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ABSTRACT

To achieve superior thermal and mechanical properties of copper-bonded (Cu-
bonded) Si;Ny4 substrate, a pressure-assisted direct bonded Cu (DBC) technique
was applied to bond Cu foil with SizNy plate. The effects of oxide layer (SiO,)
thickness of SizN, plate on the microstructure, thermal and mechanical prop-
erties of the SizN,-DBC samples were investigated. The successful bonding of
Cu foil to SizN4 plate was confirmed by the presence of the interfacial products
of Cu,MgSiO, and CuYO,. Additionally, it was demonstrated that a thin SiO,
layer can result in a discontinuous distribution of interfacial products while a
thick one can lead to the formation of pores in 5iO; layer. Notably, the sample
prepared by SisNy plate with 5-pm-thickness SiO; layer and Cu foil with 5.9-um-
thickness oxide layer (CuyO) exhibited the optimally comprehensive properties
with thermal conductivity of 92 W-m~ "K' and shearing strength of 102 MPa,
which demonstrates significant promise for application in power electronic
modules.
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Introduction

Owing to the development of power devices toward
miniaturization and high integrity, the current den-
sity within the devices rises rapidly, resulting in a
large amount of heat generated during working [1-3].
Heat accumulation may cause the formation of hot
spots within the microelectronic devices, and proba-
bly brings about thermal failures. Hence, the elec-
tronic substrates with reliable mechanical properties
and excellent thermal conductivity need to be
explored.

Direct bonded copper (DBC) substrates have made
an excellent contribution to the packaging of power
electronics over the last decades [4], which possess
the merits of high current carrying capability, high
thermal conductivity, low coefficient of thermal
expansion matching with semiconductors (such as Si,
SiC, etc.) and excellent electrical isolation. Therefore,
DBC substrates have been used in the field of high-
power devices including insulated gate bipolar
translator (IGBT) modules and light-emitting diodes
(LEDs) [5]. The DBC substrate is a ceramic plate
bonded with Cu at one or two sides. After pre-oxi-
dation of the ceramic plate and Cu foil, they can be

bonded directly by a glass-phase interfacial layer of
several microns in thickness [6]. The wettability
between ceramic and Cu is considerably enhanced
via the formation of Cu-O eutectic liquidoid above
the eutectic point of 1065 °C [7]. This technique has
been widely applied in the preparation of Al,O3;-DBC
[4, 5, 7, 8] and AIN-DBC [6, 9-11] substrates.
Compared with the above substrates, the SizNg4-
DBC substrate has aroused great attention recently
due to its high thermal conductivity and reliable
mechanical properties. These advantages are attrib-
uted to the excellent properties of SizN, ceramics,
including high theoretical thermal conductivity (a-
axis: 170 W-m™ 'K ™; c-axis: 450 W-m™~ "K' [12, 13],
superior flexural strength (usually > 500 MPa)
[14-18], similar thermal expansion coefficient
(~32x10°K™) [191 with that of silicon
(~ 2.6 K" [20] and excellent electrical insulating
performance. Kim et al. [21] realized the direct
bonding of Cu to 5 wt.% MgO-doped SizN, plate but
a relatively weak shearing strength of 10.6 MPa was
obtained. The low shearing strength mainly results
from the pores in the interfacial oxide layer. Later,
progress has been made by Tanaka et al. [22] that the
Si3N4-DBC substrate with high interfacial bonding
strength of 90-100 MPa was fabricated via the
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pressure-less bonding of Cu to oxidized SizNy4
between 1075 and 1080 °C for 10 min in inert gas, but
the thermal conductivity of only 20 W-m~ "K' for
SizNy4 plates was not quite satisfying. Therefore, it is
urgent to develop a novel route for the fabrication of
Si3N4-DBC substrates with high thermal conductivity
and good interfacial bonding strength.

