(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burcau

AT O OO A

(10) International Publication Number

(43) International Publication Date

3 February 2005 (03.02.2005) PCT WO 2005/010990 A2

(51) International Patent Classification’: HO1L 25/10, WEHRLY, James, Jr. [US/US]; 8700 Melshire Drive,
23/373, 23/485, 23/538 Austin, TX 78757 (US). WILDER, James [US/US]; 3301
Onion Hollow Cove, Austin, TX 78739 (US). ROPER,
(21) International Application Number: David [US/US]; 57113 Hero Dr., Austin, TX 78735 (US).
PCT/US2004/023152 BUCHLE, Jeft [US/US]; 5300 Maverick Drive, Austin,

TX 78727 (US).

(22) International Filing Date: 20 July 2004 (20.07.2004)

(74) Agents: DENKO, J., Scott et al.; Andrews Kurth LLP,

(25) Filing Language: English Suite 1700, 111 Congress Ave., Austin, TX 78701 (US).

(26) Publication Language: Eng]ish (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

(30) Priority Data:

10/624,097 21 July 2003 (21.07.2003) US

(71) Applicant (for all designated States except US): STAK-
TEK GROUP, L.P. [US/US]; 8900 Shoal Creek, Austin,
TX 78758 (US).

(72) Inventors; and
(75) Inventors/Applicants (for US only): CADY, James

[US/US]; 6803 Bayride Terrace, Austin, TX 78759 (84) Designated States (unless otherwise indicated, for every

(US). RAPPORT, Russell [US/US]; 1407 Brentwood
Street, Austin, TX 78757 (US). PARTRIDGE, Julian
[GB/US]; 9613 Vista View Drive, Austin, TX 78750 (US).

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

[Continued on next page]

(54) Title: POINT TO POINT MEMORY EXPANSION SYSTEM AND METHOD

— 75 T4
77A 794
£<[ 764~ Y
Q O
7% e %
86
778 798 14
£< 76 B 12
Q O
/6B - \' 70(3)
72~
~
10
87 100

(57) Abstract: With the use of stacked modules, a system and method for point to point addressing of multiple integrated memory
circuits is provided. A single memory expansion board is populated with stacked modules of integrated circuits. The single memory
expansion board is located at the terminus of a transmission line, thus, effectively placing at a relative single point in the addressing
& system, added memory capacity that would otherwise have required multiple memory expansion boards and, consequently, a longer
& bus. Therefore, signal degradation issues are mitigated and the system has improved tolerance for higher signal speeds with added

memory capacity. In a preferred embodiment, a four DIMM socket memory access bus that does not employ stacking is replaced

with a single DIMM socket bus that supports stacking up to four high on a single DIMM. Although the present invention is preferably

employed to advantage using stacked modules comprised from multiple CSPs, it may be employed with modules comprised from
g any number and type of integrated circuits including any type of packaging, whether CSP or leaded.

5/010990 A2 | IV P O N0 O



WO 2005/010990 A2 I} H1I0 Y ADVOH0 AT 0000 A0 00 AR

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,  For two-letter codes and other abbreviations, refer to the "Guid-
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,  ance Notes on Codes and Abbreviations" appearing at the begin-
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, ning of each regular issue of the PCT Gazette.

GW, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished
upon receipt of that report



10

20

WO 2005/010990 PCT/US2004/023152

1

POINT TO POINT MEMORY EXPANSION SYSTEM AND METHOD

Background of the Invention:

[001]  The present invention relates to accessing memory circuits and, in
particular, to accessing memory circuits aggregated in stacks.

[002]  In general, when an electrical interconnect is less than half the spatial
extent of the leading edge of a signal, that interconnect is better modeled as a
lumped element rather than a transmission line. As bus signal speeds increase,
however, understanding memory signal performance becomes a complex
analysis. For example, the bus connecting a memory expansion board to a
system is typically a transmission line with periodic discontinuities that
adversely affect impedance, wave velocity, and bandwidth and cutoff
frequency. Further, as bus signal speeds rise from the 100 MHz of the PC-100
bus to the 200 MHz and 333 MHz speeds of the DDR2 bus, such deleterious
effects increase. Newer microprocessors are now being described as utilizing
800 MHz bus speeds.

