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Abstract 

A novel laser soldering method for hermetic packaging of temperature sensitive devices such as organic 
electronics, micro- and nanostructures is presented in this work. The package combines a thermally optimized 
LTCC (Low Temperature Co-fired Ceramic) base with a glass lid. These two parts are soldered together by the 
use of a laser diode. The advantages of the laser soldered joint is its hermeticity to water and air in regard to 
glue and plastic, as well as the possibility to heat only the soldered joint. The power of the laser diode has to be 
controlled during the soldering process. We propose a solution based on temperature monitoring by the mean of 
a pyrometer. Heat transfer from the heated solder joint to the encapsulated device can be reduced by structuring 
the LTCC base, which also reduces the required optical power. Several schemes such as cavities under the joint 
and local thinning of the base are studied. 
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Introduction 

The goal of the study presented in this paper 
is to describe a method to reduce thermal impact 
during soldering of a long-term hermetic package 
for microsystems. First, a description of the 
packaging method is done in chapter 2. Chapter 3 
describes the proposed solution to reduce thermal 
impact. The advantages and drawbacks of several 
models are discussed in chapter 4. The setup and 
the measuring method are described in chapter 5. 
Results are presented and discussed in chapter 6. 
Finally, conclusions are drawn in chapter 7. 

Description of the Problem 

The Laboratoire de Production 
Microtechnique (LPM) is working on the 
development of a two-part soldered hermetic 
packaging. One part of the package is ceramic; the 
other part is made of glass (Figure 1). These two 
parts are soldered together using a laser diode. The 
advantages of the laser soldered joint are its 
hermeticity to water and oxygen in regard to glue 
and plastics, as well as the possibility to heat only 
the soldered joint, without affecting its contents.  

This allows encapsulating of thermally 
sensitive components, such as OLEDs, organic 
electronics and biological specimens. This also is a 
solution to ensure long term protective atmospheres 
for optical devices such as micro mirror arrays.  

The goal of this development is to propose a 
robust packaging method for heat sensitive 
microsystems. That means that we have to 

understand the parameters that have an effect on the 
resulting solder joint, and that we can understand 
how to make it repetitive, and thus insure a high 
yield of this operation. 

 

 

Figure 1 -  Schematic view of the packaging 
method 

 

Proposed Solution 

When bringing energy to the joint, the 
heating of the microsystem occurs due to 
conduction inside the package (see figure 2). 
Several parameters can be changed to reduce the 
heating of the microsystem, such as active cooling, 
or selecting of low thermal conduction materials. 
Working on convection might also be a possibility. 
Radiation is not shown on figure 2, as the 
temperatures are well below 1000K, even under the 
laser spot.  
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Figure 2 - Heat flux in the package 

 
 
The proposed idea is to reduce the 

conduction in the package, between the solder joint 
and the microsystem, by creating cavities [2]. This 
solution has several advantages. The first one is to 
reduce the amount of heat that is transferred to the 
microsystem. The second advantage is to reduce the 
energy needed to heat the soldered joint. This 
decreases the global energy brought to the package 
during the soldering operation, thus reducing the 
heating of the microsystem. 

These cavities are positioned between the 
soldered joint and the microsystem (Figure 3). They 
can be passive, or cooled by a liquid flowing 
through them. The chosen solution is not to use 
fluid for cooling the cavity; this is done for several 
reasons. The first one is that it is not convenient to 
create such a system, which would increase the cost 
and complexity of the soldering operation. A 
second reason is that active cooling of the part 
directly under the soldering zone can create stresses 
in the package, which is to be avoided. Finally, 
active cooling implies that the laser energy needed 
is higher than for no cooling; which is also 
undesirable. 

 

 

Figure 3 - Thermal resistivity increased due to 
reduction of the cross section 

 
The cavities are created by structuring of the 

LTCC tapes. They are cut on two different layers 
for the vertical and horizontal walls of the package 
(Figures 3 &5), thus allowing an easy manipulation 
of the green LTCC tapes, and also offering the 
possibility to measure the effect of the position and 

the size of the cavity on the process. This also 
allows to easily change the height of the cavity, by 
choosing the number of layers that are stacked 
before firing of the LTCC. 

The LTCC part of the package is 
manufactured using a standard procedure. The 
green tape is laser cut, then the several layers are 
stacked and laminated together, before firing. Note 
that for electrical connections, several screen-
printing operations of conductive tracks might be 
necessary before stacking.  

The green LTCC tapes are laminated 
between two metal plates. By doing this way, the 
cavities are not deformed, as it would occur by 
using a rubber plate. But the drawback is that the 
bottom of the main cavity is not laminated, which 
leads to possible delamination of this part. But the 
advantage is that the shrinkage of non-laminated 
zones is higher than the rest of the part, which 
implies that the bottom of the cavity is stretched 
during firing. This ensures that the bottom of the 
cavity remains flat, assuming that the walls of the 
cavity are large enough to sustain this stress. 

Finally, metallization (Ag-Pd) and soldering 
paste (Sn-Bi) are screen-printed on the top of the 
LTCC part of the package, to form the soldering 
joint. The Sn-Bi solder is reflowed before inserting 
the microsystem, which allows to eliminate the 
majority of the solvents included in the solder 
paste. All these operations are done at high 
temperature, but they can be done before the 
microsystem is placed and connected. 

