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HIGH BANDWIDTH
CACHE-TO-PROCESSING UNIT
COMMUNICATION IN A MULTIPLE
PROCESSOR/CACHE SYSTEM

BACKGROUND

1. Field

This disclosure relates generally to semiconductors, and
more specifically, to processing operating speeds that exist in
semiconductor packages having multiple die.

2. Related Art

It is well known to stack two or more semiconductor pack-
ages on top of each other to reduce footprint area. Others have
also proposed stacking two or more semiconductor die on top
of each other. Various solutions have been proposed for
addressing problems associated with additional heat that is
generated when two separate semiconductors are placed in
close proximity with each other. The size of the semiconduc-
tors and their functions continue to limit the practical use of
stacked semiconductors, as well as the ability to efficiently
make electrical connections to multiple semiconductors in
close proximity.

Commercial data processing systems typically utilize mul-
tiple cores or processing units. For example, it is common in
the desktop processing environment for dual core processors
to be efficiently used by splitting functions in a method that
concurrently processes information. In U.S. Pat. No. 7,279,
795 issued to Periaman et al. a stacked die semiconductor is
disclosed in which one die is a multiple core processor die and
a second die contains a shared memory for the multiple cores.
The shared memory must therefore be made large to mini-
mize the number of memory accesses to a main off-chip
memory. The effective data communication bandwidth of
such a configuration is lowered as compared to a single chip
implementation in which each processor core has a memory
and a memory control located on the same die. Efficiently
addressing both the data communication bandwidth and the
size or package footprint issues in multiple processing core
systems remains problematic.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and
is not limited by the accompanying figures, in which like
references indicate similar elements. Elements in the figures
are illustrated for simplicity and clarity and have not neces-
sarily been drawn to scale.

FIG. 1 illustrates in diagrammatic form a first semiconduc-
tor die having a plurality of separate processing units in
accordance with a first embodiment;

FIG. 2 illustrates in diagrammatic form the first semicon-
ductor die having a plurality of separate processing units in
accordance with a second embodiment;

FIG. 3 illustrates in diagrammatic form a second semicon-
ductor die having a plurality of semiconductor cache units,
each correlated to a specific processing unit of the first semi-
conductor die;

FIG. 4 illustrates in cross-sectional form the physical
attributes of the first semiconductor die of FIG. 2 when joined
with the second semiconductor die of FIG. 3 via associated
functional connections;

FIG. 5 illustrates in cross-sectional form the physical
attributes of the first semiconductor die of FIG. 1 when joined
with the second semiconductor die of FIG. 3 via an interposer
and associated functional connections;

20

25

30

35

40

45

50

55

60

65

2

FIG. 6 illustrates in cross-sectional form the physical
attributes of interposer of FIG. 5 when connecting a portion of
the first semiconductor die to the second semiconductor die.

DETAILED DESCRIPTION

Iustrated in FIG. 1 is a major surface of a processor die 9
having a plurality of individual and separate processing units
11-35 provided in an array having rows and columns. In other
forms the processing units 11-35 may be placed in an array of
geometric configurations other than rows and columns of
processing units. Each of the processing units 11-35 is any
type of a variety of data processors. For example, each of the
processing units 11-35 may be a central processing unit
(CPUs), a digital signal processor, a graphics-specific proces-
sor, a microcontroller unit (MCU), a communications proces-
sor or any other type of processing unit. Further, the process-
ing units 11-35 may be the same type of processing unit or
may vary between types of processing unit across the proces-
sor die 9. In the illustrated form there are five rows with each
processing unit row having five columns. It should be under-
stood that the illustrated embodiment is exemplary only and
any number of X rows andY columns of processing units may
be implemented, where X andY are integers of two or greater.
In one form only four processing units are implemented.
Additionally, it should be understood that the physical size or
layout area of the processing units 11-35 does not necessarily
need to be uniform as illustrated in FIG. 1. When functionally
differing types of processing units are implemented, the cir-
cuit area consumed by each processing unit may differ. Fur-
ther it should be understood that while rectangular shapes are
provided for each of the processing units 11-35, other geo-
metric shapes may be implemented. In the illustrated form it
should be understood that there is provided some physical
separation and interconnect between each of the processing
units 11-35. However, the amount of die area required to
provide this isolation is a limited amount of the total die and
is therefore not illustrated. Additionally, it should be noted
that substantially all of the area of processor die 9 is dedicated
area for the processing units 11-35 and this embodiment is
therefore very size efficient.

