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Mounting layer for cooling structure

FIELD OF THE INVENTION:

The invention relates to amounting layer for mounting light emitting
semiconductor devices, a cooling structure comprising the mounting layer and alight
emitting structure comprising the cooling structure and a least two light emitting
semiconductor devices. The invention further relates to methods of manufacturing the

mounting layer, the cooling structure and the light emitting structure.

BACKGROUND OF THE INVENTION:

In atypical high-power Vertical Cavity Surface Emitting Laser (VCSEL)-
array assembly, severa light emitting semiconductor devices as, for example, submounts
comprising acertain number of VCSEL-array chipswill be mounted together on mounting
areas of the same cooling structure as, for example, a p-channel cooler. Aspreparation for the
assembly- or mounting process, trenches are cut into the top surface of these u-channel
coolers to create a (typically rectangular) structure of mounting areas as shown in Fig. 4. This
usualy is done in a separate laser-structuring step, after manufacturing of the p-channel
coolers. The structure in the top surface mainly serves as a solder-stop; in this way, a defined
positioning of the submounts on the cooler-surface is achieved. Thisin turn helps avoiding
electrical contacts and shorts between the submounts and allows abetter definition of the
laser-radiation-emitting area from the cooler. Another purpose of the trenches in the cooler
surface isto provide for areservoir for excess solder during the soldering of the submounts.

The described method of manufacturing the mounting areas and consequently
the cooling structure istime-consuming, costly and may introduce additional tolerances with
respect to the positioning of the submounts which may be inacceptable for applications
requiring precise control of the positioning.

SUMMARY OF THE INVENTION:
It's thus an object of the present invention to provide an easy to manufacture
mounting layer for mounting at least two light emitting semiconductor devices with high

positioning accuracy, a corresponding cooling structure and light emitting structure. It's a
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further object to provide a corresponding method of manufacturing such amounting layer,
cooling structure and light emitting structure.

According to afirst aspect amounting layer for mounting &t least two light
emitting semiconductor devicesisprovided, the mounting layer comprises corner protrusion
and edge protrusion for aligning the mounting layer to a cooling structure, the mounting layer
further comprises aligning holes defining mounting areas for mounting the light emitting
semiconductor device. The number of mounting areas may be adapted to the application such
that two, three, four or amultitude of mounting areas may be defined by means of the
aligning holes. The mounting layer may consist of amaterial suitable for direct bonding to a
cooling structure the latter may have the advantage that that mounting layer can be attached
to a cooling body by means of direct bonding techniques also used for the assembly of the
bonding structure. Direct bonding means in this respect that no additional or intermediate
layers are needed in order to bond the layers. The corner and edge protrusions may beused in
such a direct bonding process to align the mounting layer to the cooling body. The aligning
holes may enable a good positioning of the light emitting semiconductor device by defining
the contact area between the light emitting semiconductor device and the mounting layer.
Materials as adhesive or solder used to stick alight emitting semiconductor deviceto the
mounting areamay exert aforce to the light emitting semiconductor device such that the light
emitting semiconductor device are nearly perfectly aligned with the mounting areas defined
by the aligning holes. The tolerances may be merely determined by means of the production
tolerances of the structuring process of the mounting layer which may aso be used for
structuring the layers of the cooling body. Thus, no additional laser structuring may be
needed in order to provide the mounting areas of laser devices such asVCSEL arrays or
LEDs. The latter may have the additional advantage that there are no additional tolerances
which are added by means of a different technology used for structuring the surface of the
cooling body.

The material of the mounting layer may be suitable for solder bonding and/or
comprises a coating as, for example, an Au coating to enable solder bonding of the light
emitting semiconductor device. Especialy solder may bewell suited to align the light
emitting semiconductor device during the bonding process.

The material of the mounting layer may advantageously have a high thermal
conductivity above 10 W/ (m*K). A high thermal conductivity does have the advantage that
heat may betransferred faster from the light emitting semiconductor device to the cooling
structure. Especialy Copper may be suited with, depending on the purity of the material, a
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thermal conductivity of above 200 W / (m*K). Soft Copper, for example, isvery well suited
for direct bonding and is also currently used for cooling bodies like p-channel coolers
assembled by means of direct bonding. Anyhow, thermal conductivity of the material may be
less important in case of thin mounting layers such that materials like stainless steel or silicon
may be used. The thickness of the mounting layer may vary between 50 pun and 600 pun, but
athickness in the range of 60 uin and 300 uin, or in the range of 70 wun and 200 pin or even
between 90 win and 125 win may be even more advantageous.

