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LASER FEATURE SHAPE REPRODUCTI ON CONTROL Background of the Invention Field
of The | nvaY@ PBHWS8Mhi s i nvention pertains to a nmethod and anP@QPESIARHES t hat
forns abl ated 5 features in substrates exhr biting nore accurate shapes with
| ess shape di st &BLATEhEASE] ] REPROBUCTION CAONTRMst r at es.
Description of the Rel at ed Art The Iaser abI ation of features on pol yner
materials using a mask and imagi ng | ens systemis well known. In this

process, features on the mask arBackploufid ppthethwhiién 10 | aser |ight. The
| aser Irght t hat passes through the transparent features of the mask is

then i maged onto the substrate suﬁhﬁiﬁ@&nﬁ%c fil mwhere the ablation
process occurs. Fl ure 1 illust ra es convent i onal
exci mer | aser ée@y’&tpéﬁtmmotwﬁ ‘fﬂ‘éaéﬁt‘%tﬁhr‘gf"&‘%tﬁt}r‘:t‘ ed by a

conmputer wit 'Fea@u”rek ﬂttﬁibgﬁ‘&% é)@rlﬁtﬁ{é‘g thore RBEARAIAApRwitRssSHhapEdbonldR, ﬁr?dTpUt er
controls the firing of the pulsed’ | aser systemand a servo system The

function of tihespsarNpappisheimté polymepaistratesn t he nask and substrate chuck
for proper registration of the laser mlled pattern with respect to other

features on the substrate. For i?r s.Eur pg?ie,‘E i V%éi on system (not shown) is
often interfaced to the conputef= ystem or conputer may
control an 20 at t euaboy abiabi 8t fehilref dhpol Rr AN Kind Mmbdcralibd)

entering the system Aj%t gr natjrrv ¥ ,ret he)b0 serr pul seS enneégg/?/1 may ble g rgr ed by

adj usting théedsayeﬂcrrhrsgml\/.mlot»mén d’ﬂs procexs fegthires eh tipomagk dreilluemestgy with
mai ntai ned by the |aser's internal pulse energé contro| |oop. The W beam

path is |lﬁd| daseebiehty Thgjlaser lightithatpassss rouphdhe %’ﬁ@ﬁfﬁm @a‘(‘jfﬂsy’f&@ npaskiipese
t t t Il el
SLACRLT T S T e e

at the pul seibceug] mer | aser. The | aser typi caI |y f| res at 100-300 Hz for
econom cal machining with pul ses that have a duration of about 20-40
nanoseconds each. Higere | illustates gERICdap@It Of CQURBOVER eRONLUSEY MFEDBE D ower s

oy 1 each Teaguab or iR Ouk S BROL Lo HARY ho coh RPN LR eSS ol 0N Po

15  operator of the system. The computer controls the firing of the pulsed laser system
and a servo system. The function of the servo system is to position the mask and
substrate chuck for proper registration of the laser milled pattern with respect to other
features on the substrate. For this purpose, a vision system (not shown) is often
interfaced to the computer system. The servo system or computer may control an

20  attenuator module, to vary the amount of UV radiation entering the system.
Alternatively, the laser pulse energy may be varied by adjusting the laser high voltage
or a control set point for energy, maintained by the laser’s internal pulse energy
control loop.

The UV beam path is indicated in this figure with arrows (schematic only as

25  these are not intended to be actual raypaths, which are not typically parallel) which
show the flow of UV energy within the system. The UV power originates at the
pulsed excimer laser. The laser typically fires at 100-300 Hz for economical
machining with pulses that have a duration of about 20-40 nanoseconds each. The

typical industrial excimer laser is 100-150 watts of time average power, but peak
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From t he out put end of the laser, the W energy typically traverse§ GapPR 2003
attenuat or; however, this is an optional assenbly not present in all |aser
machi ni ng WOMPBHIs. The attenuator performs either or bot hPETUSIMIPBSssi bl e
functions. In the first function, the attenuator conpensates for the

degr adat i on peWerhmayprark alegawaitsdueth heashostrdvaation aftibspulsse dlhese higheethe

| aser to run in a narror\évvgand Oll;i 10q| se energi es (and hence a restricted
range of hi QIPXFEY 5 HRPOILAAL L machiping many materlals, o st abl e operation over the

long term Wth ngWmaRE bHul thd SHanSHSEL e T VP@nalY SRS trdvarssShn T O
dissipate 1 U sone of the power of the laser. As the optics degrade and
begi n t o abswrebuaor hgyetdictsak ae optidrtat asdetnbiviadtqiresest iadjlusdee chachinprgovi de

addi tional 1ight en,erg%{. For this function, a sinple _nanual attenuator
pl ate or opl aveemsadhpatterusipr perfarms ¢ien af bethif sve gossible fupstieny. |Ip thg st 2 or

fused silic e ' eci ' | ] . 0 di rect
soms of 1 he TREE Bedbh B enthE RENS Geor b AP ESh O Bk 1R
attenuat or hateauagr thhd8sed! HegwPBS $4sbt ® rut g b ingfto@foahd6f Pll§ccerendior (ang f or
short termcontrol of laser power. In this case, the attenuator is

not ori zed wi hamcepiréntictedt wppeef high gpkagerlevelp)y allewiog don mem¢tabireoparatitduat or i s
adjusted to provide the cqqrect fluence,(energy,per unit.ar at. the
substrate fo veﬁ?ﬁ?)epSPg PB‘cce{g_Eﬁ.ESWt"PﬁFS. ingh Iﬂ%‘?’fﬁ’ttﬂgagﬁu& ﬂéstsa???c}?lﬁ%p"ltfl_ ener gy
propagatgs t&nie HEREHENPATThOMsEES! RSHOBSIIE LRI RRANY bedi o RERMD BxRgNSI On

tel escope serves the function of adjusting the cross Sectional aréa of the
beam t o pr optheingelfved, khetdteneator imndpisted to peovideaariditomatjkglit zeergy Thiosthims an
important effect. on the overall systemresolution by creating the correct
Uner i ool apBELP Aormpe AL BB AT G B hon B Rar DI ool
exci mer 2~ | : F}naﬁl ; 1.Cud ' ) i
directions. %g?%lg? Y, at?t %grg%%?ﬁg@gggénﬂvgﬂﬁgl? e ﬂ-g:s%%l%‘bseélﬁh?gllatassi an, "
meani ng t hat rddéfevsesemetdiehd laserenehigy ebvatirgeandibs@bingbeatmuiimed Withinethéi cal ), t he
beam profile is '"top hat" (flat top and drops off sharply at the edges).
In the other 2@§BEY hOwSIng he beam has a typical intensity profile that |ooks
qualitatively gaussLap...li a A r i1t 0 | escope
all ows sone | evel %21% %{r}]g'f g{)s{é@)ele gg}%&é?h%%tc %g§g¥4%%r 1%?%# ?‘l&gltﬁr%‘ocr?-ﬁgrg 1 %@ﬁge? in
these direct power. [hhhis cadtieastehiitér i aRsomed with sitlitabppedinsdtofstiraervef t he
0 9 APR 2003 WO 00/ 30801 PCT/ US99/ 07466 pattern being 1 maged onto the
substrate, daestem, adithepttenyaienifcadiesed togupyide dhe qorget yenee shergyeperdnit angl e

