WO 96/ 02351 PCT/ US95/ 08473 5 10
ULTRAVI OLET LASER SYSTEM AND METHOD EOR EORM NG VI AS | N MULTI - LAYERED

JARGETS Tosdwk234y Field 15 The invention relperasosasarasers
and, in particular, to a nethod and an apparatus for enploying ultraviolet
light to formvias in targets having at least two layers wth different

t hermal absorption characteristics in response to ultraviolet |ight. 20
Backaround of the Invention The background is presented herein only by way
of exanple to nulti-chip nodules (MCMs), which are nulti- material,

mul ti-layered devices that are becom ng one of the el ectronics packaging

I ndustry's nost preferred 25 conponents for a variety of aerospace,
conputer, mlitary, and tel ecomruni cations applications. MCMs are repl acing
or reductng the conplexity of printed circuit boards, thus enhancing
product efficiency and reliability. MCMs present, however, new
manuf act uri ng obst acl es because they 30 require smaller vias and finer
lines, and use a variety of new materials. Vias are discussed herein only
by way of exanple and nay take the form of conplete through-holes or

i nconpl ete holes called blind vias. MCMs and other nulti-material,

mul ti-layered 35 el ectroni c devices for packaging single chips such as
bal |

ULTRAVIOLET LASER SYSTEM AND METHOD FOR
FORMING VIAS IN MULTI-LAYERED TARGETS

Technical Field
15 The invention relates to lasers and, in
particular, to a method and an apparatus for employing
ultraviolet light to form vias in targets having at least
two layers with different thermal absorption
characteristics in response to ultraviolet light.
20 Background of the Invention
- The background is presented herein only by way
of example to multi-chip modules (MCMs), which are multi-
‘material, multi-layered devices that are becoming one of
the electronics packaging industry's most preferred
25 components for a variety of aerospace, computer, military,
and telecommunications applications. MCMs are replacing
or reducing the complexity of printed circuit boards, thus
enhancing product efficiency and reliability. MCMs
presént, however, new manufacturing obstacles because they
30 require smaller vias and finer lines, and use a variety of
" new materials. Vias are discussed herein only by way of
example and may take the form of complete through-holes or
incomplete holes called blind vias.
MCMs and other multi-material, multi-layered
35 electronic devices.for packaging single chips such as ball
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arrays, pin grid arrays, etc; circuit boards; and hybrid and seni conduct or

m croci MQPe823sYypi cal |y i ncl ude separate conponent | ayer COfUsss#4sars3 and an
organic dielectric and/or reinforcenent materials. The standard 5

nmetal conponent |ayer(s) may contain alumnum copper, gold, nolybdenum

ni ckel , palladium plati num SI | ver, ti t afi um or tungst en or conbi nati ons

t hereof. Thes p ep or _thi ck about 9-36 Am
(where 7.8 x%d‘[dgr %rr%?;sy algg\é%aggg %’El Ckﬁé§§ub 2ds APdut 9
[err]m, but hwbrise and rﬁmqgndatstloa:r gacyocizchdts] nyplcéatlgnﬂacﬂu@e gani c

dielectric |f§é€i{ax‘§ﬁé 'd&dp&i'ﬁr&' %%%Wb@emaeagzms éﬁ%r dboard, cyanate
esters, epoxig phenol | CS I i,m_des, méét etrafluo Iene (PTFE)

These | ayers dtlﬁ}i ?&F’i’?%}ceé‘ﬁﬁﬁt expRlfer rT]H? S%@&@al’d
standa d rei mfeu:radermmpmmmorluytef(lsayma &antamﬁluﬂemimbnﬁr sebper or

di spersed pa e d i, or KevlarT[err]
woven or di sp?ters(aéd%} n eﬁl?mdrfélal%%c di ?’émf géféé o él?&%Y%% it. These
rei nf or cerrenttsﬂ-tta}}éi%l I°;f A SE €8i: o @it e‘pmbin@m@naesbemoébourhasqo [err]m

20 St acksayapd Q:\aqw ﬂa%eane tﬁ%el th8bRhEEE "&£ aBBE 9-3
r ei nf or cenent ria be La radi tjonal tools punches
and productldﬁﬂﬁﬁw §b Fé18e5$%h aﬁa@ﬁpﬁlﬁgalEPbEFneﬁﬁsgfdense
conpanent s. lahcmamdne,, \beit! wayole thiéhasrcakr asotassesas 72 um. A
standard organic dielectric layer may include bismaleimide
triazine (BT), cardboard, cyana;e esters, epoxies, .‘l
phenolics, polyimides, or polytetrafluorethylene (PTFE).
These layers typically have a depth of about 50-400 um. A
15 standard reinforcement component "layer" may include fiber
matts or dispersed particles of aramid fibers, ceramics,
glass, or Kevlar™ woven or dispersed into the organic
dielectric layer to reinforce it. These reinforcements
typically have a diameter or thickness of about 1-10 um.
20 Stacks having several layers of metal, dielectric, and
reinforcement material may be larger than 2 mm.
Traditional tools, punches, and production
processes are designed for machining larger, less dense
components. For example, well-known mechanical processes
25 are either inadequate or prohibitively expensive for
generating vias with diameters as small as 12 um. Even
when miniaturization is not the chief issue, mechanical
processes are still inadequate. For example, laminate
circuit board applications are plagued by the wear of
30 - mechanical drills on the laminate and therefore entail the
frequent and expensive sharpening or replacement of tools.
Furthermore, conventional chemical or wet processes cannot
be used to etch certain materials, such as Teflon™
dielectrics. Finally, electron milling, i.e;, ion
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25 are either inadequate or prohibitively expensive for generating
vias with dianeters as snmall as 12 [err]m__Even en mniaturization i s not

the chi ef weoedigassyechani cal proces Sﬁ,‘_gs ALEeT HAY! énéwequat e pcrUsysvam| e,
S arl & LAEERS Yy

Taminate circuit board applicati of X he wear of 30
‘mechanical drills on the | am nat elland-therefore—entdi| the frequent and
expensi ve sharpening or replacenent of tools3 Furthernore, conventional
chem cal or wet processes cannot be used to etch certain materials, such as
Teflon[err] di e¢eehings. iFi VRIY yexpergiveand I19nElaw &0 nreresgBYIMBUTE
SHEET (RULE 26)and mo$t COtREr &BedMEFdn X[ horersdl t 00 sl ow to process
MCMs and nost other electronic ¢ onents. Mich rk has been directed

t owar d devel opi ng | aser - b%‘é&a hiid %%ﬁ"ﬁ’h@’t%%@% é%@é@%se- 5
types of el ect rbaser ripased ahbcrohisieireing | teseshniquess  to paratd sy thegdes, and

| aser- apd tar tepi af -speciflc. | g r eam
wavel eng?h, po%ﬁ?ggn. Es%%?égl'éféié/g?g@%%jf% _%%ﬁo?ﬁ%%r ‘I asers,
for exanpl e, negpevatinggepsta: candskasert Rad kargehateriadmepesitfizo0 to

350 nm but Cre@%@r@@?ﬁg%éfé&&t@f‘étéumdé‘sQ@é’éﬂt&ﬁd\kﬂéﬂgﬁ:,’[ hdwetd, Ry | ens
el ements cannot bring,t0 a tight ffcus and, consequently, nust be tailored
by conpl ex and spot 8ize vary w1de_y. | |

' Conventional Excimer lasers, for example, may

10 - generate laser output wavelengths from about 200 to 350
nm, but create poor quality multi-mode beam structures
that simple lens elements cannot bring to a tight focus
and, consequently, must be tailored by complex and
expensive beam-shape‘cdntrolling masks or apertures.

15 Thus, an excimer laser beem cannot practically be of a
high power density comparable to that achievable by the
invention. These lasers are also generally limited to
repetition rates of less than 200 Hz and are, therefore,

' too slow for deployment as a'production tool for a variety

20 of desirable applications. In addition, the high cost of
excimer systems and their gases prevents their easy
deployment and puts them beyond the reach of many small
and mid-sized manufacturers. The halogen gases used in-
excimer laser processihg chemically react with the

25 components of the resonator and thereby cause degradation

- and frequent replacement. Moreover, halogen gases are
materials that are hazardous, toxic, and damaging to the

environment.
Conventional CO, lasers, on the other hand,
30 " typically generate_laser output wavelengths of about

10.6 um, creating spot sizes that are too large for
conventionally deeirable via processing. As'compared with
ultraviolet lasers, €O, and other IR lasers have
considerably longer pulse widths and much wider variance

//‘.
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expensi ve beam shape controlling masks or apertures. 15 Thus, an

exci nmer | aser beam cannot practically be of a high power density conparable
to that WRM/®ISD| e by the - i'nvention. These lasers are al POTHSNHBANY y
limted to repetition rates of 1éss than 200 HZ and are, therefore, too

sl ow for deploynent as a productlon t'ool for a variety 20 of desirable
applications. One such |aser systemis ehpl oyed by Davis et

al ., " Dopant d dg t P Vi ene)
Appi i od Physias e BRaCSBYEl B bt sy Rr e e Ty HE e N
3, to proces?hP$FE°BﬁHaFFPﬁiFE§§FsrﬁfthtZBPn% Qﬁﬁ%ﬁuQﬁiVQix3§H?rmaln1m
mggelength ﬁghﬁﬂéﬁpuhaﬁSP?aubagealeangepﬁ$cééﬁenﬁe of 1 to 12 J/cn[erL] I n
addi tion, the high cost, of_ex systens_and their es prevents their
easy depl oyment and pu%g tHSﬁﬁngBn% 5?@@ %E&ﬁ?<ﬁ°9&ﬁ§fi§ﬂﬂ magh 1R d- si zed
30 5 nanufaongnacs1onTWethaangencgmseslmsed limiteither dexstehh qff anassi ng
chem cally Tgggt nge bhie eafPagaitye %hithica :Eeé?ﬁﬁ@f T BRI GPy cause

degradat I on reguent repi acenent reover en gases ar'e mat erials
that are hazaraeeeecpéyecofawaealaﬁﬁgthg Ergele ﬁlwlig”ﬁme}ﬁ v . 1

ége*ﬁo 0033 I:Ls true alfter the ex@:.tih&rlﬁgﬁeﬁlﬂeda"xﬁ J?é’échelslj%@-artlc'iﬁa}r

nventi ona CI1 asers., o ot her . han I ca enerate, | aser
out put wavel 8H Hg gPWQSOGeh51Qy pﬁat produces 1n)@he taf&é{ material
10 a so-called saturatlon depth of cut per pulse that cannot

be increased w1th an increase in beam output power

density. The mask method forces ablation of a large area ‘[
rather than at a p01nt ,

' Summg;z of the ;nvgntlon

15 ' An object of the present invention is,
therefore, to. prov1de an ultraviolet laser system and
method for form;ng_v1as_1n mult1 layered targets having
different chemical'compositions and optical absorption
characteristics in response to ultraviolet light.

20 Another object of the 1nventlon is to provide
such a system and method for ach1ev1ng a depth of cut
while avertlng the rate slow1ng effects of a saturation
depth per pulse phenomenon in a target formed of either
single- or multi-layered material.

