Expert report

Contactless soldering with laser beam
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Laser soldering has established itself as a single soldering process in recent years and
increasingly replaces conventional soldering processes. Nevertheless laser soldering
is expensive and the large advantages of laser soldering also present disadvantages.
With the correct laser soldering technique the costs are under control and the disadvantages can largely be removed. In this case solder and soldering flux are of decisive
importance.
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Contactless Soldering
with Laser Radiation

The typical laser soldering processing can be divided into three steps.
Step 1

The laser shines on the soldering joint and pre-warms both areas to
be soldered as evenly as possible. The part of the soldering wire in the
laser beam is pre-melted at this time. (Picture 1).

Step 2

The now softened soldering wire is introduced and melts off completely on contact with the prewarmed area to be soldered (Picture 2).

Step 3

A molten region forms into which the required amount of solder is
introduced.

In electronic production nowadays several selective soldering processes are in use. Here we must
decide between the selective soldering processes, which can be derived from wave soldering and
single spot soldering processes, using soldering wire.

The established single spot soldering processes are
• use of soldering iron (hand soldering),
• induction soldering and
• laser soldering.
Whilst soldering irons continue to dominate hand soldering as before, in automatic soldering they
are increasingly replaced by the two contactless soldering processes of induction soldering and
laser soldering. In induction soldering the two work pieces to be soldered together are heated directly, effectively from within. This takes place through induced eddy currents.
When soldering on printed circuit boards with small solder points, induction soldering is less well
suited. The induction loops available are too large for very small solder joints, as are typical on
printed circuit boards. In addition there is a danger the high frequency radiation will damage the
sensitive circuits.
Even the smallest solder joints on printed circuit boards can be soldered by laser soldering. Soldering wires of 0.3 mm can easily be used. In the meantime Wolf has introduced a special advancer
driven by piezo-electric elements for smaller diameters between 0.3 and 0.1 mm.

Picture 1:
When pre-warming the soldering joint
the correct position of the laser beam is
decisive. The soldering wire may not be to
strongly pre-melted
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Picture 2:
When introducing the wire to the molten
region the speed of advancement is of crucial significance. The quality of the soldering depends heavily on the flow behaviour
and the wetting behaviour of the solder.
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An analysis of the large wealth of experience
shows that four significant restrictions can hinder the successful use of laser soldering:
• Burns to the uppermost surface of the printed
circuit board through reflections at the soldering joint (Picture 3)
• Burns beneath the printed circuit board from
laser radiation through the gap between the
pin and circuit board drill hole (Picture 4)
• Running costs through the restricted working
life of the high performance laser diode
• Soldering errors through interruptions in the
solder flux core in the soldering wire.
The first three points are typical in laser soldering, the fourth point is also an obstacle in all
soldering processes using solder wire with soldering flux core.
The following conceptual approach was selected for reducing the typical burns. Instead of
using one laser beam, soldering takes place
with six laser beams from different directions.
In this way the intensity of radiation for potential burns is reduced to one sixth.
The optical outlay is naturally considerable, as
six individual optics are required. In addition
these must be installed adjustable to one another. However we have succeeded in accommodating these in a compact soldering tool (Picture 5).
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For 20 years Wolf Produktionssysteme, based
in Freudenstadt has been manufacturing laser
soldering systems, used for the most varied
tasks in series production.

With the LLW 03 the individual laser beams can
now be optimally adjusted to the geometry of
the solder joint for be soldering.
All six optics are fed from different laser
sources, which in each case provide a maximum
laser power of 10 W. In total we have a laser
power of 60 W for soldering. These relatively
low-power laser sources have a 10 times longer
working life than the well-known high performance laser diodes in conventional technology.
According to application, the MTBF (mean time
between failure) even lies at 250,000 hours of
operation.
In this way their running costs are lower than
that of iron soldering, as in this process wear
and tear of soldering tips causes costs which are
not to be underestimated. Laser sources with
double the power are an option and available
for high performance.

Picture 3:
Burns occur mainly in spots and randomly, according to how precisely the solder
melts and in so doing present a unique
reflection geometry.

In order to protect the complex optics from
dirt, easily exchangeable protective glasses are
provided. Frequency of cleaning depends heavily on the characteristics of the soldering flux
in the soldering wire. Soldering flux splashes
cause heavier dirt and in this way lead to increased cleaning costs.

Picture 4:
The radiation shining through can be
minimised by making the gap between the
printed circuit board and the small leg of
the assembly component as small as possible, but cannot be prevented entirely.

Picture 5:
The newly developed LLW03 laser soldering tool with six laser diode sources,
double soldering wire advancers and 60
W laser power with a wavelength of 940
nm. The laser diode sources are cooled
by Peltier elements, water cooling is not
required.

The problem of interruptions in the flux in the
soldering wire was solved by introducing two
soldering wires at the same time (Picture 6).

Picture 6:
In place of a soldering wire usually with
a 0.7 mm diameter, 2
soldering wires with
0.5 mm diameter are
introduced parallel
to one another
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Experience has shown that for a limited period
of a few seconds good solder joints can also still
be achieved with a small quantity of soldering
flux. It is unlikely that both soldering wires have
an interruption in the solder flux core at the
same time. That means there is always at least
50 % of the soldering core present.
Further important advantages are:
As two wires present a greater surface area for
the same volume of solder being introduced
than only one wire, the laser radiation can melt
the solder faster.
According to the application, the soldering wire
introducers can also be situated facing one another. This improves even distribution at the
solder joint and accelerates the soldering process.
However for many types of solder joint, also
with very small soldering joints in particular,
introducing two wires is not possible. There is
insufficient room to accommodate them.
In these cases it is indispensable for the soldering wires we use to ensure
• the presence of and
• the constancy of the solid content of the soldering flux core.
The new laser soldering tool is a constituent
part of the Wolf laser soldering machines, which
typically have four programmable axes (Pic. 7).
The well-known equipment characteristics such
as
• an integrated camera with an image processing system to correct the position and inspect
the solder joints and
• a pyrometer for monitoring the temperature
of the solder,
have also been re-worked for the new laser
soldering tool and improved again.

Picture 7:
The laser soldering tool is positioned by
a four-axle NC handling device with servo
drive to the desired soldering joint.

Dr. Wolf,
Managing Director
Wolf Produktionssysteme GmbH & Co. kg
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