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(57) ABSTRACT

A ceramic substrate component suitable for high-power
chips includes a ceramic substrate body and at least one
raised metal pad. The ceramic substrate body has an upper
surface and a lower surface opposite to the upper surface.
The raised metal pad includes a base portion and a top layer.
The base portion, which is attached to the upper surface of
the ceramic substrate body, has a thickness between 10 and
300 micrometers, and a thermal expansion coeflicient
greater than the ceramic substrate body. The top layer is
formed on the base portion and adapted to install a high-
power chip thereon. The top layer extends an area less than
the base portion but greater than the high-power chip, and
has a thermal expansion coefficient greater than the ceramic
substrate body. As such, damages due to thermal stress
occurring between the base portion and the ceramic sub-
strate body can be mitigated.
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CERAMIC SUBSTRATE
COMPONENT/ASSEMBLY WITH RAISED
THERMAL METAL PAD, AND METHOD FOR
FABRICATING THE COMPONENT

FIELD OF THE INVENTION

[0001] The present invention relates to a ceramic substrate
and, more particularly, to a ceramic substrate component/
assembly, and a method for fabricating the component.

BACKGROUND OF THE INVENTION

[0002] Compared with traditional substrates for circuit
boards, ceramic substrates are excellent in heat dissipation,
temperature resistance, reliability, and capable of being
made into a thin, small-sized circuit board, and thus they are
suitable for high-power chips or dies in electronic products.
Both DBC (direct bounded copper) and DBA (direct
bounded aluminum) substrates, made of aluminum oxide
(AL,O;), are the most commonly used ceramic substrates,
wherein the thickness of copper or aluminum layer is
generally between 200 and 300 micrometers; when the
thickness of copper or aluminum layer is greater than 300
micrometers, because the substrates are easy to suffer inter-
facial breaks.

[0003] With increasing power of chips or dies, the elec-
trical circuit, including pads, traces and conductive layers,
on a ceramic substrate need to be thickened. Generally, there
is a significant difference between the thermal expansion
coeflicients of a metal layer and a ceramic substrate. For
example, the linear thermal expansion coefficients of copper
and aluminum are about 16.5 and 23 ppm/K (at 20 degree
C.) respectively, while the liner thermal expansion coeffi-
cients of aluminum oxide, aluminum nitride, silicon nitride
are about 7, 4.5, 3.5 ppm/K (at 20 degree C.) respectively.
The significant difference of thermal expansion coefficients
often causes thermal stress at the interface of the circuit layer
and the substrate. Under these circumstances, the circuit
board easily suffers interfacial breaks, bending or deforma-
tion.

[0004] To alleviate the problem of existing circuit boards,
a technical solution is provided in the present invention,
which employs at least one raised or thickened pad of a
metal circuit layer on a ceramic substrate for installing a
high-power chip, so that most of the temperature difference
between the chip and the ceramic substrate is applied across
the thickened pad, so that the temperature difference per unit
height can be reduced, and thus the thermal stress occurring
at the interface between the metal circuit layer and the
substrate can be mitigated. Also, the pad can be configured
with various thicknesses according to customers’ demands.

SUMMARY OF THE INVENTION

[0005] One object of the present invention is to provide a
ceramic substrate component, which includes a ceramic
substrate body provided thereon with a metal circuit layer
containing a raised thermal metal pad composed of a top
layer and a thinner base portion, wherein the top layer has
an area less than the thinner base portion, so that breaks
caused at the interface between the metal circuit layer and
the ceramic substrate body can be mitigated.
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[0006] Another object of the present invention is to pro-
vide a ceramic substrate component with a raised thermal
metal pad so that the component is suitable for installing a
high-power chip or die.

[0007] A further object of the present invention is to
provide a ceramic substrate assembly, which includes a
high-power chip or die installed on a ceramic substrate
component, which allows the heat produced by the chip to
be dissipated properly.

[0008] A still further object of the present invention is to
provide a method for fabricating a ceramic substrate assem-
bly, whereby a high-power chip can be installed onto a
ceramic substrate body so that interfacial damages between
pads and the ceramic substrate body can be mitigated while
the chips works.