25 A preferred embodiment of the present invention
quadruples the frequency of the output of a continuocusly
pumped, Q-switched, Nd: :YAG laser to generate ultraviolet
light output pulses. The parameters of the output pulses
are selected to facilitate substantially'clean,

30 . simultanecus drilling or'via formation in a wide variety
of materials such as metals, organic dielectrics, and

- reinforcement materials'having different thermal
absorption characteristics in response to ultraviolet
light. These parameters typically include at least two of
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10. 6 [err]m creating spot sizes that are too |arge for conventionally

desirable via processing. As conpared with 5 ultraviolet |asers

COerr] atMO86MBFL| R | asers have considerably |onger pul se REERSISOTY nuch
‘Wi der variance PDX4-31761.1 26860-0033 6-11-1996 (12:03 pm DRAFT
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absorptivity of the organic materials and mest als. These characteristics

result in a de ' herdwl f ; Remscal yipi0 he
need for a beafr%r[s% %ofeé/%oxynatﬁr%ﬁlélﬁ or?aac{#éie ﬁf %ﬁwﬂ@ggﬁﬁ %gl igdn hviblgjthh %§%§ag£

n s ,
exci mer | aser |pawWes ehaxraher d?q‘aéhtali%’rt A0 Bidrd wakh SaBRASPE e PNeEn
%pi mer |aser ?ﬁ?é’nbéaﬁﬁ e@&@tair/efa,ofa \Mgﬁrtﬂtﬁ:ralt R llser gadths smlahtieﬁ ananed.
is is true after the exciner |laser beam re rt hcular,out put power
density that pr?}%ﬂ}tteg'q BIRCTFYH® et SR aéii%?"set%rpgfs&%%asl & ns&%&rugt i on
“depth ofScut pes0 pulcreonshatandirmotepst itioreaade Wk igreatierc tdhase aboueam

out put power deéﬁét]yiloﬂ'%edrpsk met hod forces ablation of a |arge area
rather than at a point. Sunmary of the |Invention 15

, , . An
obj ect of the present i mAmIFRIERIS R i Pragenly JAVERtIPTLLS Hdd et
| aser system angheeldesh f Oyst e ougput gouldesnddriedaydy athd atgenr dhvdsng

different Chemgf!ugfn Oék'xér{logf'tt?{]rgaé)é)tt-l.lgealsaat%SrOartq%noq.imit on the power

10 ‘dengity ablation rate per pulse. This allows full use of
the much higher pulse rate and ablation rate per pulse
properties of the invention than those possible with like
profile pulses produced by an excimer laser. This is true
irrespective of whether the target is of single- or multi-

15 layered material. .

Additional objects and advantages of the present
invention will be épparent from the following detailed
description of a preferred embodiment thereof, which

. proceeds with reference to the accompanying drawings.

20 : . Brief Description of the Drawings _

o Fig. 1 is an isometric view of the components of
a simplified laser system employed for generating -
desirable iaser'pulses in accordance with present -
invention. _

25 Fig. 2 is an enlarged sectional side elevation
view of a multi-layered target having a through-hole and a
blind via. . _ , -

.Figs. 3A and 3B show cutting profiles for

forming a through-hole and a blind via, respectively.

30 : - Fig..4 is a depth of cut per pulse versus power
density graph showing qualitatively the comparative
felationship of the depth of cut per pulse achievable with
an excimer laser and with the present invention.
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characteristics in response to ultraviolet light. 20 Anot her
object of the invention is to provide such a system and net hod for

achi evi 'go&6/0238t h of cut while averting the rate slow ng PeETfusos/e8403 a
saturation depth per pul se phenonenon in a target formed of either single-
or nulti-layered material. 25 A preferred enbodi ment of the
present invention quadrupl es the frequency of the output of a continuously
punped, Q swi tched, Nd:YAG |.aser t.o enerate uItraV| ol et | |ght out put

pul ses. The paramet er s =83 g Qe
substantially cl ean, 30W1th reﬁemdﬁcauﬂnn?xgwlﬂ Imgpahfém&eHOémbbdQﬁehﬂ a

(i nf or comentOd AT ST O (e T LabeBrIBh AoShutER B ot oo

in response tXLIANGFLRA d%tdQﬁlg‘md byrieedasear aest dds pogpitianeyd betiede at

| east §wo of SURH WHhE-HERE {idldn zﬁ)t ut \9@:%&0%%5151@ an ppt
PCT/ US95/ 08473 and ref Iabl]{d(farﬁ% 2 Il qwi ng criteria: gﬁ aver age

power of gred&S ¢ adf0&d r&wﬁéPcFPrEebeaﬁfispot
area, a terrpouﬂi-rqnul:lsaa e cﬁarts]tmrﬁmsmasza;teomto 14gheapespagadinga spot

reater than Sang SRy le 20, gk VZ#;% BeRRBNY LheTRaERLE On i s
t hat solid-state lasant such as Nd:YAG, Nd:YLF, Nd YAP, or
10 Nd:YVO,, or a YAG crystal doped .w1th holmium or erbium.
Laser rod 14 may be pumped by a variety of pumping sources
(not shown) well-known to persons skilled in the art, but ‘
~a krypton arc lamp is or a suitable diode laser would be
preferred for@laser system 10 of the present invention.

18 Q-sWitches and their uses, positioning, and
operation are‘:also well-known to persons skilled in the
art. In laser system 10, a Q-switch 24 is preferably
positioned within resonator 12 along optic axis 20 between
laser rod 14 and mirror 16. '

20 The output of laser rod 14 is converted to a
preferred ultraviolet wavelength through two stages of
harmonic generation or frequency doubling. Second
harmonic generation may be produced by a first frequency
converter 32 such as a nonlinear crystal inserted along

25 optic axis 20 and angle-tuned for optimum phase matching
with the output of laser rod 14. Skilled persons will
appreciate that there are numerous other techniques
conventionally employed for phase matching. The amount of
energy converted to the second harmonic is a function of a

30 * number of 1asér characteristics including peak power, mode
structure, and beam divergence of the fundamental
wavelength. Pertinent factors for selecting a particular
nonlinear crystal include nonlinear coeff1c1ents, angular
acceptance, and damage threshold.
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t'he | aser syst em out put pul ses generated and the nethods of using them
elimnate the saturation [imt on the power 10 density ablation rate

per pul sewodpBsal | ows full use of the nmuch higher pul se rpirays9ses4ad! ati on
rate per pul se properties of the invention than those possible with |ike
profile pul ses produced by an excinmer laser. This is true irrespective of
whet her the target is of single- or multi- 15 | ayered materi al .

Addi tional objects and advantages of the present invention w |l be apparent

fromthe foll owi ng det ai |5 31dKke5knssh 1asex Frarem 49 &RS&diMent t her eof
whi ch proceeds dbﬁﬁhﬁﬁﬁ&ﬁPWQﬁmmbdl“QéﬂMMﬁnﬁﬁvlMQ.QmﬂMhﬁﬁér 2Qrequency

Brief Descripti t he, D‘ S F| n
conponent s OP ééﬁﬁiﬂ??l%ﬁi? %RE& rﬁ%ﬁﬁﬂé;} Wﬁ& ﬁ&mﬂégFﬁﬁﬁle
| aser pul ses |mmmlia3\2;epw1ttnqn®mnthmmanat025 12 along optic akiig. 2

i's an enkarged gectdgalof de, hayat on MM By YiSNCLElERIGE

having a throu e an V|a show ¢C
profiles for fo‘?lh??lgm&“ﬂ’ﬁ"b%g?f- efreﬁiﬁ‘%% |W"\ﬁr§1nﬂe§ﬂ‘é’@ﬁ@kﬂl }111931@ be
'Fig. 4 is a depiged] SwdhPes m&qugm@omer density graph show ng

qualitatively the conparative rel ALl ons of the th of cut per pul se
achi evabl e with an excine a'#h? a% c?f’petsi‘?e g’ﬁ' PoFTe¥WEEST TUTE

SHEET ( RULE 26)plate polarizer 26 preferably p091t10ned between rear
i0 mirror 16 and laser rod 14. In addition, output mirror 18
is selected to be highly reflective to the fundamental
-wavelength generated by laser rod 14 (1064 nm for a
Nd:YAG) to increase the intracavity peak power, thereby
increasing the harmonic conversion (to 532 nm) efficiency
15 by as much as 80%.
A second frequency converter 34 (also preferably
barium borate) is positioned along optic axis 20 external
to resonator 12 to produce the fourth harmonic output 38
{266 nm) of the fundamental wavelength, i.e. the second
20 * harmonic of resonator output 36, with a conversion
efficiency of approximately 25%. The resonator output 36
may be separated into the two wavelengths, (532 nm and
266 nm) with one 6r more beamsplitters (not shown). The
fourth harmonic output 38 at 266 nm may also be varied by
25 rotating the input polarization of the 532 nm resonator
'output 36 with a polarization state changer 42 positioned
along optic axis 20. Polarization state changer 42 may be
a quarter-wave plate or a variable polarization state
changer under operative control of a central processing
30 - unit (not shown) such as described in U.S. Patent No.
" 5,361,268. | ' '
' The fourth harmonic output 38 may be manipulated
by a variety of well-known optics including beam expander
lens components 44 and 46 that are positioned along beam

SUBSTITUTE SHEET (RULE 26)



WD 96/ 02351 . PCT/ US95/ 08473 6
Detail ed Description of a Preferred Enbodi nent Wth reference to Fig. 1, a

preferradoesmgi ment of a laser system 10 of the present pcpxRedds@ss | ncl udes
a resonator 12 defined by a laser. rod 14 positioned between 5 a rear
mrror 16 and an output mrror 18 along an optic axis 20. Mrror 16 is
~preferably 100% reflective, and mrror 188is partly transmssive to |ight
propagating al ong optic axis 20. Laser rod 14 preferably includes a
solid-state Pa&Ent0shefors Rdserdesnafvbramndivprting neflectois V&  err],
or a YAG crysusl séqpesanisgh helisallyor tRebEsTYthanSFméRie 1dutBie Pfs ed

by a variety_of Lng sources (not shown) | -kno fo persons_skilled
inthe art, B@Fs§%EE?6%8ﬁ%aFc PERFRE ang-gﬁ?#%%?ﬁegg%&ﬁgI%Eﬁﬁl%ﬁnﬁ% be
preferred fopriosessiagsoatpu® beamhé2ptosbargenvedt i odthdd preferred
Q swi tches a | : A1 [Wals) tLon, | | - known
fo persons sE’?‘l‘ﬁ‘*&%*‘ﬁbﬁ“‘*?ﬁS%P??bFﬁgﬁgée?u§§§% DERE SRR Bt S
preferably pdfredysaE N ANiRtIpdEAAt 8pd13581 BRg (Bhequeensy stxiplrdhMeen | aser
ro ana mgkidn p ons will appreciaté €HaAPUfEr led +S

d 14 and elib pe2@ dbe EHAPUEr&dudiSE cdifbre

harmoni o gendlabRlhbS PEsten ek HoRBrLE QR B A A o dachon may
"be produced yreguencyt timpddagcyiscdeséredr 32 such as a nonlinear crystal
i nserfgd al ong The parameters of processing output beam 62 are
selected to facilitate substantially clean, sequential or
simultaneous drilling, i:.e., via formation, of a wide ‘
variety of multi-material targets. Such targets may
comprise, for example, organic. dielectrics, reinforcement
15 materials, and/or metals which exhibit different.optical
absorption and other characteristics in response to
ultraviolet light (i.e., wavelengths shorter than about
400 nm). The preferred parameters of processing output
. beam 62 are selected in an attempt to circumvent at least
20 some of the thermal damage effects by utilizing temporal
pulse widths that are shorter than about 100 ns, and
. preferably from about 40-90 ns or lower. Other preferred
parameters include average powers greater than about 100
mW measured over the beam spot area; spot size diameters
25 or spatial major axes of less than about 50 um, and
preferably from about 10-50 um; and a repetition rate of
greater than about 200 Hz, preferably greater than about 1
kHz or even 5 kHz; and an ultraviolet wavelength,
preferably between about 193-355 nm. Skilled persons will
30 " also appreciate that the spot area of output beam 62 is |
generally circular, but may be very slightlyjelliptical.
Fig. 2 is a cross-sectional side view of an
enlarged portion of a generic laser target 40 that may,
for example, be an MCM, capacitor, resistor, or hybrid or
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125 optic axis 20 and angl e-tuned for optimum phase matching with the
out put of laser rod 14. Skilled persons will appreciate that there are

