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Abstract

High power semiconductor laser arrays must be mounted in the epitaxy-side down configuration for good heat transfer and so require
a well-controlled solder. Selection of solder is very important in semiconductor laser arrays and stacks. Usually, the solder consists of
two layers. The outer layer prevents In from oxidation. A new type of solder with several layers of Au between the two layers of In
was made, which constitutes of multi-layer of W/Ni/Au/In/Cu. In packaging, the Au layer in the solder does not melt. Quick temperature

decrease can avoid expansion of the solder. The solder cannot oxidize during packaging.

© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Semiconductor laser arrays and stacks arouse a great deal
of interest. Selection of the solder is of utmost importance
in packaging arrays and stacks. Because the solder directly
contacts the laser bar, the quality of the solder directly relates
to lifetime and heat spread of the laser. Indium is a material
most widely used in packaging [1,2], because indium is a soft
solder with good extensibility. However, it oxidizes easily,
and it has a deadly shortcoming, i.e., indium whiskers will
grow on the surface of the coat of the laser cavity. Thus, the
laser will short-circuit and be damaged [3,4].

Au-Sn alloy is also used, but it has poor extensibility [5].
When the laser is operating, discrepancy between thermal
expansion coefficient of the laser bar and the solder will
result in damage of the laser bar.

2. Results and discussion

A type of solder was made, which has the following char-
acteristics: good expansibility, hard oxidation, hard to grow
whiskers and easy fabrication. First, sputter 50 nm wolfram
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onto copper heat-sink. Then, galvanize 50 nm Ni [6] and
2 um Au onto it. Subsequently, evaporate 1 pm indium. Ten
layers of 500 A Au and 500 A In couple are evaporated in
turn, and 1.5 pm Au layer; then, another 10 layers of 500 A
Au and 500 A In couple, and 2 um In. The last layer is
5000 A Cu [7]. Fig. 1 shows the structure of multi-layer
solder.

The 20 layers of the Au—In besides 1.5 um Au layer will
form Au-In alloy. When the In becomes liquid, the liquid
has intimate contact with the gold layer and thus reacts with
the gold to form Auln,. When this reaction occurs, a joint
is essentially produced. However, 1.5 pum Au layer does not
melt. Thus, distribution of melting point in the solder is as
shown in Fig. 2.

The symbols of metals marked in the diagram refer to
their melting points, respectively.

During the process of sintering, 1.5 pm Au layer will not
melt, and form pattern as is shown in Fig. 3.

If the Au layer is not sandwiched, a pattern will be formed
as is shown in Fig. 4. The In will creep onto the cavity of
the laser bar. Catastrophic optical damage will occur.

Copper is used as barrier layers, which protects oxidation
as can be seen from the In-Cu equilibrium phase diagram
(Fig. 5) [8].

The alloy with indium composition of 59.5-100 wt% is
a mixture of Cuj;Ing compound and indium with a solidus
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Fig. 1. Structure of the solder.
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Fig. 2. Distribution of melting point in the solder.
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Fig. 3. Solder with Au-sandwiched layer when the solder melts.

temperature of 153°C. As the indium composition of the
alloy reduces to 59.5 wt%, melting temperature of the al-
loy jumps from 153°C to 310°C, the melting point of the
CujIng compound. Studies of Cu—In thin film couples
showed that copper reacts with indium even at room tem-
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Fig. 4. Solder without Au-sandwiched layer when the solder melts.
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Fig. 5. In—Cu equilibrium phase diagram.

perature to form inter-metallic Cu-In. As a result, the In-Cu
constitution converts into In—Culn, a stable compound. The
outer Cu—In layer can protect the inner indium layer from
oxidation after the heat-sink is removed from the vacuum
chamber and exposed to atmosphere.

3. Conclusion

In summary, this alloy is stable and can protect indium
from oxidation and whiskers growth. By the use of this
solder, we have assembled semiconductor arrays with peak
power 100 W.
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