The mounting layer may further comprise abarrier solder reservoir being
arranged in away that spilling of excess solder between adjacent mounting areas is reduced.
Excess solder may influence the accuracy of the positioning process (floating of the light
emitting semiconductor device) such that no excess solder should flow from one mounting
areato an adjacent mounting area. The barrier solder reservoirs are holes in the mounting
layer providing arecess after bonding the mounting layer to the cooling body. Barrier solder
reservoirs arranged at the edges and/or corners of the mounting areas being in contact with a
least one adjacent mounting area may thus absorb such excess solder. The same effect may
be used if liquid adhesives are used to stick the light emitting semiconductor deviceto a
mounting area. Such recesses provided by holes in the mounting layer may also be used to
provide one or more solder reservoirs within the area of the mounting areas. Excess solder (or
adhesive) can be absorbed by means of the solder reservoir which may, for example, be
positioned at the center of the mounting areas. It may aso be possible to provide, for example,
four solder reservoirs at the corners of arectangular mounting area. It may be important to
adapt the size of the aligning holes, barrier solder reservoirs and the solder reservoirs such
that the structural integrity of the mounting layer isnot endangered.

According to afurther aspect a cooling structure comprising a cooling body
like a pu-channel cooler may be provided which isbonded to the mounting layer. The
mounting layer may be directly bonded or welded to the cooling body.

Furthermore alight emitting structure may be provided. The light emitting
structure comprises the cooling structure with the mounting layer and at least two light
emitting semiconductor devices. The light emitting semiconductor devices may be
semiconductor lasers like VCSEL or VCSEL arrays or LEDs soldered to the mounting areas.
The cooling structure with mounting layer may be especially useful if used in combination
with semiconductors needing good cooling and excellent alignment as semiconductor lasers.
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According to afurther aspect amethod of manufacturing amounting layer for
mounting alight emitting semiconductor device isprovided. The method comprises the steps
of

- providing a sheet of material,

- providing corner protrusion and edge protrusion in the sheet of material for
aligning the mounting layer to a cooling structure, and

- providing aligning holes defining mounting areas in the sheet of materia for
mounting the light emitting semiconductor device.

The material used for the mounting layer is preferably suited for direct
bonding processes. In addition barrier solder reservoirs may be provided in the sheet of
material. The barrier solder reservoirs are arranged in away that spilling of excess solder
between adjacent mounting areas isreduced. Alternatively or in addition barrier reservoirs
may be arranged in the area of the mounting areas. Corner protrusions, edge protrusions,
aligning holes, barrier solder reservoirs and solder reservoirs may be provided by means laser
processing or etching.

According to afurther aspect amethod of manufacturing acooling structure is
provided. The method comprises the steps of

- providing a cooling body, and

- bonding amounting layer as described above to the cooling body.

The cooling body may be a separate structure which is manufactured in a
separate manufacturing process. An example may be ablock of copper with cooling channels
processed by drilling or the like. Alternatively two blocks of copper may be provided and the
cooling channels may be provided by means of laser processing or etching in one surface of
each block and bonding the processed surfaces to each other. The mounting layer may, for
example be welded to the cooling body. In an aternative approach anumber of layers suited
for direct bonding like copper layers building the cooling body may be stacked on each other.
The mounting layer consisting of the same copper material may be aligned to the stack by
means of the corner and edge protrusions on the side of the cooling body light emitting
structures should be positioned on. Finaly, all layers of the cooling body and the mounting
layer may be bonded to each other by means of direct bonding in one process step. An
example of such adirect bonding process isthermal bonding by means of heating the layers,
which directly bonds neighboring layers viamelting and/or diffusion processes. Cu layers
may, for example, be direct bonded under vacuum conditions by means of annealing the layer
stack. The annealing or bonding temperature may depend on a surface activation of the Cu
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layers which can be done, for example, by means of low energy Ar ion beams of 40 - 100 eV
or via oxidation. Even room temperature bonding may be possible by preparing the surfaces
of the layers by means of ion beams.

According to afurther aspect amethod of manufacturing alight emitting
structure is provided. The method comprises the steps of

- providing a cooling structure as described above, and

- attaching on mounting areas & least two light emitting semiconductor
devices.

