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ADAPTIVE INTERPOSER AND ELECTRONIC APPARATUS

BACKGROUND

[0001] The present invention relates to an adaptive interposer and, more specifically,
to an adaptive interposer for operable disposition between first and second electronic devices.

[0002] A surface mount ceramic device (i.e., an SMD.5 or, more generally, an SMD)
typically includes an alumina substrate with a Kovar ™ housing and lid and three terminal
pads, which are configured to be soldered onto a printed wiring board (PWB). However,
since the PWB and the SMD often have different coefficients of thermal expansion (CTE),
the PWB and the SMD frequently expand and contract at different rates during thermal
cycling. This often leads to cracking in one or both of the PWB and the SMD.

[0003] Indeed, it has been seen that substrate cracking of the alumina substrate due to
SMD and PWB CTE mismatches can be experienced by the SMD. Such cracking can occur
during thermal cycling for SMD.5 assembly processes, in-service environments and user-
related environmental exposures in which the SMD and the PWB are both exposed to
temperatures ranging from about -55°C to about 125°C.

[0004] Previous attempts to address the problem of substrate cracking in SMD.5
thermal cycling or other similar environments have involved the use of an SMD carrier. The
SMD carrier is a leaded ceramic substrate with extended flat copper leads and is sandwiched
between the SMD and the PWB to reduce the CTE mismatch and to thereby decrease induced
loading. The footprint of the SMD carrier is often relatively large, however, as compared to
the SMD device itself, which leads to an efficient use of space on the PWB. Other techniques
have made use of a constrained-core PWB having a lower CTE or/and a heat sink attached
onto the PWB. However, both of these other techniques tend to increase costs and delivery

schedules and may not be applicable for larger sized SMD devices.

SUMMARY

[0005] According to one embodiment of the present invention, an adaptive interposer
is provided to be operably disposable between first and second solder materials of first and
second electronic devices, respectively. The adaptive interposer includes a plate element
formed to define cavities and third solder material disposable in the cavities to be electrically
communicative with the first and second solder materials. The third solder material is more

compliant and has a higher melting temperature than at least the second solder materials.
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[0006] According to another embodiment of the present invention, an adaptive
interposer assembly is operably disposable between first and second electronic devices. The
adaptive interposer assembly includes first and second solder materials disposable proximate
to terminal pads of the first and second electronic devices, respectively, a plate element
formed to define cavities configured to correspond in position to respective locations of the
terminal pads of the first and second electronic devices and third solder material disposable in
the cavities between the first and second solder material to be electrically communicative
with the first and second solder materials. The third solder material is more compliant and has
a higher melting temperature than at least the second solder materials.

[0007] According to another embodiment of the present invention, an electronic
apparatus is provided and includes a first electronic device comprising first terminal pads, a
second electronic device comprising second terminal pads, first and second solder materials
disposable proximate to the first and second terminal pads, respectively, at least one plate
element and third solder material. The at least one plate element is formed to define at least
one cavity configured to correspond in position to a respective location of a corresponding
one of each of the first and second terminal pads. The third solder material is disposable in
each cavity between the first and second solder materials to be electrically communicative
with the first and second solder materials and is more compliant and has a higher melting
temperature than at least the second solder materials.

[0008] Additional features and advantages are realized through the techniques of the
present invention. Other embodiments and aspects of the invention are described in detail
herein and are considered a part of the claimed invention. For a better understanding of the

invention with the advantages and the features, refer to the description and to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The subject matter which is regarded as the invention is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The forgoing
and other features, and advantages of the invention are apparent from the following detailed
description taken in conjunction with the accompanying drawings in which:

[0010] FIG. 1A is a side view of surface mount ceramic device in accordance with
embodiments;

[0011] FIG. 1B is a plan view of an underside of the surface mount ceramic device of

FIG. 1A in accordance with embodiments;
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[0012] FIG. 2A is a front-side view of an electronic apparatus including the surface
mount ceramic device of FIGS. 1A and 1B, a printed wiring board and an interposer;

[0013] FIG. 2B is a rear-side view of the electronic apparatus including the surface
mount ceramic device of FIGS. 1A and 1B, the printed wiring board and the interposer;

[0014] FIG. 3A is a plan view of the interposer of FIG. 2 in accordance with
embodiments;

[0015] FIG. 3B is a perspective view of the interposer of FIG. 3A;

[0016] FIG. 4A is a plan view of the interposer of FIG. 2 in accordance with
alternative embodiments;

[0017] FIG. 4B is a perspective view of the interposer of FIG. 4A,;

[0018] FIG. 5A is a plan view of the interposer of FIG. 2 in accordance with
alternative embodiments;

[0019] FIG. 5B is a perspective view of the interposer of FIG. 5A;

[0020] FIG. 6 is a side view illustrating compliance of a third solder material during
thermal cycling; and

[0021] FIG. 7 is a plan view of an interposer provided as a plurality of plate elements

in accordance with alternative embodiments.