[003]  As speeds increase, memory expansion becomes more difficult.
Signal deficiencies become more pronounced as bus speeds rise, making
multiple stubs more problematic and thus inhibiting the tendency to add
memory by adding DIMMs. For example, the PC-100 bus allows four DIMM
sockets on a bus. As bus signal speeds increase, however, the long bus lengths
caused by multiple DIMMs become unacceptable while magnifying bandwidth
cutoff frequency, capitance, and DIMM socket skew problems.

[004]  There are methods to reduce the described deleterious effects. For
example, a lower signal voltage swing will allow a smaller driver and result in
reduced capacitance-related drops. Other techniques change memory board
design. For example, series stub terminated logic, "SSTL-2," uses series

resistors to isolate the stub from the line thus reducing ringing with reduced
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power. SSTL-2 has been standardized within JEDEC and is typically used with
DDR, for example. There is also a direct RAMBUS current mode version of
bus design that avoids much of the wired-OR glitch.
[005] However, these methods typically do not directly address the
fundamental that as bus speeds increase, signal behavior degrades to an
unacceptable level at shorter and shorter distances from the driver. What is
needed, therefore, is a new system and method for increasing integrated circuit
memory capacity that mitigates the adverse effects arising from faster bus

speeds that would otherwise arise with such increased memory capacity.

Summary of the Invention:

[006]  With the use of stacked modules, a system and method for point to
point addressing of multiple integrated memory circuits is provided. A single
memory expansion board is populated with stacked modules of integrated
circuits. The single memory expansion board is located at a memory site at the
terminus of a transmission line, thus, effectively placing at a relative single
point in the addressing system, added memory capacity that would otherwise
have required multiple memory expansion boards and, consequently, a longer
bus with multiple discontinuities. Preferred termination techniques such as
source termination, end termination, and combinations of these two techniques
may be used on the point-to-point data lines, therefore, signal degradation issues
are mitigated and the system has improved tolerance for higher signal speeds.

In a preferred embodiment, a four DIMM socket memory access bus that does
not employ stacking is replaced with a single DIMM socket bus that supports
stacking up to four high on a single DIMM.

[007]  Although the present invention is preferably employed to advantage
using stacked modules comprised from multiple CSPs, it may be employed with
modules comprised from any number and type of integrated circuits including

any type of packaging, whether CSP or leaded.
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Summary of the Drawings:

[008]  Fig. 1 is an elevation view of a high-density circuit module devised for
use in a preferred embodiment of the present invention.

[009]  Fig. 2 is an elevation view of a stacked high-density circuit module
devised for use in a preferred embodiment of the present invention.

[0010] Fig. 3 depicts, in enlarged view, the area marked “A” in Fig. 2 in a
stacked module that may be employed to advantage in the present invention.
[0011] Fig. 4 depicts, in enlarged view, one alternative construction for of the
area marked “A” in Fig. 2.

[0012] Fig. 5 depicts in enlarged view, the area marked “B” in Fig. 2 in a
stacked module that may be employed to advantage in the present invention.
[0013] Fig. 6 depicts, in enlarged view, a portion of a flex circuitry employed
with the structure of Fig. 4 in an alternative construction for a module that may
be employed in the present invention.

[0014] Fig. 7 is an elevation view of a portion of an alternative construction
step in construction of an alternative module for use in the present invention.
[0015] Fig. 8 is a depiction of a memory access system in accordance with a

preferred embodiment of the present invention.

Description of Preferred Embodiments:

[0016] Fig. 1is an elevation view of an example module 10 that may be
employed 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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[0017] The invention is used with modules 10 that may be comprised from
CSP or leaded packages of a variety of types and configurations. For example,
modules 10 may also be comprised from CSPs 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 including those that exhibit bare die connectives on one major surface.
Thus, the term CSP should be broadly considered in the context of this
application. The invention may be used with modules 10 that use any of the
CSP configurations available in the art where an array of connective elements is
available from at least one major surface as well as with modules 10 comprised
from leaded packages, and where space permits, with stacked modules
comprised from leaded packages.
[0018] Shown in Fig. 1 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.
[0019] 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 surface 22. In some modules 10 employed with the present
invention, CSPs that exhibit balls along lower surface 22 are processed 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 modules
employed in preferred embodiments of the present invention, a module 10 is
later disclosed in Fig. 4 and the accompanying 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.
[0020] Modules 10 may also be devised that employ both standard ball
contacts and low profile contacts or consolidated contacts. For example, in the

place of low profile inter-flex contacts 42 or, in the place of low profile contacts
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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.
[0021] 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 modules 10 used 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.
[0022] 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 embodiments of
the present invention are created is disclosed in co-pending U.S. Pat. App. No.
10/457,608, filed June 9, 2003 which is incorporated by reference in the priority
application to the present application, U.S. Pat. App. No. 10/624,097, filed July
21,2003. 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.
[0023] InFig. 1, iterations of flex circuits (“flex”, “flex circuits,” “flexible
circuit structures,” “flexible circuitry,” “flex circuitry”) 30 and 32 are shown
connecting various constituent CSPs. Any flexible or conformable substrate
with an internal layer connectivity 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 modules 10. For

example, structures known as rigid-flex may be employed.
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[0024] 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
thermally conductive. Form standard 34 may also, in alternative embodiments,
merely lay on upper surface 20 or be separated from upper surface 20 by an air
gap or medium such as a thermal slug or non-thermal layer.
[0025] In other modules 10 employed with the present invention, a heat
spreader may act as a heat transference media and reside between the flex
circuitryland the package body 27 or may be used in place of form standard 34.
Such a heat spreader is shown in Fig. 7 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
trans.ference material.
[0026] With continuing reference to Fig. 1, form standard 34 is devised from
copper to create, as shown in Fig. 1, 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 connective 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 attribute Y (where Y may be, for example, package width), as well as



10

WO 2005/010990 PCT/US2004/023152

7
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). Preferably, 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 circuitry used to aggregate CSPs from another manufacturer into a
different stacked module 10 despite the CSPs from the two different
manufacturers having different dimensions.
[0027] 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 such as those disclosed in co-pending
application U.S. Pat. App. No. 10/136,890, filed May 2, 2002, which is
incorporated by reference in the priority application to the present application,
U.S. Pat. App. No. 10/624,097, filed July 21, 2003, and is commonly owned by
the assignee of the present application.
[0028] Preferably, portions of flex circuits 30 and 32 are fixed to form
standard 34 by adhesive 35 which is preferably a tape adhesive, but may be a
liquid adhesive or may be placed in discrete locations across the package.
Preferably, adhesive 35 is thermally conductive.
[0029] Preferably, flex circuits 30 and 32 are multi-layer flexible circuit
structures that have at least two conductive layers examples of which are those
found in U.S. App. No. 10/005,581, now U.S. Pat. No. 6,576,992, which is
incorporated by reference in the priority application to the present application,
U.S. Pat. App. No. 10/624,097, filed July 21, 2003. Other modules 10 used in
preferred 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.
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[0030] 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 reduce noise or bounce effects that can, particularly at higher
frequencies, degrade signal integrity, as those of skill in the art will recognize.
[0031] Module 10 of Fig. 1 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, preferably,
low profile contacts comprised of solder-combined with pads and/or rings such
as the flex contacts 44 shown in Fig. 3 or flex contacts 44 with orifices as
shown in Fig. 4 being just examples.
[0032] Form standard 34, as employed in one type of module 10 employed in
a 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.
1 is not to scale.
[0033] Fig. 2 illustrates an exemplar two-high module 10 that may be
employed in accordance with an alternative embodiment of the present
invention. The depiction of Fig. 2 identifies two areas “A” and “B”,
respectively, that are shown in greater detail in later figures. In later Figs. 3 and
4, there are shown details of two of the many alternatives for the area marked
“A” in Fig. 2. It should be understood that many different connection
alternatives are available for the modules 10 used in the present invention. Fig,
5 depicts details of the area marked “B” in Fig. 2.
[0034]  Fig. 3 depicts, in enlarged view, one alternative for structures that may
be used in the area marked “A” in Fig. 2. Fig. 3 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, therefore, to an application PWB or memory

expansion board to which module 10 is connectable.
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[0035] Flex 32 is shown in Fig. 3 to be comprised of multiple conductive
layers. This is merely an exemplar flexible circuitry that may be employed with
some modules 10 employable in the present invention. A single conductive
layer and other variations on the flexible circuitry may, as those of skill will
recognize, be employed to advantage in other modules 10 employed in the
present invention.
[0036] 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 module 10, 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. 3 notes the thickness “F” of flex circuit 32 which, preferably, 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.

