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Abstract. A new high-temperature die attachment system that is cost effective has been strongly
desired for SiC power applications in electric vehicles and consumer electronics. This paper presents
preliminary results for SiC/Zn-Al/Cu-SiN die attachments using eutectic Zn-Al solder (m.p. =356°C),
focusing on preparation and die-shear reliability. Superior wettability and reproducibility were
achieved in the soldering process. It was found that the attachments were viable at least for short-term
application in a temperature range up to 300°C. Reliability test results revealed that they could
withstand storage for 1500 hours at 200°C and thermal cycle stress of 1500 cycles between —40°C
and 200°C.

Introduction

SiC power devices can operate stably even at higher junction temperatures (Tj > 200°C). This feature
is extremely attractive for power applications in electric vehicles and consumer electronics where
small size, light weight, and cost effectiveness are key attributes [1]. Extended Tj operation naturally
needs a die attachment system capable of withstanding higher temperatures and greater AT]j cycle
stress. To date, die attachment systems using precious metal solder such as eutectic Au-Si (m.p. =
363°C) [2] and Au-Ge (m.p. =356°C) [3] have been promising in terms of reliability and availability
[2] but not cost. Hence, the development of a new attachment system using a common metal solder
has been strongly desired. This paper describes the preliminary results obtained for a eutectic Zn-Al
attachment system in which SiC dies were soldered with Cu foil on a SiN ceramic substrate. Die shear
strength reliability data are reported here for the first time.

Experimental

Eutectic Zn-5 mass% Al (m.p. = 382°C) sheets purchased from Sumitomo Metal Mining Co., Ltd.
were used as the die attach material in this work. They contained a small amount of Ge and P and
measured either 100 um or 30 um in thickness. The test dies (2 x 2 mm? in area and 0.3 mm in
thickness), having Ni-based contacts and Ti/Ni/Ag metallization at the backside, were fabricated
in-house from n+ 4H-SiC wafers as detailed in ref. 3. A SiN ceramic with Cu foil electroless-plated
with 5-um thick Ni (20 x 18 mm? in area and 0.32 mm in thickness, Hitachi Metals Ltd.) was selected
as the substrate with a 0.3-mm-thick Cu foil. The Ni surface was finished by DC sputtering of
150-nm-thick Cu. Figure 1 shows a schematic of the cross-sectional structure of the test samples. Die
attachment was performed with an SRO-704 vacuum reflow soldering system (ATV Technology
GmbH), in which a small, square Zn-Al chip was inserted between an SiC die and the Cu foil. Typical
reflow duration and maximum temperature were 1 minute and 415°C, respectively. Eight dies were

This article is an open access article under the terms and conditions of the Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0)


https://doi.org/10.4028/www.scientific.net/MSF.717-720.853

854 Silicon Carbide and Related Materials 2011

simultaneously soldered on one SiN substrate (Fig.

2). A standard die shear test was carried out using a
Dagy 4000 bond tester equipped with a substrate Ni,Si (100 nm)
heating option. e
i (300 nm)

For reliability assessment, storage tests and Ag (700 nm)
thermal cycle tests were conducted at 200°C using Zn-Al
an STH-120 oven (ESPEC CORP.) and between a wi
—40°C and 200°C using a TSE-11-AS test system NiP (5 pm)
(ESPEC CORP.), respectively. In these reliability Cu foil (0.3 mm)
tests, test samples (substrates with eight dies) were
picked out one by one according to their planned
schedules, and seven dies per sample were

subjected to shear tests to evaluate the die shear Fig. 1 Typical cross-sectional structure of a
strength at room temperature. The detailed testing test sample assuming that no metal
procedures are described in ref. 3. intermixing occurs.

