»"dee3eJJIGB$" 6TI7<%199904770 Foreign Version Description Mthod and device
for the laser drilling of lamnates 5 It is known from EPJmmmmm’lmﬂmmt o]
produce blind bores in a |am nate conprising the | ayer se i

‘met al di el ect ¢ | with the ajd aof a iyer | aser. The togsejital | ayer
of the |lam ﬁ\é%gogggﬁn this case%lt?gg&géls%ae%gr orated mask, the pattern of

perforations in which 10 is transferred photographically a i d by
subsequent etching. The dielectric which is uncovered in tH ”“lmwumm t he
hol e of thiBesaskptsonhen renoved by the action of the exciner |aser until
the bottom netal |ayer is reached and the process of renoving T9%%8t eri al

is termnated. The known nethod is used in particular to produce the
required t hMethhdcandadeviseedorntige 1066 SriBling Bér d&™HAEEF t he
fabrication of nultilayer circuit boards. 20 Gernan journal

" Fei nwer kt echni k & Messtechnik 91 (1983) 2, pp. 56-58 has. di sc] osed a

sim | ar et Redipoknoweg iR c%%?%ﬁéoﬁiruﬁ@fll &PeP1q ‘t‘iﬁtabjob%‘idéoFﬁsm ch
the blind boresaWhihi e Usingisi diri@uaihecontgetrs aequpnoducedtaith t he
aid of a Jdaser..In this case tgo, 25.the top copper foil_ IS d as a
per f or at eﬁﬁ?i?cfzﬁlﬁﬁp@ﬁaﬁh&lﬁ’pp@?é i 3144 8ﬁe8nav\e/§{ycnlvx\%eel? egée%e% he&‘ﬁgser beam
is to producepambehbé. 1Byes BF7 the AGMnimesalish ial ridaty dasel vsed dsvices

for 30 the Lager LLLign | a1y ' i $4&81ch@Seh) whakhng a
wavel engt h Fn%f%ﬁgg%ékﬁg &ra%'f]n%’ag:rgé;%aetn%t_ée {@Gg&en%ftg 10%4 nm ‘INS used to
drill tHe nésal trapeferapd arbetegyaprhieplliaviRg aifaveredyesdi nP¥he range

from approx%ﬂgé% chP64 R iy 10760 dvB1ddcrsedwhecHr idd Bhcbherdiel ectric
| ayers. US-A-5 593 606 has di'scl osgﬁﬁapgﬂ qQd for .the 199904770 Eoreign
atles

Version - 1&0 [t&ere®iion %y b i A Sk 235 PR HFPRYER, the
wavel engt hspgf whi ChcanenbebPWLAR0 axebner t Neseul senwi Ut fkheof buhtoh ar e

bel ow 100 ns, .is used to drill the tal, | avers rd | .dielectric
| ayers. 5 TW@F@iorg?yerlﬁgﬁofthﬁFaﬁ \feal)r{%i r%:ao ﬁsoo%_f!t hlée}élgﬁ |g i on that
an excimer maseribd nod tseuinedtesl. afbeorkymvirt metdodal iar ats@d | Bvd using

the same m’bﬁ%@&cular to produce the required through-contact
holes in the form of blind bores during the fabrication

of multilayer circuit boards.

20 German journal “Feinwerktechnik & Messtechnik 91 (1983)
2, pp. 56-58 has disclosed a similar method for the
fabrication of multilayer circuit boards in which the
blind bores which are used as through-contacts are
produced with the aid of a CO; laser. In this case too,

25 the top copper foil is used as a perforated mask, in
which the copper is etched away wherever the laser beam

is to produce a hole.

DE-A-197 19 700 has also already disclosed devices for
30 the laser drilling of laminates in which a first laser,
having a wavelength in the range from approximately 266
nm to 1064 nm, is used to drill the metal layers and a
second laser, having a wavelength in the range from
approximately 1064 nm to 10 600 nm, is used to drill

35 the dielectric layers.