[0037] As depicted in Fig. 3 and seen in more detail in Figs. found in U.S.
App. No. 10/005,581, now U.S. Pat. No. 6,576,992, which is incorporated by
reference in the priority application to the present application, U.S. Pat. App.
No. 10/624,097, filed July 21, 2003, an example flex contact 44 is comprised
from metal at the level of second conductive layer 58 interior to second outer
surface 52.

[0038] Fig. 4 depicts an alternative structure for the connection in the area
marked “A” in Fig. 2. In the depiction of Fig. 4, a flex contact 44 is penetrated

by orifice 59 which has a median opening of dimension “DO” indicated by the
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arrow in Fig. 4. Demarcation gap 63 is shown in Fig. 4. This gap which is
further found in incorporated U.S. Pat. App. No. 10/005,581, now U.S. Pat. No.
6,576,992, may be employed to separate or demarcate flex contacts such as flex
contact 44 from its respective conductive layer. Also shown in Fig. 4 is an
optional adhesive or conformed material 51 between flex circuit 32 and CSP 18.
[0039] The consolidated contact 61 shown in Fig. 4 provides connection to
CSP 18 and passes through orifice 59. Consolidated contact 61 may be
understood to have two portions 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 consolidated contact 61 has a median lateral
extent identified in Fig. 4 as “DCC” which is greater than the median opening
“DO” of orifice 59. The depicted consolidated contact 61 is preferably created
by providing a CSP with ball contacts. Those ball contacts are placed adjacent
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 CSP 18.
[0040] Thus, the depicted 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 when CSPs are used in module 10.
[0041] 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. Further,

either alternatively, or in addition, a consolidated contact 61 may also be
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employed in the place of a low profile contact 28 and/or an inter-flex contact 42
in alternatives where the conductive layer design of the flex circuitry will allow
the penetration of the flex circuitry implicated by the strategy.
[0042] Fig. 5 depicts the area marked “B” in Fig. 2. The depiction of Fig. 5
includes approximations of certain dimensions of several elements in a
preferable module 10. It must be understood that these are just examples
relevant to a few designs for modules 10 that may be employed to advantage in
the present invention, and those of skill will immediately recognize that the
invention may be implemented with any design for module 10 that includes
sufficient memory capacity for the application.
[0043] There are a variety of methods of creating low profile contacts 28
when used in creating module 10. 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 circuitry. 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, preferably,
is between 2 and 7 mils. Flex circuitry 32, with one or two or more conductive
layers, has a thickness “F” of about 4 mils or less, preferably, when flex
circuitry is employed in a module 10 employed in the invention. Adhesive layer
35 has a preferred thickness “A1” of between 1 and 1.5 mils. Form standard 34
has a preferred thickness “FS” of between 4 and 6 mils and, adhesive layer 36
has a thickness “A2” of between 1 and 2 mils. Thus, for one exemplar type of
module 10 that may be employed in the present invention, 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 the

formula:
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(1) (C+F+A1+FS+ A2) — distance low profile contact 28 penetrates into flex 32.

In practice, this should be approximately between 9 and 20 mils in a preferred
construction for module 10. 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 that employs CSPs. 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 modules 10, not all of these elements will be present, and in others, added
elements will be found and it should be remembered that modules 10 may be
employed in the present invention that employ integrated circuits in leaded
packages.

Further, 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.

[0044] Itis often desirable, but not required, to create low profile contacts 28
and low profile inter-flex contacts 42 using HT joints as found in co-pending
application U.S. Pat. App. No. 10/457,608 which is incorporated by reference in
the priority application to the present application, U.S. Pat. App. No.
10/624,097, filed July 21, 2003.

