US 20090273069A1

a2y Patent Application Publication o) Pub. No.: US 2009/0273069 A1

a9 United States

Cady et al.

43) Pub. Date: Nov. 5, 2009

(54) LOW PROFILE CHIP SCALE STACKING
SYSTEM AND METHOD

(76) Inventors: James W. Cady, Austin, TX (US);

Julian Partridge, Austin, TX (US);

James Douglas Wehrly, JR.,

Austin, TX (US); James Wilder,

Austin, TX (US)

Correspondence Address:

FISH & RICHARDSON P.C.

P.O BOX 1022

Minneapolis, MN 55440-1022 (US)

(21) Appl. No.: 12/437,340

(22) Filed: May 7, 2009

Related U.S. Application Data

(60) Division of application No. 11/432,206, filed on May
11, 2006, which is a continuation of application No.
10/873,847, filed on Jun. 22, 2004, now Pat. No. 7,094,
632, which is a continuation-in-part of application No.
10/631,886, filed on Jul. 11, 2003, now Pat. No. 7,026,
708, which is a continuation-in-part of application No.
10/453,398, filed on Jun. 3, 2003, now Pat. No. 6,914,
324, which is a continuation-in-part of application No.
10/005,581, filed on Oct. 26, 2001, now Pat. No. 6,576,
992, said application No. 10/631,886 is a continuation-
in-part of application No. 10/457,608, filed on Jun. 9,
2003, now abandoned, which is a continuation-in-part
of application No. 10/005,581, filed on Oct. 26, 2001,
now Pat. No. 6,576,992.

20 Y

Publication Classification

(51) Int.CL

HOIL 23/50 (2006.01)
(52) US.Cl wcooooooooooeeeeeeeee 257/686; 257/E23.079
(57) ABSTRACT

The present invention stacks chip scale-packaged integrated
circuits (CSPs) into low profile modules that conserve PWB
or other board surface area. Low profile structures provide
connection between CSPs of the stacked module and between
and to the flex circuitry. Low profile contacts are created by
any of a variety of methods and materials including, for
example, screen paste techniques and use of high temperature
solders, although other application techniques and traditional
solders may be employed for creating low profile contacts in
the present invention. A consolidated low profile contact
structure and technique is provided for use in alternative
embodiments of the present invention. The CSPs employed in
stacked modules devised in accordance with the present
invention are connected with flex circuitry. That flex circuitry
may exhibit one or two or more conductive layers. In some
preferred embodiments, a form standard provides a physical
form that allows many of the varying package sizes found in
the broad family of CSP packages to be used to advantage
while employing a standard connective flex circuitry design.
In other embodiments, a heat spreader is disposed between
the CSP and the flex circuitry thus providing an improved heat
transference function without the standardization of the form
standard, while still other embodiments lack either a form
standard or a heat spreader and may employ, for example, the
flex circuitry as a heat transference material.
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LOW PROFILE CHIP SCALE STACKING
SYSTEM AND METHOD

RELATED APPLICATIONS

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 11/432,206, filed May 11, 2006, pending,
which is a continuation of U.S. patent application Ser. No.
10/873,847, filed Jun. 22, 2004, now U.S. Pat. No. 7,094,632,
issued Aug. 22, 2006, which is a continuation-in-part of U.S.
patent application Ser. No. 10/631,886, filed Jul. 11, 2003,
now U.S. Pat. No. 7,026,708, issued Apr. 11, 2006, which is
a continuation-in-part of U.S. patent application Ser. No.
10/453,398, filed Jun. 3, 2003, now U.S. Pat. No. 6,914,324
B2, issued Jul. 5, 2005, which is a continuation-in-part of U.S.
patent application Ser. No. 10/005,581, filed Oct. 26, 2001,
now U.S. Pat. No. 6,576,992 B2, issued Jun. 10, 2003.
[0002] U.S. patent application Ser. No. 10/631,886, filed
Jul. 11, 2003, now U.S. Pat. No. 7,026,708, issued Apr. 11,
2006, also is a continuation-in-part of U.S. patent application
Ser. No. 10/457,608 filed Jun. 9, 2003, pending, which is a
continuation-in-part of U.S. patent application Ser. No.
10/005,581, filed Oct. 26,2001, now U.S. Pat. No. 6,576,992
B2, issued Jun. 10, 2003.

TECHNICAL FIELD

[0003] The present invention relates to aggregating inte-
grated circuits and, in particular, to stacking integrated cir-
cuits in chip-scale packages and mounting such devices on
substrates.

BACKGROUND

[0004] Leaded packages play an important role in electron-
ics, but efforts to miniaturize electronic components and
assemblies have driven development of technologies that pre-
serve circuit board surface area. Because leaded packages
have leads emergent from peripheral sides of the package,
leaded packages occupy more than a minimal amount of
circuit board surface area. Consequently, alternatives to
leaded packages known as chip scale packaging or “CSP”
have recently gained market share.

[0005] CSP refers generally to packages that provide con-
nection to an integrated circuit through a set of contacts
arrayed across a major surface of the package. Instead of leads
emergent from a peripheral side of the package, contacts are
placed on a major surface and typically are located along the
planar bottom surface of the package. The absence of “leads”
on package sides renders most stacking techniques devised
for leaded packages inapplicable for CSP stacking. Not only
is peripheral dimension an important consideration, but so too
is profile height, particularly when CSPs are stacked. Addi-
tionally, methods to provide reliable strategies for mounting
stacked devices are valuable in stacking.