It is well known that the SizN, plate can be wet by
the eutectic phase Cu—O in the DBC process to insure
the bonding between the ceramic plate and the Cu
foil, with oxygen being introduced in the form of
oxide layers. Thus, the adequate oxide layer is ben-
eficial to the bonding between SizN; and Cu. How-
ever, after the realization of the bonding of Cu to
SizNy, a thick oxide layer would act as thermal barrier
and would also lead to pore formation. This could
deteriorate the thermal and mechanical performance
of the SizN4-DBC substrate. Consequently, it is
important to obtain the oxide layer with proper
thickness to both ensure a good connection and avert
pore formation. Up to now, the most reported liter-
ature [23-25] focused on the pressure-less prepara-
tion of ceramic-DBC substrates while little attention
was paid to the pressure-assisted direct bonding of
Cu to ceramic plates. Spark plasma sintering (SPS) is
an effective hot-pressing method where the sample
can be heated at a very rapid heating rate through
Joule-heating and simultaneously loaded with axial
pressure [26-29]. On one hand, sparking among
substances can improve the heat conductance and the
diffusion of atoms at the bonding interface; on the
other hand, the axial pressure applied for benefits the
close contact between SizN, plates and Cu foils, and
ensures the good spreading of liquid eutectic lig-
uidoid on SizNy plates [30, 31]. The two features both
can contribute to the bonding of Cu to ceramic plates
and thus be expected to improve the thermal and
mechanical properties of SisNy-DBC  substrate
simultaneously.

Herein, a novel pressure-assisted DBC method was
proposed to prepare the SizNy-DBC substrates with
both high thermal conductivity and good interfacial
bonding strength. The effects of SiO, layer thickness
of SizN4 plate on the microstructure, thermal and
mechanical properties of the SizN,-DBC samples
were investigated. In addition, the bonding process
of Cu to SizN4 was discussed.
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Materials and methods
Raw materials

Si3Ny plate was fabricated in an SPS furnace (Ed-
PASIII, Elenix Ltd., Japan). SizNs powder (Ube
Industries Ltd., Japan, E-10 Grade) was used as raw
material, and MgO powder (Shanghai Chaowei Nano
Technology Co. Ltd., China, purity >99.9%) and
Y,0;3 powder (Shanghai Chaowei Nano Technology
Co. Ltd., China, purity > 99.9%) were used as sin-
tering additives. First, SizNy4, MgO and Y,O5; powders
with a molar ratio of 93:5:2 were mixed and sintered
by SPS at 1700 °C holding for 5 min in a vacuum
under 50 MPa, and then the dense SizN4 plates were
prepared. The X-ray diffraction (XRD) pattern and
metallography of self-prepared SizNg plates are
shown in Fig. 1a, b, respectively. In Fig. 1a, the main
phase of the prepared ceramic plate is B-SizN4 while
the secondary phases are Y,Si,O; and Mg,SiO,.
Y551,07 and Mg,5iO, should be formed by the reac-
tions between the sintering aids (Y,O; and MgO)
with the oxide layer (5iO,) of SizN4 powder during
the sintering process. As depicted in Fig. 1b, the
elongated B-SizNy grains (gray part) are closely con-
tacted with each other while the intergranular phase
(white part) locates in the triple junctions of B-SizNy
grains, and few pores can be observed. The SizNy
plates were machined and polished to a dimension of
® 12.7 mm x H 2.0 mm and their surface roughness
(Ra) of about 1.0 um was obtained. Then, the
obtained SizN, plates were ultrasonically cleaned and
dried for the following pre-oxidation treatment. The
thermal conductivity of the self-prepared SizN, plate
was tested to be 75 W-m K.