TMustrated in FIG. 2 is another embodiment wherein a
major surface of a processor die 10 has both the processing
units 11-35 and an external connection region 38 that is
peripheral to the processing units 11-35. Each of the process-
ing units 11-35 that have an external edge are adjoined by the
external connection region 38. That would therefore be pro-
cessing units 11-15, 16, 20, 21, 25, 26, 30 and 31-35. Within
the external connection region 38 are a plurality of external
contact pads 44 that are placed at predetermined locations for
providing connections from external the processing units
11-35. For further reference, processing units 21-25 are also
respectively labeled P1 through P5. In one form an external
contact pad 40 is a rectangular-shaped pad for a wire bond
connection to circuitry external to the processor die 10. Simi-
larly, an external contact pad 42 is a circular-shaped pad for
placement of a conductive bump such as a solder bump. In this
embodiment the external connection region 38 is an area of
the die 10 where electrical connection from external to die 10
is made. Underlying the contact pads within the external
connection region 38 are conductive routing (not visible from
the view of FIG. 2) that connects the contact pads to prede-
termined circuitry within the die 10. The contact pads com-
municate power, data, control signals and address signals and
provide a way to obtain external access to the processor die
10.
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Tlustrated in FIG. 3 is a top view of a cache die 45 having
a plurality or an array of cache units. Each of the cache units
46-70 is a semiconductor cache (i.e. memory). Each of the
cache units 46-70 is any type of cache memory. For example,
each of the processing units 46-70 may be static random
access memory (SRAM), FLASH memory, magnetoresistive
random access memory (MRAM), dynamic random access
memory (DRAM) or any other type of memory. The cache
units 46-70 may be the same type of memory unit or may vary.
In the illustrated form there are five rows with each cache unit
row having five columns. It should be noted that the illus-
trated embodiment has the same number of rows and columns
of cache units as processing units so that each processing unit
is correlated to an exclusive and separate cache unit.

Additionally, it should be understood that the physical size
or layout area of the cache units 46-70 is intentionally corre-
lated to a predetermined different processing unit of proces-
sor die 9 of FIG. 1 or processor die 10 of FIG. 2. In this
correlation, each cache unit of processor die 9 or processor
die 10 is for connection to a specific designated one of the
cache units of cache die 45. As a result, each processing unit
in a first die has a dedicated cache unit in a second die. The
circuit area consumed by each cache unit may therefore dif-
fer. Further it should be understood that while rectangular
shapes are provided for each of the cache units 46-70, other
geometric shapes may be implemented. In the illustrated form
it should be understood that there may be provided some
physical separation and interconnect between each of the
cache units 46-70. However, the amount of die area required
to provide this isolation is a limited amount of the total die and
is therefore not illustrated. Additionally, it should be noted
that substantially all of the area of processor die 9 is dedicated
area for the cache units 46-70 and this embodiment is there-
fore also very size efficient. In the FIG. 3 illustration, the
various interconnects to each cache unit are not shown in the
top view shown.

