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(57) Abstract: The present invention relates to a method of soldering an electronic component (3) to a substrate (1) with high accur-
acy using transient liquid phase soldering. The component (3) is exactly positioned above the substrate (1) with a handling tool,
placed in the melted solder (2) and pressed against the substrate (1). The component (3) is then released and the solder (2) allowed
solidifying. Due to the use of a solder (2) having a sufficiently high amount of a second metal or metal alloy of a higher melting
point which only partly dissolves in the melted first metal or metal alloy of a lower melting point, a solid framework forms during
the liquid phase soldering which inhibits a lateral movement of the placed component (3) during soldering. Since the positioning of
the component (3) is made using exact reference features on the substrate (1), the whole soldering process results in a highly accur -
ate lateral position of the soldered component.
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Method of soldering an electronic component with a high lateral accuracy

TECHNICAL FIELD AND BACKGROUND

The present invention relates to a method of soldering an electronic
component to a substrate by transient liquid phase soldering, wherein a solder paste is
deposited and melted on the substrate, the electronic component is placed in the melted
solder by a handling tool and the melted solder is allowed to solidify.

When soldering electronic components to a substrate a problem arises in the
field of optoelectronics or other applications in which the components need to be placed very
accurate on the substrate. For example, the optical center of light emitting surfaces of LEDs
have to be positioned very accurate with respect to reference features of the substrate or
board to enable cost effective and accurate assembly of a head lamp, i.e. assembly of the
primary and secondary optics. In many applications PCB-boards (PCB: printed circuit board)
are used as the substrate to which the electronic components have to be soldered. The
tolerances of the PCB industry are large, typically in the order of 100 um, in comparison with
optoelectronic requirements in the range of 10 um. The tolerance chain, e.g. reference
features to pads, reflow soldering, top to bottom feature tolerance of the carrier, add to over
100 um.

Transient liquid phase (TLP) solder pastes based on standard SAC paste
(SAC: SnAgCu) are currently under development to form high reliable bonds for high
temperature applications. TLP soldering in general has the advantage that a solder joint is
formed at a low temperature but remelts at a significant higher temperature, i.e. the solder
solidifies during the solder process. For many optoelectronic applications, as for example
automotive low and high beam modules, a very high post soldering accuracy is required, i.e.
in the range of 10 um. Standard reflow processes cannot reach such a high accuracy because
the reflow process itself has a tolerance (standard deviation 5 to 10 um) and in addition the
tolerance between solder pads and reference structures on the boards are also in the order of
50 um. Therefore the known process of self alignment of electronic components on a liquid

solder surface does not allow the exact positioning of the electronic component.
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SUMMARY OF INVENTION

It is an object of the present invention to provide a method of soldering an
electronic component to a substrate which method allows a high positioning accuracy
fulfilling the requirements of optoelectronic applications.

The object is achieved with the method according to claim 1. Advantageous
embodiments of the method are subject matter of the dependent claims or are described in the
following portions of the description and embodiments.

In the proposed method the electronic component is soldered to the substrate
by transient liquid phase soldering. A solder paste enabling transient liquid phase soldering is
deposited on the substrate at least at the contact pads to which corresponding contact pads on
the electronic component have to be soldered. The solder paste can be deposited by known
processes, for example by printing or dispensing the solder paste on the substrate. The
substrate can be any appropriate carrier for the electronic components, in particular a carrier
board with electrical wiring, for example a PCB, an IMS (IMS: insulated metal substrate), a
Molded Interconnect Device (MID). The solder paste on the substrate is melted for transient
liquid phase soldering and the electronic component is positioned above the substrate by an
appropriate handling tool, e.g. a bonder device. Such bonder devices for bonding or soldering
small components to a substrate are known in the art and are commercially available. The
exact lateral positioning of the electronic component over the substrate is achieved by using
reference features or structures on the substrate which are independent from the contact pads
on the substrate. Such reference features may be mechanical features like edges or boreholes
which are used for the mounting of the substrate in the corresponding application. The
reference features may also be metallization or other marks which fulfil the accuracy
requirement for the corresponding application. The reference features are detected with
optical means which usually are already part of the handling tool, e.g. bonder device. After
this exact positioning the component is placed by the handling tool at this position into the
melted solder paste and pressed with a slight force against the substrate. The solder paste
solidifies already partly immediately when the component is placed and released by the
handling tool. The solder paste used with the proposed method contains a mixture of particles
of different metals and/or of one or several metal alloys, at least one first metal or metal alloy
melting at the desired low temperature of the transient liquid phase soldering process and at
least another second metal or metal alloy melting at a higher temperature. In the proposed
method a solder paste of almost eutectic composition is used in which particles of the second

