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(54) METHOD AND APPARATUS FOR PRODUCING A RADIATION FIELD AMPLIFYING SYSTEM

(57) A method for producing a radiation field ampli-
fying system for amplifying a to be amplified radiation
field, in particular for producing a thin disc laser amplifying
system, which comprises an amplifying element with a
laser active body and a cooling system for cooling said
amplifying element with at least one heat sink element
wherein the method comprises the step of connecting

said amplifying element and said at least one heat sink
element is proposed by soldering with a solder filling com-
position, wherein the step of soldering comprises heating
up, in particular melting, said solder filling composition
by exposing said solder filling composition to a soldering
radiation field.
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Description

[0001] The invention relates to a method for producing
a radiation field amplifying system. The radiation field
amplifying system is used for amplifying a to be amplified
radiation field.
[0002] In particular, the to be amplified radiation field
is a laser.
[0003] The radiation field amplifying system is in par-
ticular a laser amplifier and/or a laser emitting system.
Preferably, the radiation field amplifying system is a thin
disc laser amplifying system.
[0004] The radiation field amplifying system comprises
an amplifying element with a laser active body and a cool-
ing system for cooling said amplifying element. The cool-
ing system comprises at least one heat sink element.
[0005] The method comprises the step of connecting
said amplifying element and said at least one heat sink
element.
[0006] In known methods, said amplifying element and
said at least one heat sink element are glued together.
However, the gluing material has a low thermal conduc-
tivity, which for example is approximately in the range
between 0,25 W/(m K) to 2,0 W/(m K). Accordingly, the
gluing material is a barrier for the thermal heat transfer
from the to be cooled amplifying element to the heat sink
element and thus reduces the effectiveness of the cooling
system.
[0007] Furthermore, due to the heat barrier heat sink
elements with very high thermal conductivities are nec-
essary to compensate for the heat barrier, which howev-
er, are expensive.
[0008] In other known methods said amplifying ele-
ment and said at least one heat sink element are con-
nected by heat conduction soldering in which heat is
transferred by a heating element to said at least one heat
sink element. The heat has to propagate through the heat
sink element, which already results in the disadvantage
of heat losses. The part of the heat which transfers
through the heat sink element heats up a soldering com-
position between the heat sink element and the amplify-
ing element for melting said soldering composition.
[0009] Within the method of heat conduction soldering,
a large amount of heat has to be introduced into the sys-
tem comprising said at least one heat sink element and
said amplifying element.
[0010] In particular, these elements have to be heated
up to more than 180° C, preferably more than 200° C.
[0011] Due to the heat transfer through the heat sink
element said amplifying element and the subsequent
cooling down thermal and mechanically stresses are in-
duced in the heat sink element, which adversely affect
its heat conductivity.
[0012] Furthermore, these stresses deform said heat
sink element and said amplifying element in a not con-
trollable way.
[0013] Accordingly, with this connection method the
amplifying element and the at least one heat sink element

cannot be connected in a geometrically precise way.
However, for an effective, in particular high energy, ra-
diation amplification the arrangement of said amplifying
element and said at least one heat sink element has to
be produced with high precision and in accordance with
pre-defined values.
[0014] Therefore, for an arrangement of an amplifying
element being connected with a heat sink element by
heat conduction said radiation field amplifying system
cannot, at least in advance, be designed and configured
for high amplification rates. At least subsequent modifi-
cations and post processing are necessary.
[0015] Furthermore, only for a few materials for the
heat sink element the heat conduction soldering is pos-
sible. For example diamond, which is a preferred material
due to its high thermal conductivity, cannot be used within
this method.
[0016] Therefore, it is the object of the present inven-
tion to provide a method for producing a radiation field
amplifying system in which the amplifying system can be
produced with a high precision and with an effective cool-
ing system and which should be furthermore economi-
cally.
[0017] This problem is solved with a method for pro-
ducing a radiation field amplifying system as described
above wherein the method comprises the step of con-
necting said amplifying element and said at least one
heat sink element by soldering with a solder filling com-
position, wherein the step of soldering comprises heating
up, in particular melting, said solder filling composition
by exposing said solder filling composition to a soldering
radiation field.
[0018] Accordingly, said at least one heat sink element
and said amplifying system are connected in particular
by laser soldering and therefore their connection consti-
tutes essentially no or only a small heat barrier due to
the good thermal conductivity of said solder filling com-
position.
[0019] Advantageously, during the connection step, in
particular during the process of soldering, heat is only
locally to the solder filling composition induced and ac-
cordingly the other elements are not adversely affected
during the soldering process.
[0020] Furthermore, the exposure of said solder filling
composition by said soldering radiation field can be finely
tuned with respect to the spatial and temporal exposure
and the intensity of the exposure, such that the connec-
tion between said at least one heat sink element and said
amplifying element can be produced with high precision.
[0021] Furthermore, advantageously said amplifying
element and/or said at least one heat sink element are
essentially not effected by said soldering radiation field,
such that these elements do not suffer by this production
method. In particular, essentially no heat and/or mechan-
ical stresses are induced in said at least one heat sink
element and/or said amplifying element.
[0022] Another advantage of said method is, that said
amplifying element and/or said at least one heat sink el-

1 2 



EP 3 633 805 A1

3

5

10

15

20

25

30

35

40

45

50

55

ement are essentially not or only marginal heated up and
can be provided before the step of connection with a pre-
defined desired geometry and this predefined geometry
is essentially not adversely affected by the step of sol-
dering. For example, said amplifying element can be pro-
vided with a predefined curvature and be connected to
said at least one heat sink element by laser soldering
with essentially this desired, predefined curvature.
[0023] With respect to the arrangement of the connec-
tion no further details have been given so far.
[0024] In particular, said amplifying element and said
at least one heat sink element are connected by a sol-
dering joint.
[0025] In particular, said amplifying element has a con-
necting side and said at least one heat sink element has
a connecting side with the two elements being connected
to each other at their respective connecting sides. In par-
ticular, these connecting sides are part of the connecting
soldering joint.
[0026] In particular, a connection section extends be-
tween said connecting side of said amplifying element
and said connecting side of said at least one heat sink
element.
[0027] Preferably, said connection section has a thick-
ness of at least 100 nm, preferably at least 200 nm, ad-
vantageously at least 400 nm, for example at least 500
nm.
[0028] The thickness of said connection section is for
example smaller than 150 mm, preferably smaller than
100 mm, advantageously smaller than 50 mm.
[0029] In particular, said thickness of said connection
section is measured in the direction in which said con-
necting sides of said amplifying element and said at least
one heat sink element are facing each other.
[0030] For example, said thickness of said connection
section corresponds at least approximately to the dis-
tance between said two connecting sides.
[0031] Preferably, a thickness of said inserted solder
filling composition, which in particular builds up said pro-
duced soldering joint, corresponds at least approximately
to said thickness of said connection section.
[0032] In some preferred embodiments said thickness
of said connection section is essentially constant
throughout said connection section.
[0033] In other advantageous embodiments, said
thickness of said connection section varies throughout
said connection section, but for example varies not more
than about 20 %, preferably not more than about 10 %.
[0034] In such embodiments said thickness of said
connection section is in particular in an outer area larger
than in an inner area of said connection. Said inner area
is in a direction transverse to the direction in which said
connecting sides facing each other more inside the con-
nection section than said outer area.
[0035] In particular, said outer area circumferences
said inner area.
[0036] Preferably, said thickness of said connection
section increases, in particular continuously, upon in-

