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MICROELECTRONICS PACKAGE

TECHNICAL FIELD
The present invention relates to a microelectronics

package substrate suitable for automated processing. The
present invention relates more particularly to a
microelectronics package substrate suitable for the automated
processing of power transistor microelectronic packages.

BACKGROUND OF THE INVENTION
Microelectronic packages for power transistors have

included an alumina ceramic substrate on whose top surface is
disposed a metal heat sink such as copper onto which the die
is attached, and two metallized pads to which leads are
attached and the die is wire bonded. A metal heat sink, again
such as copper, is disposed on the bottom surface of the
ceramic substrate. The finished assembly is utilized in
electronic apparatus containing circuit boards. The circuit
board generally has cavities for accepting the power
transistor package, and the bottom heat sink is placed in
thermal contact with a heat sink located at the bottom of the
cavity of the circuit board.

Although the metal heat sinks are useful in conducting
heat away from the power transistor device while in operation,
the mismatch between the thermal expansion coefficient of the
material of the power device and the top metal heat sink, and
between the ceramic and both metal heat sinks can cause
failure of the bonds between these elements during thermal
cycling experienced in operation. The same problems
encountered with metal heat sinks are experienced in the prior
art where beryllia is utilized as a substrate material.

Further, the packages of the prior art must be
oriented in a particular position for assembly, due to the
asymmetric distribution of package elements. This lessens the
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capability of the package to be easily assembled by automated
equipment, and requires complex apparatus for positioning the
substrate for processing.

It is therefore an object of the present invention to
provide a microelectronics package without a significant
thermal expansion coefficient mismatch between the package
elements.

It is a further object of the present invention to
provide a microelectronics package which is easily assembled
by automated processing.

These and other objects and advantages of the
invention set forth herein are accomplished by the present

invention as described in the Specification and Claims which
follow.

SUMMARY OF THE INVENTION
The present invention prov;des a microelectronic
package substrate assembly comprising:

an advanced ceramics substrate having a top surface
and a bottom surface; '

a first metallized distribution plane on said top
surface and a second metallized distribution plane on said
bottom surface; ,

an electrical connection between said first and second
distribution planes; o

at least two metallized pads on said top surface
electrically isolated from said first distribution plane,
wherein said metallized pads are arranged substantially
symmetrically with respect to a plane transverse to a
longitudinal plane of the substrate at its midpoint.

The present invention further provides a

microelectronics substrate assembly comprising:

an advanced ceramics substrate having a top surface
and a bottom surface;

ot}
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a first metallized distribution plane on said top

surface and a second metallized distribution plane on said
bottom surface;

an electrical connection between said first and second

distribution planes;

at least one first metallized pad on said top surface

electrically isolated from said first distribution plane
and at least one metallized pad on said bottom surface,
electrically isolated from said second distribution plane,
wherein said distribution planes and said metallized pads
are arranged substantially symmetrically with respect to a
plane between and parallel to said top and said bottom
surfaces.

The present invention further provides a method for
making microelectronic package substrate assemblies
comprising:

providing an advanced.ceramic sheet having a plurality -

of holes extending therethrough;

introducing a metallizing paste into said holes;

firing said paste metallized sheet;
metallizing a distribution plane on the top surface
and the bottom surface of said advanced ceramic sheet in
electrical contact with the fired paste; and,

metallizing at least one pad in electrical isolation
from said distribution plane on the top surface and the
bottom surface of said advanced ceramic sheet.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an elevation view of a microelectronic
package substrate assembly having wraparound metallization of

the distribution plane.
Fig. 2 is a plan view of the top surface of the

microelectronic package substrate assembly of Fig. 1.
Fig. 3 is a plan view of the bottom surface of a

microelectronic package substrate assembly having wraparound
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metallization of the distribution plane and having
symmetrically arranged metallized pads.

Fig. 4 is an elevation view of a microelectronic
package substrate assembly having distribution vias.

Fig. 5 is a plan view of the microelectronic package
substrate asSembly of Fig. 4.

Fig. 6 is a plan view of the bottom surface of a
microelectronic package substrate assembly having distribution
vias.

Fig. 7 is a partial plan view of a substrate sheet

with vias.