[0045] Fig. 6 depicts a plan view of a contact structure in flex 32 that may be
employed to implement the consolidated contact 61 shown earlier in Fig. 4.
Shown in Fig. 6 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
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of flex contact 44 visible in this view is to be understood as being seen through
windows in other layers of flex 32 as found in U.S. Pat. App. No. 10/005,581,
now U.S. Pat. No. 6,576,992, (which application is incorporated by reference in
the priority application to the present application, U.S. Pat. App. No.
10/624,097, filed July 21, 2003) depending upon whether the flex contact is
articulated at a first conductive 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.
[0046] Fig. 7 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. 6, 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.
[0047] 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 positioned to directly contact body 27 of the respective
CSP.
[0048] Heat transference from module can be improved with use of a form
standard 34 or a heat spreader 37 comprised of heat transference material such
as a metal and preferably, 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 enhancement of module 10 particularly
presents opportunities for improvement of thermal performance where larger

numbers of CSPs are aggregated in a single stacked module 10.
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[0049] Fig. 8 is a depiction of a memory access system 70 in accordance with
a preferred embodiment of the present invention. System 70 includes controller
72 which may be a memory controller, chip set, microprocessor,
microcontroller or other memory control logic circuitry.
[0050] Memory expansion board 74 may be any memory expansion board
such as, for example, the typical dual-in line memory module (DIMM)
commonly found in computer systems. Depicted memory expansion board 74
is shown as being populated with modules 10;), 102, 103), 10(4), to 10, each
of which is preferably cbmprised from four integrated circuits. For clarity of
exposition, memory expansion board 74 is shown in Fig. 8 as having five
modules 10 on side A of expansion board 74, with one attached to each of the 5
IC sites 75. As is understood, a typical DIMM is populated on both of its sides.
[0051] It should be understood, however, that memory expansion boards 74
often exhibit a larger number of IC sites 75 (i.e., sockets, for example, or pad
arrays) on a side, such as the nine IC sites 75 per side that are more typically
found on a DIMM and that the present invention does not limit memory
expansion board 74 to any particular format or number of IC sites 75 or
modules 10.
[0052] In a preferred embodiment, memory expansion board 74 is connected
to memory controller 72 by a transmission line 76 which has a controller end 77
and a memory end 79. In a preferred embodiment, transmission line 76 may be
characterized as transmission line path 76A (data) and transmission line path
76B (command/address). Transmission line data path 76A and transmission
line command/address path 76B each have a controller end 77A and 77B,
respectively, and a memory end 79A and 79B, respectively. Controller ends
77A and 77B are connected to controller 72 and memory ends 79A and79B are
connected to a memory interface site 78 and, therefore, are connected to
memory expansion board 74. Memory interface site 78 may be a socket in

some embodiments, while in other embodiments, direct wiring connection of
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memory expansion board 74 to memory end 79 of transmission line 76 may also
be considered to provide the connection to memory interface site 78. In some
embodiments, data path 76A and transmission line command/address path 76B
can be characterized as a transmission line assemblage 76. There are other bus
architectures to which the present invention may be adapted, as those of skill
will recognize. The common attribute amongst the various types of memory
expansion boards 74 that may be employed in the present invention is
population with stacked memory modules each of which modules 10 is
preferably constructed as disclosed in this application or the herein-referenced
related applications. It should also be noted that the invention may include use
of modules 10 that are comprised from integrated circuits that include more than
one integrated circuit die and may be leaded but leaded packages will present a
higher profile and larger footprint.
[0053] 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.
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1. A memory access system comprising:

a controller;

a memory site;

a memory signal transmission path, the memory signal transmission path
having a first end and a second end with the first end being connected to the
controller and the second end being connected to the memory site;

a memory expansion board connected to the memory site and the memory
expansion board being populated with a plurality of modules, each of which
modules is comprised of:

a first flex circuit having first and second conductive layers between
which conductive layers is an intermediate layer, the first and second
conductive layers being interior to first and second outer layers of the first flex
circuit, the second conductive layer having upper and lower flex contacts, the
upper flex contacts being accessible through second windows through the
second outer layer and the lower flex contacts being accessible through first
windows through the first outer layer, the first conductive layer and the
intermediate layer, the lower flex contacts being further accessible through
module contact windows through the second outer layer;