creasing a radial distance from a connection axis.
[0037] The axial direction of said connection axis cor-
responds essentially to said direction in which said con-
necting sides facing each other.
[0038] With respect to said solder filling composition
so far no further details have been given.
[0039] In particular, said solder filling composition is
inserted in said connection section between said con-
necting side of said amplifying element and said connect-
ing side of said at least one heat sink element.
[0040] Preferably, prior to insertion said amplifying el-
ement and said at least one heat sink element are ar-
ranged with their connecting sides facing each other and
after the insertion said solder filling composition is ex-
posed to said soldering radiation field.
[0041] For example, said connection section is only
filled partly with said solder filling composition.
[0042] Preferably a central part of said connection sec-
tion is filled with said solder filling composition. This pro-
vides advantageously for a good thermal heat conduction
between said amplifying element and said at least one
heat sink element. For example, said central part is ar-
ranged next to a pumped part of said amplifying element.
[0043] In an advantageous embodiment, an outer part
of said connection section, which for example encircles
at a rim of said amplifying element said amplifying ele-
ment, is filled with said solder filling composition. Prefer-
ably, this provides a connection which holds said ampli-
fying element stable at said at least one heat sink.
[0044] In other preferred embodiments, said connec-
tion section is filled essentially fully with said solder filling
composition.
[0045] In an advantageous embodiment, said solder
filling composition is inserted areally in said connection
section, such that advantageously a large area or essen-
tially the whole area between said connecting sides is
filled with said solder filling composition. One advantage
thereof is, that through the large area heat can effectively
spread away from said amplifying element and in addition
due to the large area of connection a mechanically stable
connection is built.
[0046] Preferably, said solder filing composition ex-
tends at least within a filling area. Said filling area extends
between said connecting sides and in particular said fill-
ing area extends, in particular essentially transverse to
said connecting sides, within said connection section.
[0047] For example, said filling area corresponds to a
projection of one of said connecting sides to a geomet-
rical projection plane with said geometrical projection
plane extending between said connecting sides of said
amplifying element and said heat sink element.
[0048] For example, said solder filling composition is
inserted as a powder or as small pieces into said con-
nection section.
[0049] In a preferred embodiment at least a part of said
solder filling composition, for example essentially all
amount of said solder filling composition, is inserted into
said connection section as a foil. This provides advanta-
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geously an easy to handle provision of said solder filling
composition. Furthermore, with said foil an amount of
provided solder filling composition and a location thereof
is easy to adjust.
[0050] An advantageous embodiment provides, that at
least a part of said solder filling composition is attached
to a surface of at least one of said connecting sides before
said heating up.
[0051] Preferably, said solder filling composition is at-
tached to said surface before said amplifying element
and said at least one heat sink element are arranged with
their connecting sides facing each other at the beginning
of the connecting process.
[0052] With that, said solder filling composition is al-
ready fixed in said connection section preferably at a
place where it should be, and with arranging said ampli-
fying element and said at least one heat sink element
facing each other also said solder filling composition is
placed in the right position in between without an addi-
tional adjusting step.
[0053] For example the surface of at least one of said
connecting sides is coated by at least part of said solder
filling composition before said heating up, in particular
before said amplifying element and said at least one heat
sink element are arranged for being connected.
[0054] In preferred embodiments, at least a part of said
solder filling composition is attached to the surface of at
least one of said connecting sides by thin film deposition,
for example by physical vapor deposition and/or by sput-
tering.
[0055] In general, various materials and composition
of materials can be used for said solder filling composi-
tion.
[0056] Advantageously, said solder filling composition
comprises a fluxing agent.
[0057] In particular, said fluxing agent comprises
and/or is an antioxidant agent.
[0058] For example, the fluxing agent comprises am-
monium and/or chloride, in particular ammonium chlo-
ride, and/or a polymeric material, in particular resin, for
example rosin.
[0059] In particular, said solder filling composition
comprises, in particular is, a metal or a metallic alloy.
[0060] For example, said solder filling composition
comprises silver.
[0061] In some embodiments said solder filling com-
position comprises lead.
[0062] In preferred embodiments, said solder filling
composition comprises tin.
[0063] For example, at least 5 %, preferably at least
10 %, advantageously at least 15 % of the mass of said
solder filling composition is tin.
[0064] Preferably, less than 50 %, advantageously
less than 35 %, in particular less than 25 %, of the mass
of said solder filling composition is tin.
[0065] In advantageous embodiments, said solder fill-
ing composition comprises gold.
[0066] For example, at least 50 %, preferably at least

60 %, advantageously at least 70 %, in particular at least
75 % of the mass of said solder filling composition is gold.
[0067] In particular, less than 90 %, preferably less
than 85 % of the mass of said solder filling composition
is gold.
[0068] In a preferred embodiment said solder filling
composition is a composition of gold and tin, in particular
with mass fractions as given above. In a preferred em-
bodiment the mass fractions of gold and tin are at least
approximately 80 % and 20 % respectively. Preferably,
the preceding numerals are realized with a deviation of
not more than 10 %, preferably not more than 5 % and
advantageously a small amount, for example a mass
fraction of up to 5 %, of one or more additional materials,
for example a fluxing agent, is also comprised by said
solder filling composition.
[0069] Advantageously, said solder filling composition
has a thermal conductivity of at least 10 W/(m K), pref-
erably of at least 25 W/(m K), for example at least 40
W/(m K).
[0070] For example, the thermal conductivity of said
soldering filling composition is smaller than 200 W/(m K),
in particular 150 W/(m K).
[0071] With respect to the exposure to said soldering
radiation field and to said soldering radiation field itself
no further details have been given so far.
[0072] In an advantageous embodiment said solder fill-
ing composition is exposed to exactly one soldering ra-
diation field. This provides an easy to handle method,
because only one soldering radiation field has to be ad-
justed.
[0073] In other preferred embodiments, said solder fill-
ing composition is exposed to several soldering radiation
fields. An advantage thereof is that with said several sol-
dering radiation fields characteristics of the exposure,
such as the temporal and/or spatial exposure and/or the
intensity of the exposure and/or the introduction of energy
due to the exposure, can be more flexible adjusted.
[0074] In the following, the reference to one soldering
radiation field has to be understood as a reference to the
exactly one soldering radiation field or to at least one, for
example only one, of the several soldering radiation fields
and/or to some, for example all, of said several soldering
radiation fields.
[0075] In particular, said solder filling composition is
exposed within at least one exposure interval to one sol-
dering radiation field.
[0076] In some preferred embodiment, said solder fill-
ing composition is exposed to the soldering radiation field
within only exactly one exposure interval.
[0077] In other preferred embodiments, said solder fill-
ing composition is exposed to the soldering radiation field
within several exposure intervals.
[0078] In the following the reference to one exposure
interval has to be understood as a reference to the exactly
one exposure interval or to at least one, for example only
one, of the several exposure intervals and/or to some,
for example all, of said several exposure intervals.
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[0079] In particular, one exposure interval has a length
of at least 0,1 seconds, preferably of at least 0,5 seconds
and/or has a duration of not more than 10 seconds, for
example not more than 5 seconds, in particular not more
than 2 seconds.
[0080] In particular, the total time of exposure to one
soldering radiation field is at least 0,5 seconds, for ex-
ample at least 1 second and/or not more than 30 seconds,
preferably not more than 20 seconds, for example not
more than 10 seconds, in particular not more than 5 sec-
onds.
[0081] In a preferred embodiment in one exposure in-
terval the intensity of one soldering radiation field is var-
ied, in particular is continuously varied, with respect to
time, in particular varied between a first exposure inten-
sity and a second exposure intensity. The advantage
thereof is that melting and/or cooling of said solder filling
composition can be controlled by variation of said inten-
sity and therefore in particular a more homogeneous sol-
dering joint with better heat conductivity and/or a more
stable soldering joint can be achieved.
[0082] In particular, said intensity varies between a first
exposure intensity and a second exposure intensity.
[0083] For example, said intensity is continuously in-
creased from said first exposure intensity to said second
exposure intensity. In particular, in some embodiments
said first exposure intensity is zero and the variation cor-
responds to a, in particular slowly, increase of said ex-
posure intensity.
[0084] In other advantageous embodiments said first
and second exposure intensities differ not more than by
50 %, for example by less than 20 %.
[0085] In an advantageous embodiment in one expo-
sure interval essentially all of said solder filling composi-
tion, for example essentially all of said solder filling com-
position in said connection section and/or in said filling
area, is exposed to one soldering radiation field. One
advantage thereof can be seen therein, that the exposure
of essentially all of said solder filling composition is easy
to handle and said solder filling composition is heated
essentially homogeneously.
[0086] In another preferred embodiment in one expo-
sure interval the intensity of one soldering radiation field
is varied spatially.
[0087] In particular, only a part of said solder filling
composition in said filling area is exposed to one solder-
ing radiation field at a same moment in time and other
parts of said solder filling composition are exposed con-
secutively with respect to time to the one soldering radi-
ation field or to another soldering radiation field.
[0088] An advantage thereof is, that the special build-
ing up of the soldering joint can be controlled and pref-
erably adjusted to predefined requirements, for example
for adjusting geometrical requirements.
[0089] For example at first a radial inner area of said
solder filling composition is heated up and consecutively
radial more outer areas are heated up such that for ex-
ample pollutants flow with the consecutively more radial