Oxygen-free Cu foils (Taigang Stainless Steel Co.
Ltd.) with a size of ® 12.7 mm x 0.3 mm were cut,
polished, ultrasonically cleaned, and finally, dried for
subsequent use. The thermal conductivity of the Cu
foil was 401 W-m K™,

Pre-oxidation treatments

Pre-oxidation treatment of the Si;N, plate was per-
formed in an air furnace (LHT 02/17, Nabertherm,
Germany) at 1300 °C under different oxidation time
(30-60 min). The Cu foil was oxidized in the air in a
chamber furnace (KSL-1200X-]J, Kejing, China) at
270 °C for 40 min. The XRD pattern and scanning
electron microscope (SEM) images of the oxidized Cu
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Figure 1 a XRD pattern and b metallography of self-prepared Si;N, plate.

foil are provided in Supplementary Information (SI,
Fig. S1 and S2). The peaks for Cu,O are present
(Fig. S1), and the Cu foil is covered with a relatively
compact Cu,O layer with a thickness of ~ 5.9 pm
(Fig. S2). The thickness of the oxide layer was calcu-
lated according to the average weight gain per unit
area of SizN4 plate or Cu foil during the oxidation
process, which can be confirmed by their cross-sec-
tional SEM images. Each pre-oxidation process was
repeated three times to ensure accuracy.

Bonding process

The SizN4-DBC samples were prepared by the pres-
sure-assisted DBC method. First, the oxidized Cu foil
was placed onto the oxidized SizN, plate and both
were loaded into a graphite die. Second, the sample
was heated to 1075 °C in a vacuum with a holding
time of 5 min under 50 MPa and then cooled down to
room temperature in the furnace. To explore the
effect of SiO, layer thickness of SizNy plate on the
thermal and mechanical properties of the SizN,-DBC
samples, samples were fabricated by the SizN, plates
with various thicknesses of the SiO; layer.

Characterization

The phase composition of the samples was charac-
terized by XRD instrument (X-Pert Pro, Netherlands),
and semi-quantitative analyses using X’'pert HighS-
core Plus software were applied to analyze the phase
composition and corresponding content. The
microstructure and element distribution of the spec-
imens were examined by SEM (SU3500, Hitachi,

<«
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Figure 2 Schematic of shearing test for Si;N4-DBC samples.

Japan) equipped with the energy dispersive spec-
trometer (EDS). The interfacial bonding strength was
tested by the electronic universal testing machine
(CMT-300, Liangong, China) with a loading rate of
0.5 mmemin~'. The required size of SizN,-DBC
samples used for the bonding strength test is shown
in Fig. 2. The as-prepared SizN, plate was first cut to
obtain a dimension of 5 mm x 5 mm x 2 mm, and
then ground with 600-mesh, 800-mesh, 1200-mesh,
1500-mesh, and 2000-mesh abrasive disks in
sequence, and finally, polished using a diamond
polishing agent with an average grain size of 0.5 pm.
The Cu foil was first cut into a size of 5 mm x 4
mm x 0.2 mm, and finally, ground with 1500-mesh
and 2000-mesh abrasive papers. After pre-oxidation
treatment, the oxidized Cu foil was bonded to the
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oxidized SizN, plate via pressure-assisted DBC tech-
nology. The sample was placed in the steel mold
where the ceramic plate was tightly fixed between the
two steel blocks while the Cu foil was placed toward
the indenter. The height difference between the Cu
foil and SizN4 plate helps the indenter locate at the
Cu/SizgN, interface to ensure the accuracy of the
results. The maximum load was recorded by the
electronic universal testing machine during the
peeling of Cu foil from the SizN, plate. The shearing
strength was calculated on the basis of the formula:

6s=Fo/(b-I) (1)

where ¢, F;, b and & represent the shearing strength
(MPa), maximum load (N), width (mm), and height
(mm) of the bonding area, respectively. The final
value of g, was derived from the average of the three
samples. The laser flash-light method was used to
measure the thermal diffusivity (x) and the specific
heat capacity (C,) of the assemblies with the Netzsch
LFA447 NanoFlash at room temperature. The thermal
conductivity (k) of the substrates was calculated
according to the formula: k = pCpo. The densities of
the samples (p) were calculated according to the rule
of mixtures, while the densities of the SizN, plate and
Cu foil were obtained by the Archimedes method.
Each sample was tested three times and the x value
was attained from the average of the three results.