a second flex circuit having first and second conductive layers between
which conductive layers is an intermediate layer, the first and second
conductive layers being interior to first and second outer layers of the second
flex circuit, the second conductive layer having upper and lower flex contacts,
the upper flex contacts being accessible through second windows through the
second outer layer and the lower flex contacts being accessible through first
windows through the first outer layer and the first conductive layer and the
intermediate layer, the lower flex contacts being further accessible through

module contact windows through the second outer layer;
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a first integrated circuit having first and second lateral sides and upper
and lower major surfaces with contacts along the lower major surface, the
contacts of the first integrated circuit connected to the lower flex contacts of the
first and second flex circuits;

a second integrated circuit having first and second lateral sides and upper
and lower major surfaces with contacts along the lower major surface, the
contacts of the second integrated circuit connected to the upper flex contacts of
the first and second flex circuits, the first and second flex circuits being
disposed about the first and second lateral sides, respectively, of the first
integrated circuit to place the upper flex contacts of the first and second flex
circuits between the first and second integrated circuits; and

a set of module contacts.

2. The memory access system of claim 1 in which the memory signal
transmission path is comprised of an address and command transmission path

and a data transmission path.

3.  The memory access system of claim 1 in which the memory expansion
board is a DIMM.
4, The memory access system of claim 1 further comprising:

a third integrated circuit; and

a fourth integrated circuit.
5. The memory access system of claim 4 in which the first, second, third,
and fourth integrated circuits in each of the plurality of modules are separately

accessed.

6. A memory access system comprising:
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a controller;

a memory site;

a memory signal transmission path, the memory signal transmission path
having a first end and a second end with the first end being connected to the
controller and the second end being connected to the memory site;

a memory expansion board connected to the memory site and the memory
expansion board being populated with a plurality of modules, each of which
modules is comprised of:

flex circuitry having first and second conductive layers, the second
conductive layer having upper and lower flex contacts;

a first integrated circuit having first and second lateral sides and upper
and lower major surfaces with contacts along the lower major surface, the
contacts of the first integrated circuit connected to the lower flex contacts of the
flex circuitry;

a second integrated circuit having first and second lateral sides and upper
and lower major surfaces with contacts along the lower major surface, the
contacts of the second integrated circuit connected to the upper flex contacts of
the flex circuitry, the flex circuitry being disposed to place the upper flex

contacts of the flex circuitry between the first and second integrated circuits.

7. The memory access system of claim 6 in which the second conductive
layer of the flex circuitry comprises at least one demarked voltage plane and a
voltage set of the upper flex contacts and a voltage set of the lower flex contacts
connect voltage conductive contacts of the first and second integrated circuits to

one of the at least one voltage planes.

8.  The memory access system of claim 6 in which each of the plurality of

modules further comprises at least one form standard.
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9.  The memory access system of claim 6 further comprising:
a third integrated circuit; and

a fourth integrated circuit.

10. The memory access system of claim 9 in which the first, second, third,
and fourth integrated circuits in each of the modules of the plurality of modules

are separately accessed.

11. A memory access system comprising:

a controller;

a memory site;

a memory signal transmission path, the memory signal transmission path
having a first end and a second end with the first end being connected to the
controller and the second end being connected to the memory site;

a memory expansion board connected to the memory site and the memory
expansion board being populated with a plurality of modules, each of which
modules is comprised of:

first flex circuitry;

second flex circuitry;

third flex circuitry;

a first integrated circuit having first and second lateral sides and upper
and lower major surfaces with contacts along the lower major surface, the
contacts of the first integrated circuit connected to the first flex circuitry;

a second integrated circuit having first and second lateral sides and upper
and lower major surfaces with contacts along the lower major surface, the
contacts of the second integrated circuit connected to the second flex circuitry;

a third integrated circuit having first and second lateral sides and upper

and lower major surfaces with contacts along the lower major surface, the
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contacts of the third integrated circuit connected to the third flex circuitry; and

a fourth integrated circuit having first and second lateral sides and upper
and lower major surfaces with contacts along the lower major surface, the
contacts of the fourth integrated circuit connected to the third flex circuitry, the
first, second, third, and fourth integrated circuits being disposed in a stacked

relationship.