[0009] The ceramic substrate component is adapted for
installing thereon at least one chip that produces a lot of heat,
which generally comprises a ceramic substrate body and at
least one raised metal pad. The ceramic substrate body has
an upper surface and a lower surface opposite to the upper
surface. The raised metal pad includes a base portion and a
top layer. The base portion, which is attached to the upper
surface of the ceramic substrate body, has a thickness
between 10 and 300 micrometers and has a thermal expan-
sion coeflicient greater than the ceramic substrate body. The
top layer, which is formed on the base portion and adapted
to solder or braze a high-power chip thereon, extends an area
less than the base portion but greater than the chip. The top
layer has a thermal expansion coefficient greater than the
ceramic substrate body. As such, damages due to thermal
stress occurring at the interface between the base portion and
the ceramic substrate body can be mitigated.

[0010] The ceramic substrate assembly is obtained by
installing a high-power chip onto the ceramic substrate
component. Accordingly, the ceramic substrate assembly
comprises at least one chip that produces a lot heat, a
ceramic substrate body, and at least one raised metal pad.
The ceramic substrate body has an upper surface and a lower
surface opposite to the upper surface. The raised metal pad
includes a base portion and a top layer. The base portion,
which is attached to the upper surface of the ceramic
substrate body, has a thickness between 10 and 300 microm-
eters and has a thermal expansion coeflicient greater than the
ceramic substrate body. The top layer is formed on the base
portion, and the chip is placed on the top layer and soldered
or brazed in place. The top layer extends an area less than the
base portion but greater than the chip, and has a thermal
expansion coefficient greater than the ceramic substrate
body. As such, damages due to thermal stress occurring at
the interface between the base portion and the ceramic
substrate body can be mitigated.

[0011] The method for fabricating a ceramic substrate
component that includes a ceramic substrate body having an
upper surface and a lower surface and provided with a raised
metal pad for soldering at least one high-power chip thereon
comprises the steps of: (a) forming a seed layer by sputtering
a target metal onto the upper surface of the ceramic substrate
body such that the seed layer has a thickness less than 1
micrometer; (b) forming a build-up layer of metal on the
seed layer such that the seed layer and the build-up layer
constitute a base portion having a thickness between 10 and
300 micrometers, and having a thermal expansion coeffi-
cient greater than the ceramic substrate body, so as to reduce
damages caused by thermal stress occurring between the
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base portion and the ceramic substrate body; and (c) forming
a top layer of metal on the base portion to extend an area less
than the base portion such that the top layer and the base
portion constituting the raised metal pad, the top layer
having a thermal expansion coefficient greater than the
ceramic substrate body.

[0012] Compared with conventional technology, the pres-
ent invention is featured in a raised thermal metal pad,
including a thinner base portion and a thicker top layer, on
a ceramic substrate body, wherein the base portion has an
area greater than the top layer. Therefore, the temperature
difference per unit thickness of the metal pad can be reduced,
while the extensibility of the base portion can be increased,
so that the ceramic substrate body is suitable for a high-
power chip, and damages caused by thermal stress occurring
at the interface of the pad and the ceramic substrate body can
be mitigated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 shows a side view of a first embodiment of
a ceramic substrate component according to the present
invention.

[0014] FIG. 2 shows a side view of an embodiment of a
ceramic substrate assembly according the present invention,
wherein a high-power chip is installed on a ceramic sub-
strate component.

[0015] FIGS. 3A through 3K show side views of tempo-
rary products during fabrication of the ceramic substrate
assembly according to the present invention.

[0016] FIG. 4 shows a side view of a second embodiment
of'the ceramic substrate component according to the present
invention.

[0017] The foregoing and other features and advantages of
illustrated embodiments of the present invention will be
more readily apparent from the following detailed descrip-
tion, which proceeds with reference to the accompanying
drawings.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0018] The foregoing and other technical contents, fea-
tures and advantages of the present invention will be illus-
trated in detail by way of exemplary embodiments in the
following paragraphs with reference to the accompanying
drawings.