.humer ous @lgRleadsgchni ques conventional ly enpl oyed for phasgceigissivsid. The
anount of energy converted to the second harnmonic. is a function of a 30

nunber of |aser characteristics including peak power, node structure, and
beam di vergence of the fundanental waveleng@h. Pertinent factors for
selecting a particular nonlinear crystal include nonlinear coefficients,
angul ar accept aapdconddctaragicroebseeliy. FYRSTTOMYERISHERE, (tFaJLQ_EQ@O is WO

96/ 02351 ‘depicted as having only four layerd&ClE4)S%E 0&W 3 and

preferred | aser system 10 that s ontlnuousl np sw t ched Nd YAG
| aser, frequency doubllnBaY§r§fF?c? tf@ %E%dﬂ%##{éﬁe é&?:%%?qg%?nun bor at e

cLystaI 32 posstandaﬂdmmshamsreaohaasr 42Puminng, opdppenxigold, 20, as
F
fsrg‘c“lﬂe'ncy Lgnvéﬁyﬁébhhﬁétgﬁéﬁ% l&%ia&w@ecg xﬁlﬁ&f’i‘t aPUS g{i}?{uﬁ,e

as i mnbor
doubl i ng procesynggtenhamééélb9l§rE#€§5t@r ﬁ@mb%ﬁiﬁ#%n$z%heQ%D%referably

positioned betyeageh®dbndd metalm i QfslﬁaﬁﬁdlhaEEicﬁﬁﬁbéA't ey tion,

output mrror 18 is selected to, be reflective to the fundanent al
wavel engt h gen8PEPEERLHY - sgséw'rBHtlﬁa?1%%4 thinRet ar as tnfek as 72 pm.

Layer 66 may, for example, contain a standard organic

10 dielectric material such as BT, cardboard, cyanate esters,
epokies, phenolics, polyimides, PTFE, various polymer
alloys, or combinations thereof. Conventional organic
dielectric layers 66 vary considerably in thickness, but
are typically much thicker than metal layers -64 and 68.

15 An exemplary thickness range for organic dielectric layers
66 is about 50-200 pum, but they may be placed in stacks as
large as 1.6 mm. A standard reinforcement component or
"layér 70" may be fiber matte or dispersed particles of,
for example, aramid fibers, ceramics, glass, or‘K_evlarTH

20 woven or dispersed into organic dielectric layer 66.
Conventional reinforcement layers 70 are typically much
thinner than organic dielectric layers'66 and may be on
the order of 1-2 ym and perhaps up to 10 um. Skilled

- persons will appreciate that reinforcement material may be

25 introduced as powders into the organic dielectrics. The
"layers 70" formed by such powdery reinforcement material
may be noncontiguous and nonuniform. Skilled persons will
also appreciate that layers 64, 66, and 68 may also be
internally noncontiéuous, nonunifbrm, and nonlevel.

30 ' ' Target 40 in Fig. 2 also depicts a through-hole

" wvia 72 and a blind via 74 produced by laser system 10.
Through-hole 72 cleaﬁly and evenly penetrates all layers
and materials of target 40 and exhibits negligible taper
from its top 76 to its bottom 78. Blind via 74 does not
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Nd: YAG) to increase the intracavity peak power, thereby increasing the

har noni ¢ conversion (to 532 nm efficiency 15 by as much as 80% A
second fr¥@96Mpiconverter 34 (al so preferably barium bor RCIUYS0$FIi t | oned
along optic axis 20 external to resonator 12 to produce the fourth harnonic
out put 38 (266 nn) of the fundanental vvavemngth, I .e. the second 20
harmoni ¢ of resonator output 36, with a conversion efficiency of

approxi mat el y eparated i to he tvvo
wavel engt hs, ( %&%%Qg%dsggnﬂn%rglgrﬁ&%on%%o%%gszea% ItEB Tt:jr

shown). The f ovtah74a8heps calolApdtdST noR aenahnabe dJawxbéavar rreusby 25

rotating the I,?Pylseﬁoééiééeiéﬂrbpftﬁ@qa?@r HEF RO iR 1 %S: M 3 a
pol ari zati on state changer %)os&t i oned 1_f;\l ong“mg)t i.,c axi s 20. Polarization
state changer %2 HeRRHR ‘énﬁéé? &8d &YRR ot rigesafhe semer mesailon
state cbBanger codssnepe(s) iae Taydr 84 of a central processing 30 uni t
(not shown) such as des 1, h fourth

har moni ¢ out put - 38 may géi%a%'ébﬁ?éé :g \?&’&eﬁ?h%e \épf“ 12;5 |'cs

i ncl udi ng beanpeipbasier $m'semohq)dmntmmﬂ41cmdrw t7Ramngdr §4padat am'edasl ong

. beam SUBSTI TW&&EEJS(M 2@-)25 u%@@t‘&%”%&eater than 1 mm. Because

PCT/ US95/ 08473
he preferred spot size of output beam 62 is about 25 um

10 in diameter, vias larger than 25 pm may be produced by
trepanning, concentric circle process:.ng, or spiral
processing. F:Lgs 3A and 3B show cutt:.ng profiles for ‘

forming a through-hole 86 and a blind via 88,
' respectively, that are larger than the spot size of output
15 beam 62. _ y | ". _ _
' With reference to Fig. 3A, through-hole 86
defines on the surface of'target 40_a circular spatial
region 90 having a periphery 92. Output beam 62 has a
spot area 94 that is less than the area of'region 90.
20 Through- hole 86 is formed by sequentially positioning beam
' 62 having spot area 94 at overlapplng contiguous locations
around periphery 92. Beam 62 is kept at each location
for sufficient time for system 10 to dellver the number of
beam pulses necessary to achieve the depth of cut at the
25 location. After beam 62 completes the path around
periphery 92, the center target.mater1a1 96 falls out to
form through-hole 86. This process is called trepanning.
.~ With reference to Fig. 3B, blind via 88 also
defines on the surface of target 40 a circular region 90
30 .f having a periphery 92. Output beam 62 having spot area 92
is initiallyipositioned at the center 102 of region 90.
Blind via 88 is formed by sequentially positioning beam 62
having spot area 94 at overlapplng contlguous locations
along a splral path 104 to perlphery 92. Beam 62 is kept
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"path 50 before a series of beamdi réc'ti ng reflectors 52, 54, 56, and 58.
Finally, the fourth harmonic output 38 is passed through a focusing I ens 60
.before b&¥®@eRa3pl i ed as processing output beam 62 to t ar g@CTAIBIS/GR4AD

‘preferred 5 wavel engt hs of processing out put beam 62 include 213 nm
(frequently quintupled) and 355 nm (f requency tripled). Skilled persons
w || appreciate that frequency converter 3% woul d be preferably positioned

within resonatqr L2, Hf Jcrag%t A4 ré gé.r&Q.eh% q‘ﬁ' | rggr 9?58m| H’a’f8 The

par anmet ers of C&roces& ng eam are se ect
substantial |y mbfﬂr &f Seam padsess néceseany, to. schieive the

formation, of dtleﬂQ:f/fHdteta\/t thedMilddatiRher i dls bakaeks. p§BeEeH§fs%ﬁg”&y
conprise, for ex.ar$E tg_lr\%?ﬂm (o %ﬁe}l ectri.cs, rei nflorcemen

material s, andOrt e iTRnaes fpsesie oﬁﬁlcﬁFbQB§€ pB¥WBK BAd

ot her char act efidmst iscshdle o poryemasing igize elaeh kight beéames2 m@vmbeeat hs

-shorter than red r rs,of prac out put
beam 62 are sgclg(e)t# %ln an a-q‘%.o[l{a‘?:t (;gnm rgﬁ%vgﬁta% SP@E& g gﬁ ﬂg%Sm‘;‘ of

the thermal dafewwd sten Eﬁﬁﬁm 192 Movgs &kovgale pdlrsulardphsht At are

shorter than Mpﬂé}q,r@ and preferably from about 40-90 ns or | ower.
O her preferred paraneters |nclude averag@bpomers greater than about 100 mW

measured over the beam fPbialherp Yt&iBgePathsto forp bipnd a
maj or BaXes of viassd Moulbds r‘.iD s{tﬂfﬁt] at wehterefierabnyd themcahedht#9c50

[erc) T nd 2 SR | G pilpding) S iRt a0l pRicl SE0Y
: area 94 of beam 62. The overall diameter of via 88 would
increase as the concentric circles forming via 88 travel
_ in a circular path at greater distances from center 102 of
15 region 90. Alternatively, this process may begin by
' defining the desired circumference and proce531ng the
edges toward the center.
Outward spiral processing tends to be a little
more .continuous and quicker than concentric circle
20 processing. Skilled persons will appreciate that either
target_40 or processing output beam 62 may be fixed or
moved relative to_ﬁhe position of the other.
Several examples of through-hole vias and blind.
vias of various depths and diameters produéed on a number
25 of different substrates are set forth below. These vias
were all produced with a Model 4575 UV laser (generally at
266 nm) in a Model 4420 laser system manufactured by
Electro Scientific Industries, Inc. in Portland, Oregon.
' EX 1 '
30 S With reference to Table 1, through-holes
(samples 1-5) and blind vias (samples 6-9) were produced
on 190.5 um thick, three-layered copper/FR4 (a level 4
fire retardant epoxy-glass composition)/copper targets.
These experiments were conducted with a 25 mm lens.
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preferably between about 193-355 nm Skilled persons will 30 al so
appreci ate that the spot area of output beam 62 is generally circular, but
may be vevgosd2sgihtly elliptical. Fig. 2 is a cross-secti oRGI/USS84%3i ew of
an enlarged portion of a generic |aser target 40 that may, for exanple, be
an MCM capacitor, resistor, or hybrid or SUBSTI TUTE SHEET ( RULE 26) WO
96/ 02351 12 PCT/ US95/ 08473 9

sem conductor micr it Qnveni,enc tar get icted as

avi g only 1 EauBe e, dngh bIERY"T1aR- faviBelf  afamefaf chafast cBfem o,
for exanpl e, sﬂmndaw«énaatpedo@medqbqspoalcantmm céoppes, wijbhdl 0 Smm

ol ybdenum ni gl ?b %towa%agl hﬁ‘a{m élsbaawuat Lupgséepeiggt al
nitrides, or &o |nat|ons ther Conventional netal layers vary in
thickness, t yptas# 19f Retili®en 9- 36 [err]m but may be thinner or as thick as
72 [errgm Layer 66 may, for exanple, contain a standard organic 10
dielectric material such as BT, cardboard, cyanate esters, epoxies,

phenol i cs, polyim des, PTFE, various polynmer alloys, or conbinations

- thereof. Conventional organic dielectric |layers 66 vary considerably in

t hi ckness, but are typically much thicker than netal |ayers 64 and 68. 15
An exenpl ary thickness range for organic dielectric layers 66 is about
50-200 [err]m but they may be pPladedTEFTnRESP!-Q(PR§°PBF§/FR‘/'-'°""ER

