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(57) Abstract: An assembly includes a substrate (10) with a first covering layer (20) and a second covering layer (22). The first cov-
ering layer (20) is made from a metal material that is non-wetting for a solder material. The second covering layer (22) is made from
a metal material that is wetting for the solder material (30). A cut-out (26) is formed in the second layer (22) forming a solder dam

o (26) delimiting a soldering pad (24). A component (12) is fixed to the substrate (10) by a soldering connection formed by the solder
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material (30) between the soldering pad (24) and the component (12).



10

15

20

25

WO 2012/066465 PCT/IB2011/055072
1

SOLDERING CONNECTION WITH A WETTING AND NON-WETTING METAL
LAYER

FIELD OF THE INVENTION

The present invention relates to an assembly including a substrate and a com-
ponent fixed to the substrate and to a method of forming an assembly of a component on a
substrate.

BACKGROUND OF THE INVENTION

In a solder connection, a first object, in the present case the component, which
may be an optical and/or electrical component, is fixed to a second object, presently termed a
substrate, by providing a molten solder material between the two objects. As the solder mate-
rial solidifies, a mechanically stable connection is formed by adhesion of the solder material
to the two objects.

The present invention is concerned on one hand with exact placement and
alignment of a component on the substrate and on the other hand with obtaining good heat
conduction between the component and the substrate. Both aspects are particularly important
in optical applications, in particular where the component comprises a light source generating
heat that needs to be dissipated.

US 6,709,898 describes a microelectronic package. In a self-aligning solder
embodiment, a microelectronic die is accurately placed on a heat spreader while providing
thermal conduction. A first plurality of solder bumps is formed on a wafer by applying a wet-
ting layer to the back surface of the wafer. A removable solder dam, such as a photo resist, is
patterned over the wetting layer. The solder bumps may be formed by screen printing a paste
into openings of the photo resist and reflowing the paste to form solder bumps. Likewise, a
second plurality of solder bumps is formed on the heat spreader with a wetting layer and a
removable solder dam. The microelectronic die is then placed on the heat spreader. The heat
spreader is then heated to reflow the solder bumps, so that capillary action between the

bumps aligns the die on the heat spreader.
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SUMMARY OF THE INVENTION

It is an object of the present invention to provide an assembly of a component
on a substrate and a method for forming such an assembly which allows both exact position-
ing of the component and good thermal conduction.

The object is achieved by an assembly according to claim 1 and a method ac-
cording to claim 10. Dependent claims refer to preferred embodiments of the invention.

The substrate on which the component is mounted comprises at least two cov-
ering layers arranged on the surface where the component is mounted. It is possible to pro-
vide the substrate with only these two layers, e.g. a first layer directly on a substrate material
and a second layer directly on the first layer, where the second layer forms an exposed outer
layer. However, as will become apparent, the invention is not strictly limited to this two-layer
structure; it is possible that further layers are disposed below, in between and/or on top of the
first and second covering layers.

Both the first and second covering layers are made of metal. The first, lower
layer is non-wetting for a solder material, and the second outer layer is made from a material
that is wetting for the solder material. Wetting describes the ability of the solder material
when melted to contact the surface of the layers. For preferred solder materials, which may or
may not contain Lead (Pb), and contain one or more of Tin (Sn), Copper (Cu), Silver (Ag),
Bismuth (Bi), Indium (In), Zinc (Zn) and Antimony (Sb), the first layer is wetting, such that
the solder material spreads on the surface of this layer, whereas the second surface is non-
wetting, such that the solder material does not spread on this surface. Examples of such wet-
ting material for the second layer are Gold (Au) and Silver (Ag); examples of the non-wetting
material for the first layer are Nickel (Ni), Titanium (T1), Titanium Tungsten alloy (TiW),
Palladium (Pd) and Platinum (Pt).

A cut-out is formed in the second layer, such that a solder dam exposing said
non-wetting first layer is formed delimiting a portion of the surface as a soldering pad. Such a
soldering pad may be of any desired shape, such as rounded, rectangular etc.. At the edges of
the soldering pad, the second, wetting layer does no longer cover the first, non-wetting layer,
such that solder material is confined to the soldering pad by the adhesive/cohesive intermo-
lecular forces governing the wetting/non-wetting behaviour.

