o <=e3ez@R=ttu,v'NvFvevTw/.., , , i 1 A METHOD AND A DEVI CE FOR HEATI NG
AT LEAST TWO ELEMENTS BY MEANS OF LASER BEAMS OF HI GH ENERGY DENS
Description The present invention concerns a nmethod for heat MM@\E&@%W‘L
two el ements by nmeans of |aser beans, so as to either join o e
el ements. The present invention relates in particular to a | aser *$®¥Hi ng
met hod for joining various workpi dces nmade of plastic or plastic and other
materials, with the upper workpi ece facing the |aser source conprising a
material which is transparent to the | aser beam and the second workpi ece
conprising a material which is absorbent to the |aser beam so that the
adj oi ning contact surfaces of the two workpieces nelt and connect to each
ot her during subsequent cooling under pressure; with a mask bei ng arranged
bet ween the | aser source and the workpi eces to be connected so as to
connect the workpieces in a particular joining area of the contact surface,
with the structures of said mask being | arger than the wavel ength of the

aser DRAmAPhieth plikh RS FRRY x5 UWKGCTRPENGIRR! ok Gueblie oFONt act surface
in such T- : at a line

results at the cont aci3EuPERYE HHA! EHREY (DENSTTdser beam and t he mask are
noved relative to each other. The invention also relates to a device for
carrying out the nmethod. This nethod is described in the pendi ng European
pat ent application 99101816.9. This nethod of joining masks for

m crostructured conponents redassEgtivoary hi gh novenent speeds of the | aser
beam and the conponents to be joined. In order to achieve the necessary

nmelt tenperature, a very high energy density of the |aser irradiation is
al so r@GuiPFEIFN T HIRBELOR cERCRHEl y dPAP9%anics” PaREPI dRrbdLeEr i8S of 2

elements by means of laser beams, so as to either join or separate the

elements.

The present invention relates in particular to a laser joining method
for joining various workpieces made of plastic or plastic and other
materials, with the upper workpiece facing the laser source comprising
a material which is transparent to the laser beam, and the second
workpiece comprising a material which is absorbent to the laser beam,
so that the adjoining contact surfaces of the two workpieces melt and
connect to each other during subsequent cooling under pressure; with a
mask being arranged between the laser source and the workpieces to be
connected so as to connect the workpieces in a particular joining area
of the contact surface, with the structures of said mask being larger
than the wavelength of the laser beam applied, with the laser source
being set to the contact surface 1n such a way that a curtain-like
laser beam is formed and that a line results at the contact surface,
and that the laser beam and the mask are moved relative to each other.

The invention also relates to a device for carrying out the method.

This method is described in the pending European patent application
99101816.9. This method of Jjoining masks for microstructured
components requires very high movement speeds of the laser beam and
the components to be Jjoined. In order to achieve the necessary melt
temperature, a very high energy density of the laser irradiation is

also required. However, currently available laser diode series of

T
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sem conductor |asers only achieve an output of max. 60 - 80 W Yet there
are di ode stacks whose out put is in the kWrange, whose | aser beam can al so
be brought to forma line, by nmeans of a suitable optical arrangenent.
Advant ageously the | aser beamis directed so as to be perpendicular to the
joining area of the contact surface in order to achieve as exact a
projection as possible, in particula” in the case of small structures, and
to preclude any unnecessary shadow effects. Because of the design of such
| asers in the formof diode stacks, the | aser beam i npi nges on t he mask at
an angle. BRE-PBMHR" rE8HIT iAY iAFAERYGr ART REPUS 1 ™K afiie %0sPnofet

accept abl ethafe the ms«k qtatysi ngosmetohqut 19 il a6e v daef@V@&hodeOnasanpl e
surface noynt deyi ) ndyct onents ontog.a, carki