Fig. 8 is a partial plan view of a substrate sheet
with metallization.

Fig. 9 is a partial plan view of a lead frame.

DETAILED DESCRIPTION OF THE INVENTION
We have been able to eliminate the metal heat sinks,
and metal heat sinks used in combination with beryllia ceramic
substrates, integral to the microelectronics package without
loss of required thermal conduction of heat away from the
electronic device, by utilizing an advanced ceramic substrate.
Further, the use of the advanced ceramic substrate overcomes

the mismatch of the thermal expansion coefficient between the
material of the electronic device and the metal heat sink or
beryllia substrate, and between the heat sink and the alumina
ceramic substrate. '

The term "advanced ceramic substrate" as used herein
includes substrates in which the ceramic contained is
substantially aluminum nitride and/or silicon carbide, or in
which the ceramic contained includes either aluminum nitride
or silicon carbide as a major component, together with other
components which do not adversely affect the thermal
conductivity and coefficient of thermal expansion required.

Aluminum nitride has a coefficient of thermal

expansion compatible with semiconductor chips at approximately

at
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4.3x10-%,9C, and a very high thermal conductivity of about
140-220 W/mK. Silicon carbide also has a very compatible
coefficient of thermal expansion at 3.7x10-6/°C and an
excellent thermal conductivity of about 270 W/mK.

The method of preparing the microelectronic packages
according to the invention, and the arrangement of package
elements makes the packages amenable to automated processing
to form the package substrate assembly and to complete
manufacture of the microelectronic package containing the
electronic device.

Figs. 1 and 2 show microelectronic package substrate
assembly 11 comprising advanced ceramic substrate 21 having
metallized distribution plane 22 on which an electronic device
such as a transistor (not shown) can be mounted. Distribution
plane 22 is electrically connected to metallized face 23
formed from a castellation hole in substrate 21. Metallized
pads 24 are disposed on the top surface of substrate 21, and
are electrically isolated from.distribution plane 24. Leads
25 can be attached in electrical connection to pads 24. The
electronic device (not shown) can then be wire bonded to leads
25 to access the external environment. The distribution plane
can be utilized to provide ground, or carry alternating
current, direct current, signals, or apply voltage.

Fig. 2 shows the top surface of microelectronic
package substrate assembly 11 on which leads 25 are attached.
Pads 24 are arranged substantially symmetrically with respect
to a plane transverse to the longitudinal plane of substrate
21.

Fig. 3 shows the bottom surface of advanced ceramic
substrate 21 on which bottom distribution plane 26 is
metallized. Bottom distribution plane 26 is in electrical
contact with face 23 of the castellation hole, and is thus in
electrical contact with distribution plane 22 of the top
surface. Leads 25 are seen protruding from the top surface.
Bottom distribution plane 26 may serve as the circuit board



WO 92/08606 PCT/US91/98614

-6-
heat sink attach metallization for incorporation of an
electronic device containing microelectronic package substrate
assembly to a circuit board. '

Fig. 3 also shows the bottom distribution plane 26
being electrically isolated from two metallized bottom pads
28. The top and bottom surface of microelectronic package
substrate assembly 11 (as shown in Figs. 2 and 3 respectively)
are thus symmetrically arranged such that leads 25 (shown in
Fig. 3 to be protruding from the top surface) can be attached
to either the top or bottom surface of microelectronic package
substrate assembly 11 with equal effect. Pick and place
machines can be utilized, rather than optical recognition
apparatus, to facilitate automated handling and further
processing without needing complex apparatus to orient the
assembly.

An alternative embodiment of the microelectronic
package substrate assembly is shown in Figs. 4 and 5. Onto
advanced ceramic substrate 21'is metallized distribution plane
22, which is electrically connected to vias 31 in substrate
21. Metal filled vias 31 communicate with and are
electrically connected to bottom distribution plane 26 shown
in Fig. 6. Although one via is sufficient to provide

‘electrical connection between distribution plane 22 and bottom
distribution plane 26, incorporating a plurality of vias in
the assembly provides sufficient redundancy and increased

, reliability to compensate for any defects in the filling of
the vias during manufacture. '

Referring to Figs. 4, 5 and 6, pads 24 are metallized
onto the top surface of advanced ceramic substrate 21 in
electrical isolation from distribution plane 22 and in
symmetrical arrangement as discussed above. Symmetry is
maintained when vias 31 are substituted for face 23 as the
electrical connection between the distribution planes in Fig.
3, and bottom pads 28 are metallized onto the bottom surface
of substrate 21. Leads 25 can be attached to pads 24, or
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because of the symmetry achieved before die attachment, to
bottom pads 28.