A component is fixed to the substrate by a soldering connection. Soldering
material is arranged on the soldering pad and fixes the component to the soldering pad, thus

forming a rigid mechanical connection.
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The connection thus formed has on one hand the advantage of good thermal
contact between the component and the substrate. The solder material and the first and second
covering layers are of metal material, such that good heat conduction is ensured.

On the other hand the structure of the assembly allows an efficient manufactur-
ing process while obtaining high precision in positional and directional alignment of the
component on the substrate. Alignment of the component may be achieved along the solder-
ing pad, i.e. by the cut-out formed in the second covering layer.

Preferably, both the lower surface of the component contacting the substrate and
the upper surface of the substrate contacting the component are flat, planar surfaces. In pre-
ferred embodiments, the substrate is a heat spreader, i.c. a body consisting of a metal material
for good heat conduction (such as Aluminium (Al), Copper (Cu), etc.) and extends beyond
the soldering pad for heat dissipation. The heat spreader may comprise heat dissipation struc-
tures such as cooling fins etc.. Further preferred, the component comprises at least one optical
element, in particular a light source, reflector and/or a lens. For such an optical element, exact
alignment may be critical. In particular for a light source, especially an LED or laser source,
both exact alignment and good thermal contact have decisive advantages.

Preferably, a cut-out in the second covering layer is formed by first providing a
complete layer and then ablating the layer to form the cut-out. While in principal different
methods for removing the second layer for forming the solder dam are possible, it is particu-
larly preferred to use a directed beam for ablating the second layer. This could be a particle
beam, such as e.g. an electron beam, but preferably laser irradiation is used. Direction of such
a beam, in particular a laser beam, may be effected in a very exact manner by optical means.
Thus, positioning of the soldering pad on the surface of the substrate may be easily achieved
with very high precision.

After the soldering pad is formed, it is preferred to fix the component to the sol-
dering pad by reflow soldering. In reflow soldering, solder material is dosed on the soldering
pad and the component is placed on top. The soldering pad is then heated to melt the solder
material for forming the soldering connection. It is particularly preferred to place the compo-
nent loosely on the soldering pad, i.e. setting it on the soldering pad and solder material with-
out fixing it in position and orientation. During reflow soldering, i.c. heating and melting the
solder material, the loosely placed component will automatically align itself on the solder pad
by intermolecular forces acting between the solder material and the component. Thus, the
component will automatically achieve a defined position aligned relative to the borders of the

soldering pad, i.c. the soldering dam. In this way, a rigid mechanical connection may be
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achieved, the precision of which is mainly dependent on the exact formation of the soldering
dam, which may be achieved relatively easily to a high degree of precision.

According to a preferred embodiment of the invention, the component is fixed
to the substrate not only at a single soldering pad, but at a plurality of soldering pads. Each of
the soldering pads are preferably formed next to each other on the surface of the substrate by
forming, as described above, cut-outs in the second, wetting covering layer. Thus, individual
soldering pads may be separated by solder dams. Providing a plurality of soldering pads can
contribute to exact alignment of the component. Further, for covering a larger surface evenly
with soldering material it has proven advantageous to separate portions of the surface into
different soldering pads to achieve better uniformity of the distribution of the solder material.
In particular, it is preferred to provide on each soldering pad substantially the same amount of
solder material per unit surface of the soldering pad. In a preferred case of soldering pads of
equal size surface, the amount of solder material will thus be at least substantially equal
(where “substantially” equal is understood to mean that the amount of solder material on a
given soldering pad will not differ by more than 20% from the average amount over all sol-
dering pads of the same component, preferably by no more than 10%). Such equal distribu-
tion of the solder material minimizes the possible amount of tilt of the component relative to
the surface of substrate, which is particularly important in optical applications.