Eur opean pgtent appl P ciltvl[)obrf§%2%6 % , wtcthqﬁ 4 al so- pendl ng, aglscrl bes a
met hod f or oheizef ngr@H@qﬂ‘ee‘bnﬁémﬁt%wbillmaﬂslaeﬁrI‘aa%r ipedirechfidt hotdse wiring
paths on Okoi Be aparpkmledla&i rteu'ute bakthg t;taea cannaet icattaeanstagee pirace by
nmeans of a sol der or . sol by respective heating of the Egiarts1 to be joined
Wi t hout t h& e “8f a%dFEFer“(%’b“Ea"r IFEGIHTEPD;Bi RPITET e AdRoPHihG £ the

net hod, a whskcaok nbtselialstwhteles,sandiper neadbé: tapy| agercesseayshkgowar r anged
bet ween theekasgl BQULGE ANdhd hfesPéWBQn@&'éhS 1alM &N hhenarQas §:0 Lsad 0i ned
havi ng been renmoved on said mask heati ng regions are then irradi ated
i ndi vi dual 15§26 s thullfatfe H6T ymb’gf‘gﬁéa?fs Br & 8F et Pisdr Bans, so
that the heatingngegiaoffiaéfes) hacRORPORGNE Sisaher heak B df ojr Ot tha €
separated. .Inter al |ha a line-shaped | aser beam can be sel ected whi ch noves
in relationt® the " corrponents and the carrier. Wiile with this method,
heati ng of the conponents usually takes place nore slowy than with the
above- nent iqeneglicasesrj Qekdvag nﬁtrhodxant)tle Q¥ Sl ORot ttaaueeqwism;d ener gy
density can al so pose robI em |s thus the ob ect, of e present

i nvention t6"pio) Socéte"ra‘rzt0 TR ?or Br 6% dFHg "AEEsE t%ateer%ra)? &ttty in
order to acﬂﬂlewlatiecrumhelheatq mrgndiog. tdwecrpepp@see@fodj fmberging sgelpar ati ng
at |east twongbfxent:s, wesde br omsthesSAMB.ek trreompt'nt;f pi@fit ofedenhal s,

i ncl udi ng net alts alla S, apI as,;thl CS, ceEam cs % F\ anlbc or i norganic
subst ances.PPRSFRr P etTabodt i "ot RIS % © VentY o8 Bf odvi de a
hi gh- qual i tsplde3 ar eselphi rity |rn5tte|¢el\reegleehnmf Othehf oPyitHg tzohe piinedj ects
adj oi ni ng iAo ARG, ud bh Ahadeast- QREOR: 8L 5008NGP. MRdeHhg PlAShEC, and
with the joi n|n zone being wel | defjned. Accordi ng to the invention this

object is METPBY & MBCRoY WIFR ' Phe "Rl d€t APISETPTL 2 of © cf 2% 1°BF 2° Furt her
advant ageousrrenppgidibrenes die limerneddroe ade tioonaparedtd,n wible tyeboreds nat e

claims. Fur{heLnpliGeq bl ottueeqemt,secn‘et Y4 HadEVinGE Wakhhd PEyions are
characteristics of claim Furt her advant ageous enbodi nents of the device

are provi deds™n lt“ﬁfedlta'é"sdpe‘é‘f"rvguarléiyaf’édSé’ﬂﬁ&?'ﬁ"ﬂ%ﬁ"e b ArPARS K BFdPhgly, to
gener at e hi ggveemergyerdesmist \soi rhathehqg deatiing @yeas bagde Osaomenod aat | east
two diode |asQLs AL ;BLRUIBE 43991%@@%1“@@9 ;ﬁ@t SHRILAUSRL | YaseHif " | NY

| aser line lengths are generated by means of a zoom optics arrangenent.
This conpri &¥%s eorseé‘;?% | ghigh cPveAder FEASihiteh tRancHe onBVed2tth Phe

di rection otadradi.atwnane @&@hashiso mleehoatbl aeattﬂnyadsxy thiae cdiysdnamce usGalihe nmask.
fhe relative,yRvRIRN! Del RSt BRad RN, LIS SOIMRDENtS, £AY el t her
be achi eved %y mbvi ng t ' asér ea or exarrp e rb rreans of ‘a novabl e
devi ati on niethed; dre Byevidierngt tihe E‘tﬂ‘l‘}hb?t’eﬁt‘%rgdnd%ﬂ‘flﬂ yeapaplse, P#gecarding to
a preferredoedthedi nent, a first |aser beam aligned perpendicularly to the
surface of the mask, is joined by at |east one secondary |aser beam
arranged perpendicularly to the first |aser beam wth such joining or

adm xi ng t akf ngs plhagethgi ebicbedmtipl paetent fiovenddoh toepormdar yarl aperonbeam
and with the resulting Lasphcdeamndeiddsdiy et 6hontg LB JBSKieqlfet hi s
effect a well-defined beamsplitter is used which is highly transparent to
one | aser be&ahiaRdiHi G PUPets @118 %0 of HEPF RS bRE it vEraSEcloRdat et Eser beam
i Mpi ngi Ng pakgenthoaultas | yar@n ot henfm ro&tfférasermheamlsPr eheralhy dedses, beans
ei ther of different, wayvel engths the sane wayel ength but of different
pol ari satiofi” are’ uSet Wththi s rretﬂod LR tHe ‘reshecti Ve aev ce, a