® B-SizN, ¢SiO,
vMg,SiOy

I . 1300 °C, 30 min

1300 °C, 40 min

Intensity (a.u.)

PN A A A A

1300 °C, 50 min

1300 °C, 60 min

20 25 30 35 40 45 50 55
20 (deg.)

Figure 3 XRD patterns of SizN4 plates oxidized at 1300 °C
under different pre-oxidation time.
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Results and discussion
Pre-oxidation of Siz;N, plates

The XRD patterns of SizNy4 plates oxidized at 1300 °C
under different pre-oxidation time are shown in
Fig. 3. Compared with Fig. 1, the Mg,5iO, phase still
exists while the Y,5i,0; phase is absent. This is
because that the amount of Y atoms diffusing into the
oxide layer is limited so that it can hardly be detected
by a diffractometer (see Fig. S3). Besides, the SiO,
phase can be clearly observed, which is ascribed to
the oxidation of SizN, during the pre-oxidation pro-
cess. In addition, the -SizN, peak intensity decreases
as the pre-oxidation time increases, which could be
ascribed to the thickening of SiO, layer with low
crystallinity.

Figure 4 shows the top and side views of the SizNy
plates oxidized at 1300 °C under different oxidation
time. From Fig. 4a—d, it can be noticed that the sur-
face of SizNy plates gets rougher with oxidation time
rising and flake-like grains begin to separate out at
the surface when the oxidation time prolongs to
50 min (Fig. 4c). Further increasing the oxidation
time to 60 min, the surface was mainly covered with
sheet-shaped grains (Fig. 4d). According to the EDS
results of SizN, plate oxidized for 50 min (see Fig. S3),
the precipitated phase is very likely to be Mg,SiO,.
From Fig. 4e-h, the thickness of SiO, layer (orange
dotted line) reaches 3 um, 5 um, 8 um, and 13 um
when the oxidation time is 30 min, 40 min, 50 min,
and 60 min, respectively. It indicates that the thick-
ness of SiO, layer can be well controlled by the oxi-
dation time. The presence of SiO, can be further
proved by the EDS results of the oxidized SizN,
surface shown in Fig. S4. Additionally, it is worth
noting that pores are formed in the SiO, layer when
the oxidation time is not shorter than 50 min (Fig. 4g,
h). This is because that the SiO; layer is too thick for
the byproduct N, to escape from it timely when
oxygen reacts with SizN, at high temperature.
Additionally, from Fig. 4i-1, it can be observed that
the amount of Mg atoms diffusing into the SiO, layer
increases as a function of oxidation time.

Figure 5 demonstrates the relationship between
weight gain per unit area of oxidized Si;Ny4 plate and
pre-oxidation time. Clearly, as the oxidation time
rises, the weight gain per unit area of oxidized SizN4
plate exhibits an exponential growth, which proves
that the oxidation process of SizNj plate is mainly
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Figure 4 a—d Top and e-h
side views of SizN, plates
oxidized at 1300 °C under
different pre-oxidation time: a,
e, i 30 min; b, f, j 40 min; c,
g, k 50 min; d, h, 1 60 min; i-
1 Mg mappings of
corresponding cross sections.
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Figure 5 Weight gain per unit area of SizN, plate oxidized at Figure 6 XRD patterns of 3Si3Ny4-DBC, 5Si3N4-DBC, 8SizNy-

1300 °C under different pre-oxidation time. DBC, and 13Si3N4-DBC samples after peeling of Cu foils.
dominated by surface reaction according to the Deal-  thicknesses marked in Fig. 4. The detailed data pro-
Grove model [32]. Besides, the thickness of SiO, layer cessing is shown in SL

can be calculated based on the data presented in
Fig. 5, and the results are basically in accord with the
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Phase composition and microstructure
of SizN;-DBC samples