[0006] Whatis needed, therefore, is a technique and system
for stacking CSPs that provides a thermally efficient, reliable
structure that performs well at higher frequencies but does not
add excessive height to the stack yet allows production at
reasonable cost with readily understood and managed mate-
rials and methods.

SUMMARY

[0007] Provided is a system and method that mounts inte-
grated circuit devices onto substrates and a system and
method for employing the method in stacked modules. The
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contact pads of a packaged integrated circuit device are sub-
stantially exposed. A solder paste that includes higher tem-
perature solder paste alloy is applied to a substrate or the
contacts of the packaged device. The integrated circuit device
is positioned to contact the contacts of the substrate with the
higher temperature solder alloy paste between. Heat is
applied to create high temperature joints between the contacts
of'the substrate and the integrated circuit device resulting in a
device-substrate assembly with high temperature joints. The
formed joints are less subject to re-melting in subsequent
processing steps. The method may be employed in devising
stacked module constructions such as those disclosed herein
as preferred embodiments. Typically, the created joints are
low in profile. In a method in accordance with the present
invention, a first solder used to construct a stacked module has
a higher melting point than a second solder used to populate
a board with that module.

[0008] Preferred embodiments may also employ low pro-
file contact structures to provide connection between CSPs of
the stacked module and between and to the flex circuitry. Low
profile contacts are created by any of a variety of methods and
materials including, for example, screen paste techniques and
use of high temperature solders, although other application
techniques and traditional solders may be employed for cre-
ating low profile contacts that may be employed. A consoli-
dated low profile contact structure and technique is provided
for use in alternative embodiments.

[0009] Multiple numbers of CSPs may be stacked in accor-
dance with the present invention. The CSPs employed in
stacked modules devised in accordance with the present
invention are connected with flex circuitry. That flex circuitry
may exhibit one or two or more conductive layers with pre-
ferred embodiments having two conductive layers. In some
preferred embodiments, a form standard provides a physical
form that allows many of the varying package sizes found in
the broad family of CSP packages to be used to advantage
while employing a standard connective flex circuitry design.
In other embodiments, a heat spreader is disposed between
the CSP and the flex circuitry thus providing an improved heat
transference function without the standardization of the form
standard, while still other embodiments lack either a form
standard or a heat spreader and may employ, for example, the
flex circuitry as a heat transference material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG.1 depicts a typical prior art packaged integrated
circuit device.
[0011] FIG. 2 depicts the device of FIG. 1 from which the

solder ball contacts have been removed.

[0012] FIG. 3 depicts a set of substrate contacts upon which
a high temperature solder paste has been applied in accor-
dance with a preferred embodiment of the present invention.

[0013] FIG. 4 depicts portions of two flexible circuit con-
nectors prepared for mounting of an integrated circuit device
in accordance with a preferred embodiment of the present
invention.

[0014] FIG. 5 depicts a device-substrate assembly in accor-
dance with a preferred embodiment of the present invention.
[0015] FIG. 6 depicts a two-high integrated circuit module
mounted to the two flexible circuit connectors depicted in
FIG. 4 in accordance with a preferred embodiment of the
present invention.
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[0016] FIG. 7 depicts a four-high stacked module devised
in accordance with a preferred embodiment of the present
invention.

[0017] FIG. 8 is an elevation view of a high-density circuit
module devised in accordance with a preferred four-high
embodiment of the present invention.

[0018] FIG.9isan elevation view of a stacked high-density
circuit module devised in accordance with a preferred two-
high embodiment of the present invention.

[0019] FIG. 10 depicts, in enlarged view, the area marked
“A”in FIG. 9 in a preferred embodiment of the present inven-
tion.

[0020] FIG. 11 depicts, in enlarged view, one alternative
construction for of the area marked “A” in FIG. 9.

[0021] FIG. 12 depicts in enlarged view, the area marked
“B” in FIG. 9 in a preferred embodiment of the present
invention.

[0022] FIG. 13 depicts, in enlarged view, a portion of a flex
circuitry employed with the structure of FIG. 11 in an alter-
native preferred embodiment of the present invention.
[0023] FIG. 14 is an elevation view of a portion of an
alternative construction step in an alternative embodiment of
the present invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0024] The methods and systems disclosed herein are used
with CSP packages of a variety of types and configurations
such as, for example, those that are die-sized, as well those
that are near chip-scale as well as the variety of ball grid array
packages known in the art. It may also be used with those
CSP-like packages that exhibit bare die connectives on one
major surface. Thus, the term CSP should be broadly consid-
ered in the context of this application. The methods and
systems disclosed may be employed to advantage in the wide
range of CSP configurations available in the art where an
array of connective elements is available from at least one
major surface. Collectively, these will be known herein as
chip scale packaged integrated circuits (CSPs) and preferred
embodiments will be described in terms of CSPs, but the
particular configurations used in the explanatory figures are
not, however, to be construed as limiting. For example, the
elevation views of the Figs. are depicted with CSPs of a
particular profile known to those in the art, but it should be
understood that the figures are exemplary only. The invention
is advantageously employed with CSPs that contain memory
circuits, but may be employed to advantage with logic and
computing circuits where added capacity without commen-
surate PWB or other board surface area consumption is
desired.