The lower surface of the component, i.c. the surface facing the soldering pads,
will preferably comprise a metal material with wetting properties for the solder material. It is
further preferred that on the lower component surface, one or more soldering pads are
formed. Particularly, it is preferred that the number, size and arrangement of the positioning
pads on the component correspond to the number, size and arrangement of soldering pads
formed on the substrate. This serves to provide exact positioning. Individual positioning pads
on the lower surface of the component may again be delimited by solder dams exposing non-
wetting material, ¢.g. ceramic material of the component.

BRIEF DESCRIPTION OF THE DRAWINGS
The above and other objects, features and advantages of the present invention

will become apparent from the following description of preferred embodiments, in which:

Fig. 1 shows a perspective view of a substrate with covering layers;
Figs. 2, 3 show sectional views (not to scale) of the substrate of fig. 1 with the
section taken along line A..A;

Fig. 4 shows a perspective view of placement of a component on thesubstrate;
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Fig. 5 shows a sectional view (not to scale) with the section taken along line
A.Ain fig. 4
Figs. 6-8 show different steps of placement of the component in sectional views

(not to scale) with the section taken along line A..A in fig. 4.

DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1 shows a heat sink as a substrate 10, onto which an electro/optical com-
ponent 12 (see fig. 4) is to be mounted. In a first embodiment, the electro/optical compo-
nent 12 is an LED module comprising four high power LEDs 14 mounted on a ceramic
plate 16.

The substrate 10, as shown in the cross-sectional view of fig. 2, is comprised
of a main body 18 of Copper (Cu) or another material of good heat conduction which is cov-
ered by a first covering layer 20, which in the present example is a Nickel layer, on top of
which a second covering layer 22, which in the present example is a Gold (Au) layer, is pro-
vided.

It should be emphasized that the sectional views shown in the figures are not
drawn to scale. The layer thickness here appears much larger than it actually is as compared
to the thickness of the body 18 for illustrative purposes. The covering layers 20 and 22 may
be provided on the body 18 in a plurality of different ways, such as electrolytic plating or
electrode-less plating processes. Their thickness will generally range from 0.01 um to 10 um.
Thicker layers will work also, but at increased cost. The covering layers 20, 22 are on one
hand provided for corrosion protection. On the other hand, they are used to mount the com-
ponent 12 onto the flat upper surface of the substrate 10 as will be described.

The connection to the component 12 will be made by means of a solder con-
nection using a solder material. A variety of different solder materials, including Lead-
containing as well as Lead-free solder material may be used. Preferred solder materials are
predominantly (i.e. above 60 %) based on Tin (Sn), such as e¢.g. SAC based solders, SnAg
based solders, or SnAu based solders.

For the above mentioned materials, the first layer 20 consisting of Nickel is
non-wetting and the second layer 22 consisting of Gold is wetting, i.e. the solder material,
when melted, will contact the second Gold layer easily (small contact angle of a drop of lig-
uid material on the surface), whereas the first Nickel layer will not be easily contacted (large

contact angle).
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As will be explained below, these properties direct the flow of molten solder
material in configurations where both wetting and non-wetting surfaces are involved. Here,
the solder material will follow the wetting surface material and will not run out into the bor-
dering surface arecas of non-wetting material. For using this effect, it is necessary that the sec-
ond layer 22 is better wetting than the first layer 20, i.e. is more easily contacted by the solder
material.

This wetting/non-wetting property of the first and second layers 20, 22 is used
to advantage as follows: On the surface of the substrate 10, soldering pads 24 are formed de-
limited by soldering dams 26. The soldering dams 26 are formed by partially removing the
second layer 22 forming longitudinal grooves 26 where the first Nickel layer 20 is exposed.
The thus formed soldering pads 24 have a surface comprised of the Gold layer 22 and are
bordered on all sides by exposed Nickel material of the first layer 20.

The grooves 26, where the material of the second layer 22 has been completely
removed to expose the first layer 20 beneath are preferably formed by irradiation with a laser
beam 28. Intensity and duration of the laser irradiation should be carefully controlled to se-
curely remove, within the grooves 26, the second layer 22. Generally, the process will be con-
trolled to evaporate within the grooves 26 the second layer 22 completely and also a part of
the first layer 20. However, at least a minimal thickness of the first layer 20 will be left. Such
treatment may easily be achieved to a high degree of precision using a high intensity laser 28
directed by suitably controlled optics. Here, any type of laser system capable to ablate the
layer 22 may be used. Preferably, a laser system based on short pulses and matching frequen-
cies of laser light is employed.

