol es formedPCTUs2004/012191
multilayered circuit board in accordance with nethods

Fo‘?fexaﬁﬁﬁé’?iéi%abm nich8 ' g@?oﬂh‘été}gqmbed%ﬁﬁ@ E@sm melts at

I nvent1 o re sp eC|f|c 4 and
approdmately 28076, W@Nd@fﬂna cBmmg, wlmnrtheatagarmatenal changes from

4 012 5 A 5B B3 o ein o i

thé Mréﬁﬁﬁ%Ié’fAQ%Qeﬁﬂdﬁe@%ov%aﬂ% caf calisk %ﬁ%us undeglrable effects,

alternating layers of glass cloth 52 and glass f
inaleding resinreceskion apdthe fapmivinmf d phema ;dﬂmmmm ob@hich result

in SREPRR RGOS orah® e dhralitnard 3R ByTiafidh plaHIBtRole in the

targteaﬁtat@ﬁana‘now@ea Q’ghhi@dn@&aﬁbﬁmaf Exc¥s thamAal éfstgy to escape when
ecifically, the throu hol e of Fig. 4 exhibits poor

ser tﬁmlhmgjtméugwae ée%n vieri whieh rae«htmat a ppughelower temperature.

Tth‘f@éiﬁeﬁﬁO@eﬁﬂé phsBRE rieflich SERUREH ki 5 R vl auaity of the

reédWrﬁgJﬂﬁfob@-ﬁocbffuses through the hole wall into the
resin surroundi ng the glass cloth, causing significant

[0033]bewrrapertd qub'SrUé?ﬁf'-H fapperéRIntng jaser@ngratians.omarwide

t t t
valifly'ctSaRE i8S, ST nStHebeA: Al ity horpppnaus materials
inochxding vaioes aesthlersndiaittie anatetibls suoth a8 glass) silies, rand ceramics,
[ecess [ 0034], Because the gl ass transition

MGMgphal LQU‘F‘ SEaYPf 'Qrgrido@" 9% ﬁ'rﬁﬂ't GRS, FREy g aid ggriconductor

B TR AR Ay SO0 APl BrdE BB remors
printeot mrduaycmaed Erinted t:lrdm’abdaridelty;gcdlty inckdiensgpareteusarponent

in c ctlo W, t h of the errbodlrre s of the
o7 SEME ndiglacti B inPEerEN e e

[chﬂg‘]fi%ﬁﬁﬂérg'mé’@"% bﬂér{ I%Xén% ﬁBI&H(e'é?@r‘nfﬁ{JrHe&fd ING8Kd,

r get r|a r exanpl e ass’ c
matgidenum, mdmlpp(allmtwhyplaﬁﬂomeulvm tltanlum; tungsters oat:ombmations

thefrl'ggfr g%fl. matgi‘llr%g M@gg\w déﬁgg\gpg{pﬁa&e ﬂﬂblfréme‘;q%ntﬁeqre thickness
is tg %"aﬁy betfedr §H@lﬂ@Hﬁcr@ﬁ§%ﬁ Mot 8eanRrener gy being .
aced in the through-hole. As nentioned above, this

[0031) Exeoplary arganis dieldetsicriaysgre mlﬂéebﬁmaletmldeutngzmes(BW),
calfPET. UBNAE e1of aPoas BReapIcl, BB TTRES: ShpaiEatubretnyiene
(PTHER ughhctu&rﬁthe’éeea)f@@ TRy ﬁav@én9 apbldPridie ltlﬁckmeésh ¢hey typically

t arget material allows a significant part o
hawaéb@knmm I%h@h@emab@g%@palmandm@bputéeo imjcrons, which is

ore s KA O TR VBRI 150 e

[oot:ﬂ EREpIarg ireinfdrcemaint YopphereRyeReinvRide fibérlnhits, @kpersed
particles of aramid fibers, ceramics, or glass (either woven or dispersed into the
organic dielectric layer). Although these layers may have any appropriate thickness,
their thickness is typically between about 1 micron and about 150 microns, which is
less than the thickness of the organic dielectric layers. Skilled persons will
appreciate that reinforcement component layers may be introduced into the organic

dielectric layers as a powder. The consequent powdery layers may be
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resul ting through-hole. [0035] The present invention
is useful for perform ng | aser operations on a w de

