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ELECTRONIC PACKAGE THAT INCLUDES MULTIPLE SUPPORTS

Priority Claim
[0001] This patent application claims the benefit of priority to U.S.
Application Serial No. 14/967,993, filed December 14, 2015, which is

incorporated by reference herein in its entirety.

Technical Field
[0002] Embodiments described herein generally relate to an electronic

package and an electronic package that includes multiple supports.

Background
[0003] Ultrathin electronic packages typically require stiffening in order
to reduce temperature-related warpage during ball attach processes and/or solder
mounting processes. One common technique for reducing temperature-related
warpage is to attach a stiffener to a substrate around a die that is on the substrate.
[0004] A thicker stiffener provides better warpage control. However, a
thicker stiffener also increases stress on the die making it prone to cracking. A
thicker stiffener also makes it more difficult to fabricate the electronic packages
that include such stiffeners. This is especially true where fabrication processes
utilize tools which come close to the substrate during high speed manufacturing
operations (e.g., underfill processes).
[0005] Another problem with conventional solutions relating to the
temperature-related warpage of electronic packages is many solutions might
improve temperature-related warpage at either lower temperatures or high
temperatures, but do not improve temperature-related at both low and high
temperature. Low temperature warpage reduction is needed for post-die attach
processes since the electronic package tends to warp after the electronic package
is cooled down after attaching the die to a substrate. In addition, high
temperature warpage reduction is typically needed during solder mounting

processes where the electronic package is attached to a panel (e.g., a printed
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circuit board) such that there are no openings or shorts formed when the

electronic package is attached to the panel.

Brief Description of the Drawings
[0006] FIG. 1 is a schematic side view of an example electronic package
after a first stiffener has been applied to a substrate.
[0007] FIG. 2 is a schematic side view similar to FIG. 1 where a second
stiffener has been added to the electronic package of FIG. 1.
[0008] FIG. 3 is a schematic side view similar to FIG. 1 where a second
stiffener has been added to the electronic package of FIG. 1.
[0009] FIG. 4 is a schematic side view similar to FIG. 1 where a second
stiffener has been added to the electronic package of FIG. 1.
[0010] FIG. 5 is a schematic top view of an example electronic package.
[0011] FIG. 6 is a schematic top view similar to FIG. 5 illustrating
another example electronic package.
[0012] FIG. 7 is a schematic top view illustrating another example
electronic package where the electronic package includes window-frame first
and second supports.
[0013] FIG. 8 is a schematic top view similar to FIG. 7 illustrating
another example electronic package that includes window-frame first and second
supports.
[0014] FIG. 9 is a block diagram of an electronic device incorporating at

least one electronic package described herein.

Description of Embodiments
[0015] The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be included in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.
[0016] Orientation terminology, such as “horizontal,” as used in this
application is defined with respect to a plane parallel to the conventional plane

or surface of a wafer or substrate, regardless of the orientation of the wafer or
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substrate. The term “vertical” refers to a direction perpendicular to the

2%

horizontal as defined above. Prepositions, such as “on,” “side” (as in

2%

“sidewall”), “higher,” “lower,” “over,” and “under” are defined with respect to
the conventional plane or surface being on the top surface of the wafer or
substrate, regardless of the orientation of the wafer or substrate.

[0017] The electronic packages described herein may provide a potential
solution for reducing temperature-related warpage within the electronic package
that may occur due to exposing the electronic package to different temperatures.
The electronic packages utilize two supports to help mitigate the effects of
temperature-related warpage within the electronic package.

[0018] In some forms, a first stiffener engages a substrate where a die is
mounted. This first support may be relatively thin so that it does not interfere
with various manufacturing processes (e.g., underfill dispensing). The first
support may be designed with a relatively high coefficient of thermal expansion
to improve low temperature warpage.

[0019] Improving low temperature warpage may promote the
manufacturability of the electronic package, especially after the die is attached to
the substrate. The lower thickness of the first support may also reduce stress on
the die which may otherwise cause the die to crack during fabrication (e.g.,
especially during testing of the electronic package).