12. The memory access system of claim 11 in which the first flex circuitry,
the second flex circuitry, and the third flex circuitry each are comprised of two

conductive layers.

13. The memory access system of claim 11 in which the first, second, third,
and fourth integrated circuits in each of the plurality of modules are separately

accessed.

14. A memory access system comprising:

a controller;

a memory site;

a memory signal transmission path, the memory signal transmission path
having a first end and a second end with the first end being connected to the
controller and the second end being connected to the memory site and there
being no memory connected to the memory signal transmission path other than
through the memory site;

a single memory expansion board connected to the memory site and the
memory expansion board being populated with a plurality of modules, each of
which modules is comprised of:

a first CSP;

a second CSP;
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a third CSP;
a fourth CSP, all of which CSPs are in a stacked arrangement, one above
the other.

15. The memory access system of claim 14 in which the memory expansion

board is a DIMM populated with 18 modules.

16. The memory access system of claim 14 in which a first form standard is
disposed between the first and second CSPs and a second form standard is
disposed between the second and third CSPs and a third form standard is
disposed between the third and fourth CSPs

17. The memory access system of claim 14 in which the first, second, third,

and fourth CSPs in each of the plurality of modules are separately accessed.

18. A memory access system comprising;:

a controller;

a memory site;

a memory signal transmission path, the memory signal transmission path
having a first end and a second end with the first end being connected to the
controller and the second end being connected to the memory site;

a memory expansion board connected to the memory site and the memory
expansion board being populated with a plurality of modules, each of which
modules is comprised of:

a first CSP having an upper surface and a lower surface and a body with a
height H1 that is the shortest distance from the upper surface to the lower
surface of the first CSP, and along the lower surface there are plural first CSP
low profile contacts, each of which plural first CSP low profile contacts extends

no more than 7 mils from the surface of the first CSP;
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a second CSP in stacked disposition with the first CSP, the second CSP
having an upper surface and a lower surface and a body with a height H2 that is
the shortest distance from the upper surface to the lower surface of the second
CSP, 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 first flex circuitry that connects the first CSP and the second CSP, a

portion of which flex circuitry is disposed between the first and second CSPs.

19. The memory access system of claim 18 in which the plural first CSP low

profile contacts and the plural second CSP low profile contacts are HT joints.

20. The memory access system of claim 18 in which plural module contacts

are disposed along the first flex circuitry.

21. The memory access system of claim 18 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.

22. The memory access system of claim 18 in which the first flex circuitry is
comprised of two flex circuits, each of which flex circuits has two conductive

layers.

23. The memory access system of claim 18 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 no more

than 9 mils.
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24. The memory access system of claim 18 in which the first flex circuitry is
comprised of two flex circuits, each of which flex circuits has one conductive

layer.

25. The memory access system of claim 18 further comprising a form

standard disposed above the upper surface of the first CSP.

26. The memory access system of claim 25 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 no more

than 17 mils.

27. The memory access system of claim 18 further comprising:

a first form standard disposed above the upper surface of the first CSP;
and

the first flex circuitry is comprised of two flex circuits, each of which flex
circuits has two conductive layers at least one of which conductive layers has
plural flex contacts and 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 no more than 17 mils

28. The memory access system of claim 27 in which the plural first CSP low
profile contacts and the plural second CSP low profile contacts are HT joints,
selected ones of which HT joints are in contact with flex contacts of the first

flex circuitry.

29. The memory access system of claim 18 further comprising:
a third CSP having an upper surface and a lower surface and a body with

a height H3 that is the shortest distance from the upper surface to the lower
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surface, and along the lower surface there are plural third CSP low profile
contacts, each of which plural third CSP low profile contacts extends no more
than 7 mils from the surface of the third CSP;

a fourth CSP in stacked disposition with the third CSP, the fourth CSP
having an upper surface and a lower surface and a body with a height H4 that is
the shortest distance from the upper surface to the lower surface, and along the
lower surface there are plural fourth CSP low profile contacts, each of which
plural fourth CSP low profile contacts extends no more than 7 mils from the
surface of the fourth CSP, the third CSP being disposed above the second CSP
and the fourth CSP being disposed above the third CSP; and

a second flex circuitry connecting the second CSP and the third CSP; and

a third flex circuitry connecting the third CSP and the fourth CSP.

