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The present invention provides a method of marking or inscribing a workpiece (3) with high-energy radiation, more particularly with
a laser beam (1), the workpiece (3) belng transparent for the radiation wavelength, and a polymer matrix (/) being disposed In the
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vicinity of the workpiece (3) In such a way that the radiation passes through the workpiece (3) before it iImpinges on the polymer
matrix (7), characterized in that disposed between the polymer matrix (/) and the workpiece (3) Is a film (15) of liquid which Is In
contact with the polymer matrix (/) and with the workpiece (3).
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Abstract

The present invention provides a method of marking or
inscribing a workpiece (3) with high-energy radiation,
more particularly with a laser beam (1), the workpiece
(3) being transparent for the radiation wavelength, and
a polymer matrix (7) being disposed in the vicinity of
the workpiece (3) 1in such a way that the radiation
passes through the workpiece (3) before 1t 1mpinges on
the polymer matrix (7), characterized in that disposed
between the polymer matrix (7) and the workpiece (3) 1s
a film (15) of liquid which is in contact with the
polymer matrix (7) and with the workpiece (3).

(Fig. 2 1is intended for the Abstract)
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Method of marking or inscribing a workpiece

The present invention relates to a method of marking orx
inscribing a workpiece with high-energy radiation, more
particularly with a laser beam, the workpiece being
transparent for the radiation wavelength, and a polymer
matrix being disposed 1in the vicinity of the workpiece
in such a way that the radiation passes through the

workpiece before i1t 1mpinges on the polymer matrix.

It 1s known that the use of laser radiation for
machining the material of a workpiece ‘is based
fundamentally on absorption of the radiation and
energetic conversion with subsequent processes such as
vaporization, lonization, particulate removal and
photochemical events. These processes may take place 1in
the workpiece itself, producing markings or 1inscrip-
tions in the form, for example, of engraving, or else
another material 1s deposited locally on the workpilece,
as part of laser beam evaporation (pulsed laser
deposition, PLD), for example. Variants of pulsed laser
deposition take place 1n particular in the case of
workpleces whose material 1s transparent for the

wavelength of the laser radiation that i1s used.

The absorbing polymer matrix 1s disposed, for example,
1n direct contact with the transparent workpiece, and
so the laser beam passes through the workpiece and, on
impinging on the interface between workpiece and
polymer matrix, vaporizes the material of the polymer
matrix and 1s deposited on the surface of the workpiece

in the form of a marking or inscription.

The methods known 1in this respect have a number of
disadvantages. First, for maximum resolution of the
marking or inscription, the distance between workpiece
and polymer matrix must be as small as possible, so

that the vaporized material is deposited over as small
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as possible an area of the workpiece. For this purpose,

for example, a polymer matrix in the form of a transfer

film may be adhered to the workpiece. If, however, the
surface of the workpiece that 1is to be inscribed 1is
rough, damp, uneven or soliled, there 1s often, at least
locally, no direct contact between polymer matrix and
workpiece. This may be caused by inclusion of air
bubbles or other liquid or solid impurities or uneven-
nesses. A dilistance between polymer matrix and workpiece
then brings with 1t a number of disadvantages. First,
there are two additional 1interfaces Dbetween the
workpliece (optically dense) and air (optically thin),
on the one hand, and air (optically thin) and polymer
matrix (optically dense) on the other. This results in
unwanted losses through scattering and reflection, with
part of the power of the laser radiation not being
avallable for the desired wvaporization process, but
instead, unwantedly, or even damagingly, heating up
regions of the workpiece and/or of the polymer matrix.
Secondly, the material removed from the polymer matrix
1s distributed over an areal region which 1is propor-
tionately greater 1in line with the distance between
polymer matrix and workpiece. As a result, the resolu-
tion of the marking or inscription becomes poorer.
Moreover, the greater the distance between polymer
matrix and workpiece, the smaller the fraction of the
amount of material deposited on the workpiece as a
proportion of the amount of material removed from the
polymer matrix. Furthermore, 1in order to generate a
particular reaction product which 1is to serve as a
marking or 1inscription, 1t may be necessary for
reactants provided in the polymer matrix to react in a
closed reaction space to form the product. As a result
of an opening to an air gap between polymer matrix and
workpiece, the formation of such a reaction space may
not be achieved. Finally, the removal of material from
the polymer matrix produces what i1is referred to as

