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MATERI ALS Descrlpt|on resent invention
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facing the | aser source is made of a material that is transparent for the
| aser beam  afdshReseeRINE MRRIBDCARD! & BRYECE! Féamb@mﬁb bRRkERRREr bs the
| aser beam SU‘TﬂdL the contact—surfaces of eCEeS au;au ent to
one anot her aMORKE A [N s Q) :

under pressure. This i nventi on also paARe -.gsa deV|ce for carrying out this
met hod. This method is essential | y"RnoWwr om U.S. Patent No. 4,636,609 A
for workpi eces made of plastic. Meanwhile, there are nunmerous ot her patents
descri bing various applications of bDeksgripthed as well as the equi pnent for
carrying out this nethod in joining specralTy designed workpi eces. For
exanpl e, International Patent WD 95/26869 as well as the publications cited
in the resaet i peeSeat chirRepdriorc anoheerast i anddsker ejoinig h metthese oknown
met hods, 1, [ tio I arts are wel ded
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surfaces of the two workpieces adjacent to one another are
fused and bonded to one another in the subsequent cooling

under pressure. This invention also concerns a device for
carrying out this method.

This method is essentially known from U.S. Patent No.
4,636,609 A for workpieces made of plastic. Meanwhile, there
are numerous other patents describing various applications
of this method as well as the equipment for carrying out
this method in Jjoining specially designed workpieces. For
example, International Patent WO 95/26869 as well as the
publications cited in the respective Search Report can be
mentioned here.

With these known methods, plastic sheets, films and
injection molded parts are welded by sharply bundled laser
beams, using a laser beam focused in a spot for welding and
fusing the plastic materials. The path of the weld is
implemented by a programmable beam guidance of the laser
beams or by moving the workpieces. So far, there is no
effective method of joining surfaces or finely structured
objects, such as those needed as part of micro-mechanics or
micro-systems engineering, where only the desired zone is to
be bonded. One possible alternative to this technical desire
would be such a method where the entire surface is bonded by



be bonded. One possible alternative to this technical desire would be such
a nethod where the entire surface is bonded by
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unjoined area. Another disadvantage of two-dimensional
joining with point-focused laser beam is the distribution of
the beam intensity, because the gaussian intensity

distribution causes irregular melting.

U.S. Patent No. 4,069,080 A describes a method and a device
where a laser line is focused on a plastic by using a CO,
laser and appropriate optical equipment, and thus a bag is
produced by welding two film halves.

Therefore, the object of the present invention is to propose
a possible method of producing a high-quality two-
dimensional Jjoining of objects placed one on top of the
other, with at least one body being made of plastic, with a
well-defined joining zone.

This object is achieved according to this invention by a
method having the features of Claim 1. Additional
advantageous embodiments of the method are given in the
subordinate claims. This object is also achieved with a
device having the features of Claim 11. Additional
advantageous embodiments of this device are given in the
subordinate claims referencing back to Claim 11 in this
regard.



subordinate clains. This object is also achieved with a device having the
features of Caim 11. Additional advantageous enbodi nents of this
device are given in the subordinate clains referencing back to Caim1l1l in

this regard. - 3 - - 3- The present invention
I's based on the idea that to join the workpieces in a certain joining area,
a mask of a material that is opaque to the |aser beamis arranged between
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device by a known method. A mask, e.g. in the form of a thin
metal plate or a metal layer vaporized onto a carrier, is
applied to the workpieces; said mask has recesses through
which the laser beam can pass in accordance with the
structures to be joined. The structures may be less than a
millimeter in size. As long as the dimensions of the fine
structure of the mask amount to 5-10 times the wavelength of
the beam used, there will not be any motion effect that
would have a negative effect on the laser results. The laser
beam penetrates essentially at a right angle or at an angle
which has only an insignificant effect on the boundary line
of the joining area, through the openings in the mask and
the top workpiece, penetrating as far as the contact surface
between the two workpieces. The beams striking the mask are
reflected back. The possible joint seam structures are
determined mainly by the mask and the thermal properties of
the material. Due to the relative movement between the laser
beam and the workpieces, which can be implemented by moving
the laser source or the workpieces or by a suitably
controlled laser beam guidance device, the laser Dbeam
penetrates through the openings in the mask either



determ ned mainly by the nmask and the thermal properties of the material.
Due to the relative novenent between the | aser beam and t he workpi eces,

whi ch can be inplenmented by noving the | aser source or the workpi eces or by
a suitably controlled | aser beam gui dancg device, the | aser beam penetrates
through the openings in the mask either
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flat seam without damaging the structuring on the desired
zone. Thus, for example, linear contours of any desired
shape, which previously had to be worked using a point-
source laser beam, can be implemented easily due to the
linear design of the laser beam by passing it once over a

mask of a suitable design.

