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MARKING APPARATUS WITH AT LEAST ONE GAS LASER AND HEAT DISSIPATOR

The present invention relates to a marking apparatus for marking an object with laser

light according to the preamble of claim .

A generic marking apparatus for marking an object with laser light comprises at least

one gas laser for emitting at least one laser beam for marking the object.

Generating laser light produces heat at the gas laser which is to be dissipated.

A conventional marking apparatus thus comprises a cooling device which is typically

housed in the same casing as the gas lasers and many other components of the mark¬

ing apparatus. Known cooling devices are rather space consuming and render the ap¬

paratus quite immobile which limits the field of application.

Conventional marking apparatuses constitute a trade-off between cooling power and

flexibility. For instance, simple and compact cooling mechanisms that are restricted to a

fan and cooling fins may allow for a flexible use of the apparatus. However this is

achieved at the expense of cooling power.

JP 63094695 discloses a gas laser with a rectangular arrangement of laser tubes. For

cooling the laser tubes, metallic pipes containing a cooling fluid are arranged next to the

laser tubes.

Another gas laser is described in US 3,705,999. The laser comprises a plurality of cool¬

ing channels neighbouring a laser tube.

Subject-matter of US 4,500,998 is a gas laser wherein a cooling pipe is positioned

within the pipe carrying the laser gas used for producing laser light.



A gas slab laser is described in US 5,982,803. The laser may be cooled via meander-

shaped water cooling channels. Alternatively, a finned heat sink and a fan may be pro¬

vided for air cooling.

Subject-matter of JP 05129678 is a laser marking device with cooling water passages

being disposed next to laser gas discharge spaces.

A carrying structure for components of a gas laser resulting in a horizontal arrangement

of the resonator tube is disclosed in US 5,1 15,446 A.

It is an o j e c t of the invention to provide a marking apparatus that exhibits a par¬

ticularly efficient cooling, while at the same time the space requirements are moderate.

This objective is solved with a marking apparatus having the features of claim .

Preferred embodiments are given in the dependent claims as well as in the following

description, in particular in connection with the attached figures.

According to the invention, the marking apparatus of the above mentioned kind is

characterized in that the at least one gas laser comprises a plurality of resonator



tubes for receiving a laser gas, a plurality of heat dissipaters for dissipating heat from

the resonator tubes is provided, each resonator tube is thermally connected to one of

the heat dissipaters, and each heat dissipater comprises microchannels for receiving

a cooling fluid.

It can be regarded as a basic idea of the invention to employ a cooling fluid for ab¬

sorbing heat produced by the gas laser and for conducting the heat away from the

gas laser. The provision of microchannels leads to a particularly efficient transfer of

heat from the walls of the microchannels to the cooling fluid received therein. Advan¬

tageously, the cooling fluid allows to transport the heat far away from the gas laser. A

heat exchanger for transferring heat from the cooling fluid to a surrounding does thus

not heat up the immediate surrounding of the gas laser which would harm the cooling

efficiency.

Microchannels are generally known as channels that have a high aspect ratio, that is

the height to width ratio. They may have a hydraulic diameter of roughly 1 mm. In

general, any channel with the smaller dimension less than 2 mm, or alternatively,

smaller than 1 mm may be understood as a microchannel.

Microchannel cooling devices are most commonly used in applications where there is

a high thermal density. That is, a very localized heat source. Thus, microchannel

cooling devices are found in computers to cool the processors or CPUs, for example.

A large number of such channels can be fabricated in the vicinity of the localized heat

source. The high thermal extraction efficiency of these devices is, therefore, due to

the relatively large surface area for the coolant to remove the heat.

However, the low hydraulic diameter rather leads to the flow through the device be¬

ing fully formed or laminar. An excessively large pump would be required to gener¬

ate sufficient flow velocity to generate turbulent flow in such a small channel. In typi¬

cal microchannel applications where the length of the channels is short, the small

improvement in cooling efficiency does justify the use of powerful pumps.

The conventional CO2 laser design is large and the heat is distributed over a large

surface area. Such a design is not conducive to microchannel cooling and such cool¬

ing means are not found in conventional CO2 lasers.



However, with the novel design for a CO2 laser of the invention, the heat density pro¬

duced is sufficiently high that microchannel cooling can be efficiently applied. It is

also desirable to keep the rest of the cooling system as small as possible.

