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ABe3é1E&1B~~2’\m ugust 2002 DEVI CE AND METHOD FOR MARKI NG

COPPER- CLAD LAl mmﬂ mm 66* This invention relates to a device and a

met hod for marKki ng,(ﬁ per-clad | am nates. Copper-clad | anldhAugast@oe2used as
a base material in the production of printed circuit boards. The latter are
made fromelectrically high-insulating |am nated materials provided with
copper cladding, i.e. a copper coating. As a general rule, the internediate
| ayer consists of a glass-cloth lamnaté with a resin matri X, e g of epoxy

resin. The internedi at 9 Pg M gﬁgﬂ frome.
gl ass-fibre mat, an ar g‘#gﬁﬁéﬁﬁﬁﬁﬁ é@g bgfjf rom a Imm’uwmm"mﬂmm
| am nate. A workpi ece conprceirrkRCIDesMiRd M nate is pr

known manner into a printed circuit by etching away parts of the «g@pper
coating so that the remai ning copper surfaces formthe desired conductive
patter . I r ) ocessi ng, it
i's desﬁ@g}négﬁté&fnrg?%g&tthg%fgkBﬁ(g%es @gr}?ﬁﬂr‘?{k ﬁéeé%gér Clgda gzg? y identified.
For this purpose it is customary to mark the vvorkpl eces by starrpi ng a

symbol at so oint_ which is n operati nuf act ure
the ci rleRRPEr g@&qana@teaé%vﬁesga dpeations th%gwritwﬁ%qmgﬁtedn HrRY L@aﬁé
| am nat'g,LNe@: Whe Prﬁardmé‘rﬁtélé’ctﬂ’@ﬁl}ﬁmgﬁﬂhwlatﬂ?g Parnﬂﬁﬂed B‘?&ténﬂ@fﬁ%ﬁ%a Qth Whi ch

may appear for exanple in a mark cor ner t he workpi ece, 'is highly
undesi reepber ¢laddingd. esalggemm@n@tlrm M@smnngtl rtﬂg,rthherrtmeélattalayet earisistd of 4 ong

mar ki ”gﬂgs% 1&% 1&&1&’&%‘3 ﬂggrreé b’f‘i?att ?' é&& %’32%”%)4@ nt@nna'&%’?@ 8r o 410p!

requir i'Cu op ef at rof i n such a
way t haie ﬁﬂaﬂuﬁmﬂukaﬁﬁsm‘e(gl a@ﬁ@ﬂtﬁe \Maﬁ} hi arapmidé Ifﬂ)rimmeﬂamél, at alsoafye@n £ven
after t I has been etched away. The task of this invention is
t her efd’r lbflgqpﬁﬁ aﬂén%ferret hod and a device for marking copper clad
| am nat es whi ch overcone the di sadvant ages descri bed above. This task is
sol ved according to the invention by nmeans of the device of claim1l and the
met hod &fwarkpicps Qomprlsmg/mgrwwr -olad Jarminetedis\fireeessasicior e rkglowo pRNEr ivterd i on
IS equi d,wth er. _in _whase sQnator there | screen. W t h V\/mch
he 1 noBRgRd Shebt By doBhe AnBe SRS SR e A fo it 3nf P ERind obot b
em t t ecubficdshform eisodeaired cdrﬁlubﬂiﬂdpa&bﬂn}bnﬁthpaﬂtﬂlednshy(ltlag itpasdibte thybens such as
a diverging lens, for exanple, and then focused on the surface of the
copper-clad | am nate workpi ece to be marked using a focusing |lens such as a

conver ggdtbrd ;?rB&asmﬁé it Redekpané tolod%!ulﬁ'fthé-”vﬁvoﬂJfb?ec6§3§b\/tﬁ5t§lﬁé31Z cdned&lééi'@ ia&HIIRY.
surface of the lamnate is heated and vaporized by the | aser beam so that

t he i ntéarrbidiparost dbyjie cugpmatyetolraark e workpicerplis gampinge sumtfod @bsame poiat
epoxi dewl%ﬁ ?g &l prgéesgg}fa n tﬂé %r ﬁt%natto mllrﬁxggtulje%hg 91 (qupbc;a%g a? Mescﬁgec{]gl%tv’e.
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As a result, however, the copper laminate ends up permanently mechanically deformed. This

deformation, which may appear for example in a marked corner of the workpiece, is highly
undesirable for the subsequent processing. Furthermore, a relatively long marking device
change-over time is involved whenever a change of symbol is required. It is also difficult to
carry out the marking operation in such a way that the marked symbol remains visible on the

intermediate layer even after the copper layer has been etched away.