smoke, which contains unwanted Dby-products which
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likewlise originate from the polymer matrix. As little
as possible of this smoke should become mixed on the
workpiece 1in the form of debris 1n or around the
marking or 1inscription. The production of smoke 1is
greater when there 1s air 1included between polymer

matrix and workplece, and 1s a cause of untidy results.

In addition to a method with a solid polymer matrix,
there are laser methods known which are based on
increasing the near-surface absorption of laser
radlation through a ligquid. In this case, deliberately,
an absorbing medium 1s used, typically an organic
liquid. In this method, the transparent workpiece 1s 1in
contact with the liguid at its back side, the side to
be machined, and the laser radiation enters through the
front side. The absorption of the laser radiation 1in
the liquid produces, via heat transport from the heated
liquid, a rapid 1ncrease 1n temperature to beyond the
melting and vaporization point of the glass matrix.
This method, which 1s referred to as laser-induced back
side wet etching (LIBWE), leads to removal of material
from the glass surface, and 1s used for the micro-

structuring or microengraving of glass.

Where a wetting absorber ligquid 1s selected, 1t 1is

indeed possible to avoid inclusion of air - unwanted
for the reasons gilven above - between liguid and
workpiece. A disadvantage of a liquid absorber,

g
—

however, i1s that it does not allow localized removal of
material and subsequent localized deposition on the
workplece, but instead only removal of material from
the workpiece, produced by heat transfer - 1in other

words, for example, only engraving.

It 1s an object of the present invention, therefore, to
provide an improved method of marking or inscribing a
workpiece with high-energy radiation, more particularly

with a laser beam, in which the disadvantages of the
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known methods are overcome and 1t 1s possible to carry
out marking or 1inscription even of rough, damp, uneven
or solled surfaces of the workpiece with high quality

and resolution.

This object 1s achieved by a method according to
Claim 1. Preferred embodiments are subject matter of

the dependent claims.

The present invention provides a method of marking or
inscribing a workpilece with high-energy radiation, more
particularly with a laser beam. The workpiece 1is
transparent for the radiation wavelength, and a polymer
matrix 1s disposed 1n the vicinity of the workpiece 1in
such a way that the radiation passes through the
workpiece before it impinges on the polymer matrix. The
characteristic feature of the method 1s that disposed
between the polymer matrix and the workpiece 1s a film

of liquid which 1s 1n contact with the polymer matrix

and with the workpilece.

A polymer matrix for the present purposes 1is any matrix
based on polymeric constituents. Besides the polymeric
constituents, the matrix may also comprise any desired
non-polymeric constituents; only the maln constituent
ought to be polymeric in nature. The term "polymer
matrix" also refers more particularly to a mixture of
base polymers. In a particularly preferred embodiment,
the polymer matrix 1is a thermoset polymer matrix. It
has been found that thermosets 1in particular are

especially suitable for marking or 1inscribing a

workpilece.

The 1inventive disposal of the film of liquid overcomes
a number of disadvantages of the prior art. On the one
hand, a distance between workpiece and polymer matrix,
in the case of a surface of the workpiece to be marked