The glass part is also screen printed with 
metallization to ensure a proper adhesion of Sn-Bi 
on the glass. The microsystem is then physically 
and electrically attached in the LTCC base, and 
then the glass is soldered to the base by the mean of 
the laser diode. The heating of the soldered joint 
occurs through the glass. 
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Input : tempera ture  under the joint 

Output : tempera ture at center of the base 

Output : laser  power  

 

Figure 4 - Analogical model to electrical diagram. Note that cooling is needed to follow the given 
temperature profile 

 

Models 

Several models were used to estimate the 
effects of cavities on the temperature at the center 
of the package. Three approaches were used: 
analytical model, numerical simulation and 
electrical analogy. They allowed determining which 
parameters had an influence on heating of the 
microsystem, and which of them had to be precisely 
determined. 

The analytical model is quite difficult to 
obtain, due to the complex structure of the base. 
Moreover, it is difficult to solve the analytical 
equation, when taking convection into account. 

A convenient way to determine the effects of 
several parameters is by analogy to electrical 
diagrams. The idea is that thermal conduction and 
electrical conduction are similar and have an 
electrical equivalent diagram. The thermal 
resistance is the electrical resistance, the 
temperature is the voltage, and the heat flux is the 
electrical current. This allows to estimate the effect 
of the cavities when a given heat flux is applied to 
the system. Moreover, one can roughly determine 
the power needed to follow the temperature profile. 

Setup and Measuring Method 

The setup is composed of a 30W laser diode, 
combined with a galvanometer head, allowing the 
laser spot to move on a 50mm x 50mm surface. The 
scanning speed can reach up to 1m/s. The power 
can be adjusted between 0 and 30W, during the 
soldering process. The shooting mode is 
continuous, allowing heating of the joint for times 
as long as 2 minutes or more. A pyrometer is used 
to measure the temperature at the center of the 
package, as well as at the point heated by the laser 
spot. In order to obtain a good quality joint, a given 
heating profile has to be followed. The problem is 

to find the power needed to follow this temperature 
profile. The first possibility is to control the power 
with an a-priori curve, previously determined 
empirically, or with the help of a thermal model. 

This is a convenient way to do, but the 
variability of several parameters has to be measured 
in order to ensure a good repeatability through a 
same set of packages. Moreover, this a-priori curve 
has to be determined for each different package 
configuration.  

 

 

Figure 5 - LTCC piled up before laminating. 
Note that the top layer is not present, showing 
the cavities cut in two directions. 

 
Another possibility is to use the pyrometer 

to control the power of the laser during the 
soldering process [1]. This allows to precisely 
follow the heating profile. We must note that the 
pyrometer can only measure temperatures at one 
point of the package, but the laser spot scans the 
entire joint simultaneously. 
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Figure 6 - LTCC before and after firing. 
Packages are individualized once fired by 
breaking them along dotted lines. 

 Further tests need to be undertaken, to 
determine if measuring temperature at one point is 
sufficient, or whether several measuring points are 
necessary to ensure a uniform heating of the joint. 
If this is necessary, a solution might be to use 
screen-printed PTC resistors, as done in a previous 
work [3]. This way, a continuous temperature 
monitoring could be done at several points of the 
package, ensuring a uniform heating, and control of 
the maximum temperature reached. Screen-printed 
resistors also have a second advantage over 
pyrometer measurement: it is not dependent on 
reflectivity of the measured material. 

 

 

Figure 7 - Setup used for the measurements 

 

Results 

The measurements were done for several 
cavities configurations. The first sample measured 
is used as a reference; it has no cavity. Other 
measurements are done with the same heating 
profile, at the same measurement point, but with 
samples having a cavity.  

The first observation is that when adding a 
cavity, the thermal resistance is higher, due to cross 
section reduction. This is due to the fact that the 
thermal capacity is smaller. Thus, for the same 

energy brought to the system, heating of the 
soldering joint is higher than without cavity. This 
effect is an advantage, as less power is needed to 
obtain the same soldering temperature if a cavity is 
used. 

We can see that with a cavity, the center of 
the package reaches a lower temperature than the 
version without cavity (Figure 8). The difference 
might seem small (4°C), but it represents 17% of 
the overall heating (23°C). Another observation is 
that for times as long as 2 minutes (which is enough 
for a good soldering profile), the temperature 
reached at the center does not exceed 50°C. 

Heating of the centre of the package
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Figure 8 - Heating of the center of the package 

 
To decrease temperature at the center of the 
package, a solution might be to add the cavities at a 
bigger distance from the soldering joint, for 
example creating a bridge on which the 
microsystem is placed. This bridge has two 
functions: the base would accumulate heat brought 
by the laser, and the bridge increases the thermal 
resistance. In this way, we can combine a high 
thermal capacity with a high thermal resistance. 
This configuration has not been tested yet. The 
drawback of this solution might be in the case 
where heat generated by the microsystem has to be 
evacuated. In this case, the use of thermal vias can 
increase the heat evacuation. 

Further measurements have to be done to 
understand the influence of air convection inside 
the cavity. This might also have an effect on 
regulating the temperature of the joint. To observe 
this effect, we propose to use small cavities 
separated by walls, so that the convection is 
confined in a small volume. 

 

Conclusion and Future Work 

The development of a new packaging 
method is drawn by the need in microsystems 
technology. The proposed packaging method allows 
long-term hermeticity and low closing temperature. 

A solution for reducing thermal impact on 
microsystems was proposed. By using cavities in 
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the LTCC body, we were able to reduce the heating 
of the microsystem. Further tests need to be done to 
measure the effect of other solutions regarding 
temperature reduction, such as placing the 
microsystem on a structure increasing thermal 
resistance.  

The control of the temperature with the 
pyrometer is successful. This method allows to 
follow precisely a given heating profile. The 
uniformity of the temperature of the whole joint has 
not been measured yet. Nevertheless, PTC resistors 
can give more information regarding temperature of 
the whole joint; this will be tested in a future work. 
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