wa 2005810660f target materials, including honogePOUESEN4012191
non- honogenous materials including various netals and

no@é&ﬁtﬁu%u%ﬁ@iﬁﬁﬁh A3l pEBons Will SRB: acf?}ﬁ‘gmate that the metal

cera rid arrays, pin grid arrays,
component obgmnds!;elmtdcmhﬂ reinfancersent mmnurmerdrlayers may be
[om rcuits

| referred t m?terlal is a
mt?ﬂ?? Y ”PB(}%’F@}'OPISbE?B'F%Ji@"} &n frg? N¥Flor i nted circuit
[0 UShfired, '“gFe%‘?]"‘ébFé}HictsM'éﬂés fo‘x‘@l'eﬁlad(}) N?h&ﬁbé@lﬁre pressmg of

arat e conponent ayers of net al ectric, and/or
mlarenﬂbbsubmmﬂon-ﬁaabrpCaNdserS[Qf@QB]mERGﬁrﬂlmcﬁ sushads aluminum oxide

(Al;ﬁ%oaz ~ § e[tﬁgﬂﬁk\bﬁqﬁg?ﬁ%é‘ u”gfqrﬁqoﬂ?r%rgﬁg(ggfenal The powder

altti'd@nér‘érﬁeléi Youststhe witR forgémb "piatANThathsoorle sulticiBatSRchanical

these | ayers may have any appropriate thickness, their
integrity ke petmit snaghinivalapgrafianse sHcaBs Ma driling: terke Radormed.

oA 58 B B LB 4 G gRrh fphes on

theChintatscams fues oraifisrethe poveder particlep dhtpian eesemely strong and
pol ytetrafl uorethyl ene (PTFE). Al though these |ayers

dunegle suReiraify appropriate thi ckness they typically

[00) &itAqhdh %Iﬁgj%@wgw% ePﬁﬁééPSé‘ &4t} oGheBibhali, ftfmethod of
theabresbat imeeatiors, @xeatsiaty ;brefef:rred Ie{s@ﬁk’SBl}:ILﬂmmﬂaalbiet (UV) lasers,

rei nforcement conponent |ayers incl 2(98 [qsg gﬁtl
inclyding salidtsiahe {aser endpcimanipacrs. BORLOr lasgrs- SKillgi persons wil
P 5P 0 YR o SOEERERp L BB OB Ereg s
opeawaingim iaaterdance lvmtsmnvelmeonalttbchrm::aes or bytopptmad)tusy-wave lasers

conmaraliog B UAGTERISAY GPRBI G-pTotide TBlLpE Wave emission

forrsg?ésgﬁéd tinfed éﬁ&’t@ﬁfe?@ﬁffc?%ﬂy'asép (REe5at®plIBFér abla’ucl)rg] (r)owdes

nf or cenent conponen ers be i ntroduced
moréehoicgariorcladees@ates thataaerise aeleatqddm@d omhther criteria such as

wal ST SPit S8 Fd gV BHe TherAraMEdels, i HAcT A ehs gtput pulses
aré Q&e?@r % fSETRe §&‘!§staﬁf &Bﬂrbléaﬁ’ Uﬁlhﬁ@tefridcwa dbfnation in the above-

rein cement conponent ["ayers may be internally
mamuone@targabmtemaiauﬁebaua@ thenprefeiiee delling parameters relating to

e L e e
O ST 8 e

invpntidreis 2 W\, Q-gutitched esaligrstatenlaspbiings preferably includes a solid-state
lasant such as Nd:YAG, Nd:YLF, Nd:YAP, Nd:YVOy, Yb:YAG, Ti:Sapphire, or a YAG

crystal doped with holmium or erbium. One advantage of using UV is that the focal
length tolerance facilitates the machining of nonuniformly thick targets. Preferred
wavelengths include, but are not limited to, 532 nm (frequency doubled Nd:YAG),
355 nm (frequency tripled Nd:YAG), and 266 nm (frequency quadrupled Nd:YAG)
with primarily a TEMgo spatial mode profile. An additional preferred wavelength is
152 nm, and skilled persons will appreciate that lasers emitting at other suitable

wavelengths may also be used in connection with the method of the present
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particles are held together with organic "binders"

that provide sufficient nechanical integrity to permt
wore@hitnieng operations, such as via drilling, tBCD®ES2004/012191