To further understand the connections associated with each
of the cache units of FIG. 3, there is illustrated in FIG. 4 a
cross-section of the processor die 10 and the cache die 45
taken along line 4-4 of each of FIG. 2 and FIG. 3, respectively.
The connection of processor die 10 and cache die 45 as
illustrated in FIG. 4 forms a multiple processor/cache assem-
bly wherein the processor die 9 is directly connected to the
cache die 45. In the illustrated form the processor die 10
aligns in a predetermined alignment with the cache die 45 to
form regions designated as processor/cache 73, processor/
cache 74, processor/cache 75, processor/cache 76 and pro-
cessor/cache 77. Within each of these regions, a processor is
coterminous with a corresponding cache. Each region is cote-
rminous or coextensive meaning that they have substantially
the same or coincident boundaries. Each of these processor/
cache combinations are connected by four multiple-conduc-
tor buses as illustrated in FIG. 4. The number of buses that are
used is application dependent and other forms may use less or
more buses than illustrated. Cache unit 56 is connected to the
processing unit 21 via a data bus 80, an address bus 82, a
control bus 84 and a status bus 86. The data bus 80 is bidirec-
tional. The address bus 82 is unidirectional with the process-
ing unit 21 providing memory addresses directly to the cache
unit 56. The control bus 84 is also unidirectional wherein the
processing unit 21 provides control information to the cache
unit 56 to control memory accesses to the cache unit 56. In
some forms the control bus 84 may be bidirectional. The
status bus 86 is also unidirectional wherein the cache unit 56
provides status information to the processing unit 21. The
buses which are discussed herein may be physically imple-
mented with any of a variety of physical structures. In one
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form conductive bumps, such as solder bumps, may be used to
form the processor unit/cache unit connections when the pro-
cessor die 10 is directly attached to the cache die 45. In other
forms conductive contact pads may be used on the surface of
each of processor die 10 and cache die 45 so that when they
are connected together a processing unit is directly connected
to a cache unit. The contacts are therefore direct and vertical
in direction. In this form the direct contacts are short and
therefore approximate the electrical properties of a multiple
layer single die. Therefore, capacitance and inductance asso-
ciated with the connectors between a processor and a cache
are minimized which improves performance parameters
including speed, area and power.

In the illustrated form of the multiple processor/cache
assembly 72, the processor die 10 extends wider than the
cache die 45 to expose the external connection region 38. As
illustrated in FIG. 4, the external contact pad 40 is provided
for future contact to the multiple processor/cache assembly.
Contact to the external contact pad 40 may be made by con-
ductive bump, wire bond or other interconnect methods.

Tustrated in FIG. 5 is another embodiment wherein an
interposer 90 is provided for separating the processor die 9
from the cache die 45 to form a multiple processor/cache
assembly 88. In this form the processor die 9 and the cache die
45 are implemented with substantially the same width. Exter-
nal contact to the multiple processor/cache assembly 88 is
made by extending the interposer 90 on at least one side
beyond the widths of the processor die 9 and the cache die 45.
In FIG. 5 interposer 90 is extended to the right. An external
contact 92 and an external contact 94 are positioned on oppos-
ing sides of the exposed portion of interposer 90. Electrical
contact to the exposed contacts of the interposer 90 may be
made by various methods such as connecting the interposer
90 in a clip contact which fits around the contacts on both
sides of interposer 90. Alternatively a socket with a recess
could be used. In yet another form, the interposer 90 may be
fitted into a contact hole in a substrate. In other forms wire
bonds or solder ball connections may be made to the external
contacts of the interposer 90. The interposer 90 may be
formed of any of various materials. In one form interposer 90
is silicon. Other suitable materials include heat conducting
ceramic or flexible organic film. The interposer 90 has a
plurality of vias or openings for placement of conductive
material to implement the conductors of the buses, such as
data bus 80, address bus 82, control bus 84 and status bus 86.
As a result of the physical layout of the cache die 45 relative
to the processor die 9, the cache unit 60 or C5 is directly
connected to the processing unit 25 or P5. Similarly, unit C4
is connected directly to unit P4. Unit C3 is connected directly
to unit P3, and unit C2 is connected directly to unit P2. The
unit C1 is connected directly to unit P1.

It should be understood that effective heat sinking tech-
niques may be used in connection with the multiple proces-
sor/cache assembly 88 of FIGS. 4 and 5. For example, on the
exposed sides or surfaces of the processor die 9 and 10 and the
cache die 45, various heat removing structures and materials
may be placed. Additionally, depending upon the material
used for the interposer 90 some heat transfer away from the
multiple processing cores and caches may be obtained.

Tustrated in FIG. 6 is a detail of a portion of the processor/
cache 74 of FIG. 5. Connection from the cache die 45 to the
processor die 9 via the interposer 90 that is positioned
between the two die is illustrated in detail. The cache unit 57
overlies and connects to the processing unit 22 in FIG. 6. Only
a small portion of each of the cache unit 57 and the processing
unit 22 is shown as designated by a break between two por-
tions of the processor/cache 74. An address conductor is
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illustrated on the left and a data conductor is illustrated on the
right. The address conductor uses an opening or via in the
interposer 90 identified as conductive via 96. It should be
understood that the opening of conductive via 96 is filled with
a conductive material such as metal or other electrical con-
ductors. A conductive bump 98 overlies the conductive via 96
and makes contact to the cache unit 57 by contacting a contact
pad 102. A conductive bump 99 underlies the conductive via
96 and makes contact to the processing unit 22 via a contact