The laser beam is preferably guided perpendicular to the
joining area of the contact surface, to achieve the most
accurate possible imaging of small structures in particular
and to prevent unnecessary shadow effects.

The workpieces are advantageously pressed together at a
pressure above the inherent pressure so that they are in
good thermal contact with one another and are held together
with a joining pressure because of the thermal expansion of
the molten material during the melting operation due to the
laser treatment.

To be able to guide or stop the spread of the liquid melt by
additional structuring, a projection may be provided on one
workpiece in the direction of the other workpiece adjacent
to the 3Jjoining area according to another advantageous
embodiment, so that when the two workpieces are pressed
together, a cavity is formed between the projection and the



with a joining pressure because of the thermal expansion of the nolten
material during the nelting operation due to the |aser treatnent. To be
able to guide or stop the spread of the liquid nelt by additional
structuring, a projection nmay be provideg an one workpiece in the direction
of the other workpiece adjacent to the joining area according to another
advant ageous enbodi nent, so that when the two workpi eces are pressed
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depending on the maximum laser power needed to achieve the
required melting point. This results in an optimization with
the goal of imaging the mask structure sharply on the
desired joining zone by applying the thermal energy required
for the melting process to the melting zone only briefly.
Thus, the molten material cools immediately after the laser
treatment and solidifies before the adjacent material begins
to flow.

The line width of the laser beam is advantageously selected
to correspond to the width of the joining area. This can be
achieved by one or more laser sources arranged side by side
in accordance with the power of the laser source. With an
increase in the capacity of the laser source, the size of
the joining area which is irradiated with the laser all at
once can also be increased. This is especially applicable to
small joining areas in the cm® range. Here again, CO, lasers
or semiconductor lasers may also be used as laser sources.
This permits heating of the desired joining area all at
once.

According to an especially preferred embodiment of this
method, the linear laser beam is generated by at least one
semiconductor laser (diode laser). Depending on the desired



achi eved by one or nore |aser sources arranged side by side in accordance
with the power of the |laser source. Wth an increase in the capacity of the
| aser source, the size of the joining area which is irradiated with the

| aser all at once can also be increased. gThis is especially applicable to
small joining areas in the cnferr] range. Here again, CJerr] |lasers or
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known optical arrangements on the diode laser, so that the
desired line width can be adjusted and the required energy
density can be achieved by adjusting the laser power at any
desired distance of the laser source from the contact
surface.

An especially economical method is achieved by the fact that
the relative movement between the laser beam and the
workpieces is created by a mirror that can be pivoted or
rotated about an axis parallel to the workpieces. The
movement of this mirror can be controlled rapidly by methods
known in optics, so a very short cycle time can be achieved.

In a preferred embodiment, the device according to this
invention which makes it possible for this method to be
carried out has a laser source, such as a diode laser, which
generates a laser beam with an elongated cross section as a
laser 1line, and according to another preferred embodiment,
and it has a mirror which can be pivoted or rotated about an
axis parallel to the contact surface, is arranged above the
contact surface, deflects the laser beam from the laser
source to the contact surface and can be operated by means
of a drive; it also has a clamping device with the
workpieces to be joined and the mask held in it, with the



wor kpi eces is created by a mrror that can be pivoted or rotated about an
axis parallel to the workpi eces. The novenent of this mrror can be
controlled rapidly by methods known in optics, so a very short cycle tine
can be achi eved. In a preferred enbodi gent, the device according to this
i nvention which nakes it possible for this nmethod to be carried out has a
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Figure 3 an enl arged de&e of finely structured plastic

Figure 2 the geometry of the joining area during the two-
dimensional welding operation;

Figure 3 an enlarged detail of finely structured plastic
sheets and the expansion of the melt;

Figure 4 a basic device for welding with the mask
technique;

Figure 5 an embodiment for limiting the 1liquid melt in
unwanted areas; and

Figure 6 the basic design of a device with a pivotable
mirror above the workpieces.