performed. Following drilling, the green material is

mv(ehﬁ&ﬁi Al ékéhhﬁlanl EoREIcatiale avé\ﬁﬁtﬂ@ léﬁér\@ﬁqé)mfodbhmo UV-3500

bi nders and fuses or sinters th ep partlc es Into
lasan selxit byeh@hj;wa\te El@tr@nd:somfrl\dommaﬁuvw a@ailfor[rﬂmmpe laser

preieRBi Creydh Dietted Shabe RURTutERS HB.AERET bRyusn dpout 1 micron

an@%8ont anyicrirf erred |l asers include ultraviolet (UV)
| asers, including solid-state |aser and exci ner

[00423 Exemplany peremMeere s theskiM, Qawiiehedreolidistate laser output include

v 3BeEBE bt SFendF Hopfh s AR IGUER 1RGSR over the

be&MNB{t ar@4), ahoteegmemwﬁgr@btéméﬁ 1301 )} Spot E@é&ilé@%ﬁf@ or spatial
cooperatln a shutter periodically opening t

MaiRrcANego fdesh thancakoutehPe Bierens, @t Ryeferpblyi betwgeﬂuab@sﬂt 1 microns

t y
to SR NFRERS [ Fle traftr 110 abBYEY |8y fhiz), and
prefeiabiyt e ai@rstbeneboat RO kH: bherdverages mtassities of ierglidnces of
spot size, and avail ahi lit The paraneters of each

graaa%rethag 00 miliwaits @W)@@%@ §E@weta§ fTéi’@l preferred parameters are
selSURRA 2 Alontaelo SRk s Selfed S99 TnbTEppora

puldeiWndihsgha‘aammcma thah abbot30® nancsedoras (a), lamglgrreferably from
reate

abef il Piesad losde; Thes. ek o aTaiatly Beiaruabopt 1 ns and
T T
paritinulaumehalmlhs dresscdled Ilrapamomm the bt W@ usdéed. YEKilled

Nd: YAP Yh: YAG,
Per36HS MNADR QA A P SE PRIRITE R LR A e pe etitized for the
ma%éﬁdl $o bBHrobdssd0eal tha@brdn® ?gfeﬁﬂét%ré Iyr bé 8588 té BRocess

machi ning of nonuniformy thick targets. eferred
dlffa/aewéltmg@itlayarmcl ude, but are not I|mted to, 532 nm

d f ' d
rooiga TAREVEE 558t Sl pFa ereis 2l abroahEek SRty At hitino =
dlaﬁfétéfl%ﬂ Ib¥s %amt%@ml@bngoﬂﬂhaﬁ@ﬁ theespdiarad Hrid @iBAeter

preferred aa?ent is 152 nm and skilled persons
gendrally egfpr teci /ef dimpasionsstbese éerims areoenasinratly @@dttame@r to the

spdflfnar elamer bf B RoIB RraiE sh s K BlisRa SHiled BéiSons willalso
appresies tiha’:!'tlhé/ sBMﬁéﬂe@t&thé ?8fjutibealiis ;ﬁ@@@bb@@d@fa@@iﬂzular

| aser sold by Lightwave El ectronics of Muntain View, .
Howgver, @pﬂp@iculahélarsa@@y ajsodiecablpied throughisimilarpieessses. Such vias

may, R i Hadl sdhidl | ReBlrRiId ob5 YBe k& G Bindr Mafdrdlrface

geometries. Skilled persons will also appreciate that the output beam can be imaged
or clipped of its wings or tails, particularly for first step processing, if desired for
specific operations.

[0044] The following Table 1 provides process parameters and overall throughput
data for drilling the through-holes using the second preferred method of the present
invention using a UV, Q-switched, solid-state laser. The pilot holes were drilled in
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and about 7 mcrons. [0042] Exenplary paraneters of

the W, Qswtched, solid-state |aser output include
war@sagseener gy densities greater than about 5PCT/US2004/012191

m croJoul es (mJ) neasured over the beam spot ar ea,
thé(;ﬁ?fhearﬁ’(f Shed @@gé cﬁrtﬁﬁttﬂleta'hﬂqm% d‘fﬂl’edstHFEu ntire thickness of