[0020] In some forms, the second support may be attached to the first
support after testing the electronic package. The second support may have a
lower co-efficient of thermal expansion in order to reduce high temperature
warpage of the electronic package. In addition, the geometry of the second
support may be optimized to further reduce high temperature warpage of the
electronic package.

[0021] FIG. 1 is a schematic side view of an example electronic package
10 after a first stiffener 14 has been applied to a substrate 11. FIG. 2is a
schematic side view similar to FIG. 1 where a second stiffener 15 has been
added to the electronic package 10 of FIG. 1.

[0022] The electronic package 10 includes a substrate 11 and a die 12
attached to the substrate 11 (e.g., by using solder balls 13). In some forms, an

underfill (not shown) may be positioned between the die 12 and the substrate 11.
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The underfill may be inserted between the die 12 and the substrate 11 using
capillary action (among other techniques).

[0023] A first support 14 is adjacent to the die 12 and attached to the
substrate 11. A second support 15 is mounted on the first support 14. In some
forms, the second support 15 may be closer to the die 12 than the first support
14.

[0024] As examples, the second support 15 may be between 0.1 mm to
4.0 mm from the die 12. In addition, the first support 14 may be between 2 mm
to 4.0 mm from the die 12.

[0025] The die 12 may be flip-chip bonded to the substrate 11. It should
be noted that the manner in which the die 12 is attached to the substrate 11 will
depend in part on manufacturing considerations as well as the type of die 12 that
is included in the electronic package 10 (among other factors).

[0026] In some forms, the underfill may secure the die 12 to the substrate
11. The type of underfill that is included in the electronic package 10 will
depend in part on manufacturing considerations associated with fabricating the
electronic package 10 (among other factors).

[0027] The first support 14 may be attached to the substrate 11 using an
adhesive (not shown). It should be noted that a variety of different types of
adhesive may be utilized to attach the first support 14 to the substrate 11. In
addition, other attachment mechanisms besides adhesives may be used to attach
the first support 14 to the substrate 11.

[0028] In the example forms of the electronic package 10 that are
illustrated in FIGS. 1-4, the first support 14 and the second support 15 have a
substantially uniform cross-section. It should be noted that the first and second
supports 14-15 may have changing cross-sections (i.e., differing widths and/or
thicknesses) depending on where the higher stress areas are projected to be
located on the electronic package 10. Therefore, one or both, of the first support
14 and the second support 15 may have a changing cross-section.

[0029] As shown in FIGS. 3 and 4, the first support 14 may be a different
material than the second support 15. The types of materials that are chosen for
the first support 14 and the second support 15 will depend in part on the
projected stresses that may exist within the electronic package 10. In some

forms, the first and second supports 14, 15 may both be formed of the same type
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of stainless steel (e.g., type 304 stainless steel) or different types of stainless
steel. In addition, the relative sizes of the first support 14 and the second support
15 will also depend in part on the projected stresses that may exist within the
electronic package 10 (compare, for example, FIG. 3 with FIGS. 2 and 4).
[0030] FIG. 5 is a schematic top view of the example electronic package
10 shown in FIG. 3. FIG. 6 is a schematic top view similar to FIG. 5 illustrating
the example electronic packages 10 shown in FIGS. 2 and 4.

[0031] In the example forms of the electronic packages 10 shown in
FIGS. 5 and 6, the first and second supports 14, 15 are positioned on opposing
sides of the die 12. In other forms, the first and second supports 14, 15 may be
on one, some, or all sides of the die 12 depending on the projected stresses that
are projected to exist within the electronic package 10.

[0032] FIG. 7 is a schematic top view illustrating the example electronic
package 10 of FIG. 3. The electronic package 10 includes window-frame like
first and second supports 14, 15.

[0033] FIG. 8 is a schematic top view similar to FIG. 7 illustrating the
example electronic package 10 shown in FIGS. 2 and 4. The electronic package
10 also includes window-frame like first and second supports 14, 15.

[0034] In the example electronic package 10 shown in FIGS. 7 and 8, the
first support 14 surrounds the die 12. In addition, the second support 15
surrounds the die 12. It should be noted that one, or both, of the first and second
supports 14, 15 may surround the die 12.