30. The memory access system of claim 29 in which the first, second, third,
and fourth CSPs in each of the modules of the plurality of modules are

separately accessed.

31. The memory access system of claim 29 in which the first CSP is disposed
beneath the second CSP and the shortest distance from the upper surface of the
fourth CSP to the lower surface of the first CSP that passes through at least one
of the plural fourth CSP low profile contacts is less than HEIGHT where
HEIGHT = 45 mils + H1 + H2 + H3 + H4.

32. The memory access system of claim 29 further comprising first, second
and third form standards each respectively disposed above the upper surface of

the first, second, and third CSPs.

33. The high-density circuit module of claim 32 in which the shortest
distance from the upper surface of the fourth CSP to the lower surface of the
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first CSP that passes through at least one of the plural fourth CSP low profile
contacts is less than HEIGHTFS where HEIGHTFS = 65 mils + H1 + H2 + H3
+ H4.

34. The high-density circuit module of claim 18 further comprising:

a third CSP having an upper surface and a lower surface and a body with
a height H3 that is the shortest distance from the upper surface to the lower
surface, and along the lower surface there are plural third CSP low profile
contacts, each of which plural third CSP low profile contacts extends no more
than 7 mils from the surface of the third CSP;

a fourth CSP in stacked disposition with the third CSP, the fourth CSP
having an upper surface and a lower surface and a body with a height H4 that is
the shortest distance from the upper surface to the lower surface, and along the
lower surface there are plural fourth CSP low profile contacts, each of which
plural fourth CSP low profile contacts extends no more than 7 mils from the
surface of the fourth CSP, the third CSP being disposed above the second CSP
and the fourth CSP being disposed above the third CSP; and

a second flex circuitry connecting the second CSP and the third CSP, the
second flex circuitry being comprised of two conductive layers at least one of
which two conductive layers has plural flex contacts; and

a third flex circuitry connecting the third CSP and the fourth CSP, the
second flex circuitry being comprised of two conductive layers at least one of
which two conductive layers has plural flex contacts; and

second and third form standards respectively disposed above the second

and third CSPs.

35. The memory access system of claim 34 in which at least one of the flex

contacts has an orifice.
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36. The memory access system of claim 34 in which the first, second, and

third form standards are comprised of copper.

37. The memory access system of claim 34 in which the shortest distance
from the lower surface of the fourth CSP to the upper surface of the first CSP
that passes through one of the plural fourth CSP low profile contacts is less than
HEIGHT4 where HEIGHT4 = 65 mils + H1 + H2 + H3 + H4.

38. The memory access system of claim 34 in which the first, second, third,

and fourth CSPs in each of the plurality of modules are separately accessed.

39. A memory access system comprising:

a controller;

a memory expansion board, the memory expansion board being
populated with a plurality of modules, each of which modules comprising:

a first CSP;

a second CSP, the second CSP being disposed above the first CSP;

flex circuitry connecting the first CSP and the second CSP, the flex
circuitry having plural flex contacts of which at least one has an orifice that has
a median opening extent of DO; and

plural consolidated contacts, a selected one of which passes through the
orifice and the selected one of the plural consolidated contacts having an inner
flex portion and an outer flex portion delineated by the orifice, the selected one
of the plural consolidated contacts providing a connection between the first CSP
and the flex circuitry and the outer flex portion of the selected one of the plural
consolidated contacts having a median lateral extent of DCC and DCC is larger
than DO; and

a memory signal transmission path having a first end connected to the

controller and a second end connected to the memory expansion board and there
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being no other memory connected to the transmission path other than that with

which the memory expansion board is populated.

40. The memory access system of claim 39 further comprising in each of the

plurality of modules with which the memory expansion board is populated:
a third CSP; and
a fourth CSP.

41. The memory access system of claim 40 in which the first, second, third,

and fourth CSPs in each of the plurality of modules are accessed individually.
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