6

By now it should be appreciated that there has been pro-
vided a high bandwidth communication system between a
multiple processor (multi-core) array and a cache memory.
Using vertical connections with an interposer between a
physically matched cache memory provides efficient area use
and high bandwidth due to the short and direct connections.
Each processor or core in an array within a die has an over-
layed cache memory that is physically aligned to directly
connect in a stacked die combination. The various embodi-

pad 103. Attached to the interposer 90 are various conductive 10 ments descrtlbed. herein 1mp1emegt a pair of matched semi-
: . . conductor die with a one-to-one alignment of each correlated
traces for carrying power supply signals and other signals .
- processor/cache memory pair. As a result, very large cache
such as data. The data conductor is implemented by an open- . - . .
) N . L . : memories may be implemented physically adjacent or next to
ing or via in the 1nterp05er 90 Fhat is identified as gonductlve a processor core without increasing the die size of the pro-
via 97. Any .cond.uctlve matenal.may be used to 1mp1ement 15 cessor. By implementing large storage cache memories, the
the conductive vias. A conductive bump 100 overlies the requirement to use an external main system memory is
conductive via 97 and makes contact to the cache unit 57 by reduced and the system efficiency is dramatically improved.
contacting a contact pad 104. A data trace 114 for external Lower bandwidth requirements to the main memory there-
connection underlies the conductive via 97 and makes contact fore result.
to the processing unit 22 via a conductive bump 101 at a 5 In one form there is herein provided a processor/cache
contact pad 105. It should be understood and noted that an air assembly having a first semiconductor die having an array of
gap may exist between the interposer 90 and each ofthe cache processing units. Each processing unit of the array of pro-
die 45 and the processor die 9 adjacent the conductive bump cessing units has a set of processor contact pads. The proces-
connections. In other forms the two die may be sufficiently sor contact pads are conductive pads on a surface of the first
compressed together so that the air gap is very small. In 55 semiconductor die. Each set of processor contact pads is
another embodiment a fill material (not shown) may be used  upique from the set of processor contact pads of all of the
to fill the air gap. In the illustrated form a very direct and short other processing units of the array of processing units. Each
electrical path therefore exists between a processing unit on a set of the processor contact pads includes a first subset of
first die and a correlated dedicated cache for that processing processor contact pads for address signals and a second sub-
unit on a second die that is either above or below the first die. 30 et of processor contact pads for data signals. A second semi-
The structures provided herein implement a multi-processor  conductor die has an array of cache units. Each cache unit of
array that has a specific, dedicated cache memory for each the array of cache units has a set of cache contact pads. The
processor efficiently connected. The direct contact between a cache contact pads are conductive pads on a surface external
cache memory and a correlated processor permits customi- of the second semiconductor die. Each set of cache contact
zation of the cache regarding type, size, speed, etc. rather than 35 pads is unique from the set of cache contact pads of all of the
having a common cache memory for multiple processors that other cache units of the array of cache units. Each set of the
likely operate with differing parameters. The appropriate  external contact pads includes a first subset of cache contact
matching of cache memory speed with an associated proces-  pads for address signals and a second subset of cache contact
sor permits efficient customization of'a processing system. It pads for data signals. The first subset of cache contact pads of
should be further understood that in another implementation 49 each cache unit is connected to the first subset of processor
one or more of the cache memories on the cache die 45 may contact pads of a unique one of the processor units. The
be implemented as a dual port cache memory and have first second subset of cache contact pads of each cache unit is
and second input ports respectively connected to two differ- connected to the second subset of processor contact pads of
ent processing units on processor die 10. It should also be the processor unit to which its first subset of cache contact
noted that the conductive bumps 98-101 may be initially 45 pads is connected. In one form the first semiconductor die has
formed on the interposer 90 rather than on the processor die a major surface and the processor contact pads are on the
10 and the cache die 45. The placement of the conductive  major surface of the first semiconductor die. The second
bumps initially on the interposer 90 avoids potential yield  semiconductorhas a major surface and the cache contact pads
issues associated with bumping the die. Any defect associated  are on the major surface ofthe second semiconductor die. The
with the bumping process of a die is much more expensive so major surface of the first semiconductor die faces the major
than with the bumping of an interposer. surface of the second semiconductor die. In another form the
Asused herein, the term “bus” is used to refer to a plurality processor contact pads are directly connected to the cache
of'signals or conductors which may be used to transfer one or contact pads through conductive bumps. In yet another form
more various types of information, such as data, addresses, the first semiconductor die has a greater surface area than the
control, or status. The conductors as discussed herein may be 55 second semiconductor die. In yet another form the first semi-
illustrated or described in reference to being a single conduc- conductor die has external contact pads along a periphery of
tor, a plurality of conductors, unidirectional conductors, or the first semiconductor die for making external connections
bidirectional conductors. However, different embodiments from the first semiconductor die. In another form an inter-
may vary the implementation of the conductors. For example, poser is between the major surfaces for connecting the pro-
separate unidirectional conductors may be used rather than 60 cessor contact pads to the cache contact pads. In yet another
bidirectional conductors and vice versa. Also, plurality of form the interposer has traces for carrying power to at least
conductors may be replaced with a single conductor that one of a group consisting of the first semiconductor die and
transfers multiple signals serially or in a time multiplexed the second semiconductor die. In another form the interposer
manner. Likewise, single conductors carrying multiple sig- extends beyond an outer boundary of the first semiconductor
nals may be separated out into various different conductors 65 die and the second semiconductor die. In another form the