or 1nscribed that 1s rough, damp, uneven or soiled, 1is
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filled out by the ligquid. When the - preferably wetting
- film of liguid has a refractive index similar to that
of the workpiece, the optically rough surface becomes
smoothed, and so, on 1ts exit from the workpiece, the
laser beam 1is able to pass through without disruptive
total reflections and scatterings 1nduced by the
optically rough surface, and with a considerably
reduced degree of reflection. Furthermore, the film of
liquid restricts the widening of the area over which
the material of the polymer matrix 1s deposited.
Indeed, as a result of the high energy input, there 1s
local wvaporization of the film of liquid, with the
formation of a tunnel-like bubble through which the
removed material moves, with lateral bounding, towards
the workpiece. Therefore, despite a distance between
workplece and polymer matrix, the resolution 1s not
substantially affected. Moreover, the film of 1liqguid
prevents the formation of smoke, or the smoke 1is
dissolved or suspended in the film of liquid. This
substantially enhances the quality and cleanness of the
marking and inscription. The method of the invention
also has an advantage over direct contact between
workpiece and polymer matrix, namely the function of
the film of 1liquid as a heat insulation layer or
thermal dissipation layer, which minimizes unwanted
heating of the workpiece. The film of liguid 1i1s prefer-
ably very widely transparent for the laser radiation,
and consequently absorbs hardly any laser radiation
energy 1tself, but instead absorbs only the heat of the
heated polymer matrix. This heat 1is transported away
through conduction and convection, with movement,
through the local evaporation of the liguid, and is not

transferred in a locally concentrated way to the work-

plece.

In order to minimize reflection at the interfaces

between workpilece and the medium it 1s advantageous 1if

the ligquid or wviscoelastic medium has a refractive
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index similar to that of the material of the workpiece.
It has been found that sufficiently good results are
obtained with a difference in the refractive indices of
less than 0.5.

The radiation source used 1s preferably a laser which
1s suitable for marking, 1nscribing or engraving
workpieces. This 1s, for example, a fibre-coupled
solid-state diode laser such as, for instance, a FAYD
fibre laser (fibre-amplified ytterbium) with a wave-
length of 1064 nm and an average powexr of 12 to 15 W.
Since, therefore, radiation in the wavelength range of
600 nm-1500 nm 1s used, 1t 1s advantageous 1f the
ligqulid or viscoelastic medium in the wavelength range
of 600 nm-1500 nm exhibits no absorption or has a
degree of absorption of less than 10%. The same applies
to the material of the workpiece, which is preferably a
glass substrate. In contrast to the above-described
LIBWE method, then, the 1ligquid used here possesses

little or no absorption capacity at the wavelength

used.

In one preferred embodiment of the method of the
invention the radiation induces removal of material
from the polymer matrix and the film of liquid takes up
removed constituents of the polymer matrix and/or

products formed therefrom.

The polymer matrix may have, for example, a titanium
donor and also a carbon donor. A titanium donor is pure
titanium or a titanium compound which has an affinity
for providing free titanium as a reactant 1n a short
time on exposure to energy. Where appropriate, the free
titanium may also be provided via the route of a
titanium-containing 1ntermediate. The carbon donoxr
provides free carbon, especially under irradiation with
energy. The carbon donor may be a carbon compound

and/or free, unbonded carbon. This carbon donor may be
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provided by the polymer matrix itself, or else there

may be an additional carbon component present, in the
form of carbon black, for example. Moreover, the
polymer matrix may also comprise further components
such as polymers, absorbers, etc., for example. As a
result of the radiation, the titanium and carbon
reactants are provided, as a result, for example, of
disruption of a titanium compound and of a carbon
compound, and, under the action of radiation, the
desired titanium carbide product is formed. Preferably,

at a local temperature of 1700°C to 2200°C, titanium

dioxide 1s reduced using carbon black or ultra-pure
graphite to titanium carbide and carbon monoxide. The
radiation here produces the temperature that 1is

necessary for the reaction in the reaction space.

The polymer matrix is such that it reacts to laser
1rradiation predominantly by pulverization, thereby
releasing the 1individual reactants, more particularly
titanium and carbon, and making them available for the

reaction to titanium carbide.

In addition 1t has emerged as being advantageous if,
for the film of liquid, a ligquid is selected which in
the wavelength range of 600-1500 nm exhibits no
absorption or has a degree of absorption of less than
10%, and radiation 1n the wavelength range of 600-
1500 nm 1s used. For the film of liguid it is possible
to select a sol, a gel or a viscoelastic substance, it

being possible for the film of ligquid to have a
thickness of 250 nm-10 nm.