[0025] FIG.1 depicts an exemplar integrated circuit device
18 having upper surface 20 and lower surface 22. Device 18 is
an example of one type of the general class of devices com-
monly known in the art as chip-scale-packaged integrated
circuits (“CSPs”). The present invention may employed with
awide variety of integrated circuit devices and is not, as those
of'skill in the art will understand, limited to devices having the
profile depicted in FIG. 1. Further, although its preferred use
is with plastic-bodied CSP devices, the invention provides
advantages in mounting a variety of packaged integrated cir-
cuit devices in a wide variety of configurations including
leaded and CSP topologies.

[0026] Exemplar integrated circuit device (CSP) 18 may
include one or more integrated circuit die and body 27 and a
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set of contacts 28. The illustrated CSP 18 has CSP ball con-
tacts 28 arrayed along surface 22 of its body 27. Typically, in
CSP 18, CSP ball contacts 28 are, as depicted, balls that are a
mixture of tin and lead with a common relative composition
of 63% tin and 37% lead. Such contacts typically have a
melting point of about 183° C. Other contacts are sometimes
found along a planar surface of integrated circuit devices and
such other contacts may also be treated in accordance with the
present invention where the opportunity arises as will be
understood after gaining familiarity with the present disclo-
sure.

[0027] Inthedepiction of FIG. 2, CSP ball contacts 28 have
been removed, leaving CSP pads 29 arrayed along lower
surface 22. CSP pads 29 will typically exhibit a residual thin
layer of tin/lead mixture after removal of CSP ball contacts
28. As those of skill will know, CSPs may be received without
attached balls and the process and structures described herein
will then not require “removal” of balls. Further, embodi-
ments of the present invention may be implemented with
CSPs already bearing ball contacts comprised of high tem-
perature solders.

[0028] FIG. 3 depicts exemplar substrate 23 on which are
disposed contacts 25. Substrate 23 is depicted as a rigid board
such as a PWB or PCB such as are known in the art. In
accordance with a preferred embodiment of the present
invention, a solder paste 27 is applied to substrate contacts 25.
In accordance with an alternative preferred embodiment of
the invention, solder paste 27 is applied to the CSP pads 29
and not the substrate contacts 25. However, as those of skill
will recognize, solder paste 27 may applied to both or either
substrate contacts 25 and CSP pads 29 (or a set of contacts of
other configuration when devices that are not CSP are used in
accordance with the invention.) As those of skill understand,
solder paste is a mixture of solder particles and flux.

[0029] Two or more of the elements lead, tin, silver, copper,
antimony or indium may be employed in a variety of combi-
nations to devise a solder to be employed in solder paste 27 in
accordance with the present invention. Therefore, in accor-
dance with preferred embodiments of the present invention, a
solder alloy employed in solder paste 27 exhibits a melting
point equal to or greater than 235° C. and, preferably between
235° C. and 312° C. The alloy chosen should not have a
melting point so high that the IC package is adversely
affected, but it should also not be so low as to remelt during
board assembly operations.

[0030] Some market participants are starting to implement
lead-free solders. Such lead-free solders will typically have
melting points higher than those found in lead inclusive sol-
ders. Typically, those who use lead-free solders to populate
boards with stacked modules will, for example, employ tem-
peratures up to 240° C. in the process of attachment of stacked
modules to boards. Consequently, a ET joint implemented
with a lead-free alloy will, in conformity with preferred
embodiments of the present invention, exhibita melting point
greater than those lead-free solders used to populate boards.
Consequently, a preferred implementation of the HT joints of
the present invention will have a melting point range of
between 245° C. and 265° C. The lead-free solder alloy
employed in such ET joints will be comprised of at least two
of the following elements: tin, silver, copper, or indium.
[0031] Preferably, an alloy used as a solder in the present
invention will melt over a narrow temperature range. Disin-
tegration of the module during board attachment or popula-
tion will be less likely if the melt range is narrow. Most
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preferably, the top of the melting point range of the solder
used in board attachment should be exceeded by 15° C. by the
melting point of the solder used to manufacture the stacked
module although in the case of lead-free solders, this is
reduced to ameliorate issues that could arise from exposure of
the package to high temperatures.

[0032] The following combinations have been found to
exhibit the following melting points, and the below recited
combinations are merely a representative, but not exhaustive,
list of examples of solder alloys appropriate for use in the
present invention. As those of skill will recognize, these
examples are instructive in selecting other preferred particu-
lar combinations of lead, tin, silver, copper, antimony, and
indium that are readily employed to advantage in the present
invention so as to arrive at alloys of at least two of the follow-
ing solder elements: lead, tin, silver, copper, antimony, and
indium that have in their combined mixture, a preferred melt-
ing point between 235° C. to 312° C. inclusive.

[0033] A combination of 95% Sn and 5% Sb melts over a
range of 235° C. to 240° C.

[0034] A combination of 83% Pb and 10% Sb and 5% Sn
and 2% Ag melts over a range of 237° C. to 247° C.

[0035] A combination of 85% Pb and 10% Sb and 5% Sn
melts over a range of 245° C. to 255° C.