carrying subsets of these signals. Therefore, many options
exist for transferring signals.

processor units have a first area and the cache units have a
second area, wherein the first area and the second area are
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substantially the same. In yet another form the outer bound-
aries of the processor units and the cache units are cotermi-
nous. In another form each of the processing units is the same
shape and size as the other processing units. In another form
the array of processing units has a first geometric shape and
the array of cache units has a second geometric shape that is
a mirror image of the first geometric shape.

In yet another form there is provided a method of making a
processor/cache assembly. A processor die is formed having

8

appreciation of the underlying concepts of the present inven-
tion and in order not to obfuscate or distract from the teach-
ings of the present invention.

Moreover, the terms “front,” “back,” “top,” “bottom,”
“over,” “under” and the like in the description and in the
claims, if any, are used for descriptive purposes and not nec-
essarily for describing permanent relative positions. It is
understood that the terms so used are interchangeable under
appropriate circumstances such that the embodiments of the

’ o 10 inventiondescribed herein are, for example, capable of opera-
an array of processor units being in a ﬁrst arrangement and tion in other orientations than those illustrated or otherwise
having a first plurality of contact pads in a second arrange- described herein.
ment. A cache die is formed having an array of cache units Some of the above embodiments, as applicable, may be
being in a third arrangement and having a second plurality of  jmplemented using a variety of different information process-
contact pads in a fourth arrangement. The third arrangement 15 ing systems. For example, some systems that implement the
is a mirror image of the first arrangement, and the fourth  disclosed structures may place the processing die in between
arrangement is a mirror image of the second arrangement. two memory die wherein separate memory die are both on top
The first die is contacted to the second die. In one form and below the processing die. As multiple core systems pro-
forming the processor die is implemented with the first plu- liferate any number of processing units may be implemented
ra]ity of contact pads having a p]ura]ity of processor sets of 20 ona single die. Similarly, a single processing unit may have
contact pads wherein each processor set is unique to one of multiple sub-units of processing units. Of course, the descrip-
the processor units and has a first subset of contact pads for ~ tion of the architecture has been simplified for purposes of
carrying an address. Forming the cache die is implemented by d1§cu5510n,. and it is just one of many d}fferem types ofgppr 0-
a second plurality of contact pads having a plurality of cache ~ Priate architectures that may be used in accordance with the
sets of contact pads wherein each cache set is unique to one of 2 Invention. Those Skllle(.l in the art will recogze that the
the cache units and has a second subset of contact pads for boundaries 1F)etween lqglc blocks are merely.lllustratlve aI}d

