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Met hod and device for the laser drilling of organic materi al mmmlmwlﬁmlwm
fromEP-A-0 164 564 to use an exciner |aser to produce blind
lram nate W thyotohha17myer sequence petakgdi ekestibhc-nmetal. The uppepppst

metal layer of the lamnate is in this case used as an aperture mask, the

pattern of holes of which is transferred by neans of photol i@ d
i s produced_by subsequent etching. The dielectric exposed |nﬂlﬂmmmmmwmof
the apert ur 8§56 ‘i’ " ask is then removed by the action of the exc| mer

| aser until the |lowernost netal |ayer is reached and the renoval (B?%cess IS

ended. The thqd is used dn p icular, i .he .manuf act f

mul til ayer E‘%i%\é\{éégeéf@cuéﬁv oar dS'f o?ﬁ%rgzéu%rng ffﬁ“teﬁrlgguiégd Ogiranceid:t hr ough
hol es i n t hewattemadfs bl i nd hol es. The Gernman periodical "Fei nwerktechnik &
Messtechpi k 91 (1983) 2, pages 56-58, discloses a simlar method of

manuf acturing nultilayer printed circuit _boards, in which the blind holes

serving as pPltatied-#vsughcem aBP 2020 pt 6fluebll #Pt HSEhénaieg e dRE9hser .

Here, too, the yppatpBsSthicaRPeholigs! Seryes) asi ddcapeiittsr ecR@sk.aydd h which
t he copper is etched avva\é wheriever .the | aser b%ggvl S intended to produce a
hol e. 30 DESRWSNCR BOHAArdecaPrEidy Brsetoses i‘é%@e’F‘B?thé“Q%er

drilling of llagmmabés, the whameinatéi ris§ liaserthdist hcaseavebedgtds i rart he

range from approximately .266 nmto_ 1064 nmjis u for grilli. t he, met al
| ayers L@d 5%% %&ﬁf I arf'lsayesfk’wi ttﬂh% v%?/g %ﬁ%t ho?n f‘%gersané)g fr‘Jcr)lr#%’S b
appr oxi mat eltrabh@4enmad o b960aans s afed photarithdgrpptiie deetect¥d ¢

| ayers. 1?%%@13%%' @g%%é’&ﬂéﬁ@netcﬂﬁngps' Ane 0216808 disd gaases met hod

for the |ase aninates 1n which a single UV |laser, the
wavel engt h é vwhR@h NE8%ELHePbwtde0 pprtures of this mask is then

removed by the action of the excimer laser until the

15 lowermost metal layer 1is reached and the removal
process 1is ended. The known method is wused in
particular in the manufacture of multilayer printed
circuit boards for producing the required plated-
through holes in the form of blind holes.

20
The German periodical "Feinwerktechnik & Messtechnik 91
(1983) 2, pages 56-58, discloses a similar method of
manufacturing multilayer printed circuit boards, in
which the blind holes serving as plated-through vias
25 are produced with the aid of a CO; laser. Here, too,

the uppermost copper foil serves as an aperture mask,
with which the copper 1is etched away whereever the

laser beam is intended to produce a hole.

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

35 approximately 1064 nm to 10600 nm is used for drilling
the dielectric layers.



199904775 Foreign version - 2 and the pulse widths of which Iie bel ow 100
ns, is used for drilling the netal |layers and for drilling the dielectric

| ayers. Precluding the use an excinmer |aser, nmetal and organic material are
consequent | yghodubhlsed Wi th the sphBeidh|@SLsiolE- A-198 24 225 discloses a
further nethod for the laser drilling of lam nates, in which for exanple an
SHG (second harnoni ¢ generati on) YAGT| a8er with a 10 wavel ength of 532 nm
or a THG (third harnDniceﬁfneraIion YAG | aser mﬁ%h g mavgkeng h of 355 nm
can al so beU858a>f orodri 190%g FHFEIfRed 12y PeHRd 6P dr | ?ingaﬁﬁé
dielectric hayensnglmd nlgningtpbe,in twitiath be statée that lasarf hehleaser
drilling of organic terial.s . w.t.h l.aser that is to say with
mavelengthswﬁggiﬁpgﬁgaﬁ%{W§lﬁﬁbf%%ﬁé£§%%ﬁw'éngﬁ%gsition of the organic