[0035] In some forms, the second support 15 is attached to the first
support using an adhesive (not shown). The type of adhesive that is used to
attach the second support 15 to the first support 14 will depend in part on the
manufacturing considerations that are associated with fabricating the electronic
package 10 (among other factors).

[0036] In some forms, the first support 14 may be magnetically bonded
to the second support 15. In addition, the second support 15 may be attached to
the first support 14 in any manner that is known now, or discovered in the future.
[0037] As discussed above, FIGS. 3 and 7 show where the first support
14 and the second support 15 are the same size. It should be noted that, as
discussed above, the first support 14 and the second support 15 may be different

sizes. In some forms, the second support 15 may be thicker than the first support
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14. The relative size and thicknesses of the first support 14 and the second
support 15 will depend on the projected stresses that may exist in the electronic
package 10 (among other factors).

[0038] As an example, the first support 14 may have a thickness between
50 to 150 microns. In addition, the first support 14 may have a width between 1
mm to 4 mm. As noted above, the thickness and width of the first support 14
may change at different parts of the first support 14.

[0039] As an example, the second support 15 may have a thickness
between 50 to 150 microns. In addition, the second support 15 may have a
width between 1 mm to 4 mm. As noted above, the thickness and width of the
second support 15 may change at different parts of the second support 15.

[0040] As an example, the substrate 11 may be a coreless substrate. It
should be noted that any type of substrate 11 that is known now, or discovered in
the future, may be used in the electronic package 10.

[0041] The electronic packages 10 described herein may provide an
effective high temperature warpage solution when the electronic packages 10 are
mounted to panels. In addition, the electronic packages 10 described herein may
provide (1) an effective low temperature warpage solution for manufacturing
processes that are related to attaching a die to a substrate; and (i1) a reduced risk
of die cracking during testing of the electronic package.

[0042] An example of an electronic device using the electronic packages
that are described herein is included to show an example of a higher level device
application for the present invention. FIG. 9 is a block diagram of an electronic
device 900 incorporating at least one electronic package 10 described herein.
Electronic device 900 is merely one example of an electronic system in which
embodiments of the present invention may be used.

[0043] Examples of electronic devices 900 include, but are not limited to
personal computers, tablet computers, mobile telephones, game devices, MP3 or
other digital music players, etc. In this example, electronic device 900
comprises a data processing system that includes a system bus 902 to couple the
various components of the system. System bus 902 provides communications
links among the various components of the electronic device 900 and can be
implemented as a single bus, as a combination of busses, or in any other suitable

manner.
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[0044] An electronic package 910 is coupled to system bus 902. The
electronic package 910 can include any circuit or combination of circuits. In one
embodiment, the electronic package 910 includes a processor 912 which can be
of any type. As used herein, “processor” means any type of computational

5  circuit, such as but not limited to a microprocessor, a microcontroller, a complex
instruction set computing (CISC) microprocessor, a reduced instruction set
computing (RISC) microprocessor, a very long instruction word (VLIW)
microprocessor, a graphics processor, a digital signal processor (DSP), multiple
core processor, or any other type of processor or processing circuit.

10  [0045] Other types of circuits that can be included in electronic package
910 are a custom circuit, an application-specific integrated circuit (ASIC), or the
like, such as, for example, one or more circuits (such as a communications
circuit 914) for use in wireless devices like mobile telephones, tablet computers,
laptop computers, two-way radios, and similar electronic systems. The IC can

15  perform any other type of function.

[0046] The electronic device 900 can also include an external memory
920, which in turn can include one or more memory elements suitable to the
particular application, such as a main memory 922 in the form of random access
memory (RAM), one or more hard drives 924, and/or one or more drives that

20  handle removable media 926 such as compact disks (CD), flash memory cards,
digital video disk (DVD), and the like.

[0047] The electronic device 900 can also include a display device 916,
one or more speakers 918, and a keyboard and/or controller 930, which can
include a mouse, trackball, touch screen, voice-recognition device, or any other

25  device that permits a system user to input information into and receive
information from the electronic device 900.