Us-a-5 593 606 has disclosed a method for the



5 DE- A-198 24 225 has disclosed a further nethod for the laser drilling of

| am nates, in which, by way of exanple, an SHG (second harnoni c generation)
_¥AG | aser with a wavel ength of 532 nmor a THG (third harnonic generation)

AG | aser w | engt h of : used to drill the neta

| ayers and #gggﬁﬁwﬁwfhe dielect‘r?]?%r azgfgéég%gﬁan fundanental |y be stated
that, when Wlasers, i . a . lasers w4 wavel engths of below 400 nm are
used 15 for _.the laser drilling of, organic materials, photocheni cal

deconposi t i 6RSEF ﬁﬁ%%%ﬁﬂ%ﬂQfEiﬁmﬁQ%ﬂ%ﬁth&é@hb¢%cé.S?ﬁ@ﬂéfHVe}aﬁﬁéne is no
bur gi Ing and,th@nmez@qm wmtgtglfsftormlmﬁ_dm%r@%éﬁgmalyod)omntaﬁarrehel ag;slet here is
no del am natj.qn en used .for m nat e contrast en asers
are used fo?’“%‘rrf S &er ‘?I}I?]ﬁ%a]B?T‘BY’ngPc%ﬁﬂt erd a‘F%"?gtﬁ%\rAﬂEFl eEBRposi ti on
of the orgametaint deivalrs deesl ocour ,dfikl bthai ndishgcoedcar aagetrBere is a
ri sk of gelgg%ggkbgg in the case of |am nates. However, conpared to W

Co

| asers, 2 |'asers can achi eve considerably shorter processing tines
when drilling organic materials. The invention which is described in clains
1 and 13 is based on the problemof allow ng rapid production of 30 blind
bores or through-holes during the laser drilling of |am nates which have at

| east one netal l|layer and at | east one dielectric |ayer conprising an
organic material wi thout the | am nates being danaged. 35 The invention is
based on the discovery that frequencydoubled Nd vanadate | asers with a
wavel ength of 532 nmat short pulse widths of |ess than 40 ns can be used
to effectively process both the netal |ayers 199904770 Foreign Version -
2a and the dielectric layers. 199904770 Foreign Version 3 In this

case, pulse frequencies of > 30 kHz are selected for the laser drilling of
the netal layers, while pulse frequencies of > 20 kHz are selected for the
| aser drilling of the dielectric |ayers. The 5 selection of relatively high

pul se frequencies for the processing of the organic materials results in
particularly effective |aser processing of both types of material. The

| aser processing of the organic materials results in a conbination of

phot ochem cal and 10 thernal deconposition which, conpared to WI asers,
al l ows shorter processing tinmes to be achi eved and, conpared to C02 | asers,
avoi ds excessively high thermal |oads. 15 The frequency-doubled Nd vanadate
| aser which is selected according to the invention for the drilling of

| am nates all ows very high pul se frequencies, which my even be over 100
kHz, at | ow pulse widths of |ess than 40 ns. The high pul se frequencies
allow rapid and



20 effective processing of the | am nates, while the | ow pul se wi dths ensure
that the thermal load is very low. This conbination of high pul se
frequencies and short pulse widths cannot be achieved with other |asers

whi ch operate mjthzﬁinilar or identi,cal vel engt hs. For 25 exanple, in the
case of thel®BROYA| aser whichFi¥ STOMTDE- A- 198 24 225, at

relatively high pulse frequencies it i 9 at best possible to achieve pul se
wi dths of 70 to 80 ns. 30 Advantageous configurations of the nethod
accordi ng tent hehd n¥entiiehioni |thepreage éxoimer ailese? tbs 12otThesed,

configuration described in claim?2, .through the use of .pul i of |ess
t han 30 ns,mﬁF?img' T Al ™ eF&ﬁE h rT%#éﬁa Ségghﬁﬁﬁ%n %@ér
drilling toutelasduced still further. 199904770 Foreign Version - 3a
When using a focused | aser beamw th a spot dianeter of between 10 ~, m and
100 ~, min accordance with claim3, ' the |aser processing_of netal and
organi c et BEFA+1P8 &@ff &5 \has WbacLerag §p(fﬂ1r&§’ﬁ¥etn@t§1°d YEanotha770

Forei gn Vergiga,- éri@ﬁ.iﬁ?t ween 2Q0minHAca8d 50n~, WhiBhacceydangg Wekh claim
4 the | aser nacﬁlnlng of The two materials can be made Sven nore effective.