The cooling fluid may in general be any fluid, i.e., gas or liquid. Water, or a liquid with

a specific heat capacity higher than the one of water, may be employed as a cooling

fluid. Preferably the cooling fluid is suited for the principle of a conventional air condi¬

tioner, that means, the vaporization temperature of the cooling fluid is below a work¬

ing temperature of the gas lasers. The heat of the resonator tubes would then suffice

to vaporize the cooling fluid inside the microchannels, resulting in particularly good

cooling of the resonator tubes. One example of such a cooling fluid comprises hydro-

fluorocarbons (HFCs).

The heat dissipaters that comprise the microchannels may also be referred to as

heat collectors, as they receive or absorb the heat of the resonator tubes. A material

of the heat dissipaters may be any substrate suitable for the fabrication of micro-

channels therein. Preferably, the material of the heat dissipater is chosen such that

its heat expansion coefficient matches the one of the resonator tubes. This ensures a

good thermal contact independent of the temperature of the resonator tubes to be

cooled. The thermal connection between the resonator tubes and the heat dissipater

may be achieved by a mechanical contact. Additionally or alternatively, a material

with a high heat transfer coefficient may be inserted in between, such as a thermal

compound or heat conducting paste.

The at least one gas laser may be of any generally known kind, such as a HeNe la¬

ser, a CO laser, an Argon laser, a nitrogen laser, or an excimer laser. Preferably, the

at least one gas laser is a CO2 laser which may be operated as cw. or pulsed. The

laser gas is to be understood as a gas mixture corresponding to the laser type, and

may thus comprise CO2, 2, and He.

The marking of the object may be any visible change in the object's surface, e.g. a

color or brightness change, an engraving or a cut. The marking may be a dot or a line

that may be part of a sign, a character, or a picture. That is, the at least one gas laser

may be activated for short periods to produce dots on the object or for a settable time

span to create lines of a certain length.



In the context of the invention, the object to be marked may be any item or product

with a surface that can be affected with the light of the gas lasers. In particular, the

object may be a packaging, e.g. for food or beverage, a fruit or a label. Further fields

of application comprise printing on pills or labels for postal appliances. The material

of the object may comprise, amongst others, plastics, paper, metals, ceramics, fab¬

rics, composites or organic tissues.

The plurality of resonator tubes of one gas laser are interconnected to form one

common volume in which the laser gas is received. The common volume is sealed,

that means that the laser gas is not exchanged during regular operation. Compared

to a laser with flowing laser gas, this allows for a compact design. However, while in

a flowing gas laser the laser gas that is heated up can be easily exchanged, the en¬

closed laser gas in the sealed tubes dictates tougher demands on cooling.

Each resonator tube may be a straight tube. These straight tubes may be linked at an

angle with connecting elements, i.e. connecting tubes. For directing laser light gener¬

ated inside the tubes from one tube to a neighbouring tube, each connecting tube

may house a mirror.

According to a preferred embodiment of the invention, surface perturbations, such as

steps or other protrusions, are introduced into a least one wall of the microchannel to

act as a means for disturbing the laminar flow and to cause a disruption of the

boundary layer of the cooling fluid at the wall surfaces of the microchannel. This

boundary layer is a high thermal resistance to the transfer of heat to the cooling fluid.

The disruption of the boundary layer reduces that thermal resistance and improves

the cooling efficiency of the microchannel. In this manner, longer channel lengths

can be utilized without the need for high fluid velocities. Advantageously, a transient

turbulent flow exhibits eddies which transport cooling fluid heated at the walls of the

microchanne!s to the center of the microchannels. In contrast to a fully formed lami¬

nar flow, this leads to a rather uniform temperature distribution along the cross sec¬

tion of the microchannels and thus improves heat absorption by the cooling fluid.

Another preferred embodiment of the invention is characterized in that the micro-

channels of each of the heat dissipaters extend substantially along the whole length

of the respective resonator tube, that is the resonator tube that is thermally con¬

nected to said heat dissipater. Advantageously, heat can then be absorbed over the



whole lengths of the tubes, which improves the cooling efficiency. A robust design

may be achieved when the heat dissipaters are mounted to the connecting tubes that

connect neighbouring resonator tubes.

The microchannels of one heat dissipater may be interconnected and run in any

shape, preferably in parallel or in a meander-like pattern. Each heat dissipater may

comprise an inlet channel and an outlet channel for leading the cooling fluid into and

out of the microchannels of the respective heat dissipater.