The grooves 26 need to be provided in a width sufficient to ensure that solder-
ing material provided on each soldering pad 24 will, due to the non-wetting properties of the
first Nickel layer 20, not spread beyond the solder dam. Generally, this should be ensured by
providing grooves of ¢. g. 30 um to 500 um thickness.

After the solder pads 24 are thus formed, solder material 30 is then dosed onto
the solder pads 24 (fig. 4, fig. 5). In the preferred example, as shown in the figures, four sol-
der pads 24 of equal size are formed. Also, about equal amounts of solder material 30 are
dosed onto each of the solder pads 24. The solder material 30 may be applied as blobs of sol-
der paste or, alternatively, in a printing process.

As shown in fig. 4, fig. 6, the component 12 is then placed onto the thus pre-

pared substrate 10. Below the ceramic plate 16 of the component 12, positioning pads 32 are
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formed which equal in size, number and arrangement the four solder pads 24 formed on the
surface of the substrate 10.

As shown in fig. 7, the component 12 is loosely placed onto the surface of sub-
strate 10 to then be fixed in a reflow soldering process. The placement of the component 12
need not be exact. An offset between the soldering pads 24 and positioning pads 32 is toler-
able.

In the subsequent reflow soldering process, the whole assembly is heated to
melt the solder material 30. Due to the wetting/non-wetting properties, intermolecular forces
act between the solder material 30 and the positioning pads 32 to exactly align positioning
pads 32 on soldering pads 24, and thus very accurately aligning component 12 onto the sur-
face of the substrate 10 (see fig. 8). Thus, by the final soldering connection between the sol-
dering pads 24 of the substrate 10 and the positioning pads 32 of the component 12, a me-
chanically stable soldering connection is formed fixing the component 12 to the substrate 10.
Thermal contact of the component 12 to the substrate 10 is excellent due to good heat con-
duction properties of the involved metal materials. Also, the degree of precision achieved in
positioning of the component 12 largely corresponds to the degree of precision achieved with
the ablating laser 28, so that positional accuracy of the component 12 is very high.

The intermolecular forces acting between the solder material 30 and position-
ing pads 32 will correct, as illustrated in fig. 7/fig. 8, any linear misalignment as well as a
rotation of the component 12 with regard to the substrate 10 (as long as the initial positioning
is precise enough to have largely overlapping positioning pads 32 and soldering pads 24,
which should be easy to achieve). By providing substantially the same amount of solder ma-
terial 30 on each soldering pad 24, four uniform solder connections are formed leading to
exact alignment of the component 12 without tilt relative to the surface of the substrate 10.

The above described method and type of connection formed may be used in
different connections. In the above first example, the electro-optical component 12 is an LED
module 12 to be mounted to a heat sink 10. Alternatively, a plurality of such LED modules 12
may be mounted to the same heat sink, preferably side by side on the same surface. In this
case, solder pads 24 are formed not only for a first LED module 12, but also for other LED
modules to be mounted. All LED modules 12 may then be fixed to the heat sink 10 at the
same time by a single reflow soldering process. Thus, a module of multiple LED light sources
may be obtained, where the individual light sources are aligned with high precision and a

good thermal contact is ensured.
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In a further embodiment, the substrate 10 is an outer surface of a water cooler.
Instead of LED modules 12 as shown in the above examples, a plurality of laser modules are
mounted on the surface of the substrate 10. Again, the good thermal contact allows efficient
cooling of the laser modules by the water cooler. Additionally, the very exact alignment al-
lows forming a uniform laser light zone in front of the assembly.

In the yet further embodiment, the substrate 10 is a standoff including a flat
mounting surface for a group of laser modules as well as a mounting surface for micro lenses.
Both can be fixed to the standoff by the described method, so that very exact placement and
thus good optical alignment is achieved.

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

For example, other layer materials besides Gold and Nickel may be used, as
long as the wettability of the second layer 22 is substantially better than the wettability of the
first layer 20.