. . . that alternative embodiments may merge logic blocks or cir-
carrying an address. In another form contacting the first die to . . "
. . cuit elements or impose an alternate decomposition of func-
the second die causes each of the processor units to be cote- . . . . L
. . . . tionality upon various logic blocks or circuit elements.
fmmnous Wl,t ha uHque one of the cache units. h,l another form 30 Thus, it is to be understood that the architectures depicted
the contacting dlrec.tly connects the first plurahty.of contacts herein are merely exemplary, and that in fact many other
to the second plurality of contacts thrqugh a p.lurahty of'solder architectures can be implemented which achieve the same
bumPS: In anpther form the contacting 1s implemented by functionality. In an abstract, but still definite sense, any
pr oviding an interposer and connecting the first and second arrangement of components to achieve the same functionality
die to the interposer. 35 is effectively “associated” such that the desired functionality
In another form there is provided a processor/cache assem- is achieved. Hence, any two components herein combined to
bly having a processor die having first, second, third, and achieve a particular functionality can be seen as “associated
fourth processor units arranged in an array of processor units. with” each other such that the desired functionality is
First, second, third, and fourth sets of processor contact pads achieved, irrespective of architectures or intermedial compo-
are on a first major surface of the processor die, wherein the 49 nents. Likewise, any two components so associated can also
first, second, third, and fourth sets of processor contact pads be viewed as being “operably connected,” or “operably
are for carrying addresses from the first, second, third, and  coupled,” to each other to achieve the desired functionality.
fourth processor units, respectively. A cache die has first, Furthermore, those skilled in the art will recognize that
second, third, and fourth cache units arranged in an array of boundaries between the functionality of the above described
cache units. First, second, third, and fourth sets of cache 45 operations merely illustrative. The functionality of multiple
contact pads are on a first major surface of the cache die, operations may be combined into a single operation, and/or
wherein the first, second, third, and fourth sets of cache con-  the functionality of a single operation may be distributed in
tact pads are for receiving addresses from the first, second, additional operations. Moreover, alternative embodiments
third, and fourth processor units, respectively, for the use of  may include multiple instances of a particular operation, and
the first, second, third, and fourth cache units, respectively. In so the order of operations may be altered in various other
another form fifth, sixth, seventh, and eighth sets of processor embodiments.
contact pads are on the first major surface of the processor die, In one embodiment, the multiple processor/memory cache
wherein the fifth, sixth, seventh, and eighth sets of processor systems described herein are computer systems such as a
contact pads are for carrying data to and from the first, second, personal computer system. Other embodiments may include
third, and fourth processor units, respectively. Fifth, sixth., s5 different types of computer systems. Computer systems are
seventh, and eighth sets of cache contact pads are on the first information handling systems which can be designed to give
major surface of the cache die, wherein the fifth, sixth, sev- independent computing power to one or more users. Com-
enth, and eighth sets of cache contact pads are for carrying  puter systems may be found in many forms including but not
data to and from the first, second, third, and fourth cache limited to mainframes, minicomputers, servers, workstations,
units, respectively. In yet another form the first, second, third, 4, personal computers, notepads, personal digital assistants,
and fourth cache units are caches dedicated to use by the first, electronic games, automotive and other embedded systems,
second, third, and fourth processor units, respectively. cell phones and various other wireless devices. A typical
Because the apparatus implementing the present invention computer system includes at least one processing unit, asso-
is, for the most part, composed of electronic components and ciated memory and a number of input/output (I/O) devices.
circuits known to those skilled in the art, circuit details will 65 A computer system processes information according to a

not be explained in any greater extent than that considered
necessary as illustrated above, for the understanding and

program and produces resultant output information via I/O
devices. A program is a list of instructions such as a particular
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application program and/or an operating system. A computer
program is typically stored internally on computer readable
storage medium or transmitted to the computer system via a
computer readable transmission medium. A computer pro-
cess typically includes an executing (running) program or
portion of a program, current program values and state infor-
mation, and the resources used by the operating system to
manage the execution of the process. A parent process may
spawn other, child processes to help perform the overall func-