After pre-oxidation treatment, pressure-assisted
direct bonding of Cu foil to SizN, plate was con-
ducted via hot-pressing. Samples prepared by using
Si3Ny plates with the oxide layer thicknesses of 3 pm,
5 um, 8 um, and 13 um are labeled as 3Si;N4-DBC,
55i3N4-DBC, 85i3N4-DBC, and 13SizN4-DBC, respec-
tively. Figure 6 displays the XRD patterns of the
above samples. The diffraction data were collected by
X-rays irradiating the newly generated interfaces of
SizN, plates after peeling of Cu foils. From Fig. 6,
diffraction peaks for B-SizNy, SiO,, Mg,SiOy, Y55i,07,
CuYO,, and Cu,MgSiO, are present in all samples.
Notably, CuYO, and Cu,MgSiO, emerge as interfa-
cial products during the bonding process. The for-
mation of CuYO, and Cu,MgSiO; is probably due to
the fact that Cu,O reacts with the secondary phases
Y,5i,0; and Mg,5iO, separately. The chemical reac-
tions could be written as follows:

Y28i207 + CleO = ZCUYOQ + 28102 (2)
Mg25104 + 8102 + ZCLIZO = ZCU2MgSIO4 (3)

Due to the limited number of Y atoms diffusing
into the SiO, layer, the amount of CuYO, derived
from the reaction between Y,5i,0O, and Cu,O is lim-
ited. This indicates that Cu,MgSiO, is the major

! J Mater Sci (2021) 56:17994-18005

interfacial product. Based on the semi-quantitative
analyses using X'pert HighScore Plus software, the
content of interfacial products in 35i3N4-DBC, 55i3Ny-
DBC, 85i3N4-DBC, and 135i3N4-DBC samples takes
up about 2%, 5%, 6%, and 6%, respectively. As the
thickness of SiO, layer increases, the content of
interfacial products first rises from 2% and then tends
to stabilize at 6%. This is mainly because the content
of CuyO changes from excess to insufficiency com-
pared with the total content of Mg,5i0,4 and Y,Si,O;
when the thickness of SiO, layer increases from 3 to
13 pm.

Figure 7a depicts the backscattered image of the
side view of the polished 55i3N4-DBC sample. The
white represents Cu foil while the light gray stands
for SizNy plate. Clearly, Cu foil is in close contact with
SizNy plate. There is no obvious pore or gap existing
at the interface, indicating the successful bonding of
Cu foil to SizNy plate. The EDS mappings of the
corresponding cross sections are shown in Fig. 7b-g.
It can be seen that the O element gathers at the
interface to form a brighter strip presented in Fig. 7e.
This is because the oxide layers of Cu,O and SiO,
leading to a higher O content at the interface than at
other sites. To further prove the well connection
between Cu foil with SizNy plate, linear scanning of
the cross section of the sample was applied for
analysis. From Fig. 7h, all elements show a

Figure 7 a Backscattered image of side view of polished 5Si;N4-DBC sample; b—g EDS results of corresponding cross sections; h EDS

linear scanning result of the cross section of 5Si;N4-DBC.
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Figure 8 Interfacial shearing strength of Si;N4-DBC samples
prepared by oxidized Si;N, plates with different thicknesses of
SiO, layer.

continuous change and no obvious step was present.
Besides, in view of the results shown in Fig. 7h, the
major interfacial product is considered to be Cu,.
MgSiO,4, which can be further verified according to
the EDS results presented in Fig. S5. All these results
demonstrate a successful bonding of Cu foil to SizNy
plate was realized via pressure-assisted DBC method.

