Gor B % fE

A

s

& o %5407 5) (2017)

UDC 621.315.592:621.792:669 .24

NiF-/HFERV-EEERRARTESRITORRE

Jointing Technique for Power Semiconductors Using Ni-nanoparticles
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Abstract

Die-attach technique using Ni-nanoparticles with diameters of 50-100 nm for high temperature
electronics such as SiC power semiconductors was investigated. Basic knowledge about shear
strength and sinterability of Ni-nanoparticles was obtained. Under an optimum condition of Ni-
nanoparticle paste and a joining process, sintered-Ni die-attach layer had a superior reliability in
the thermal cycle test and in the high temperature storage test.
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Schematic cross-sectional illustration of a typical power module
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Heat Resistant Temperature :HRT (K)
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Relationship between heat resistant temperature and die-attach temperature
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Schematic illustration of the die-attach process using nano-particles
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Test pieces according to a test condition
2.14 2.1.5 2.1.6 2.1.7
Shear strength TEM observation TCT HTST
Chip Material (backmetal) Cu(Ni/Au) Si(Ti/Ni/Au) Si(Ti/Ni/Au) Si(Ti/Ni/Au)

area(mm?) x height (mm) 4x0.5 4 %045 36 x0.4 36 x04
Substrate Material (plating) Cu(Ni/Au) Cu(Ni/Au) Cu/Si)N,/Cu Cu(Ni)
area(mm?) x height (mm) 225 x 1 225 x 1 About 225 x 0.9 400 x 1
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Shear strength of sintered-Ni (MPa)

533 553 573 628

Die-attach temperature (K)

5 #48% 533, 553, 573 LU 628K (ZT sintered-
Ni &4 T7 &2y FLIEHBREDY 1 7i8E

Shear strength of sintered-Ni layer after heating at 533,

553, 573 and 628K
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SAT images of sintered-Ni die-attach samples (a) Before

and (b) After 200cycles of 233/273K TCT. The dash line

represents the periphery of the die-attached Si-chip.

Ni—nanoparticles

Sintering

6 628K (CT#ES LA-RBRF D@ TEM &
(a) EMRAlEERERRE, (b) Ni F/fRFEES
Cross sectional TEM images of (a) Joint of Ni-nanoparticle layer and Ni/Au plated substrate, (b) Ni-nanoparticle layer, after

heating at 628K
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Variation of the void ratio with sintered-Ni die-attach layer

in a 523K storage test
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