The inlet channels of all heat dissipaters may be in fluidic connection to a common

supply line or hose which conveys cooling fluid that has been cooled by a cooling

device. All outlet channels may be correspondingly connected to one common dissi¬

pation line that leads away the cooling fluid that has been warmed by the lasers.

Alternatively, the outlet channel of one heat dissipater may be connected to an inlet

channel of another heat dissipater such that there is only one inlet channel that is

connected to the supply line, and only one outlet channel that is connected to the

dissipation line.

It is preferred that for each resonator tube at least one electrode for exciting the laser

gas received in the respective resonator tube is provided, and each heat dissipater is

formed as a base body which accommodates the microchannels of the respective

heat dissipater and at least one of the electrodes. Each base body may be formed

integrally. In this base body, the microchannels as well as an electrode are provided.

Another electrode may be provided opposite the respective resonator tube, that is

outside the heat dissipater. The electrodes serve for exciting the laser gas inside the

tubes. To this end, they are supplied via electrical lines with a direct current or an

alternating current. Preferably, an alternating current with radio frequency is used.

The electrodes are preferably excited with planar coils, i.e., the coils extend only in a

2D-plane. This further minimizes the required space.

A preferable embodiment of the inventive marking apparatus is characterized in that

a connector or connecting element, in particular a socket or a plug, is provided for

connecting an umbilical cable for conducting the cooling fluid to and away from the

marking apparatus. A heat rejecter for dissipating the heat of the cooling fluid to an

environment is thus not present in the casing of the marking apparatus. The umbilical



cable rather guides the cooling fluid to a heat rejecter located in a base unit outside

the marking apparatus. The size of the marking apparatus is thus further reduced.

Preferably, a power supply, e.g. a battery pack or a transformer for converting line

voltage to a voltage suitable for the gas lasers, is located in the base unit outside the

marking apparatus. A power supply is then not necessary in the marking apparatus.

Space requirements of the apparatus are then further reduced. Additionally, dissipa¬

tion of heat produced by the power supply away from the apparatus is rendered ob¬

solete.

According to another exemplary embodiment of the invention, grooves for receiving

the cooling fluid are formed on the surface of the resonator tubes. The heat dissipat¬

ers may be tightly attached to the resonator tubes such that circumferentially closed

channels are formed with the grooves. Furthermore, at least some of the microchan÷

nels of the heat dissipaters extend perpendicularly to the longitudinal axes of those

resonator tubes to which the heat dissipater of the respective microchanneis is ther¬

mally connected, and said at least some of the microchanneis are in fluidic connec¬

tion with the grooves on the resonator tubes' surfaces. In other words, at least some

of the microchanneis of the heat dissipaters extend substantially perpendicularly to

the grooves formed on the surface of the resonator tubes. The grooves on the reso¬

nator tubes may have the same diameter as the microchanneis of the heat dissipat¬

ers and may also be referred to as microchanneis. The grooves may be sealed by

mechanically connecting the heat dissipaters to the resonator tubes, that is, the heat

dissipater may be formed as a plate made of e.g. plastics, a metal or ceramic and

may cover the grooves on the resonator tube's surface. The microchanneis of the

heat dissipaters may be formed as microjets or holes punched into the plate. A gain

in efficiency is hereby achieved, as microchanneis are very close to the heat source,

i.e. the laser gas.

Alternatively to the grooves or additionally, the resonator tubes may comprise micro-

channels in their walls and these microchanneis are connected to the microchanneis

of the heat dissipaters.

Furthermore, it is preferred that the resonator tubes at least partially surround an in¬

ner area, and optical elements and/or electronics are arranged in the inner area. The

partially surrounding of an inner area may be understood such that the inner area is



bordered by resonator tubes at a central angle of at least 180°, such as a semi-circle.

The resonator tubes may thus form an open or closed loop or circle.

By this arrangement of the resonator tubes, the total length of all tubes may be much

larger than the length of the apparatus. The electronics may comprise drive circuits

for controlling the electrodes. The optical elements may comprise fixed mirrors,

scanning mirrors or optical waveguides for redirecting the laser beam emitted by the

gas laser. Placing the electronics and/or the optical elements inside the inner area is

beneficial for a space-saving design.

In contrast to a folded resonator tube configuration, in which the resonator tubes of

one laser are arranged right next to each other as in a zigzag or meander-like pat¬

tern, the arrangement according to the inventive embodiment allows for disposing

electronics and optical elements between the resonator tubes. The overall size of the

apparatus may be comparable in both cases, but the distance between resonator

tubes is larger in the inventive design. Advantageously cooling of the resonator tubes

is thus facilitated. Furthermore, a larger surface of the resonator tubes may be ac¬

cessible for thermal connection to the heat dissipaters.