Interfacial bonding strength and bonding
process of Si;N,-DBC samples

Figure 8 depicts the interfacial shearing strength of
SizN4-DBC samples. Obviously, the shearing strength
of SizN,-DBC substrates first increases and then
decreases as the thickness of SiO, layer arises,
achieving its peak value of 102 MPa when the
thickness of SiO; layer is 5 pm.

Figure 9 shows the fracture surfaces of Si;N4-DBC
samples after shearing tests. From Fig. 9a, a few
white particles randomly distributed on the surface
of the peeled 35i3N4-DBC sample. Combined with the
surface EDS mapping results (see Fig. 9b—e), the
white particles are inferred to be Cu,MgSiO,4, which
is identical to the results given in Fig. 6 and Fig. S5.
The isolated distribution of Cu,MgSiO, reveals a lack
of Cu-O eutectic liquidoid to wet the entire surface of
Si3Ny plate, and thus a poor connection between Cu
foil and SizNy plate is obtained. When the thickness
of SiO; layer reaches 5 pm, compared with Fig. 9a—e,
more Si, Mg, O and Cu elements can be observed
according to the EDS results for the surface of the
peeled 5SisNg-DBC sample (see Fig. 9f). The
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prolongation of pre-oxidation time from 30 to 40 min
helps more Mg and Y elements diffuse into the S5iO,
layer and react with Cu,O; hence more interfacial
products are formed. This finding is basically in
accord with the previous semi-quantitative analyses.
Consequently, a stronger bonding of Cu to SizNy is
achieved for 55i3N4-DBC samples and the highest
shearing strength of 102 MPa is obtained. With the
thickness of SiO, layer further increasing to 13 um,
some pores can be explicitly observed at the fracture
surface, as indicated by the yellow arrows in Fig. 9k.
The locations of pores usually result in the stress
concentration, leading to the deterioration of the
mechanical performance. Hence, the interfacial
shearing strength of 13Si3N4,-DBC decreases to
91 MPa. Noticeably, from Fig. 91, there are Si and O
present at the fracture surface and their atomic ratio
is close to the stoichiometric ratio of SiO,, so the
fracture is inferred to take place at the superfluous
SiO, layer during the shearing process.

Based on the aforementioned analyses, a probable
bonding process of Si3N4-DBC substrate is proposed,
as shown in Fig. 10. The bonding process is depicted
as follows:

(1) The SiO, and CuyO layers with appropriate
thickness are generated at the surfaces of SizNy
plate and Cu foil, respectively, after proper pre-
oxidation treatments. Mg,5iO, and Y,S5i,0O; are
present as secondary phases in the oxide layer
of SizN, plate;

(2) Cu-O eutectic liquidoid is formed at the inter-
face between Cu foil and SizN4 plate with
temperature elevating above the eutectic tem-
perature. The formation of Cu-O eutectic lig-
uidoid can greatly reduce the contact angle of
Cu to SizsNy4. Moreover, the Cu foil is in close
contact with the SizN4 plate by pressure-as-
sisted DBC method;

(3) The glass phases of Mg,SiO4 and Y,Si,O; are
dissolved into the Cu-O eutectic liquidoid.
When the concentration of Mg2+, Y3+ and Si**
reaches their concentration limits in the Cu-O
eutectic liquidoid, Cu,MgSiO; and CuYO,
products would precipitate at the interface.
The growth of the interfacial layer largely
depends on the diffusion rates of Mg>", Y**,
Si**t Cu?t and O~

(4) Owing to the higher thermal conductivity of Cu
foil than SizNy plate, the Cu-O eutectic
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Figure 9 Morphologies of

a 3Si3N,-DBC, f 5Si3N,-
DBC, and h 13Si3N,-DBC
after peeling of Cu foils; EDS
results for the fracture surfaces
of b—e 3Si3N4-DBC, g—j
5Si3Ny-DBC and 1 13Si3Ny-
DBC.
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liquidoid solidifies from the side of Cu foil
during the cooling process. The solidification
front of Cu-O eutectic liquidoid gradually
moves toward the side of SizNy plate until its
meet with SizNy layer, and finally, the bonding
process is accomplished.
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Thermal conductivity of SizN4,-DBC
substrates

