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METHODS FOR ASSEMBLING SEMICONDUCTOR DEVICE COMPONENTS 

 

 

CROSS-REFERENCE TO RELATED APPLICATION 5 

[0001] This is a new application filed under Section 26(6) of the Singapore Patents 

Act claiming the earlier filing date of Application No. 200203684-6 filed on 18 

June 2002. 

 

BACKGROUND OF THE INVENTION 10 

[0002] The present invention relates generally to semiconductor devices and 

semiconductor device components that are useful in low-profile packages, as well as to 

such packages.  More specifically, the invention pertains to semiconductor device 

packages having true chip-carrier profiles, as well as to semiconductor packages with 

footprints that are substantially the same as or only slightly larger than the footprint of the 15 

chips thereof. 

[0003] The dimensions of many different types of state of the art electronic 

devices are ever decreasing.  To reduce the dimensions of electronic devices, the 

structures by which the microprocessors, memory devices, other semiconductor devices, 

and other electronic components of these devices are packaged and assembled with 20 

carriers, such as circuit boards, must become more compact.  In general, the goal is to 

economically produce a chip-scale package (CSP) of the smallest size possible, and with 

conductive structures, such as leads, pins, or conductive bumps, which do not significantly 

contribute to the overall size in the X, Y, or Z dimensions, all while maintaining a very 

high performance level. 25 

[0004] One approach to reducing the sizes of assemblies of semiconductor devices 

and circuit boards has been to minimize the profiles of the semiconductor devices and 

other electronic components upon carrier substrates (e.g., circuit boards) so as to reduce 

the distances the semiconductor devices protrude from the carrier substrates.  Various 

types of packaging technologies have been developed to facilitate orientation of 30 

semiconductor devices upon carrier substrates in this manner. 

[0005] Conventionally, semiconductor device packages are multilayered 

structures, typically including a bottom layer of encapsulant material, a carrier (e.g., leads, 

a circuit board, etc.), a semiconductor die, and a top layer of encapsulant material, for 

-1- METHODS FOR ASSEMBLING SEMICONDUCTOR DEVICE
COMPONENTS 5 CROSS-REFERENCE TO RELATED APPLICATION
[0001] This is a new application filed under Section 26(6) of the Singapore
Patents  Act claiming the earlier filing date of Application No. 200203684-6
filed on 18  June 2002. 10 BACKGROUND OF THE INVENTION [0002]
The present invention relates generally to semiconductor devices and
semiconductor device components that are useful in low-profile packages,
as well as to  such packages. More specifically, the invention pertains to
semiconductor device  packages having true chip-carrier profiles, as well
as to semiconductor packages with 15 footprints that are substantially the
same as or only slightly larger than the footprint of the  chips thereof.
[0003] The dimensions of many different types of state of the art electronic
devices are ever decreasing. To reduce the dimensions of electronic
devices, the  structures by which the microprocessors, memory devices,
other semiconductor devices, 20 and other electronic components of
these devices are packaged and assembled with  carriers, such as circuit
boards, must become more compact. In general, the goal is to
economically produce a chip-scale package (CSP) of the smallest size
possible, and with  conductive structures, such as leads, pins, or
conductive bumps, which do not significantly  contribute to the overall size
in the X, Y, or Z dimensions, all while maintaining a very 25 high
performance level. [0004] One approach to reducing the sizes of
assemblies of semiconductor devices  and circuit boards has been to
minimize the profiles of the semiconductor devices and  other electronic
components upon carrier substrates (e.g., circuit boards) so as to reduce
the distances the semiconductor devices protrude from the carrier
substrates. Various 30 types of packaging technologies have been
developed to facilitate orientation of  semiconductor devices upon carrier
substrates in this manner. [0005] Conventionally, semiconductor device
packages are multilayered  structures, typically including a bottom layer of
encapsulant material, a carrier (e.g., leads,  a circuit board, etc.), a
semiconductor die, and a top layer of encapsulant material, for -2- 
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example.  In addition, the leads, conductive bumps, or pins of conventional semiconductor 

device packages, which electrically connect such packages to carrier substrates, as well as 

provide support for the packages, are sometimes configured to space the semiconductor 

device packages apart from a carrier substrate.  As a result, the overall thicknesses of these 

semiconductor device packages and the distances the packages protrude from carrier 5 

substrates are greater than is often desired for use in state of the art electronic devices. 

[0006] Wafer level packaging (WLP) refers to packaging of an electronic 

component while it is still part of a wafer.  The packages that are formed by WLP 

processes are generally considered to be “chip-sized” packages, at least with respect to the 

lateral X and Y dimensions, i.e., “footprint,” but typically have somewhat enlarged 10 

profiles in the Z dimension due to the solder balls, pins, or other conductive structures that 

protrude therefrom.  Likewise, modules of stacked dice may use inter-die connections 

comprising solder balls, pins, etc., which substantially contribute to the overall 

Z dimension, i.e., profile. 