mat eri al s takes place. Consequently, no burning occurs and, on account of
the 20 extrenely small or non-existent thermal |oading, in the case of

| am nates no del am nation occurs. By contrast with this, in the |aser
drilling of organic materials with C02 |asers, a thermal deconposition of
the organic materials takes place, that is to say burning may occur 25 and,
in the case of lamnates, there is the risk of delam nation. In conparison
with UV | asers, however, considerably shorter machining tinmes can be
achieved with C02 lasers in the drilling of organic materials. 30 EP-A-0O
478 313 discloses the so-called SLC (Surface Lamnar Crcuit) nmethod, in
which initially a first wiring level is produced on a base substrate. Then,
a dielectric layer of a photosensitive epoxy resin is applied to this first
wiring level by screen printing 35 or by curtain coating. Then, blind hol es
are produced in the dielectric |ayer by photolithographic neans, by
exposi ng and devel oping. After the chem cal and 199904775 Foreign version
- 2a electrolytic copper-plating of the walls of the holes and the surface
of the dielectric layer, the second - 199904775 Foreign version - 3
wiring level is produced by structuring of the deposited copper |ayer.
Further wiring | evels can be produced in the way described by the
alternating application of photosensitive dielectric |ayers and 5 copper

| ayers. The invention specified in clainms 1 and 13 is based on the probl em
of permtting rapid production of blind holes or through-holes w thout
thermal | y damagi ng the



10 material in the laser drilling of organic materials. The invention is
based on the finding that, with frequency-doubl ed Nd-vanadate |l asers with a
wavel engt h of 532 nm and short pul se wi dths of below 40 ns, |ayers 15 of

organic natgé%zl?:ag be machi ned gyt qﬁhQ;etréﬁe&hi ning tinmes and w thout the
e

risk of burning. Inthis case, pulse guencies of >_ 20 kHz are chosen
for the laser drilling of the organic #aterial. In the | aser machi ni ng of
the organic materials there is a 20 conbi nati on of photochem cal and

thermal decomposhei prlsehwédths odnpddicdor i telow |HXErs pet i ¥8eShort er

machi ni ng tEHes 4t 1 fh GO | saRaW t Da G¥s| ased s fyoi dgiexcegsi veet her mal
| oads. It can be regarded as a further agl\llanta e that, with the,sane
Nd- vanadat ed9BLEGBELC nkR%PrFayer sEHRCLUATAGL eSPBanU8Fs0?Be BFFITPEE. For

the drillingagérpetabthayessdofothsitypeatpuise faequeocshesqoéntly30 kHz
are then chgseij| 1;{he.%&leglﬁenc%dog(}l ?Ld Nli} vanadat e | aser sel ected 30
accordi g tOF Hhiefntahfi SRSt 5PMEneVdrPEFifng of organic materials pernits
very high pul se frequencies, which may even |lie above 100 kHz, with | ow
pul se wi dt hs. of _ S a . igh p eg%qm;j S dJ} tpj8 case
permt fastB%n% %??ec%?vngrsgc I r?ic-r%rga)%c?% t%e.%{%%gkrll%% matcgri als, while very
| ow t her nal 1asadi ey iilsligrsupéd Iayninidow pol s8ridhit AST 3T RtherN aser s
whi ch operaggcwi {Be8bAh! ahafhohhe saaﬁe%wbaﬂgt Rac algesbi natian af
199904775 Forelgn version - 4 _this type; with_high a;J,I S‘f f eguencl es and
short p# sewaVaifBItBanfdt bed3feaPMzed®T Fof exdipl el tHrd nePBARBRSF t he
SHG YAG | asgenkpawioh) omadE-PedO8 R?4tR2% wdvdigheth polfs8 ST equenanes it is
only possib to .achi eve, 5_at st, pul se w dth 7 0