Figure 11 depicts the thermal conductivity of SizNy-
DBC samples prepared by oxidized SizN, plates with
different thicknesses of SiO, layer. The changing
trend of thermal conductivity is similar with that of
interfacial shearing strength, that is, it first rises and
then decreases as the thickness of S5iO, layer increa-
ses. When the thickness of SiO, layer rises from 3 to
5 pm, the thermal conductivity of SizNy,-DBC
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Figure 11 Thermal conductivity of Si;N4-DBC samples prepared
by oxidized SizN4 plates with different thicknesses of SiO, layer.

increases from 70 W-m "K' to its peak value of
92 W-m~ "K' Garret et al. [33] found that the ther-
mal resistance reduces when the particle size grows
in the composites. In sample 35i3N,-DBC, Cu,MgSiO4
precipitates distributed discontinuously at the inter-
face as presented in Fig. 9a, contributing to a large
interface thermal resistance between SizN,4 plate and
Cu foil, thus a low thermal conductivity is obtained.
In sample 5SizN4-DBC, the prolongation of pre-oxi-
dation time from 30 to 40 min helps more Mg ele-
ments diffuse into the SiO, layer (see Fig. 4i-1) and
react with Cu,O. Hence, more interfacial products
can be formed. This finding basically accords with
the previous semi-quantitative analyses. The increase
of interfacial products enhances the bonding of Cu
foil to SizN4 plate and the good connection between
Cu foil and SizNy plate effectively reduces the inter-
facial thermal resistance, and thus a high thermal
conductivity is achieved. However, with the SiO,
thickness further increasing to 13 pm, the thermal
conductivity falls to 80 W-m "K', which can be
ascribed to the following two reasons. First, the size
and number of pores increase when the thickness of
5i0, layer goes up from 5 to 13 um and pores can
greatly impede the phonon and electron propagation.
Second, the thermal conductivity of SiO, layer
27 W-m™“K™!) is much lower than that of SizNy
plate (75 W-m "K™') and Cu foil (401 W-m 'K ).
With the thickness of SiO, further increasing from
5 pm, superfluous SiO, acts as a thermal barrier,
leading to the fall of thermal conductivity.

Based on the analysis in this section, it can be
found that the content of interfacial products and the
presence of pores both contribute to the shift of the
bonding strength and thermal conductivity of
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prepared samples. Consequently, great attention
should be put on seeking the proper thickness of SiO,
layer, neither too thin to result in scarcity of interfa-
cial products nor too thick to lead to pore formation,
which both exert baleful effects on the thermal and
mechanical performance of SizN4-DBC substrates.

Conclusion

In summary, SizN4-DBC substrates with high thermal
conductivity and shearing strength were successfully
prepared by the pressure-assisted direct bonding of
Cu foil to SizN,4 plate. After pre-oxidation of SizNy4
plate at 1300 °C, the SiO, layer is formed, and its
thickness increases with the oxidation time. The
oxide layers of SizN, plate and Cu foil introduce
oxygen to promote the wettability between SizN, and
Cu. During the pressure-assisted DBC process, the
interfacial products of Cu,MgSiO; and CuYO, are
formed, which bond the Cu foil to SizN, plate effec-
tively. When the thicknesses of SiO, and Cu,O layers
are 5 um and 5.9 pm, respectively, the sufficient
interfacial products and the absence of pores ensure
the high bonding strength and the low interfacial
thermal contact resistance. Consequently, the 5Si3Ny-
DBC samples possess the optimal comprehensive
properties with thermal conductivity of 92 W-m™"
K™ and shearing strength of 102 MPa. The SizN,-
DBC substrate prepared by the pressure-assisted
DBC method can be used as a promising material in
the field of high-power electronic packaging.
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