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Die-Bonding Material and Sintering Joining Technology for Power Semiconductors
Allowing Operation at High Temperatures
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Power semiconductors are widely used in various fields including household appliances, industrial motors, vehicles, and energy transmission and
distribution systems. With their operating temperatures showing a rising tendency due to the increasing demand for higher efficiency as well as the
application of silicon carbide (SiC) semiconductors, the junction temperature of such devices is expected to exceed 200°C. It is therefore necessary
to develop a heat-resistant die-bonding material to bond chips to substrates.

To address this issue, Toshiba has focused on a silver (Ag) nanoparticle material as a die-bonding material that possesses superior heat radiation
characteristics and can withstand high temperatures exceeding 200°C. In order to realize a die-bonding material with higher reliability than existing
materials, we have also developed a metal salt solution-nanoprecipitation (MS2NP) method as a countermeasure against the degradation of die attach-
ments consisting of sintered Ag nanoparticles.
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Configuration of power module
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Joining process temperature vs. melting point of die-bonding material
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Properties of die-bonding materials for power modules operating at high
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Joining process using Ag nanoparticle sintering
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Changes in joining strength under high-temperature conditions
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Mechanism of degradation of Ag nanoparticle sintered die bond
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Flow of processes of MS?2NP method
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Scanning electron microscope (SEM) images of dried Ag nanoparticle paste
made using MS2NP method
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Improvement in reliability of dried Ag nanoparticle paste made using MS2NP
method under high-temperature conditions
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nanoparticle sintered die bond made using MS2NP method

ods". international exhibition & conference for power electronics, intel-
ligent motion, renewable energy & energy market 2010 (PCIM2010).
Nuremberg, PCIM, 2010, p.232 - 237.

(2) Ide, E. et al. Metal-metal bonding process using Ag metallo-organic
nanoparticles. Acta Materialia. 53, 8, 2005, p.2385 - 2393.

(3) “PIER# M. $F /R 2 CEERES AR Y Pl TLr =22
IZBIFAEA 7 agf - FRPAM Y v RY A5, 17, 2011, plll-116.

(4) Behrens, T. "Novel Copper Metallization on Silicon Carbide Electronic
Devices Enablinglncreased Packaging Lifetime and Higher Junction-
Temperatures”. 15th European Conference on Power Electronics and
Applications 2013 (EPE'13). Lille, France, 2013-09, ECCE. 2013, p.1 - 10.

(5) Smith, C. S. Grains, Phases, and Interfaces: An Interpretation of Micro-
structure. Trans. AIME. 175, 1948, p.15 - 51.

Fix Kth HIRATSUKA Daisuke, Ph.D.
HWHYAT AL B A VAT AEMRT vy — EEERISH
NUZVYAT AR BER, Wl (L9 SRV FEM oML
BT, NTLL VAT AHEMOBIIE T, Av— b O AEEAR,
Power and Industrial Systems Research and Development Center
k4R Bt SASAKI Akihiro

A BEFMT ARG IR R v 7 — FER BN ZEER

IS T LR D78y o — VAR OB SR

Electronic Packaging & Assembly Technology Research Dept.

HO F5¥ IGUCHI Tomohiro

HE RPN A A 2 > & —  FERR AT ZE S AR E
JeH, NUZUEERROE Y 2 VEEHM OIS, B
FaaH.

Electronic Packaging & Assembly Technology Research Dept.

49




