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Sliver sinter joining for high temperature die—attachment:
i SCRE A mechanism and improvement of thermal stability

(BRIATEyF AV PDEHDOROBERHES A V=R L LARERDOMA.L)

The intrinsic wide-bandgap (WBG) nature of WBG semiconductors can provide power devices with high
operating temperature, lower conduction losses and high efficiencies, thus improving the performance of the
next-generation power devices. In addition to the chip materials, die-attach solution which can endure prompted
operating temperatures also plays a significant role in ensuring the reliability of power modules. As a prospective
die-attach solution for next generation power semiconductor, silver (Ag) sinter joining including Ag-Ag direct
bonding and Ag microfiakes sinter joining has attracted intensive attention.

I firstly reported a novel phenomenon of Ag nano-volcanic eruption due to the interplays between Ag and oxygen
{(0). It started with grain boundary liquation caused by the decreased metaling point of Ag—O solid solution under
high stress environment. Ag—0 fluids were ejected to the surface and decompose into O; gas and suspended Ag
atoms or clusters. Subsequent re-deposition of Ag formed a conformal amorphous Ag coating and the
recrystallization of which conld realize Ag-Ag direct bonding and patterned hillock growth. Based on the proposed
“Ag nano volcano” phenomenén, a novel mechanism of Ag microflakes sinter joining which was not yet reported
was described. It involved the cladding of amorphous layer, the generation of Ag crystal nucleus and recrystallization
of Ag nano particles.

To further improve high-temperature stability of Ag sinter joining structure, three types of silicon carbide particles
(SiC,) of different size and morphology were added to Ag microflakes paste and Ag-coated Cu—Cu joints with
qualified bonding strength (above 25 MPa) were prepared by sintering the SiCp-’added paste, The mean Ag grain size
of the SiC-added joints remained unchanged after high-temperafure storage for 500 h at 250 °C, while that of pure Ag
sintered structure increased from 1.1 pm to 2.5 pm. Temperature-dependent exponent » and activation energy O was
used to discuss the grain growth in pure Ag joints. The grain growth that induced interfacial cracks during the
thermal cycles was significantly suppressed in the SiC -added Ag microflakes sintering joints.

Silicon dies and a direct bonded copper (DBC) substrate were used to simulate the practical die-attachment.
SiC,-added Ag sinter paste showed better stability in high temperature storage tests than the paste without 8iC, at the
temperatures such as 150, 250 and 350 °C. In thermal cycles test, the SiC,-added and non-added joints experienced

degradétion in bonding, whereas the SiC,-added joints exhibited only a little decrease both in strength and in




cross-sectional morphology.

In addition to the Ag paste, the surface metallization schemes of the DBC substrate were also evaluated. The Ti
diffusion barrier layer played an active role in preventing the oxidation of Cu by preventing inter-diffusion between
Cu and Ag in exposure at high temperatures exceeding 250 °C. The Ni barrier layer showed poor inhibition of Cu
diffusion in high temperature die-attach-applications, even though Ni thickness (5 pm) was ten times larger than that
of Ti (500 nm).

In conclusion, the results in this thesis provided new prospects of Ag sinter joining and actual ways of improving

the thermal stability of Ag microflakes sinter joints.
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T4 BN B¥y v PG —REHER, AROMEHSED S mRBE, (HEC X 5BASROBHRILE TR
L, RERONT—FNRA ZAELTHIHES TN, TOEHMREOR T, HI2F 1 7H v FHFL, HRME
EBIFBTFNA ABERERESEAT S, T4 BN REFEY v INT—REEERTELZS 7 v FHEE
LT (Ag) BERENMERTH DM, PTHEBETREBARVCEEERA ML AV S —a JEaRETa SR
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B FEHEHEROBIRZEESEICR UL, LTOREERE,
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e, BELECEROE Oy 7 2R LA SEBEGZER TS,
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Z0 91 AOKTRERLPRNTES, HONHES TR, B0CITBWTHOREMHEEL T H25MPakl
LORFELEEBEERT,

(3) 2UAHAEEMOES Iy 7 2EE OBER) 2 RAWVWARMTFRERESSY 1 74 » FlERE TR,
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Tl -gaicE#ENh et rmrIng.
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