outward liquid solder filling composition to an outer area
of the connection section. The radial direction is with re-
spect to the connection axis.
[0090] In another preferred embodiment consecutively
following stripes of said solder filling composition are one
after the other exposed to one soldering radiation field.
Thereby advantageously also for example pollutants are
transferred with the consecutively melted stripes of said
solder filling composition and accordingly the pollutants
flow to an outer area of said connection section.
[0091] Advantageously the wavelength of one solder-
ing radiation field is chosen and selected such that said
amplifying element and/or said heat sink element are es-
sentially transparent for the soldering radiation field.
[0092] For example said amplifying element and/or
said heat sink element have an absorption rate at the
wavelength of the soldering radiation field of less than
10 %, preferably less than 5 %, advantageously of less
than 1 %, in particular of less than 0,5 %.
[0093] Preferably, the wavelength of the soldering ra-
diation field is chosen and selected such that said solder
filling composition has a large absorption rate for the cho-
sen and selected wavelength.
[0094] For example said solder filling composition has
an absorption rate of more than 90 %, preferably of more
than 95 %, advantageously of more than 99 % at the
wavelength of the soldering radiation field.
[0095] In particular, the wavelength of the soldering
radiation field differs to the wavelength of said to be am-
plified radiation field and to a wavelength of a pumping
radiation field.
[0096] Preferably the wavelength of the soldering ra-
diation field differs by more than 5 %, advantageously by
more than 10 % to the wavelength of said to be amplified
radiation field and/or the wavelength of said pumping ra-
diation field.
[0097] Advantageously the wavelength of the solder-
ing radiation field differs by more than 80 nm, preferably
by more than 100 nm to the wavelength of said to be
amplified radiation field and/or to the wavelength of said
pumping radiation field.
[0098] For example, the wavelength of the soldering
radiation field is larger than 500 nm, in particular larger
than 700 nm.
[0099] In particular, the wavelength of the soldering
radiation field is smaller than 900 nm.
[0100] In general, the soldering radiation field can be
directed from different directions onto said solder filling
composition.
[0101] In a preferred embodiment the soldering radia-
tion field hits at first a side of said solder filling composition
which faces towards said amplifying element.
[0102] In particular, said soldering radiation field prop-
agates through that amplifying element and propagates
into said connection section through an interface be-
tween said amplifying element and said connection sec-
tion.
[0103] In another preferred embodiment the soldering
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radiation field hits at first a side of said solder filling com-
position which faces towards said at least one heat sink
element.
[0104] In particular, the soldering radiation field prop-
agates through said at least one heat sink element and
propagates into said connection section through an in-
terface between said heat sink element and said connec-
tion section.
[0105] Advantageously, said amplifying element,
through which the soldering radiation field propagates,
and/or said heat sink element, through which the solder-
ing radiation field propagates, absorbs essentially no
power from the soldering radiation field. In particular it is
understood that said element essentially absorbs no
power from the soldering radiation field, when said ele-
ment absorbs less than 5 %, preferably less than 1 % of
the power from the soldering radiation field.
[0106] With that advantageously essentially no energy
is lost by propagating through other elements than said
solder filling composition and also said amplifying ele-
ment and said at least one heat sink element are not
adversely affected by the soldering radiation field.
[0107] In an advantageous embodiment said amplify-
ing element and/or said heat sink element are kept, in
particular during said step of soldering, below a prede-
fined uppermost temperature. For example said upper-
most temperature is smaller than 200° C, in particular
smaller than 100° C.
[0108] In preferred embodiments, said amplifying ele-
ment and/or said at least one heat sink element are kept
essentially strain free, in particular free of thermal in-
duced strain. With that said elements are not adversely
effected by said strain and provide a higher heat conduc-
tivity and/or transmission rate for said to be amplified
radiation field.
[0109] In particular, a power of the soldering radiation
field is larger than 40 W, preferably larger than 60 W, in
particular larger than 80 W.
[0110] For example the power of the soldering radia-
tion field is smaller than 300 W, in particular smaller than
200 W.
[0111] Preferably, the intensity of the soldering radia-
tion field is larger than 50 W/cm2, preferably larger than
80 W/cm2.
[0112] For example the intensity of the soldering radi-
ation field is smaller than 300 W/cm2.
[0113] With respect to properties and an attachment
of said amplifying element no further details have been
given so far.
[0114] Preferably, said amplifying element is disc-liked
shaped.
[0115] In particular, an extension of said amplifying el-
ement radial to an optical axis of said amplifying system
is much larger, for example at least 5 times larger, pref-
erably at least 10 times larger, than an extension of said
amplifying element in axial direction.
[0116] In particular, said connection side of said am-
plifying element is at least prior to the mounting into said

radiation field amplifying system essentially planar and
its surface extends preferably essentially in a geometrical
reference plane. In particular, an opposing side to said
connecting side of said amplifying element is at least prior
to said mounting essentially planar and its surface ex-
tends essentially in a geometrical reference plane, which
preferably is essentially parallel to the geometrical refer-
ence plane of said connecting side.
[0117] In particular, the distance of the connecting side
to its opposing side corresponds essentially to the small-
er extension of the disliked shaped amplifying element.
[0118] In advantageous embodiments, said amplifying
element is a laser disc.
[0119] In particular, said laser active body of said am-
plifying element comprises a laser active material.
[0120] For example said laser active body comprises
titanium, for example a titanium doped material.
[0121] In particular said laser active body comprises
aluminum, for example aluminumoxide, Al2O3.
[0122] In an advantageous embodiment said laser ac-
tive body comprises Sapphire, in particular titanium
doped Sapphire.
[0123] In doped material preferred embodiments, said
laser active body comprises an Ytterbium doped material
and/or a Neodymium doped material and/or a Thulium
doped material.
[0124] Preferably, said laser active body comprises yt-
trium, in particular yttrium-Aluminum garnet, Y3Al5O12.
Advantageously, said yttrium and/or yttrium Aluminum
garnet is doped with Ytterbium and/or Neodymium and/or
Thulium. In preferred embodiments said laser active
body comprises Lutetium, in particular Lutetium (III) ox-
ide, which advantageously is doped with Ytterbium
and/or Neodymium and/or Thulium.
[0125] Preferably, said amplifying element has a high
reflective layer at its connecting side. Said high reflective
layer is in particular for said to be amplified radiation field
highly reflective and for example reflects at least 95 %,
preferably at least 99 %, advantageously at least 99,5 %
of incident to be amplified radiation field.
[0126] For example, for the soldering radiation field
said high reflective layer is not highly reflective
[0127] Advantageously, said amplifying element has
at its connecting side a metallization coating. Said met-
allization coating provides for a better connection to said
solder filling composition and therefore the solder joint is
more stable and preferably has a better heat conductivity.
[0128] In particular, said metallization coating is on
said high reflective layer.
[0129] For example, said metallization coating com-
prises gold.
[0130] In particular, said metallization coating compris-
es chromium.
[0131] In preferred embodiments, said amplifying ele-
ment comprises an antireflection layer at an entry side
and/or exiting side for said to be amplified radiation field,
whereas said entry side and said exiting side in general
coincide. In particular, said antireflection layer essentially
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prevents reflection of to be amplified radiation field, for
example at least 99 %, advantageously at least 99,5 %
of incident to amplified radiation field is transmitted
through said antireflection layer.
[0132] In a preferred embodiment said amplifying ele-
ment is curved, in particular slightly curved. Advanta-
geously said amplifying element is curved with a prede-
fined radius of curvature.
[0133] For example said radius of curvature of the cur-
vature of said amplifying element is at least 0,5 m, pref-
erably at least 1 m, in particular at least 2 m.
[0134] In particular, said radius of curvature of the cur-
vature of said amplifying element is smaller than 10 m,
for example smaller than 8 m, in particular smaller than
5 m.
[0135] For example, said amplifying element is already
produced with said curvature and in particular provided
with said curvature.
[0136] In a preferred embodiment said amplifying ele-
ment is provided essentially planar and said curvature is
induced to said amplifying element during the production
process.
[0137] In particular, in said method a supporting device
for attaching said amplifying element is provided, in par-
ticular for the step of connecting said amplifying element
to said at least one heat sink element.
[0138] In particular, said amplifying element is at-
tached to an attaching area of said supporting device.
[0139] In an advantageous embodiment a shape of
said amplifying element is shaped, in particular modified,
according to a shape of said attaching area of said sup-
porting device.
[0140] Preferably, said amplifying element is curved
according to a curvature of said attaching area of said
supporting device. Therefore in an easy to handle man-
ner in this embodiment said amplifying element is pro-
vided with a predefined and desired curvature and ad-
vantageously said amplifying element keeps said curva-
ture during the step of connecting due to the advanta-
geous properties of the laser soldering process.
[0141] In preferred embodiments the shape of said am-
plifying element, in particular its bending curvature, is
kept essentially the same during the exposure to the sol-
dering radiation field.
[0142] With respect to said supporting device so far no
further details have been given.
[0143] For example, said amplifying element is me-
chanically, in particular with a mechanical device, at-
tached to said supporting device.
[0144] In a preferred embodiment said amplifying ele-
ment is only kept by adhesion to said supporting device,
in particular to its attaching area.
[0145] The attachment of said amplifying element to
said supporting device only by adhesion is in particular
possible because due to the soldering by a soldering ra-
diation field said supporting device and said amplifying
element are essentially not heated up and the attachment
by adhesion is stable also during soldering.