[0007] “Flip-chip” technology, as originating with controlled collapse chip 15 

connection (C-4) technology, is an example of an assembly and packaging technology that 

results in a semiconductor device being oriented substantially parallel to a carrier 

substrate, such as a circuit board.  In flip-chip technology, the bond pads or contact pads 

of a semiconductor device are arranged in an array over a major surface of the 

semiconductor device.  Flip-chip techniques are applicable to both bare and packaged 20 

semiconductor devices.  A packaged flip-chip type semiconductor device, which typically 

has solder balls arranged in a so-called “ball grid array” (BGA) connection pattern, 

typically includes a semiconductor die and a carrier substrate, which is typically termed an 

“interposer.”  The interposer may be positioned adjacent either the back side of the 

semiconductor die or the active (front) surface thereof. 25 

[0008] When the interposer is positioned adjacent the back side of the 

semiconductor die, the bond pads of the semiconductor die are typically electrically 

connected by way of wire bonds or other intermediate conductive elements to 

corresponding contact areas on a top side of the interposer.  These contact areas 

communicate with corresponding bumped contact pads on the back side of the interposer.  30 

This type of flip-chip assembly is positioned adjacent a higher-level carrier substrate with 

the back side of the interposer facing the carrier substrate. 

example. In addition, the leads, conductive bumps, or pins of conventional
semiconductor  device packages, which electrically connect such
packages to carrier substrates, as well as  provide support for the
packages, are sometimes configured to space the semiconductor  device
packages apart from a carrier substrate. As a result, the overall
thicknesses of these 5 semiconductor device packages and the distances
the packages protrude from carrier  substrates are greater than is often
desired for use in state of the art electronic devices.  [0006] Wafer level
packaging (WLP) refers to packaging of an electronic component while it
is still part of a wafer. The packages that are formed by WLP  processes
are generally considered to be "chip-sized" packages, at least with respect
to the  10 lateral X and Y dimensions, i.e., "footprint," but typically have
somewhat enlarged profiles in the Z dimension due to the solder balls,
pins, or other conductive structures that  protrude therefrom. Likewise,
modules of stacked dice may use inter-die connections  comprising solder
balls, pins, etc., which substantially contribute to the overall Z dimension,
i.e., profile. 15 [0007] "Flip-chip" technology, as originating with controlled
collapse chip  connection (C-4) technology, is an example of an assembly
and packaging technology that  results in a semiconductor device being
oriented substantially parallel to a carrier  substrate, such as a circuit
board. In flip-chip technology, the bond pads or contact pads  of a
semiconductor device are arranged in an array over a major surface of the
20 semiconductor device. Flip-chip techniques are applicable to both bare
and packaged  semiconductor devices. A packaged flip-chip type
semiconductor device, which typically  has solder balls arranged in a
so-called "ball grid array" (BGA) connection pattern,  typically includes a
semiconductor die and a carrier substrate, which is typically termed an
"interposer." The interposer may be positioned adjacent either the back
side of the 25 semiconductor die or the active (front) surface thereof.
[0008] When the interposer is positioned adjacent the back side of the
semiconductor die, the bond pads of the semiconductor die are typically
electrically  connected by way of wire bonds or other intermediate
conductive elements to  corresponding contact areas on a top side of the
interposer. These contact areas 30 communicate with corresponding
bumped contact pads on the back side of the interposer.  This type of
flip-chip assembly is positioned adjacent a higher-level carrier substrate
with  the back side of the interposer facing the carrier substrate. 
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[0009] If the interposer is positioned adjacent the active surface of the 

semiconductor die, the bond pads of the semiconductor die may be electrically connected 

to corresponding contact areas on an opposite, top surface of the interposer by way of 

intermediate conductive elements that extend through one or more holes formed in the 

interposer.  Again, the contact areas communicate with corresponding contact pads on the 5 

interposer.  In this type of flip-chip semiconductor device assembly, however, the contact 

pads are also typically located on the top surface of the interposer.  Accordingly, this type 

of flip-chip assembly is positioned adjacent a higher-level carrier substrate, such as a 

printed circuit board, by orienting the interposer with the top surface facing the carrier 

substrate. 10 

[0010] In each of the foregoing types of flip-chip semiconductor devices, the 

contact pads of the interposer are disposed in an array that has a footprint that mirrors an 

arrangement of corresponding terminals or other contact regions formed on a carrier 

substrate.  Each of the bond (on bare flip-chip semiconductor dice) or contact (on flip-chip 

packages) pads and its corresponding terminal may be electrically connected to one 15 

another by way of a conductive structure, such as a solder ball, that also spaces the 

interposer some distance away from the carrier substrate. 

[0011] The space between the interposer and the carrier substrate may be left open 

or filled with a so-called “underfill” dielectric material that provides additional electrical 

insulation between the semiconductor device and the carrier substrate. In addition, each of 20 

the foregoing types of flip-chip semiconductor devices may include an encapsulant 

material covering portions or substantially all of the interposer and/or the semiconductor 

die. 

[0012] The thicknesses of conventional flip-chip type packages having ball grid 

array connection patterns are defined by the combined thicknesses of the semiconductor 25 

die, the interposer, the adhesive material therebetween, and the conductive structures (e.g., 

solder balls) that protrude above the interposer or the semiconductor die.  As with the flat 

packages, conventional flip-chip type packages are often undesirably thick for use in 

small, thin, state of the art electronic devices.  Furthermore, use of this general 

construction method for producing a stacked multichip module (MCM) results in a 30 

relatively high-profile, large footprint device. 