[0036] A combination of 90% Pb and 10% Sb melts over a
range of 252° C. to 260° C.

[0037] A combination of 92.5% Pb, 5% Sn and 2.5% Ag
melts over a range of 287° C. to 296° C.

[0038] A combination of 90% Pb and 10% Sn melts over a
range of 275° C. to 302° C.

[0039] A combination of 95% Pb and 5% Sn melts over a
range of 308° C. to 312° C.

[0040] A combination of 75% Pb and 25% Indium melts
over a range of 240° C. to 260° C.

[0041] Those of skill will note that solder alloys or mixtures
may also be employed in embodiments of the present inven-
tion that exhibit melting points lower than 235° C., as would
be exhibited for example with a 97% Sn and a 3% Sh alloy, but
preferred embodiments will employ solder mixtures or alloys
that melt between 235° C. and 312° C. inclusive.

[0042] FIG. 4 depicts portions of flex circuitry comprised
of two flexible circuit connectors 30 and 32 prepared for
mounting of a device 10 in accordance with a preferred
embodiment of the present invention. Exemplar flex circuits
30 and 32 may be simple flex circuitry or may exhibit the
more sophisticated designs of flex circuitry such as those that
are later described herein. For clarity of exposition, depicted
flex circuits 30 and 32 exhibit a single conductive layer 64 and
a first outer layer 50. Conductive layer 64 is supported by
substrate layer 56, which, in a preferred embodiment, is a
polyimide. Outer layer 52 resides along the lower surface of
the flex circuits 30 and 32. Optional outer layers 50 and 52,
when present, are typically a covercoat or solder mask mate-
rial. Windows 35 are created through outer layer 52 and
intermediate layer 56 to expose flex contacts 44.

[0043] As depicted in FIG. 4, solder paste 27 is applied to
flex contacts 36 which are demarked at the level of conductive
layer 64. Solder paste 27 may also alternatively or in addition,
be applied to the CSP pads 29 of a CSP. Windows 35 provide
openings through which module contacts may be disposed in
a later stacked module assembly step. Those of skill will
recognize that the method of the present invention is appli-
cable to a wide variety of substrates including solid PWB’s,
rigid flex, and flexible substrates such as flexible circuits, for
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example, and the substrate employed can be prepared in
accordance with the present invention in a manner appropri-
ate for the intended application. Where the invention is
employed with rigid substrates such as a PWB, multilayer
strategies and windowing in substrate layers are techniques
which are useful in conjunction with the present invention,
but not essential.

[0044] FIG. 5 depicts a device-substrate assembly in accor-
dance with a preferred embodiment of the present invention
as may be employed in the construction of a low profile
stacked module. The features depicted in FIG. 5 are not drawn
to scale, and show various features in an enlarged aspect for
purposes of illustration. As shown, CSP 18 is disposed upon
flex circuits 30 and 32 which have been, in a preferred
embodiment of the method of the present invention, previ-
ously prepared as shown in earlier FIG. 4. Module contacts 38
have been appended to flex circuits 30 and 32 to provide
connective facility for the device-flex combination whether
as part of a stacked module or otherwise.

[0045] High temperature joint contacts 39 (“HT joints™) are
formed by the melting of the lead alloy in previously applied
solder paste 27 and the application of a selected heat range
appropriate for the solder mixtures identified previously.
Thus, HT joints 39 will, after solidification, typically not
re-melt unless exposed subsequently to such temperature
ranges. The temperature range applied in this step of assem-
bly will not typically be subsequently encountered in a later
assembly operation such as, for example, the application of a
stacked module to a DIMM board. Consequently, in one
embodiment, the present invention is articulated as a stacked
module having HT joints that is appended to a DIMM board
with traditional lower melting point solder.

[0046] FIG. 6 depicts atwo-high stacked module devised in
accordance with a preferred embodiment of the present
invention. Stacked module 10 shown in FIG. 6 includes lower
CSP 18 and upper CSP 16. A stacked module 10 may be
devised in accordance with the present invention that includes
more than two CSPs. Flex circuits 30 and 32 are depicted
connecting lower CSP 18 and upper CSP 16. Those of skill
will also recognize that module 10 may be implemented with
a single flexible circuit connector. Further, the flexible circuit
connectors employed in accordance with the invention may
exhibit one or more conductive layers. Flex circuits 30 and 32
may be any circuit connector structure that provides connec-
tive facility between two integrated circuits having a contact
array. Those of skill will note that flexible circuits 30 and 32
may exhibit single conductive layers (such as, for example,
the flexible circuit connectors earlier illustrated herein in FIG.
5) or may exhibit multiple conductive layers such as those
shown in the present figures, for example. Those of skill will
readily appreciate how a variety of circuit structures may be
employed in preferred embodiments. Further, the connective
structures used to connect lower integrated circuit 18 with
upper integrated circuit 16 need not literally be flexible circuit
connectors but may be flexible in portions and rigid in other
portions.