Figure 1 shows an arrangement for two-dimensional welding of
plastic sheets 4, 5 that are to be welded only in a certain
joining area 6 by means of a laser beam 2 and a mask 3. The
arrangement consists of a laser source 1, e.g., one or more
semiconductor lasers (diode lasers) arranged in a 1line,
their emitted laser light being collimated directly with a
micro-lens (not shown here) and focused on a line. The laser
source 1 is placed'so that the laser beam 2 is brought into
the djoint area 6 of the contact zone 7 between the two
plastic sheets 4, 5 as a laser curtain at a right angle
through the mask 3. As required for this method, the plastic



sheets and the expansion of the nelt; Figure 4 a basic device for

welding with the mask t echni que; Figure 5 an enbodi nent for
limting the liquid nelt in unwant ed areas; and Figure 6 the
basic design of a device with a pivotahlg - m rror above the
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the plastic sheets 4, 5 are br_ou%%t to a nolten stage In the joining area 6
directly bélusw ihethasipsprnd ightappasiay tHeseudh ithe oREET cHolnngheThe
shaded joi ifasir ep, 6 represents the weld joint already formed due to the

| aser |ight passing through the opening 9 in the mask 3.

In Figure 1, the mask 3 is shown at a distance from the
plastic sheet 4 for the purpose of illustration. As Figure 4
shows, the plastic sheets 4, 5 and the mask 3 are pressed
together by a clamping device (not shown in detail here)
comprising two stable flat sheets 11, 12. This is then
either mounted immovably as a complete unit or attached to a
linear table (not shown). Another possibility is shown in
Figure 6 and is discussed in conjunction with it. In Figure
4, the top sheet 11 is made of a quartz glass or sapphire
glass or is made of a sheet of plastic that allows both the
laser light and the thermal radiation up to a wavelength of
1.5 pm or 8 yum to pass through. This clamping device ensures
that the plastic sheets 4, 5 to be welded together are in
good thermal contact and are held together at the existing
joining pressure during the melting operation by the laser
radiation because of the thermal expansion of the melt. The
high transmission of the top clamping plate 11 in the
infrared range permits a determination of the temperature in
the joining area 6, so the welding process can be controlled
optimally.

In Figure 2, the two-dimensional welding operation is shown
in greater detail. The curtain-like laser beam 2 irradiates
the area 8 through the opening 9 in mask 3. Due to the
heating of the material along the laser line 8, there is an
area 10 of spreading, which is explained in greater detail
below in conjunction with the representation of 1light



In Figure 1, the mask 3 is shown at a distance fromthe plastic sheet 4 for
the purpose of illustration. As Figure 4 shows, the plastic sheets 4, 5 and
the mask 3 are pressed together by a clanping device (not shown in detai
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[errfmto SS h. _This.cl I n devrce ensures t.hat the pl.astic .
sheets 4, gﬁt %ﬁé&e eao?SgéPh§F §F§1Pﬁ (ﬁﬁjqﬁﬂﬁﬁé; BYntgte ﬁacﬁPESheld
t oget her auﬂnhewekdsngn@:pQEBemgtpneséepéhdufum;kﬂnnqnﬂthmglnpadaetmbnby
the | aser ragjati t I of Jkhe el t T hrgh
transm ssi ozg)qlo ! tﬁtl‘eh%)op C ]gmrr% ngggf%‘g{% ﬁ%@ﬁgf#% Farl raﬁge Bgr
deterntnatmmtaﬁlaheam@npbeaﬂaseri@dﬂa;jampiqnpdﬂeﬁhéiSﬁxﬁa¢mnmebﬁ|mge
process ca C r Iy I gur he, t -di hongl

wel di ng opg[regltecl o%ﬂéllsegl% %r?(}%#egr%east er ec?al:gl HT?e%gtf%t% n- gﬁﬁ?%? %eam 2
i rradi at es a¥rd & 8 phyisdGgH 1Whe %’énr%gwglﬁihngraéq{q?e%ewt*éht e Beseing

of the mat gydwdlr abongydihies)l agea ki r\féﬁocitﬂ?r‘?my§eéﬂ, ang %ﬂm@@éﬁ@db&g
which is exp Iauﬁfd i n greater det ai