DETAILED DESCRIPTION

[0022] As will be described below, an interposer is provided with a stress-reduction
mechanism and design. The interposer can be made of various materials, such as ceramic,
HiCTE ceramic, SiC, etc., with a thickness as low as 0.01 inch, has a footprint that is
generally similar to that of a surface mount device (SMD) and has cavities formed therein.
The cavities are shaped and positioned to correspond to SMD terminal pads and are filled
with a compliant material, such as a high lead content solder (e.g., 90Pb/10Sn solder) with a
Young’s modulus of approximately 2.0 msi (mega-pounds per square inch), which has a
melting temperature that is much higher than that of a less compliant eutectic solder (e.g.,
63Sn/37Pb solder) with a Young’s modulus of approximately 4.5 msi. During assembly, the
interposer is sandwiched between the SMD and a printed wiring board and top and bottom
surfaces of the compliant, filled material in the cavities are soldered onto the SMD terminal
pads and corresponding PWB soldering pads with eutectic solder. In another assembly
process, the interposer, whose cavities are filled with the compliant material, is soldered onto
the SMD terminal pads with the same compliant material with the other side of the interposer

subsequently soldered onto the PWB soldering pads with eutectic solder. CTE mismatch
3
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induced load can then be substantially reduced through the compliant material filled in the
cavities of the interposer to eliminate/minimize risks of substrate cracking in the SMD.

[0023] With reference now to FIGS. 1A-5B, an electronic apparatus 10 is provided
and includes a first electronic device 20, a second electronic device 30, first solder material
40 proximate to the first electronic device 20, second solder material 50 proximate to the
second electronic device 30 and an adaptive interposer 60. As shown in FIGS. 3A-5B, the
adaptive interposer includes at least one plate element 70 formed to define at least one cavity
71 and third solder material 72 (see FIGS. 2A and 2B), which is disposable in each cavity 71
to be electrically communicative with the first and second solder materials 40 and 50.

[0024] In accordance with embodiments, the at least one plate element 70 may be
formed of various materials, such as ceramic, HICTE ceramic, SiC, etc. In addition, as shown
in FIGS. 3B, 4B and 5B, sidewalls 701 of the at least one cavity 71 may be plated with a
metallic material, such as copper or an alloy thereof. The third solder material 72 is more
compliant than either of the first and second solder materials 40 and 50. In addition, the third
solder material 72 has a higher melting temperature than either of the first and second solder
materials 40 and 50.

[0025] The first electronic device 20 may be provided as a surface mount ceramic
device (SMD.5 or, more generally, SMD) and includes an alumina substrate 21, a Kovar ™
housing and lid 23 and first terminal pads 24 formed of tungsten, copper or some other
suitable material. In accordance with embodiments and, as shown in FIG. 1B, the first
terminal pads 24 may be provided as a group of one large terminal pad 241, which occupies
an area at one longitudinal side of the first electronic device 20, and two small terminal pads
242, which are displaced from each other and the large terminal pad 241 at the other
longitudinal side of the first electronic device 20.

[0026] The second electronic device 30 may be provided as a printed wiring board
(PWB) having a body 31 and a surface 32. Second terminal pads 34 may be disposed on the
surface 32 and circuitry may be provided in the body 31 and/or on the surface 32 to permit
electrical communication to and from the second terminal pads 34. The second terminal pads
34 may be arranged in a similar fashion as the first terminal pads 24. That is, in accordance
with embodiments, the second terminal pads 34 may be provided as a group of one large
terminal pad 341 (see FIG. 2A), which corresponds in shape, size and position to the large
terminal pad 241, and two small terminal pads 342 (see FIG. 2B), which similarly correspond

in shape, size and position to the two small terminal pads 242.
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[0027] At least one or more of the various components of the second electronic
device 30 may be formed of materials different from those of the first electronic device 20.
As such, the first and second electronic devices 20 and 30 will tend to have different
respective coefficients of thermal expansion (CTEs) and thus will thermal expand and
contract at differing rates and by differing degrees during thermal cycling associated with
various assembly processes.