of the cone of light) ,in these orthogonal beam directions, since inmaging
resol ution i éle&:) ?&Ef%g}’sﬁaﬁ‘et}ﬁ"cﬂo@}ﬁr fo’%‘?ﬂﬁ%ﬁ’t}f‘gal _aperture. Between tel escope
and honpgegni zes Werrhatke Shokof the Bty {RaEY HRPELAG 16 aeflexpMisdn ©SERPES,
due to space limtations, will contain a few such mrrors ?o fold the
system i nto t(bptienahi Tabbears papansioBaplesa@ipe servehthe fsgtiobef pljastaag thetcvasen

conponents, but.in sone.areas, the ener density or, fluence can, be quite
high. So ni r SEFIGTBLAET oFiGe Sram to PEPETY LA SBIRACH 10 H15ib6aE BOMAgeRiZer. ki gh

ener gy densit q ﬁ&% j : A to limt
t he nunber ofhyif SMLn g mIE %f%crttgh%éi:&f]ér%pgies}&{l 6&#11%%?%1@?%%?% }{:ﬁsfJ éroer{)elegcenent
cost and al i grumericalipeftinewdftijumibagotvpdn it fromxthe homegesnizehe Tpianh excimer
honogeni zes. The purpose of the hqgnpgenizes is to create a_unj f@{gm
i nt ensi t yYoof 12§7E PPAMYHE Rt SGRMETiE| g harizamal wiavattigal dirgctions. IyRIS2lBRS i nes
t he nuneri cal t . i 1lym pat | J1e / ' al f
angl o of 1 ho SOREHaRiShekllRed b Rb A AR ot bR RS S ACBHD O
has 15 an i nnéisdhatle dieetidd tusSMBl QNiELS thelbdadNproBidie Ctopaiat BTt RPprdnd dedpst he
exci mer beam are

off sharply at the edges). In the other direction, the beam has a typical intensity

profile that looks qualitatively gaussian, like a normal probability curve.
30 The telescope allows some level of relative adjustment in the distribution of

power in these directions. This reduces (but does not eliminate) distortion of the

| (]



, hotter than others, uniformillum nation requires that the beam bel ﬂaABRdZU%
. into smaller segnents, and stretched and overlaid at the mask pl ane.

Several neVRMEW§Gr this are known in the art, with some neRECEHEINEAg

based on traditional refractive optics, e.g.,. as disclosed in U S. Patent
Nos. 4,733, RafierpReing imageq ontoghs substratgyfuco diferng nURKEFH APartess HBF 8inf by

ref erence. ! i Lf Cl:l ogr aphi c
opt 1 cor s 18 Pl e B3 nEn WRRE RGO R htotat 1Bt

i ncor por at ednhigingatall@ititis dAbdtBr DRintN@ §f nuinterivalapeguleased on conti nuous
relief mcrolens arrays ("Diffractive mcrolenses replicated in fused
silica for exci meBetwserictrseonelrodbgmegening we hivkshew aflat beam falding Appl i ed
Optics, \ol. 36 .. 32 ... 25 8481-8489, 19 . .From t he .beam ho ni zes
Che |1 ght prBIEsa000: S5l fuf b TareImgap e, B[ SED 8 R PRt nTars o R
from the honmggpit&RIndMck NalRRE kYaceOURh&llY, th&yf Qaj BEplabRObAGebeNs. The
field |l enses may be sinple spherical |enses, cylindrical |enses, ananorphic
or a conbi natdnapprehsrmofn sehepanal, iy anargyhdensippdr fomncoean beaneteighde$d gn and
pl acement of 30 field | enses e inportant, i n achievi. tel egentric¢c imaging
on the subst P 85BN e oSt to o supiRarsaDaY ed grsre0dgisity: In

PCT/ US99/ 070 ' [ i F Bk e field
| ens, The nag%egeg(ratp ?géﬁ%deggf %I@P%asle' %tép%@ct%tob@n x‘rfgk%frﬁxggr{eggi‘ foprllal%llﬁge]ﬂgla strate.
The pattBy n inSordyab Gsihinyizt aptis refldcemedXost Badalidnenent digficlesi red on the
substrate. The imaging |l ens is designed to (de)magnify the mask in the
course of i magi ngThe Uynkightinpet eptars thetgpm hempgemiaerd dde paepose eptet y of

keepi ng ener ity . Jow at t X .gh rate

o ane. i gh RErREIA e Rl 4 MRS aBh B0 Ml e e IRk 0

avai | abl e at plafie. It aldelRicrmiRs BlecatifneritAEapeRsie dfale MlandiMitivadicid QR siRg @M um or
al um num coated on a quartz or fused silica substrate with the pattern

bei ng et chedtherhalf angle afgha¢dne of lighteimpigging op Hstroask), vduehagsrsfated abavsehasnreans.

The refl ecting.and/ or absgrbing | ayer on.the nmask may,. conpr.i se_a sequence
of di ol eliri 88 iEa PR oVepll e resslufioy SincsEeRAT R & BRERGMET Rt ot

4,923, 772 anfoperdfsh Gherd, uPRR iRhmMatish rédfufied haLtheBEAh 8d PQL%E@H%O Baller

ref erence. The purpose of the inmaging lens is to demagnify and relay the
mask patt er nsegrhents.hed sudishedangd ovediaid hethp atdsk plane s Seedal ceethbds far flacarer of M
in each dinension, then 15 the energy density is raise V2 nmultiplied by
the transm s&POWDARHESH yithspme %%O%t‘xfmgcbgﬁwrs%@ﬁwmgbﬁ%ﬁlﬁé PRSSeHpl est
form the | ehs alseioSeFinaCr RLATRIL 41789944 NP5 484530, thllor PiEn b a compl ex
nmufti-el enent | ens designed to reduce various aberration an Istortions in
the i mage0 Thecdrporsted hedashygreéaendet Hdnevgeaizatdremey tlso be baedampliffsdtivdie
desired i mage qual i t)é_ in order to increase_the_ optical throughput and to 20
decrease t he % 68toBEPcRPticHRgiMY -5 datent hJ?p?’_éh@’Vi}? bptheofiWhigh RYCRIBAE i s one

ST the nost ST ér'a%? b?%i%?en { }i\ﬂé‘m t‘?‘?e{l:\‘/.ti{ Al be ims% 'o%g%&gjolugpaie reates a
e-magni fied 1Tmage o hée "pattern o '€ nask on the substrate. Each tine

the laser fimggroléd driaye(IRifRRtiEeMIGolcated@eplieatel linifisbdtiBia &3t ekbighes Udaei-r at e.
As a result, etching of the substrate material results. Many substrate 25

mat eri al s maybebm omagenigng,”, Mikpladjedl, lety abelpplied DptiesaVet.i38) No. BbIppi ni des

under var,_ou I n are the nost comon for mcroel ectronic
appl i cat izénssgétﬁal?@gaj I<aadt§‘3§ppl ications. This systemdescribed in Figure 1 is

a "typical" systengrofmhe B4 ﬂ@ﬂ%géﬂiw URPREHt SR @RS told Gel8 Y WhizAReRes
further sinplified and still produce parts, but wth
to collect the light from the homogenizer and properly couple it into the imaging lens.
The field lenses may be simple spherical lenses, cylindrical lenses, anamorphic or a
combination thereof, depending on the application. Careful design and placement of
30 field lenses are important in achieving telecentric imaging on the substrate side of the

lens.