According to a preferred embodiment of the invention, the apparatus further com¬

prises beam delivery means such as at least one mirror for directing the laser beam

or beams into the inner area. It is generally also possible that the beam-delivery

means are formed by output coupler mirrors of the gas lasers. In this case a resona¬

tor tube end portion of each gas laser may point into the direction of the inner area.

Furthermore, deflection means are provided in the inner area for directing the laser

beams into the direction of the object to be marked. The deflection means may com¬

prise at least one deflection means per laser beam, in particular at least one, pref¬

erably at least two, mirrors or optical waveguides per laser beam, for individually de¬

flecting each of the laser beams into a desired direction. That is, each deflection

means is individually adjustable in its deflection direction and/or individually shiftable.

Preferably the deflection means are motorized to be adjusted by a control unit, in par¬

ticular for performing a scanning movement.

Another preferred embodiment of the invention is characterized in that a plurality of

gas lasers which includes the at least one gas laser is provided. Furthermore, a con¬

trol unit is provided for individually activating each of the gas lasers to emit a laser



beam according to a sign to be marked. Each of the gas lasers comprises a plurality

of resonator tubes that at least partially surround the inner area, and the gas lasers

are stacked on top of each other such that each resonator tube of one of the gas la¬

sers is aligned in parallel with one of the resonator tubes of another gas laser.

In other words, each plurality of resonator tubes of one of the gas lasers comprises a

first resonator tube and at least a second resonator tube, all first resonator tubes are

stacked and aligned in parallel to each other, and all second resonator tubes are

stacked and aligned in parallel to each other. In this embodiment, the laser beams

emitted by the gas lasers form an array of laser beams, in particular a linear array

with laser beams running in parallel to each other.

It is preferred that those resonator tubes that are stacked and aligned in parallel to

each other share one heat dissipater out of the plurality of heat dissipaters, which

one heat dissipater is thermally connected to all of said parallel resonator tubes. In

other words, all resonator tubes of different gas lasers which resonator tubes extend

parallel to each other are stacked on top of each other and share one heat dissipater.

A preferable embodiment of the inventive apparatus is characterized in that each gas

laser comprises connecting elements that connect adjacent resonator tubes of the

respective gas laser to form a common tubular space, the connecting elements of the

gas lasers each comprise an inner cavity which is in fluidic communication with the at

least two adjacent resonator tubes connected to the connecting element.

According to still another preferred embodiment of the invention, the resonator tubes

of each gas laser are arranged in the shape of a triangle, a rectangle, a polygon, a

square, an open or closed circle, or in a U-shape. The term "closed" may be under¬

stood such that one connecting element is provided which houses both an end mirror

of a gas laser for reflecting laser light back inside the gas laser and a partially reflec¬

tive output coupler for emitting a laser beam. Correspondingly, the term "open" is to

be understood such that the end mirror and the output coupler of one gas laser are

accommodated in different end elements, i.e. not in one connecting element.

In the closed design, the laser gas may either form a whole circuit, or may be split

within the connecting element which houses the output coupler and the end mirror.



The invention further relates to a marking device which comprises a marking appara¬

tus as described above, and further comprises a pump for pumping the cooling fluid

through the microchannels. The pump may be of any generally known kind. One ex¬

ample of a pump is an electroosmotic pump which uses an external electric field, e.g.

through a microporous glass frit, to move ions within the cooling fluid. Simple ion

drag creates then a net motion of the cooling fluid.

According to another exemplary embodiment of the inventive marking device, all gas

lasers are accommodated in a first housing. The pump, however, is accommodated

in a second housing or base unit. A heat rejecter for dissipating heat of the cooling

fluid to an environment may also be provided in the second housing. The first hous¬

ing and the second housing are then connected with the umbilical cable. The marking

apparatus is thus reduced in size. As the umbilical cable is flexible, movability of the

marking apparatus is enhanced. A motor device may be provided for moving the

marking apparatus relative to the second housing.

The pumping power may further be adjusted dependent on the temperature of the

resonator tubes. To determine that temperature, a temperature sensor may be pro¬

vided, either in the first housing which accommodates the resonator tubes, or in the

second housing which may accommodate the pump and the heat rejecter. In the lat¬

ter case, the temperature sensor may determine the temperature of the cooling fluid

which is heated by the resonator tubes. In the case of the temperature sensor being

accommodated in the first housing, the temperature sensor may be arranged on a

surface of one of the resonator tubes. Alternatively the temperature sensor may be

formed as a resistor which is accommodated in the same base body as one of the

electrodes for exciting the laser gas.