The at least two light emitting semiconductor devices may be soldered or
glued to the mounting areas of the mounting layer. The method may have the advantage that
light emitting structures like LEDs or especially semiconductor lasers asVCSELs may be
precisely arranged in an easy way. The production of laser systems comprising amultitude of
lasers may thus be simplified and the alignment of the laser chips comprising, for example,
VCSEL arrays may beimproved.

It shall be understood that the mounting layer of claim 1 and the method of
claim 11 have similar and/or identical embodiments, in particular, as defined in the
dependent claims.

It shall be understood that apreferred embodiment of the invention can aso be
any combination of the dependent claims with the respective independent claim.

Further advantageous embodiments are defined below.

BRIEF DESCRIPTION OF THE DRAWINGS:

These and other aspects of the invention will be apparent from and elucidated
with reference to the embodiments described hereinafter.

The invention will now be described, by way of example, based on
embodiments with reference to the accompanying drawings.

In the drawings:

Fig. 1shows alayer structure of a p-channel cooler.

Fig. 2 shows atilted top view of the p-channel cooler.

Fig. 3 shows atilted bottom view of the p-channel cooler.

Fig. 4 shows atop-view of the surface of a pu-channel cooler after structuring.

Fig. 5 shows a first embodiment of amounting layer according to the present

invention.
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Fig. 6 shows a second embodiment of amounting layer according to the
present invention.

Fig. 7 shows athird embodiment of amounting layer according to the present
invention.

Fig. 8 shows aprincipal sketch of amethod of manufacturing amounting layer.

Fig. 9 shows aprincipa sketch of amethod of manufacturing a cooling
structure like a p-channel cooler.

Fig. 10 shows aprincipal sketch of amethod of manufacturing a light emitting
structure.

In the Figures, like numbers refer to like objects throughout. Objects in the

Figures are not necessarily drawn to scale.

DETAILED DESCRIPTION OF EMBODIMENTS:

Various embodiments of the invention will now be described by means of the
Figures.

Fig. 1shows alayer structure of a p-channel cooler. The p-channel cooler is
made by aprocess during which anumber of thin Copper sheets (typically 50 pin to 600 pin
thick) are directly bonded together at high temperature. Each of these copper sheets can be
structured separately, e.g. in order to create the p-channels for the heat-transfer or to create
larger holes for water-supply or fixation of the cooler. The layer structure comprises in this
case top layer 105, afirst cooling layer 110, asecond cooling layer 115, afirst separation
layer 120, amanifold layer 125, a second separation layer 130, afirst bolt layer 135, anut
layer 140, a second bolt layer 145 and abottom layer 150. The layers form the cooling body
of the p-channel cooler after direct bonding in avacuum chamber. A tilted top view of the
cooling body of the p-channel cooler is shown in Fig. 2 with the top layer 105 and a sidewall
160 built by the stacked and bonded copper layers. In Fig. 3 atilted bottom view of the
cooling body of the p-channel cooler is shown. Coolant supply holes 155 are provided in the
bottom layer 150 of the cooling body.

Fig. 4 shows atop-view of the top surface of a p-channel cooler after
structuring the top layer 105. The cooler shall carry 2 rows of 7 submounts each, separated by
small trenches (in the order of 100 win wide). In the current process, the dark areas will be
removed via laser-structuring (down to adepth in the order of 100 wn), leaving the light
"idands’ the mounting areas 170 where the submounts will be positioned. The additional

laser-structuring step of the cooler surface after the assembly of the cooling body of the p-
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channel cooler itself has several disadvantages. First, of course, it ismore costly and time-
consuming. Furthermore, for applications where precise control of the submount positioning
is necessary, the structuring step may introduce additional tolerances. Typically, the p-
channel coolers provide some means to enable exact positioning (e.g., alignment pins at the
bottom). The laser-structuring step has to build upon the accuracy of these alignment means
to create the required positioning structure for the submounts, while at the same time adding
its own tolerances to the total tolerance chain.