[0047] HT contacts 39 are employed in the preferred
embodiment of FIG. 6 to provide connective facility between
the respective integrated circuits and contacts borne by the
flex circuits 30 and 32. Preferably, HT joints 39 will exhibit a
height dimension smaller than that of CSP ball contacts 28
shown earlier as part of typical CSPs in FIG. 1. As those of
skill will recognize, HT joints 39 are depicted in a scale that
is enlarged relative to joint sizes that would typically be
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encountered in actual practice of preferred modes of the
invention. Thus, module 10 will preferably present a lower
profile than stacked modules created employing typical CSP
contacts 28 on each of the constituent integrated circuit pack-
ages employed in a stacked module 10.

[0048] FIG. 7 depicts module 10 as lower (or level one)
CSP 18, upper (or level two) CSP 16, 37 (or level three) CSP
14, and 4” (or level four) CSP 12. When the present invention
is employed between flex circuits in stacking multiple levels
of CSPs, as for example in FIG. 7, some embodiments will
present HT contacts that have minimal heights that do not
cause appreciable separation between the flex circuitry asso-
ciated with CSP 18 and CSP 16, for example, or between CSP
16 and CSP 14, for example. For such embodiments, the
apparent height for illustrated HT joints 39, particularly, that
lie between respective layers of flex circuitry will be under-
stood to be exaggerated in the depiction of FIG. 7. Three sets
of flex circuitry pairs 30 and 32 are also shown but, as in other
embodiments, the invention may be implemented with a vari-
ety of substrates including single flex circuits in place of the
depicted pair and with flexible circuits that have one or plural
conductive layers.

[0049] As shown, the HT joints provide connections
between integrated circuit devices and substrates and the
overall profile of module 10 is reduced by use of the present
invention that provides advantages in subsequent processing
steps such as, for example, affixation of module 10 to DIMM
boards, for example.

[0050] To construct a stacked module in accordance with a
preferred embodiment of the present invention, if present,
ball contacts 28 are removed from a CSP leaving CSP con-
tacts 29 that typically exhibit a residual layer of solder. A high
temperature solder paste composed from a lead alloy or mix-
ture that has a preferable melting point equal to or higher than
235°C. and preferably less than 312° C. is applied to substrate
contacts 25 of a substrate such as a flexible circuit and/or the
substrate contacts to which it is to be mounted. The CSP is
positioned to place the CSP pads 29 and substrate contacts 25
in appropriate proximity. Heat is applied sufficient to melt the
lead solder alloy of solder paste 27 thus forming HT joints 39.
The flexible circuit is positioned to place portions of the
flexible circuit connector between the first CSP and a second
CSP that is connected to the substrate with HT joints created
using the process described for creating HT joints.

[0051] In understanding the present invention, it may be
helpful to articulate the relative melting points in terms of
variables to illustrate the relationships between the HT joints
used to construct a stacked module and the solders used to
populate a board with such a HT joint-implemented stacked
module. In use in board population, the present invention will
provide a stacked high module that is assembled using the HT
joints that exhibit melting point ranges between X and Y
degrees where X is less than Y. Attachment of the stacked
module to a board is then implemented with a solder having a
melting point between A and B degrees where A and B are less
than X.

[0052] FIG. 8 is an elevation view of module 10 devised in
accordance with a preferred embodiment of the present
invention. Exemplar module 10 is comprised of four CSPs:
level four CSP 12, level three CSP 14, level two CSP 16, and
level one CSP 18. Each of the depicted CSPs has an upper
surface 20 and a lower surface 22 and opposite lateral sides or
edges 24 and 26 and include at least one integrated circuit
surrounded by a body 27.
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[0053] Shown in FIG. 8 are low profile contacts 28 along
lower surfaces 22 of the illustrated constituent CSPs 12, 14,
16, and 18. Low profile contacts 28 provide connection to the
integrated circuit or circuits within the respective packages.

[0054] CSPs often exhibit an array of balls along lower
surface 22. Such ball contacts are typically solder ball-like
structures appended to contact pads arrayed along lower sur-
face 22. In many preferred embodiments of the present inven-
tion, CSPs that exhibit balls along lower surface 22 are pro-
cessed to strip the balls from lower surface 22 or,
alternatively, CSPs that do not have ball contacts or other
contacts of appreciable height are employed. Only as a further
example of the variety of contacts that may be employed in
alternative preferred embodiments of the present invention,
an embodiment is later disclosed in FIG. 11 and the accom-
panying text that is constructed using a CSP that exhibits ball
contacts along lower surface 22. The ball contacts are then
reflowed to create what will be called a consolidated contact.

[0055] Embodiments of the invention may also be devised
that employ both standard ball contacts and low profile con-
tacts or consolidated contacts. For example, in the place of
low profile inter-flex contacts 42 or, in the place of low profile
contacts 28, or in various combinations of those structures,
standard ball contacts may be employed at some levels of
module 10, while low profile contacts and/or low profile
inter-flex contacts or consolidated contacts are used at other
levels.

[0056] A typical eutectic ball found on a typical CSP
memory device is approximately 15 mils in height. After
solder reflow, such a ball contact will typically have a height
of'about 10 mils. In preferred modes of the present invention,
low profile contacts 28 and/or low profile inter-flex contacts
42 have a height of approximately 7 mils or less and, more
preferably, less than 5 mils.