The invention is described in greater detail below by reference to preferred embodi¬

ments which are illustrated in the attached drawings in which:

Fig. 1 shows a schematic perspective view of a part of a gas laser

of an inventive marking apparatus;

Fig. 2 shows a perspective view of a gas laser of an inventive mark¬

ing apparatus;



Fig. 3 shows a plurality of gas lasers of an inventive marking appa¬

ratus;

Fig. 4 shows an embodiment of the inventive marking apparatus;

Fig. 5 shows another embodiment of the inventive marking appara¬

tus; and

Fig. 6 shows an embodiment of an inventive marking device.

Equivalent components are referred to in all figures with the same reference signs,

respectively.

Fig. 1 shows schematically a part of a gas laser of an inventive marking apparatus.

Depicted is one of the resonator tubes 12 as well as a heat dissipater 30 and elec¬

trodes 20, 3 1.

The resonator tube 12 is filled with a laser gas. The ends of the resonator tube are

connected to connecting elements (not depicted) to form a sealed volume.

For exciting the laser gas, two electrodes 20, 3 1 per resonator tube 12 are provided.

The heat dissipater 30 is accommodated within or directly attached to the electrode

20.

The electrode 20 contacts the resonator tube 12 over its complete length, i.e. in the

axial direction. The surface of the electrode 20 facing the resonator tube 12 has a

concave shaped which matches the convex shape of the resonator tube 12 to form a

large contact area. Preferably, the contact area extends over at least a quarter of the

circumferential length of the resonator tube 12. For avoiding an air gap, the electrode

20 may be pressed against the resonator tube 2 . Alternatively or additionally, a ther¬

mal compound may be inserted in between.

The material of the heat dissipater 30 preferably exhibits a high heat transfer coeffi¬

cient. To this end, copper of aluminium may be employed. Within the heat dissipater

30, microchannels for conducting a cooling fluid are formed. The cooling fluid is in¬

troduced through an entrance microchannel that runs perpendicular to the longitudi¬

nal axis of the resonator tube 12. The entrance microchannel is connected to one or

several longitudinal microchannels that extend along the longitudinal axis of the



resonator tube 12. These microchannels are connected to an exit microchannel

through which the cooling fluid can be pumped out of the heat dissipater 30. The exit

microchannel may thus also be referred to as dissipating microchannel.

During operation of the gas laser, the laser gas and thus the resonator tube 12 heats

up. A high temperature deteriorates the lasing efficiency and may even prevent

lasing. Excess heat is thus to be dissipated. To this end, the heat dissipater 30 with

the microchannels is provided. Firstly, the heat dissipater 30 absorbs heat of the

resonator tube 12 through the electrode 20. This leads to the cooling fluid in the mi¬

crochannels being heated as well. The microchannels may have a very small diame¬

ter, such as smaller than 2mm or even smaller than 1mm. Within the microchannels,

or at least within the longitudinal microchannels, the cooling fluid flows turbulently

due to perturbations on at least one wall of each microchannel. A turbulent flow im¬

proves the heat transfer between the heat dissipater and the cooling fluid.

The number of longitudinal microchannels may be larger than the number of en¬

trance or exit microchannels. In this case, the cross section of the entrance and exit

microchannels may be formed larger than the cross section of the longitudinal micro-

channels and may equal the total cross section of all longitudinal microchannels

combined.

Turning to Fig. 2 , a gas laser 10a is schematically shown. The gas laser 10a com¬

prises a plurality of resonator tubes 12. In the embodiment shown, there are four

resonator tubes 12 which constitute a rectangle. However, in general any number of

resonator tubes may be provided which are arranged in a convex or circle-like fash¬

ion.

In three comers of the rectangle, connecting elements 16 for connecting adjacent

resonator tubes 12 are provided. These connecting elements 16 are shaped as hol¬

low tubes such that one common gas volume is formed with the resonator tubes 12.

The common gas volume is sealed to avoid leakage of the laser gas.

It is crucial that a gas mixture received in the common gas volume remains constant,

as changes may decrease the laser efficiency. To slow down changes, an additional

gas reservoir, namely a gas tube 13, is provided. This gas tube 13 is filled with laser

gas but is not equipped with electrodes, i.e., gas within the gas tube 13 is not excited



during the operation of the laser 10. The gas tube 13 is arranged parallel to one of

the resonator tubes 2 and forms a common gas volume with the resonator tubes 12.