ameters or at maj or axes o ess than about

thentapgedmsatesial 'ﬁhetlmnaghmdb@mehllledoustepsﬂ andrs to

about 50 microns; a repetition rate of greater than

about 1 kiloHertz (kHz), and preferably greater than

about 20 kHz; and average intensities or irradi ances

of greater than 100 mlliwatts (mMN over the spot

areas. The preferred paraneters are selected in an
Tabletle BrdcesoPaiameteny ent Ovérel Matoughpwtdeataf f ect s by

utilizing tenporal pulse widths that are shorter than

alout | 300] nanojseco ﬁs (ns), asnng pr ef eratt)l y _Tromia g@et . Avgt:it
etlle . SPOI e rom Vg ra

m@-kmp COSEﬁgﬁd\QQ§ rgc 153 nSmedmﬁfW6E§ )réﬁer@&!VMW power | (viasls)
hdt vepiysen qrpts 1impis | A0 Repo o Ept | (hQQ viepls) | (MEoped ttm 2 P) (mm) | (W)

i Pq11li ement <% lor™f aer Briodelsd ng 4 1ot o get T 02 5 2
tertat—at—part g ttmr—wayehengthsear g5 scateed i h T8
pr OQQ tionh t/@tRBssept! dizdé luded. Wk [1Bed @ger $ohs \AQZI 18
- ol 683 L 1675 | 30 4 LN | 0 303,[, 28 T80 T 1.8
a puc &t tH WpTESETPatr et g S~ Wit T sy afy et eafl Mc 18
opteny z#ed for fhe matdrial Yijo obe priacessed, ahd thawt [ 45
dilf Ak S0y nﬂrﬁkﬁfn e oy b L O 4781 e Aileg | 08, | 45
U CT ST PO oy | <5 TSR PR USG5 |PTaCFo U T T ©1 S04t ) 18
targef layerss| [WOA3) [ThRel Naser [sysilers oul pui [ beam-0s 18

preferabl y produces a spot area having a di aneter of

th bout 25 h t
10045110 555 P15y bPafser o 5oinedir fith e RESSarf ag Brich
Cohﬁﬁéﬁ C@zemRﬁé\ﬂéld?ﬂ'lﬁ{d Msé%ﬁﬂch@ermf-%&cﬂé’d idsers Hﬁéns@éﬁs%ly excited
or dianmeter of the e created by a single pul se.

atngksphiedd (PEAS tarerav amd aséﬁxmbﬁowdaae@ tHhewevere bepatse the

wa@élgﬁg aqft ar]fg@é@%]etr lggﬁgl]y g S%iod,ﬁ 11 microns, the

lasélbb@ﬁoatﬂust mmyg)@ﬂéet@ulwm@m@ G§J%ﬁsas &bt?d‘éerCﬁﬁ“lMenﬂPflt is very

exanpl e, havé square, rectangular oval, slot-1like,
dnffm.ultéo usej G- aseratedykswestrates thatifeatuse operwba snelellic Iayers

ol B0 BBl SRR AP RGBS TP v
ov@g&%ﬁcﬁ%&fﬁl dioverlyi aop;s@lr laper inpeidch via opertings aase been

ol | ow ng provi des process

prewuglye@féhg Sy ptandar |qhemi%luaﬂ9m gHER "pe-elghed phgronformal
ma%ﬁemgnﬂ r%ﬁ'bgﬁ flégi:'nrﬂg ta‘%% I’?ﬁ}&}%j g%%ﬁ%ﬁ%cj(cgﬁ{éﬁ?g sQ&h as

|nven

gla§@hbdr§|héthé diglsetric Ié'msplﬂo@bxiamm anlired diai daneisk fortrieel in a
fifth and sixth steps of the table and were drille

targetroaigniat sempased of pﬂawrgggelggtrlc material covered on either major
surface by a layer of metal. The formation of the blind via can be self-limiting such

that via formation stops after the beam cuts through the dielectric material. The
reason is that the beam pulse power density is insufficient to progress depthwise
beyond the dielectric material to vaporize the remaining metal layer, even if beam
pulses continue to strike the target. The depthwise self-limiting capability in blind via
formation is advantageous because multilayered targets can present unpredictable,
inconsistent target depths that result from warpage, nonuniform layer thickness, or

nonuniform flatness of the mounting fixture.

