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oReport summary (English)

Principal investigator: Osaka University, Professor. Katsuaki Suganuma
R & D title: Development of a high frequency GaN power module package technology

1. Purpose of R & D

In order to significantly reduce power conversion loss and to contributes to global carbon reduction,
this project focusing on develop a heat-resistant packaging technology to realize device
miniaturization by using a high frequency GaN power semiconductors. Optimize materials and
processes in GaN power modules were implemented based on a silver (Ag) sintering paste die attach
bonding technology, aiming for widespread practical application GaN power semiconductors at an
early stage. In particular, a highly reliable and long life-time GaN power devices were built based
that a severe development of thermal stress relaxation and accurate thermal characteristics evaluation
technologies in the GaN power modules. Furthermore, based on the advanced nano-meter
observation, non-destructive inspection technology, and simulation technology, the bonding
mechanism and fracture behaviors during a reliability test were clarified. Based on these
developments, the possibility of commercialization with the cooperation of power module
manufacturers were constructed.

2. Outlineof R& D

(1) Contents:

GaN Power semiconductors are expected to significantly reduce power conversion loss and achieve
device miniaturization due to its highly operation frequency, which can withstand at high
temperature operation over 200 ° C. However, heat resistant packaging technology that guarantees
operation in this severe environment is lacking. In this project, in order to establish a low cost
material, process, and reliable packaging technology which possessed some excellent functions such
as heat resistance and reliability in high temperature over 200 °C, the following items were
developed and implemented: 1) heat resistant die attach technology, 2) insulating and heat resistant
substrate, 3) heat resistant wiring technology, 4) reliability evaluation technology. In addition, with
the development of a high-electron-mobility transistor (HEMT) type GaN devices, a power cycling
performance including the thermal performance and mechanical reliability of the power module
structure with Ag sinter joining, was systematically evaluated and compared with that of Pb solder
and Pb-free solder.

(2) Achievements:

A die attach technology with high strength, high reliability and high heat resistance and can service
for gold, silver, nickel, aluminum and copper electrodes was developed by a Ag sintering paste and
achieved at a low temperature sintering. Clarifying the sintering mechanism at the low-temperature,
the new Ag nanoparticles self-generated from micron-sized Ag particles during the sintering become
the main driving force, and the decomposition reaction of ether solvents plays a role to promote the
surface reaction with Ag, Au, Al and other electrodes. In addition, the target values were achieved
for Ag sintering paste wiring in high temperature holding and temperature cycle tests, the obtained
results also revealed that Ag surface activation was effective for reliability, and also proposed a new
planar wiring technology. Furthermore, it was confirmed that the superiority of the Ag sintering
paste bonding technology during a high temperature storage up to 250 °C, thermal shock test and
power cycling test. With respect to the data acquisition technology for diagnosing the life of power
modules, the minute vibration when a minute crack occurs at the joint can be read by the
piezoelectric sensor of AE (Acoustic-Emission), and the vibration is counted and integrated. It was
discovered that it may be possible to predict when the failure will eventually occur.

(3) Future developments:

In the further, in cooperation with companies, 3D printed wiring, molding technology, heat
resistance and high frequency response of passive components such as capacitors and reactors,
which require new development in systemization of GaN devices will be constructed and developed.



In addition, a technology to evaluate and predict the lifetime of GaN power modules will be
developed, which can detect and deal with failures due to thermal fatigue during high temperature
operation before they occur. Furthermore, to develop a kind of self-healing technology that
significantly improves the heat dissipation of GaN power devices and ensures reliability without

malfunction or failure during high temperature operations.