per f or mance raftiZz0brc 1806 Wec abiepF edehitd ynirntaghiteviedyide eokidihngpat &-vanot her
preferred enbodi nent, several |aser beans are focussed parallel to each
other onto the joining area by neans of a lens. To this effect the | aser
sources are arranged in close proximty



4 (spaci,ng approx. 1 mm to each other. This close design can also limt
the angle problemif the focal length of the focal line is sufficiently
long. Wth this arrangenent, at present an output of 200 Wcan be achi eved.
This method and device thus nake it possible to join plastic plates,
noul ded parts or foils together or to other materials, for exanple netals,
al l oys, plastics, ceramcs, sem conddctor materials, organic or inorganic
substances, with such joining occurring at short cycle times and providing
hi gh quali té; or tq strface.-' oifn éi nel.ly,-structur ed wor k%i_e_ces to the
desired zdi&® pPaRY <81y’ WTKBut" §anelge g tWE et PRETGF €IBY ROt oRI y
provi di ng radeguatieh erteldgystdensi ¢bjern pngd gnadt ¢thelautiputangf witte thadi vi dual
lasers being,{suddd 6digQtwelPUWerabs0 by making it possible to vary the line
length. In this way high flexibility is achieved. Below, the invention is
explained in nore detail by neans of enbodinents in conjunction with the
acconpanyiAi@oeHiawi BgStheaSnianth@ivxni ki giieet lid wme BChematica diagrasl by way
of an exanple, .of an arrangenent wiih Lo, laser sources arranged o
per pendi cuTaF TS f 6 Bach other: "Frgufe s a SERETSETT APayramT of the
arr angenentheaeetdrdi e contEiged dnlth shbagdimatal clzdnal Fetthleamae, sBdsces
per pendi cubiakct Qsandd bpta ldasiRe SQUN 6 RNAF AW €s3d S1AmSEhenBte di agram
showi ng anot her design of the |aser source with parallel sem conductor
| asers. Fi YUrB 2 PeeowEP¥HEREnBE N6 B Car P anBEeRt £BrthsI &F@°Ge!V8i ng of
pl asti c pl edleged! subprdimatle aragmi.0 be wel ded only in a certain joining area 6
by nmeans of a |laser beam 2 and a mask 3. Accordingly, the arrangenent coul d
al so be configured for joining or separating conponents (SVMD on carriers
etc.). Thererrdgdente cHffFitSedigh f pregey | d¥Eityolly dde170inigg a%%pl e one
or several 1562M semAUGEOht | BBt Stodidacke: |1asSersS are afdoaftge doydthlekNeandM t h t he
| aser radléﬂgtogué%ggggﬁégy, d?ffering laser line lengths are generated by means

of a zoom optics arrangement. This comprises for example a cylinder
lens which can be moved in the direction of radiation, so as to be
able to vary the distance to the mask. The relative movement between
the laser beam and the components can either be achieved by moving the

laser beam, for example by means of a movable deviation mirror, or by

moving the components on an x-y table.

According to a preferred embodiment, a first laser beam aligned
perpendicularly to the surface of the mask, is joined by at least one
secondary laser beam arranged perpendicularly to the first laser beam,
with such joining or admixing taking place via a beam splitter for
each secondary laser beam, and with the resulting laser beam being
directed onto the mask. To this effect a well-defined beam splitter is
used which is highly transparent to one laser beam and highly
reflective to the respective secondary laser beam impinging
perpendicularly on the first laser beam. Preferably laser beams either
of different wavelengths or of the same wavelength but of different
polarisation are used. With this method and the respective device, a

performance of 200 - 300 W can presently be achieved.

