
This article presents experiments
and results obtained in a research
project for the development of a
housing sealing technology by means
of lasers using both glass and metal
solders, for soldering two glass
plates in atmospheric conditions. A
diode laser with scanner head was
built into a hermetic chamber, with
samples supplied via an airlock and
handled with gloves. Thermal load at
the functional element was reduced
to a minimum, thus developing
hermetically closed connections. 

96

Glass-Technology International 4/2005
w w w . g l a s s o n l i n e . c o m

S. Kasc*, H. Müller*, S. Schundau*, Y. Weigel**
*INSTITUTE FOR JOINING TECHNOLOGY  AND MATERIALS TESTING GMBH, JENA

**UNIVERSITY OF APPLIED SCENCES, JENA



97BSTRACT
Glass plates have to be intercon-

nected hermetically for certain appli-
cations, so that the functional elements in it are
protected against oxygen and moisture.
Furthermore, limits are set to the joining process
by temperature sensibility of the encapsulating
functional elements. The low-temperature adhe-
sive bonding process used so far does not offer
the demanded tightness and long-term stability.
The present investigations concentrate on alter-
native joining methods using laser beams.

TASK
Goal of the research project is the develop-

ment of a housing sealing technology by means
of lasers, which, implemented in flat glass hous-
ings, reduced thermal load on the functional ele-
ment to a minimum. Suitable laser and process
parameters had to be found, to make possible the
low tension soldering of cover glass on the sub-
strate using solder. In addition, a thermally adapt-
ed, gradient-oriented joining technology is to be
compiled, and existing procedure borders of con-
ventional joining processes to be extended.

The building groups consisted of a glass sub-
strate and a cover glass with an edge length of
approximately 50 millimetres, whereby the tem-
perature-sensitive functional element is on one
glass sheet.

EXPERIMENTAL STRUCTURE AND RESULTS
The experimental set-up (Figure 1) is used

for soldering two glass plates in atmospheric
conditions (nitrogen or argon). For this purpose,
a diode laser (4) with scanner head (3) was built
into a hermetic chamber. The sample holder (2)

is situated under the scanner head. It is per-
formed as a heating table and can be switched
on depending upon test joining process. The
samples are supplied via an airlock and handled
with gloves (1) in the chamber.

LASER SOLDERING USING GLASS SOLDER
A reduction of the total thermal load of the

component is possible at a bias temperature of
the glass solder, if the necessary energy for melt-
ing, wetting and joining of the glass solder is
inserted with laser beams. This was proven in
investigations for selective laser soldering [1] in
relation to conventional soldering with glass sol-
der. For this method, laser radiation was linked
into a recipient with lateral-optics vacuum clo-
sure. The temperature in the connecting zone of
approximately 450°C could be reduced to
approximately 300°C at the component. It was
shown that for the homogeneous attitude of the
temperature field in the solder, the selection of
the laser and the beam guidance are necessarily
product specific. Thereby, geometry of the con-
necting zone, material parameters and functional-
ity of the building group have to be known.

For soldering, glass expansion-matched glass
solders are used, which are applied by means of
screen printing and/or dispenser. The solder
trace will be glazed according to the tempera-
ture-time-regime of the glass solder. By using
different geometrical conditions, the solder
trace is formed differently on the glass substrate
and the cover glass (Figure 2b). On the substrate

Schematic description
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98 it is wide and flat since laminar printing is used.
On the cover, the edge is printed, thus the solder
trace is narrow and thick.

In order to make available flat contact areas
for the laser process, the surface topography
resulting from glazing (Figure 2b) is levelled by
grinding. During the following soldering
process, the laser beam penetrates the cover
glass and is absorbed in the upper solder trace
(Figure 2c). The solder traces are melted by the
resulting heat insertion and the solder joint is
formed. For this, the parameter power of the
laser, scan velocity and number of contour rep-
etitions are optimized. Afterwards, the sample is
cooled down, in order to avoid tensions in or
destruction of the substrate and solder material.
In relation to past investigations, the tempera-
ture load at the functional element could be
reduced to 1/3 of the soldering temperature in
the experimental set-up used. The housings
show leak rates of >10-8 mbar l/s.

LASER SOLDERING USING METAL SOLDER
In the housing technology for micro-technical

applications, metallic soldering systems are state-
of-the-art [2], [3]. In order to be able to lock the
ceramics, glass or metal hermetically by means
of metal solder, the connecting partners have to
be metallized on one or both sides. The selection
of the metallization system depends, therefore,
on the connecting materials, solders and thermal
loads. The coating process used - thin- or thick-
film system - is determined by the necessary met-
allization thickness. With the thin-film field, the
solderable layer systems, consisting of e.g. titani-
um, platinum, nickel, silver or gold, can be coat-
ed by sputtering or vaporization, with layer thick-
nesses in the µm-range (0.8 µm). Thick-film
pastes from material combinations such as tung-
sten/molybdenum, silver/platinum or gold/plat-
inum reach layer thicknesses of approximately
10 µm after burn-in.

For the present sealing task, cover glass and
substrate were metallized (Figure 4). The metal
solder in the form of a solder strip is placed on
one connecting partner and pre-soldered in the

furnace. Under a joining pressure of 4.7 kPa, the
power of the laser, scan velocity and number of
contour repetitions were optimized for the local
heat entry in the joining zone. In the result, her-
metically seal connections were developed with
leak rates  <10-7 mbar l/s in the required
temperature range (Figure 5).

SUMMARY
In these investi-

gations, different
joining processes were examined for the
hermetic joining of two glass plates. It
could be shown that by means of suitable laser
and process parameters, the thermal load at the
functional element can be reduced to a mini-
mum. Hermetically closed connections are,
thereby, developed.

Parts of the investigations are found in the
context of the research project “INNO-WATT”
(by BMWi). ■
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Figure 3 - Glass solder joint - 
frame structure with increased
bubble rate at the corner

Figure 4
Schematic
description of
metal solder
encapsulation
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Figure 5 - Test
structure for 
determination of
leak tightness


