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Ag-Sintering as an Enabler for
Thermally Demanding Electronic
and Semiconductor Applications

Silver sintering has become a reliable industrial bonding technology with superior thermal
and electrical performance while meeting automotive grade quality standards.

By Marco Koelink, Advanced Packaging Center (APC),
Business Development Manager and Commercial Manager and
Michiel de Monchy, European Applications Manager Die Attach and Preforms,
Alpha Assembly Solutions

Silver (Ag) sintering or low-temperature diffusion bonding is receiv-
ing an increasing interest, mainly because of excellent electrical and
thermal conductivities compared to other metals. In combination with
some very interesting optical properties, the potential applications
range from power electronics, to printable electronics and (optical)
biosensing (Peng, 2015). The use of Ag-sintering is currently mainly
driven by either the replacement of lead-containing bonding materi-
als (environmental or sustainability considerations) or the application
in power electronics, specifically in applications which are sensitive
to energy efficiency due to limited power availability such as is the
case for instance with electrical vehicles (EVs). Main consideration
in transitioning from traditional bonding materials to Ag-sintering are
cost and reliability (Scola, 2015). As early adopters of this technology
are pioneering now the application of this technology on an industrial
scale, more and more reliability data will becoming available. As the
technology is maturing and the number of applications is growing, it
is to be expected that also prices will eventually go down to become
more comparable with more traditional bonding materials. This will
open the market for more wide-spread applications. This paper
discusses some of the background of Ag-sintering, as well as some
of the industrialization and reliability aspects of this technology. The
companies APC, Boschman Technologies and Alpha Assembly Solu-
tions provide respectively development, equipment (industrialization)
and material services in this field.

Ag-sintering

Many developments in solder technologies have over the last 10
years been driven by internation legislation to achieve lead-free solder
materials and improve the reliability of the joints. Recently also the
introduction of electric and hybrid automotive vehicles spurred the
demand of efficient high-power electronics, mainly to improve the driv-
ing range (most important benchmark in competition with traditional
vehicles). Several technologies have been introduced meanwhile to
achieve high performance power modules with high reliability. Some
examples of such technology include for instance gold base, high cost
solders such as AuGe and AuSn, SnSb alloys, as well as silver sinter-
ing. The silver sintering technology has been pioneered by several
solder material companies for several years (Siow, 2014). Using the
proprietatary knowledge of APC and Boschman Technologies, specifi-
ally the dynamic insert technology, the technology has recently also
successfully been industrialized.
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The Silver sintering process is based on solid state diffusion, where
Silver particles are fused together and to the metallization of dies and
substrates. One of the major drivers for this process is the change

in free energy within the silver sintering product. Smaller particles

will have more free energy and need less external energy to initiate
the fusion process. Argomax®, a product group developed by Alpha
Assembly Solutions (see figure 1), contains agglomerates of particles
of about 20 nm, thus allowing sintering parameters at temperatures
comparable or lower to those of lead free solder reflow. This
temperature together with the relatively low pressures of maximally 10
MPa allows for a wide range of products to be sintered. The unique
sintering inhibiter of the Argomax® allows the material to be deliver in
either paste or pre-dried film. This will again will increase the process-
ing possibilities within industrialized processes.
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Figure 1: Alpha Assembly Solutions offers a range of sintering materi-
als in different formats suited for different applications

The fusion of the silver will only succeed if the interface materials

are pure metallic. Also both the metallization of the dies and the
substrates need to be relatively free of oxides. The easiest surface to
bond to is Ag itself. If Ag cannot be used, noble materials such, as Au,
Pd, or Pt are the next useable materials. The thicknesses of the met-
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