‘| Rep #
. Via Diameter Speed Bite Rate - Passes Taper Throughput
10 Semple #| (um) (my/s) Size (um) (kHz) Cam) (holes/sec) ‘
VIA DRILLING - '
10x10 25 : 0.4 0.2 2 2 5 . 2.3
15 array . : : : .
10x10 51 . 4.0 2.0 2 6 12 3.9
array : : ' '
20
3 .
10x10 102 - 7.0 3.0 o} a3 12 4 1.9
array '
25 4 :
: 10x10 152 7.0 7.0 _ 2.3 13 10 1.1
array
T . - .
30 10x10 203 1 7.0 7.0 . 23 14 12 .79
array _ ;
[BLIND VIAS DRILLING _
. s : .
35 X3 51 3.0 3.0 1 2 -- 6.9
array .
7 .
3x3 102 2.0 0.75 2.7 1 -- 1.4
40 array
8 ' :
3x3 152 3.0 1 3.0 1 2 .- 0.36
array
45
9 ' .
33 203 3.0 3.0 1 : 2 - 0.21
array . .
50
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“large as 1.6 mm A standard reinforcenent conponent or "layer 70" nmay be
fiber matte or dispersed particles of, for exanple, aramd fibers,
-ceranm cs w6285t or Kevlar[err] 20 woven or di sper se®CITiIS8SA84gHNI C
dielectric |ayer 66. Conventional reinforcenent |l'ayers 70 are typically
much thinner than organic dielectric |ayers, 66 and nay be on the order of
1-2 [err]mand perhaps up to 10 [err]m Sd 1 led persons will appreciate
that reinforcement material may be 25 AT 'gtaoduced as powders into the
organic dielectrics. The "layers 70" such powdery reinforcenent
mat eri al may be  noncont iRjirdusrefiedengeuiriof GaileSRi | bédngeviaasweairel al so
appr ecl ate t N daelep it eufP ool 28 oFRY 3! & RASERL eenéglaylagaegat i guous,

nonuni form a nonl evel g
depicts a trw(ﬁﬂ?PQRJQ?QﬁXagﬁ?ﬁﬁuPﬁfﬂﬁg/ﬁﬁppﬁ5 ¥ rﬁPG&uceEhﬁﬁelaser system

10. Thrmugh- h@:gpe&anfé:ﬁﬁllweﬁld:ﬁmtxédomew at g9 ahl 1leﬁ$erssaﬁ§15at1erl al's
of target 40

exhi bi t,s neal i fromlt og 76 to,its Et
78. Blind via ‘ét%s?’q“ﬁ?rqé hoe %}xe °Vbe§6}62'§§
PCT/ US95/ 0847 3 ekx pﬁraeteﬁﬁ:e:aedy dfayemovimd/ ahempexvagiassl prEpeg 2, blind
via 74 stops gfadd 40€s iy Wg&i Hi%nleR%e’ vAls I}Q%eg?gg%édsﬁpe“ ion of

the | aser paraneters permts |la 68 to remai n unaf even
conpri ses thqu%ﬁgyngqgtlng to remove the material in the center of the

10 via. The average power was about 270 mW at a repetition
rate of 2 kHz.

TABLE 2: TEST RESULTS ON COPPER/EPOXY GLASS PREPEG/COPPER

15 . Rep # .
" Via Diameter Speed Bite Rate Passes Taper Throughput
Semple #| (am) (mm/s) Size (um) CkHz) _ um) " Choles/sec)
1 203 - 4.75 2 2.4 1 -- 0.9
20 : 1
2 51 4.75 2 2.4 2 -~ 8.4
25
E;amplg

Wlth reference to Table 3, through- holes
30 (samples 1-5) and blind vias (6-9) were produced on 178 um
" thick, three-layered copper/liquid crystal polymer/copper
targets. These experiments were conducted with a 25 mm
lens.' The blind vias were cut using concentric circles
with a pitch of 15 um. The average power was about 300 mW
35 at a repetition rate of 2 kHz.
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5 conponent (s) as layer 64. Via dianeters preferably range from 25-300
[err]m but |aser system 10 may produce vias 72 and 74 that are as small as
about 5-wbok@szsi m or nuch greater than 1 nmm Because t hepquesosngss spot
size of output beam 62 is about 25 [err]m 10 in diameter, vias |arger
than 25 [err] m may be produced by trepanning, concentric circle processing,
or spiral processing. Figs. 3A and 3B show*cutting profi |l es for formng a
t hrough-hol e 86 and a blind respective re-larger than the
spot size of output 15 TABLE %eaﬁﬁ’ %‘"TW’{)WPPF%P&P%FF&TAH @Lvﬁ"&m%“A

t hr ough- hol e 86—def+res—on—tRe—st+fagee—ot—t

& r-u ||| ak en:\+| ::l

region 90 hayi ng a|pag bakedy |Ogess Ot piaé be aﬁz 8 fasdes SPPtrepd $omQdkndcat i s
| ess tHan t hgsapled| ofumr egi on |90msR0 | Size Gfhr pulie- Hol e 86 | Sumb Of NWel edagec)
sequentially LLent ng. beam 62 having spot "aréa 94 at overTappr ng
contiguous | round [pert pngry 92, - peam o2 1.5 Kepr_at [each
| ocatjon for i#dnt tinme|fef syqtédm 10 tp3delijvers thel numbgrs.df beam
pul se3%necesy achi eve tlhe deptfh of cut|at the 25 .l ogation.
Af ter beam 63 GOMPIETES THE [Jatn_arqund perrphery 92, The[ Tem§
material 96 flagkies ¢uit to form ¢hroughifiole 863 Thi sSprocesy i§ Galled
trepafgl ng. WPt reference td Fig. 3B, blind| via al so defings on the -
surface of ta & crrcurar regijon 90 30 mavi g perfphery 9.
Cut put beam §2oxiaviln spot arle&092 i|s20niti a] By poLsi 8 oned & {(helcenter
102 of region®®. Blind via §8 is fqrmed by pequengially positioning bea
62 20 % -
10x10 102 9.0 3.0 3 12 7 2.2 ‘
array
5
25 10x10 127 . 120 4.0 3 1% 6 1.9
array -
LIND VIAS . :
30 _36x3 | 7 |3 3.0 1 2 - 0.70
array i '
7 : . o _ '
33 88 3 3 3.0 1 2 -- 0.52
35 . | array : :
8
3x3 121 3 3.0 1 2 -- 0.35
) array '
40 :
9 .
3x3 141 ' 3 3.0 1 2 -- 0.28
array . oo
45
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;having spot area 94 at overl apping contiguous locations along a spiral
104 to periphery 92. Beam 62 is kept SUBSTI TUTE SHEET ( RULE 26)

196/ 02351 wo 96/02351 _ _
| ocation for sufficient tinme for system 10 to deliver the nunber of beam

pul ses necessary to achieve the depth of cut at the |ocation.
proceeds al ong spiral
forma hole of

| ocation. The final
a circular path at perlg?
blind 10 via 88 wou

circl es of

path 104,

PCT/ US95/pehlsdsddarst each

the targetlpmteri al

S

"ni bbl ed"

WO

As beam 62
away to 5

i ncreasing size each time beam 62 is noved to a new cutting
shape of the hole i '

62. Thegover al
forn1ng Vvia 88é?€%

102 of 15

reglon 90.

92. An

al ter

er?%e-‘%‘%%“ret &
i ncproduced | on i the esapes aull |5333fumm:hltqk,spmto-armr% of beam
qQeentric circles

EPEL L4 Of i’éé’s %M;ﬂcéé‘cﬂ

In a

|rcular
Al ternatively,

path at °g

d when beam 62 noves al ong

ive bea path to form

S&rd ﬂ

imite

r ter

CUtLhc

di st

o

ces fromcenter
this process may begi n by

|ﬁ%léﬁh8@ﬂF%lc

defining the desired circuitt e/ eeaaeRis op bR sob Ngass havegemiawar d t he

center.
qui ckeg gt han
appreciate th

15

20

25

30

35

40

45

Qut war dspi

al proces: i ng.te de.to he a little mare continuous a
O“Cﬁnt "G n?aHtQ-l € ?erd st ocespifl. $ﬁ'sls| el R&F 4O foutibd:!
tsanPlel #]€ Eum) (m/s) Size (um) | (KkH2) (ekm) | (holes/sec)

1 100 50 - -- 2 5 18 1.5+
2 100 100 -- 2 3 18 1.5+
Example 5

random glass powder-reinforced cyanate ester targets.

With reference to Table 5, through-holes were
produced on 254 um thick, two-layered glass fiber-reinforced
cyanate ester (samples 1-3) and 254 pm thick, two-layered

experiments were performed with 25 mm focal length lens

resulting in an effective spot size of about 25 um.

The

average power was about 250 mw at a repetition rate of about

3 kHz. The through-holes were trepanned.
TABLE 5: TE_ST RESULTS ON GLASS (FIBER OR POWDER) - REINFORCED CYANATE ESTER
_ . Rep #
Via Diameter ‘- Speed Bite Rate Passes Taper’ Throughput
Sample #] (um) (mm/s) Size (gm) CkHz). Cum) (holes/sec)
1 50 5 -- 2.5 4 .- 5.4
2 89 7 - 135 7 = 35
3 100 8 - -- 3.2 7 -- 3.5
% ) 8.1 -- 37 2 -~ 3.5

SUBSTITUTE SHEET (RULE 26)
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target 40 or processing output beam 62 may be fixed or noved relative to
the position of the other. Several exanples of through-hole vias and blind
vias of vabésssdept hs and di anmeters produced on a nunber PF/USIS/O84T3
different substrates are set forth below. These vias were all produced
with a Mbdel 4575 UV | aser (generally at 266 nn) in a Mddel 4420 |aser
system manuf actured by Electro Scientific I¥dustries, Inc. in Portland,

Oregon. Exanple 1 30 Wth reference to Table 1,

t hr ough- hol es (sanples 1-5) and blind .vﬁmgiﬁ-aél es 6-9) were produced on
190.5 [err] mthick, iWitQe deBerettte eRPTabiRA 6(athevabhdhbles wetrar dant
epoxy-gl ass ¢ osi ti.on)/ per e t

Wi th a 25 mm PEREUCEsh v B0 o3 3T FE BhRRY QLeE S 46
PCT/ US95/ 0847&01@e‘1‘:hr(dllgﬁ‘g‘rolmﬂ.ta-rf@tnbltnnnaﬂu Norndekngak) disampbe 1hraed

than 5 [err] GRRedn | ek th 4 ‘pj_ﬁﬁhg oT,
averag(]as power vva tt):%"t G%Q'r?\%igt raerggthﬁ‘%raoﬁirg?gfg OW 5 TABLE 1&@

TEST RESULTS mmmdwmmﬂp Ra@ggets. %Pae@%ﬁé'f‘%?ts WeI¥peed
Bite coriutted w:.t'?ﬁ%s% mm focidpdengthThensghestilting in an

effective spot s:r.ze of 25 um. The through-holes were
trepanned. The average output power was 270 mW - at
10 repetition rates of 2.7-4.5 kHz.