metal or metal alloy melting at a higher temperature are included in such a high amount that
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during the transient liquid phase soldering only a portion of these metal particles dissolve in
the liquid solder. Intermetallic phases form between the remaining solid particles. This results
in the formation of a solid framework within the still liquid solder which inhibits a lateral
movement of the components placed in this solder paste. Inhibiting the lateral movement of
the components allows the maintenance of the high lateral positioning accuracy achieved
with the handling tool also after placement of the components until the solder paste is
solidified.

With the proposed method thus the electronic components are soldered on a
substrate with a high positioning accuracy suitable for optoelectronic applications. Since the
positioning accuracy of known bonder devices is in the range of 5 to 10 um or even higher
(up to 1 um) the electronic components can be soldered with a similar accuracy to the
substrate. This is on the one hand due to the composition of the solder paste in which the
electronic components due to the formation of the solid framework cannot laterally move
after placement under slight pressure and thus are soldered at the position at which the
handling tool has placed the components. Due to the positioning relative to reference features
of the substrate on the other hand which are arranged with a higher accuracy than the contact
pads, the whole process achieves the desired accurate positioning. With the proposed method,
for example, a LED package for a lamp can be soldered to a carrier substrate with high
accuracy required for optoelectronic applications. Since the LED package does not move
after placement anymore, the LED’s are positioned exactly in reference to precise reference
features or structures which are used for the assembly of the primary and secondary optics of
the lamp.

In a preferred embodiment, a portion of the second metallic particles are so
called type 5 particles, i.e. metallic spheres having a size (diameter) of between 40 and 60
um. These spheres can also act as stand-offs and enable a sufficient bond line thickness to
form a reliable solder joint.

The second metallic particles are included in the solder paste preferably with a
fraction of between 20 and 40 wt% (weight percent) in relation to all metallic particles
present in the solder paste. With such a fraction of the second metallic particles, the
requirements for forming the desired solid framework are optimally fulfilled.

In a further preferred embodiment, the solder paste is a SAC solder paste
comprising a SnAgCu alloy as metallic particles. In addition to the low amount of Cu (0.5 wt
%) in the SnAgCu alloy, the Cu portion is raised by adding pure copper spheres to a

significantly higher amount such that most of the Cu does not dissolve in the melted Sn and
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forms the desired solid framework. Due to the formation of CuSn intermetallics solid bonds
are formed from the contact pad of the component to the contact pad of the substrate. Since
the copper spheres are in contact with both pads after placing the component, the component
does not move after placement anymore and is soldered at the desired position because a

solid framework builds up from substrate pad to component pad.

BRIEF DESCRIPTION OF THE DRAWINGS

The proposed method is described in the following by way of an example in
connection with the accompanying drawings without limiting the scope of protection as
defined by the claims. The figures show:

Fig. 1 schematically a first process step of the proposed method;

Fig. 2 schematically a second process step of the proposed method; and

Fig. 3 schematically a third process step of the proposed method.

DETAILED DESCRIPTION OF EMBODIMENTS

In the following the proposed method is described using a SnAgCu solder
paste. The paste is prepared based on a commercially available SAC paste which typically
contains 96 wt% Sn, 3.5 wt% Ag and 0.5 wt% Cu. To such a paste solid copper spheres
having a diameter of 40 to 60 um and optionally also small spheres with diameters between
10 and 25 pum are added. The proportion of the copper spheres is adjusted such that during
reflow the copper spheres are still surrounded by a liquid Sn matrix (10 to 15 % copper
sphere volume, 35 to 40 % SnAg volume and 50 % flux volume).