Results and Discussion

The major problems previously encountered in Zn-Al soldering were less wettability to the substrate
[4] and self-fracturing of the solder layer after soldering. For the former problem, Yamada and his
coworkers indicated that the use of a Zn-Al solder sheet the surface of which was covered with thin
film Cu could significantly improve wettability [5]. However, we could not duplicate their results
with our experimental setup in spite of forming and using similar sheets. After repeated trials based
on metallurgical considerations and close observation, the essential conditions were found for the
formation of a strong and reproducible attachment: (1) Cu finish on the plated Ni, (2) use of a solder
chip smaller in size than the SiC die, (3) reflow under a reduced pressure (< 100 Pa) and (4)
application of a suitable load (> 5 g/mm?) to the SiC die during reflow. Figure 2 shows a typical
Zn-Al die attachment sample fabricated under these conditions. Solder spillage extended as much as 3
mm from the edge of the SiC die, clearly indicating superior wettability of the solder. Figure 3 is an
SEM photograph showing a cross-section of the die attach sample in Fig. 2. We can see from this
micrograph that the Zn-Al solder rigidly joined the SiC die to the Cu foil without any cracking and
that an off-eutectoid structure containing big hcp-Zn grains formed in the solder layer, as expected
from the Zn-Al binary phase diagram [6].

The shear strength of the SiC dies was measured at various elevated temperatures. Seven dies were
examined at each temperature level. Figure 4 shows the average shear strength as a function of the test
temperature. Although the shear strength decreased with increasing temperature, it was 42.5 MPa
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Fig. 2 A typical Zn-Al die attachment  Fig. 3 A scanning electron micrgram (SEM)
system on a Cu-finished SiN substrate. showing a cross-section of a Zn-Al die attach
system.
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even at 300°C, which is seven times higher than the IEC standard of 6.2 MPa specified in Document
60749-19 [7] and is comparable to that of the Au-Ge die attachment at the same temperature [3]. The
shear plane of a typical sample tested at RT, 100°C, 200°C and 300°C was investigated by SEM-EDS
(scanning electron microscopy-energy dispersive x-ray spectroscopy). The EDS analysis of the
substrate shear face revealed that regardless of the shear test temperature, shear fracture occurred
mainly in the solder layer and sometimes at the interface between the solder and the plated-Ni on the
Cu foil.

Figure 5 shows the results of a 200°C storage test, where the average shear strength is plotted as a
function of the storage time. The shear strength of our SiC/Zn-Al/Cu-SiN attachment declined
slightly in the early stage and then stayed constant within an acceptable range of experimental error.
The shear strength after 1500 hours still remained at 106 MPa, a value that is more than one order of
magnitude higher than the IEC standard [7].

Figure 6 shows the results of the thermal cycle tests, with the change in the average shear strength
plotted as a function of the number of cycles. Although the shear strength gradually declined with an
increasing number of cycles, our attachment maintained a sufficient and acceptable strength level of
78 MPa even after 1500 cycles. In order to investigate the cause of the shear strength decline, the
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between —40°C and 200°C where the (SEM) showing a cross-section of a die
average shear strength is plotted as a attach system after 1500 cycles in a thermal

function of the number of cycles. cycle test between —40°C and 200°C.
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sample tested for 1500 cycles was analyzed using SEM-EDS. This shear face analysis by EDS
revealed that the main fracture plane was in the solder layer, identical to that of the as-attached sample
described earlier. Figure 7 is a cross-sectional SEM photograph of a selected place of the die
attachment. A considerable number of cracks and their length can be seen in the Zn-Al solder layer.
These results indicated that the occurrence and progress of such cracks caused the fracture toughness
of the solder layer to decline, resulting in a gradual deterioration of shear strength.

Summary

New SiC/Zn-Al/Cu-SiN die attachments using eutectic Zn-5 mass% Al solder (m.p. =356°C) were
described in terms of their preparation and die-shear reliability. The essential soldering conditions
were presented for the formation of a strong and reproducible attachment. It was found that the
attachments can be utilized without any problem in short-term applications in a temperature range up
to 300°C. Storage tests at 200°C revealed that, after an initial slight decline, the die shear strength
stayed constant at a sufficient level (~106 MPa) for at least 1500 hours. Thermal cycle test results
clearly indicated that the attachments can withstand thermal cycle stress for more than 1500 cycles
between —40°C and 200°C. The storage and thermal cycle tests are still in progress at this point and
will continue for 3000 hours and 3000 cycles. New results and findings will be reported elsewhere in
the near future.
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