The liquid may also itself include constituents which
are provided as reactants or catalysts for desired
reactions. For this purpose, in the film of liquid, it
1s possible, where appropriate, for ions to dissolve
which are ready as reactants or catalysts for a desired

reaction to form a product, it then being possible for
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the product to deposit on the workpiece on exposure to

high-energy radiation.

The film of 1liquid preferably, on exposure to the
radiation, undergoes a local change in 1ts aggregate
state, and in particular becomes gaseous. Thils creates
a spatially confined, tunnel-like gspace for the
deposition of the removed material or of the products

thereof over a very small area of the workpiece.

In the text below, a preferred embodiment of the method

1s elucidated in more detaill with reference to the

attached figures.

Fig. 1 shows a disadvantageous method in which there is

a layer of air between workpiece and polymer matrix.

Fig. 2 shows an advantageous method in which there is a

film of liquid between workpiece and polymer matrix.

Fig. 1 shows how a laser beam 1 is directed onto a
workpiece 3 1in the form of a glass substrate which is
to be marked or inscribed on a surface 5. Disposed in
the vicinity of the surface 5 of the workpiece 3, with
a distance, 1s a polymer matrix 7. Thus there is an air
gap between polymer matrix 7 and workpiece 3. The air
gap may be disposed deliberately or undeliberately as a
result of a roughness, unevenness, dampness or soiling
on the surface 5 of the workpiece or the polymer matrix
7. The workpiece 3 1s transparent for the wavelength of
the laser beam 1, whereas the polymer matrix 7
primarily absorbs the laser beam 1. The laser beam 1
enters the workpiece 3 via a surface 9 of the workpiece
3, which 1is opposite to the surface 5 to be marked, and
passes through the workpiece 3 and impinges on the
polymer matrix 7, which absorbs the laser beam 1 and
heats up until the thermal energy is so great that the

polymer matrix 7 1s pulverized.
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As a result of the pulverization, a reaction space 11,
which 1s open towards the air gap, is produced within
the polymer matrix 7, and this reaction space 11
contains the reactants, in the pulverized material,
that are ready for a desired reaction. The reactants in
this example are titanium dioxide and pure carbon in
the form of carbon black, the intention being that the
titanium dioxide should be reduced to titanium carbide,
as a product for deposition in the form of a marking or
inscription, at a 1local temperature, produced by the
radiation, of 1700°C to 2200°C. Since, however, the
reaction space 11 1is open towards the air gap, the
pulverization produces severe development of smoke 13
and other unwanted by-products. The material removed
escapes prematurely with the smoke 13 and other by-
products from the reaction space 11 into the air gap,
without any reaction to titanium carbide and without
deposition on the surface 5 of the workpiece 3. The
surface 5 of the workpiece 3 is merely soiled with

smoke and other unwanted by-products.

Figure 2 shows an advantageous embodiment of the
method, 1in which a film 15 of 1liquid is disposed
between the surface 5 of the workpiece 3 and the
polymer matrix 7. For this purpose, the surface 5 of
the workpiece 3, or the polymer matrix 7, is sprinkled

by a pipette with a quantity of 0.1 ml of liquid, and
distributed in a region of 5 cm x 5 cm. As a result of

the surface tension it may be necessary to generate a
uniform film of ligquid by moving the glass plate, or by
using an air jet, or to make the liquid wetting by
means of additives. The liquid is demineralized water,
which 1s frequently used in the chemical and pharmaceu-
tical industries. Thereafter the polymer matrix, as a
film of material, is applied to the film 15 of liquid
so as to form a film 15 of liquid having a thickness of
20 um to 100 pm. For this purpose it is also possible
to apply the liquid to the polymer matrix 7 and, by
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placing the workplece 3 1n a size of 48 x 14 mm onto
the droplet formed by the surface tension, to bring
about uniform distribution of the liquid. The film
thickness may be defined by means of a spacer between
polymer film 7 and glass 3. It may be necessary to

ensure that the film layer is distributed homogeneously

and without accumulations of air at the interfaces.