5 On accountXgfPife RPgHEC abSBFPRT oRETORRE |98I&T i YAF he28PGani ¢
material, thecponrf iGawaléegrleser ider hin oJraian FHel | ksl tdehprmonssi ng rate

to be increased consider y. The additives_ shoul d .hay ignificantly
hi gher absogﬁFﬁﬁéglPBS W%g%rl%%%ﬁsw gbhéh‘ﬂﬁv% %9%&% 8? %ﬁﬁ%%ﬁnnﬁ?Phan t he
pure origani pemaissd alco Tdrei T Bf itheremetdéscraymds | andl aion @lllowshe

particul arl y. si .an om c increase in the absorptance of the organic
mat eri al toﬁﬁghggh?égegé§%%gThe configuration described in claim?7, on

account of the choice of red additives, allows the absorptance to be

optinized, sincedhe,gdngRBnkhdhl, e Wavgkengtths32 WHEhS BPSQLBeds,
particularly well by the conplenentary 20 color red. The refinenment

descri bed i A&l ail@SBISr &V b VoYl eRGERS dRT x PRGOYF 400 <258 H88Fti ve, a
quanti ted | veorangenhwhi chabas pravenlpagt i cokar| yrgantessfmhtetrinhereasi ng

photochemical decomposition of the organic materials
takes place. Therefore, there is no burning and, on
account of the at most extremely low thermal 1load,
there is no delamination when used for laminates. By
20 contrast, when CO; lasers are used for the laser
drilling of organic materials, thermal decomposition of
the organic materials does occur, 1.e. burning may
occur and there is a risk of delamination in the case
of laminates. However, compared to UV lasers, CO;
25 lasers can achieve considerably shorter processing

times when drilling organic materials.

The invention which is described in claims 1 and 13 is
based on the problem of allowing rapid production of
30 blind bores or through-holes during the laser drilling
of laminatés which have at least one metal layer and at
least one dielectric layer comprising an organic

material without the laminates being damaged.

35 The invention is based on the discovery that frequency-
doubled Nd vanadate lasers with a wavelength of 532 nm
at short pulse widths of less than 40 ns can be used to
effectively process both the metal layers



25 the absorptance wthout inpairing the other properties. The narrower
quantitative range given in claim9 is to be regarded as optinal. If the
absorptance of the organic naterial is increased 30 to at | east 50~ by the
‘admi xi ng of ﬁggéé%iﬁs in accordance.with claim?10, the processing rate in
the organicl {4P has al r eady BEHF ASFELSTEY considerably. If the
absorptance is increased to at |least_60~, _in accordance with claim1l, or
to at least 35 80~, in accordance with Claim 12, the processing tinmes for
the | aser drahdli njeofiiehectrganilaymuseri al can be reduced further to a
correspondi ng degree. 199904770 Foreign Version - 5 5 10 15 The v
follow ng types of |aser were used in the exanpl es described bel ow Laser

| . Di ode-punped, frequency-doubled Nd vanadate | aser produced by Spectra,
Physics, Muntain View, California, Operating node: Pulse wi dth: Pulse
frequency: Field size: US. Designation: T80-YHP40-532QW Wavel ength: 532 nm
Power: approx. 8 5 WlLaser Il. Mnonode TEMboo 20 ns at pul se frequency 10
kHz up to 200 kHz 100 x 100 mm2. Di ode- punped, frequency-doubl ed Nd
vanadat e | aser produced by Haas-Laser GrbH, Schranberg, DE. Designation:
None, since it is a prototype ' 20 Wavel ength: 532 nm



Power: Operating node: Pulse width: Pulse frequency: 25 Field size:
4.0 W Mnonode TEMoo 25 ns at pul se frequency 10 kHz up to 200 kHz 100 x
100 mmR2. The following materials were processed using lasers | and |

Mat eri al

| :
onto a glass fiber-reinforced FR4 materi al

1AY GG Tt eri al (chérggélil_nvgpgi&q Copper Foil) is |lam

appr ox.

l: 30
nat ed

(FR4 - level 4 fire retardant

epoxy-gl ass conposition) which was coatgd_on both sides with copper foil.
[ | Si ~ [ 199904770
The 35 result 1§, | ayer sequence c%n a 12 mtg:ock

Forei gn Ver sifon "8, C&55per BYiSe

Sk Afay &

urft& nfdced

epoxy mat eris@llecaels fom tthiecklaspperdridilinga df mrhichi &ty day@frsgl ass

' 70 | ' -. 6 ' d terial d 16
L thi ok colband drrLSsatErkEniles s 8 RO EEY SRR SERLFE A, 2 °
| ami nat ed otthe bdEsesi dedridflin®0 of m theckdE®beantici allayEe .f olhew ng
additives el vaidall# 1o apdilyyt Be RGN Seledbhd]cdes6L! Red above:

10

15

20

25

30

35

processing of the organic materials results in
particularly effective laser processing of both types
of material. The 1laser processing of the organic
materials results in a combination of photochemical and
thermal decomposition which, compared to UV lasers,
allows shorter processing times to be achieved and,
compared to‘Coz lasers, avoids excessively high thermal
loads.