Advant ageou%f?gf iR meried offofhe@%%]gjo aldsr drlnéﬁgﬁo f?%é)?%vea%ﬁ ot °&ner ge

fromcl ai ned2ilding. the dFheleetirnendmatyeascording to claim 2 pernmits by

| aser wdths of less than 30 ns a still |lower thermal |oading of the
organic materials or, if appropriate; of the lam nates during the |aser
drillindg 1BnUsbninaipbeusert | #56r beanfhrtAda Spat/ dildhettdye ofaF&Lfween 10

~m and 100 gz,yMn18R60ISH NGr&on ok a3 AW destief fectiase dsgseenamchisni ng of
the organic materi als.. Usi n% sgot di zrabrr%';ers ﬁh bet ween 0t~, and 50 ~m
accor di ng t BOcIS&Ym YL Hh | YRYSLREICESe PHEChi AP Rg BF tHeP38 6FESR E3mat eri al s
to be made eweompbsetébhecdivethdhe regniemertecicoradi ngkes cldipee5 pernits

a consi derafple_incr in t chi nj t y t L gher. aggo i on of
the | aser bggﬂgeﬁﬁegﬁggér&é’n%%%t%??gﬁg %ﬁ@'aﬁft%es a?ebi?nrt!tatﬁi S case
to have seghieineant sypaiilglear rduyrestl gienbsohprnah +0rdiager 1PedS with a

wavel engt h gf ;332 MM Aiah ddie PYT BePLARALE iBRE &dAlrs 30 Bhe cdaveepment
according to claim6 permts a particul aﬂl,i Si dfjne and cost-%ffec ive
i ncrease i nWihe dddree b &BSorlfS%h BF? ngrg;p i QAL ET i AP ETHE S

refinement agedr diopglheecebai @ Fheamyl sdedodbooption zafi bheobryhaeidegr ee of
absorption by the selection qf red.additive Lpcg. th reen Light. of the
wavel engt h 6‘¥t§§iaﬁiﬁ1 I8 qs & ec(f’pat?fald%u 2ty %?I BBy ?ﬁg corpl erent ary
color r&Ed. and, in the case of laminates, there 1s the risk of
delamination. In comparison with UV lasers, however,
considerably shorter machining times can be achieved

with CO, lasers in the drilling of organic materials.

30 EP-A-0 478 313 discloses the so-called SLC (Surface
Laminar Circuit) method, in which initially a first
wiring level is produced on a base substrate. Then, a
dielectric layer of a photosensitive epoxy resin is
applied to this first wiring level by screen printing

35 or by curtain coating. Then, blind holes are produced
in the dielectric layer by photolithographic means, by
exposing and developing. After the chemical and



199904775 Foreign version - 5 The devel opnment according to claim8
specifies a quantity range for the adm xture of pignents as additive which
has proven to be particularly successful for increasing the degree of
absorption widdupu7Bs5inpairing theoekhgh peeRebih es. The narrower range
specified in claim9 is to be regarded as optimumin this respect. |If the
degree of absorption of the organicnﬁu%ﬁiéj is 10 increased to at | east
50% by the adm xture of additives _according to claim 10, _.a_consi derabl e
increaseilﬁQ4ﬁ§§ﬁﬁ%ﬁ?ﬁ%gCPBPérFRl?ﬁénard&giEhﬁaﬁﬁgi ?% 5%?@ obt ai ned.
Wth an increasetid shefdegree ohe absorpttoict bager| ease 68%wadcording to
claim1l, or to at least 15 80% according to claim 12, the machining tines
for the laser drilling of the organic material. can be reduced
correspondingly further. In the exanples described bel ow, the foll ow ng
types of 20 |aser were used: Tnc.~r T. D ode-punped, frequency-doubled