13



the target material. The through-hole was drilled in

steps 7 and 8. Table 1. Process Paraneters and Over al
wabesagleput Data. [0045] CO2 | asers can al so beCT/BEsm04/612191

connection with the present invention. Common CO2

[00A6 [t Qi %e%tfv'lddé f&:gthb§§ Wﬁlﬁ%@&llpﬁﬁhg':ar?ﬁfét% Og%s may be

transversely excited atnospheric | asers,
maidadp-the idetailsl afthe @@@Ne.deﬂcmbe@ embmtmea‘es witkeout departlng from the
el engt h. of CO2 | aser—is betwe about 9 mcr
undShliag Blnciefs i dhe Taventl| THE soi e e brtinyBicH Shouid
théréfb'r@cﬁ@éeﬂéymmc%ﬁ byuhB f@l%vﬁﬁﬁféﬁlmsconsequem ly, it
is very difficult to use CO2 lasSers to dril
substrates that feature overlying netallic |ayers.
Thus CO2 | asers are preferably applied to | ayered
substrates having either no overlying copper or an
overlying copper layer in which via openings have been
previously etched by standard chem cal neans. Such
"pre-etched" or "conformal mask" nultilayered
substrates nmay al so have no woven reinforcenents such
as glass fibers in the dielectric |ayers. For exanple,
a blind via can be fornmed in a target materia
conposed of a |layer of dielectric material covered on
either major surface by a |layer of netal. The
formation of the blind via can be self-limting such
that via formati on stops after the beam cuts through
the dielectric material. The reason is that the beam
pul se power density is insufficient to progress
dept hwi se beyond the dielectric material to vaporize
the remaining netal |ayer, even if beam pul ses
continue to strike the target. The dept hw se
self-limting capability in blind via formation is
advant ageous because nultilayered targets can present
unpredi ctabl e, inconsistent target depths that result
from war page, nonuni form |l ayer thickness, or
nonuni form fl atness of the nounting fixture.[0046] It
will be obvious to those having skill in the art that
many changes may be made to the details of the
above-descri bed enbodi ments w thout departing fromthe
underlying principles of the invention. The scope of
the present invention should, therefore, be determ ned
only by the following clainms.Clains 1. A differentia
di ameter hole drilling nmethod by which a through-hole
havi ng i nproved wall surface uniformty and a
predeterm ned dianmeter is forned in a target materia
havi ng a thickness, conprising: generating a first
| aser output having sufficient energy density over a
first
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spatial spot size to renpve target material within a
first spot area defined by the first spatial spot

W@ @e/11@b6 ecting the first |aser output to i npPCES1004012191
target material and thereby forma pilot hole having a
first diameter that correspgpggsto the dianeter of the
first spot area and that is Te€s5 than the

" pr etlet er Aidierediiahdiareteif hmladrillhﬂgdugthddobyewhgﬂh@tmomg -hole

na 0@ FRarseial sferendgHnCaid s s S SRt BR et Rimed in

tar trﬁétgﬁial Wahhpﬂa Mhigere8dcsnplisingea defined by the
econd spatiall spot size; and directing the second

| as@eneratlpgta firet haspr ngtput hevingrsydficienitanargy deosity oveita first

qu’qq? §po€%6% 'tcg?%ice)ge? e?rgép ﬁ]tqt%r{aei%*hin %Jn@ fp{ﬂt%\?gg deP ned by the first
spétfé'l gpstisipel e having the predeterm ned di ameter and
t hat extends through the thickness of the target

mat directing thedirstdasen owpubio lmmngwhmtgzmmétqrm andithgreby form

o B ST St R A 5 PSPl ot oo

aredfaridithat iy ledg th&iotte peidetarntined bRnsster of thesthrdwgehole;
uniformty. 2. The differential dianeter hole Illng

net gRErating Asasond lasergitewt havdng auﬁ@ten#ﬁﬂergyadensﬁy over a

seéoﬁ%‘?%l Sﬁ@osﬁfg tc¥ f%rﬁf)véaqu gﬂﬁlaneshtﬂfn 3 %%E@ﬁ&%g@f‘grea defined

aser O est

by iR Sscohdr $ptial spott dige;taidet rrat eri aI to formthe pil ot
hol e and thereafter the second | aser output inpin