Fig. 5 shows a first embodiment of amounting layer 200 according to the
present invention. A Copper sheet whose thickness isin the same order asthe current depth
of the trenches is created, by using the standard etching technology also employed to create
the p-channels of the heat-transfer layer inside the cooling body of the cooling body of the p-
channel cooler. Thistechnology allows for structure-sizes in the required range. Since in this
technology, several p-channel coolers are manufactured at the same time on so-called
mastercards (of size A5), the layout of the structured sheet has to take care that no isolated
copper regions without any connection to the surrounding carrier result. Fig. 5 shows an
example of such astructure, which would essentialy create mounting areas 270 of the same
size as shown in Fig. 4. The small copper-protrusions along the edges, the so called edge
protrusions 210, provide the connections to the neighboring sheets or the carrying structure
(on the mastercard). The lengths and width of the aligning holes 215 that separate and define
the mounting areas 270 can be adjusted to the requirements of the application (e.g., the size
of the submounts). The dashed line indicates the outer boundaries of the p-channel cooler.
When the stack of Copper-sheets are arranged (before the direct-bonding process), the
mounting layer 200 can be aligned correctly to the other sheets 105 - 150 (and potential
alignment means) on top of the top layer 105 by using the edge protrusions 210 and corner
protrusions 205. The p-channel cooler is again formed by direct bonding layers 105 - 150
and mounting layer 200 in one direct bonding process.

Fig. 6 shows a second embodiment of amounting layer according to the
present invention. In case that a spilling of excess solder to other islands via the central
connections shall be avoided, abarrier solder reservoir 220 may be helpful. By etching an
additional hole, the barrier solder reservoir 220, into these central areas (here: quadratic), on
the one hand the connecting links are smaller. Furthermore, the barrier solder reservoir 220
may act asareservoir that can absorb a certain amount of excess solder.

Fig. 7 shows athird embodiment of amounting layer according to the present

invention. Solder reservoirs 225 can also be included in the mounting area 270 themselves.
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Due to the good control over the structure-size and -shape using the etching technology, a
wide range of possible solder reservoir typesis conceivable. These solder reservoirs 225 have
to be designed in such away, that a the same time they will not interfere with the good
submount-positioning capabilities of the mounting layer 100 and especially the mounting
areas 270.

Fig. 8 shows aprincipal sketch of amethod of manufacturing the mounting
layer. In step 300 a sheet of materia isprovided being suited to mount light emitting
semiconductor devices like LEDs or semiconductor lasers as VCSEL or chips with VCSEL
arrays. In step 310 corner protrusion 205 and edge protrusion 210 for aligning the mounting
layer 200 to acooling structure 100 are provided in the sheet of material by means of etching
or laser processing. In step 320 aligning holes 215 defining mounting areas 270 for mounting
the light emitting semiconductor device are provided in the sheet of material by means of
etching or laser processing. The sheet of material may be a copper sheet with high thermal
conductivity and athickness between 50 puin and 300 pin. In a subsequent, parallel or prior
processing step barrier solder reservoirs 220 may be provided in the sheet of material by
means of etching or laser processing. The barrier solder reservoirs 220 are arranged in away
that spilling of excess solder between adjacent mounting areas 270 isreduced. Finally, solder
reservoirs 225 may be provided in the area of the mounting areas 270 by means of etching or
laser processing. The described sequence of process steps is not mandatory and may be
adapted to the needs of the production or manufacturing process.

Fig. 9 shows aprincipa sketch of amethod of manufacturing a cooling
structure like a p-channel cooler. In step 400 a cooling body may be provided. The cooling
body may be provided by means of drilling, for example, ablock of copper. Alternatively,
Copper sheets or layers may be bonded to each other in avacuum chamber by means of
direct bonding. In step 410 amounting layer comprising at least corner protrusions 205, edge
protrusions 210 and aligning holes 215 is bonded to the cooling body. The bonding step may
happen after assembling the cooling body. Alternatively, sheets of, for example, copper
forming the cooling body and the mounting layer 200 are bonded to each other in one direct
bonding process in avacuum chamber. The direct bonding process may have the advantage
that the cooling structure including the mounting areas may be produced in an easy way with
high precision.

Fig. 10 shows aprincipal sketch of amethod of manufacturing alight emitting
structure. In step 500 a cooling structure 100 comprising a cooling body and amounting layer
200 isprovided. In step 510 at least two light emitting semiconductor devices like LEDs or
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VCSELSs are attached to the mounting areas 270 of the mounting layer 200. The light
emitting semiconductor devices may be attached by means of gluing or soldering. The
surface tension of the glue or the solder may align the light emitting semiconductor devices
to the mounting areas 270 of the mounting layer 200 thus enabling high precision light
emitting structures.