Nd- vanadate | aser fromthe conpany Spectra Physics, Muntain View,
California, 25 US. Designation: T80-YHP40-532QW Wavel engt h: 532 nm Power :
approximately 8.5 W Qperating node: nononode TEMbo 30 Pul se width: 20 ns at
pul se frequency of 10 kHz Pul se frequency: up to 200 kHz Field size:
100x100 mmR2. Laser |1: 35 Di ode-punped, frequency-doubl ed Nd-vanadate | aser
fromthe conpany Haas-lLaser GrtbH, Schranberg, DE. Designation: none, since
prot ot ype Wavel ength: 532 nm 199904775 Forei gn version - 5a




Power: approximately 4.0 W 199904775 Foreign version - 6 Operatin
nononode TEMbo Pul se width: 25 ns at pul se frequency of 10 kHz Pul se
frequency: up to 200 kHz Field size: 100x100 mm2. 5 Exanple 1: In th
manuf acture pfopmdvvbayer w rings FoHedlgctidrsiayers of an organic materi al

are applied

material is

in a 10 thickness of, for exanple, 25 ~mto the already

g node:

e

finished wiring layers by curtain coaf’ g‘or by screen printing. An epoxy
usedr11 for e, as_the o&gag}c na% E Then ?i nd hol es,
| ater serving-as %Iaﬁ&& dU%h Praguesdt hehext CFFRE Py er? €15 made

in these d|ed@p¢s1teda¢ep@amtlauﬁriheEusah@h~nmsksngFmeveﬁkingnblb@d hol es
in the diel I d two
Inthe de efg%é deﬁeé‘yeiﬁ EE %gr e 188 HUse fba}}i'{lge 9%9{5‘991?8

mrrors for

ecting beam "a sur ar ea O cm X

ter
10 cm

can be machiaeRlicakiper @ﬁram@@@@%e@$lth%ela§é¢l%®brspeclaY@ﬁSasam@IIoms

Pul se width:q

&s Puwleesfrequency: 25 kHz 25 Wth a spot dianeter o

focused Iaser eam of " approxi mately 25 Eun, the blind holes were nad
the dielectric |ayer at the predetermned |ocations. A pulse frequen
bet ween 10 amle 20nkER t Vas %b@&amfe@r 130 d 1 Sms Weanaakiang 4 flﬁaéléd nQn hol es,

it was p055|
t he | aser

SheF | R RIRE e nP PR EREDar AP35 PEARS e RRacE] He

f the
ein
cy of

Wth
he

epoxy materllacbl@é ar Rﬁﬁmmglem@le£ R&ECthouRestihe Goal &Y Gepperinepi the The

RCC natﬁbial

15

20

25

30

35

m&OIPLL et acdg TaU0-1BEEK1ERABPEE bRLhn3Rdmd 13Tt i ck

The invention is based on the finding that, with
frequency-doubled Nd-vanadate lasers with a wavelength
of 532 nm and short pulse widths of below 40 ns, layers
of organic material can be machined with short
machining times and without the risk of burning. In
this case, pulse frequencies of =2 20 kHz are chosen for
the laser drilling of the organic material. In the
laser machining of the organic materials there is a
combination of photochemical and thermal decomposition,
which in comparison with UV lasers permits shorter
machining times and in comparison with CO; 1lasers
avoids excessive thermal loads. It can be regarded as
a further advantage that, with the same Nd-vanadate
laser, metal layers of laminates can also be drilled.
For the drilling of metal layers of this type, pulse

frequencies of =z 30 kHz are then chosen.

The frequency-doubled ND-vanadate laser selected
according to the invention for the drilling of organic
materials permits very high pulse frequencies, which
may even lie above 100 kHz, with low pulse widths of
less than 40 ns. The high pulse frequencies in this
case permit fast and effective machining of the organic
materials, while very low thermal locading is ensured by
the low pulse widths. With other lasers which operate

with similar or the same wavelengths, a combination of



199904775 5 10 15 20 25 Foreign version _ 7 _ dielectric |layer of epoxy
material. The pul se frequency was 25 kHz. The pul se length was 30 ns. Using
two gal vanonmeter mrrors for deflecting the |aser beamin the X direction

and in the Yghgeetijon, a surfaceraied @f vERsG®nX 10 cm was machi ned. For

drilling the epoxy material, the |laser beamwas set 1.6 nm out of focus
(OOF - Qut OF Focus) and nmoved in concedtric circles in the region of the
hol e. The linear velocity of the | aser beamwas 900 mm's. After drilling

t hrough t he ®pigkytWeer Fath tHatcdppete | BeAUeHFagS uRGS: REATT WRIELS8 f ect ed
only slightlyiddie, debhhbagef #del £poxy nacef i etahDK, piacehd cagate of