The task of this invention is therefore to provide a method and a device for marking copper-

clad laminates which overcome the disadvantages described above.

This task is solved according to the invention by means of the device of claim 1 and the

method of claim 9.



conpounds are formed at the surface, which blackens as a result. This
process requires a very high laser intensity, because copper is extrenely
heat - conducti ng and the necessary tenperatures at the focxl Aygustt2002¢e
difficult to attain. This is why the focal point generated has to be very
small. This is the reason-why the | asergbeamis first expanded before being
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devi ce are advant ageously grouped together to forma scanni ng head which
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| ayer has been etched away. Aside fromthe process for marking the
internedi ate | ayer of the | am nate as descri bed above, it is also possible
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one preferred enbodi nent, thé marking device is provided wth a cl anping
device for fixing the area of the workpiece to be marked in the focal
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conpr | ©5Q a;scapning head whichgpoves guerths woppiege sYifaChior kpi ece or the area to be

mar ked rests, and a franme-like - i.e. provided with an opening - pressure
pl ate which can be noved in relation to the table. The surface of the
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per pendi cul ar to each other. In this case the marking position can be
advant aftps Sustappaekayerdipsibgen pighediayveayt r ansport paths of the roller conveyors
are each limted in a transport direction by stopper elenents. This neans
that the workpiece is initially noved against a first stopper el enent on
one r oAside froantheypoocesofdrmdrkingeherimtdemadiatedsyer obtheilamihate asatdsiribetabsve,

direction, after which it is noved agai nst a second . stopper .el enent, by the
second! FAFRPOSIIR 18 Wark oply fhe Syripec o5 18R copmeplayer Bpsipe ¢ SFeriBtense Tha? ki ng

posi ti QppksSistdxidizatanEbltEdel by 45 hae Given {REhAE 218, G ﬁ?@élbxﬂr}enﬁinﬁ%god for
mar ki ng copper-clad lam nates Wth the device of claim1l is described in
claim9. Advantageous enbodi ments of this nmethod are indicated in the
sub-clains 10 to 13. 31 August 2002 4 A preferred exanple of an

enbodi ment will be explained in nore detail below with reference to the
drawi ngs, in which Fig. 1 shows a diagrammatic representation of the
optical conponents of a marking




!

devi ce according to the invention; Fig. 2 shows a diagranmatic side view of
a marking device with the conponents of Fig. 1; Fig. 3 shows a front view

of the marking device of Fig. 2; Fig. 4 is a diagram expl i Aagystt2002 manner

in which the chargi ng device functlons and Figures. 5 and 6 are sections

t hrough a workpi ece to be marked, MhiCh:ﬁhOM/the manner in which the

mar ki n llustrates the, pptica
T T e A R R
copper egpad thebeamhibconfrol Hedntedditydw medns estha séreemnator 12 with a
completely reflecting mrror 14 and a partially penetrable mrror 16,

t hrough which the | aser beam 18 generated in resonator 12 is emtted.
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flash tubes The | aser beam 18 emitted by laser 10 is directed onto a

di i d | . b 28 th
R L O A T T R
poi nt  fixing thbar@wﬁtﬁé:@ioﬂfplédbetocﬁeaﬁﬁl&adfhi the:fbday pra@ermm@de ds kppetat 32.