The frequency-doubled Nd vanadate laser which 1is
selected according to the invention for the drilling of
laminates allows very high pulse frequencies, which may
even be over 100 kHz, at low pulse widths of less than
40 ns. The high pulse frequencies allow rapid and
effective processing of the laminates, while the low
pulse widths ensure that the thermal load is wvery low.
This combination of high pulse frequencies and short
pulse widths cannot be achieved with other lasers which
operate with similar or identical wavelengths. For
example, in the case of the SHG YAG laser which is
known from DE-A-198 24 225, at relatively high pulse
frequencies it 1is at best possible to achieve pulse
widths of 70 to 80 ns.

Advantageous configurations of the method according to

the invention will emerge from claims 2 to 12.

The configuration described in claim 2, through the use
of pulse widths of less than 30 ns, allows the thermal
load on the laminates during laser drilling to be
reduced still further.



10 Additive I: 15 20 25 30 35 Organic red pignment bearing the designation
"1501 Fast Red" (C. I. Pignent Red 48:1) produced by X jingm ng, Shenzhou
City, Hebei Province, P.R China. This is an azo pignent based on a barium

salt. Additji 1¥89hhy7bnorgani c re%dy%%§$EEhQ$%ﬂlas ‘BayferroxT™M (C. 1.

Pi gnent Red 101) produced by Bayer I's is an iron oxide red

pi gnent . Addltlve [11: Polyner- squbLe3§nthraqU|none dye known as "Oracet T™M
Yel | ow GHS" Solve%t YeIIow 163) _produced by Cl BAGeigy AG CH.
Additive |'\W %’Pblé?%n&f atPGHFeq deserhiaamhas teeh W%lu%@nﬁyeﬁdaﬁng 2~ by
wei ght of sieéenesm 1D~ ;hy w&tighIO(Dfmﬁadm e Sott daies a;:thy ol igint 3 pf
arsenic triqﬁé g and 0. melgh% carbon.to_a base glass. aof the
conposi ti on"Na2 afﬁ5A£§9ff P e 2 ePTPARES JHFL IR ntfoduce

bl i nd boreseﬁfehtavdlaWhEBrusﬂngzspetndnametehe upper, 12 ~ mthick copper
foil and the 60 ~.mthick dielectric |ayer conprising unreinforced epoxy
material of the material |. The pul se 199904770 Foreign Version - 6a
frequency was 45 kHz for the drilling of the copper |ayer and 25 kHz for
the drilling of the dielectric layer. The pulse |l ength was 30 ns.



199904770 Foreign Version 7 Using two gal vanoneter mirrors to divert the
| aser beamin the x-direction and in the y-direction, an area of 10 cmx 10
cmwas processed. Wth a spot dianmeter of the focused | aser beam of appr ox.

725 um the I@@@rOLllge%mS was rmv ssgr?!'_ nber of concentric circles
in the outer region of the hole In or%er 0 d‘rglryll t hrough copper, the inner

region of the copper foil then being expetled automatically. The di aneter
of the outer concentric circle was 110 ~. m The linear velocity of 10 the
| aser beam Wéds boovasd s20 Tamdand Theumpdry arwoadagice twicth agdaibedm was

set at 1.6 mmeoUlzd, f REHBIHPIE) oPUEREN &l SmE c r ircles
wer e descri bed. A%te]r t he é (%?é n%terl gl had beg?tfﬁ%?? %%'91 eg%rgl%g% t he

copper foil *HEFoWOrE \ﬁgsfeé’rtrllyesl ightly 15 attacked. The drilling of the
copper foil took place at a rate of 289 hol es per second, while the

drilling. of the e er. al ce a r at f 220 hol

second' gszoo?hgccr%t“ﬂ%:dﬁ %eo]fu? 8rbfa%ﬁ’8r5’ F% % Fh%e ?ﬁﬁfngﬁég‘t‘;herefore
t ook place an &}@p@e@wfldmmm,pewhsecmﬂlg&aﬁbbﬁ 2esdbibba dnfference
from Exanpl S { er he ne | as paranet er