[0057] Where present, the contact sites of a CSP that are
typically found under or within the ball contacts typically
provided on a CSP, participate in the creation of low profile
contacts 28. One set of methods by which high-temperature
types of low profile contacts 28 suitable for use in embodi-
ments of the present invention have been disclosed herein. In
other embodiments, more typical solders, in paste form for
example, may be applied either to the exposed contact sites or
pads along lower surface 22 of a CSP and/or to the appropriate
flex contact sites of the designated flex circuit to be employed
with that CSP.

[0058] In FIG. 8, iterations of flex circuits (“flex”, “flex
circuits,” “flexible circuit structures,” “flexible circuitry”) 30
and 32 are shown connecting various constituent CSPs. Any
flexible or conformable substrate with an internal layer con-
nectivity capability may be used as a preferable flex circuit in
the invention. The entire flex circuit may be flexible or, as
those of skill in the art will recognize, a PCB structure made
flexible in certain areas to allow conformability around CSPs
and rigid in other areas for planarity along CSP surfaces may
be employed as an alternative flex circuit in the present inven-
tion. For example, structures known as rigid-flex may be
employed.

[0059] Form standard 34 is shown disposed adjacent to
upper surface 20 of each of the CSPs below level four CSP 12.
Form standard 34 may be fixed to upper surface 20 of the
respective CSP with an adhesive 36 which preferably is ther-
mally conductive. Form standard 34 may also, in alternative
embodiments, merely lay on upper surface 20 or be separated
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from upper surface 20 by an air gap or medium such as a
thermal slug or non-thermal layer.

[0060] Inother embodiments, a heat spreader may act as a
heat transference media and reside between the flex circuitry
and the package body 27 or may be used in place of form
standard 34. Such a heat spreader is shown in FIG. 14 as an
example and is identified by reference numeral 37. In still
other embodiments, there will be no heat spreader 37 or form
standard 34 and the embodiment may use the flex circuitry as
a heat transference material.

[0061] With continuing reference to FIG. 8, form standard
34 is, in a preferred embodiment, devised from copper to
create, as shown in the depicted preferred embodiment of
FIG. 8, a mandrel that mitigates thermal accumulation while
providing a standard-sized form about which flex circuitry is
disposed. Form standard 34 may take other shapes and forms
such as, for example, an angular “cap” that rests upon the
respective CSP body. Form standard 34 also need not be
thermally enhancing although such attributes are preferable.
The form standard 34 allows modules 10 to be devised with
CSPs of varying sizes, while articulating a single set of con-
nective structures useable with the varying sizes of CSPs.
Thus, a single set of connective structures such as flex circuits
30 and 32 (or a single flexible circuit in the mode where a
single flex is used in place of the flex circuit pair 30 and 32)
may be devised and used with the form standard 34 method
and/or systems disclosed herein to create stacked modules
from CSPs having different sized packages. This will allow
the same flexible circuitry set design to be employed to create
iterations of a stacked module 10 from constituent CSPs
having a first arbitrary dimension X across attributeY (where
Y may be, for example, package width), as well as modules 10
from constituent CSPs having a second arbitrary dimension X
prime across that same attribute Y. Thus, CSPs of different
sizes may be stacked into modules 10 with the same set of
connective structures (i.e. flex circuitry). In a preferred
embodiment, form standard 34 will present a lateral extent
broader than the upper major surface of the CSP over which
it is disposed. Thus, the CSPs from one manufacturer may be
aggregated into a stacked module 10 with the same flex cir-
cuitry used to aggregate CSPs from another manufacturer into
a different stacked module 10 despite the CSPs from the two
different manufacturers having different dimensions.

[0062] Further, as those of skill will recognize, mixed sizes
of CSPs may be implemented into the same module 10, such
as would be useful to implement embodiments of a system-
on-a-stack.

[0063] Preferably, portions of flex circuits 30 and 32 are
fixed to form standard 34 by adhesive 35 which is preferably
atape adhesive, but may be a liquid adhesive or may be placed
in discrete locations across the package. Preferably, adhesive
35 is thermally conductive.

[0064] In a preferred embodiment, flex circuits 30 and 32
are multi-layer flexible circuit structures that have at least two
conductive layers examples of which are described herein.
Other embodiments may, however, employ flex circuitry,
either as one circuit or two flex circuits to connect a pair of
CSPs, that have only a single conductive layer, examples of
which are also shown herein.

[0065] Preferably, the conductive layers employed in flex
circuitry of module 10 are metal such as alloy 110. The use of
plural conductive layers provides advantages and the creation
of a distributed capacitance across module 10 intended to
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reduce noise or bounce effects that can, particularly at higher
frequencies, degrade signal integrity, as those of skill in the
art will recognize.

[0066] Module 10 of FIG. 8 has plural module contacts 38
collectively identified as module array 40. Connections
between flex circuits are shown as being implemented with
low profile inter-flex contacts 42 which are, in preferred
embodiments, low profile contacts comprised of solder-com-
bined with pads and/or rings such as the flex contacts 44
shown in FIG. 10 or flex contacts 44 with orifices as shown in
FIG. 11 being just examples.

[0067] Form standard 34, as employed in one preferred
embodiment, is approximately 5 mils in thickness, while flex
circuits 30 and 32 are typically thinner than 5 mils. Thus, the
depiction of FIG. 8 is not to scale.