[0019] The drawings accompanying with the specification
show the structural features of elements used in the present
invention, which may be depicted in a size or proportion to
be easily understood by those skilled in the art without
changing the subject matter of the present invention.
[0020] FIG. 1 shows a first embodiment of a ceramic
substrate component according to the present invention. The
ceramic substrate component, indicated by reference
numeral 10, comprises a ceramic substrate body 11 and a
raised metal pad 12, wherein the ceramic substrate body 11
has an upper surface 111 and a second surface 112 opposite
to the upper surface 111; the raised metal pad 12 includes a
base portion 13 and a top layer 14. The base portion 13 can
be formed by sputtering copper onto the upper surface 111
of the ceramic substrate body and subsequently performing
an electroplating process to reach a thickness of copper
between 10 and 300 micrometers. Since copper has a linear
thermal expansion coefficient of about 17 ppm/K while
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general ceramic substrates, such as aluminum oxides, alu-
minum nitrides or silicon nitrides, have a thermal expansion
coeflicient of 4 to 7 ppn/K, the use of the thinner base
portion 13 leads to better extensibility or ductility. There-
after, the substrate product can be coated with a photo-resist
(a photo-sensitive material) and then exposed with proper
radiation so that unwanted portion of the photo-resist can be
removed to expose part of the base portion 13, which can be
further electroplated thereon with copper to form the top
layer 14 that is thicker and extends an area less than the base
portion 13. On the top layer, a high-power chip can be
soldered or brazed. As such, the thicker top layer can take a
significant portion of the temperature difference existing
between the chip and the substrate, while the extensible base
portion 13 can keep contact with the ceramic substrate body
without being damaged caused by thermal stress.

[0021] The base portion and the top layer can be further
processed by general routines to form a metal circuit accord-
ing to a design pattern. The raised metal pad can work as a
solder pad or a land for attachment of an electronic com-
ponent. Of course, other ways of providing copper, such as
evaporation or electroless plating, and/or other metals suit-
able for the base portion and the top layer can also be used.

[0022] FIG. 2 shows one embodiment of a ceramic sub-
strate assembly or package according the present invention.
In this embodiment, a high-power chip 25, which can
produce a lot of heat, refers to an IGBT (insulated gate
bipolar transistor) device. The high-power chip 25 can be
soldered on the raised metal pad 22 via SMT (surface-mount
technology). As show, the raised metal pad 22 includes a
base potion 23 and a top layer 24. The base portion 23 is
composed of a first thin layer 232 (seed layer), and a second
thin layer 231 (build-up layer). The first thin layer 232
formed of titanium/copper and having thickness less than
0.5 micrometer is firstly attached on the upper surface of the
ceramic substrate body by sputtering technique. The second
thin layer 231 can be formed on the first thin layer 232 by
electroplating technique. The top layer 24 can be formed on
the second thin layer 231 by electroplating to reach a
thickness suitable for the high-power chip 25 according to
the specification thereof. Generally, the thickness of the top
layer 24 is greater than that of the base portion 23. After the
high-power chip 25 has been fixed onto the top layer 24 by
soldering or brazing, metal wires 26 can be connected
between bond pads (not shown) of the chip 25 and corre-
sponding metal pads 27, so that the chip 25 can work
properly (in FIG. 2, only one metal wire is shown).

[0023] Due to various advantages, such as high efficiency
and fast switching capability, IGBT devices are often used in
electrical equipment that performs heavy work, such as air
conditioners, refrigerators, stereos, and motor drives. In
operation of such equipment, the IGBT devices can produce
a lot of heat. With the thicker top layer 24, the raised metal
pad 22 can take more heat than ordinary pads. Also, since the
thermal expansion coeflicients of the top layer 24 and the
second thin layer 231 are approximately equal, thermal
stress resulting from different thermal expansion coefficients
is low, and thus does not cause damages between the two
layers. On the other hand, the base portion 23, composed of
the first thin layer 232 and the second thin layer 231, has a
thinner thickness than the top layer 24 and extends an area
greater than the top layer 24, which leads the base portion 23
to have better extensibility or ductility than the top layer 24.
Even though the base portion 23 has a different thermal
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expansion coeflicient than the substrate body 21, the base
portion 23 allows to be extended over the substrate body 21
more freely to reduce the thermal stress caused by thermal
expansion, thus reducing interface breaks.