[0146] In particular, said supporting device comprises
a supporting structure, which in particular provides said
attaching area, for said amplifying element.
[0147] Preferably, said supporting device, in particular
its supporting structure is built by a material which is es-
sentially transparent for the soldering radiation field. For
example, said supporting device, in particular its support-
ing structure, comprises Ytterbium and/or Aluminum.
[0148] In preferred embodiments said supporting de-
vice, in particular its supporting structure, is built from
Yttrium-Aluminum garnet (YAG), Y3Al5O12.
[0149] In particular, also for said at least one heat sink
element a supporting device is provided.
[0150] Preferably, said supporting devices, in particu-
lar supporting structures thereof, for said amplifying ele-
ment and for said heat sink element are movable with
respect to each other, in particular in an axial direction
of a supporting axis.
[0151] With respect to said heat sink element no further
details have been given so far.
[0152] For example, said cooling system is provided
with only one heat sink element.
[0153] In preferred embodiments, said cooling system
comprises several heat sink elements.
[0154] In the following the reference to one heat sink
element has to be understood as a reference to the at
least one heat sink element or the only one heat sink
element and/or to at least one, for example only one,
heat sink element of the several heat sink elements
and/or to some, for example all, of the several heat sink
elements.
[0155] In particular, the reference to one heat sink el-
ement has to be understood as the reference to the heat
sink element which is connected to said amplifying ele-
ment.
[0156] In particular, the heat sink element comprises,
in particular is built, by material with a good thermal con-
ductivity.
[0157] In a preferred embodiment the heat sink ele-
ment comprises and/or is built up by diamond. This pro-
vides a heat sink element with a high thermal conductivity
and therefore provides a good cooling of said amplifying
element during amplification of to be amplified radiation
field.
[0158] In another advantageous embodiment said
heat sink element comprises silicon, in particular silicon
carbide. This provides a heat sink element which is cheap
and still has a good thermal conductivity. Due to the con-
necting by laser soldering also this material can be used,
because the soldering joint provides a good thermal con-
ductivity and due to the soldering by soldering radiation
field this heat sink is not adversely affected.
[0159] In preferred embodiments the heat sink element
is covered at its connecting side with a metallization coat-
ing. This provides a better soldering joint as described
above in connection with the metallization coating for the
amplifying element. In particular for advantageous prop-
erties of the metallization coating reference is made to
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the description of the metallization coating of said ampli-
fying element.
[0160] In advantageous embodiments the material of
the laser active body and the heat sink element, in par-
ticular which is connected to said amplifying element, are
such, that their thermal expansion coefficients are at least
approximately the same, for example differ by less than
20 %, for example by less than 10 %, preferably by less
than 5 %.
[0161] In a preferred embodiment, the connecting side
of the heat sink element is essentially planar, in particular
its surface extends essentially within a geometrical ref-
erence claim.
[0162] In another advantageous embodiment the con-
necting side of said heat sink element is, in particular
slightly curved.
[0163] For advantageous values of the radius of cur-
vature for the connecting side reference is made to the
values given above in connection with the amplifying el-
ement.
[0164] In a preferred embodiment the radius of curva-
ture of the heat sink element at its connecting side is at
least approximately the same as the radius of curvature
of said amplifying element at its connecting side.
[0165] In another advantageous embodiment the radi-
us of curvature of said heat sink element at its connecting
side is smaller than the radius of curvature of said am-
plifying element at its connecting side, but in particular
by not more than 10 %, smaller.
[0166] Further details concerning the method have
been so far not given.
[0167] In particular, said amplifying element and said
heat sink element which is to be connected to said am-
plifying element are moved, in particular prior to the step
of soldering, to each other, such that said solder filling
composition is in contact with both elements.
[0168] In a preferred embodiment said amplifying ele-
ment and said heat sink element, in particular with said
solder filling composition in between, are pressed against
each other during said soldering process.
[0169] In an advantageous embodiment said step of
soldering is done in vacuum. This provides for a more
pure soldering joint, because for example oxidation of
said solder filling composition is avoided.
[0170] In another preferred embodiment said solder
filling composition is surrounded by an anti-oxidation pro-
tective atmosphere during said soldering process. This
provides also for a more pure soldering joint.
[0171] Said anti-oxidation protective atmosphere is for
example provided by one or more noble gases, for ex-
ample argon.
[0172] Another aspect of the invention relates to a ra-
diation field amplifying system for amplifying a to be am-
plified radiation field, in particular to a laser amplifying
system, for example to a thin disc laser amplifying sys-
tem, as described at the beginning of the specification.
[0173] The underlying problem of this aspect of the in-
vention is analogous to the problem described above.

[0174] According to the invention, this problem is
solved by a radiation field amplifying system as described
above, wherein said amplifying element and said at least
one heat sink element are connected by a soldering joint
and when said soldering joint has been produced by a
laser soldering.
[0175] The advantage of said radiation field amplifying
system corresponds to the advantages given above in
connection with the method concerning laser soldering.
[0176] Preferably the radiation field amplifying system
and in particular its soldering joint are produced by a
method with one or several features as described above
and/or one element or several elements of said radiation
field amplifying system has one or several features as
described above. The corresponding advantages of said
features transfer to said radiation field amplifying system.
[0177] Another aspect of the invention relates to an
apparatus for producing a radiation field amplifying sys-
tem as described above.
[0178] The underlying problem of this aspect of the in-
vention corresponds essentially to the problem stated
above.
[0179] According to this aspect of the invention the cor-
responding problem is solved by an apparatus for pro-
ducing a radiation field amplifying system with an ampli-
fying element and a cooling system for said amplifying
element with at least one heat sink element, wherein said
apparatus comprises a first supporting device for said
amplifying element and a second supporting device for
said heat sink element and said apparatus comprises a
radiation field providing system for providing a soldering
radiation field.
[0180] The advantage of this aspect of the invention
corresponds to the advantages described above.
[0181] In preferred embodiments said apparatus com-
prises features as described above and/or is constructed
to connect said at least one heat sink element and said
amplifying element in accordance with one or more fea-
tures as described above in connection with the method
and/or in connection with said amplifying system.
[0182] In the preceding specification and in the follow-
ing the formulation "at least approximately" comprises
embodiments, in which a value is realized, which devi-
ates from the given value due to technical conditions, for
example tolerances, or deviates in a technical marginal
manner. For example deviating values which deviate
from the given value by not more than 6 10 % preferably
by not more than 6 5 %, advantageously by not more
than 6 1 % are comprised.
[0183] Accordingly, the preceding specification of so-
lutions according to the present invention comprises in
particular combinations of features according to the fol-
lowing consecutively numbered embodiments:

1. Method for producing a radiation field amplifying
system for amplifying a to be amplified radiation field,
in particular for producing a thin disc laser amplifying
system, which comprises an amplifying element with
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a laser active body and a cooling system for cooling
said amplifying element with at least one heat sink
element wherein the method comprises the step of
connecting said amplifying element and said at least
one heat sink element by soldering with a solder fill-
ing composition, wherein the step of soldering com-
prises heating up, in particular melting, said solder
filling composition by exposing said solder filling
composition to a soldering radiation field.

2. Method according to embodiment 1, wherein said
solder filling composition is inserted in a connection
section between a connecting side of said amplifying
element and a connecting side of said at least one
heat sink element.

3. Method according to one of the preceding embod-
iments, wherein said connection section is filled with
said solder filling composition.

4. Method according to one of the preceding embod-
iments, wherein said solder filling composition is in-
serted areally in said connection section, in particular
said solder filling composition extends at least within
a filling area with said filling area extends between
said connecting sides, in particular said filling area
corresponds to a projection of one of said connecting
sides onto a geometrical projection plane which ex-
tends between said connecting sides of said ampli-
fying element and said heat sink element.

5. Method according to one of the preceding embod-
iments, wherein at least a part of said solder filling
composition is inserted into said connection section
as a foil.

6. Method according to one of the preceding embod-
iments, wherein at least a part of said solder filling
composition is attached to a surface of at least one
of said connecting sides before said heating up.

7. Method according to one of the preceding embod-
iments, wherein the surface of at least one of said
connecting sides is coated by at least a part of said
solder filling composition before said heating up.

8. Method according to one of the preceding embod-
iments, wherein at least a part of said solder filling
composition is attached to the surface of at least one
of said connecting sides by thin-film deposition, in
particular by physical vapor deposition and/or by
sputtering.

9. Method according to one of the preceding embod-
iments, wherein said solder filling composition com-
prises gold and/or tin.

10. Method according to one of the preceding em-

bodiments, wherein said solder filling composition is
exposed to one soldering radiation field or several
soldering radiation fields within one exposure inter-
val or within several exposure intervals.

11. Method according to one of the preceding em-
bodiments, wherein at least during one exposure in-
terval the intensity of said soldering radiation field is,
in particular continuously, varied with respect to time
between a first exposure intensity and a second ex-
posure intensity.

12. Method according to one of the preceding em-
bodiments, wherein at least during one exposure in-
terval all of said solder filling composition in said fill-
ing area is exposed to said soldering radiation field.

13. Method according to one of the preceding em-
bodiments, wherein at least during one exposure in-
terval only a part of said solder filling composition in
said filling area is exposed to said soldering radiation
field and different parts of said solder filling compo-
sition are exposed consecutively with respect to time
to said soldering radiation field.

14. Method according to one of the preceding em-
bodiments, wherein the wavelength of said soldering
radiation field is chosen and selected such that said
amplifying element and/or said heat sink element are
essentially transparent for said soldering radiation
field.

15. Method according to one of the preceding em-
bodiments, wherein the wavelength of said soldering
radiation field is chosen and selected such that said
solder filling composition has a large absorption rate
for the chosen and selected wavelength.

16. Method according to one of the preceding em-
bodiments, wherein said soldering radiation field hits
at first a side of said solder filling composition which
faces towards said amplifying element.

17. Method according to one of the preceding em-
bodiments, wherein said soldering radiation field
propagates through said amplifying element and
propagates into said connection section through an
interface between said amplifying element and said
connection section.

18. Method according to one of the preceding em-
bodiments, wherein said soldering radiation field hits
at first a side of said solder filling composition which
faces towards said heat sink element.

19. Method according to one of the preceding em-
bodiments, wherein said soldering radiation field
propagates through said heat sink element and prop-
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agates into said connection section through an in-
terface between said heat sink element and said con-
nection section.