t hedifgGtieg thﬁ;S@PO@@Ja%ﬁf@L@utﬂﬂ dmpiiagehe iarast .n@teflafq?«what the
¢ :
oM 0 & B A8 56t st Bl ot o o
a tf&ndgmhoda@hawggtthe psedeiarminesatiametgriand that exiends thivaigh the

thickega gh IR AREOSTBIEIA e gAY g@hg%rf?b% Bl Noiving the
adcﬁ%ﬁ bPthe?inal Qﬁeltg@r tﬁ'&lﬂ@s&(}éye‘% tHFBU oP hﬁ%e%]r?d fHEB limits

aneter and extending only part roug
thetrhakdiststombf tHeethrmrgjeholmaﬂalt aad enhanﬁrdmeltsj stiffece umf:aﬂmlty

di t hol d | f, Whi
o e oS o o 8o 2 gt B e e
tardit! rﬁ%te'?i%i fichidles s St S dhderrbor stiffdcks aWﬁ' lﬁ IWhICh the
e directing the second | aser output to iInpinge t

first Iansgenutwlt cmplages il it snajpasurdade/ofhedaigey naterial to form the
nt i al

hr | e axes. 5. The d'ff
piclafeedtad tirskafieh B sokonidesrr P U maies therfFof R sygface of
theﬁ?h{ét n%bﬁaﬁétféﬂﬁ%hé’MrﬁugﬁlHdlé/ through the thickness
of The target materi al
The differential diameter hole drilling method of claim 1, in which the

generating and directing the second laser output to impinge the target material
includes forming a portion of the through-hole before forming the pilot hole, the
portion of the through-hole having the predetermined diameter and extending only
partly through the thickness of the target material.

4, The differential diameter hole drilling method of claim 1, in which the
pilot hole and the through-hole have, respectively, a pilot hole axis and a through-
hole axis, and in which the directing the second laser output to impinge the target

material includes spatially aligning the through-hole and pilot hole axes.
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6. The differential dianeter hole drilling nethod of
claim1, in which the pilot hole extends through the
wo hiosiness of the target material. 7. The diffreEO$1084/012191

di aneter hole drilling nethod of claim1, in which the
thr h i f :
v TR S BT, R OBAIOLE uncn e

plloiirmlereittenda ony parthyttbraughdgbe thiskee$saof mertprgeiesatanal
ol & dri PR A0 tSrenRe iametardiol SIPA OFEA ofiaifd gauiich the
plldi%ﬁi éﬁﬂen@@ﬁﬁfdugﬁ%hét%kﬁésé SMAE e R) ?rﬁ-‘étéﬁ@l' C circuit

boar d ifferential diameter hole drilling
met hod oTheIdzaffefeetlahdn\amatermod@drlmngﬂneﬂhasdaf@&alm1 in which the

Gy ERGRINAS § iditbter o st RS R R boar o 13, The
di f8er enthaldiffiran®dlliametes e HilliRg nisthbadfefaifl Aiifiwhich the

in which the first and second | aser outputs are
targpirneateriel compasea 80skomegencoumateralgr oup

ordexci 18k STRTEMA ddmBlerbie AABHE et o Sids Wgyhicn the
targhtirhienial o&hpese9h multilaydrediglesthori clrbegit bNal*daser is a
UV: YAG enitting a | aser beam having a wavel ength

3551Qm The dmeamalfdéar@ﬁ‘tqréuolajﬁam@g anethef of @Ialm 9 3@ which the
I
muﬂﬁ%ggﬁgoélgg rgfélglglmylt g)ogﬂk ?ﬁm S%% b{rﬁéltﬂggi%ﬁcf%gglagé %&inforced
prirded icirteitboard.di amet er hoI e drilling nmethod of claim1,
in which_the first and second | aser outputs are

gentt-at ebhe gifiesepiial diareeter hole drliing seihad ohslairg 1, in which the

first and second laser outputs are generated by a laser selected from the group
consisting essentially of UV lasers, CO;, lasers, and non-excimer lasers.

12.  The differential diameter hole drilling method of claim 1, in which the
UV laser is a UV:YAG emitting a laser beam having a wavelength of 355 mm.

13.  The differential diameter hole drilling method of claim 1, in which the
first and second laser outputs are generated by the same laser.

14.  The differential diameter hole drilling method of claim 1, in which the

first and second laser outputs are generated by respective first and second lasers.

16