To this end, at least two of the connecting elements 16 each comprise an additional

opening to which the gas tube 13 is connected.

In the fourth corner of the rectangular resonator tube arrangement, the neighboring

resonator tubes 12 are supported by a connecting element 17 which houses an end

mirror 15 and an output coupler 18. In the example shown, the gas volume is termi¬

nated with the end mirror on one side and with the output coupler 18 on the other

side such that there is no gas connection within the connecting element 17.

The output coupler 18 may be a partially reflecting mirror which outputs a laser

beam. The laser beam is redirected with beam delivery means 19. These may be

constituted by a mirror 19 connected to an outer surface of the connecting element

17. The mirror 19 directs the laser beam through an opening in the connecting ele¬

ment 17 into an inner area 5, that is an area 5 enclosed by the resonator tubes 12. In

the inner area 5, further optical elements for deflecting the laser beam in the direction

of an object to be marked may be provided.

Although only one gas laser 10a is shown in Fig. 2, preferably a plurality of gas la¬

sers is provided. Each gas laser may be formed as the one shown in Fig. 2. In par¬

ticular, each gas laser may comprise its own electrodes, output coupler, rear mirror

and optical elements arranged in the inner area.

Such a plurality of gas lasers is depicted in Fig. 3. In this example, the plurality of gas

lasers 0 comprises nine gas lasers. These are arranged on top of each other. That

is, above each resonator tube of a first gas laser a resonator tube of a second gas

laser is placed.

The gas lasers 10 share common connecting elements 16, 17. Hence, each connect¬

ing element 16 comprises openings for connection of two resonator tubes per gas

laser. In the depicted embodiment with nine lasers, that is eighteen openings. This

enhances stability and reduces manufacturing costs. Preferably, the gas volumes of

different gas lasers are interconnected within the connecting elements 16. This en¬

hances the conformity and stability of the laser gas mixture, as a gas change within

the resonator tubes of one gas laser is spread and thus diluted over all gas lasers.



Furthermore, by interconnecting the gas volumes of different lasers within the con¬

necting elements 16, one gas tube with additional gas (not shown) suffices for all la¬

sers 0.

For redirecting laser light from one resonator tube 12 of one gas laser to another

resonator tube 12 of the same laser, each connecting element 16 comprises a mirror.

Preferably, the connecting elements 16 have an additional opening such that the mir¬

ror can be attached at that opening from outside. This facilitates assembly of the

marking apparatus.

The common connecting element 17 comprises one output coupler 18 and one rear

mirror 15 per gas laser. Manufacture is further eased if the common connecting ele¬

ment 17 comprises additional openings which are closed with the output couplers 18

and/or the rear mirror 15. That is, the common connecting element 17 may have

openings at four sides; at two of these sides the resonator tubes 12 are connected,

whereas the output couplers 18 and the rear mirrors 15 are attached from outside to

the openings of the remaining two sides.

Each resonator tube 12 of each of the gas lasers 10 is equipped with its own pair of

electrodes 20, 3 1 for exciting the laser gas. With the resonator tubes 12 being

stacked, the electrodes 3 1 facing the inner area and the electrodes 20 on the oppo¬

site side of the resonator tubes 12 are likewise stacked. Preferably, all electrodes 3 1

of one stack of resonator tubes are located in or on one first common substrate. The

electrodes 20 of one stack of resonator tubes are likewise arranged in or on a second

common substrate.

On the outer side of the resonator tubes 12, i.e. the side of the resonator tubes 12

opposite the inner area 5 , heat dissipaters 30 are provided. Preferably, each stack of

resonator tubes 12 is thermally connected to one common heat dissipater 30. The

microchannels within one common heat dissipater 30 thus absorb the heat of the

whole respective stack of resonator tubes 12.

Employing common heat dissipaters allows for the provision of only one entrance

microchannel and one exit microchannel per common heat dissipater. This advanta¬

geously reduces complexity of the design.



Generally, either the common heat dissipater 30 or the electrodes 20 may be ar¬

ranged closer to the stack of resonator tubes 12. In the case that the common heat

dissipater is closer, i.e. sandwiched between the resonator tubes 12 and the elec¬

trodes 20, the entrance and exit microchannels extend through the second common

substrate on or in which electrodes 20 are mounted.