[0048] To better illustrate the electronic packages disclosed herein, a
non-limiting list of embodiments is provided here.
[0049] Example 1 includes an electronic package. The electronic

30 package a substrate; a die attached to the substrate; an underfill positioned
between the die and the substrate; a first support adjacent to the die and attached
to the substrate; and a second support mounted on the first support, wherein the

second support is closer to the die than the first support.
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[0050] Example 2 includes the electronic package of example 1, wherein
the die is flip chip bonded to the substrate.

[0051] Example 3 includes the electronic package of any one of
examples 1 to 2, wherein the underfill secures the die to the substrate.

[0052] Example 4 includes the electronic package of any one of
examples 1 to 3, wherein first support is attached to the substrate using an
adhesive.

[0053] Example 5 includes the electronic package of any one of
examples 1 to 4, wherein the first support and the second support have a
substantially uniform cross to section.

[0054] Example 6 includes the electronic package of any one of
examples 1 to 5, wherein the first support is a different material than the second
support.

[0055] Example 7 includes the electronic package of any one of
examples 1 to 6, wherein first support surrounds the die.

[0056] Example 8 includes the electronic package of any one of
examples 1 to 7, wherein the second support surrounds the die.

[0057] Example 9 includes the electronic package of any one of
examples 1 to 8, wherein the second support is attached to the first support using
an adhesive.

[0058] Example 10 includes the electronic package of any one of
examples 1 to 9, wherein the first support is magnetically bonded to the second
support.

[0059] Example 11 includes the electronic package of any one of
examples 1 to 9, wherein the second support is thicker than the first support.
[0060] Example 12 includes the method of any one of examples 1 to 11,
wherein the substrate is a coreless substrate.

[0061] Example 13 includes an electronic package. The electronic
package a substrate; a die attached to the substrate; an underfill positioned
between the die and the substrate; a first support adjacent to the die and attached
to the substrate; and a second support mounted on the first support, wherein the
second support is a different material than the first support.

[0062] Example 14 includes the electronic package of example 13,

wherein the die is flip chip bonded to the substrate, wherein the underfill secures
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the die to the substrate, and wherein first support is attached to the substrate
using an adhesive.

[0063] Example 15 includes the electronic package of any one of
examples 13 to 14, wherein first support surrounds the die, and wherein the
second support surrounds the die.

[0064] Example 16 includes the electronic package of any one of
examples 13 to 15, wherein the second support is thicker than the first support.
[0065] Example 17 includes an electronic package. The electronic
package a substrate; a die attached to the substrate; an underfill positioned
between the die and the substrate; a first support adjacent to the die and attached
to the substrate; and a second support mounted on the first support, wherein the
second support is closer to the die than the first support, wherein first support
surrounds the die and the second support surrounds the die, and wherein the
second support is a different material than the first support.

[0066] Example 18 includes the electronic package of example 17,
wherein the die is flip chip bonded to the substrate, and wherein the underfill
secures the die to the substrate.

[0067] Example 19 includes the electronic package of any one of
examples 17 to 18, wherein the first support is attached to the substrate using an
adhesive, and wherein the second support is attached to the first support using an
adhesive.

[0068] Example 20 includes the electronic package of any one of
examples 17 to 19, wherein the second support is thicker than the first support.
[0069] These and other examples and features of the present electronic
device, solder compositions, and related methods will be set forth in part in the
detailed description. This overview is intended to provide non-limiting
examples of the present subject matter—it is not intended to provide an
exclusive or exhaustive explanation. The detailed description is included to
provide further information about the methods.

[0070] The above detailed description includes references to the
accompanying drawings, which form a part of the detailed description. The
drawings show, by way of illustration, specific embodiments in which the
invention can be practiced. These embodiments are also referred to herein as

“examples.” Such examples can include elements in addition to those shown or
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described. However, the present inventors also contemplate examples in which
only those elements shown or described are provided. Moreover, the present
inventors also contemplate examples using any combination or permutation of
those elements shown or described (or one or more aspects thereof), either with
respect to a particular example (or one or more aspects thereof), or with respect
to other examples (or one or more aspects thereof) shown or described herein.
[0071] In this document, the terms “a” or “an” are used, as is common in
patent documents, to include one or more than one, independent of any other
instances or usages of “at least one” or “one or more.” In this document, the
term “or” is used to refer to a nonexclusive or, such that “A or B” includes “A
but not B,” “B but not A,” and “A and B,” unless otherwise indicated. In this
document, the terms “including” and “in which” are used as the plain-English
equivalents of the respective terms “comprising” and “wherein.” Also, in the
following claims, the terms “including” and “comprising” are open-ended, that
is, a system, device, article, composition, formulation, or process that includes
elements in addition to those listed after such a term in a claim are still deemed
to fall within the scope of that claim. Moreover, in the following claims, the
terms “first,” “second,” and “third,” etc. are used merely as labels, and are not
intended to impose numerical requirements on their objects.