According to another preferred embodiment, several laser beams are
focussed parallel to each other onto the joining area by means of a

lens. To this effect the laser sources are arranged 1n close proximity



fromsaid sem conductor |asers being collimated directly by a collimator

l ens 13'. The |l aser source 1' is placed such that the |aser beam 2, in the
manner of a beam curtain, is brought perpendicularly through the apertures
9 of the mask 3 into the joining area 6 of the contact zone 7 between the
two plastic plates 9, 5. Before that, the |l aser beam 2' passes through a
beam splitter 10 which is highly trafisparent to the |laser beam2'. Fromthe
| aser source 1" arranged perpendicularly in relation to the first |aser
beam 2', a corresponding | aser beam 2", also collimted by neans of a

col | i mat or (FRATINAIPPLIPaskd®) t'® epdd bewm SPiF ttere Hosihera plsd Aptifges on a
surface 11cuwhi Ghgies bicghla,y rlefltﬂletiﬁbeatouettjtﬁ | @setndbeasBal” , 1ihBUSisuni ti ng
it wth the 9} her tI asger nﬁ nil forml atsertbeam 2t The veI e%to%t h of
| aser beam®2*HGT§T4 °f“|go até it frALET Beaft 2 55T é?loqt“ﬁ@r’ opt t he
wavel engt hg odn basaehlelyearrs 2', 2" axe identical but the polarisati on is
different. Insofar as several |aser beans are arranged parallel to the

| aser source 1" so as to increase energy density, said |aser beans are to
be arranged™th RERFUAREH i BrIEH tHUE HEkBeHmPSHIiPY drsITr Pirpuic plages,

di agr ammat m{aaideyl phan ok N £&illg 2ogether Cdlnd:lot bERS fnmer\i\msel eagtb&.mpre

pol ari sati on, ceor | Subseguent the | aser inges on a
cyl i nder | &8 2 \‘y/’v}l"lfi di geéél’ro\‘/xér 'R the o?eucct:?'bnma(% ai a |(r)rﬁ so as to
gener at e dioftf éperyeniq rfebt@ﬂgftﬁ'as with rpeich ey @ceurrihel c?ett sloby aakhed

l'ines. The gpes g.a&I,ﬁatidtnefrtl@ﬁtcyu\é@ldﬁstetr thi N8t el Foina 8l @G t@RdQ N E
contact surface 7. requi.red for this nethod, the plastic pl ate 9is

const r uct ed™°&EPIgE% ot°al Flb?/v ‘i’erséﬁ@sctn & o PEGFL e R or YR ot TBRIC WhT | 5P he
pl asti c pl atteu&urs, dysopbeniy pioeidiagerdelqesm Endrgy crmbitvucushyitaoyed

relative tQ:htehgul[m% koft3 er Eﬁtﬁvﬂ’é\?ﬁt IlgseQL a{:@ﬁig 1ns§ff1%@ex;tha§)u£ hﬁsgl @f“ C
plates 9, 5 in the joini n%area directly bel ow the laser [ine B assune a

fused st at dakhe? sh'bséfﬂféﬁ yERolREN f §Pe attiér €BHIN ng® Fifgdr &28 high
di agr ammat i pakinilshows anierbodi nent conpri sing several |aser sources
19'-19"", arranged parallel in respect of each other, so that the |aser
beans 2'-2"" which are generated, axe aligned in close proximty to each
other so asPHB"avsPl ARYEARR eler FR airecht 1n 17055054 Bl k. PThd=atacPhg of the
| aser sour ce®olSue@PPlridXconjuntiorbuitH Ghe abecdpaiyin@rRgh@ngs s @sstolidie: nunber of
| aser sources used is |limted to a maxi numthickness of the parallel beans
2'-2"" of approx. S mm The parallel rays 2'-2" are collimated onto the
contact surfigee 2 by frednsoBt™gie oAAEYRNtPY g PS5 AnTHEHB6ve feAti oned
rel ati ve novenment reguidngena@nwieht hier 1dsakesoplaeeadiyndgmavpaigetdieuplagti c
plates 4, 5 or the lasger, heam 2. This can for exanple be realised with the
additional use of a deviation mrror which can be noved into the beam path
in front of the cylinder |ens or convergent |ens.

Figure 2 is a schematic diagram for the arrangement according to

Figure 1 with several parallel laser sources perpendicular

to a first laser source; and

Figure 3 is a schematic diagram showing another design of the laser

source with parallel semiconductor lasers.