Microelectronic package substrate assemblies according
to the present invention can be made in volume by forming a
plurality of assemblies on an advanced ceramic sheet 40, shown
in Fig. 7. Sheet 40 can be provided with via holes 41 in a
green or sintered condition, by tape casting or extruding,
punching and eventually firing; by pressing with holes and
eventually firing; or, by drilling a sintered sheet.

Via holes 41 can be metallized by thick or thin film
techniques. A suitable thin film technique is disclosed in
U.S. Patent 4,942,076, which is incorporated herein by
reference. In the thick film technique, a conventional
tungsten paste can be introduced into via holes 41 by
screening, and a pattern of tungsten can be applied to form
circuits (distribution planes and pads) by screen printing
also. Where metallization is applied to a green sheet, the
sheet can be scored to isolate'separate assemblies, and the
green sheet and tungsten can be co-fired to form a metallized,
sintered sheet.

Figure 8 shows the top surface (or symmetric bottom
surface) of sheet 40 containing distribution planes 22 (or
bottom distribution planes) in contact with vias. Metallized
pads 24 are associated with, but electrically isolated from,
the distribution planes.

The metallized sheet can be fragmented to form
separate substrates. These are further processed by further
metallization, such as barrel plating with nickel and
thereafter depositing gold. Leads are brazed onto the pads,
preferably with a palladium/silver solder or a low temperature
gold alloy. This prevents diffusion of nickel through the
gold, maintaining a gold surface for die attachment by
reflowing or thermal scrubbing. In another embodiment, the
gold layer can be omitted and the die can be mounted on the

nickel with a eutectic solder.
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The above thick film method can be used to make
substrate assemblies having a wraparound metallization. 1In
this instance, via holes are replacéd with castellation holes,
and the substrate assemblies are separated so as to place the
metallized hole at the side surface.

Other conventional additive and subtractive processes
of metallization are applicable to the present invention. For
example, via holes can be metallized by screening in a
tungsten paste, firing, filling the hole with copper and
subsequently firing. The sheet can be circuitized by co-
sputtering thin film titanium/tungsten, followed by sputtering
copper. Resist is applied, and nickel and then gold are
applied by rack plating in electroless or electrolytic
techniques. The resist is stripped, a pattern etched, the
substrates are separated, and the lead is brazed onto the pad.

Lead frames can be brazed onto separated substrate
assemblies, but an advantage of the invention is the ability
to process multiple substrates.in a lead frame carrier before
separation into individual assemblies. As shown in Fig. 9,
lead frame 41 can be brazed onto individual substrates,
aligning with registration hdles 42, to connect leads 44 to
pads (not shown). After attachment, leads 44 can be separated
from the frame 42'by cutting, and the individual leaded
substrate assemblies can be separated, or the lead frame
carrier with multiple assemblies can be maintained for
subsequent processing, such as die attachment and wire
bonding.

The substrate assemblies of the present invention are
particularly suited to packaging transistors, such as low- to
high-power field effect transistors, whether silicon-based or
gallium arsenide-based, and use with radio frequency devices
is possible. Devices with less than three leads, such as
inductors or capacitors can also be packaged, such as where
one or more leads of the package are interconnected.
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A die attached substrate assembly can be mounted into
a circuit board, such as a PC board. The lead frame is
soldered to the circuitized board, and the bottom distribution
plane (and bottom isolated pads) are bonded to the circuit
board heat sink, placing the substrate assembly in thermal
contact with the board for heat conduction away from the die.