[0024] FIGS. 3A through 3K show a method for fabricat-
ing a ceramic substrate assembly or package. The method is
based on a process the technique of DPC (direct plating
copper), which is superior over the technique of DBC (direct
bonding copper) in designing a stable substrate assembly.
With the DPC technique, the flexibility of designing a
ceramic substrate assembly and the bonding strength
between the metal and the ceramic substrate body can be
increased, while the ratio of gaps existing between the metal
and the ceramic substrate body can be reduced.

[0025] FIG. 3A shows a ceramic substrate body 30 made
of Aluminum Oxide (Al,O;) or Aluminum Nitride (AIN).
Firstly, the ceramic substrate body 30 can be drilled to form
a through hole 31, as shown in FIG. 3B. Secondly, the
ceramic substrate body 30 can be sputtered with titanium/
copper to form a first thin layer 32 thereon, as shown in FIG.
3C. Thirdly, a first layer 33 of photo-resist can be applied on
the first thin layer 32, as shown in FIG. 3D, and then the
photo-resist can be exposed under a radiation lamp and then
treated with a development process to remove unwanted
photo-resist and thus to form a first remained photo-resist
layer 33, as shown in FIG. 3E. Fourthly, the first thin layer
32 can be electroplated with copper to form a second thin
layer 34, as shown in FIG. 3F, wherein the first and second
thin layers 32, 34 will constitute a base portion of the raised
metal pad.

[0026] Fifthly, a second layer 35 of photo resist can be
applied on top of the second thin layer 34 and the first
remained photo resist layer 33, as shown in FIG. 3G Sixthly,
the second photo-resist layer 35 can be exposed under a
radiation lamp and then treated with a development process
to remove unwanted photo resist, thus forming a second
remained photo-resist layer and exposing the second thin
layer 34, as shown in FIG. 3H. Seventhly, a top layer 36 of
copper can formed on the second thin layer 34 by electro-
plating and extends an area less than the second thin layer
34, as shown in FIG. 31. Eighthly, all of the remained photo
resist can be removed from the ceramic substrate body, and
then portions of the first thin layer 32 (uncovered by the
second thin layer 34) can be etched away, thus obtaining a
ceramic substrate component containing a circuit layer
according to a design pattern, as shown in FIG. 3J. Ninthly,
a high-power chip 37 can be installed on to the ceramic
substrate component, wherein the chip’s back (ground) can
be soldered or brazed onto the top layer 36 and fixed in
place; a metal wire 38 is soldered or brazed between one
bond pad of the chip (not shown) and a metal pad 39 of the
circuit layer, as shown in FIG. 3K. Finally, a sealing or
encapsulation process can be performed so as to protect the
chip and metal wire on the ceramic substrate component.

[0027] Of course, those skilled in the art can understand
that alternative steps can be performed to fabricate the
ceramic substrate assembly of the present invention. For
example, the first and second thin layers on the ceramic
substrate body can be replaced by a piece of copper foil.
Alternatively, the ceramic substrate body can be electro-
plated with copper so that an initial copper layer having a
thickness equal to the total thickness of a top layer and a base
portion is formed on the substrate, and then unwanted
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portions of the initial copper layer can be removed through
imaging (light exposure), developing and etching process to
obtain a raised metal pad.

[0028] FIG. 4 shows a second embodiment of the ceramic
substrate component, which is the same as the one shown in
FIG. 3] except for the base portion and/or the top layer being
coated with a protective layer 42, which protects the copper
of the raised metal pad 41 and other pads from oxidation,
thus improving solderability and conductivity of the pads.
The protective layer 42 can be formed of gold, silver,
palladium, or nickel by using hot gas over a layer of solder
paste containing protective metals (reflow technique),
organic coating technique, or electroless plating technique.
[0029] As a summary, the ceramic substrate component/
assembly of the present invention employs a raised thermal
metal pad including a thicker top layer to take a significant
portion of temperature difference existing between a high-
power chip and a ceramic substrate body, and a thinner base
portion under the top layer. The thickness of the top layer
depends on the power or heat generation of the chip. The
base portion, which has an area greater than the top layer,
can be extended more easily than the top layer to reduce the
thermal stress caused by different thermal expansions of the
base portion and the ceramic substrate body, thus reducing
interfacial breaks.