TABLE 6: . TEST RESULTS ON COPPER-CLAD, EPOXY GLASS OR ARAMID EPOXY

: Rep #
15 via Diameter Speed | Bite Rate Passes Taper Throughput
Sample #| (um) 1 “tmmys) size (um) (kHz) (xm) thotes/sec)
v | - |w. |- | 5 . 9 | 1.15
20 . - . - . . . .
2 50 ] 36 - | 4s 1 o | 1.7
25 3 ‘T 100 8.1 .- 2.7 . 2 9 6.3
Example 7
30 ' With reference to Table 7, through-holes were

produced on 71 pum thick FR4/18 um copper (samples 1, and 3-
5), and 142 pm thick (two-layer stack) FR4/18 um copper
(sample 2). These experiments were conducted with a 25 mm
focal length lens resulting in an effective spot size of

35 about 25 um. The through -holes were trepanned. The average
output power was 300 mW at a repetition rate of 4 kHz.
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1 0 Sample # ([err]m (m' s) _ Size ([err]m
25

(kHz) ([err]m (hol es/sec) 10x10 _
0.4 39 oflods1 2 | 2 5  PCT/US9SH084%3 3 15
array 2 10x10 51 _ 4.0 2.0 2
6 12 3.9 array 20 3 10X10 - - 102 7.0
3.0 2.3 12 9 17 1.9 array 254 | Ox10
152 7.0 7.0 2.3 - 13 10
1.1 arr ay 5 30 10X 10.TABLE 7: TEZDySULTS ON COPPER-CLAD FR&G 7. 0 7. 0
2.3 14 12 7Q—aLL%¥—BLL¢I%JA~AS DRI NG—68-—35
3X3 51 N 3.0 e 1
via Digmeter ©| ‘Speed Bite O Rat P T Throughput?
6.9 array 7 3XPsample # (,'..,.16?* T v s:'z:2(ur6 <ku:> 0. 75 (:::r (hﬁl’iiéﬁcz
é 0 alo 10 array 34x3 50
) 1 L2 . . 36
array 4 5 9 3xp | 503 > 30 |° R B Rl
2 10 - 0.21
2 50 5 - 4 5 10 9.1
3 100 8 - 4 5 10 | 4.6
15 . . N
4 200 _ 10 - 4 8 10 1.9
20 5 | 300 10 1 - | 4 10 10 1.0
Example 8
25 With reference to Table 8, through-hole vias and

blind vias were produced on three-layered, 305 um epoxy
glass/18 um copper (samples 1, 2, and 8); three-layered, 102
pm epoxy glass/18 um_coppef.(samples 3-5); and three-layered
glass polyimide/18 pum copper (samples 6, 7, and 9) targets.
30 These experiments were performéd with a 25 mm focal length
lens resulting in an effective spot size of 25 um. The
through-holes were trepanned at a uniform power. The blind
vias were produced by processing the organic dielectric and
' the metal layers at.different peak powers. The average
35 output power was about_zzs mW at repetition rates from
1.5-20 kHz. | | |
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array 5 0 SUBSTI TUTE SHEET ( RULE 26) W06/ 02351

PCT/ US95/ 08473 13 Exanple 2 Wth reference to Table 2, blind vias were
producegygdsmhyil sanples of 1.6 mmthick, three-layered cpppgsdsppesy 9l ass
prepeg/ copper targets. These 5 experinments were conducted with a 50 mm ~
|l ens. Sanple 1 had pre-existing vias through one of the copper layers to
test the efficacy of renoving the epoxy glL8ss prepeg nmaterial. The 203
[err] mdiameter vias were produced by spiral cutting to renove the material
in the center of tH8LEIE) TEST RESYLES ON COFRER-CLAP EPQXY) BLAJS O RIEABS RAYEMIRED @wpt PO MIOENNV at a
repetition rate of 2 kHz. TABLE 2: TEST RESULTS ON COPPER/ EPOXY GLASS

PREPEG COPPHR 15 Diopst Rep # Rep # Via
Di ameter Sp i ! ’t" es| & rou@h‘ﬁut | eThgpu r 1M
(it S;s Si'zfs??c'{] Eﬁ,ﬁ) ek m{;;?ﬂw r}s:};??ﬁj\ oh m?I fm E}éﬂ;ﬁ;r Q(holegh e 4 b
2 2.4 3.9 20 2 4 75 | 2 2.4 2
-- 8.4 25 E‘xanﬁl w3 8 - 3.2 2 | w7
10
2 . ; .
51 | 3.2 -~ 1.6 10 12 2.4
15 — — _
3 102 | 7.8 -- 3.1 5 12 4
20 4 51 2 - 2.1 2 12 7.8
5 5 3 - ' 100 ' ‘
) N/A 4 ) pulses 12 15
25 .
6 102 7.6 - 1.5 6 12 3.8
7 51 3.2 -- 1.6 4 12 5.3
30 :
8 102 8 - +5 10 12 2
35 | e 51 .3.'2:' -- +20 1 12 3.7
40 : ' o Example 9
With reference to Table 9, through-hole vias were
produced on five 9 um thick layers/four 50-150 um thick
layers of PTFE targets having a total thickness of about
445 pum. The average output power was about 250 mW.
45
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"Wth reference to Table 3, through-holes 30 - (sanples 1-5) and
blind-vias (6-9) were produced on 178 [err]mthick, three-|ayered

_copper/ | imobeloassyst al pol yner/ copper targets. These exper iPOEUSISOSITE
conducted with a 25 nmlens. The blind vias were cut using concentric
circles with a pitch of 15 [err]m The average power was about 300 nmW 35
at a repetition rate of 2 kHz. SUBSTI TUTE SHEET (RULE 26) WO 96/ 02351
PCT/ US95/ 08473 1 4 TABLE 3:. TEST RESULTS ON COPPER/ LI QUI D CRYSTAL

POLYMER/ COPPER vi a Di anet er  Speed ' TeLBPt e Rat e
Passes Taper Throuahput 5 - Sanpl e ([errlm
(mi's) Si ze [grr, m kHZ) . Rep # (A%Qpe
- v | 8 Rat P Through
(ot eersee) i T oty ] s |y | e 4| mmes
. [ . J \v ) IIOly e L U\ LU LW g =y
4.5 1.5 3 5 4.5 array 3
10x10 76] ! MV 1D - 2.q ¢ [ e hn 24 8
9 103.1 afray 210 4 _10x10 102 ' 9.0
3.0 23 25 pm 13 - _ 7 4 kgz' 2 50 - 8.0
. : pulses
15
3 125 gm 2 - 2 kiiz 10 14 um 0.46
20
Examg' le 10

, With reference to Table 10, through-hole vias and
blind vias were produced on 25 um copper/275 um BT glass

25 ~ fiber laminate targets. The average output power was about
250 mW..
TABLE 10:
30 _ Rep #
. Via Diameter Speed Bite Rate Passes Taper Throughput
Sample #] Cum) _ (mm/s) Size (am) (kiiz) Cum) (holes/sec)
IA DRILLING : :
35 - _ — .
1 50 _ 10 - 2 kiz 4 10 gm 0.8
40 2 100 10 - 2 kiz 4 15 um 0.5
L
45 50 5 - 2 kiiz " - 2.0
100 5 _ 2 kiz 1 _ oz
50 ' S
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array 2 5 10x10 127 12.0 4.0

3 14 6 1.9 array BLIND VIAS 6 3 0 3X3
70 WO 96/02351 3 3.0 1 PCI/US95/08473

0.70 array 7 3X3 a8 - 3 3.0

2 0.52 35 array 3X3 121 3
3.0 1 2 _ 20 0.35 array 9 3X3 141
33.0 1 0.28 array 4 5

SUBSTI TUTE SHEET ( RULE zbs)benem gleivesy from solid-state laser system 10
PCTI US95/ 084731s15t@<am11ewy Wd hilrﬁcetr th@utto bE&H @z4oni;6r eHehsiekgse8E®

produced on t of 53?i:p r]n1th
copper - cl ad, q?éﬁﬁf RHHS H aFg@F?m'fiéEE EOn?E§¥1RESLE¢§kCN
COPPER- CLAD, Mﬁlm@ﬁh@@l‘ﬂh\llﬁmmer laser. This is -

5 significant because depth of cut per pulse saturation can

result when the beam spot area equals the spatial region
defined by the via intended to be cut. The saturation depth
of cut per pulse is reached when an increase in power
density of thé beam pulse striking the target does not

10 produce an appreciable increase of depth of cut into the
target. This is especially true for the excimer laser
because the use of a beam-shape controlling mask dictateé
that the beam spot area equal the spatial area defined by
‘the via to be cut. Applicants believe that the saturation

15 depth phenomenon is caused by ‘development by the first beam
pulse of a debris plume that acts as a filter or mask for
subsequent beam pulses. The mask method forces ablation of
a large area rather than a point, and the debris plume from
the large area becomes a mask that effectively acts as a

20 shield to beam pulses of higher power densities.

Fig. 4 is a depth of cut per pulse versus power
density graph showing qualitatively the comparative
relatiénship of the depth of cut per pulse achievable with
an excimer laser beam and an output beam of laser system 10.