Figure 1 shows an example of an arrangement for plane welding of
plastic plates 4, 5 which are to be welded only in a certain joining
area 6 by means of a laser beam 2 and a mask 3. Accordingly, the
arrangement could also be configured for Jjoining or separating
components (SMD on carriers etc.). The arrangement comprises a first
laser source 1, for example one or several semiconductor lasers

{diode lasers), arranged in line, with the laser radiation emitted



7 CLAIMS 1. A nethod for selective heating of at |least two materials (4, 5)
by neans of |aser beams (2), with a nask (3) nade of a nmterial inperneable
to radi ation arranged between the radi ation source (1) and the naterials
(4, 5), with regions 9 having been renoved fromsaid nmask (3), with the

| aser radiation being admtted through said regions (9) to selected heating
regions (6) of the materials (A 5) &ranged below the mask (5), wth all
heating regions (6) being heated by irradiation, thus |leading to joining or
separation of the rraterials (4, 5), with a relative novenent between one or
several | asen bBaads sanidohdetant ahb&dss 1(e4ng5)cobﬁ|nﬁge<camﬁteeﬂlpumy a
characteris t. for ratin h{,gh_ener nsl I ser beans
from at Ieaggmia\g\% g%f)sdelg aggrs (ST; fg“'}ceairelﬁr sflghge Fl‘y ehp 0 the

heati ng reégeon?( 6y &erd "aedr ditf f ebemt cirdsir Illsnbrqueh’gtmpf@wlb‘eirhg

subsequentdhyogﬁneﬁatagglr@yesr@alas e amnhomtbcghe( 13iningd- aRaMetdrodnd or
joining various workpieces ( é de of Iastlc or | astic and ot her

mat eri al s,SWF19F EHE pr%tr”e%rtl?ﬁl Ce PO T a”c,liahe@f thhe’1 £8P S50 e )

conpri si nglaaemabe &' whsols itdrévganspareent sglattdhre lasencheam Kignhly and t he
second Wd&ghg&ﬁexé)toceﬁmwamgmammj»t erial b PJl ks &gégrpe@&rsngeéhe | aser
beam (2) so that the adjoining contact surfaces he two wor kpi eces
(4, 5) nelRerApRfieRRAbEt dur FRLRtéebs dGuekie cc?bF*itng 1aﬁ‘trer bspesAre;2w th a
mask (3) nadeedpondingasaeri vgaar peahh e rasatmnwéd bﬁlmnardfaeg&dlb@tmeen t he

| aser sour ce (]1)1 anda gpe wor Kkpi eces 9htt5 . connect ed 29 as 1o connect
t he workpi EC&s P parstl cul ar j Ol hi g areéa ?6) of the ‘¢ont’act “Suff ace (7),
wi th the sturfieteurids wpdgh gfs @aﬁldynﬁsklebe;vng thaklyier lahen Ydae dbwelhangt h of
the |aser Qﬁ@mg(%)t a@m I@.d, ometrhlt.m |b@§1€r2'SQ!slr £&m( IhsdieiRgn St he the
contact surface % a curtgl n-1ike | aser beam is forned

and that a"¥ehed §)°fr e]saﬂf’f sbeél“ fhe 156?1‘?a5f°“’sﬁ tacy 1ane t958F The Maser beam
(2) and thalomhsxk op8jonar eherpiagel emgliat iofeliserebsimsokher2™ eharaeherdased i n

that for g&NeRAl iddgarisBefUh0hs RACELNNHCARLIN 1 L kDG 201 TURY afd 6) , |aser
beans of at |east two diode |asers (1'-1" ') are brought together, and that

subsequent P5FAReEE PaFREL | BRefhd AT eyt '8f°afe Hondrstesd By ¥¥ans of
zoom opti C8er(s1Ry,. s3id Aaret eanaceerci mg d:0agdedi i lcc@puidtichanacteei sed in

that a firgl, a&@ité@??”‘lé'?-lb“m 'a&nQﬁaQﬁ'}nﬂﬂlQéﬁW A l:Nntgthfz‘q Sé”fﬁ(ée of the
oi ned at [ east one secondary [aser beam ") arranged

mask (3) S
per pendi ch%ﬂ‘{W“t“B f"r’ie“af"a}%‘tgtr%té’érp"déé‘r?ﬁt’vﬁ“t T‘Ppéﬁc"‘}fc]’bqll‘?ﬂ% or adm Xi ng
taking place via a beamsplitter (1010"") for each secondary | aser beam

and w th tQ@bsegééutu ”ch BSEf blggar@ Qggmgee; ng d {,ﬁ%@g @ﬁngt mﬁchoaaw ng area