| Qw i n_conj unct
represent atiRiIF Y9 giit 2 p?%A ! 2t by” the EéTlowkyg w@ﬁ@éﬁgrty
| in crrcIthﬂlﬂimnansee/1¢0hnﬂasareWeﬂﬂen¢raﬁanﬂymﬁrmmvamenW obullles
| aser beam The, g e wel zone i mned in I
these fact dr s+ 1 e it 167 or Belvnd®, RS3abenter Al N e lar deron”
zone, the Uherdht(tﬁ$2nsp@n iﬁZﬁﬁﬁihes of the joining material and the

| aser power enployed. The spreading of the nelt and the paraneters a and b
in Figure 2 can usually be b p
a’ ~

vdpCpTn

where ¢ is the density of the joining material (kg/m™3), cp
is the thermal capacity (J/kg™*+'K?'), d is the depth of
melting (m) and T, is the melting point (K); in other words,
a controllable spreading of the melt can be achieved by
optimizing the laser power P, the velocity v of movement and
the depth d of melting.

Figure 3 shows an enlarged detail of a fine structuring,
e.g. for elements of micro-engineering and micro-systems
engineering, also showing the spreading of the melt. The
extent to which the structure 15 must be covered by the mask
3 depends on the plastic materials used and the optimized
welding parameters P and v. In any case, it is important to
be sure that no melt enters the weld-free zone 15, because
otherwise the functioning of the part cannot be guaranteed.
The excessive coverage c between the weld-free zone 15 and
the edge of the opening 9 in the mask 3 is necessary because
spreading of the melt cannot be completely ruled out by

process optimization. The rule of thumb that must be
followed in mask design is c 22a,b.



expl ai ned physically. For a welding process with a | aser power P (watts)
and a velocity (nfsec), the paraneters of spreading a and b are rel ated by
the followi ng welding condition (see "CJ err] Laser Wl ding of Polyners,"
W W Duley & R E. Mieller, Polynmer Enditheering and Science, vol. 32, no.
9 (1992) pp. 582-585): a, b ~Jerr] where [err] is the density of the
joining material (kg/nferr], Cferr] is the thermal capacity
(J/kg[err].Kerr]), d is the depth of nelting (m and T[err] is the

melting point (K); in other words, a controll able spreadlnawof the nelt can
be achi evedtHFigst URiAIhe t hoTastpspEwdi th, & ROWE & t3° WofPRedusing and

the depth da@terrre}béaﬂag with gur ewdvehengtan &nl dagedndetdiiclof agef i Gery
structurin or el enents of mcro en|neer|n and m cr -SYy st ens

englneerln%U1§Pg&esh%%ﬁn@oﬁﬁepéﬁﬁéﬁﬁrﬁFEﬁ 1#ES nepld BFdNExt Pbadhieh
t he Stl’:JCt meedek&aguﬁﬁlq&:m&faa% bwl%)hmmksﬁowhepeml's @d(ijbdhﬁe@uﬂﬁél 6an
materi al s ysed_apd t optimzed wel.din aneters P and,v. .l n any. case,
it is inpo%@an?cﬁéeggﬁsugékgkafeﬂ%rﬂelYge qé %i BFnglggne %g
because ot lohanned st heithna i whdbly off t he2park. Q:aandt (b.@ gmAar aitiedd. wEEhe

excessi Ve GAVRLANC & DEUHER Wb dekihlnes OGS At {Rrgmiae Shelligy

opening 9 iIN tHe I'S necessary because”spreadi ng
be conplet@npmwﬂhﬁiwnﬁdtwgpzoneswlﬁbt@m:&ndnﬂaSEHﬂﬂrENQ basehusbherpat

must be fO'I'tOW%%ddlcfmS&(lsd&S'lg@ ' o£n£§&f]oéé bthat the melt spreads
- 10 - St.udi es usi ng di ode 1aser wth a power of 25 W proau0|ng
uniformly outward at the edge bordered by mask 3 and also at

the line edge of the laser beam 2. Optimization with the
goal that the mask structure 1is produced sharply in the
desired melting zone <can be achieved by applying a
sufficient amount of thermal energy to the melting zone
within a short cycle time. As a result, the 1liquid melt
cools and solidifies immediately after the laser treatment
before beginning to flow. Therefore, it 1is important to
observe the shortest possible laser treatment time as a
function of the available power of the laser source, i.e.,
the highest possible relative speed between the laser beam
and the mask with the workpiece should be established, but

of course, the power must be sufficient to at least initiate
a melting process.