[0068] FIG. 9 illustrates an exemplar two-high module 10
devised in accordance with a preferred embodiment of the
present invention. The depiction of FIG. 9 identifies two areas
“A” and “B”, respectively, that are shown in greater detail in
later figures. In later FIGS. 10 and 11, there are shown details
of two alternative embodiments for the area marked “A” in
FIG. 9. It should be understood that many different connec-
tion alternatives are available and within the scope of the
invention. FIG. 12 depicts details of the area marked “B” in
FIG. 9.

[0069] FIG. 10 depicts, in enlarged view, one alternative for
structures that may be used in the area marked “A” in FI1G. 9.
FIG. 10 depicts an example preferred connection between an
example low profile contact 28 and module contact 38
through flex contact 44 of flex 32 to illustrate a solid metal
path from level one CSP 18 to module contact 38 and, there-
fore, to an application PWB or memory expansion board to
which module 10 is connectable.

[0070] Flex 32 is shown in FIG. 10 to be comprised of
multiple conductive layers. This is merely an exemplar flex-
ible circuitry that may be employed with the present inven-
tion. A single conductive layer and other variations on the
flexible circuitry may, as those of skill will recognize, be
employed to advantage in alternative embodiments of the
present invention.

[0071] Flex 32 has a first outer surface 50 and a second
outer surface 52. Preferred flex circuit 32 has at least two
conductive layers interior to first and second outer surfaces 50
and 52. There may be more than two conductive layers in flex
30 and flex 32 and other types of flex circuitry may employ
only one conductive layer. In the depicted preferred embodi-
ment, first conductive layer 54 and second conductive layer
58 are interior to first and second outer surfaces 50 and 52.
Intermediate layer 56 lies between first conductive layer 54
and second conductive layer 58. There may be more than one
intermediate layer, but one intermediate layer of polyimide is
preferred. The designation “F”” as shown in FIG. 10 notes the
thickness “F” of flex circuit 32 which, in preferred embodi-
ment, is approximately 3 mils. Thinner flex circuits may be
employed, particularly where only one conductive layer is
employed, and flex circuits thicker than 3 mils may also be
employed, with commensurate addition to the overall height
of module 10.

[0072] AsdepictedinFIG. 10, an example flex contact 44 is
comprised from metal at the level of second conductive layer
58 interior to second outer surface 52.

[0073] FIG. 11 depicts an alternative structure for the con-
nection in the area marked “A” in FIG. 9. In the depiction of
FIG. 11, a flex contact 44 is penetrated by orifice 59 which has
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a median opening of dimension “DO” indicated by the arrow
in FIG. 11. Demarcation gap 63 is shown in FIG. 11. This gap
may be employed to separate or demarcate flex contacts such
as flex contact 44 from its respective conductive layer. Also
shown in FIG. 11 is an optional adhesive or conformed mate-
rial 51 between flex circuit 32 and CSP 18.

[0074] The consolidated contact 61 shown in FIG. 11 pro-
vides connection to CSP 18 and passes through orifice 59.
Consolidated contact 61 may be understood to have two por-
tions 61A that may be identified as an “inner” flex portion
and, 61B that may be identified as an “outer” flex portion, the
inner and outer flex portions of consolidated contact 61 being
delineated by the orifice. The outer flex portion 61B of con-
solidated contact 61 has a median lateral extent identified in
FIG. 11 as “DCC” which is greater than the median opening
“DO” of orifice 59. The depicted consolidated contact 61 is
preferably created in a preferred embodiment, by providing a
CSP with ball contacts. Those ball contacts are placed adja-
cent to flex contacts 44 that have orifices 59. Heat sufficient to
melt the ball contacts is applied. This causes the ball contacts
to melt and reflow in part through the respective orifices 59 to
create emergent from the orifices, outer flex portion 61B,
leaving inner flex portion 61A nearer to lower surface 22 of
CSP18.

[0075] Thus, in the depicted embodiment, module 10 is
constructed with a level one CSP 18 that exhibits balls as
contacts, but those ball contacts are re-melted during the
construction of module 10 to allow the solder constituting the
ball to pass through orifice 59 of the respective flex contact 44
to create a consolidated contact 61 that serves to connect CSP
18 and flex circuitry 32, yet preserve a low profile aspect to
module 10 while providing a contact for module 10. Those of
skill will recognize that this alternative connection strategy
may be employed with any one or more of the CSPs of module

[0076] As those skilled will note, a consolidated contact 61
may be employed to take the place of a low profile contact 28
and module contact 38 in the alternative embodiments. Fur-
ther, either alternatively, or in addition, a consolidated contact
61 may also be employed in the place of a low profile contact
28 and/or an inter-flex contact 42 in alternative embodiments
where the conductive layer design of the flex circuitry will
allow the penetration of the flex circuitry implicated by the
strategy.

[0077] FIG. 12 depicts the area marked “B” in FIG. 9. The
depiction of FIG. 12 includes approximations of certain
dimensions of several elements in a preferred embodiment of
module 10. It must be understood that these are just examples
relevant to some preferred embodiments, and those of skill
will immediately recognize that the invention may be imple-
mented with variations on these dimensions and with and
without all the elements shown in FIG. 12.