10

each set of cache contact pads is unique from the set of
cache contact pads of all other cache units of the array
of cache units;

each set of the external contact pads includes a first
subset of cache contact pads for address signals and a
second subset of cache contact pads for data signals;

the first subset of cache contact pads of each cache unit
is connected to the first subset of processor contact
pads of a unique one of the processor units; and

tionality of the parent process. Because the parent process 10 the second subset of cache contact pads of each cache
specifically spawns the child processes to perform a portion unit is connected to the second subset of processor
of the overall functionality of the parent process, the func- contact pads of the processor unit to which its first
tions performed by child processes (and grandchild pro- subset of cache contact pads is connected.
cesses, etc.) may sometimes be described as being performed 2. The processor/cache assembly of claim 1, wherein:
by the parent process. 15 the first semiconductor die has a major surface;
Although the invention is described herein with reference the processor contact pads are on the major surface of the
to specific embodiments, various modifications and changes first semiconductor die;
can be made without departing from the scope of the present the second semiconductor die has a major surface;
invention as set fqrth in the clalm.s below. For F:xample, other the cache contact pads are on the major surface of the
forms of conductive contacts besides conductive bumps may 20 second semiconductor die: and
be used..In one form conductive pads on both the semicon- the major surface of the first semiconductor die faces the
ductor die and the interposer may be used. Accordingly, the major surface of the second semiconductor die.
spe;lmﬁc;mon and ﬁg}]res are to bz relzigardid 1n§%1llqstratlve 3. The processor/cache assembly of claim 2, wherein the
?at efl t dan ir?StI}CgVS Se,nﬁé’ alrll allsuc fIIIIIO 1 cathns are processor contact pads are directly connected to the cache
1pten ed to be included within the scope o the present mnven- 25 contact pads through conductive bumps.
tion. Any benefits, advantages, or solutions to problems that . .
. . . . 4. The processor/cache assembly of claim 3, wherein the
are described herein with regard to specific embodiments are . . . .
. ... . . first semiconductor die is further characterized as having a
not intended to be construed as a critical, required, or essential . .
. greater surface area than the second semiconductor die.
feature or element of any or all the claims. . .
~. . L . 5. The processor/cache assembly of claim 4, wherein the

The term “coupled,” as used herein, is not intended to be 30 . .

- . . . . first semiconductor die has external contact pads along a
limited to a direct coupling or a mechanical coupling. . . . .

PP . periphery of the first semiconductor die for making external

Furthermore, the terms “a” or “an,” as used herein, are . . .

. connections from the first semiconductor die.
defined as one or more than one. Also, the use of introductory .
« . o v, - . 6. The processor/cache assembly of claim 2, further com-
phrases such as “at least one” and “one or more” in the claims . . .
. . - prising an interposer between each major surface of the first
should not be construed to imply that the introduction of 35 . . . .
. . . - o e semiconductor die and the second semiconductor die for con-
another claim element by the indefinite articles “a” or “an .

.. . - . - - necting the processor contact pads to the cache contact pads.
limits any particular claim containing such introduced claim 7 Th Jcach bly of claim 6. wherein th
element to inventions containing only one such element, even | felhe plrlocessor cafc © assembly ol clalm 1’ wherein £ e
when the same claim includes the introductory phrases “one mnterposer has tracfe 1 oﬁr carrylng p(oiwer tc()i.at egs;lone N 3
or more” or “at least one” and indefinite articles such as “a” or 40 2OUP COSSISUH%O the first semiconductor die and the secon
“an.” The same holds true for the use of definite articles. semiconductor die. . .

Unless stated otherwise, terms such as “first” and “second” . 8. The processor/cache assembly of claim 7, wherein the

are used to arbitrarily distinguish between the elements such Interposer e).(tends beyond an outer.boundary of.the first semi-

terms describe. Thus, these terms are not necessarily intended conductor die and the second semlconductpr die. .

to indicate temporal or other prioritization of such elements. 45 9- The processor/cache assembly of claim 1, wherein the
] ] ) processing units have a first area and the cache units have a

What is claimed is: second area, wherein the first area and the second area are

1. A processor/cache assembly, comprising: substantially the same.

a first semiconductor die having an array of processing 10. The processor/cache assembly of claim 9, wherein
units, wherein: 50 outer boundaries of the processing units and the cache units
each processing unit of the array of processing units has are coterminous.