Figure 5 shows a diagram of one possibility, which makes it
possible to control or stop the spreading of the liquid melt
through additional structuring. Figure 5a shows only the
mask 3 and the plastic sheets 4, 5 in a press-free
situation, .where one o0f the sheets - sheet 4 in this
embodiment - has an additional structuring in the form of a
projection adjacent to the free structure 15. The projection
16 projects with respect to the lower side 17, which forms
the contact surface with the top side of the plastic sheet
5. The edge of the opening 9 in the mask 3 coincides with
the joining area 6 which ends at the projection 16. 1In
Figure 6b, the plastic sheets 4, 5 to be joined are pressed



| aser beans with a wavel ength of 940 nm which are very suitable for nost
plastic materials, and using the plastic material pol ycarbonate (PC) have
shown that good results can be achieved with regard to the nelting

behavi or. Thus, channels with a width of11.2, 1.0 and 0.8 nm which were
covered by a nmask were flooded by the nelt flow ng outward fromthe wel di ng
zone wWith an increase in the |aser energy. It should also be pointed

out that t, s ds,:uni f gr éyﬁ[ ty 4 he, #dge. bor dere

mask 3 and %ﬁ%t}g%itﬁéaﬁﬁg 3’&3@ oc;ia??einl%g er %esgrrll]%. g‘tiﬁlggt ?glﬁ \?“\na:% t he
goal that thebedsig singeguréeds nicdudde shepplolampitie Bésteed hel Thig
zone can berfghd exed iy, appt va o 21 §Uhbkel & WYL idn the! Rb SB8hOY to
the nelting zone within a short cycle time.  AsS a result, the |1 qui melst
cool s and s91¢ didaigsindmadrat efy it t Erephed Jekkh ¢ th& nbasekefkrambediheni ng

to flow Theigipdemelt i bARertaat ih€cOBBeEVAikrhe13koEhase NBSSHA@Usaser
treatnent tinme as a functjon of the gv I | abl e. power, the | aser source,
p

i .e., the HiyhRFePBUEELIRCrE| 4F PUCEplolChe a8 3th&hea SO taeimsatd aase
mask \t/)vith ]Ei?@ M@t\k@éﬂC@hérglﬁbgebeiefﬁt all hﬁheft}_h_ebtltprfsi@@Urcﬁie,tllzlbh@)]m%\@5 rch
must be sufficient tg,at least ipitiate a neltin L.OCess. I gyr.e .5, shows
i agr am GTRSRG PosSPBFREDD " wiEn IAARECT PeBSLLRben: B e SHEr B Lr iRt

t he spreaditige ofrébdespaqgeai tiSneab béarpughentedt ional centucl Led ngankeégur e 5a
shows only the mask 3 and the plastic sheets 4, 5 in a press-free
situation, where one of the sheets - sheet 4 in this enbodinent -
has an addifigwee 6t sbewsrithg basike designoP fa apdsjvdes oi thdjsadémraw 2lhe

free structi¥earlged THBoREOLBCHKER 20 PHRa83kI Widt hneeHReHadtO dfterd ey
side 17, which fornms the contact surface w the top,side of the plastic

th i
sheet 5. THEIEHGE &f/t MO iGhefialy Re | a1 WeteRdskeBY cbRREF RSP fRarse gloiani ng
area 6 whi cdirngs 23t tdiiqE] €16d | DAsdH. bkanFigwe Mdve t beepl 85kI mashest s 4,

5 to be JOI?EQsa%%dH§§S§gd this device permit a high laser treatwment

rate and a high cycle time without requiring expensive
movement mechanisms such as a linear table. Therefore, the
laser source 1 is also arranged above the join partners and
a curtain-like laser beam 2 is generated with a small line
width, as already shown in Figure 1. This is accomplished by
the fact that in the so-called fast axial direction, the
beams produced by a semiconductor laser are collimated, and
in the so-called slow axial direction, the beams with a
small divergence angle are converted. The maximum length of
the laser beam line in the contact surface 7 is obtained
from the maximum length of the joining area. Due to the
change in the working distance, the length of this laser
line 8 can be adapted to the length of the joining area 6.
By varying the power of the laser source, it is possible to
adjust to the minimum required melting temperature. By using
a laser beam 2 with an elongated cross section over the
entire distance between laser source 1 and contact surface
7, it 1is possible to adapt to changes in the dimensions of
the joining areas 6 to be welded.