The common heat dissipater 30 and the second common substrate with the elec¬

trodes may either mechanically contact each other or may be formed by a common

base body. Advantageously, this further decreases the size of the marking appara¬

tus.

In the example shown in Fig. 3 , the inner area 5 accommodates electronics, e.g.

driver circuits for controlling the electrodes 20, 3 1. Laser beams emitted through the

output couplers 18, however, are not directed into the inner area 5 .

Another exemplary embodiment of the inventive marking apparatus 100 is depicted

in Fig. 4. As in the previous example, the marking apparatus 100 comprises a plural¬

ity of gas lasers 10, each of which comprises one output coupler for emitting a laser

beam.

In this case, however, the emitted laser beams are directed into the inner area 5. To

this end, the connecting element 17 is formed by a first and a second connecting part

17a, 17b. The second connecting part 17b has two openings per gas laser for con¬

nection of the resonator tubes 12 of the gas lasers. Furthermore, the second con¬

necting part 17b has to additional openings per gas laser which openings are closed

with the rear mirrors 15 and the output couplers 18. Beam delivery means 19 such as

mirrors 19 are attached to the first connecting part 17a for redirecting laser beams

emitted through the output couplers 18 into the inner area 5.

In the inner area 5, further optical elements 7 as well as electronic components 6 are

disposed. The optical elements 7 may comprise a set of deflection means 8 having

one deflection means, namely a mirror or an optical waveguide, per gas laser. The

set of deflection means 8 thus allows for individually redirecting each of the emitted

laser beams. The optical elements 7 may further comprise one or two galvanometer

scanners 9 , each having one mirror onto which the laser beams of all gas lasers im-



pinge. With the galvanometer scanners 9 , the laser beams can be scanned within the

field of view of the marking apparatus 100.

In Fig. 5, another embodiment of an inventive marking apparatus 100 is shown. Here,

each gas laser comprises three resonator tubes 12 which are arranged in a U-shape.

The space between the two legs of this U-shape is to be understood as the inner

area 5. The U is terminated at one end with a first connecting element at which the

rear mirrors 15, but not the output couplers 18 are attached. Analogously, the U is

terminated at the other end with a second connecting element at which only the out¬

put couplers 18 but no rear mirrors 15 are provided.

A connector 40 such as a female or male jack for connecting an umbilical cable is

provided. Via this connector 40 cooling fluid can enter the apparatus and can be

guided through the microchannels. After being warmed within the microchannels, the

cooling fluid can exit the apparatus through the connector 40.

The connector 40 may further comprise electrical contacts such that the marking ap¬

paratus 100 can be supplied with electrical power via the umbilical cable.

An embodiment of an inventive marking device 120 is shown in Fig. 6. The marking

device 120 comprises at least one marking apparatus 100 which is accommodated in

a first housing 101. In the depicted example, there are four marking apparatuses 100,

each of which is housed in a respective first housing 101 . Preferably, the first hous¬

ings 101 are dust tight and provide water protection against immersion of up to at

least one meter.

For each marking apparatus 100, the device 120 comprises one base unit formed by

a second housing 102 which accommodates a power supply and a cooling device for

the respective marking apparatus 100. Each marking apparatus 100 is connected to

its base unit 102 via an umbilical cable 50. The umbilical cables 50 are flexible and

thus allow for flexibly positioning each marking apparatus 100 relative to the base

units 102.

Additionally, a control unit 25 is provided in a control module 103, that is in a sepa¬

rate casing 103. The control unit 25 is connected to each of the base units 102 and is

adapted to activate the marking apparatuses 100 via the base units 102 and the um¬

bilical cables 50.



The cooling devices of the base units 102 each comprise a pump for pumping the

cooling fluid. The cooling devices may be passive, i.e. no electrical energy is used for

cooling. In this case cooling fluid heated by the lasers may be cooled down with a

heat exchanger. In case of an active cooling device, the cooling fluid is additionally or

alternatively cooled by using electrical power, e.g. with a thermoelectric element.

Advantageously, a marking apparatus with a particularly small design is thus created.

An efficient cooling is achieved with microchannels in which the cooling fluid flows

with disruptions. Space requirements of the marking apparatus may be further re¬

duced by removing the power supply, electronic components and/or the cooling de¬

vice into a separate second housing such that the marking apparatus can be freely

moved, e.g. with a motor, relative to the second housing. Furthermore, heat pro¬

duced in the marking apparatus is led far away via the umbilical cable. Heat transfer

from the cooling fluid to an environment does thus not warm the immediate surround¬

ing of the marking apparatus. Cooling efficiency is thus advantageously increased.