(6). 9. A nmethod according to claim3 characterised in | aser beans

ei ther of Bf fT¥Fent” W&%efesgtirs of ’Eﬂdli"r’ré“'sasr‘r‘eaﬁ\a%lgé’ﬁﬁfﬂ’febﬁ’cffﬁfenﬂl fferent
pol ari sati ommeanengtsedLife 1éngtei haad aﬂtmddi mg da@hed aiimesl or 2, characterised
in that several |aser beams (2'-2 ") are focussed parallel to each other
onto the joining area S by neans of a lens (15). 6. A device for

sel ective Reatiraggestcddy| Fd8etiviol arat erral % ig4ra )"‘t‘iﬂ/ oReart§e oforrater beans
(2), with aufm&k ¢ 3)asade reeiulaecmah&r itals in¥pesayeahe epta@ciadilats on iar r anged

between the radigthon, %QUECG t@”d pselorl;mt e“s‘f"elrsrgdlat?grf 4o fegions (9)
havi ng been® rermve F 6 sai‘d mask " ( el aser radi ation pa55| ng

t hr ough saipdastégi pyese (9)ist abxwbery: eahméaﬁrn@e?"egl apscrEjrwhshhecvast eri al s

(A, 5) arrapgadvbaloowd heskmask ¢k p1widib @llehaatd ngorggi ang {18} hei ng
heated by irradiation, thus | eadi ngretaost QH j.oj ning or separ ation of t he

material s P82ES) 1rand it PRIEPPY ectly be he laser line

assume a fused state and subsequently solidify, after cooling.

Figure 3 diagrammatically shows an embodiment comprising several laser
sources 14'~14’'", arranged parallel in respect of each other, so that
the laser beams 2'-2'"“ which are generated, are aligned in close
proximity to each other so as to avoid any angle error if at all

possible. The spacing of the laser sources is approx. 1 mm, but to



.nmovenent. between one or several |aser beans and the materials (9, 5) taking
pl ace, characterised by at |east two diode lasers (1'-1"") for generating

hi gh energy density at the contact surface (7) of a |laser beam
concentration device for bringing together the | aser beans, as well as an
adj acent zoomoptics arrangenent (12) for generating different |aser |ine

| engt hs. 9 'l. A device according té claim®6, characterised by a first

di ode laser (1') which generates a | aser beam (2') perpendicularly to the
surface of the mask (3), at least a further diode |aser (1"1"")

perpendi cul,8fq tRgide birst ol QdRedrasernafds )shhish, gener afgs. & kasgr beam
(2"-2"") inpingi ng. perpendicularly on the first |aser bearré as well as a
beam spl i tP&EFLERHT e & 0T REPLIBERREHNE et 1 atli GRPEREVI ce™ BTPA devi ce
accor di ng ga@allledi myé, 2'clRar act eslilseded ronthathet bdrtditoderdaaser oy (deand”" ") em t

| aser beany gi ther, Qf diffgsent wavel engths or of the same wavel ength but
of different polarisation. 9. A device according to claim®6, characterised
in that several diode |lasers (14'-14"") are arranged parallel to each other
and that afed abdfCherd@SHBLCRBLARNLE Aol QRndCVduer N Eail eilther SANE 168 @ zoom
optics arrangenent, a onv,er%ent | ens é15%{,§' s arranged in the beam path,

sai d convergdRt %l (PLBT ¥O8IESF n £h8t | Dt 2 BEaRE™™ 2+ - D*F 6t $°Fhe

cont act suedample (b) .rea)N=3d. ALAF.tAR. AddiRidha&Yusé\. ABMRIADAtion Quiger 34bd#I

Y upkf a\ W @Lfada%aﬂ,ec%séd cleahe Trlealanligal.cal cal opl eplicalealeal.eal calcal e
aJca] ca] calcalcalc”a]ca]ctaUcalcTalc"al Y& ~ (@QT

"t &' {vql gbfX'FEEPEAI®a] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca! &' ("##HAPP&E' ' =) @) ***+++++=,Z,], -
-'-//000~xsnhc” Xl gb] X] U] ca] ca] cal] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca] cal] ca] ca
] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca
0000001"1213161:111221222222233444456666{ vpkf a\ W gb] X] ca] ca] ca] ca] caU] ca] ca
U] ca] ca] ca] ca] ca] calU] ca] ca] ca] cal] ca] ca] ca] cal] ca] ca] ca] cal] ca] cal] ca] ca] ca
]caU ca 6p788:t <v<<<====