To achieve the greatest possible accuracy, the mirror is
arranged at the center above the mask 3 or the opening 9 in



together tightly with clanmping plates 11, 12, with the mask 3 being
integrated into the top clanping plate 11. This fornms a thin air slit 18
next to projection 16. As soon as the joining area 6 is treated with the
| aser beam the liquid nelt is diverted imtoe this air slit space 18,
because the pressure there is nmuch | ower than at the contact surface 19
between the projection 16 and the top side of the plastic sheet 5.

Ther ef or e, e Lr e jon_of..t i t.he e.sp 5.can
be prevent e%bef nggéiéo(ra?l(:j’r g‘ﬁ]e%flgrr&éfﬁngp. Fl(ﬂ%ﬁ@&s [s&%’%\/\rsg%%ljeﬁgaélgc%%gg%aﬁeof a
devi ce wit lerowdh rbf e afoblgeichabmndidnicxiis 2npigied! to the contact
surface 7. Mrror 21, which can be adjusted very rapidly by neans of a
drive 22, causes the | aser beam 2 to nove over the mask 3. This nethod and
this device permt a high laser treatnent rBate and a high cycle tine '
Wi t hout requiring expensive novengnisnechanisos-such as a |inear table.
Therefore, the laser source 1 is also arranged above the join partners and
a curtain-like |laser beam 2 is generated vit9® a small Iine width, as

al ready shown in Figure 1. This is acconplished by the fact that in the
so-cal led fast _axjal, directiagn, the heans progduced by a,sem conductor | aser
are col i mf2E®ald h’n% %ﬁéﬁngd%ﬁ%%igﬁedi@ iCon, SthER SR ads A% h a
smal | di verigeacriangke2ay, e acdsyv dhieed.enktch ki thien fiebgihgobrebheahdser ikeam
line in the copt surf ;s tained fr th ,mum,l ength of .t he
joining ar glé‘.gf&gﬁ%ob ﬁg%?hggfgglg;i%t‘heﬂ\l;\qgsr’ki t%q%lilg gﬁéé, dflﬁe%ﬁgﬁgt Tor% hi s
| aser |ine Garapebesedaperdooththerdengnd sfalhesfoietwgearea 6. By varying
t he power of the |aser source, it is possible to adjust to the m ninum
required nelting tenperature. By using a |aser beam 2 with an el ongated
cross sectibh obRe tEELRAReRLY| sieFel brd WS¢ asela2ur deeam@mndiddht act
surface 7, wavéseRg8hi 6Feot D adep!etigmchpagesedin the dimensions of the
joining areas 6 to be wel ded. To achi eve the greatest possible accuracy,
the mrror is arranged at the center above the mask 3 or the opening 9 in



- 12 - the mask 3. As shown in Figure 6b, the result is accurate enough

if the followng condition is satisfied: a
b >> --ceeaaaao- 2tg[err]Thls

di stance between the contact surface ¥3and the mrror

of the joining area and [err] is half the spreadl ng angle

nmet hod and this device can be used Ohy g | ar ge and snal structures

In the enbodi nents descri bed here, beans with a vvavel ength of 0.7 -
10.6 [err] mare used. - 13 -

CLAI M5 41, DKEf [ t l.eces (4, 5)
made of pﬁaistlc jod}rfioﬁln{r?ﬁ{&gsﬁj ﬁﬂgn%%?ﬂalwkm et he top

wor kpi ece (4('4) 5} abipAg e PEaREigouPEe ](OP)leg rintestoic al-mapehem t hat
i's transparentmaterididy, t hBekdsefnbeasy Z)NOI‘?{'E)quQe %@FO% d;plt(ﬁ%e (5) is

made of a material that is absorbént for 'the | aser so t hat
the adjacent la8€LofoNaCesurlfdceds(7hage (PE tao Wﬂé@laéce§h@¢ 3% begin

to melt and a&&anspaﬁ@ﬂﬂeﬂoﬁOwﬁémﬂaé@rt@%éﬁ“@@ﬂue@h&x¥ﬂéngeﬁgﬁﬁr
pressure, aracter ed in that a mask (3) a material that is

i mper neabl e fd‘forq‘plect%e Yaskt W%d%\r?%nﬁeiﬂaﬁﬁﬂéentbﬂé fLgsapsesbens (1) and
the workpi ecefor thd 4laS¢rtbebm KQDOe%dfﬁhﬁﬁndhégaﬂ?ﬁcéﬁfkEbﬁEﬁ%t'n a

certain joini e (6). of. the cont surfac the structures

(9) of said nfq‘\faf;?ecier‘?g (7) O%fa H2n % W%ng’ﬂ‘h &P tPRIAMSEP beam

(2) used, themedsuerambmmebonded( toges heirt emt Qaheatsublseq@eﬁta@bowhgace (7)