CLAIMS

Marking apparatus for marking an object with laser light,

comprising at least one gas laser (10) for emitting at least one laser beam for

marking the object,

wherein the at least one gas laser (10) comprises a plurality of resonator tubes

( 2) for receiving a laser gas,

wherein a plurality of heat dissipaters (20) for dissipating heat from the resona¬

tor tubes (12) is provided,

wherein each resonator tube (12) is thermally connected to one of the heat

dissipaters (20),

c h a r a c t e r i z e d in that

each heat dissipater (20) comprises microchannels for receiving a cooling flu¬

id, the microchannels' smaller dimension being less than 2 millimeters, and

at least one wall of each microchannel has perturbations, in particular protru¬

sions, such that the cooling fluid exhibits a turbulent like flow.

Marking apparatus according to claim 1,

c h a r a c t e r i z e d in that

the microchannels of each of the heat dissipaters (30) extend substantially

along the whole length of the respective resonator tube (12).

Marking apparatus according to claim 1 or 2,

c h a r a c t e r i z e d in that

for each resonator tube (12) one electrode (20) for exciting the laser gas re¬

ceived in the respective resonator tube (12) is provided, and



each heat dissipater (30) is formed as a base body which accommodates the

microchannels of that heat dissipater (30) and at least one of the electrodes

(20).

Marking apparatus according to any one of the claims 1 to 3,

c h a r a c t e r i z e d in that

a connector (40), in particular a socket (40), is provided for connecting an um¬

bilical cable (50) for conducting the cooling fluid to and away from the marking

apparatus (100).

Marking apparatus according to any one of the claims 1 to 4 ,

c h a r a c t e r i z e d in that

the resonator tubes (12) of each gas laser (10) at least partially surround an

inner area (5), and

optical elements (7) and/or electronics are arranged in the inner area (5).

Marking apparatus according to claim 5,

c h a r a c t e r i z e d in that

the apparatus further comprises

- beam delivery means (19) for directing the laser beams into the inner area

(5) and

- deflection means (8) for directing the laser beams into the direction of the

object to be marked, and

the deflection means (8) are arranged in the inner area (5).

Marking apparatus according to any one of the claims 1 to 6,

c h a r a c t e r i z e d in that

a plurality of gas lasers (10) which includes the at least one gas laser (10) is

provided,

a control unit (25) is provided for individually activating each of the gas lasers

(10) to emit a laser beam according to a sign to be marked,

each of the gas lasers (10) comprises a plurality of resonator tubes (12) that at

least partially surround an inner area (5), and



the gas lasers (10) are stacked on top of each other such that each resonator

tube (12) of one of the gas lasers (10) is aligned in parallel with one of the res¬

onator tubes (12) of another gas laser (10).

Marking apparatus according to claim 7,

c h a r a c t e r i z e d in that

those resonator tubes (12) that are stacked and aligned in parallel to each

other share one heat dissipater (30) out of the plurality of heat dissipaters (30),

which one heat dissipater (30) is thermally connected to all of said resonator

tubes ( 2) that are stacked and aligned in parallel.

Marking apparatus according to any one of claims 1 to 8,

c h a r a c t e r i z e d in that

the resonator tubes (12) of each gas laser (10) are arranged in a U-shape or in

the shape of a triangle, a rectangle, a square, or an open or closed circle.

Marking apparatus according to any one of claims 1 to 9,

c a r a c t e r i z e d in that

each gas laser (10) comprises connecting elements (16) that connect adjacent

resonator tubes (12) of the respective gas laser (10) to form a common tubular

space,

the connecting elements (16) of the gas lasers (10) each comprise an inner

cavity which is in fluidic communication with the at least two adjacent resona¬

tor tubes (12) connected to the connecting element (16).

Marking device

c h a r a c t e r i z e d in that

a marking apparatus (100) according to any one of the claims 1 to 10 is pro¬

vided, and

a pump for pumping the cooling fluid through the microchannels is provided.

Marking device according to claim 11,

c h a r a c t e r i z e d in that

the at least one gas laser (10) is accommodated in a first housing (101),

the pump is accommodated in a second housing (102),



a heat rejecter for dissipating heat of the cooling fluid to an environment is

provided in the second housing (102), and

the first housing (101) and the second housing (102) are connected with the

umbilical cable (50).
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