[0030] While the invention has been described with ref-
erence to the preferred embodiments above, it should be
recognized that the preferred embodiments are given for the
purpose of illustration only and are not intended to limit the
scope of the present invention and that various modifications
and changes, which will be apparent to those skilled in the
relevant art, may be made without departing from the scope
of the invention.

What is claimed is:

1. A ceramic substrate component suitable for at least one
high-power chip that produces a lot of heat, comprising:

a ceramic substrate body having an upper surface and a

lower surface opposite to the upper surface; and

at least one raised metal pad, which includes:

a base portion attached to the upper surface of the
ceramic substrate body, the base portion having a
thickness between 10 and 300 micrometers and
having a thermal expansion coeflicient greater than
the ceramic substrate body; and

a top layer formed on the base portion and adapted to
solder or braze a high-power chip thereon, the top
layer extending an area less than the base portion but
greater than the high-power chip, the top layer hav-
ing a thermal expansion coefficient greater than the
ceramic substrate body;

whereby damages due to thermal stress occurring between

the base portion and the ceramic substrate body can be

mitigated.

2. The ceramic substrate component of claim 1, wherein
the base portion is composed of a first thin layer and a
second thin layer, the first thin layer being attached to the
upper surface of the ceramic substrate body and having a
thickness less than 0.5 micrometer, the second thin layer
being formed on the first thin layer and attached to the top
layer.

3. The ceramic substrate component of claim 1, wherein
the first thin layer is formed of titanium and copper, while
the second thin layer and the top layer are formed of copper.
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4. The ceramic substrate component of claim 1, further
comprising a protective layer formed on an outer surface of
the raised metal pad.

5. A ceramic substrate assembly, comprising:

at least one chip that produces a lot of heat;

a ceramic substrate body having an upper surface and a

lower surface opposite to the upper surface; and

at least one raised metal pad, which includes:

a base portion attached to the upper surface of the
ceramic substrate body, the base portion having a
thickness between 10 and 300 micrometers and
having a thermal expansion coefficient greater than
the ceramic substrate body; and

atop layer formed on the base portion to solder or braze
the chip thereon, the top layer extending an area less
than the base portion but greater than the chip, the
top layer having a thermal expansion coeflicient
greater than the ceramic substrate body;

whereby damages due to thermal stress occurring between

the base portion and the ceramic substrate part can be

mitigated.

6. The ceramic substrate assembly of claim 5, wherein the
base portion is composed of a first thin layer and a second
thin layer, the first thin layer being attached to the upper
surface of the ceramic substrate body and having a thickness
less than 0.5 micrometer, the second thin layer being formed
on the first thin layer and attached to the top layer.

7. The ceramic substrate assembly of claim 5, further
comprising a protective layer formed on an outer surface of
the raised metal pad.

8. In a method for fabricating a ceramic substrate assem-
bly that includes a ceramic substrate body having an upper
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surface and a lower surface and provided with a raised metal
pad suitable for soldering or brazing at least one high-power
chip thereon, the method comprising:

(a) forming a seed layer by sputtering a target metal onto
the upper surface of the ceramic substrate body such
that the seed layer has a thickness less than 1 microm-
eter;

(b) forming a build-up layer of metal on the seed layer
such that the seed layer and the build-up layer consti-
tute a base portion having a thickness between 10 and
300 micrometers and having a thermal expansion coef-
ficient greater than the ceramic substrate body, so that
damages due to thermal stress occurring between the
base portion and the ceramic substrate body can be
mitigated; and

(c) forming a top layer of metal on the base portion to
extend an area less than the base portion such that the
top layer and the base portion constituting the raised
metal pad, the top layer having a thermal expansion
coeflicient greater than the ceramic substrate body.

9. The method of claim 8, further comprising:

(d) coating an outer surface of combination of the base
portion and the top layer with a protective layer.

10. The method of claim 8, further comprising:

(d) fixing the chip onto the top layer and connecting metal
wires between bond pads of the chip and corresponding
metal pads on the ceramic substrate body; and

(e) performing a sealing process over the chip and the
metal wires on the ceramic substrate body.
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