In such a vvay%,tér{gé[ l{éh 1(28% dhsaractexflze nt}'w}t and thke If”u)ser beam (2)
0 e er w

and the nask
material that is impermeable for the laser is arranged

between the laser source (1) and the workpieces (4, 5)
to be joined for bonding the workpieces in a certain
joining area (6) of the contact surface (7), the
structures (9) of said mask being larger than the
wavelength of the 1laser beam (2) used, the laser
source (1) is directed at the contact surface (7) in
such a way that a line (8) is formed on it, and either
the laser beam (2) is fixed and the mask (3) together
with the workpieces (4, 5) are moved or the laser beam
(2) together with the mask (3) are moved and the
workpieces (4, 5) are fixed.

2. A method according to claim 1, characterized in that
the laser beam (2) is arranged at a right angle above
the joining area (6) of the contact surface (7).

3. A method according to claim 1 or 2, characterized in
that an additional joining pressure is applied when
joining the workpieces (4, 5) to be bonded.

4. A method according to claim 3, characterized in that
at least one workpiece (4, 5) has a projection in the
direction of the other workpiece (4, 5) adjacent to
the joining area (3), so that a cavity (18) is formed

) R



wor kpi eces (4, 5) are noved relative to each other. 2. A et hod

according to claiml1, characterized in that the |aser beam (2) is
arranged at a right angle above the joining area (6) of the contact
surface (7). 3. A nethod according4to claim 1 or 2, characterized in
t hat an addi tional joining pressure is applied when joining the

3, characterizZed | | east on '
proj ection in RY@iefitiwmn i dd 6of whenother two wagkipeeee (W, 59) adizkent to

the joining argaedda Syddra cavity (18) is f or med
- 14 - bet ween the contact surface (7) to be bonded and the
projection (16) when the two workpieces (4, 5) are pressed together.

5.h A hrretfhpld q&cm@(&hlw _t@c@dg@dpﬁgt he p@@ﬁe@:fngtmé ablf&cedingChﬂ@iCn?]@,ri zed in

that the relative vel ocjt et wegn t he | aser_source (. nd t he

wor kpi eces (4,C}53r"i“§terlz%<él et e b ljf@easr‘ﬁfﬁhl‘ées Efgggf:gl%é{ gégé“?‘?}hct i on

of t he maxilmemlaazer poueceneddedahd adis ewerkpéeregqui(sed 5) i@lting

t enper at ur e. 6 met hod according to aone of. the_preceding.clains,

charact eri zed ‘T’%l?ﬁg?dthg 1he? Wi gtlﬁﬂi S5 AU ?oa%ea %%%slé)ﬁ‘t i‘gfl y

equal to the wilie matitire laserngoderaneeded to achieve the required
melting temperature.

i eces (G papuea b8, BN Eygrace () ATHIOR GG g0 ol o m

6. A method according to one of the preceding claims,
characterized in that the line width is selected to be
essentially equal to the width of the joining area.

7. A method according to one of the preceding claims,
characterized in that the linear laser beam (2) is
created by at least one semiconductor laser.

8. A method according to claim 7, characterized in that
the length of the laser line (8) is adjusted by the
distance of the 1laser source (1) from the contact
surface (7) and a corresponding adaptation of the
laser power for the required melting temperature.

9. A method according to claim 7, characterized in that
the width of the laser beam (2) is kept essentially
constant with a change in the distance of the laser
source (1) from the contact surface (7).

10. A method according to one of the preceding claims,
characterized in that the relative movement between
the laser beam (2) and the contact surface (7) is
created by a mirror (21) which can be pivoted or

rotated about an axis (20} parallel to the contact
surface (7).