[0028] Although respective arrangements of the first and second terminal pads 24 and
34 are described above, it will be understood that other respective arrangements may be
provided for each of the first and second terminal pads 24 and 34. It will be further
understood that these other respective arrangements can be similar to one another or different
from one another. In any case, for purposes of clarity and brevity, it will be assumed that the
first and second terminal pads assume the respective arrangements described above and that
the following description relates to that exemplary case. That is, with additional reference to
FIGS. 3A-5B, the adaptive interposer 60 may be formed as a single plate element 70 with a
large cavity 711, which corresponds in shape, size and position to the large terminal pads
241, 341, and small cavities 712, which respectively correspond in shape, size and position to
the small terminal pads 242, 342.

[0029] The first solder materials 40 are disposable proximate to the first terminal pads
24. The second solder materials 50 are disposable proximate to the second terminal pads 34.
In accordance with embodiments, the first and second solder materials 40 and 50 may be
formed of similar materials, such as eutectic solder with a Young’s modulus of approximately
4.5 msi or, more particularly, 63Sn/37Pb solder. Alternatively, the first and second solder
materials 40 and 50 may be formed of different materials, such as where the first solder
materials 40 include at least one of eutectic solder or 63Sn/37PB solder and high lead content
solder with a Young’s modulus of approximately 2.0 msi or, more particularly, 90Pb/10Sn
solder and the second solder materials 50 include eutectic solder or 63Sn/37PB solder.

[0030] In any case, the characteristic compliance and melting temperature of the first
and second solder materials 40 and 50 may be similar to those of 63Sn/37Pb solder. In
conventional electronic device assemblies, in which the first solder materials 40 for each of
the first terminal pads 24 would be directly coupled to the second solder materials 50 for each
corresponding one of the second terminal pads 34, induced loads generated during thermal
cycling derive from this direct coupling and the mismatched CTEs of the first and second
electronic devices 20 and 30. Such induced loads are avoided in the embodiments described

herein.
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[0031] With the first and second electronic devices 20 and 30 configured as described
above, the plate element 70 is disposable such that the large cavity 711 is between the first
and second solder materials 40 and 50 that would otherwise be used to directly couple the
large terminal pads 241, 341 and such that the small cavities 712 are respectively between the
first and second solder materials 40 and 50 that would otherwise be used to directly couple
the small terminal pads 242, 342. The third solder material 72 is thus disposable in each of
the large cavity 711 and the small cavities 712 to be electrically communicative at a first side
with the first solder materials 40 and at a second side with the second solder materials 50.

[0032] With reference to FIG. 6, since the third solder material 72 is more compliant
than at least the second solder materials 40 and may be more compliant than the first and
second solder materials 40 and 50, the compliance of the third solder material 72 reduces the
generation of induced loading of the electronic device 10. As shown in FIG. 6, the generation
of the induced loading may result from the first and second solder materials 40 and 50
expanding or contracting at different rates during thermal cycling, which is illustrated in the
dashed extension of the second solder materials 50.

[0033] In particular, during the thermal cycling associated with the soldering of the
first and second solder materials 40 and 50 where the first and second electronic devices 20
and 30 may be exposed to temperatures ranging from about -55°C or below to about 125°C
or above and thus expand and contract at differing rates and by differing degrees owing to
their mismatched CTEs. In such cases, the compliance of the third solder material 72 allows
the third solder material 72 to absorb thermal expansion and contraction of one of the first
and second electronic devices 20 and 30 relative to the other. Moreover, since the third solder
material 72 has a higher melting temperature than the first and second solder materials 40 and
50, the third solder material 72 remains in position and form during the solder processes of
the first and second solder materials 40 and 50. In accordance with embodiments, the third
solder material 72 may include a high lead content solder with a Young’s modulus of
approximately 2.0 msi or, more particularly, 90Pb/10Sn solder or some other similar
materials.

