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ABSTRACT

European power module manufacturers pioneered the development of a silver sintering
technology, called low-temperature joining technology (LTJT) for lead-free chip attach. Sintered
chips on substrate are shown to have better performance and significantly higher reliability at
chip junction temperature over 175°C. However, the European process is complex requiring
pressure of 20 to 40 MPa to lower the sintering temperature of micron-size silver flakes/powder
down to around 250°C. A nanomaterial technology involving the use of silver nanoparticles is
described to achieve low-temperature sintering without any applied pressure. The nanosilver
paste can be readily stencil-printed or dispensed on substrate for die-attach in air or controlled
atmosphere at temperature below 260°C and under zero pressure with small power chips or low
pressure of 3 MPa with large IGBT (Insulated Gate Bipolar Transistor) chips. Findings on the
sintering behavior of the nanosilver paste and properties of the sintered joints are presented to
demonstrate the nanosilver-enabled LTJT as a promising lead-free chip-attach solution with
improved thermal and electrical performance and thermo-mechanical reliability of power devices
and modules. As a specific application example, the nanosilver-enabled LTJT was used to make
planar power modules in which both sides of the IGBT chips were bonded by the sintered
nanosilver joint. The planar power modules have low parasitic inductances thus less ringing
noises from the device-switching action and can be cooled from both sides of the devices to
improve heat dissipation. Details on the design and processing of the double-side cooled power
modules and test results on their electrical and thermal performance will be presented.
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