20. Method according to one of the preceding em-
bodiments, wherein said amplifying element,
through which said soldering radiation field propa-
gates, and/or said heat sink element, through which
said soldering radiation field propagates, absorb es-
sentially no power from said soldering radiation field.

21. Method according to one of the preceding em-
bodiments, wherein said amplifying element and/or
said at least one heat sink element are kept below
a pre-defined uppermost temperature.

22. Method according to one of the preceding em-
bodiments, wherein said amplifying element and/or
said at least one heat sink element are kept essen-
tially strain free, in particular free of thermal induced
strain.

23. Method according to one of the preceding em-
bodiments, wherein said amplifying element is, in
particular slightly, curved in particular with a prede-
fined radius of curvature.

24. Method according to one of the preceding em-
bodiments, wherein said amplifying element is at-
tached to an attaching area of a supporting device.

25. Method according to one of the preceding em-
bodiments, wherein the shape of said amplifying el-
ement is shaped, in particular modified, according
to a shape of said attaching area of said supporting
device.

26. Method according to one of the preceding em-
bodiments, wherein said amplifying element is
curved according to a curvature of said attaching ar-
ea of said supporting device.

27. Method according to one of the preceding em-
bodiments, wherein the shape of said amplifying el-
ement is kept essentially the same during said ex-
posure to said soldering radiation field.

28. Method according to one of the preceding em-
bodiments, wherein a bending curvature of said am-
plifying element is kept essentially constant during
said exposure to said soldering radiation field.

29. Method according to one of the preceding em-
bodiments, wherein said amplifying element and
said at least one heat sink element, in particular with
said solder filling composition in between, are
pressed against each other during said soldering
process.

30. Method according to one of the preceding em-
bodiments, wherein said soldering is done in vacu-
um.

31. Method according to one of the preceding em-
bodiments, wherein said solder filling composition is
surrounded by an anti-oxidation protective atmos-
phere during said soldering process.

32. Radiation field amplifying system for amplifying
a to be amplified radiation field, in particular a thin
disc laser amplifying system, which comprises an
amplifying element with a laser active body and a
cooling system for cooling said amplifying element
with at least one heat sink element wherein said am-
plifying element and said at least one heat sink ele-
ment are connected by a soldering joint and wherein
said soldering joint has been produced by laser sol-
dering, in particular by a method according to one of
the preceding embodiments.

33. Method or radiation field amplifying system ac-
cording to one of the preceding embodiments,
wherein said amplifying element and said heat sink
element are, in particular with connecting sides, ar-
ranged adjacently to each other.

34. Radiation field amplifying system or method ac-
cording to one of the preceding embodiments,
wherein said connection section between said am-
plifying element and said heat sink element is, in
particular after the connection process, essentially
fully filled with said solder filling composition.

35. Radiation field amplifying system or method ac-
cording to one of the preceding embodiments,
wherein a thickness of said connection section,
which essentially corresponds to a distance between
the surface of said connecting side of said amplifying
element and said connecting side of said heat sink
element, increases, in particular slightly, upon in-
creasing a radial distance from an axis of the ar-
rangement, in particular an optical axis of said radi-
ation field amplifying system.

36. Radiation field amplifying system or method ac-
cording to one of the preceding embodiments,
wherein a curvature of said connecting side of said
amplifying element corresponds, in particular after
the connecting process, essentially to a predefined
curvature, in particular to a curvature of an attaching
area of a supporting device which has supported said
amplifying element during the connecting process.

37. Radiation field amplifying system or method ac-
cording to one of the preceding embodiments,
wherein said amplifying element comprises, in par-
ticular at its connecting side, a high reflection layer
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with said high reflection layer being highly reflective
for said to be amplified radiation field.

38. Radiation field amplifying system or method ac-
cording to one of the preceding embodiments,
wherein said amplifying element is covered at its
connecting side with a metallization coating.

39. Radiation field amplifying system or method ac-
cording to one of the preceding embodiments,
wherein said heat sink element is coated at its con-
necting side, in particular within a connecting area,
with a metallization coating.

40. Apparatus for producing a radiation field ampli-
fying system, in particular a thin disc laser amplifying
system, with an amplifying element and a cooling
system for said amplifying element with at least one
heat sink element, wherein said apparatus compris-
es a first supporting device for said amplifying ele-
ment and a second supporting device for said heat
sink element and wherein said apparatus comprises
a radiation field providing system for providing a sol-
dering radiation field.

[0184] Further features and explanations with respect
to advantageous embodiments of the present invention
are disclosed in connection with a detailed specification
and the drawings.
[0185] In the drawings:

Fig. 1 shows a radiation field amplifying system ac-
cording to a first embodiment;

Fig. 2 shows an enlarged view of an amplifying ele-
ment and a heat sink element of the radiation
field amplifying system which are connected by
a soldering joint;

Fig. 3 shows an enlarged view of an amplifying ele-
ment and a heat sink element which are con-
nected by a soldering joint according to a sec-
ond embodiment of a radiation field amplifying
system;

Fig. 4 shows an apparatus for producing a radiation
field amplifying system and an arrangement of
an amplifying element, a heat sink element and
in between a solder filling composition during
exposure to a soldering radiation field accord-
ing to a first embodiment of a method for pro-
ducing a radiation field amplifying system;

Fig. 5 shows similar view as fig. 4 of an apparatus and
a method according to another embodiment
and

Fig. 6 shows a filling area which is filled with said sol-

der filling composition and which is partly ex-
posed to said soldering radiation field.

[0186] An as a whole designated with 10 radiation field
amplifying system according to a first embodiment com-
prises an amplifying element which is designated as a
whole as 12, a cooling system 14 for cooling said ampli-
fying element 12 and an optical system 16 for guiding a
to be amplified radiation field 22 along an optical path.
[0187] Exemplarily a radiation field amplifying system
10 is shown in fig. 1.
[0188] The optical path passes through amplifying el-
ement 12, in particular essentially in axial direction with
respect to an optical axis 26 of said radiation field ampli-
fying system 10, and to be amplified radiation field 22 is
amplified by passing through amplifying element 12.
[0189] Optical system 16 according to the present em-
bodiment comprises a coupling element 32 on which to
be amplified radiation field 22 is incident when passing
along the optical path.
[0190] Coupling element 32 couples out a part of to be
amplified radiation field 22 and accordingly an amplified
radiation field 34 is provided.
[0191] In particular, coupling element 32 is semi-re-
flective for incident to be amplified radiation field 22.
Therefore, a part of incident to be amplified radiation field
22 is reflected by coupling element 32 and propagates
further along the optical path and is again amplified within
amplifying element 12. Another part of incident to be am-
plified radiation field 22 is coupled out, for example trans-
mitted, by coupling element 32 to be provided as ampli-
fied radiation field 34.
[0192] Amplifying element 12 comprises a laser active
body 52 (fig. 2), which comprises a laser active material.
The laser active material exhibits a laser active transition.
[0193] In a pumped part 54 of laser active body 52
energy is pumped for amplifying to be amplified radiation
field 22. In particular, a pumping radiation field 56 pene-
trates pumped part 54 and provides pumping energy.
[0194] With the pumping energy the laser active tran-
sition is excited and a population inversion is induced in
pumped part 54 of laser active body 52.
[0195] To be amplified radiation field 22 propagates
along the optical path through pumped part 54 and is
amplified by stimulated emission of the excited laser ac-
tive transition within pumped part 54 of laser active body
52.
[0196] To be amplified radiation field 22 enters ampli-
fying element 12 at an entry side 62 and exits amplifying
element 12 at an exiting side 64. In the present embod-
iment, entry side 62 and exiting side 64 coincide.
[0197] In particular, amplifying element 12 comprises
at entry side 62 and at exiting side 64 an anti-reflection
layer 66. Anti-reflection layer 66 essentially prevents re-
flection of to be amplified radiation field 22. For example,
at least 99,5 % of incident to be amplified radiation field
22 is transmitted through anti-reflection layer 66.
[0198] For example, anti-reflection layer 66 comprises