The microelectronic package substrate assembly of the
present invention, therefore, accomplishes the objects set
forth above. The use of metal heat sinks and ceramics, such
as beryllia, with poor thermal coefficient of expansion match
to semiconductor material is avoided. A simplified design is
provided which permits high volume, automated production, and
which results in higher reliability and less cost. Symmetry
of design permits use in automated processes, and in preferred
embodiments, without the need to re-orient the package
substrate assembly from top to bottom. The package can be
made either shorter or longer from lead side to lead side
versus the other direction to further permit automated
handling for easy orientation and correct die placement.

Thus, the objects of the invention are accomplished by
the present invention, which is not limited to the specific
embodiments described above, but which includes variations,
modifications and equivalent embodiments defined by the

following claims.
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WE CLAIM:

1.

2.

A microelectronics substrate assembly comprising:

an advanced ceramics substrate having a top surface
and é bottom surface; '

a first metallized distribution plane on said top
surface and a second metallized distribution plane on said
bottom surface;

an electrical connection between said first and second
distribution planes; , ,

at least two metallized pads on said top surface
electrically isolated'from said first distribution plane,
wherein said metallized pads are arranged substantially
symmetrically with respect to a plane transverse to a
longitudinal plane of the substrate at its midpoint.

‘The microelectronic package substrate assembly of

claim 1 wherein a lead is attached to at least one said
metallized pad.

3.

The microelectronic package substrate assembly of

claim 1 further comprising at least two bottom metallized pads
on said bottom surface electrically isolated ffom'said second
distribution plane, wherein said bottom metallized pads are
arranged substantially symmetrically with respect to a plane
transverse to a longitudinal plane of the substrate at its
midpoint. |

4.

A microelectronics package substrate assembly
comprising:

an advanced ceramics substrate having a top surface
and a bottom surface;

a first metallized distribution plane on said top
surface and a second metallized distribution plane on said
bottom surface;

an electrical connection between said first and second
distribution planes;
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at least one first metallized pad on said top surface
electrically isolated from said first distribution plane
and at least one metallized pad on said bottom surface,
electrically isolated from said second distribution plane,
wherein said distribution planes and said metallized pads
are arranged substantially symmetrically with respect to a
plane between and parallel to said top surface and said
bottom surface.

5. The microelectronic package substrate assembly of
claim 1 or 4 wherein said electrical connection comprises a
plurality of metallized vias.

6. The microelectronic package substrate assembly of
claim 1 or 4 wherein said electrical connection comprises a
metallized surface of the periphery of at least one
castellation hole.

7. The microelectronic package substrate assembly of
claim 4 having a least two said metallized pads on said top
surface and on said bottom surface.

8. The microelectronic package substrate assembly of
claim 4 wherein a lead is attached to said at least one
metallized pad on one of said top surface and said bottom
surface.

9. The microelectronic package substrate assembly as in
claim 2 or 8 including an electronic device mounted on said
first metallized distribution plane and in electrical
connection with said lead.

10. The microelectronic package substrate assembly as in
claim 9 wherein leads are attached to at least two metallized
pads on said top surface, and said electronic device is a

transistor in electrical connection to said leads.
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11. A method for making microelectronic packége substrate
assemblies comprising:
providing an advanced ceramic sheet having a top
surface and a bottom surface, said sheet having a
plurality of holes extending therethrough;
intrbducing a metallizing paste into said holes;
firing said paste metallized sheet;
metallizing a distribution plane on the top surface
and the bottom surface of said advanced ceramic sheet in
electrical contact with the fired paste; and,
metallizing at least one pad in electrical isolation
from said distribution plane on the top surface and the
bottom surface bf said advanced ceramic sheet.
12.  The method as in claim 11, including forming a
plurality of distribution plane/pad combinations on said
advanced ceramic sheet. i
13. The method as in claim 12, including severing a
substrate having at least one said distribution plane/pad
combinations from said advanced ceramic sheet.
14. The method as in claim 13, wherein said substrate is
severed such that a portion of at least one metallized hole
forms an edge face to said substrate.
15. The method as iﬁ claim 13, wherein said substrate is

severed such that at least one metallized hole extends through
the substrate to form a via.

16. The method as in claiﬁ 13, including attaching a lead
to each pad on one surface of said severed substrate.
17. The method as in claim 11, including attaching a lead

to said pad on one of said surfaces.

2
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