While the invention has been illustrated and described in detail in the drawings
and the foregoing description, such illustration and description are to be considered
illustrative or exemplary and not restrictive.

From reading the present disclosure, other modifications will be apparent to
persons skilled in the art. Such modifications may involve other features which are already
known in the art and which may be used instead of or in addition to features aready
described herein.

Variations to the disclosed embodiments can be understood and effected by
those skilled in the art, from a study of the drawings, the disclosure and the appended claims.
In the claims, the word "comprising" does not exclude other elements or steps, and the
indefinite article "a" or "an" does not exclude aplurality of elements or steps. The mere fact
that certain measures are recited in mutually different dependent claims does not indicate that
a combination of these measures cannot be used to advantage.

Any reference signs in the claims should not be construed as limiting the scope

thereof.
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100
105
110
115
120
125
130
135
140
145
150
155
160
170, 270
200
205
210
215
220
225
300
310
320
400
410
500
510

p-channel cooler

top layer

first cooling layer
second cooling layer
first separation layer
manifold layer

second separation layer
first bolt layer

nut layer

second bolt layer
bottom layer

coolant supply hole
sidewall

mounting areas
mounting layer

corner protrusion

edge protrusion
aligning hole

barrier solder reservoir

solder reservoir

step of providing a sheet of material
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step of providing corner protrusions and edge protrusions

step of providing aligning holes
step of providing a cooling body
step of providing amounting layer

step of providing acooling structure

step of attaching light emitting semiconductor devices
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CLAIMS:

1 A mounting layer (200) for mounting at least two light emitting semiconductor
devices, the mounting layer (200) comprising a corner protrusion (205) and an edge
protrusion (210) for aligning the mounting layer (200) to a cooling structure (100), the
mounting layer (200) further comprising aligning holes (215) defining mounting areas (270)

for mounting the light emitting semiconductor device.

2. The mounting layer (200) according to claim 1, wherein the material of the
mounting layer (200) or a coating on top of the mounting layer (200) is suitable for solder
bonding of the light emitting semiconductor devices.

3. The mounting layer (200) according to claim 1or 2, wherein the material of

the mounting layer is characterized by thermal conductivity above 10 W / (m*K).

4. The mounting layer (200) according to claim 1or 2, wherein the mounting
layer has athickness between 50uin and 600 .

5. The mounting layer (200) according to claim 2, the mounting layer further
comprising abarrier solder reservoir (220) being arranged in away that spilling of excess
solder between adjacent mounting areas (270) is reduced.

6. The mounting layer (200) according to claim 2, the mounting layer further
comprising a solder reservoir (225) being arranged in the area of the mounting areas (270).

7. A cooling structure (100) comprising a cooling body bonded to the mounting
layer according to clam 1or 2.

8. The cooling structure (100) according to claim 7 being a p-channel cooler
(100).
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9. A light emitting structure comprising the cooling structure (100) according to
clam 7 or 8 and a least two light emitting semiconductor devices.

10. The light emitting structure according to claim 9, wherein the light emitting

semiconductor devices are semiconductor lasers.

11. A method of manufacturing amounting layer (200) for mounting a light
emitting semiconductor device, the method comprising the steps of

- providing a sheet of material,

- providing corner protrusion (205) and edge protrusion (210) in the sheet of
material for aligning the mounting layer (200) to a cooling body of a cooling structure (100),
and

- providing aligning holes (215) defining mounting areas (270) in the sheet of

material for mounting the light emitting semiconductor device.

12. The method according to claim 11 comprising the further step of providing a
barrier solder reservoir (220) in the sheet of material being arranged in away that spilling of
excess solder between adjacent mounting areas (270) is reduced.

13. The method according to claim 11 or 12 comprising the further step of

providing a solder reservoir (225) being arranged in the area of the mounting areas (270).

14. A method of manufacturing a cooling structure (100) comprising the steps of
- providing a cooling body, and

- bonding amounting layer (200) according to claim 1or 2 to the cooling body.

15. A method of manufacturing alight emitting structure comprising the steps of
- providing the cooling structure (100) according to claim 7 or 8, and
- attaching on mounting areas (270) at least two light emitting semiconductor

devices.
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