The prepared solder paste 2 is printed on the board 1 to which the component
3 is to be soldered. The solder 2 is melted in the assembly machine at temperatures between
230° C and 260° C. The component 3 is then positioned above the board 1 as indicated in
Figure 1. The component 1 is aligned to reference features (not shown in the figures) instead
of the solder pads, in order to achieve the desired exact positioning. Figure 1 also
schematically shows the grab or bond tool 4 of the bonder device (assembly machine) which
grabs and positions the component 3. The reference features depend on the application of the
component. The features are selected to guarantee the desired positioning accuracy of the
component with respect to other features of the application, like a primary optics in which the
board will be mounted later.

After positioning the component is pressed with a small force of 10g-200g

(0.1IN-20N) into the pasty solder, i.e. the solder 2 consists out of a liquid phase with solid
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particles. To this end the bond tool 4 moves down with a controlled force as shown with the
arrow in Figure 2. The copper particles in the solder 2 are squeezed together and a solid
matrix builds up which consists out of Cu and CuSn phases. The solid matrix is surrounded
by liquid solder. In order to achieve the correct position of the contact pads, these contact
pads are oversized, i.e. are designed with a sufficiently large pad area, since the depositing of
the pads on the boards is usually made with a low positioning accuracy.

When the component is placed in the liquid solder the spheres can still move.
The solder is squeezed together during placement. A solid matrix between the component pad
and the board pad is formed when the component is slightly pressed against the board. At this
time the placed component cannot move after the placement anymore due to the solid
framework formed of the remaining Cu particles and intermetallic phases. The bond tool 4
can then release the component and the solder solidifies without any further movement of the
component (Figure 3). With this process a highly accurate and highly reliable interface is
formed.

The process can be applied in high power LED architecture, e.g. for
automotive forward lighting, but also for any other applications in which the soldering of an
electronic component has to be performed with a high lateral accuracy.

While the invention has been illustrated and described in detail in the drawings
and forgoing description, such illustration and description are to be considered illustrative or
exemplary and not restrictive. The invention is not limited to the disclosed embodiments.
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 exclude
other elements or steps 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 measures cannot be used to advantage. Any reference

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

1. A method of soldering an electronic component (3) to a substrate (1) by
transient liquid phase soldering, the method comprising

- depositing a solder paste (2) allowing transient liquid phase soldering on contact pads of the
substrate (1),

- melting the solder paste (2) at a temperature of the transient liquid phase soldering,

- positioning the component (3) above the substrate with a handling tool (4) using alignment
features on the substrate (1),

- pressing the component (3) with the handling tool (4) in the melted solder paste (2),

- releasing the component (3), and

- allowing the melted solder paste (2) to solidify,

wherein a solder paste (2) is used which contains a mixture of particles of different metals
and/or of metal alloy(s), at least a first metal or metal alloy of said mixture melting at the
temperature of the transient liquid phase soldering and at least a second metal or metal alloy
of said mixture melting at a higher temperature, metal particles of the second metal or metal
alloy being included in such a high amount in the solder paste (2) that during the transient
liquid phase soldering only a portion of these metal particles of the second metal or metal
alloy dissolve in the melted solder paste (2) and an intermetallic phase forms with the melted
first metal or metal alloy at the particle surface between the remaining particles, resulting in

the formation of a solid framework within the melted solder paste (2).

2. The method according to claim 1,
wherein the solder paste (2) comprises Sn as the first metal, Cu as the second metal and Ag

as a third metal.

3. The method according to claim 1 or 2,
wherein a portion of the metallic particles of the second metal or metal alloy is selected to

comprise metallic spheres having a diameter of between 40 and 60 um.
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4. The method according to claim 1 or 2,
wherein a fraction of the metallic particles of the second metal or metal alloy is selected to be

between 20 and 40 wt% in relation to all metal particles in the solder paste (2).

5. The method according to claim 3,
wherein said portion of the metallic particles of the second metal or metal alloy comprising
metallic spheres having a diameter of between 40 and 60 um is selected to be larger than

50 wt% of the metallic particles of the second metal or metal alloy.

6. The method according to claim 1,

wherein said component (3) is a light emitting diode package .
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