[0034] In accordance with alternative embodiments, the first solder material 40 may
be similar in composition to the third solder material 60. In such cases, the at least one plate
element 70, whose cavities are filled with the third solder material 60, is soldered onto the
first terminal pads 24 with the first solder material 40 which is essentially similar to the third
solder material 60. The at least one plate element 70 may then be subsequently soldered onto

the second terminal pads 34 with the second solder material 50.
6
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[0035] The at least one plate element 70 serves multiple functionalities including, but
not limited to, preventing reflow of the third solder material 72, permitting heat transfer
between the first and second electronic devices 30 and 40 and preventing short circuits. Each
such functionality can be accomplished by way of the at least one plate element 70 even
while the at least one plate element 70 has a footprint 700, which may be similarly sized and
shaped or possessed of a lesser size and shape as a footprint 200 of the first electronic device
20 on the second electronic device 30 (see, e.g., FIG. 4A). That is, in accordance with some
embodiments, where the first electronic device 20 has a rectangular shaped footprint 200 and
a certain size, the at least one plate element 70 may have a rectangular shaped footprint 700
with substantially the certain size. Conversely, in accordance with alternative embodiments,
where the first electronic device 20 has a rectangular shaped footprint 200 and a certain size,
the at least one plate element 70 may have an irregularly shaped footprint 700’ that largely
follows the footprint of the terminal pads 24.

[0036] In any case, the at least one plate element 70 may be formed to define the
cavities 71 (i.e., the large cavity 711 and the small cavities 712) to have respective areas
spanning about 45-90% of respective areas of the first and second terminal pads 24 and 34.
That is, as shown in FIGS. 3A and 3B, the large cavity 711 may have an area that spans about
90% of the respective areas of the large terminal pads 241 and 341 and the small cavities 712
may have areas that span about 90% of the respective areas of the small terminal pads 242
and 342. By contrast, as shown in FIGS. 4A and 4B, the large cavity 711 may have an area
that spans about 45% of the respective areas of the large terminal pads 241 and 341 and the
small cavities 712 may have areas that span about 45% of the respective areas of the small
terminal pads 242 and 342. Additionally, as shown in FIGS. 5A and 4B, the large cavity 711
may have an area that spans about 90% of the respective areas of the large terminal pads 241
and 341 and the small cavities 712 may have areas that span about 45% of the respective
areas of the small terminal pads 242 and 342 (or vice versa). The gap between two small
cavities 712 may, in some but not all cases, be the same as that between two small terminal
pads 242 and 342. As a general matter, however, the inner edges of the various cavities 71
may overlap with outer edges of the terminal pads 24 and 34 so as to insure that the third
solder material 72 remains in contact with the first and second solder materials 40 and 50.

[0037] With reference to FIG. 7 and, in accordance with alternative embodiments, the
at least one plate element 70 may be provided as multiple plate elements 73. In such cases
and for the terminal pad embodiments described above, the multiple plate elements 73 would

include a large plate element 731 formed to define the large cavity 711 (of about 45-90%
7
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large terminal pad area) and small plate elements 732 formed to define the small cavities 712
(of about 45-90% small terminal pad area).

[0038] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein, the
singular forms “a”, “an” and “the” are intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further understood that the terms “comprises”
and/or “comprising,” when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the presence or
addition of one more other features, integers, steps, operations, element components, and/or
groups thereof.

[0039] The corresponding structures, materials, acts, and equivalents of all means or
step plus function elements in the claims below are intended to include any structure,
material, or act for performing the function in combination with other claimed elements as
specifically claimed. The description of the present invention has been presented for purposes
of illustration and description, but is not intended to be exhaustive or limited to the invention
in the form disclosed. Many modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and spirit of the invention. The
embodiment was chosen and described in order to best explain the principles of the invention
and the practical application, and to enable others of ordinary skill in the art to understand the
invention for various embodiments with various modifications as are suited to the particular
use contemplated.

[0040] While the embodiment to the invention has been described, it will be
understood that those skilled in the art, both now and in the future, may make various
improvements and enhancements which fall within the scope of the claims which follow.
These claims should be construed to maintain the proper protection for the invention first

described.
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CLAIMS
What is claimed is:

1. An adaptive interposer operably disposable between first and second solder
materials of first and second electronic devices, respectively, the adaptive interposer
comprising:

a plate element formed to define cavities; and

third solder material disposable in the cavities to be electrically communicative with
the first and second solder materials;

the third solder material being more compliant and having a higher melting
temperature than at least the second solder materials.

2. The adaptive interposer according to claim 1, wherein the plate element
comprises:

ceramic materials; and

metallic plating on cavity walls.