30. sone sacrifice in part tolerances, repeatability, or both. It 69 ABR 2003
unusual for systens to nmake sone departure fromthis typical architecture,
driven by weedsossf the 4 0 9 APR 2003 w0 00130801 PCT/ US9BZTUUERMH7066
application. For exanmple, in U S. Patent No. 4,940,88l, incorporated herein
by reference, it Tie rdaskcik ogechliyhracetihe clossprokimity of the ficlst lags. fichemadskact i ve
el ement between the inmaging | rovi de sorrqi? |.evel of .

gns nd éhe ma% Wi It

control overc3Tfs ARLEE BRt B e be mphicalad apthe suppiaie ?fgpwwsaﬁw bdengshs for
| Loue . . e ar : .

Lhoreor are GocX R MIRI: TR Al SubsHRT> AALERE IO fludiRild O,

and the enph@ginfagn$fyahe B! In thé 26urk@bf iMagthgde batolte paitl THIWhgNHE desleber
applications require very demandi ng tol erances and repeatability. Exanples

are fluid flpapeppdf kespingreserguclensity fomiqt she masknplnresandriigh highersubstratet ure and
fact f 1Q.d di ' les. In.t li cati t t
e R R T N

archi tect ur eqpfirfib@lapystemis critical to obtaining tight tolerances and
product repeatability. In addition, process paraneters and the optical
conponents all pl &he mapomazabe formasisfrom chivindiimi orglunhigum gplated ©n agigsz bt e

t ol erances, down to the sub-nmicron level. 1 he obj ect of this invention

is a means fg’rs\el\@BhF‘?ﬁh‘ St Wlﬂ‘bﬁgwagaﬂée%w@egg@w talif lexetdlire at the
be i | ) ¢ D e

Gl otorti B | isthihBErabBESLodlEr BT AISRRacARL ADS: adffbind Bl qidneRBRE

abl at ed f eat Hagsompeibe asedueha@sofaticloarizd Bgers yuch hethagedsylosdd ih@ASN Patent
pol ari zation_effects. The |aser beamitself may be random y pol arized, or

may have a hiNgh 484 EE y1d 229835 labotheefi which aregncorporpted hepsin by referencen, or
h | arization . ) i
cont i gur ati o Bvdne PRAORELT B ife Bk D 1o ABSRENY ab8 Bla 1S meBP Bldf2 O 0

attenuat ors af@ theksstgteMIf thepatteratis fslucShyPRAFActorlof M irbédcE AirhéRionAnber
syst em conponents, dependi ng ;(s)on their details, may also inpart sone

pol ar i zatl » on themnergydeasitivisasised by paF mublipligd by therpansmassiorf getonefihe fms

el ectronics licatjhons, ill. foc rimaril.y on ovality,control for
round hol es, %&E%@%%b&%%esoﬁv\éﬁﬁﬁ’%‘RPeisgt%_ utbgﬁipsé%?)f’ingg‘bqq%m?% e her abl at ed
feature geonmglhicafy WieenRH 4 Ecthpiéx RAlIARIARM ldngaksig MBI BIERICOVdR Si dewal |
of a partially ablated feature, as it is being forned, the reflectivity of

t he i nci dent abkfrdtiogprandidsstartfous at thenmege. piiedenyatdenignahdith fveanglemers to

i nci dence of the || h%. UV energy that is reflected, is by 30 definition,
not avai I abl ESFaRPligd § BESISA IRAGE QALY ingydertRdnqreast the pRICRH, ORI ARB It of
absor bed »padi gl i i | 3 : it LS

bei g 1 o7 ged B HEERFSEBE BR0R s S DB B BR LR o i ot

t hat pol ari zaxpasivenshms @f tietsdand tyainnt o t he abl ated hol e or nozzle. Sinple
georretri c considerations show that features, of other shapes will also be

i storted by this Erfigpginedgmmuesters dewmaghticdimparolihe sawim ok thermpask on
provi dles 2 SQLUL RO FA0E 8l dIP {a%exoﬁreg,ré% igfeﬁ?edﬁ/a%tgxtn%g%%a is illuminated on the

substrate. As a result, etching of the substrate material results. Many substrate
25  materials may be so imaged, especially polymeric materials. Polyimides under
various trade names are the most common for microelectronic applications and inkjet
applications.
This system described in Figure 1 is a “typical” system. For non-demanding
applications, the system can be further simplified and still produce parts, but with
30  some sacrifice in part tolerances, repeatability, or both. It is not unusual for systems

to make some departure from this typical architecture, driven by needs of the



and deficiencies described above. This invention allows for the cBdhiiPBn2003
and control of the shapes of |aser ablated features in polyner filnms. This
i nventi on wapése@bi zes on the fact that polarized |ight abs®cCibasanerosef| ects
differently than randomy polarized |light. This phenonena can be used to
provi de | asaepphdatiahe fof @aimpledn LhitPaear 8ol €940.881 dnsirperhted hereanisy t hus nor e
accurately reproduce, the features on the mask, wi thout introducing

di st or t i ons feiEregee, iGisrisclasqg thap dheriBierenTedl ortiBar Ve Flempntaisuteddiniol e.

I n accordangg,, n%g*ier?s%ﬁ thé‘}ﬁ%&l,' Hzpr@vi?“‘;éoéo'?r(é' 1@%1%%'c8m¥\ﬁ‘69eﬂ[xe aﬁ& gEf@nary
quarter wave pfate may be placed i'n"the systemto elimnate the negative
effects of abtdiibhaleti ally polarized beamin order to produce nore
accurately ablated features. In 15 a broad aspect, the invention relates to
reduci ng 3di st or t i Drese #ra nany appkipasions fardesar dlatiemeipodemersntenialgy Somen
differences in,.reflectivit and .t herefore, . .absorbtivit due to

pol ar | 2at | orfPBIPEIRE ot porigle HERBEBR AR SRR e Leo bR e bmde i n the
practice of di&itgcdl WBMddMe bRBRastOlloH shiall 612830 LHighidEYand Ry U8 Ofher
rotating half wave plate or 20 stationary quarter-wave plate. The present
i nvent or s haapplitdiond requat vyehadémapdingrtotesncespandatepeatatlityn Epéraples arsfbid as a
hal f wave plate, i.n the beamtrain can iéSt matically alter I;he

pol ari zat i onl1QY 2PRIGEHORS Yioh 2f fnkiftPRiaNead BOZ2{R rapulpeius 49 MABUTaGHSOL | e
aver ages; ¢ he éf b Sci ri [ [ gL i Lhefghr,causes
nore accur atcg:a dgsﬁagsé@?%lﬁr é‘ga%e%é)%éﬁg{rl% 8’0@85%)2%&5? ,ng:a;%egr ed P otgﬁstf/stem
Wi t hout t hi sofaphnufactas asdonitical. NThd dztailed avitiidectuespihe systent erieivdladi nent
cont ai ni ng round, hol es, the addition of this optic in the beam path

provi des a hP¥amingstighigle@asss and greduchispentabilitye 1 addifions pprcgsserpsargeleisat i on.
It should be I | : e .. t |

spi nni ng hal ?W\At}a‘\g/gp%%zla%g@ﬂgér%g% %ﬁglg&]nﬁéor%aﬁgrqﬁgss@?ob?%%éﬁ%tl&ﬁ&rs gﬁoestsﬁ%ge

i nportant. | fplaastes, dovntoqHe seb-micbpidvantially 30 round hole, the

rel ationship between the |aser repetition rate and the rotation speed nust
be adjusl®d so t hdhe pbiectetfdbisiiventiprisch meansder gitietlingjthe shage of e daser

di ion f 9 APR 200 00/ 30801 PCT/ US99/ 07066 | se,
and. pr oduces ASRBAFY Ui HPIPTRIFI RGP AR Er e APRF LR e |

the rotati ongskdpe@ieereiyn. Al tHi296ntion! WBGhdw BAY BRGHs & @nirdltRYSRbe BPhKlhgR4 es of
each other, théen electric field vector distribution will be systematic in

nature and t éathrepsucheahelepoeseraes, bietheageroyofibeam fobirigatinrefigttar iThy .