a set of processor contact pads; 11. The processor/cache assembly of claim 1, wherein each
the set of processor contact pads are conductive pads on of'the processing units is the same shape and size as all other
a surface of the first semiconductor die; processing units.
each set of processor contact pads is unique from the set 55 12. The processor/cache assembly of claim 1, wherein the
of processor contact pads of all other processing units array of processing units has a first geometric shape and the
of the array of processing units; and array of cache units has a second geometric shape that is a
each set of the processor contact pads includes a first mirror image of the first geometric shape.
subset of processor contact pads for address signals 13. A processor/cache assembly, comprising:
and a second subset of processor contact pads fordata o a processor die having first, second, third, and fourth pro-
signals; and cessor units arranged in an array of processor units;

a second semiconductor die having an array of cache units, first, second, third, and fourth sets of processor contact
wherein: pads on a first major surface of the processor die,
each cache unit of the array of cache units has a set of wherein the first, second, third, and fourth sets of pro-

cache contact pads; 65 cessor contact pads are for carrying addresses from the

the set of cache contact pads are conductive pads on a
surface external of the second semiconductor die;

first, second, third, and fourth processor units, respec-
tively;
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a cache die having first, second, third, and fourth cache
units arranged in an array of cache units;

first, second, third, and fourth sets of cache contact pads on
a first major surface of the cache die, wherein the first,
second, third, and fourth sets of cache contact pads are
for receiving addresses from the first, second, third, and
fourth processor units, respectively, for the use of the
first, second, third, and fourth cache units, respectively.

14. The processor/cache assembly of claim 13, further

12

a second semiconductor die having an array of cache units,

wherein:

each cache unit of the array of cache units has a set of
cache contact pads;

the set of cache contact pads are conductive pads on a
surface external of the second semiconductor die;

each set of cache contact pads is unique from the set of
cache contact pads of all other cache units of the array
of cache units;

comprising: 10 each set of the external contact pads includes a first
fifth, sixth, seventh, and eighth sets of processor contact subset of cache contact pads for address signals and a
pads on the first major surface of the processor die, second subset of cache contact pads for data signals;
wherein the fifth, sixth, seventh, and eighth sets of pro- the first subset of cache contact pads of each cache unit
cessor contact pads are for carrying data to and from the is connected to the first subset of processor contact
first, second, third, and fourth processor units, respec- 13 pads of a unique one of the processor units; and
tively; and the second subset of cache contact pads of each cache
fifth, sixth, seventh, and eighth sets of cache contact pads umtt 1stcon(111ect§(t1hto the second s.1tll;set zf Ilnlro.tce;smt‘
on the first major surface of the cache die, wherein the CO{: ai ?a sho etprtocezso.r umt to :V d.lc (115 s
fifth, sixth, seventh, and eighth sets of cache contact pads | Subsetolcache contact pads 15 conneeted, and
are for carrying data to and from the first, second, third. 20 aninterposer between adjoining surfaces of the first dieand
and fourth cache units, respectively ’ ’ ’ the second die for connecting processor contact pads of
’ ) at least one processing unit of the array of processing
15. The processor/cache assembly of claim 13, wherein the .
first secorfd third, and fourth cacl}lle units are caches dedi units to correlated cache contact pads of a correlated
’ ’ ’ . ) cache unit of the array of cache units.
cat.ed to use by the first, second, third, and fourth processor 25 17.Theprocessor/cache assembly of claim 16, wherein the
1 p y
units, respectively. o interposer has traces for carrying power to at least one of a
16. A processor/cache assembly, comprising: group consisting ofthe first semiconductor die and the second
a first semiconductor die having an array of processing semiconductor die.
units, wherein: 18. The processor/cache assembly of claim 17, wherein the
each processing unit of the array of processing units has 30 interposer extends beyond an outer boundary of the first semi-
a set of processor contact pads; conductor die and the second semiconductor die.
the set of processor contact pads are conductive pads on 19. The pr O?GSSOY/ cache assembly of claim 16, Whereln the
a surface of the first semiconductor die; processing units have a first area and the cache units have a
each set of processor contact pads is unique from the set second area, wherein the first area and the second area are
35 substantially the same.

of processor contact pads of all other processing units
of the array of processing units; and

each set of the processor contact pads includes a first
subset of processor contact pads for address signals
and a second subset of processor contact pads for data
signals;

20. The processor/cache assembly of claim 16, wherein the
array of processing units has a first geometric shape and the
array of cache units has a second geometric shape that is a
minor image of the first geometric shape.

#* #* #* #* #*
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