3. The adaptive interposer according to claim 1, wherein the plate element has a
footprint of similar or lesser size than a footprint of the first electronic device and is formed
to define cavities of varying sizes.

4. The adaptive interposer according to claim 1, wherein the first solder materials
comprise one of eutectic solder and high lead content solder, the second solder materials
comprise eutectic solder and the third solder material comprises high lead content solder.

5. The adaptive interposer according to claim 1, wherein the first solder materials
comprise one of 63Sn/37Pb solder and 90Pb/10Sn solder, the second solder materials
comprise 63 Sn/37Pb solder and the third solder material comprises 90Pb/10Sn solder.

6. An adaptive interposer assembly operably disposable between first and second
electronic devices, the adaptive interposer assembly comprising:

first and second solder materials disposable proximate to terminal pads of the first and
second electronic devices, respectively;

a plate element formed to define cavities configured to correspond in position to
respective locations of the terminal pads of the first and second electronic devices; and

third solder material disposable in the cavities between the first and second solder
materials to be electrically communicative with the first and second solder materials;

the third solder material being more compliant and having a higher melting

temperature than at least the second solder materials.
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7. The adaptive interposer assembly according to claim 6, wherein the plate
element comprises:

ceramic materials; and

metallic plating on cavity walls.

8. The adaptive interposer assembly according to claim 6, wherein the plate
element has a footprint of similar or lesser size than a footprint of the first electronic device
and is formed to define cavities of varying sizes.

9. The adaptive interposer assembly according to claim 8, wherein the terminal
pads of each of the first and second electronic devices respectively comprise terminal pads of
varying sizes.

10. The adaptive interposer assembly according to claim 9, wherein the cavities of
varying sizes have respective areas spanning about 45-90% of respective areas of the terminal
pads of varying sizes.

11.  The adaptive interposer according to claim 6, wherein the first solder materials
comprise one of eutectic solder and high lead content solder, the second solder materials
comprise eutectic solder and the third solder material comprises high lead content solder.

12.  The adaptive interposer assembly according to claim 6, wherein the first solder
materials comprise one of 63Sn/37Pb solder and 90Pb/10Sn solder, the second solder
materials comprise 63Sn/37Pb solder and the third solder material comprises 90Pb/10Sn
solder.

13. An electronic apparatus, comprising:

a first electronic device comprising first terminal pads;

a second electronic device comprising second terminal pads;

first and second solder materials disposable proximate to the first and second terminal
pads, respectively;

at least one plate element formed to define at least one cavity configured to
correspond in position to a respective location of a corresponding one of each of the first and
second terminal pads; and

third solder material disposable in each cavity between the first and second solder
materials to be electrically communicative with the first and second solder materials;

the third solder material being more compliant and having a higher melting
temperature than at least the second solder material.

14.  The electronic apparatus according to claim 13, wherein the at least one plate

element comprises:
10
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ceramic materials; and

metallic plating on cavity walls.

15. The electronic apparatus according to claim 13, wherein the first electronic
device comprises a surface mount device (SMD) and the second electronic device comprises
a printed wiring board (PWB), the at least one plate element has a footprint of similar or
lesser size than a footprint of the SMD on the PWB and wherein:

the first terminal pads comprise first terminal pads of varying sizes, and

the second terminal pads comprise second terminal pads of varying sizes.

16. The electronic apparatus according to claim 15, wherein the at least one plate
element is formed to define cavities of varying sizes having respective areas spanning about
45-90% of respective areas of the first and second terminal pads of varying sizes.

17. The electronic apparatus according to claim 15, wherein the at least one plate
element comprises multiple plate elements respectively formed to define cavities of varying
sizes having respective areas spanning about 45-90% of respective areas of the first and
second terminal pads of varying sizes.

18.  The electronic apparatus according to claim 15, wherein the at least one plate
element is formed to define two small cavities and one large cavity and wherein a gap
between the two small cavities is a same as that between two small ones of each of the first
and second terminal pads.

19.  The electronic apparatus according to claim 13, wherein the first solder
materials comprise one of eutectic solder and high lead content solder, the second solder
materials comprise eutectic solder and the third solder material comprises high lead content
solder.

20.  The electronic apparatus according to claim 13, wherein the first solder
materials comprise one of 63Sn/37Pb solder and 90Pb/10Sn solder, the second solder
materials comprise 63Sn/37Pb solder and the third solder material comprises 90Pb/10Sn

solder.

11
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