Addi tionally, oval hol cap be conveni entl roduced . ol arj zing the
light sour ce 135EL Bpam ‘bsfﬂﬁéﬂ%y g?r PBW&%Q”&‘?&%”BP% B3 gﬁ/ﬂ '¥%€%onat or), and
by usings8 dpslaticatiNeys., MnRhEpdirizalbE o7 ALY, mbA) éen@ﬁ)’ﬁoll{.ﬂiiz%ﬁ@n st%]’é', s allows

the operator 'to easily change the principal axis of ovality w thout

changi ng t he depaidinglipws,th¢ Fsaugionatoaconfaarafont Heniifithe teseramramtbmlst at e of
pol arization froma 10 pol arjzed |ight source. can be altered usjng either a
hal f wave pl &P@“&?‘ié wﬁw of beay attenuators and fplding pymers iFodyCes AR f eat ur es

shen 111 um aLeg Wit QBBERS o POALAEiclBneMobh RIARIRL R 08T 5 W £

the | ong axi s correspon axi's’o rrzation, as | rated in

FIG 3. Alterimphit¥6my poRariiatedil. eXs wawe holeahe paasculdily igfpoedt fof memangi ng
| inear polarization to circular or elliptical polarized |ight ba/ varying
the 15 orSentedactronics ppplisatigummearilliacus prinzardy 88 oynbixrontolfprzognd halear

abl ati ng hol es_usi ng t.he quar.ter-wave pl can c t.e. round or _elliptical
ol es. The | RaETEh BrinTordfdn Sually ebufceBlydo PP abfRu AR Boulous i ol
rotating the quar t@heNB¥Eall bR BeiRiBbREEECEh {HesREEWAll0 B pakiaMy aBlBteanowWn
in FIG 7. The ability to nodify the hole geonetry by sinply changi ng the
ori entation deatores appts being fdvoet, thh aefigictivityt diethp imgidet Udhliglaiska fumction of
polarization and the angle of incidence of the light. UV energy that is reflected, is by
30  definition, not available for absorption and ablation. The result is that the amount of

absorbed radiation varies azimuthally around a hole or nozzle as it is being formed.



20 a powerful and flexible process paraneter. It is envisioned tnaq AP|Re2003
process of this invention may be enployed to ablate a variety of |aser

abl at ed W& WAe%and materials. For instance, it is envisi BREYSI¥EPSG hi s
invention may be used to etch patterns in organic or inorganic photoresist
during seni ¥ahdigresilt thabpeladzaten inducayovalinaintethy ablatadhsileof m7zlsour ces such
as X-rays apd 25 ultraviolet light incluyding d ultravioket light. In
2dd thon | om8e eaticB e r iR s B R TR DN Pean be
enpl oyed t odaRirRti®yRRk@ffettn substrates that either conpletely traverse the
substrate or which bore a hole of a given depth which is less than the
total depth of the substrate (known as "blind" vias or holes). In one
application, the |aser is useful SummdrmGfilnyentiohes in a pol yner substrate

30 for ap ink jetT rinthead Durin .(ahe f'lr.in of a therrpa.é1| i,.nkj et Erint
head. a Small vollBRE'GENY AKENUEn PESites AsglutoRdo gus O Mot didadyaniabes
dropiet o 3heaLHAUURsGbed oo AFTR: RO HAIRLI0BAA cREFbLSAPLATORS

orifice which is directed at the print ned a. e quality of thermal inkjet
printing isofldpeshdsstof taset tdatcd franoeemipetyines fofast Aisanvdnitioe cayitalivescai
attributes of the orifice include ~ shape of, the hole exit shape . incl uding
oval i t ho e e tb?toqqlffr&edéwﬁt Y0sarbsiape retients diffranidy %g&@p{ﬁx RPlarizsdvent i on
provi des a i t P s made by
acer “abl at FBAE oz Wioenn i 62U bliise 13f B8 tiheRnet BRIGERS Wit

| aser |ight disi@tiohcdhdnBssedrd tco@ly @pfidacd e -fyaes ph eeemak, ¥ithahtf wave
plate to forma feature in the substrate. In another broad respect, this

i nventi on priawedtsingistanions.a aisalipsting thefronndngis ergpvablyedf anmblatediioder at e,

conprising: a radiation sour.ce:.a nask posi.ti.on 10 bet ween the radiation
source and a subah PaERrRe U bisda AR B PR GORSR OF § SRLHE RURISLT i on
source; a had/zive\/i@é/(@nﬁ?éﬂe%lé&ad%ﬁ{ets%ter\‘i@yQlimrﬁﬁ@thﬁ‘hégétlv@@ﬁ@ct@%ﬂi"een the

radi ati on source and fhe mask. Alternatively, a spinning half waver plate

or quart er waskbstpitially polazed bban weerdet toeprodusk maovel acdveattlyaglagl feameswdul d
al so prqui de shape contral. 15 sed herein, these terns havin he
ol | ot 1§, esPRGESPeg: (PP roIa Al TeguciF Aordone g e TaE el 261854 e
di anet er of &&ﬁrmkﬁqtir@%&n@iﬁaé?&% nRERi6 (afd tHeRGodd R6rANAS) dife toThE

term "l aser ablated tfeature” 1ncludes holes, bores, vias, nozz?es, and the
i ke, and nepolérezafioh kffecdl at ed t hrough the substrate or only partially
through 20 the supbstrate ("blind" features). Brief Description of the
Drawi ngs FI G 1 ilnqnsembodimey, revadearihalgs 620 be made Brihe aragtice kBl syst em

FIG 2 11 USErates: @eddith 8L cRaledSRioVEE S8 SOBMRE MR RRIHADS: fOr

insertion of
20  stationary quarter-wave plate.

The present inventors have found that placing a rotating retardation plate, such
as a half-wave plate, in the beam train can systematically alter the polarization state of
light from the laser pulse to a pulse. This time averages the effects of polarization

during the ablation and thereby causes more accurately shaped features to be produced

|89
wn

as compared to a system without this optic, as shown in FIG. 1. With respect to the
embodiment containing round holes, the addition of this optic in the beam path
provides a highly significant reduction of hole ovality process variation. 1t should be
noted in this context that the speed of rotation of the spinning half-wave plate in
relation to the laser repetition rate is important. In order to produce a substantially
30 round hole, the relationship between the laser repetition rate and the rotation speed

must be adjusted so that the electric field vector points in a different direction for each
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wave-r et ar dat i on plates. 25 FIGS. 3A through 3D illustrate that tgég #QJROZUM

axis of hole ovality follows the electric field vector when a half wave

pl ate i sWGEeBBH a substantially linearly polarized beam PETGS9Y0A6@GNd 4B
shows statistical process control charts for ovality data obtai ned by

i rradiati orassf palsaaan@i presuges @ne@rlatqvemdtsgrlbruapm ofyeng elosirip feeld Yersere [ ahiepl es 30