31 Aug D ver | ens 26 and, conv | ens 30 b sically forma
tel escgﬁé getiﬁ o H‘t‘PHeWef"&rHE‘F?FgS% Ee kel helibsy farietdvpe it
i's posw&aﬁa&qnﬁ%@w p?an\é% ¥n§1?@h1|at ﬁleﬁuélsu% is s%asfwafy Bﬁtﬁth%% fipgs phdtingnsi ty
on the surfaCe of workpiece 32 is ver Wiere the focal |s?ance of

conver gecm-zatleénh @@ prefered mbochmeekﬁbaméamn@ﬂe‘ab@gompamscw stetlgnarxe$atdef ocus
di anet s..t han,50 um 4for e nsi make
1 *postrtite o e Pital B pichre el R Rhd R Dl o hided
expl ai witt dnedpmlngn pressaecilaenwhich barfFbgnioead i rahadof to HeaablevTioesurfactof. 2

conpriges a_l aser rkin | iance 34 with | gser .head 40 un d on a
rmeh rieryarketes o 1 markdd 3F Beskc 5 giectabler gl mieugsngt (e Pofoby

cont ai RoRfhgl the PAdshrs Plaé st thal kcABRrkEipRbYesfBsh GRO 1aegtm«6&g,qfthfs%eﬁla§% head
40. The diagrammtically represented laser head 40 consists of the

ar r angégg¥iessate@lei n Fig. 1, nanely laser 10 and tel escope 44 with the two
| enses 26,30. If necessitated by the arrangenent, |aser head 40 can i ncl ude
ot her optical conponents such as mirrors or simlar objects. The marking
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54 in idine rkpiece 32 lies in the focal plane
of telggg uﬁb%ﬁ%hﬁn t ?E?ﬁg H%%Q?ﬁﬂﬁgﬁgn]18 of laser 10 is focused t hr ough
the opening in pressure plate 54 onto the surface of morkplece 32, as

al read | ai.ned in connecti wi t h H . the focal
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oper atg, q&uvah&geéusmdﬂﬂexﬁgaf B Maedars iichtddia tMubZdPﬂﬂ‘@hO% gpe in a
manner that is 31 August 2002 6 not shown. It is particularly

advant ageous to group together a part of the optical conponents of | aser
head 40 to forma scanner unit, and to nove only the scanner unit, so that
| aser 10 in particular remains stationary. '




Fig. 3 shows other conponents of charging device 46, nanely another roller
conveyor 56 which runs -perpendicular to roller conveyor 48 shown in Fig. 2
and serves to transport workpiece 32 in direction Y, per3draligust2002o0
direction X. In direction Y, workpiece 32 al so abuts against a vertically
di spl aceabl e stopper el enent 58, which defines the marking position in this
direction Y. As shown in Fig. 4, the charging operation.takes place as
foll ows: workpiece 32 is initially transported via the roller conveyor 56
shown m;tn'éfdircd%xfaﬁxpmm&iﬁxﬁﬁ%m%@%ﬂplﬁ&ed #Pmbfe FHAPPRSWSitH RMrensd |t
i‘'s then transported by the second roller conveyor 48 shown in Fig. 2 in the
di r ect totheseawivgsiiswhich t heret o, X, towards stopper elenent 50. It has now
reached its marking position in which the area to be narked is held in
pl ace by table 52 and pressure plate 54, and the nmarking operation is
carried ouFidyl Elesush dipgranmatid egpreskBtation of thd ogtidabisempbesmts d0a nidrkinge end
of the naréing 0 eQ?tion pressyure plate 54 is lifted to rel ease workpi ece
32, stoppef®¥ %H&ﬁl i8gtq the IpKFRICYH ownwar ds and wor kpi ece 32 can be
transported out of the marking device in direction Y. The work cycle can
then be repeated with another workpiece. Fig. 5 explains the operating
princi pl e &ig. 2tsbows e Kismemeatiwsidavicwrafiamgarkmgidseice mithrihe eomporeatssddtig.on
t hr ough moﬁkpiece 32 shows an internediate | ayer 60 nade from epoxy resin
whi ch serves as a substrate for two | ayers of copper 62,64, which -formthe
surfaces of workpiece 32. By focusing conical |aser beam 28 through |ens
30, the copper surface 62 is heat strongly sq.that the copper is vaporized
resp oxi di 7 38haws 8 fophpewpfithe ‘i“?’i“%ﬁ/&"i?&ﬁgg’rg- Bressure. The surface of
substrate 60 is exposed in this way. The latter is heated too, so that a
chem cal reaction takes place and bl ack carbon conpounds are formed at the
surface. THig 46$ adlagraom gxplaining\th meeneniniwhich theghargimpdevicerfiindtions; arid t he
copper |layers 62,64 are renoved fromthe substrate in a subsequent
processing step, the marking remains on internediate |ayer 60. Fig. 6 shows
t he mar ki nBignpsarSardfamtsettioms throagies workpiersild bemarkied, which shag ¢hd inenner
intensity |s pot sufficient. to vaporize the copper |ayer 62; the copper
surface is“’n’ﬁplék’);h%‘%ﬁﬁq% ViDL ‘QV%OPMLPESPi n bl ackening. 31 August
2002 7 CLAIMS 1. A device for marking copper-clad | am nates, characterized
by a laser (10), in whose resonator (12) there is an intensk%%;conprolling
a
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pul si NYdtYVAS crfydd), wHich Thetii@Miedeinadf manserafot shewp e wiope! detalinegs by flash
characterized by a_clanping device (52, 54) for hol ding workpiece (32) in
the fobuRes.Ipdnitiatss the Jases prRsesse B&sqr@éﬂr.l@lsomnmfm 8 gspusty-gpticplmodulator