25 Curve 106 characterizes a pulsed excimer laser beam passing
through a beam-shape controlling mask and striking a target.
Curve 106 shows that an excimer beam pulse exceeding a
threshold power density PD;,, produces the depth of cut per
pulse that increases linearly to a value, tg, - that

30 " corresponds to a saturation power density, PD;. Further
increases in excimer beam pulse power density produce no
appreciable increase in depth of cut. Curve 108 |
characterizes output beam 62 of system 10 without the
presence of a beam-shape controlling mask and tracks curve
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10 ' Via D aneter . Speed Bi_t'e Rat e Passes Taper

Throughput Sanple # ([err]n) ' - i(rmms)- -Stze ([err]M (kHz) (am
.(hol es/ seayo 96102351 100 .:; 50 oot 2 5 PCTAB95/08473 1. 5+
2 100 100 2 - 6 18 1.5+ 20 Exanpl e

5 Wth reference to Table 5, through-holes were produced on 254 [err]m
“thick, two-layered glass fi ber-rei nforced cydnate ester (sanples 1-3) and

254 [err] m t hi ck, two- La¥ randpmgl ass powder -rei nforced
cyanate ester $FgEPE be HeEBlﬁﬁpE?Y’ﬁ‘En%n%F DA r$HETLSAANT BPsvm Fo&al

length | ens regnkbireagesninnpalbecpowersfighsit ze€s cdxedding PR Er butputhbeam
aver age power S e
hr ough- hol os Jar SORPABURRoEIE Bindar EEteadd {2 ok PO S e
POVNER) - REI NF@CEDuCYANATIIEaESEFER Répstem#1¥ &s mmbe, Spaxerifore Biok
Rate  Rasses ,-fapghndhaepelRuUbE3a t %ﬂ@é éﬂé‘df%ﬁﬁ to t
(nm's) Si ze fferr NEE ?E ? " per homnés/sec © l%e
ag e beap pulse power5 gngl y 89
3.5 7 -- 31% 3111 bé0Bbvious toSthose having sk:.lZB #h the 7
-SEJBSTI ‘?’U?’E4SHEE¥§( EDAE ygjnous changes may be @ade in fhe detaiis of the °
above-described embodiment of the present invention without
10 departing from the underlyingl principles therecf. The scope
of the present invention should, therefore, be determined

only by the following claims.
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WD 96/ 02351 —B(CT/ US95/ 08473 16 Exanple 6

Wth reference to Table 6, g§1 eSAeseepripduced on 100 [err]mthi ck,
t wo- | ayeqaslogarssty gl ass mnth 8 [erg alp@@per (H - Tg. nul pctusesiosemal
Nor pl ex Cak) (sanple 1) and 5{lL—=58 , two-layered aram d

reinforced epoxy with 9.0 [err]n1copper (sanples 2-3) targets. These
onducted with a 25 nmfo2al length lens resulting in an
TlmmmmluWIEHﬁe of 25 [err]m The through hol es were trepanned. The
aveér age butputs pewer was 270 nWat 10 Claimtition rates of 2.7-4.5 kHz.
TABLE 6: TEST RESULTS 1N GOmkdtfhdd Alor HREEF EréSsssRndRAVMRIEROXYyekelep

15 a el r oughput
Sampl e # ([eér)'a%% aﬂfén;ﬁ; etd 1 t:rtr 1%y<ekr%2§1%§r1(% Bf"]ff?freflﬁol es/ sec)
1 100 chemgical compos1tlons with respgctive1$ixrst aBfd second 3.6

- 5 4.5 %Péical aﬁ%ogééiéh:Eharacteﬁistlcgerspons1%e1to ultraviolét’
2 reference to Table 7,

(e R
t hr ough- hole§- URRIIARLR: 71 [err]mthick FR4/ 18 [err]m copper

(sanples 1, and 3- 5) ek B igh tgowde (leravdydetstiask)y b6R4ph8 [err]m

conper {SaSuPlen AV AR RIS SR0043! ot BB 25 T OO

The t hr ough- hwareslergth tshartere ¢ ham aboute ddde nout putepparrlnwpulseownidtht a

repetjpion raigofed tii¥n BHRRT100 msHERE @RVaetBle output power of
greater than about 100 mW measured over the spatial spot
size; and o o
applying the laser pulses to the target so that
the pulses cleanly remove at least two layers within the
15 spatial spot size.

2. The method of claim 1 in which the layers
comprise any combination of at least two of the following
chemical comp051tlons organic dielectric material,
reinforcement material, or metal or combination of metals.

20 3. The method of claim 2 in which the organic
dielectric material is selected from PTFE, polyimides,
epoxies, BT,:phenolics, cyanate esters, paper, cardboard, or
combinations thereof; the reinforcement material is selected

_ from glass, aramid fibers, Kevlar TM, ceramics, or

25 combinations thereof; and the metal is selected from
aluminum, titanium, nickel, copper, tungsten, platinum,
gold, molybdenum, palladium, silvér, or combinations

thereof.
4. The method of claim 1 in which the wavelength
30 “of the laser output pulses is within a range of about 180-
© 400 nm. |

5. The method of claim 1 in which the target
structure comprises at least three layers having different
chemical compositions and optical absorption

Thls Sheet Has Been Replaced
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* WO 96/ 02351 " PCT/ US95/ 08473 17 TABLE 7:
TEST RESULTS ON COPPER: CLAD FRAHRep——biia—p Seameie; Speed Bite Rate

. Passes ™06/02351 Throughput 5 TH!S@HEE@ HAS' BEEN&r r] r’r) ( PPEITA)SIS/RITE

1([):r rl‘mlgmim“ﬂm“ ‘hol e/sec)HEPLACm | i - .10 o 143

10 4?36 15 4 200 - 10

4 . 10
10 1.0 Exanplé%ggﬁgerlstlcs' an&,;ﬁe gF§F€n8BtPBtTBB}§e§,s?ﬂ?ﬁﬁbha%ﬁYe
vi as and bl i ndremowe wdile threedudagews.t hree- | ayered, 305 [err]m epoxy

gl ass/ 18 [err]m copper (Samgh Sm?etP%d Ed %mti”ﬁﬁ Sﬁegh 1gﬁa£f£i]m

~epoxy gl ass/ 18 [err] m copper a ere
pol yi m de/ 18 [F®AY] BiGspE&r 1@§§n§h§§ GbOFt BAdMB) targets. 30  These

experiments were performed whehmatBodBEf QQth' Enﬂhhwhfaﬁ £ﬁéUbév§9a1n an
i Form pover DU, Hrel SpbIEhRE 55 Salhia . ARuEE AE0R STRRET cEnee 25
di el ectric angm.he netal |ayers at different peak powers. The average 35
output power was about 325 FREANMCtBBA! b BRalifl €SihM O ch the laser
output is generated by a solid-state laser.
10 : - 9. The method of claim 1 in which the target
' ' layers have a combined depth of greater than 25 um.
'10. The method of claim-8 in which the solid-
state laser is selected from the group of Nd:YAG, Nd:YLF,
Nd:YAP, and Nd:YVO,. S
15 11. The method of claim 8 in which the laser
comprises YAG doped with holmium or erbium.
12. The method of claim 1 in which the pulses are
. generated at a repetition rate of greater than about 1 kHz.
-13. The method of claim 1 in which each pulse
20 cleanly removes at least two layers within the spatial spot
size.

14. - The method of claim 1 in which the
depth diameter aspect ratio is greater than 2.
15. A method of increasing the saturation depth
25 of cut per pulse in a target material as a function of
increasing power density of a laser beam pulse striking the
target material to cause a depthwise removal of target
material within a spatial region thereof, comprising:
producing high-power ultraviolet light output
30 " pulses generated by a solid-state laser, the light output
° pulses having a power density per pulse and a spot area that
is smaller than the spatial region of the_tafget material;
and '

//
et Has Been. Reﬁaced
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1.5-20 kHz. SUBSTI TUTE SHEET ( RULE 26) WD 96/ 02351
PCT/ US95/ 08473 1 8 TABLE 8:" TEST:. RESU-w~~,* PPER- CLAD EPOXY GLASS, G.ASS

PC]_Yl M Digyo 6§82350CL Yl M DE R Speed PCT/USY4/68473
Passes T4 Sampl e #

*'ie ([err]h@ (kHz)

é oo T v y

* dlrggtlng thg hlght output pplses sequentiallyy t®
muitiple positiohs associatedwith thel.gbatial regichl to

2'52 remove multiple amgu%ts of target2 material correspﬁ@i@git%

4 phesspot areal@nd withiBiriMak depth of XAt per pulse 7.6
3 2 5 sat&rétlon to a ?é@th correspaéﬁlng to:%ﬁéi%?wer deqéi%yéper
102 pulsegof the light output pulses. .5 10 12
2285 9 16. Thélmethod of claim 153.ih which the target

+

Exanpl e 9 WtﬂaFﬁFé?én?:ﬁ ?% FaPpitd; 1?%?’6@‘@%&?%‘”\}?%? P iReiuced on
five 9 [err] nthhckhebayefsatoleas0-1w0 layerdsnafhimddtdmyadr hiaofinlgTFE t ar get s

havingpa total; EBLekALSSnGhiBRPUbompositions with respective different
absorption characteristics in response to ultraviolet light.
17. The method of claim 15 in which the spatial
region has a periphery and the multiple positions to which
. the light output pulses are directed define a contiguous set
15 of spot areas along_the periphery of the spatial region to.
remove the target material within the spatial region and
thereby produce a hole through the target material.
18. The method of claim 15 in which the spatial
region has a periphery and a central portion and in which
20 the multiple positions to which the iight output pulses are
" directed define a contiguous set of spot areas extending
outwardly from the central'portion along a path to the
periphery of the spatial region to remove the target
material from the spatial region and thereby produce a blind
‘25 via in the target material.
19. The method of claim 18 in which the path is
generally of spiral shape.
20.: The method of claim 16 in which the layers
comprise any combination of at least two of the following
30 ‘'chemical compositions: organic dielectric material,
- reinforcement material, or metal or combination of metals.
21. The method of claim 20 in which the organic
dielectric material is selected from PTFE, polyimides,
epoxies, BT, phenolics, cyanate esters, paper, cardboard, or

This Sheet
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“445 [err]m The average out put eF—wes=—ahaqut 0_mN 45 SUBSTI TUTE SHEET
(RULE 26) WD 96/ 02351

, PCT/ US95/M@49a®2330 TABLE 9: Rep \/ PCT/USR}/§8473

"Rate Passes Taper ThT OUgHPT _ Sanpl e #

([err]m (M s) Size ( arhﬁ (km)

([err]m (hol es/sec) 1 - 50[err m -

f"_ kHz comalﬁﬁ%lo;ié Lﬁégg% the rglr%forcemerét dgaste[L:? raf]l 31.5 select:edl25
[err]m from glass, aramid fibers, Kevlar DMk+Qeram1cs <) 14
[err]m Qoﬂlﬁlﬁaglgﬁér@hérégfwéﬁdr@ﬁ@rtﬁé‘l‘}fltPs Tadl otld f4lppugh-hol e

vias and blind_vias were gro uced n 25 [err @Eer/275 [err] m BT gl ass
25 ad PR UM of i ?ElPErgE%E e Th%°%$%ﬁ ‘ iR about

250 nVﬁSTABLEngd 3folybdenum, palladium, silver, or combinations

Rep o%meter Speed Bite Rat e
Passes aﬁgF Thr oughput Sanple # ([err]lm (m s)
Size ([err]m (kHzR2. The method of ciaemr}djin whighdihs/sght VI A

DRlLLLNG 35 output pulses have a predetermined wavelength shorter than

about 400 nm, a temporal pulse width shorter than about 100
10 ns, an average output power of greater than about 100 mW
measured over the spot area, and a repetition rate of
greater than about 1 kHz.
23. The method of claim 15 in which the spat1a1
spot area is less than about 50 um in diameter.
15 24. The method of claim 15 in which the
depth:diameter aspect ratio is greater than 2.