used. In thrssglc}:?t{ge5 t%ll(%&el Itﬁa FEC 8 co pelrggor 159 og’k pﬂﬁgeeﬁﬁe rate of
145 hol es pépn§é@16ﬁébl\m| [Téret Wéidirﬂlmemgsmuldteh@p@xq shgrifakahsdk pl ace
at a rate ohléﬁarhatoe%re%n%%cm 1%&@%&&9%%71&9 bdvévglgggﬁgxwe

introduced into the lamnate at a rate of es per secon
The di f¥&renéé FRoRERaMPLePYIRaOTORRL Ct Htisrilad -bores 35 were |ntroduced
into the material Il. The results were simlar. 199904770 Foreign Version

8 Exanple The d fference f s.that the blind bores were
i nt roduced ?H?o t]ﬁ% TP A Gﬁ%éoerr%sullf‘s V\fejr%l@r m‘?ar aldoEinpPe 5: The
di fference baotiExdaply lsnmpltmataﬂndil ndcbaoms cwi Mmaeﬁwretm othé&00 ~, m

wer e produc p Ll A a.ra | es per
second, whi ?gs?gggigegpggyfc%t g‘é’?ﬁp‘l hla r| I fL:lld tat tb% (r%a 82 hol es per
second.15Therefore, the blind bores V\ere i ntroduced into the Iam nate at a

rate of 183rhel @erFdlgus@EAREk described in claim 7, on account of
the choice of red additives, allows the absorptance to
be optimized, since the green light of wavelength 532
nm is absorbed particularly well by the complementary
20 color red.

The refinement described in claim 8 provides, for the
admixing of pigments as additive, a quantitative range
which has proven particularly successful at increasing
25 the absorptance without impairing the other properties.
The narrower quantitative range given in claim 9 is to

be regarded as optimal.

If the absorptance of the organic material is increased
30 to at least 50% by the admixing of additives in
accordance with claim 10, the processing rate in the
organic material has already been increased
considerably. If the absorptance is increased to at
least 60%, in accordance with claim 11, or to at 1least
35 80%, in accordance with claim 12, the processing times
for the laser drilling of the organic material can be

reduced further to a corresponding degree.



Exanpl e 6: 15 The difference from Exanple 2 was that blind bores wth a

di aneter of 100 ~m were produced. The copper foil was drilled at a rate of
199 hol es per second, while the epoxy material was drilled at a rate of 212
hol es per segapyyha7Her ef ore, the%gggggugg%ggoﬁf the blind bores 20 into
the lam nate took place at a rate of 99 holes per second. Exanple 7: The
difference fromExanple 1 was that bltn8 bores with 25 a dianmeter of 75 ~. m
were produced. The copper foil was drilled at a rate of 750 hol es per
second, whi I’ HeP IR Frab ¥PPE| Ohad adEn (waraituaedaie sheseaamiles per
second. Thergfgreibddedildwd bores were introduced into the laminate at a
rate of 300 hol es per second. 30 Exanple 8: The difference from Exanple 2
was that blind bores with a dianeter of 75 ~. mwere produced. The copper
foil was drilldssdt at: a rate of 370 hol es per second, while the 35 epoxy

mat eri al - was,.drq || t.ar of 400 -hol es per_second. Therefqre, the
199904770 F?rlg}dgén ‘f?‘g“rp%ddn _%%S“EPFP{G dﬁ&%@f%r@i nt YOUUERE | nﬁ@steﬁfe

| ami nat e at Rradatced byl Bpéntes Playssespndouikainpl ¥iew,5 CHld fdirffier,ence
from Exanpl ¢ggl was that a nodified material I, in which approx. 1.5~ by

wei ght of the additive | was adm xed wth the unreinforced epoxy material,
was used. TRESLERMEGER :absor pTREnYHP40hE3RQ%er radi ation enabl ed the rate
at whi ch t hgrage@engthh:mat eri ak3gagmdrilled to be increased to 550 hol es per
second. (#t ﬁ@sqpo_ssi ble to increase the rate of introduction of the blind
bores ihfo tR¥S%Hni nate by apBPBX°*508-5t¥ approximtely 180 hol es. 15
Exanpl e 10: Opeeadiifnfoe edize f r Monbmadel eeflowas t hat approx. 1.5~ by wei ght
of the additj Il adm xed Wi th_t he unrei.nforced epox terial. The
results wer tgh;ii%r% }“’é\r&%o Exarrgpenfl:a%Tﬁgﬁﬁlef FEESNER Ry g@] le 9 was that
approx. 1.5Pudpendirglauegicyt:heundtpt R06 kHE was admi xed with the

unrei nf or ceg;eReX%iFRt.erial . EB@ Lngpgagszin the rate at which the epoxy
materiallsvvas drilled was in this 25 case slightly |ower. Exanple 12:

Laser II1:

Diode-pumped, frequency-doubled Nd vanadate laser
produced by Haas-Laser GmbH, Schramberg, DE.