char acheryw; i t Liag ; i It : iap@ary
B o R ) o R R ST

(54) warstocaptica moduiater] 22athereds atssixen 245 Mith whiclripartadthe intedsiyrrsflested he
previ o cl ai ns cterized b char.gi | ce 6)of Vi
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Wﬁr kpi Bsteghé?r_Zénlar ilx%g;r&erddﬁ@ﬁhg ah®bp&ling fnl‘ Scresth2d. e iedlia ggssiSBéle td]g abntidlethe
chargi ng device .conprises two rol|er conveyor : r )

t r anspbyensHy Moeagralling the pulse freqiiencyaf mm&%}?ai‘tmafmédeﬁwé O&y- alterigg The
deviceﬂﬁﬁmﬁ#@LgaﬁnfgngﬁﬁﬁqQ&%zed in that for the purpose of defining the
mar ki ng position, the transport paths of roller conveyors (48,56) are

limted by stopper elenents (50, 58).

The laser beam 18 emitted by laser 10 is directed onto a diverging lens 26, which expands
beam 18. The expanded conical beam 28 then impacts on a convergent lens 30, which focuses
the laser beam at a focal point f on the surface of the diagrammatically represented workpiece
32.



9. A nethod for marking copper-clad | aninates, characterized in that a

| aser beam (18) is expanded, and the expanded | aser beam (28) is focused on
the surface of a workpiece (32) in 31 August 2002 8 the3f Augusf2002
copper-clad lam nate, with the laser intensity inside | aser resonator ( 12)
being controlled by a screen (24). 10. The nethod of claim9, characterized
in that the | aser beam (18) is pulsed. B1. The nethod of claim9 or 10,
characterized in that, prior to the marking operation, a charging device

(46) trgRe it 868kt 140950 bAsiERI G ek o S
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K do
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The marking device of Fig. 2 also comprises a charging device 46 which is only partially
represented in Fig. 2, and a roller conveyor 48 on which a workpiece 32 to be transported
rests flat. Roller conveyor 48 transports workpiece 32 in the direction shown by arrow X until
the leading edge of workpiece 32 abuts against a stopper element 50. In this way the marking

position of workpiece 32 is defined in direction X.

In the marking position, the right edge portion of workpiece 32 as shown in Fig. 2 lies in the
gap iwetwecn a stationary table 52 disposed underneath laser head 40 and a pressure plate 54
disposed over it at a distance. Pressure plate 54 is frame-like, i.e. it has an opening in the
middle which defines a marking zone. It is customary to have square marking zones with the

dimensions 160 mm x 160 mm, for example.

By means of a vertical movement of pressure plate 54 towards table 52, which can be effected
.by a pneumatic drive, for example, workpiece 32 is held in place between table 52 and
pressure plate 54 in such a way that the surface of workpiece 32 lies in the focal plane of
telescope 44. In this manner the beam 18 of laser 10 is focused through the opening in
preséure plate 54 onto the surface of workpiece 32, as already explained -in connection with
Fig. 1. As the position of the focal point, f, on the surface has to be altered to carry out the

marking operation, laser head 40 can be moved along the horizontal plane in a manner that is
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particular remains stationary.