/ :
“‘,,‘\“l“\‘\l“‘,\.\“‘\!“\“\

[
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50 10 L . 2 kHz 4

1

O [err]m 0.840 2 100 10

2 kHz WO 96/02351 15[ err]lm - 0.5 45 PCT/US95/08473 50
5 2 kHz--+ " - I : 2.0 100
5 2 kHz 1{21 0.750
SUBSTI TUTE SHEET ( RULE 26) "WD 96/ 0235

PCT/ US95/ 08473 20 A benefit derived fromsolid-state | aser system 10 is the
ability to direct output beam 62 onto the surface of target 40 wi thout the
use of a beam shape controlling mask, such as that used with an exciner

| aser. This is 5 significant because depth of cut per pulse saturation
can result when the beam spot area equalg thesspatial region defined by the
via intended to be cut. The saturatien d@ﬁt.l’l/of cut per pulse is reached
when an increase in power density of/ te~hegm pul se striking the target
does not 10 produce an appreci abl g i ng~&ase of depth of cut into the
target. This is especially true fof tw& -ng‘! e/ | aser because the use of a
beam shape control ling mask dictat/es that ftte/beam spot area equal the
spatial area defined by the via tb ke Ap’pl icants believe that the
saturation 15 dept h phenonengn i .\,4 ed/ by devel opnent by the first
beam pul se of a debris plune thgt acts 75 a/filter or mask for subsequent
beam pul ses. The nask nethod foftces aBN&di gh of '

~ /& /
‘ // //
\ 2

FIG. 1



“a large area rather than a point, and the debris plune fromthe large area
becones a nask that effectively acts as a 20 shield to beam pul ses of
JNigher pwepsessisities. Fig. 4 is a depth of cut per pul sBCVESEMS4T30ner
density graph showi ng qualitatively the2fonparative relationship of the
depth of cut per pul se achievable with an exciner | aser beam and an out put
beam of | aser system 10. 25 Curve 106 characterizes a pul sed exci ner
| aser beam passing through a beam shape controlling mask and striking a
target. Curve 106 shows that an excimer beam pul se exceeding a threshold
power density PDerr], produces the depth of cut per pulse that increases
linearly to a value, t[err}, that 30 corresponds to a saturation power
density, PD[err]. Further increases in excinmer beam pul se power density

produce no apprgﬂ'él i ncrease in depth of cut. Curve 108 characterizes
out put beam 62 st€m 10 _wit-hos he presenee—ef—a _peam shape

control ing nask apd k€ SUBSTI TUTE S (Rlzht
PCT/ US95/ 08473 2¥ 108 Shem pﬁﬂsemwer Sities exce
For increases i wer dengitieg e eding Py efr], o

WO 96/ 02351
g PDjerr].

m 62
continues the I| . T TS ration.
System 10 is cajgahh SOESTINS N D IN > Ner
pul se comensur . KX S ' W s S /S

| N RO Y - h |

78 g5 68

FIG. 3A g6 40 FIG. 3B

88 40

FIG. 4 // SOLID-STATE
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avai | abl e beam pul se power density. It will be obvious to those having

skill in the art that various changes nmay be made in the details of. the \\__S)

above-descri bed enbodi nent of the present invention without 10
departing fromthe underlying principles thereof. The .scope of t he. pnesent
i nvention should, therefore, be deternm ned only by the follow ng clains.
SUBSTI TUTE SHEET ( RULE 26) 22 Clains 1. A nmethod for |aser processing a
multi- layered-target with high power ultraviolet |aser output pulses
havi ng a wavel ength shorter than about 400 ngmand 5 tenporal pulse width
shorter than about 100 ns, the target including at |east two |ayers having
di fferent chenleabhdngpoistwemy expenkiivet aadd teec sidwoibi paocassoMIMson

charact er sti cSLASRANS! Kepka WIELEVEALE cbBBhenfapri s no: 10

‘generating froma non-excimer Ptravi ol et | aser 6utput
pul ses having a predet er tMagh ypaklhassbéﬁnsdz&esﬁedaﬁoaﬁﬁﬁagevedppungpomer

of greater t han1§Q@%tbl\9@dma&@§-eﬁ.aea§n%§r ' tbBfinipgiblal o pRbotistetnand

applying the laser pulses_to the targ he pulses cleanly
remove at’ IeasttVRGSISfeﬁéeﬁFFHPﬁctﬁét§6&F9§I spoWeyere. laser types,

operating costs, and laser- and target material-specific
operating parameters such as beam wavelength, power, and
spot size vary widely.

Conventional Excimer lasers, for example, may

10 generate laser output wavelengths from about 200 to 350
nm, but create poor quality multi-mode beam structures
that simple lens elements cannot bring to a tight focus
and, consequently, must be tailored by complex and
expensive beamQShape controlling masks or apertures.

15 Thus, an excimer laser beam cannot practically be of a
high powef density comparable to that achievable by the
invention. These lasers are also generally limited to
repetition rates of less than 200 Hz and are, therefore,
too slow for deployment as a production tool for a variety

20 of desirable applications. One such laser system is
employed by Davis'et al.,”"Dopant-Induced Excimer Laser
Ablation of Poly(tetrafluoroethylene),” Applied Physics B:
Photo-Physics and Laser Chemistry, B54(1992)March, No. 3,
to process PTFE and film layers with 25 ns duration, 308

25 nm wavelength output pulses having a range of fluence of 1
to 12 J/cm?.

In addition, the high cost of excimer systems
" and their gases prevents their easy deployment and puts

them beyond the reach of many small and mid-sized

30 manufacturers. The halogen gases used in excimer laser
processing chemically react with the components of the
resonator and thereby cause degradation and frequent
replacement. Moreover, halogen gases are materials that
are hazardous, toxic, and damaging to the environment.

PDX4-31781.1  26860-0033 6-13-1996 {11:25 am} -~ DRAFT
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2. The nethod of claim1 in which the |ayers conprise any conbination of at
| east two of the follow ng chem cal conpositions: organic dielectric --
raterial, 20 rei nforcement material, or netal or conbination of netals.

3. The nethod of claim2 in which the organic dielectric material is ".."

sel ected from PTFE, polyim des, epoxies, BT, phenolics, cyanate esters,
paper, cardboard, or conbinations thereof; the reinforcenment material is 25
selected fromglass, aramd fibers, Kevlar[err], ceram cs, or conbinations
thereof; and the netal is selected fromal umdamum titanium nickel, copper
tungsten, platinum gold, nolybdenu pal | adium silver, or conbinations

t hereof . 30 , 4ConyRBtAENAGICEE kASaTA.1 9h the ather handl engt h
of the |aser Quﬁ?ﬁicamh§e§ehér&téhllasérréﬁﬁﬁuefwébéﬂlén 88488 ABbub- The
nmet hod of claim

or cl whi ch the tarﬁgt struc ﬁ conprlses at
| east three |ay&Ps® H#Mp3CRedEABIqFPPES ShESENE EaPrEOHﬁBS 2¥8RsEOlnd t he
Iiaser out pu\tNh DUﬁsﬁﬁeﬁeﬁdﬁall§| Ggsieabie aula phbeesbangrs Ab. c$ﬁpaf‘§&hﬂﬁitﬂf
claim1 in iC e.S a ot sjzZe .l S t about err] macross
its surfdce 5 5ﬁgf‘§$& iagfﬁ]ésrre{:é’oﬁn?f & Irmr}%n Jﬁ's\ﬁﬁ cﬁjat‘}ﬁe sever al

cons1derably longer pulse widths and much wider variance

AMENDED SHEET
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pul ses are enployed to renove a target area greater than 25 [err]min
diameter. 8. The nmethod of claim1 or claim5 in which 10 the |aser-.
output is lid-state laser. 9. The nethod of claiml;in

whi ch t he ”ﬂmﬂmflmmlmme a conbined depth of greater than 25 [err]Jh

10. The met*hod ot claim 8 in which the solid- state |laser is selected from
the group of -Nd: YAG Nd: YLF, 15 " Nd: YAP, and Nd: YV(Jerr]. 11. The nethod
of claim8 in which the |aser conprises YAG2doped with hol mi um or erbium
12. The nmethod of claim 1 in which the pul ses are generated at a repetition
rate of greater than about 1 20 kHz. 13Clatasnethod of claim 1 in which a
single pulse cleanly remoyes ABh&rhdh F&PM AbeteBRbcb¥RihgYS Ruibin the
spatial spot size. 14. The nethod of claim1 in Wwhich the 25

dept h: di anet er ba3yeeed,bardet swifettghipawey. ultravhalekt hagessourawt 1,

claim5, or clapilSes UhdPehg COMPAVELEMgER €ghoRgeR Yhanha¥bd® £00 nm and
dept h: di anet er aspect t.han 2. aiml5 in

ati reater 6. The d of ¢
Which the Bi s dostbotah Bifad TASh $05T5EE (Rancabortct A nnds FhEvFREseEhe
via is a througinébhé@ing8at Theastettwd biyeraihating dbfférehe thegital
conprises a Clrggﬁﬁogféigns with first and second optical absorption

characteristics responsive to ultraviolet light,

comprising:

10 generating from a non-excimer laser high power
ultraviolet laser output pulses having a predetermined
spatial spot size and an average output power of greater
than about 100 mW measured over the spatial spot size; and

applying the laser pulses to the target so that

15 the pulses cleéanly remove at least two layers within the
spatial spot size.

2. The method of claim 1 in which the layers
comprise any combination of at least two of the following
chemical compositions: organic dielectric material,

20 reinforcement material, or metal or combination of metals.

3. The method of claim 2 in which the organic
dielectric material is selected from PTFE, polyimides,
epoxies, BT, phenolics, cyanate esters, paper, cardboard,
or combinations thereof; the reinforcement material is

25 selected from glass, aramid fibers, Kevlar™, ceramics, or
combinations thereof; and the metal is selected from
aluminum, titanium, nickel, copper, tungsten, platinum,

~ gold, molybdenum, palladium, silver, or combinations
_ thereof.

30 4. The method of claim 1 in which the
wavelength of the laser output pulses is within a range of
about 180-400 nm.

S. The method of claim 1 or claim 3 in which
the target structure comprises at least three layers

PDX4-31760.1  26860-0033



PDX4-31760.1 26860- 0033 AMENDED SHEET 24 19. The method of claim3 in
whi ch t he—two—tayers—conprise an organic dielectric material |ayer and a

émetal_layer. of claiml1, claim5, claim8, :or 5 claim 15
I n which pdﬁg B&I EMHEE Lze defines a spot area that is.smaller than and
lies within [ i of the target, the nethod further conprising:
directing the laser output pulses sequentially to multiple positions
associated with the spatial region 10 to remsove nultiple amounts of target

nateria: corLespohding to the spot areas to renove all of the target
material within the spatial regign. 21.. The nethod of claim.20 Jn which the
spatial region hfEing ﬁ&#%ﬁrﬁgaﬁ'&?‘?’ﬁé&]mﬁqq‘ﬁﬂ’%l ST 4 o%ét%h%jr%%eHS t he
I?ser ;)lﬁlt put p%}m@;@;ﬁ%@@@dﬂiim}a remtveull shteof lapsts areas

al ong e .periphery of t spatlial_..eqion:t S]YOY € '
within the spatial regi ongan%%e'?eetb%g%réc:fdu(g]é&é holleﬁpﬁ?io%%a%%e@é%%%%
material. 20 spot size i@2ZesghHthamtdioelni5E|wnneoess Wi cPurfrRCspati al

regi on has_a pqii $%¥rand a central portion and in which the multiple

posi tions 10 Whic € laser output pul ses
o 7. The method of claim 1 in which the several

pulses'are employed to remove a target area greater than
25 um in diameter. '
8. The method of claim 1 or claim 5 in which
10 the laser output is generated by a solid-state laser.
9. The method of claim 1 in which the target
layers have a combined depth of greater than 25 pum.
10. The method of claim 8 in which the solid-
state laser is selected from the group of Nd:YAG, Nd:YLF,
15 Nd:YAP, and Nd:YVO,.
11. The method of claim 8 in which the laser
comprises YAG doped with holmium or erbium.
12. The method of claim 1 in which the pulses
are generated at a repetition rate of greater than about 1
20 kHz. .