220 hol d le 3. As d t the |

T v used.O% ERS MY EATAC| 262P hak AL e oM BEGR T Pnd b 2ERe ehoxy
material todkigiacepatsa facguehci2z hal es perlyseomalblExanplacHievs a
departurg(;ggmqﬁﬁéxzﬁépé% Lheeplind hgl es pergsmade in a 60 Etmthick FR4

mat eri al re retardant epoxy-glass conposition), onto which
a 12 ~mthick copper foil had been |am nated on one side. The results were

conparabl e. 39 Bl Sud: rHBiReHERBE! BiEE theO M| £ecbrdiiRy bld nehdol es
were made in a 60 ~mthick FRA material, onto which a 12 ~. un thick copper

foil had beelVeRsHaR RMIFIBNErSRdelahe fekBl £t were conparabl e.
199904775 Foreign version _ g _ Exanple 6: As a departure from exanple 2,

blind hgles wth a_dianeter of 100.um were. produced. The drilljng of the
epoxy ngperi et68§lBF5€8%he?%p%fg N¥af® of 1383 ol%%r%lgﬁrEékc%%%?r
widths of less than 30 ns a still lower thermal loading
of the organic materials or, if appropriate, of the

laminates during the laser drilling.

15 Using a focused laser beam with a spot diameter of
between 10 pm and 100 pm according to claim 3 provides
effective laser machining of the organic materials.
Using spot diameters of between 20 um and 50 pm
according to claim 4 allows the laser machining of the

20 organic materials to be made even more effective.

The refinement according to claim 5 permits a
considerable increase in the machining rate by the
higher absorption of the laser beams 1in the organic
25 material. The additives are in this case to have a
significantly higher degree of absorption for laser
beams with a wavelength of 532 nm than the pure organic

material.

30 The development according to claim 6 permits a
particularly simple and cost-effective increase in the

degree of absorption of the organic material.

The refinement according to claim 7 ©permits an

35 optimization of the degree of absorption by the
selection of red additives, since the green 1light of
the wavelength of 532 nm is absorbed particularly well
by the complementary color red.




Exanple 7: As a departure fromexanple 3, blind holes with a dianeter of
100 ~m were produced. The drilling of the 10 epoxy nmaterial took place here
at arate of 212 holes per second. Exanple 8: As a departure from exanpl e
2, blind hohesgyitys 15 di aneterpgle{gn~t,BLWeRe Produced. The drilling of
the epoxy material took place here at & rate of 800 hol es per second.
Exanpl e 9: 20 As a departure from exanpPe~3, blind holes with a dianeter of
75 ~m were 8roduced. The drilling of the epoxy material took place here at
a rate of 468eholdey PRPEIHoNECOF Edpl BO10°1A4Ma fep PG Somexanpl e
ZHda modi f | a@aglrtqﬂydrraﬁ@xﬁwl df@%_‘f’}““k@l%(j?—@ﬁr@@iﬁfﬁﬁ@' yot. 59_i§lﬁf1ewglsghtas)f .
additive was adm xe s .used. e addjtive was_ _an Qrganic re | nt wt
t he desi gnataidéirjrt%l"\ﬁ%a%}f s REOVEE, 5:9_ Bi §Reit S gé‘%ig: ﬂucfcreogprﬁ%
conpany Xij ifegm ngncBbenzhqu GHey, HebeeePr @fi ncebs®rPrihi navithHuwst pi gnent
is an azo pi.gnent_.base n [i . The i % ti t he