[0078] There are a variety of methods of creating low pro-
file contacts 28. One method that is effective is the screen
application of solder paste to the exposed CSP contact pad
areas of the CSP and/or to the contact sites of the flex cir-
cuitry. For screened solder paste, the reflowed joint height of
contact 28 will typically be between 0.002" and 0.006" (2 to
6 mils). The stencil design, the amount of solder remaining on
‘ball-removed” CSPs, and flex planarity will be factors that
could have a significant effect on this value. Low profile
contact 28 has a height “C” which, in a preferred embodi-
ment, is between 2 and 7 mils. Flex circuitry 32, with one or
two or more conductive layers, has a thickness “F” of about 4
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mils or less in a preferred embodiment. Adhesive layer 35 has
a thickness “A1” of between 1 and 1.5 mils in a preferred
embodiment. Form standard 34 has a thickness “FS” of
between 4 and 6 mils in a preferred embodiment and, adhe-
sive layer 36 has a thickness “A2” of between 1 and 2 mils.
Thus, the total distance between lower surface 22 of CSP 16
and upper surface 20 of CSP 18 passing through one of low
profile contacts 28 of CSP 16 is approximated by formula 1:

(C+F+A1+FS+42)-distance low profile contact 28
penetrates into flex 32. (€8]

[0079] In practice, this should be approximately between 9
and 20 mils in a preferred embodiment. A similar calculation
can be applied to identify the preferred distances between, for
example, CSP 14 and CSP 16 in a four-high module 10. In
such cases, the height of inter-flex contact 42 and thickness of
another layer of flex circuit 32 will be added to the sum to
result in a preferred range of between 13 and 31 mils. It should
be noted that in some embodiments, not all of these elements
will be present, and in others, added elements will be found.
For example, some of the adhesives may be deleted, and form
standard 34 may be replaced or added to with a heat spreader
37 and, in still other versions, neither a form standard 34 nor
a heat spreader 37 will be found. As an example, where there
is no use of a heat spreader 37 or form standard 34, the
distance between lower surface 22 of CSP 16 and upper
surface 20 of CSP 18 in a two-element module 10 will be
preferably between 4.5 and 12.5 mils and more preferably
less than 11 mils. It is often desirable, but not required, to
create low profile contacts 28 and low profile inter-flex con-
tacts 42 using HT joints as previously described.

[0080] FIG. 13 depicts, aplan view of a, contact structure in
flex 32 that may be employed to implement the consolidated
contact 61 shown earlier in FIG. 11. Shown in FIG. 13 are two
exemplar flex contacts 44 that each have an orifice 59. It may
be considered that flex contacts 44 extend further than the part
visible in this view as represented by the dotted lines that
extend into traces 45. The part of flex contact 44 visible in this
view is to be understood as being seen through windows in
other layers of flex 32 as previously described, depending
upon whether the flex contact is articulated at a first conduc-
tive layer or, if it is present in flex 32, a second conductive
layer and intermediate layer and whether the flex contact is
for connection to the lower one of two CSPs or the upper one
of two CSPs in a module 10.

[0081] FIG. 14 depicts a flexible circuit connective set of
flex circuits 30 and 32 that has a single conductive layer 64. It
should be understood with reference to FIG. 13, that flex
circuits 30 and 32 extend laterally further than shown and
have portions which are, in the construction of module 10,
brought about and disposed above the present, heat spreader
37, a form standard 34 (not shown), and/or upper surface 20
of CSP 18. In this single conductive layer flex embodiment of
module 10, there are shown first and second outer layers 50
and 52 and intermediate layer 56.

[0082] Heat spreader 37 is shown attached to the body 27 of
first level CSP 18 through adhesive 36. In some embodiments,
a heat spreader 37 or a form standard 34 may also be posi-
tioned to directly contact body 27 of the respective CSP.
[0083] Heat transference from module can be improved
with use of a form standard 34 or a heat spreader 37 com-
prised of heat transference material such as a metal and pref-
erably, copper or a copper compound or alloy, to provide a
significant sink for thermal energy. Although the flex circuitry
operates as a heat transference material, such thermal
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enhancement of module 10 particularly presents opportuni-
ties for improvement of thermal performance where larger
numbers of CSPs are aggregated in a single stacked module
10.

[0084] Although the present invention has been described
in detail, it will be apparent to those skilled in the art that the
invention may be embodied in a variety of specific forms and
that various changes, substitutions and alterations can be
made without departing from the spirit and scope of the
invention. The described embodiments are only illustrative
and not restrictive and the scope of the invention is, therefore,
indicated by the following claims.

1. A high-density circuit module comprising:

afirst CSPhaving an upper surface and a lower surface, and
along the lower surface there are plural first CSP low
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profile contacts, each of which plural first CSP low pro-
file contacts extends no more than 7 mils from the sur-
face of the first CSP;

a second CSP in stacked disposition with the first CSP, the
second CSP having an upper surface and a lower surface,
and along the lower surface there are plural second CSP
low profile contacts, each of which plural second CSP
low profile contacts extends no more than 7 mils from
the surface of the second CSP;

a flex circuit that connects the first CSP and the second
CSP, the flex circuit having at least two conductive lay-
ers and a portion that is disposed between the first and
second CSPs.

2. The high-density circuit module of claim 1 in which the
shortest distance from the lower surface of the second CSP to
the upper surface of the first CSP that passes through one of
the plural second CSP low profile contacts is less than 11 mils.
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