_ 13. The method of claim 1 in which a single
pulse cleanly removes material from at least two layers -
within the spatial spot size.

14. The method of claim 1 in which the
25 depth:diameter aspect ratio is greater than 2.
15. The method of claim 1, claim 5, or claim 8
further comprising creating a via having a depth:diameter
" aspect ratio greater than 2.
16. The method of claim 15 in which the via
30 is a blind via.
17. The method of claim 15 in which the via is
a through hole.
18. The method of claim 1 in which the target
comprises a circuit board.

PDX4-31760.1  26860-0033
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are directed define a conti s set of spot areas extending outwardly from
t he centrar—pU‘TTﬁﬁ‘§T556~5ggg?h 25 to the periphery of the spatial..
fegion to re lmt“““ terial fromthe spatial region and therehy
produce a m:¥“l {\ | get material. 23. The nethod. of :claim2a'in .
whi ch the path~ist genefal Fy of spiral shape. 30 : 24. A net hod
of depthw se renoval of target material within a spatial region of a target

to forma via within the target, a depth of 24arget material renpved being a
function of power density of a |aser output striking the target materi al

and the |aser output 35 ncI I n se | se having,a sp spze such
t hat 25 whenever the sp ¥g§ gggﬁ?ga?t giﬂéﬂ rlﬁqﬂchﬁogﬁﬁekgﬁatial
region, the Iasmayeubpubmpxhsblan argahiicatliebhepbwic ueheriglalaybichndna
i ncrease in the gﬁmgrl n§|ty of a | aser pul se does not appreciably

f

i ncrease the deB material renoved by the |aser pulse, thereby
limting renoval of targe20iatEheametbod ofit alaimoh, depahmpBs Fiasém Bul ok,

an i nprovepent ak .d p I I o] S odu
o o booer BT  SIRAfTRY L n R B Che  BRELRY, 8B0F OBBEL"NBGInRLORGHEE

| aser, the I|gh@rgatEb@tpaﬁséﬁaﬁgﬁrnﬁhﬁﬁ sutplieforeEhdBnai ERaperlphrgion
greater of the target, the method further comprising:

directing the laser output pulses sequentially -
to multiple positions associated with the spatial region

10 to remove multiple amounts of target material
corresponding to the spot areas to remove all of the
target material within the spatial region.

21. The method of claim 20 in which the spatial
region has a periphery and the multiple positions to which

15 the laser output pulses are directed define a contiguous
set of spot areas along the periphery of the spatial
region to remove the target material within the spatial
region and thereby produce a hole through the target
material.

20 - 22. The method of claim 20 in which the spatial
region has a periphery and a central portion and in which
the multiple positions to which the laser output pulses
are directed define a contiguous set of spot areas
extending outwardly from the central portion along a path

25 to the periphery of the spatial region to remove the
target material from the spatial region and thereby
produce a blind via in the target material.

23. The method of c¢laim 22 in which the path is
generally of spiral shape.

30 24. A method of depthwise removal of target
material within a spatial region of a target to form a via
within the target, a depth of target material removed
being a function of power density of a laser output
striking the target material and the laser output

35 including a laser pulse having a spot size such that
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% han the saturation power density and a spot area that is smaller than the
spatial r » and directing the Iight output pulses,  --

vsequentially 15 e positions associated with -the spatial:region
of the tar gﬁu\u ‘\“ﬂ‘ﬁﬂ“@%l pl e anounts of target material correspondl ng
to the spot | depth corresponding to the output power
density per pulse of 't he | i ght out put pul ses, the renoval depth being

greater than 20 the saturation depth. 25. 25he method of claim 24 in which
the target material is of a nulti-layer type having a conbi ned thickness of

at least two | iRy raieergat A LIl HRINAAlLRIPEY s W LR

respective different 25 orp Ion characteristics I n response to
ul traviol et |idRatizg TrRE.qRet K¢ JRSEmianteEny kit e saramafiianegi on

has a peripher powd tdengityt idH §HIRH EHPIhdreadd Gh tdie Iddr @étrpsittwl&se?

‘are directed define a contiguous 30 set of .spot, areas al gn
periphery of tHRe G585 AY rlrség stélqtemeccr?@q P ECHRASS tgﬁ g\ﬂt ith afhe

spatial regi on wat@ir mwemww&ma&dmmmtmmtlumlﬁmgal 217.
The met hod of %lc??rllor‘}@?ol \g,%quﬁ-,q'-th Srplfé %I 35 sat 2314 Ql%pt% %erl her

and a central

pulse, an improvement in removal depth per laser pulse
comprising:

producing high-power ultraviolet light output

10 pulses generated by a solid-state laser, the light output
pulses having an output power density per pulse greater
than the saturation power density and a spot area that is
smaller than the Spatial region of the target; and

directing the light output pulses sequentially

15 to multiple positions associated with the spatial region
of the target to remove multiple amounts of target
material corresponding to the spot area to a removal depth
corresponding to the output power density per pulse of the
light output pulses, the removal depth being greater than

20 the saturation depth.

25. The method of claim 24 in which the target
material is of a multi-layer type having a combined
thickness of at least two layers of material having
different chemical compositions with respective different

25 absorption characteristics in response to ultraviolet
light.

26. The method of claim 24 in which the spatial

- region has a periphery and the multiple positions to which
the light output pulses are directed define a contiguous

30 set of spot areas along the periphery of the spatial
region to remove the target material within the spatial
region and thereby produce a hole through the target
material.

27. The method of claim 24 in which the spatial

35 region has a periphery and a central portion and in which
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Yt he mul tmwifﬂ%&hi ch the Iight output pulses are directed define
a contiguous set of spot eas extending outwardly fromthe central portion
val ong a pﬁ'ﬂmmm ery of the spatial region to renove the 15 target
mat eri al u)ml region and thereby produce a blind via in the
target matérial.t2® $he«nethod of claim27 in which the path is generally
of spiral shape. 29. The nethod of claim25 in which the |ayers 10

conpri se any comnbination of at |east two of®the followi ng chenical
conpositions: organic dielectric material, reinforcenent material, or netal

or conbinationyd fHEi@Sie %SJ%ﬂ@tw%ﬂcﬁ'@l@ 2?915@ Mﬁ@ttﬁ@lgééla“' c

dielectric material 1s sel ected from PTFE, polyi m des, epoxi es, BT,
phenol i cs, cyaHeR Aigeetad dabite 2 SMokFEPusrsebndf n%??%n%r?%reof t he

reinforcement dpd&idlg I@@:ﬁ&ﬁ&wdﬁd@mw& asSnt A RS fiHer $lokeVd aﬁlsé@!ir] :
ceranmi cs, or conhi natlons thereéntand t tal is sel ected fr ma um num

titanium ni cKe? CRSIFFIPRIMGSR he'pl%‘-il ZRALODFY, TP YD
pal | adi ung si Itweu'gemrmmmiaﬂatfmrs e regmd t 1 801 ré’@jaomeaﬂn@dt]mérebpl m 24 in

whi ch the | ig%@éﬁ&é’t f’f& \;@a\/ %%%S?gefé %iength shorter than

about 400 nm errporal Se W dt an a 100 ns, an
average output power of %&eat%he tmﬁiirh@cb@lﬁ qmmﬁemwleucbv@ﬁet?@tls@s

2|r S?m gzdlﬁ \r/\h%éf Ie)p%;)ﬁ f‘s;_?.ﬂcragi e@{ﬁ;ethan about 1 kHz. 32. The net hod of
. The method of claim 25 in which the layers

10 comprise any combination of at least two of the following
chemical compositions: organic dielectric material,
reinforcement material, or metal or combination of metals.

30. The method of claim 29 in which the organic
dielectric material is selected from PTFE, polyimides,

15 epoxies, BT, phenolics, cyanate esters, paper, cardboard,
or combinations thereof; the reinforcement material is
selected from glass, aramid fibers, Kevlar™, ceramics, or
combinations thereof; and the metal is selected from
aluminum, titanium, nickel, copper, tungsten, platinum,

20 . gold, molybdenum, palladium, silver, or combinations
thereof.

31. The method of claim 24 in which the light
output pulses have a predetermined wavelength shorter than
about 400 nm, a temporal pulse width shorter than about

25 100 ns, an average output power of greater than about 100
mW measured over the spot area, and a repetition rate of
greater than about 1 kHz.

32. The method of claim 24 in which the spatial

- spot area is less than about 50 um in diameter.

30 33. The method of claim 24 in which the
depth:diameter aspect ratio is greater than 2. .

34. The method of claim 30 in which the target
comprises a circuit board.
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%pot area’is |less than—abeut—50 [err]min dianmeter. 30 : 33.

_The nethod ' A ich the depth:diameter aspect ratio is. greater
“than 2. 34.U 'ﬂ HEMM laim 30 in which the target conprises a circuit
board. 27+ n of claim1 or claim5 further conprising: ,*

formng a via having a dianeter greater than that of-the spatial spot size
and snmal |l er than about 5 300 [err]m the via also having a depth of
greater than 25 [err]mand the | aser output gwmul ses being generated at a
repetition rate of greater than about 1 kHz. 36. The nethod of claim 24
further conprising: forning avia havina a_dianeter greater than 10 that
of the spatial spot size dRd sHBFI BEtRARENCALELRLIB08 P&r Flmim RefWFEhakso
having a depth ebmgkestifag:than 25 [err]mand the |aser output pul ses being
generated at a repetition_rate of greater than_a e met hod
52 VBB .

hout 1 KHz. 3g.. Ih
of claim1 in which the | 5§&Ps09 $B9afy A BIGTRAL F5R35PTaFNRBast

two of the foll bthahgoEhehecapatbapospbtoaizei andganadleei hhencebent
oo Bronw 8, PR 8 Q158" AP " REoB98Y Gdatlhictib, mter!
25 pum and the laser output pulses being generated at a
repetition rate of greater than about 1 kHz.
36. The method of claim 24 further comprising:
forming a via having a diameter greater than
10 that of the spatial spot size and smaller than about
300 um, the via also having a depth of greater than
25 um and the laser output pulses being generated at a
repetition rate of greater than about 1 kHz.
37.. The method of claim 1 in which the léyers
15 comprise any combination of at least two of the following
chemical compositions: inorganic reinforcement material,
or metal or combination of metals, or organic dielectric
material with or without organic reinforcement material.

20
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(54) Title: ULTRAVIOLET LASER SYSTEM AND METHOD FOR FORMING VIAS IN MULTI-LAYERED TARGETS

(57) Abstract

The output of a continuously pumped, Q-switched, Nd:YAG laser (10) is frequency converted to provide ultraviolet light (62) for
forming vias (72, 74) in multi-layered targets (40). The parameters of the output pulses (62) are selected to facilitate substantially clean,
simultaneous or sequential drilling or via formation in a wide variety of materials such as metals, organic dielectrics, and reinforcement
materials having different thermal absorption characteristics in response to ultraviolet light. These parameters typically include at least two
of the following criteria: high average power of greater than about 100 milliwatts measured over the beam spot area, a temporal pulse
width shorter than about 100 nanoseconds, a spot diameter of less than about 50 microns, and a repetition rate of greater than about one
kilohertz, The laser system (10) and method circumvent conventional depth of cut saturation limitations and can achieve an increased depth
of cut per pulse in a target (40) formed of either single- or multi-layered material.