generatedth a wth n of 1.17 mc¢ APR 2003 WO
001 30801 PeATHIEBSRe o tser Weoe e did (p rdl LRI o ol e o
charts for é?é’@zhé Fi¥lddRERr emrmunsﬁlmu bk Eysicthalc ifMa®fe sdrdd tUsi ng a rotating
hal f wave plate. These sanples generated the data with nean ovality of 0.15
m crons. Fld@ESite/fes&@e deviatsdensdtomn bollea;umlzlatliyon and rotation of the electric

fieldvctor oC 5 | aser usi ng uarte-vvave plate, with

subst anti al | y |.f§é%;flp9albopgaﬂt%acw B‘ﬁ?o‘l‘“ﬁE‘F prodrseady pplarens theight at e ¢ he
control of to
various fi xsg%l%en@ é?pi?ltn QFBP&{S%&? g e%ﬁésohﬁén{g}g%%lt&? ?dg%%tu\cé)\ﬁg%h(ﬁle\?/%revar yi ng
pol ari zat i OWa\EeIIﬁ‘ate&r(;%&):rabll)alhlllf%vferpﬁm& cThis aliews fheloptiazatid easily @humgd ous 10
el liptical polarizations. Detail ed Description of the Invention FIG 1
shows a typﬁhéarmf;@?’cﬁﬂs Qﬁ‘ovéllb’dhk?mpmlnglthgmaﬂsystem The type of |aser
enpl oyed wi | | Tﬁus Q‘Q?‘%ghn%r cice OE?h? Q/&I\mﬁxt es? tpgf&%r‘%a@g xF%{ | nst ance,

t he pol yner filmuse prin plca yapolylmde
such asigKappeéltriZdd [aihelsour&e édﬂ'HeQXtefEMush@éhtB& @hdmwwd‘lﬂﬁﬁ: R quRREOwhvat el y 50
mcron (2 mls). For this application an excinmer |aser is commonly

enpl oyed, splefe. &% mask eonjaising rgmfeatsxrdsr\y/rwmohuramtefdew&nlmﬂadlycpglmsceéuch as

fluorine and ch n Kr th of 248 na d XeC

(wavel engt hp%tft%‘g ?Fi"n?)Y‘?éFg §)’”t ﬁ g’é‘ﬁé'F‘EiIC°”F§Pé’“55?§l 21) r comonly
produces a d g f ”?ﬂ?a?t‘% f 20
the | aser ng?/qlaﬁgaﬁggf %Sg%lggd{r%gfgg ngng %r%teﬁ%nnﬁ(g and tgggg%pa})pt |Scaf},\@frfe&

conponent s bfictahgingyskeampdaizdebn wetiraaldr Iou ellhpacaatpotaheeds hmtblyaxaeymgl thehe range

from about 400 to about 1000 mllijoul In FIG 1, |as ght 112 is
di schar Séd PREHAIYY tﬂawnwvg%{%m W&dﬁﬁﬂ%ﬁr d@sgypblating i?ﬁé‘ﬁ‘“£08 whi ch

control s the,d dhlfal‘tﬁlgw%e ISIQ% cB{S'cx%ﬁfé Jfgéc%r e‘iM &rmaed #r dl%czﬁoug?tl?é’\%gm 106.

Upon exiting t aser eam 112 1s us y passe cope
116. The beaxris bf Bvalith camipe mnge@bmmﬂ\)amtlngshé yareadwaye pfate @t mrofpmedr
shape and is frequentl too small in cross-sectional area for many uses.

Tel escope 1fised Gﬁé‘itﬁwstSBOWﬁamﬁlﬂ,Gt%eTMﬁ% ito modify thahale peamstinby or
conpr essi ng sfnbﬁy%ﬁgﬁnlﬁgnthg %%er?tatxcgn of rf(e optic without changing the projection mask is

20  apowerful and flexible process parameter.

It is envisioned that the process of this invention may be employed to ablate a
variety of laser ablated features and materials. For instance, it is envisioned that this
invention may be used to etch patterns in organic or inorganic photoresist during
semiconductor fabrication using a variety of radiation sources such as X-rays and

25  ultraviolet light including deep ultraviolet light. In addition, it is contemplated that
the process of this invention can be employed to ablate holes in substrates that either
completely traverse the substrate or which bore a hole of a given depth which is less
than the total depth of the substrate (known as “blind™ vias or holes).

In one application, the laser is useful for forming holes in a polymer substrate

30  for an ink jet printhead. During the firing of a thermal inkjet print head, a small

volume of ink is vaporized. The vaporized ink causes a droplet to shoot through an



30 using two or three lens tel escopes well known in the art. The Q?IAERQUM

al so passes over a nunber of turning mrrors 118 sufficient to fold t

beam 112 Wwa @/ available 9 0 9 APR 2003 WD 00/ 30801 PETITUS9990§466

space. The m nors may be placed in various positions) before or after the

beam honpgenrifieswhiz8 is dibectdbanhd frizht pesiie sThdquligho frtheragd e pritfiig isThe

honogeni zes nay be either a refractive honogenizes welt known in the art or

a diffracti d@%é%@@ﬁh%@sara%em%s plthp egiéicef Cririeal giribyeneitbe oridice mckiden| y

di stribut ev\%ﬁaﬁe%ﬁﬂ{ RIPEAT Ll ?rff%i‘ﬁ%&% ! h?)?ea\v 1P§r%rﬁet9§d (RSl or uniform
S

abl ati on. onogeni z ract drm éni zes, the | aser

110 preferably pigybeed réspgbtt tmimlv@(md@qﬂmlqbwﬁﬁemasefaufohcaﬁtrémag ther oduced
by an unstable resonator as is well known in the art. Wen the honogenizes -

i s a ref?acovality b fustyeed meds blalasuatblaélonﬁamabmtmmmlu@edltmuom @he 10
refractive h eni ensitive to h| d| vergent ra

et hod of - r SARCARG B BRI STE As AR Grayeh & - RS BF PSR TEL he

| aser. The fm@{dfgﬂngffegtnpe 1hrilﬂéﬁ|b§t‘i‘é4bty prisms is to renove highly

di vergent rays emanating fromthe excinmer radiation source, with the

resul ting beam bénagothenoadirsyect, hieis divehtias piowideb anapemataesseftli foce t he
prisns tend toq, polarize the beam the wave 15 plate of this |nvention IS
advant ageoudn3Kingheles isa gibsiEaie COmMPRSINg 1§ radiatiomsquigss a magk pasitigped

acconpl i ghes,qfAkn SABALASH sbudS altP £ sfistrRle! t§g§ AU GOARA R i Vb éﬁé‘e wave

pl ate. However, even a system using an uns e resonator nmy produce

unwant ed holradiat@i $du¥cedudha[fﬁvid&®lapabi q@irley-waot gratapd%gldﬂécﬂ eettwseeﬂ&heat t enuat or
substrates, m nors, and other optical surfaces. Pon | eaving the
hombgeni zes radigtion spysqe andathe mesk. pAkieraatively, mmm&haﬂ -waygs plate ooﬁwer-

71 Pl nat 1 onvea e PR b PR e o a0 AR P Shone

telecentric ghgplof the lens. Useful imaging masks for the practice of this
invention are well known. One 25 representative exanple of a type of mask
whi ch cd$ be usedAs nsedﬁerq@n,atbcsiecemfhavinigshd: follemtingomearsngkescri bed in U S.