Desgignation: None, since it is a prototype
20 Wavelength: 532 nm
Power: approx. 4.0 W
Operating mode: Monomode TEMoo
Pulse width: 25 ns at pulse frequency 10 kHz
Pulse frequency: up to 200 kHz
25 Field size: 100 x 100 mm?.

The following materials were processed using lasers I
and II:

30 Material I:
An RCC material (RCC = Resin Coated Copper Foil) is
laminated onto a glass fiber-reinforced FR4 material

(FR4 = level 4 fire retardant epoxy-glass composition)
which was coated on both sides with copper foil. The

35 result is a layer sequence comprising a 12 um thick



The difference fromExanple 9 was that the laser Il with the sane | aser
paraneters was used. It was 30 possible to increase the rate at which the
epoxy material was drilled to 306 holes per second. Exanple |3: The

di fference le 9 was t i with 35 a diameter of 100
~, mwere prggggg .e}gﬁe rate at V\%rc%%rﬂgvge%%@ material was drilled was 956
hol es per second. 199904770 Foreign ¥grsion - 10 Exanple 14: The
difference from Exanpl.e 12 was that blind bores with a dianeter of 100 ~, m
were produc&8PPeRe frdtle £ i 6 the CEpobay SFatt i WRrRARIaFFPRe§PREY 531

hol es per 5maeeendl,Exanpl emlxhildle cbdder efsEl f rom Bwanpheck Wagekhat a
modi fied mat r'il LI s_used, in which the FR4 material which, 10 instead
of the stan8ar§ 8?3551 Fber reinforcenment was reinforced with approx. 50~
by wei ght of fibers of the additive IV, was fornmed as the epoxy naterial.

It was possible to increase the rate at which this epoxy material was
drilled by a factor of between 2 and 2.5. 15 Naturally, it is also possible
to produce through-holes instead of the blind bores described in Exanples 1
to 15. In this case, the | ower copper foil is drilled under the sane
conditions and over the course of the 20 sane tine as for the drilling of

t he upper copper foil. 1999047 Foreign Version - 11 Patent C ains



1. Anethod for the laser drilling of |am nates which have at | east one
netal |ayer and at |east one 5 dielectric |ayer conprising an organic
material, characterized by tie use of a frequency-doubl ed Nd vanadate | aser
Ravi ng the | aser para se wdth < 40 ns - Pul se
frequency >&9§86E?3%f0r t he netgﬁg %?Q 0 kHz for the dielectric

| ayer - vavelength - 532 nm 2. The ﬁeﬂhod as clained in claimi1,
characterized in 15 that a pulse width of < 30 ns is used. 3. The nethod as
clai med in tRanfPrced 2¢epekvr avateried iama hat X6f ovusédilcksecoppem with a
spot di anet eg19f between 10 ~mand 100 ~,mis used. ' 20 4. The nethod as
cl.aimed in claim3, characterized in that a focused | aser beamw th a spot
di anmeter of between 20 ~,mand 40 ~mis used. 25 5. The nethod as cl ai ned
in one of tngtegegedtmg cl ai s, characterized in that additives which have
good ab nce for, [aser bea vel engt h_of 532 nntare adm xed
S0Th the of GANHR FELEN 0PRSS FO it W QI O (BT TPOr B Rides
characterlzeﬂ anGDham ahlbkaFR4omatem®eganlc and/ or organi c pi gnent and/or
at | east on ye and/ or_at _| east e fibrou iller is used
as addltlveehg :%QPHﬁéﬁkitﬁo a%vgﬁaﬂﬁ% i fVErtay |§%§ %ha?ﬁéﬁé&fzggein t hat
at | east onmwatasviganmi & pad II16e8041iPedrabeivgn Version - 12 pignent and/ or
an organic red pignment and/or a polynersoluble red dye is used as additive.
8. The nmethod as claimed in claim6 or 7, 5 characterized in that between
0. 1~ by-Owei fEeifhHesAL by melght of plgnents are adni xed with the organic
material . 9Or§8ﬁ16'95:|é@d yntdrd rt?ébrfh | 8hE Gle@fighati®reher 6t erhged in

t hat bet wee ght and, 2 ht of are.adm xed with the
organic rratg?%al. % Eé W@PﬁooR%é ?ﬁa&r)reoplf?\g‘bﬁg‘gg &’Ycl}é?-%ngmt’ag?) 15
characteri zeliehnhbhatc:rt]ye Gigjesd cPpat’éntel,, FOR.AcClRiMa. This is an

azo pigment based on a barium salt.