| aser radi ati gﬁlﬁﬁgﬁeght%hegt%g?]é ﬁospgér%‘ﬂelgg tgﬁgp%@nﬁéﬁ aﬁc’g}}ggef be 35

i ncreased t epss0 fisidesiperclsdoondl. is 1899047 78 IRGCECy B Y epREdpUM gin
Exanple 11: (As @ dwure fromexanple 10, an inorganic red pigment with

t he designation "BayferroxT""' (C. |. Pignent Rot) from Bayer AG DE was
used as the additive. This 5 pignent is an iron oxide red pignent. The

resul ts wer g coimar @bl ee E¥aMbe ckPt iAh B rleprst brgahi emMmaxamilaa 1 a

polyrrer-(')sol ybl e 10 apt hraqui hone ggg\/\&h he desi gnation " %:dpg.lce.t T'" CGelb

cHs (C.10 sdinqafe bt‘l6%§ TORT CoF BA- 81 ERCAGIMEHNRES e Ghees

additive. Thedowlieasetonctlhdmr atl, f ar cdndidergtllze Epoxgyasat éni athavas

somewhal SRl n NSIe. AR XA Grkd S%dh dePdula I onexapladf. the
e te for

laser with tHE s4 aser paraneters. Was i ncrease the ra rilling
t he epoxy 30®tediregl perWsezomnl. iporggse in the degree of absorption

to at least 60% according to claim 11, or to at least
15 80% according to claim 12, the machining times for the
laser drilling of the organic material can be reduced

correspondingly further.

In the examples described below, the following types of

20 laser were used:

Laser I:
Diode-pumped, frequency-doubled Nd-vanadate laser from
the company Spectra Physics, Mountain View, California,

25 USs.
Designation: T80-YHP40-532QW
Wavelength: 532 nm
Power: approximately 8.5 W
Operating mode: monomode TEMoo
30 Pulse width: 20 ns at pulse frequency of 10 kHz
Pulse frequency: up to 200 kHz
Field size: 100x100 mm?.
Laser II:

35 Diode-pumped, frequency-doubled Nd-vanadate laser from
the company Haas-Laser GmbH, Schramberg, DE.
Designation: none, since prototype
Wavelength: 532 nm



30 35 Il was used, possible to material to Exanple 14: As a departure from
exanple 10, blind holes with a dianeter of 100 ~tm were produced. The rate

for drilling the epoxy nmaterial was 956 hol es per second. Exanple 15: As a
departure fregexampd e 13, blind kekesqgw GBraidhameter of 100 ~m were
produced. The rate for drilling the epoxy material was 531 hol es per

second. Exanple 16: As a departure from%®xanmple 4, a nodified FR4 nateri al
was used, in which, instead of the customar g%ags fiber reinforcenent, the
epoxy mat er iPA"S8%s rei nforced widBPEYPIOXFSEY ef yP 580 by wei ght of fibers of
a ruby glass. This ruby glass was prepared by addi ng 2% by wei ght of

sel enium 1o by weight of arsenic trioxide 199904775 Foreign version - 9a
and 0.5a by weight of carbon to a basic glass of the conposition

Na20- Zn0- 4SI 02. 199904775 Foreign version - 10 It was possible to
increase the rate for drilling this glass-reinforced epoxy material by a
factor of between 2 and 2.5. 199904775 Patent clains Foreign version - 11



1. Anethod for the laser drilling of organic materials, characterized by
the use of a frequency 5 doubl ed Nd-vanadate |laser with the follow ng | aser

Eg;aneterg:g- pglse width < 40 ns - pul se frequency > 20 - wavelength -
nm 1 J thod as cl ai Ny Cladm s h terized i h