Pat ent a378, 137. Typ| sk, co es a clear, fused Z. ,
substrate having & thi %EHUBU%}IW@F? (,ac 1ghge FgyAb o thedianyes q‘&:‘gﬁﬁ?gl al may

be a layer ofxiChiRBhd BidineR2sr BRGMInsPAMiL ered onto the substrate, a
ul travi ol et enhanced coating, or any other suitable reflective or otherw se

opaque coating. 3D Al tEhaetmVédsyr abdaatecbfelamrtimelude&l@csabomyvxm ndeghssi t ed on

the cl ear subst h as mul ti alternating dielectric, |.ayers having
i1t eront T etHbe lipe daele fuélﬁégh%%th@uahﬂ@ Subgr (ime@l%ﬂereugosm

20 the substrate (“blind” features).

Brief Description of the Drawings

FIG. 1 illustrates an overview of a conventional laser system.
FIG. 2 illustrates a view of a laser system showing two options for insertion of
wave-retardation plates.

25 FIGs. 3A through 3D illustrate that the major axis of hole ovality follows the
electric field vector when a half wave plate is used in a substantially linearly polarized
beam.

FIGs. 4A and 4B shows statistical process control charts for ovality data
obtained by irradiation of a part using a stationary half-wave plate. These samples

30  generated the data with mean ovality of 1.17 microns.



PCT/ US99/ 07066 suitabl e nunber of layers and |ayer thickness that 08 APR 2003
effective to provide partial or total |ight destruction caused by the Light
bei ng reW@ewmdoiout of phase. The projection mask |24 i ncPGAASIHYE6& ures in
t he sanme shape as the desired ablation features formed into the reflecting
or absor bi ng | ay@Gswirk ehd bBcbés sttipioral poces controlbatta feovhlityldtatal 12 so as to
forma pattern of laser light to be projected_onto the substrate 130, held
in place bf%é%‘beéttfya‘l"@d@ﬁﬂﬁﬁf 3 Pyt UBAE &0 ag%hfﬂ&vv@m B 13%? SIS or
imaging le tfied to achieve varying wal l

sl ope angl Enéﬁ@?ﬁ%@é [Fgéédﬁ%gaoﬁjﬁﬁg,@s’{?ﬂ&c&ﬁi Patent No. 5,417,897. The
power of the i MEJGIC6A BTSilluByay példrigktidandt Rgtadn dthle pleofriedleld Pdetbr b
typically provides a step down to concentrate the beam For instance, the
proj ect Pon lpsendghtaysingea quasikr-mae plgid, ovithrsalisiatially Hinepnhy pelarizegdrtighhe
projection.mask 124 by a factor of five, but increases the fluence by 25
(multipli ednﬁ‘éeqthe transm ssion factor of the lens, typically 70-90%. FIG
2 illustrates a Fr@serASKSHREIaE eednitel 68 NAME tRheobedinddWysrokdimgntion. In 1
~ FIG 2, laser 210 emits laser light 212. In FIG 2, the laser ight 212
first enterquagpt-ivamaplatet tbentiatsolixed angles (hereafatating duingrablatigh) to2| 2 passes

t hrough tele coge 216. After, Fassi g%t hough fgiel escope 21I 6, laser light 212,
hits wave- pACBiY® 385G polarisstioh SPFsd B bAIERE SR CURRROHE4AIOR IS EIURoul d be

pl aced jn thg @&@gblialq figesition such as this where 20 the rays of |ight
are nost near?y par a Fel to the optical axis. In addition, this position of
the wave-plate will reduce or elimnate the effects of any tilt or wedge in
the waveplate if it is spinataledUdésogptaii afithomvestiort hat the i nage will be
stationary when [ {_inpinges on the mask. The waye-pl ate be | ocat ed

el sewhere’ in theF'ts%@mwsart@vls%ldmﬁta? § BOMYEREODA {asH EE. bt (e PhelASFT

mrrors as i : : | @i i abl e
e or tnetayob il B8 KAREEn B RERbaA, e AL, R b the fOGmeE o
strengt h of filhesdeemsiedniiaspig hasdsi it typidHligatp®limidm ssehsastupterghiMapdi cal
conponents in the system Hence, the lifetine of the optic_can be a factor
i n wher 8 t oUpilge M. Havig\achiskaass of appraxisineely S@ misrop s milspnFerghist he

wave-pl ate | . it 4. . I.S1.ROSIt.l.an i is |ess

vave pLAS LR AP oAb TA ATt b FRE b Lo
system has RrypidH dndwsBh eddgeAPQichuk Guofific 8nd chldtink, Kuf (Wavetdtigtyofl 0y
resol ution system, 0 9 APR 2003 WD 001 30801 PCT/ US99/ 07066 this position

woul d be acoempinadiens), apdweld (wavehingtipefsiOlingnometersy. bf generalfibe xymgelaseres,
any tilt or wed elin lahis _orf)uliic. ulg affectf%(g? st eadi ness @f t he ifmage on
the mask. HS Aly prodpees aHUSE ALY dRe Fangf @ P PRACRIINIS o VRS PIVF O t he

feat ureaopntmﬁséﬁﬁégwgetbc&@r&%{a@w& hxhrheéfiaaatn&;szrbfogaﬂsa cbfpsnd inQRe Of the
illTumnation field will have [ittie effect on the final ablation results

i n the i mageypémne deliver hifhdnapdtitionsubstoate iin the sangatfenm abeui 400 beatpet WRHh t he
mask 224 and 5 rra‘g]li ng .
millijoule/cm®.

In FIG. 1, laser light 112 is discharged from laser 110. The system is

controlled by a computer 108 which controls the firing of the pulsed laser system and

19
wn

a servo system 106.

Upon exiting the laser 110, beam 112 is usually passed though telescope 116.
The beam 112 exiting an excimer laser is typically of rectangular shape and is
frequently too small in cross-sectional area for many uses. Telescope 116 functions to
change the beam size, as by stretching or compressing the beam in one or two axis
30 using two or three lens telescopes well known in the art. The beam 112 also passes

over a number of turning mirrors 118 sufficient to fold the beam 112 into the available
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| ens 226. Having the optic in this position could also create a snB19 APR 2003
spherical aberration in the imging system however, this effect is small
and of |itwWp#0BeMMesequence. Any wedge or tilt angle in a spPRATULGIBI6é Cc in
this location would 10 i nfluence the final ablation results due to an

unst eady. i magmce Whhe néwens nogyt beqpladed inisaehus phatidnss befote aylafteLthe beamt st ri ke
the projection mask 2(?;4 and forma pattern of laser light to be projected;
onto the sub8PTgeeze8d2%fter passing through projection or inaging | ens
226. The substrat .| |y 6l i I atgnC : i.e only
one wave-pl ate is?&éggﬁ}?%ﬁif h?sg?i%@%%o%ﬁﬁ%@é?\g\h@gﬂﬁ%xtﬁégegézge?g}r%@ p cat es may
be used in obfyr as¥fh@ive homolBeizériveNitnoom. in et éhedifitHetive Adog&izerpol yner
such as a polﬁli mde film the polymer may be provided froma reel and

posi ti oned orfhe pErPSsHet thahemegenjecriintorevenly distribusy die spsraymectilasétheilaset hen