The laser radiation 1s generated using a solid-state
laser (not shown) which emits a wavelength of 1064 nm.
It is preferred to use a fibre-coupled diode laser,
such as that available from the company Panasonic
Electric Works Europe AG 1n Germany under the trade
name "SunX LP-V10". The laser radiation used, there-

fore, has a wavelength of 1064 nm, for which glass and

water are transparent.

Because the glass possesses a small coefficient of
absorption, the laser beam 1 passes through this medium
and crosses to the interface between glass 3 and water
15. At this wavelength, water too ©possesses no
absorption capacity and allows the laser beam to

impinge with virtually no loss on the polymer matrix 7.

In the interaction of the laser beam with the polymerx
matrix 7, the matrix reacts, as was the case 1n the
method of Figure 1, by pulverization. The shockwave
which forms, as a result of additional gaseous eXxXpan-
sion, causes smoke 13 and by-products to be catapulted
into the layer 15 of 1liquid and dissolved and/or

suspended therein. The reaction space 11 formed 1n the
polymer matrix 7 1s 1initially bounded upwardly by the
film 15 of liquid, and so the pulverized material of
the polymer matrix 7, on exposure to the laser beam 1,
heats up to 1700°C to 2200°C in the reaction space 11,
and titanium carbide 1s able to form as a product of
titanium dioxide and carbon reactants provided by the

pulverized polymer matrix 7. In the course of this
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process there 1s also local vaporization of the film 15
of liquid, which forms a tunnel-like bubble which
propagates until reaching the surface 5 of the work-
pliece 3. The explosive shockwave pushes titanium
carbide onto the surface 5 of the workpiece 3, whereon
the titanium carbilde undergoes locally bounded
deposition. As a result of lateral displacement of the
laser beam 1 or the workpiece 3, together with polymer
matrix 7 and film 15 of liquid, it is then possible for
a substantially two-dimensional structure of titanium

carbide to be deposited on the glass surface 5.

After this operation, the polymer matrix 7 is detached
from the glass plate 3, and the film 15 of 1liquid,
contalning smoke and particles, is removed, leaving the
deposited titanium carbide permanently on the glass

surface 5 1n the form of a marking or inscription 17.
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Claims

Method of marking or inscribing a workpiece (3)
with high-energy radiation, more particularly with
a laser Dbeam (1), the workpiece (3) Dbeing
transparent for the radiation wavelength, and a
polymer matrix (7) being disposed in the vicinity
of the workpiece (3) 1n such a way that the
radliation passes through the workpiece (3) before
1t impinges on the polymer matrix (7),
characterized in that disposed between the polymer
matrix (7) and the workpiece (3) is a film (15) of
liquid which is in contact with the polymer matrix
(7) and with the workpiece (3).

Method according to Claim 1, wherein the radiation
induces removal of material from the polymer
matrix (7), and the film (15) of liguid takes up
removed constituents of the polymer matrix (7)

and/or products formed therefrom.

Method according to Claim 1 or 2, wherein for the
film (15) of liquid a liguid is selected which in
the wavelength range of 600-1500 nm exhibits no
absorption or has a degree of absorption of less

than 10%, and radiation in the wavelength range of
600-1500 nm 1s used.

Method according to any of the preceding claims,
wherein for the film (15) of liquid a sol, a gel

Or a viscoelastic substance i1is selected.

Method according to any of the preceding claims,

wherein the film (15) of liguid has a thickness of
250 nm-10 mm.

Method according to any of the preceding claims,

wherein i1ons dissolve in the film (15) of liguid
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that are ready as reactants for a desired reaction
to form a product, the product depositing on the
workpilece (3) from exposure to high-energy

radiation, more particularly to a laser beam (1).

Method according to any of the preceding claims,
wherein, on exposure to the radiation, the film
(15) of 1liquid 1locally changes its aggregate

state, and more particularly becomes gaseous.
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