_ 9 3 ( &k d 613l e oy characterized in that a

pul se w dth o? < %ggns is used. 3. {?net od 5% claimed in claim1l1 or 2,

15 characterized in that a focused | asér heamwi th a spot dianeter of
between 10 ~m and 100 ~mis used. 4. The nmethod as clained in claim3,
char act er i zégeratinhgt madfocused™rasBedsed Wt h a spot dianeter of 20
bet ween 20 F‘uﬂ‘sé”@ié@h?m i s useds 5 Ehepmiskod rRyudmiyee i10 anr of the

preceding clalns, characterized in that additives which absorb well |aser
beans with Buh&9efERGURNGY 532 N 35 §P8 ixed with the organic material.
6. The nethpgdeag shakned in cl ailmoxiochamdcterized in that at |east one

i norgani ¢ and/ or organic pignment and/or at |east one pol yner-sol uble dye
and/or a 30 least one fibrous filler is used as the additive. 7. The

nmet hod as cEaampdei d:claim6, characterized in that at |east one inorganic
red pigment and/or one organic red pigment and/or one pol yner-soluble red
35 dye is used as the additive. 199904775 Foreign version 12 8. the

met hod as clai neke i magivdiaateriyr PE multilayer wirings, dielectric

layers of an organic material are applied in a
10 thickness of, for example, 25 pm to the already

finished wiring layers by curtain coating or by screen

printing. An epoxy material is used, for example, as
the organic material. Then blind holes, later serving
as plated-through vias to the next wiring layers, are
15 made in these dielectric layers without the use of

masks.

For making blind holes in the dielectric layers, the
laser II was used. Using two galvanometer mirrors for
20 deflecting the laser beam, a surface area of 10 cm X
10 cm can be machined. Further parameters of the laser
are specified as follows:
Pulse width: 30 ns
Pulse frequency: 25 kHz
25
With a spot diameter of the focused laser beam of
approximately 25 pm, the blind holes were made in the
dielectric layer at the predetermined locations. A
pulse frequency of between 10 and 20 kHz was chosen for
30 this. When making the blind holes, it was possible to
avoid burning or other thermal damage.

Example 2:
With the laser I, blind holes with a diameter of 125 pm

35 were made in the epoxy material of an RCC material (RCC
= Resin Coated Copper Foil). The RCC material
comprised a 12 pm thick copper foil and a 60 pm thick




characterized in that between 0.1% by wei ght and 5.0% by wei ght of pignments
are adm xed with the organic material. 5 9. The nethod as clained in
claim6 or 7, characterized in that between 1% by wei ght and 2% by wei ght
of pignments .ar i-xed with the 0j gl . 10. The method as
claimed in &%@%@?ﬁ?}sai mn 5to 9, g{%gggéﬁeg&%g?ﬂb?n that the organic materi al
has as a result of the adm xing of the @additives a degree of absorption of
at | east 500 for the wavel ength 15 532 nmof the |aser radiation. 11. The
met hod as clddiededttimionelayex| aiofs pex®, ®BhA&PA&E4ri zed Thet h&ALLSRe

or gani ¢ mat il has, 4. ofphdie,arkd xidigyof ke addigsives a degree
of 20 absor%’[xlie%iﬁ1 of a?‘%lsgzazrsssﬁ%ﬁ% for tﬁ% vvavelégg%th 532 nm of the | aser
radiation. 12. The nethod as clained in one of clains 5 to 9, characterized
in that the yigRNi tGrdBf£rVadoMéSe ASmar 20rsesukt deff leke iadnithiend aafert he
additives a_degree of absqspti.on %f. at Ieast. 800{ forYth . way lgrr;gt ha 532 nm
of the |aseP%Mi &Pi o€ 13  ALFEGEE™ oPEhet T addl® dfi 1 11hg ot °of gahi ¢
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15 of 220 holes per second.

Example 3:
As a departure from example 2, the laser II was used,

with the same laser parameters. The drilling of the
20 epoxy material took place at a rate of 122 holes per

second.

Example 4:

As a departure from example 2, the blind holes were

25 made in a 60 um thick FR4 material (FR4 = leveld fire
retardant epoxy-glass composition), onto which a 12 pm
thick copper foil had been laminated on one side. The
results were comparable.

30 Example 5:

As a departure from example 3, the blind holes were
made in a 60 pm thick FR4 material, onto which a 12 pm
thick copper foil had been laminated on one side. The

results were comparable.
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epoxy material took place here at a rate of 382 holes

5 per second.