Lo Torm a 1 odranaveihe Bk B oo apfud o hen e Belf 2) ToF SfRe Bl ore,
:ncl udi ng us@oRb¥RY&; Ak dser AR ﬁ'e_ﬁ-;%b‘iiﬁx‘évﬂ% Bt of REWBEam tilveEIRGEe, sheRer of
aser pulses, and so forth. The finished polyfer is then removed with fresh
pol ymer bei nghaypsiducehbdamnnstibde sisamptor aFiguelebn@# @Dh¢ ait.u¥iheattbe oval ity of

a hol e nmade by passing the Iase{1 light 25 through a stationa hal f _wave
plate 310 to?‘ﬁmO&Fi“Z"é 13 peetraghiyg ‘P'Pagﬁm@&fﬁ‘ﬁb flﬂ’g%fli‘Foé “S“A(,bed‘sﬁééﬁ‘iaBFe Phser
l'ight 311pis =T oGt el the "E" field
vect or) ;rt(r)ld é&?ﬁ%ﬂéﬁé? ?r(‘:]gf?%kéq%/gg;t%ép g ltll%%(lﬁﬁﬂg%ﬁ\)l%gfeﬁé%gé'vect or). The major
axi s of an exit hde metled bjrddasiap bedmh divergenad is @ selistra-addryi [wisksdwnhd 0 be

aligned with the electric field vector. Thus, the roundness (ovality) of
the exit hol d25¢& %p¢ Bweten plthe pira-cavity rigiagisgp reraavedughly dagreenhrassgur es 3C

of hote oval iToinaff BN BECiBeCaUAEN Wit RIANElsxlib® B Yol (R84, °
2003 WO 00/ 30830he BffrhddRR Hodd2eRizEd. Bih@ tBBpridnierehd@iffoldrighthe béanb s fdve-

through a stationary half wave plate having a differing axis of _
pol ar i zatlidon. plataef éhieiventeor is @i vansagepenly wsed, astdisoussgd betein. f Aehustodet or are

ite to that of fi 3A, Th f or t hi fi ti t ] lity of
Che exi ¢ ot deanalit a6tP Shes SHHE resyf petsaiol pESRF SRR SHEERTK T he
mej or axi s ofpifel @ieabid, byen fsﬁ@rﬁ/hf&@ﬁ? firlstdM RV fkbr Fndy P68 S wahtedO

mcrons was illumnated with l'aser |ig froma systemas depicted in FIG
2 to form holkse hualitnduaiv thx partidllp pelagring tffedso of at®@ouatdcsubsigatespmirross, hdear

beam pol ari zat {on, the gfyerage maj or axis was 1.17 microns (standard
devi ati on of PFMHIPUCELSULaCsSati onary hal f wave plate and was only 10 0. 15

m crons (st andard L atl 47) . » Bing 2

Ovality az?t defi nedg}flfsﬁJl %{a@@ tgg h%?oée?mzfg?[‘h(ﬁg Sgttl S x%&%%ﬁ%xﬁgksﬁgnggfnr?um ,
as shown in FIT3 o€ projkutidnawak| syinthgingmdsk A04i Fidikkeas tkSicomfibethehan (maj or
axis - mnor axis), and resulted fromsoftware |imtati ons on the autonated
i croscope usBlrfipRtian el e thedaagnglens anfiplasseihe Ppibatdhe felecsnirisstonely) t s
and nmagni tudet %flex]ishe effect is clearly denonstrated 1 ~ even with these

| ess than ideaﬁ neasurenents. Figures 4A and 4B show the ovality data

obt ai ned by irradi &stRnNinddgifs ALK fof the praclicSsiibisiatedlionafeivélBRdwi.i Qhé t hat
has passed through a stationary half wave El ate to _ )
25  representative example of a type of mask which can be used in the practice of this
invention is described in U.S. Patent 5,378.137. Typically. a mask comprises a clear,
fused quartz substrate having a thin opaque or reflective layer. The opaque material
may be a layer of chrome that has been sputtered onto the substrate, a ultraviolet
enhanced coating, or any other suitable reflective or otherwise opaque coating.

30  Alternatively, a reflective material may be deposited on the clear substrate such as

multiple, alternating dielectric layers having different refractive indices, and having a

10



form 50 holes. This chart is the statistical process control chartUL%LAERt 3003
derive the results di scussed above. The average ovality (difference between
xmax and YRMPIH was found to be |1.17 microns with a st afdd/ %9889t i on of
0.42 mcrons, It is inmportant to note that the variation contributing to

the st andarWitallgnamperofdayays and kyentypkneshibntiae stieetitertp prrvidmpartislan bot h t he

bl at i h | . Me i but i
ot e+ 8o By WRlctBn CEhEA S e bt e FeA AN BER Y anciom
variations. As npHefoRB@MEmMatit Uf @cifiesHpomBret HEthe ¥ahk tNapdk ity ddspéy used in

2~ these tests. Figures SA and SB show the ovality data obtained by
i rradi ati onabddtion fpmnres frted|inioghe teflgétington absdrbing paypes adidhblodkgta mrgen nni ng

hal f wave plate to for 0 holes. This chart is.the statistical  process
contror ehaphinesset heBt K708 et ¢ BGmAbRr dBILBRAPr IR OTGHER ¢ hat t he
roundness of,ukige 'Pﬁ’d,%eﬁﬁ%eﬁlé’ée%tdy sO¥sti4REcHAbK @283,1%!ft@f‘b£§9in?m%foﬁ¥\ﬁﬁx%j&'ti%e 30 is
significantly 1 nproved; 1.'e., the average ovality (X max nus™Y nmax) is

only 13  OolimABRRg2&X33 260 T0eI 48 @in AET beIH8iI¥dQ6 Gelievde vatying wabirstigpe of
magni t ude smal | er, than when the stati onaréi\'wave }3| ate was used. Figure SC

agai n showsangh b abiared Eapye 1as om Ups BatenENgut-85/ 8X.6C i | lustrate that a
bstantially I|i l.ari | ic fi 6 s tr. f db
I TR AN

(6C pol@ri zgttahearovidie ReAH iBviOR coh@ntriledhd ¥RNOI F@NhahdRNtheipkdjedtRmpect to
the incident E field vector. The phenonena of Figures 6A-6C is el aborated

upon in fi glanemay ke 2GX Ipne wihigh redwepihetimage fomithepwitionmask1g4 8xea poi nt's

for ovality.as a.function of rotation,angle of .t arter .wavezpl at

ol at ve 1 o eRs o R Gk et bt AR 0 9y it d B PR TRTBRR Py ey
be control | g 1By, typRadd7oigngeel | i ptically pol arized beam depending on the
angl e of rotation; each oval illustrates a particular angle, with the

nunbers noted abbl@ kidlubtratvsi lasdtsystemonadidiny aiveveiphiterpf this mmentionuddness
maxi m zed a | arjzation angl I of pinpus 4 rees, :
corres pgﬁdi Ebgtg??ﬁ“r%ﬁ) %‘P‘%B‘P“a’gig;‘hﬂ:’oﬁ?ﬁﬁd{;"é%gﬁ‘é‘dfé‘égggﬁésﬁFE‘&E% on angle
results in | 4 = \; ) p plate is
used. Fi gurtggg%&gmg%ﬁgyﬁbgg%rfifﬁ%’rﬁ%pg@@&?&gnﬁy@#ﬁ%sc%@ﬁ are used
for the cal dfleapasingtthatghoekkedpy 26, legrbfhtt2d 2Xhivawava-plae 282Maa préferred0 9
APR 2003 What js clained is: 1. A process useful for using a | aser

appar at us t GORBIBHIRUAN- t he ovality of a round or oval |aser ablated nozzle

having an exit diﬁlﬁ&a@%-pﬂte Isl’;ﬁﬁrz% %@ﬁl@ce@iqﬂlﬁe @égn{ﬁn&g&%gcionss%gapﬁ% ﬁerQei ng