Fig. 3 shows other components of charging device 46, namely another roller conveyor 56
which runs perpendicular to roller conveyor 48 shown in Fig. 2 and serves to transport
workpiece 32 in direction Y, perpendicular to direction X. In direction Y, workpiece 32 also
abuts against a vertically displaceable stopper element 58, which defines the marking position
in this direction Y. As shown in Fig. 4, the charging operation takes place as follows:
workpiece 32 is initially transported via the roller conveyor 56 shown in Fig. 3 to undemeath
laser head 40, up to stopper element 58. It is then transported by the second roller conveyor 48
shown in Fig. 2 in the direction perpendicular thereto, X, towards stopper element 50. It has
now reached its marking position in which the area to be marked is held in place by table 52
and pressure plate 54, and the marking operation is carried out by focusing laser beam 18 and
moving laser head 40. At the end of the marking operation pressure plate 54 is lifted to release
workpiece 32, stopper element 58 is moved downwards and workpiece 32 can be transported
out of the marking device in direction Y. The work cycle can then be repeated with another

workpiece.

Fig. 5 explains the operating principle of the marking method according to the invention. The
section through workpiece 32 shows an intermediate layer 60 made from epoxy resin which
serves as a substrate for two layers of copper 62,64, which form the surfaces of workpiece 32.
By focusing conical laser beam 28 through lens 30, the copper surface 62 is heat strongly so
that the copper is vaporized resp. oxidized and is removed by its own vapour pressure. The
surface of substrate 60 is exposed in this way. The latter is heated too, so that a chemical
reaction takes place and black carbon compounds are formed at the surface. This blackening
is how intermediate layer 60 is marked. If the copper layers 62,64 are removed from the

substrate in a subsequent processing step, the marking remains on intermediate layer 60.

Fig. 6 shows the marking operation at lower laser intensities. In this case the intensity is not
sufficient to vaporize the copper layer 62; the copper surface is merely oxidized, which also

results in blackening.
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1. A device for marking copper-clad laminates, characterized by a laser (10), in whose
resonator (12) there is an intensity-controlling screen (24), an expanding lens (26) for
expanding the laser beam (18) and a focusing lens (30) for focusing the expanded laser beam

(28) on the surface of a workpiece (32) in the form of a copper-clad laminate.,

2. The device of claim 1, characterized in that the laser (10) is intended to be operated in

pulsed mode.

3. The device of claim 2, characterized in that an acousto-optical modulator (22) is disposed

inside resonator (12) for pulsing laser (10).

4. The device of one of the previous claims, characterized by a clamping device (52,54) for

holding workpiece (32) in the focal plane of focusing lens (30).

5. The device of claim 4, characterized in that the clamping device (52,54) comprises a
stationary table (52) on which workpiece (32) rests and a frame-like pressure plate (54) which

can be moved towards table (52).

6. The device of one of the previous claims, characterized by a charging device (46) for
moving workpiece (32) into the marking position and for removing the marked workpiece

(32).

7. The device of claim 6, characterized in that the charging device (46) comprises two roller

conveyors (48,56) for transporting workpiece (32) in two perpendicular directions (X,Y).

8. The device of claim 7, characterized in that for the purpose of defining the marking
position, the transport paths of roller conveyors (48,56) are limited by stopper elements

(50,58).

9. A method for marking copper-clad laminates, characterized in that a laser beam (18) is

expanded, and the expanded laser beam (28) is focused on the surface of a workpiece (32) in
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11. The method of claim 9 or 10, characterized in that, prior to the marking operation, a

charging device (46) transports workpiece (32) into a marking position from which it is

removed after the marking operation.

12. The method of claim 11, characterized in that, prior to the marking operation, workpiece
(32) is transported on a first roller conveyor (56) in a first direction (Y) up to a first stopper
element (58), and is then transported on a second roller conveyor (48) in a second direction
perpendicular thereto (X) up to a second stopper element (50), is marked in this position and

is then removed from the marking position in the first direction (Y).

13. The method of one of claims 9 to 12, characterized in that workpiece (32) is held in place

in the marking position during the marking operation.