L



7. A nmethod according to one of the preceding clains, 7h |

in that the linear |laser beam(2) is created by aJthme&hﬁ&%@E#Réﬁﬁﬁd
sem conduct or | aser. 8. A nethod according to claim 7,ﬂ lmm}uﬂmu in
t hat the length of the laser Itnk5(8) is adjusted by ance
of the laser source (1) fromthe contact surface (7) and a

correspondi ng ,adapt.at i of. t.he l.aser r. for the required | ting
t enper at El(rle'. A fe%lﬁeneot?%od'Oalélczlélrgdivr?dfltoélscI“é%’%m&},ecc Tar t]ldt esﬁi E“&?%’l r?rEhat

the wi dth of tHestdser obeaioiRings Kepttiassenoi abther matensilbnt byith a
change in the di n I ur ( fr nt gGt
surface (7). HQ%%&@ g?ngi%%%ga%%%glVngw¥%?§ngﬁ§% %ﬁg ﬁ?g%égfﬁggclgﬁns,

char act er i zed fiagifigatthend asgmtsopg aeovidnerits ladge@f a matawdladdatbeam (2)

and the contagly Se&r—afr@gfa it i for the cxsgéfdbéxma@})r,r%d( he WL £an be

%
pi vot ed or rotated about an axis (20) parallel to the contact
surface (7). workpiece (5) is made of a material that is absorbent

fEPLACENENT SHigET the laser bea?4(2%, 50 th?t Fhetadjagént dohtadk device
or joining various workpi eces : made O astic. or jainin

plastics to otsr\’é:rfuar?ﬁserml &L Q:hrffiaaﬁ’l‘é‘2 d’foqqﬁ%lé"rc%%aéfjg, %é‘?‘ie“i r?ém?d”dfe

wor kpi ece (4) doarigwy tthegdtdser sdwrcehel) subseagentf aowitierd aluddwd is
transparent for_the |aser bean%éZ% $n§ t he iecond wor%pie?f (5) 4 s nade
of a material HIRTYE abEBPERRALCFHFCEnEY R el BEAMIBY %o (FhafPPhe

adj acent mecunt 481 swadeacef @7)materhel t whatorkpi evperidabde nedt and
are bonded e Lot S : copj i ngyu r wRr yre
characteri zed lbaysegax%g EQE%Fggerageouwggﬁﬁgggﬁd g4’nagl)< E\%f trr)gd(rzj%(s)lfq{ead’materi al
that is inpernie te struckusess (Pt identheemppkkpirecdaaer Hhamw pe

joined and th%ﬂ@%&véi’é’ﬁ%@h of theWNQled NSesh ! Y8) ULBRH( N1 ffiemask are
| arger than the wavel e of t he | aser beg{rPCEZ)s used, the | aser

tr .
source (1) is SAYESR e&fgt iphdirseitgc at the con urface (7) so

that a focus line (8) 1is formed there, and a device
(21, 22) for a continuous movement of the laser beam

(2} and the workpieces (4, 5) relative to one another.

12. A device according to claim 11, characterized in that
the laser beam (2) is arranged at a right angle above
the joining area (6) of the contact surface (7).

13. A device according to claim 11 or 12, characterized in
that a clamping device (11, 12) is provided for
clanmping the workpieces (4, 5) to be joined together
with the mask (3) before the joining operation.

14. A device according to one of the preceding claims 11
through 13, characterized in that the 1linear laser

beam (2) 1is generated by at least one semiconductor
laser.

15. A device according to claim 14, characterized in that
the laser source (1) delivers a laser beam (2) with an
elongated cross section corresponding to the required
width, the beam is deflected by a mirror (21) that can
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surface (7) so that a focus line (8) is forned there, and a device (21, 22)
for a continuous novenent of the |aser beam (2) and the workpi eces (4,

5) relative to one another. 12. A device according to claim11,
characterized in that the |aser bean1(f§ s arranged at a right angle
above the joining area (6) of the contact surface (7). 13. A

devi ce accordi C tepi i at
device (11, 1£?£|%9E§E§Fgg¥lfﬁtéﬁéd %ﬁ%@f g£w§%§5|gggg Eﬁ%%%fgﬁ)ge j oi ned
toget her with e feR%a¢B)speface (h Fadniﬁgaébén%@oabove 14he maslkevi ce

according to o aind heaRrscedpbapactdi By d1dtvougmmi3, characterized
inthat the linear |aser beam (2) is generated by at |east one

sem conduct or | aser. 15. A device according to claim 14, characteri zed
in that the | aser source (1) delivers a laser beam (2) with an

el ongated cross section correspondi ng to the required width, the beam
is deflected by a mrror (21) that can - 16 -

be pivoted or rotated about an axis (20) parallel to the contact surface
(7) and is arranged above the mask (3) and can be operated by a drive (22).
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