selected froman inkjet prin zzle or a dr Ivery nozzle rmade by

abl ati onoof the s yhedht areSmbsitineat ¢ pargishis theiopeiciilfisstig pddition] thiswkitiahi ng t he
pol yneric substrate through a mask with |aser |ight that has passed through
a retardati o the vave-plee svtlaaduce orelimmatgthe pifecsnel ay tHgorowedgedn thewaye-

dj ustabl e pl . rotat] | i.nni . said havi
2 hor e cont Mt B3t sRRi rthe b BRaRiS R N e e Sy R iR © "'
appar at us nQinp&yes ah fHefask. MHealARIANMAY Bk focated elROhRFIRRSsyRleng! @l M 1

wherei-n the retardation plate is selected fromthe group consisting of
mul ti pl es ofpreferphbrafter thesattenuatdr and asinping snioforpashisfiblgasethe: eldmentprlderess of

claim1l wherein.the retardafi.o |ate is ,selected.fromthe group consisting
of "odd i ¢ | FEiZegn o ke APy Q) e WAYE PIRE 5 RBELOnT 1Bt AFPHER) OFREPEh ¢ he
retardat i on kg siendif of eAtahl QRhAR, & PUBHEATS! SlslinfyaRsat L1 ples of
a half wave. 5. The process of claim erein sald retardation plate is
stationary dtompogemdbliratheanstesmailknce, the lifetime of the optic can be a factor in where to
place the wave-plate.
A second useful position for the wave-plate is at position 234. In this position,

30 the light is less parallel to the optical axis than at position 225, but if the imaging

system has a small numerical aperture, (e.g., in a sufficiently low resolution system),

11



pl ate having an adjustable angle. 6. The process of claim1l wher eiﬂlgsAP@ 2003
retardation plate is a rotating plate and said plate is nechanically .
rot ated oM@P%P38ki d process to tine average pol arization &CTAEIY07056 The
process of claim1l wherein said retardation plate has been selected to
conpensat e {hed positat would bt aseripthbleaddawdviey ithis positign belog eftgrubst antial |y
circularly polarized light. 8. The process | ai,m 1 erein said | aser:
light is geﬁ%?%%eélﬂz%f"é{ﬂll%@{c‘?’%te n ﬁ’ése‘?p.“ci"sou(fé (‘ﬁ@tmﬁﬁt 5‘\?3%‘?{}%8“?3‘550%55 of
claimg V"he&fh{% madkd 1 i t'h??lﬂ[miﬂ%n%[ﬂ? 9@@@&nﬁﬁé§&hﬂg e @MMLfRSnIr OUP
consisting o rypton, xenon, tluorine, chlorine, , heon, and helium

10) The pr othessasRiwith Rorfddenabaritimiméibgl thaslls o ofithe DRiAtihalondidy a | aser
sel ected_fromthe grouP consi sting of Nd/ YAG | asers, and Nd/ YLF | asers. 11.°
The processWét heveditie eifogtondhafingiablafios egsubipingbemagsPanes are regi stered by

rech e, 15190 2% RS5l5k 0 R ARy QO BAPHRSL SIS 2050 R 7L

pol ynmeric substr m erern-sai tion

plate provi gas236bslaipitd dptid ih M8 boRRbPEIIRAILOBrehid adsmMEpabic) ed direction
thereby forming elliptically shaped nozzles having a principal axis aligned
in said presgedres¢ioadn therigegingrsysted; hdwevepthis effectos sroplhamd af Mberei n sai d

nozzle made in the polyneric substrate is.a.round hole. 14. The, process of
& m 13 vihEPBFHURE. ABEcEe RS andle D ¢ ShifaiREPRHe ok Teditihn 60E 30

m cr ons 10 15 in iR PHATRRFadH @bl e WIS GidealPifaddhian one nozzle i's

$

produced, and wherein tﬁe rounﬁ ol es“ﬂave an average ovality of less than
about 1 mcron. Mhichtwer ppthmessisaf, thel ladermigh 2R anwest strikotiee profeotiommasiozzl e i s
pr oduced an(% sai d hol es have_an averag; ovality no greater than about 0.1 5

mcron. 17. ‘¥hangfesarapatisn of ksenlightiedicareiestadongthapsatg J3l ek e i s
| vi mi de. . . L . . .
DL A L nePasiifiough pojection of imaaine legs 226. The susirate s belg in place by

| wr mhc XU] calisstiajecdiakk apgal cal cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
c”a] ca] ca] ca] cMa]lc”a] c”al)calc” a} cal ca 6h™ \ Vnj;

. X6) } xsiPd_ZU] | caVbis erly oap cuve-plataiscssdia) thissy sepeapliple wpraletandationca) cal ca
I ca] ca] ca] cq) gl Gl 6L SRS RGALFRL SR AR inkenddh

When the substrate is a polymer such as a polyimide film, the polymer may be
provided from a reel and positioned on the substrate stage in the laser system. The
laser is then repeatedly pulsed for a predetermined amount of time to ablate polymer

20  to form a feature. A variety of factors affect the geometry of the feature, including use
of wave-plate as discussed herein. power, fluence, number of laser pulses, and so
forth. The finished polymer is then removed with fresh polymer being positioned on
the stage.

Figures 3A-3D illustrate ovality of a hole made by passing the laser light

25  through a stationary half-wave plate 310 to polarize the laser light 311. In Figure 3A,
a beam of laser light 311 is composed of an electric field vector 312 (the "E" field
vector) and a magnetic field vector 313 (the "M" ficld vector). The major axis of an
exit hole made by laser ablation of a substrate is known to be aligned with the electric
field vector. Thus, the roundness (ovality) of the exit hole is affected by the "E"

30  vector, as depicted, in Figures 3C by oval 321, which shows the electric field vector

aligned with major axis of hole ovality, for the vectors shown in 3A. Likewise, in
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Jaser light that has passed through a spinning half-wave plate to form 50 holes. This

chart is the statistical process control chart used to derive results summarized above.
It is seen that the roundness of the hole generated by use of a spinning half-wave plate

30 is significantly improved; i.e., the average ovality (X max minus Y max) is only
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of multiples of a quarter wave and multiples of a half wave.

3. The process of claim 1 wherein the retardation plate is selected from the group consisting

of odd multiples of a quarter wave.

4. The process of claim 1 wherein the retardation plate is selected from the group consisting

of odd multiples of a half wave.

5. The process of claim 1 wherein said retardation plate is stationary during ablation, said

plate having an adjustable angle.

6. The process of claim 1 wherein said retardation plate is a rotating plate and said plate is

mechanically rotated during said process to time average polarization effects.

7. The process of claim 1 wherein said retardation plate has been selected to compensate

polarization of said laser light and produce substantially circularly polarized light.

8. The process of claim 1 wherein said laser light is generated by an excimer laser.
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vision and precision motion control to features existing on said polymeric substrate.
12.  The process of claim 1 wherein said retardation plate provides substantially linear
polarization in a preselected direction thereby forming elliptically shaped nozzles having a

principal axis aligned in said preselected direction.

13.  The process of claim 1 wherein said nozzle made in the polymeric substrate is a round
hole.

14.  The process of claim 13 wherein the feature has an exit diameter less than about 30

microns.

15.  The process of claim 13 wherein more than one nozzle is produced, and wherein the

round holes have an average ovality of less than about 1 micron.

16.  The process of claim 13 wherein more than one nozzle is produced and said holes have

an average ovality no greater than about 0.1 5 micron.

17.  The process of claim 1 wherein the polymeric substrate is polyimide.

16