15
Additive II:
Inorganic red pigment known as “Bayferrox™” (C.T.
Pigment Red 101) produced by Bayer AG, DE. This is an
iron oxide red pigment.

20
Additive III:
Polymer-soluble anthraquinone dye known as “Oracet™
Yellow GHS” (C.I. Solvent Yellow 163) produced by CIBA-
Geigy AG, CH.

25

Additive IV:
Fibers of a ruby glass which has been produced by

adding 2% by weight of selenium, 1% by weight of
cadmium sulfide, 1% by weight of arsenic trioxide and

30 0.5% by weight of carbon to a base glass of the
composition Na,0-Zn0-4Si0,.

Example 1:

The laser I was used to introduce blind bores with a
35 diameter of 125 um into the upper, 12 um thick copper
foil and the 60 um thick dielectric layer comprising
unreinforced epoxy material of the material I. The

pulse
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5 was moved in a small number of concentric circles in
the outer region of the hole in order to drill through
copper, the inner region of the copper foil then being
expelled automatically. The diameter of the outer
concentric circle was 110 um. The linear velocity of
10 the laser beam was 900 mm/s. To drill the epoxy
material, the laser beam was set at 1.6 mm out of focus
(OOF), but in this case too concentric circles were
described. After the epoxy material had been drilled
through, the copper foil below it was only slightly

15 attacked.

The drilling of the copper foil took place at a rate of
289 holes per second, while the drilling of the epoxy
material took place at a rate of 220 holes per second.
20 The introduction of the blind bores into the laminate
therefore took place at a speed of 120 holes per

second.

Example 2:
25 The difference from Example 1 was that the laser II

with the same laser parameters was used. In this case,
the drilling of the copper foil took place at a rate of
145 holes per second, while the drilling of the epoxy
material took place at a rate of 122 holes per second.
30 Therefore, the blind bores were introduced into the

laminate at a rate of 65 holes per second.

Example 3:
The difference from Example 1 was that the blind bores

35 were introduced into the material II. The results were

similar.




7" 109 ()-t!y Z"109% ()-t10% & ()-YL10% & ()- 20BCDAMIGDj\= 10 10! ~7
"109& ()-! -"10%& ()-!~"109%& ()-'x" !10%& ()-!" !109%& ()-DE f~sT= 10
10@10% ()- 10B 10B 10B10%B& ()- MLOYB& ()- 109B& ()- 10pw - <MB~sT=l ~
T109& ()-1" ., "10%R (L-!~ L "109%& () -149% L "109%& ()-1yL "109%& ()-!L

" 10% Hz He! ()1-9é%%ﬁk/¥i‘:! ~ "10% FEHT9R ezt n

10!~ y4! 10%& ()-!~y4! 109%& ()-!y" 0! 10%& g )- S k™

Example 4:

The difference from Example 2 was that the blind bores
were introduced into the material II. The results were

similar.

Example 5:

The difference from Example 1 was that blind bores with
a diameter of 100 um were produced. The copper foil was
drilled aﬁ a rate of 398 holes per second, while the
10 epoxy material was drilled at a rate of 382 holes per
second. Therefore, the blind bores were introduced into

the laminate at a rate of 183 holes per second.

Example 6:

15 The difference from Example 2 was that blind bores with
a diameter of 100 um were produced. The copper foil was
drilled at a rate of 199 holes per second, while the
epoxy material was drilled at a rate of 212 holes per
second. Therefore, the introduction of the blind bores

20 into the laminate took place at a rate of 99 holes per

second.