Example 7:

As a departure from example 3, blind holes with a
diameter of 100 pm were produced. The drilling of the

10 epoxy material took place here at a rate of 212 holes
per second.

Example 8:

As a departure from example 2, blind holes with a
15 diameter of 75 pum were produced. The drilling of the
epoxy material took place here at a rate of 800 holes

per second.

Example 9:

20 As a departure from example 3, blind holes with a
diameter of 75 um were produced. The drilling of the
epoxy material took place here at a rate of 400 holes
per second.

25 Example 10:
As a departure from example 2, a modified epoxy

material to which approximately 1.5% by weight of
additive was admixed was used. The additive was an
organic red pigment with the designation "1501 Fast
30 Red" (C.I. Pigment Red 48:1) from the company
Xijingming, Shenzhou City, Hebei Province, P.R. China.
This pigment is an azo pigment based on a barium salt.
The improved absorption of the laser radiation allowed
the rate for drilling the epoxy material to be
35 increased to 550 holes per second.
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Rot) from Bayer AG, DE was used as the additive. This
5 pigment is an iron oxide red pigment. The results were
comparable.

Example 12:

As a departure from example 10, a polymer-soluble
10 anthraquinone dye with the designation "Oracet™ Gelb
GHS (C.I. Solvent Gelb 163) from CIBA-GEIGY AG, CH was
used as the additive. The increase in the rate for

drilling the epoxy material was somewhat smaller here.

15 Example 13:
As a departure from example 10, the laser II was used,

with the same laser parameters. It was possible to
increase the rate for drilling the epoxy material to
306 holes per second.

20
Example 14:
As a departure from example 10, blind holes with a

diameter of 100 um were produced. The rate for
drilling the epoxy material was 956 holes per second.

25
Example 15:

As a departure from example 13, blind holes with a
diameter of 100 pm were produced. The rate for
drilling the epoxy material was 531 holes per second.

30
Example 16:

As a departure from example 4, a modified FR4 material
was used, in which, instead of the customary glass
fiber reinforcement, the epoxy material was reinforced
35 with approximately 50% by weight of fibers of a ruby
glass. This ruby glass was prepared by adding 2% by
weight of selenium, 1% by weight of arsenic trioxide
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1. A method for the laser drilling of organic

materials, characterized by the use of a frequency-

5 doubled Nd-vanadate laser with the following laser
parameters:
- pulse width < 40 ns
- pulse frequency = 20
- wavelength = 532 nm.
10

2. The method as claimed in claim 1, characterized in
that a pulse width of < 30 ns is used.

3. The method as claimed in claim 1 or 2,
15 characterized in that a focused laser beam with a

spot diameter of between 10 pm and 100 pum is used.

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

5. The method as claimed in one of the preceding
claims, characterized in that additives which
absorb well laser beams with a wavelength of 532 nm

25 are admixed with the organic material.

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

30 least one fibrous filler is used as the additive.

7. The method as claimed in claim 6, characterized in
that at least one inorganic red pigment and/or one
organic red pigment and/or one polymer-soluble red

35 dye is used as the additive.
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organic material.

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

10

10. The method as claimed in one of claims 5 to 9,
characterized in that the organic material has as a
result of the admixing of the additives a degree of
absorption of at least 50% for the wavelength

15 532 nm of the laser radiation.

11. The method as claimed in one of claims 5 to 9,
characterized in that the organic material has as a
result of the admixing of the additives a degree of

20 absorption of at least 60% for the wavelength
532 nm of the laser radiation.

12. The method as claimed in one of claims 5 to 9,
characterized in that the organic material has as a

25 result of the admixing of the additives a degree of
absorption of at least 80% for the wavelength

532 nm of the laser radiation.

13. A device for the laser drilling of organic
30 materials, with a frequency-doubled Nd-vanadate
laser with the following laser parameters:
- pulse width < 40 ns
- pulse frequency 2 20 kHz
- wavelength = 532 nm.