. >>2@233444456666{ vpkf a\ W gb] X] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca] cal] ca
] ca] ca] cal] ] ca] ca] ca] ca] caU] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca

QfH 10% ()-9L10%& ()-03 109 ()-MLOY& ()-&sS109%& ()-#109& ()-'
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CLAIMS

1. A method for selective heating of at least two materials (4, 5)
by means of laser beams (2), with a mask (3) made of a material
impermeable to radiation arranged between the radiation source
(1) and the materials (4, 5), with regions 9 having been removed
from said mask (3), with the laser radiation being admitted
through said regions (9) to selected heating regions (6) of the
materials (4, 5} arranged below the mask (5), with all heataing
regions {6) being heated by irradiation, thus leading to joining
or separation of the materials (4, 5), with a relative movement
between one or several laser beams and the materials (4, 5)
being carried out, characterised in that for generating a high
energy density, laser beams from at least two diode lasers (1-
1%} are brought together into the heating region (6) and with

different laser line lengths (8) being subsequently generated by

means of zoom optics (12).

2. A method for joining various workpieces (4, 5) made of plastic
or plastic and other materials, with the upper workpiece (4)
facing the laser source (1) comprising a material which is
transparent to the laser beam (2), and the second workpiece (5)
comprising a material which is absorbent to the laser beam (2)
so that the adjoining contact surfaces (7) of the two workpieces
(4, 5) melt and connect during subsequent cooling under

. bressure; with a mask (3) made of a laser impermeable material
being arranged between the laser source (1) and the workpieces
(4, 5) to be connected so as to connect the workpieces in a
particular joining area (6) of the contact surface (7), with the
structures (9) of said mask being larger than the wavelength of
the laser beam (2) applied, with the laser source (1) being set
to the contact surface (7} in such a way that a curtain-like
laser beam is formed and that a line {8) results at the contact
surface, and that the laser beam (2) and the mask (3) are moved

relative to each other, characterised in that for generating
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high energy density in the 3joining area (6), laser beams of at
least two diode lasers (1'-1““) are brought together, and that
subsequently, different laser line lengths (8) are generated by

means of zoom optics (12).

3. A method according to claim 1 or 2, characterised in that a
first laser beam (2') aligned perpendicularly to the surface of
the mask (3), is joined by at least one secondary laser beam
(2*-2™") arranged perpendicularly to the first laser beam, with
such joining or admixing taking place via a beam splitter (10-
10’") for each secondary laser beam, and with the resulting

laser beam {2} being directed onto the joining area ({6).

q. A method according to claim 3, characterised in that laser beams
either of different wavelengths or of the same wavelength but of

different polarisation are used,

5. A method according to claim 1 or 2, characterised in that
several laser beams (2’-2’") are focussed parallel to each other

onto the joining area (6) by means of a lens (15).

6. A device for selective heating of at least two materials (4, 5)
by means of laser beams (2}, with a mask (3) made of a material
impermeable to radiation arranged between the radiation source
(1) and the materials (4, 5), with regions (9) having been
removed from said mask (3), with the laser radiation passing
through said regions (8) to selected heating regions (6) of the
materials (4, 5) arranged below the mask (5), with all heating
regions (6) being heated by 1irradiation, thus leading to the
joining or separation of the materials (4, 5), and with relative
movement between one or several laser beams and the materials
{4, 5) taking place, characterised by at least two diode lasers
(1’-1*") for generating high energy density at the contact
surface (7) of a laser beam concentration device for bringing
together the laser beams, as well as an adjacent zoom optics

arrangement (12) for generating different laser line lengths.
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laser (1') whlch generates a laser beam (2’) perpendicularly to
the surface of the mask (3), at least a further diode laser {1™-
1™") perpendicular to the first diode laser (1’) which generates
a laser beam (2™-2""“) impinging perpendicularly on the first

laser beam, as well as a beam splitter (10-10“') as a laser beam

concentration device.

8. A device according to claim 7, characterised in that the diode
lasers (1'-1“") emit laser beams either of different wavelengths

or of the same wavelength but of different polarisation.

9. A device according to claim 6, characterised in that several
diode lasers (14°-14'") are arranged parallel to each other and
that as a laser beam concentration device and at the same time a
zoom optics arrangement, a convergent lens (15) is arranged in
the beam path, said convergent lens (15} focussing the laser

beams (2’-2%) onto the contact surface (7).