[0072] The above description is intended to be illustrative, and not
restrictive. For example, the above-described examples (or one or more aspects
thereof) may be used in combination with each other. Other embodiments can
be used, such as by one of ordinary skill in the art upon reviewing the above
description.

[0073] The Abstract is provided to comply with 37 C.F.R. §1.72(b), to allow the
reader to quickly ascertain the nature of the technical disclosure. It is submitted
with the understanding that it will not be used to interpret or limit the scope or
meaning of the claims.

[0074] Also, in the above Detailed Description, various features may be grouped
together to streamline the disclosure. This should not be interpreted as intending
that an unclaimed disclosed feature is essential to any claim. Rather, inventive
subject matter may lie in less than all features of a particular disclosed
embodiment. Thus, the following claims are hereby incorporated into the

Detailed Description, with each claim standing on its own as a separate

10
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embodiment, and it is contemplated that such embodiments can be combined
with each other in various combinations or permutations. The scope of the
invention should be determined with reference to the appended claims, along

with the full scope of equivalents to which such claims are entitled.
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CLAIMS

1. An electronic package comprising:
a substrate;
a die attached to the substrate;
an underfill positioned between the die and the substrate;
a first support adjacent to the die and attached to the substrate; and
a second support mounted on the first support, wherein the second

support is closer to the die than the first support.

2. The electronic package of claim 1, wherein the die is flip chip bonded to

the substrate.

3. The electronic package of claim 1, wherein the underfill secures the die

to the substrate.

4. The electronic package of claim 1, wherein first support is attached to the

substrate using an adhesive.

5. The electronic package of claim 1, wherein the first support and the

second support have a substantially uniform cross-section.

6. The electronic package of claim 1, wherein the first support is a different

material than the second support.

7. The electronic package of claim 1, wherein first support surrounds the
die.

8. The electronic package of claim 7, wherein the second support surrounds
the die.

9. The electronic package of claim 1, wherein the second support is

attached to the first support using an adhesive.

12
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10.  The electronic package of claim 1, wherein the first support is

magnetically bonded to the second support.

11.  The electronic package of claim 1, wherein the second support is thicker

than the first support.

12.  The electronic package of claim 1, wherein the substrate is a coreless
substrate.
13. An electronic package comprising:

a substrate;

a die attached to the substrate;

an underfill positioned between the die and the substrate;

a first support adjacent to the die and attached to the substrate; and
a second support mounted on the first support, wherein the second

support is a different material than the first support.
14.  The electronic package of claim 13, wherein the die is flip chip bonded to
the substrate, wherein the underfill secures the die to the substrate, and wherein

first support is attached to the substrate using an adhesive.

15.  The electronic package of claim 13, wherein first support surrounds the

die, and wherein the second support surrounds the die.

16.  The electronic package of claim 13, wherein the second support is thicker

than the first support.

13
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17. An electronic package comprising:

a substrate;

a die attached to the substrate;

an underfill positioned between the die and the substrate;

a first support adjacent to the die and attached to the substrate; and

a second support mounted on the first support, wherein the second
support is closer to the die than the first support, wherein first support surrounds
the die and the second support surrounds the die, and wherein the second support

is a different material than the first support.

18.  The electronic package of claim 17, wherein the die is flip chip bonded to

the substrate, and wherein the underfill secures the die to the substrate.
19.  The electronic package of claim 17, wherein the first support is attached
to the substrate using an adhesive, and wherein the second support is attached to

the first support using an adhesive.

20.  The electronic package of claim 17, wherein the second support is thicker

than the first support.

14
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