19 20 



EP 3 633 805 A1

12

5

10

15

20

25

30

35

40

45

50

55

several sublayers, which for example possess alternately
a high refractive index and a low refractive index.
[0199] In the present embodiment laser active body 52
is at entry side 62 and at exiting side 64 covered with
anti-reflection layer 66.
[0200] In particular, amplifying element 12 comprises
a high-reflective layer 72, which is highly reflective for to
be amplified radiation field 22.
[0201] Advantageously, high reflective layer 72 re-
flects at least 99,5 % of incident to be amplified radiation
field 22.
[0202] For example, high reflective layer 72 comprises
several sublayers, which for example possess alternately
a high refractive index and a low refractive index.
[0203] In the present embodiment, laser active body
52 is at one side covered with high reflective layer 72.
[0204] Preferably, high reflective layer 72 is arranged
at a side of amplifying element 12 which is, in particular
with respect to the axial direction of optical axis 26, op-
posite to entry side 62.
[0205] Accordingly, the optical path for to be amplified
radiation field 22 runs from entry side 62 through laser
active body 52 to high reflective layer 72 and backwards
to exiting side 64.
[0206] In particular, the optical path hits high reflective
layer 72 at least approximately perpendicular and to be
amplified radiation field 22 enters and exits amplifying
element 12 at essentially the same area of its side which
corresponds to coinciding entry side 62 and exiting side
64.
[0207] Advantageously, amplifying element 12 is disc
like shaped with an extension of amplifying element 12
within a geometrical disc plane 82 being much larger, for
example at least five times larger, than an extension of
amplifying element 12 perpendicular to geometrical disc
plane 82.
[0208] In particular, geometrical disc plane 82 runs at
least approximately perpendicular to optical axis 26.
[0209] In the present embodiment geometrical disc
plane 82 extends through laser active body 52, which is
also essentially disc like shaped.
[0210] In particular, geometrical disc plane 82 extends
between two sides of amplifying element 12 with the sur-
faces of the two sides being essentially planar and the
surfaces of the two sides running essentially parallel to
geometrical disc plane 82.
[0211] In particular, at one of the two sides anti-reflec-
tion layer 66 is arranged and at the other of the two sides
high reflective layer 72 is arranged.
[0212] Preferably, high reflective layer 72 extends es-
sentially within a geometrical plane which runs essential-
ly parallel to geometrical disc plane 82.
[0213] In particular, anti-reflection layer 66 extends es-
sentially in a geometrical plane which runs essentially
parallel to geometrical disc plane 82.
[0214] Cooling system 14 is provided for cooling am-
plifying element 12.
[0215] In particular, due to the introduction of pumping

energy into pumped part 54 this part and amplifying el-
ement 12 as a whole heats up during operation of radi-
ation field amplifying system 10 for example to temper-
atures above 100° C. Preferably the temperatures are
kept below 140° C.
[0216] Cooling system 14 transfers heat away from
amplifying element 12, in particular away from pumped
part 54, for example towards an heat absorption device.
Therefore, the locally produced heat is efficiently dis-
charged and spread.
[0217] Cooling system 14 comprises a heat sink ele-
ment 92, which is in thermal contact with amplifying ele-
ment 12.
[0218] Heat sink element 92 comprises a material with
good thermal conductivity for providing an efficient heat
transfer.
[0219] Via the thermal contact, heat is transferred
away from amplifying element 12 towards heat sink ele-
ment 92, where advantageously the heat is further
spreaded.
[0220] Heat sink element 92 and amplifying element
12 are connected by a soldering joint 112.
[0221] Soldering joint 112 comprises a solder filling
composition 114, which extends at least within a filling
area 118 of a connection section 122.
[0222] Connection section 122 extends essentially
from a connecting side 124 of amplifying element 12 to
a connecting side 126 of heat sink element 92.
[0223] In particular, solder filling composition 114 is
within a contact area 125 at connecting side 124 in con-
tact with amplifying element 12 and solder filling compo-
sition 114 is within a contact area 127 at connecting side
126 in contact with heat sink element 92.
[0224] Filling area 118 extends in particular areally be-
tween both connecting sides 124 and 126. For example,
filling area 118 extends essentially within a geometrical
plane which runs between connecting sides 124 and 126.
Preferably, filling area 118 has essentially the same areal
extensions as connecting side 124 of amplifying element
12.
[0225] In particular, filling area 118 and contact area
125 have essentially the same areal extensions and es-
sentially the same shape. In particular, these areas 118,
125 are essentially the same except that contact area
125 and filling area 118 are shifted with respect to each
other in axial direction of connection axis 128.
[0226] Contact area 125 corresponds essentially to the
surface of amplifying element 12 of connecting side 124.
[0227] For example, connecting side 126 of heat sink
element 92 is larger, in particular with respect to a radial
extension with respect to optical axis 26 and a connection
axis 128 of the arrangement of soldering joint 112, than
connecting side 124 of amplifying element 12.
[0228] Within this embodiment, contact area 127 at
connecting side 126 of heat sink element 92 corresponds
essentially to a projection of connecting side 124 of am-
plifying element 12 onto the surface of connecting side
126 of heat sink element 92.
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[0229] Connection section 122 extends in particular ar-
eally between amplifying element 12 and heat sink ele-
ment 92.
[0230] Preferably, connection section 122 extends es-
sentially transverse to connection axis 128, in particular
with essentially the same radial extension as amplifying
element 12.
[0231] Connection axis 128 is an axis with respect to
the arrangement of soldering joint 112.
[0232] Preferably, connection axis 128 runs at least
approximately parallel to optical axis 26, in particular both
axes 128 and 26 coincide.
[0233] An extension of connection section 122 in a ra-
dial direction with respect to connection axis 128 is much
larger, for example at least five times larger, than an ex-
tension of connection section 122 in an axial direction
with respect to connection axis 128.
[0234] Connecting sides 124 and 126 of amplifying el-
ement 12 and heat sink element 92 are arranged adja-
cently to each other with connection section 122 extend-
ing in between the connecting sides 124 and 126. With
respect to the axial direction of connection axis 128 am-
plifying element 112, connection section 122 and heat
sink element 192 are arranged successively.
[0235] Via the soldering filling composition 114 con-
necting sides 124 and 126 of amplifying element 12 and
heat sink element 92 are adhesively connected.
[0236] In particular, connecting side 124 of amplifying
element 12 is covered with a metallization coating 132.
Metallization coating 132 comprises at least one metal
and in particular strengthens soldering joint 112.
[0237] Preferably, connecting side 126 of heat sink el-
ement 92 is covered with a metallization coating 134.
Metallization coating 134 comprises at least one metal
and in particular strengthens soldering joint 112.
[0238] In the present embodiment, connecting side
124 of amplifying element 12, in particular its surface,
extends essentially in a geometrical reference plane 144.
Geometrical reference plane 144 runs in particular at
least approximately perpendicular to connection axis
128.
[0239] Connecting side 126 of heat sink element 92,
in particular its surface, extends, at least within contact
area 127, essentially within a geometrical reference
plane 146.
[0240] Geometrical reference plane 146 runs in partic-
ular at least approximately perpendicular to connection
axis 128.
[0241] Preferably, geometrical reference planes 144
and 146 of the connecting sides 124 and 126 run essen-
tially parallel to each other.
[0242] In particular, connecting side 124 of amplifying
element 12 corresponds to the side of amplifying element
12 at which high reflective layer 72 is arranged.
[0243] Accordingly, in the present embodiment at one
of two opposing sides of high reflective layer 72, high
reflective layer 72 touches laser active body 52 and on
the other side of the two opposing sides high reflective

layer 72 is covered with metallization coating 132.
[0244] Soldering joint 112 has been produced by laser
soldering, in particular by a method as explained below.
[0245] Accordingly, during the connection process
heat sink element 92 and amplifying element 12 have
essentially not been heated up and accordingly heat sink
element 92 and amplifying element 12 are essentially
free of, in particular thermal induced, stresses and do
essentially not exhibit distortions, in particular thermal
induced, distortions.
[0246] Due to the laser soldering advantageously sol-
der filling composition 114 is essentially free of inclusions
of pollutants, for example free of gaseous blisters, such
as gas pockets.
[0247] In connection with the explanations and in the
figures regarding a second embodiment of a radiation
field amplifying system 10 parts and elements which are
identical to those of the first embodiment or have the
same function basically are designated with the same
reference sign and with respect to the explanations of
these parts and elements it is fully referred to the expla-
nations given in connection with the first embodiment un-
less in the following a variation of these parts and ele-
ments is described.
[0248] In contrast to the first embodiment, in the sec-
ond embodiment at least one of the connecting sides
124, 126, preferably both connecting sides 124 and 126,
of amplifying element 12 and heat sink element 92 is/are,
in particular with respect to the respective geometrical
reference plane 144, 146, for example slightly, bended.
[0249] Exemplarily, a connection of amplifying element
12 and heat sink element 92 with a soldering joint 112
according to the second embodiment is shown in fig. 3
in which the bending is extremely enhanced illustrated
for the sake of a clearer visibility.
[0250] In particular, connecting side 124 of amplifying
element 12 is convex shaped.
[0251] Preferably, a mean radius of curvature of con-
necting side 124 of amplifying element 12, in particular
of its surface, is in the range between 1 m and 5 m.
[0252] Connecting side 126 of heat sink element 92 is
preferably, at least within contact area 127, concave
shaped.
[0253] For example, the surface of connecting side 126
of heat sink element 92 essentially touches geometrical
reference plane 146 at connection axis 128 and the sur-
face bends away from geometrical reference plane 146
towards amplifying element 12 upon increasing a radial
distance from connection axis 128.
[0254] Accordingly, a distance from the surface of heat
sink element 92 at connecting side 126 to geometrical
reference plane 146 increases upon increasing the radial
distance from connection axis 128.
[0255] For example, a mean radius of curvature of
bending of the connecting side 126 of heat sink element
92, in particular of its surface, is in the range between 1
m and 5 m.
[0256] Advantageously, the mean radius of curvature
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of connecting side 126 of heat sink element 92 is slightly
larger, for example at most by 5 % larger, than the mean
radius of curvature of connecting side 124 of amplifying
element 12.
[0257] With that, also connection section 122 is with
respect to a geometrical plane, which runs at least ap-
proximately perpendicular to connection axis 128, slight-
ly bended.
[0258] Preferably, a thickness of connection section
122, which is measured in axial direction with respect to
connection axis 128, increases upon increasing a radial
distance from connection axis 128.
[0259] In particular, the thickness corresponds essen-
tially to the distance between the surfaces of connecting
sides 124 and 126 of amplifying element 12 and heat
sink element 92 and this distance increases upon in-
creasing a radial distance from connection axis 128.
[0260] Due to the production of soldering joint 112 by
laser soldering, by which heat sink element 92 and am-
plifying element 12 are essentially not heated up, essen-
tially no randomly induced bending of amplifying element
12 and/or heat sink element 92 occurs during the con-
necting process and therefore the geometry of soldering
joint 122, in particular the bending of the connection sides
124, 126 of amplifying element 12 and heat sink element
92 and the thickness of connection section 122 can be
essentially exactly predefined before the connecting
process and are realized essentially with the predefined
values after the connecting process.
[0261] For example, radiation field amplifying systems
10 according to the invention are produced with an ap-
paratus which as a whole is designated with 210.
[0262] Apparatus 210 comprises a first supporting de-
vice 214 for amplifying element 12, a second supporting
device 216 for heat sink element 92 and a radiation field
providing system 222 with a radiation field source 224
for a soldering radiation field 226.
[0263] An apparatus 210 is exemplarily shown in fig. 4.
[0264] First supporting device 214 comprises a sup-
porting structure 232 for supporting, for example fixing,
amplifying element 12 during the connecting process.
[0265] In particular, supporting structure 232 compris-
es an attaching area 234 at which amplifying element 12
is attached.
[0266] Preferably, amplifying element 12 is held by
supporting structure 232, in particular at attaching area
234, only by adhesion. That is, advantageously, ampli-
fying element 12 is held clueless and without additional
mechanical holders and amplifying element 12 is kept at
attaching area 234 only by attaching it to attaching area
234.
[0267] In a variant of the embodiment, additionally or
instead a mechanical holding device for holding amplify-
ing element 12 is provided.
[0268] Preferably, attaching area 234 possesses a
predefined shape. The predefined shape corresponds to
a shape amplifying element 12 should essentially pos-
sess after the connecting process.