Example 7:

The difference from Example 1 was that blind bores with
25 a diameter of 75 um were produced. The copper foil was
drilled at a rate of 750 holes per second, while the
epoxy material was drilled at a rate of 800 holes per
second. Therefore, the blind bores were introduced into
the laminate at a rate of 300 holes per second.
30
Example 8:

The difference from Example 2 was that blind bores with
a diameter of 75 um were produced. The copper foil was
drilled at a rate of 370 holes per second, while the
35 epoxy material was drilled at a rate of 400 holes per

second. Therefore, the
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material, was used. The improved absorption of the

laser radiation enabled the rate at which the epoxy

10 material was drilled to be increased to 550 holes per

second. It was possible to increase the rate of

introduction of the blind bores into the laminate by

approx. 50%, to approximately 180 holes.

15 Example 10:
The difference from Example 9 was that approx. 1.5% by
weight of the additive II was admixed with the
unreinforced epoxy material. The results were similar.

20 Example 11:
The difference from Example 9 was that approx. 1.5% by
weight of the additive III was admixed with the

unreinforced epoxy material. The increase in the rate
at which the epoxy material was drilled was in this

25 case slightly lower.

Example 12:
The difference from Example 9 was that the laser II

with the same laser parameters was used. It was
30 possible to increase the rate at which the epoxy
material was drilled to 306 holes per second.

Example 13:

The difference from Example 9 was that blind bores with
35 a diameter of 100 um were produced. The rate at which
the epoxy material was drilled was 956 holes per

second.
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with a diameter of 100 um were produced. The rate at
which the epoxy material was drilled was 531 holes per

5 second.

Example 15:

The difference from Example 3 was that a modified
material IT was used, in which the FR4 material which,
10 instead of the standard glass fiber reinforcement was
reinforced with approx. 50% by weight of fibers of the
additive IV, was formed as the epoxy material. It was
possible to increase the rate at which this epoxy
material was drilled by a factor of between 2 and 2.5.
15
Naturally, it is also possible to produce through-holes
instead of the blind bores described in Examples 1 to
15. In this case, the lower copper foil is drilled
under the same conditions and over the course of the

20 same time as for the drilling of the upper copper foil.
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1. A method for the laser drilling of laminates which

have at least one metal layer and at least one

5 dielectric 1layer comprising an organic material,
characterized by the use of a frequency-doubled Nd

vanadate laser having the following laser parameters:

- Pulse width < 40 ns
- Pulse frequency 2 30 kHz for the metal layer
10 2 20 kHz for the dielectric
layer
- Wavelength = 532 nm.
2. The method as claimed in claim 1, characterized in

15 that a pulse width of < 30 ns is‘used.

3. The method as claimed in «c¢laim 1 or 2,
characterized in that a focused laser beam with a spot

diameter of between 10 um and 100 um is used.

20
4, The method as claimed in claim 3, characterized in
that a focused laser beam with a spot diameter of
between 20 um and 40 um is used.

25 5. The method as claimed in one of the preceding
claims, characterized in that additives which have good
absorptance for laser beams with a wavelength of 532 nm
are admixed with the organic material.

30 6. The method as claimed in claim 5, characterized in
that at least one inorganic and/or organic pigment
and/or at least one polymer-soluble dye and/or at least
one fibrous filler is used as additive.

35 7. The method as claimed in claim 6, characterized in

that at least one inorganic red
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soluble red dye is used as additive.

8. The method as «claimed in <claim 6 or 7,
5 characterized in that between 0.1% by weight and 50% by
weight of pigments are admixed with the organic

material.

9. The method as claimed in c¢laim 6 or 7,
10 characterized in that between 1% by weight and 2% by
weight of pigments are admixed with the organic

material.

10. The method as claimed in one of claims 5 to 9,
15 characterized in that the organic material, on account
of the admixed additives, has an absorptance of at
least 50% for the wavelength 532 nm of the laser

radiation.

20 11. The method as claimed in one of claims 5 to 9,
characterized in that the organic material, on account
of the admixed additives, has an absorptance of at
least 60% for the wavelength 532 nm of the laser
radiation.

25
12. The method as claimed in one of claims 5 to 9,
characterized in that the organic material, on account
of the admixed additives, has an absorptance of at
least 80% for the wavelength 532 nm of the laser

30 radiation.

13. A device for the laser drilling of laminates which
have at least one metal layer and at least one
dielectric layer comprising an organic material, using
35 a frequency-doubled Nd vanadate laser having the

following laser parameters:

- Pulse width < 40 ns
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~ Pulse frequency 2 30 kHz for the metal layer
2 20 kHz for the dielectric
layer

5 - Wavelength 532 nm.