In all cases where an electrical component 12 is mounted to the substrate 10,
the solder connection may be used as a purely mechanical contact, but could also serve as an
electrical contact, e.g. for providing operating power to an LED module 12.

The substrate 10 may be a printed circuit board (PCB), preferably a metal core
printed circuit board (MC-PCB), where electrically isolated from the metal layers 20, 22 con-
ductive tracks are provided for electrical connection of the mounted component(s).

Other variations to the disclosed embodiments can be understood and effected
by those skilled in the art in practicing the claimed invention, from a study of the drawings,
the disclosure, and the appended claims. In the claims, the word “comprising” does not ex-
clude other elements, and the indefinite article “a” or “an” does not exclude a plurality, The
mere fact that certain measures are recited in mutually different dependent claims does not
indicate that a combination of these measured cannot be used to advantage. Any reference

signs in the claims should not be construed as limiting the scope.
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CLAIMS:

1. Assembly including

- a substrate (10) comprising at least a first covering layer (20) and a second covering
layer (22) disposed further outside than said first covering layer (20),

- where said first covering layer (20) is made from a metal material that is non-wetting
for a solder material (30),

- where said second covering layer (22) is made from a metal material that is wetting for
said solder material (30),

- where at least one cut-out (26) is formed in said second layer (22) forming a solder

dam (26) delimiting at least one soldering pad (24),

- where a component (12) is fixed to said substrate (10) by a soldering connection formed

by said solder material (30) between said soldering pad (24) and said component (12).

2. Assembly according to claim 1, where

said substrate (10) is a heat spreader.

3. Assembly according to one of the above claims, where
- said component (12) comprises at least one optical component (14), in particular a light

source, reflector, and/or a lens.

4. Assembly according to one of the above claims, where
- said first layer (20) mainly consists of a material chosen from the group containing

Nickel (Ni), Titanium (T1), Titanium Tungsten alloy (TiW), Palladium (Pd), and Platinum
(Pt).

5. Assembly according to one of the above claims, where
- said second layer (22) mainly consists of a material chosen from the group containing

Gold (Au) and Silver (Ag).
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6. Assembly according to one of the above claims, where

- said solder material (30) contains one or more of the materials chosen from the group
containing Tin (Sn), Copper (Cu), Silver (Ag), Bismuth (Bi), Indium (In), Zinc (Zn), and An-
timony (Sb).

7. Assembly according to one of the above claims, where
- a plurality of soldering pads (24) are formed on said substrate (10),
- and said component (12) is fixed to each of said soldering pads (24) by a soldering con-

nection.

8. Assembly according to claim 7, where
- for each of said soldering pads (24) the amount of solder material (30) per unit surface

is at least substantially equal.

9. Assembly according to one of the above claims, where

- one or more soldering pads (24) are formed on said substrate (10),

- and one or more positioning pads (32) are formed on said component (12) facing said
soldering pads (24),

- where the number, size and arrangement of said soldering pads (24) and said position-

ing pads (32) correspond to provide exact positioning.

10. Method of forming an assembly of a component (12) on a substrate (10), in-
cluding

- providing said substrate (10) with a first covering layer (20) and a second covering
layer (22) disposed further outside than said first covering layer (20),

- where said first covering layer (20) is made from a metal material that is non-wetting
for a solder material (30),

- and where said second covering layer (22) is made from a metal material that is wetting
for said solder material (30),

- creating at least one cut-out in said second covering layer (22) forming a solder

dam (26) delimiting at least one soldering pad (24),

- providing said solder material (30) on said soldering pad (24),

- fixing said component (12) to said substrate (10) by creating a soldering connection of

said solder material (30) between said soldering pad (24) and said component (12).
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11. Method according to claim 10, including

fixing said component (12) to said soldering pad (24) by reflow soldering.

12. Method according to claim 11, including
- placing said component (12) loosely on said soldering pad (24),
- where during reflow soldering said component (12) is aligned in a defined position on

said substrate (10) by forces acting between said solder material (30) and said compo-

nent (12).

13. Method according to one of claims 10-12, including

- creating said cut-out (26) by laser irradiation of said covering second layer (22).
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