[0269] In particular, attaching area 234 is slightly bend-
ed with a radius of mean curvature being for example in
the range between 1 m and 5 m.
[0270] By attaching amplifying element 12, in particular
with a side, which is oppositely arranged to connecting
side 124, to attaching area 234 amplifying element 12
adopts essentially, in particular due to its thin disc-like
shape, the predefined shape according to the shape of
attaching area 234.
[0271] In particular, amplifying element 12 adopts a
bending, which corresponds to the shape of attaching
area 234.
[0272] Second supporting device 216 comprises a
supporting structure 236 to support heat sink element 92
during the connecting process. For example supporting
structure 236 fixes heat sink element 92 at a particular
position.
[0273] First and second supporting devices 214, 216
support amplifying element 12 and heat sink element 92
such that their connecting sides 124, 126 are facing to-
wards each other.
[0274] In particular, first supporting device 214 sup-
ports amplifying element 12 such that geometrical refer-
ence plane 144 of its connecting side 124 is aligned at
least approximately perpendicular to a supporting axis
242 of first and second supporting devices 214, 216.
[0275] In particular, second supporting device 216
supports heat sink element 92 such that geometrical ref-
erence plane 146 of connecting side 126 of heat sink
element 92 is aligned at least approximately perpendic-
ular to supporting axis 242.
[0276] First and second supporting devices 214 and
216, in particular their supporting structures 232 and 236,
are arranged movably to each other, in particular are ar-
ranged movably to each other in axial direction with re-
spect to supporting axis 242.
[0277] Radiation field providing system 222 comprises
a radiation field source 252, which emits soldering radi-
ation field 226.
[0278] A wavelength of soldering radiation field 226 is
selected and adjusted such that solder filling composition
114 exhibits a high absorption rate at the wavelength of
soldering radiation field 226 and that the other elements
of radiation field amplifying system 10, through which sol-
dering radiation field 226 propagates, are essentially
transparent for soldering radiation field 226.
[0279] In the present embodiment, in particular ampli-
fying element 12 is essentially transparent at the wave-
length of soldering radiation field 226.
[0280] Additionally, radiation field providing system
222 comprises an optical equipment 254. Optical equip-
ment 254 in particular guides soldering radiation field 226
towards the space between connecting sides 124 and
126 and onto soldering filling composition 114.
[0281] In particular, optical equipment 254 focuses sol-
dering radiation field 226 onto solder filling composition
114.
[0282] In the present embodiment, optical equipment
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254 widens a profile of soldering radiation field 226 trans-
verse to a propagation direction of soldering radiation
field 226.
[0283] In particular, optical equipment 254 manipu-
lates, for example widens, the transverse profile of sol-
dering radiation field 226, where preferably in a central
area 266 of the transverse profile the intensity of solder-
ing radiation field is approximately constant.
[0284] In particular, the extension of central area 266,
transverse to supporting axis 242, corresponds essen-
tially to an areal extension of solder filling composition
114, in particular to an areal extension transverse to sup-
porting axis 242 which preferably corresponds to an areal
extension transverse to connection axis 128.
[0285] A method for producing an embodiment of ra-
diation field amplifying system 10 proceeds for example
as follows and in particular apparatus 210 works as fol-
lows.
[0286] Amplifying element 12 is attached to supporting
structure 232 of first supporting device 214, in particular
at its attaching area 234.
[0287] Preferably, amplifying element 12 obtains
thereby a desired overall shape which is in particular in-
duced by supporting structure 232.
[0288] In particular, supporting structure 232 induces
a curvature to amplifying element 12 with a desired radius
of curvature.
[0289] Heat sink element 92 is attached to supporting
structure 236 of second supporting device 216.
[0290] Amplifying element 12 and heat sink element
92 are arranged by supporting structures 232 and 236
with their connecting sides 124 and 126 facing to each
other and are in particular aligned with respect to sup-
porting axis 242 in a position as they should be arranged
after the production process with respect to connection
axis 128 and optical axis 26 except for their distance in
axial direction with respect to supporting axis 242 which
might be a bit larger before the production process than
desired after the production process.
[0291] In particular, amplifying element 12 and heat
sink element 92 are arranged by first and second sup-
porting devices 214 and 216 such that geometrical ref-
erence planes 144 and 146 of their connecting sides 142
and 126 are aligned at least approximately perpendicular
to supporting axis 242.
[0292] In the present embodiment solder filling com-
position 114 is brought between connecting sides 124
and 126 of amplifying element 12 and heat sink element
92 as a foil.
[0293] In a variation of the embodiment solder filling
composition 114 is attached to amplifying element 12
before attaching amplifying element 12 to first supporting
device 14. For example solder filling composition 114 is
deposited to connecting side 124 by physical thin film
deposition.
[0294] In another variation of the method parts of sol-
der filling composition are deposited at one of the con-
necting sides 124 and 126 and another part of solder

filling composition is brought between connecting sides
124 and 126 for example while amplifying element 12
and heat sink element 92 are attached to first and second
supporting devices 214 and 216.
[0295] Amplifying element 12 and heat sink element
92 are, in particular by first and second supporting de-
vices 214 and 216, moved towards to each other at least
approximately in axial direction with respect to supporting
axis 242 such that solder filling composition 114 touches
both connecting sides 124 and 126 of amplifying element
12 on one hand and heat sink element 92 on the other
hand.
[0296] For example, amplifying element 12 and heat
sink element 92 are pressed together.
[0297] Solder filling composition 114 is brought be-
tween amplifying element 12 and heat sink element 92,
such that solder filling composition 114 fills essentially
the whole space between the respective connecting
sides 126 and 124.
[0298] Soldering radiation field 226 is directed and fo-
cused by optical equipment 254 onto solder filling com-
position 114. In particular, solder filling composition 114
is along its whole extension in radial direction with respect
to supporting axis 242, which essentially corresponds to
its radial extension with respect to connection axis 128,
exposed to soldering radiation field 226, in particular due
to its widened transverse profile.
[0299] In the present embodiment, soldering radiation
field propagates through amplifying element 12 and in
particular supporting structure 232, and by exiting ampli-
fying element 12 at its connecting side 124 soldering ra-
diation field 226 hits solder filling composition 114 and
induces energy into solder filling composition 114 which
thereby heats up and melts.
[0300] In a variation of the embodiment soldering ra-
diation field 226 hits solder filling composition 114 from
the other side, that is at the side facing towards heat sink
element 92, as exemplarily sketched in fig. 5.
[0301] In the variation, soldering radiation field 226
propagates through heat sink element 92 and in partic-
ular supporting structure 136, and exits heat sink element
92 at connecting side 126. There it hits solder filling com-
position 114 and induces energy to heat up and to melt
solder filling composition 114.
[0302] Advantageously, during exposure of solder fill-
ing composition 114 to soldering radiation field 226, heat
sink element 92 and amplifying element 12 absorb es-
sentially none or only a marginal amount of energy from
soldering radiation field 226 and accordingly stay essen-
tially at the temperature they had before exposure to sol-
dering radiation field 226.
[0303] After an exposure time, the duration of which is
long enough to completely melt solder filling composition
114, radiation field source 252 is turned off.
[0304] After the exposure to soldering radiation field
226 solder filling composition 114 cools down and sol-
dering joint 112 is established.
[0305] In another embodiment of the method to pro-
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duce an embodiment of radiation field amplifying system
10, soldering radiation field 226 comprises in its trans-
verse profile a central area 266 at which soldering radi-
ation field 226 transmits most of its energy and central
area 266 is smaller than the extension of solder filling
composition 114 radial to supporting axis 242, which es-
sentially corresponds to the extension of solder filling
composition 114 in radial direction with respect to con-
nection axis 128.
[0306] Accordingly, only a part of solder filling compo-
sition 114 is at a same moment in time exposed to sol-
dering radiation field 226.
[0307] In particular, optical equipment 254 directs and
focuses soldering radiation field 226 onto an exposure
area 274 of soldering joint 112, in particular of solder
filling composition 114.
[0308] Within a geometrical projection plane 278 a pro-
jection of the part of solder filling composition 114 which
is exposed to soldering radiation field 226, in particular
the projection of exposure area 274, covers only a, for
example small, part of the area of the projection of the
whole of solder filling composition 114 onto geometrical
projection plane 278.
[0309] Preferably, geometrical projection plane 278
runs at least approximately perpendicular to supporting
axis 242 and runs at least approximately perpendicular
to connection axis 128 of to be produced soldering joint
112.
[0310] In particular, by optical equipment 154 soldering
radiation field 226 is consecutively with respect to time
directed onto each part of solder filling composition 114
and melts the respective part.
[0311] For example, central area 266 extends elongat-
ed along a longish direction 286 and its extension at least
approximately perpendicular to longish direction 286 is
much smaller than its extension within longish direction
286.
[0312] In particular, central area 266 has an extension
in longish direction 286 which is longer than the largest
extension of solder filling composition 114 radial to sup-
porting axis 242 and connection axis 128 and its exten-
sion at least approximately perpendicular to longish di-
rection 286 is only a fraction, for example less than a fifth,
of said largest extension of solder filling composition 114.
[0313] Accordingly, only a stripe of solder filling com-
position 114 is at one moment in time exposed to solder-
ing radiation field 226, as exemplarily sketched in fig. 6.
[0314] Soldering radiation field 226 is, in particular by
optical equipment 254, moved in an exposure direction
288. In particular, exposure direction 188 is at least ap-
proximately perpendicular to longish direction 286.
[0315] Accordingly, exposure area 274 is moved in ge-
ometrical projection plane 178 essentially in exposure
direction 288.
[0316] By moving soldering radiation field 226 in ex-
posure direction 288 each part of solder filling composi-
tion 114 is consecutively exposed to soldering radiation
field 226 and melted by its induced energy.

[0317] In a variation of the method, exposure area 274
is essentially a spot, for example a circular shaped spot.
[0318] In the variation, the spot of soldering radiation
field 226 is consecutively directed all over solder filling
composition 114.
[0319] For example, at the beginning, exposure area
274 is aligned essentially central to supporting axis 242
and then consecutively moved in radial direction with re-
spect to supporting axis 242, in particular in an essentially
spiral way to outer parts of solder filling composition 114,
which are at a radial distance to supporting axis 242.

Claims

1. Method for producing a radiation field amplifying sys-
tem (10) for amplifying a to be amplified radiation
field (22), in particular for producing a thin disc laser
amplifying system, which comprises an amplifying
element (12) with a laser active body (52) and a cool-
ing system (14) for cooling said amplifying element
(12) with at least one heat sink element (92) wherein
the method comprises the step of connecting said
amplifying element (12) and said at least one heat
sink element (92) by soldering with a solder filling
composition (114), wherein the step of soldering
comprises heating up, in particular melting, said sol-
der filling composition (114) by exposing said solder
filling composition (114) to a soldering radiation field
(226).

2. Method according to claim 1, characterized in that
said solder filling composition (114) is inserted in a
connection section (122) between a connection side
(124) of said amplifying element (12) and a connec-
tion side (126) of said at least one heat sink element
(92), in particular said connection section (122) is
filled with said solder filling composition (114), in par-
ticular said solder filling composition (114) is inserted
areally in said connection section (122), in particular
said solder filling composition (114) extends at least
within a filling area (118) with said filling area extend-
ing between said connecting sides (124, 126).

3. Method according to one of the preceding claims,
characterized in that, at least part of said solder
filling composition (114) is inserted into said connec-
tion section (122) as a foil.

4. Method according to one of the preceding claims,
characterized in that at least a part of said solder
filling composition (114) is attached to a surface of
at least one of said connecting sides (124, 126) of
said amplifying element (12) and said at least one
heat sink element (92) before said heating up, in par-
ticular, at least one surface of at least one of said
connecting sides (124, 126) is at least partly coated
by at least a part of said solder filling composition
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(114) before said heating up.

5. Method according one of the preceding claims, char-
acterized in that, said solder filling composition
(114) is exposed to said soldering radiation field
(226) within at least one exposure interval and in
particular an intensity of said soldering radiation field
(226) is varied with respect to time and/or is varied
spatially.

6. Method according to one of the preceding claims,
characterized in that, the wavelength of said sol-
dering radiation field (226) is chosen and selected
such that said solder filling composition (114) has a
large absorption rate for the chosen and selected
wavelength and/or the wavelength of said soldering
radiation field (226) is chosen and selected such that
said amplifying element (12) and/or said at least one
heat sink element (92) are essentially transparent
for said soldering radiation field (226).

7. Method according to one of the preceding claims,
characterized in that, said soldering radiation field
(226) propagates through said amplifying element
(12) and/or through said at least one heat sink ele-
ment (92) and that in particular said amplifying ele-
ment (12), through which said soldering radiation
field (226) propagates, and/or said at least one heat
sink element (92), through which said soldering ra-
diation field (226) propagates, absorbs essentially
no power from said soldering radiation field (226).

8. Method according to one of the preceding claims,
characterized in that said amplifying element (12)
and/or said at least one heat sink element (92) are
kept essentially strain free, in particular free of ther-
mal induced strain.

9. Method according to one of the preceding claims,
characterized in that said amplifying element (12)
is, in particular slightly, curved, in particular with a
predefined radius of curvature curved.

10. Method according to one of the preceding claims,
characterized in that said amplifying element (12)
is attached to a attaching area of a supporting device
(214), in particular that the shape, in particular the
final shape after the connection process, of said am-
plifying element (12) is shaped, in particular modi-
fied, according to a shape of said attaching area
(234) of said supporting device (214), in particular
that said amplifying element (12) is curved according
to a curvature of said attaching area (234) of said
supporting device (214).

11. Method according to one of the preceding claims,
characterized in that said amplifying element (12)
and said at least one heat sink element (92), in par-

ticular with said solder filling composition (114) in
between, are pressed against each other during at
least a time interval of the step of connecting.

12. Radiation field amplifying system (10) for amplifying
a to be amplified radiation field (22), in particular a
thin disc laser amplifying system, which comprises
an amplifying element (12) with a laser active body
(52) and a cooling system (14) for cooling said am-
plifying element (12) with at least one heat sink ele-
ment (92) wherein said amplifying element (12) and
said at least one heat sink element (92) are connect-
ed by a soldering joint (112) and wherein said sol-
dering joint (112) has been produced by laser sol-
dering, in particular by a method according to one of
the preceding claims.

13. Radiation field amplifying system (10) or method ac-
cording to one of the preceding claims, wherein a
thickness of said connection section (122), which es-
sentially corresponds to a distance between said
connecting side (124) of said amplifying element (12)
and said connecting side (126) of said at least one
heat sink element (92), increases, in particular slight-
ly, upon increasing a radial distance from an axis of
the arrangement, in particular an optical axis (26) of
said radiation field amplifying system (10).

14. Radiation field amplifying system (10) or method ac-
cording to one of the preceding claims, wherein a
curvature of said connecting side (124) of said am-
plifying element (12) corresponds, in particular after
the connecting process, essentially to a predefined
curvature, in particular to a curvature of an attaching
area (234) of a supporting device (214) which has
supported said amplifying element (12) during the
step of connecting.

15. Apparatus (210) for producing a radiation field am-
plifying system (10), in particular a thin disc laser
amplifying system, in particular a radiation field am-
plifying system (10) according to one of the preced-
ing claims, with an amplifying element (12) and a
cooling system (14) for said amplifying element (12)
with at least one heat sink element (92), wherein said
apparatus (210) comprises a first supporting device
(214) for said amplifying element (12) and a second
supporting device (216) at least one for said heat
sink element (92) and wherein said apparatus (210)
comprises a radiation field providing system (222)
for providing a soldering radiation field (226), where-
in in particular said apparatus (210) is constructed
such to produce said radiation field amplifying sys-
tem in accordance to one of the preceding claims.

31 32 



EP 3 633 805 A1

18



EP 3 633 805 A1

19



EP 3 633 805 A1

20



EP 3 633 805 A1

21



EP 3 633 805 A1

22



EP 3 633 805 A1

23



EP 3 633 805 A1

24

5

10

15

20

25

30

35

40

45

50

55



EP 3 633 805 A1

25

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