[0013] Thinner, or low-profile, flip-chip type packages have been developed 

which include interposers or other carriers with recesses that are configured to receive at 

-3- [0009] If the interposer is positioned adjacent the active surface of the
semiconductor die, the bond pads of the semiconductor die may be
electrically connected  to corresponding contact areas on an opposite, top
surface of the interposer by way of  intermediate conductive elements that
extend through one or more holes formed in the 5 interposer. Again, the
contact areas communicate with corresponding contact pads on the
interposer. In this type of flip-chip semiconductor device assembly,
however, the contact  pads are also typically located on the top surface of
the interposer. Accordingly, this type  of flip-chip assembly is positioned
adjacent a higher-level carrier substrate, such as a  printed circuit board,
by orienting the interposer with the top surface facing the carrier 1o
substrate. [0010] In each of the foregoing types of flip-chip semiconductor
devices, the  contact pads of the interposer are disposed in an array that
has a footprint that mirrors an  arrangement of corresponding terminals or
other contact regions formed on a carrier  substrate. Each of the bond (on
bare flip-chip semiconductor dice) or contact (on flip-chip 15 packages)
pads and its corresponding terminal may be electrically connected to one
another by way of a conductive structure, such as a solder ball, that also
spaces the  interposer some distance away from the carrier substrate.
[0011] The space between the interposer and the carrier substrate may be
left open  or filled with a so-called "underfill" dielectric material that
provides additional electrical  20 insulation between the semiconductor
device and the carrier substrate. In addition, each of the foregoing types of
flip-chip semiconductor devices may include an encapsulant  material
covering portions or substantially all of the interposer and/or the
semiconductor  die. [0012] The thicknesses of conventional flip-chip type
packages having ball grid  25 array connection patterns are defined by the
combined thicknesses of the semiconductor  die, the interposer, the
adhesive material therebetween, and the conductive structures (e.g.,
solder balls) that protrude above the interposer or the semiconductor die.
As with the flat  packages, conventional flip-chip type packages are often
undesirably thick for use in  small, thin, state of the art electronic devices.
Furthermore, use of this general 30 construction method for producing a
stacked multichip module (MCM) results in a  relatively high-profile, large
footprint device. 
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least a portion of the profiles of semiconductor devices.  While interposers that include 

recesses for partially receiving semiconductor devices facilitate the fabrication of thinner 

flip-chip type packages, the semiconductor dice of these packages, as well as intermediate 

conductive elements that protrude beyond the outer surfaces of either the semiconductor 

dice or the interposers, undesirably add to the thicknesses of these packages. 5 

[0014] U.S. Patents 5,541,450 and 5,639,695, both issued to Jones et al. 

(hereinafter “the ‘450 and ‘695 Patents”), disclose another type of flip-chip type package, 

which includes an interposer with a semiconductor die receptacle extending completely 

therethrough.  The ‘695 Patent teaches a package that may be formed by securing a 

semiconductor die directly to a carrier substrate and electrically connecting the interposer 10 

to the carrier substrate before the semiconductor die is electrically connected to the 

interposer.  The semiconductor die, intermediate conductive elements that connect bond 

pads of the semiconductor die to corresponding contact areas on the interposer, and 

regions of the interposer adjacent the receptacle may then be encapsulated.  While this 

method results in a very low-profile flip-chip type package, the package cannot be tested 15 

separately from the carrier substrate.  As a result, if the package is unreliable, it may also 

be necessary to discard the carrier substrate and any other components thereon.  

Moreover, the packaging method of the ‘695 Patent complicates the process of connecting 

semiconductor devices and other electronic components to a carrier substrate.  In addition, 

it should be noted that in order to obtain a low-profile package, it may be necessary to 20 

sacrifice footprint compactness.  The footprint area of such a low-profile package may be 

significantly greater than the area of the semiconductor die thereof. 

[0015] Thus, there is a need for a multichip module which has a very low profile, 

may incorporate a large number of semiconductor packages of differing dimensions and is 

readily fabricated.  There is also a need for a low-profile type multichip module that may 25 

be readily tested prior to its assembly with a carrier substrate and without adding 

complexity to the process of assembling electronic components to the carrier substrate.  A 

method for fabricating such low-profile type packages is also needed. 

 

SUMMARY OF THE INVENTION 30 

[0016] In the present invention, stacked multichip modules are formed of 

semiconductor devices with castellated contacts, semiconductor device components, such 

as carriers, with castellated contacts, or some combination thereof. 

[0013] Thinner, or low-profile, flip-chip type packages have been
developed  which include interposers or other carriers with recesses that
are configured to receive at -4- least a portion of the profiles of
semiconductor devices. While interposers that include  recesses for
partially receiving semiconductor devices facilitate the fabrication of
thinner  flip-chip type packages, the semiconductor dice of these
packages, as well as intermediate  conductive elements that protrude
beyond the outer surfaces of either the semiconductor 5 dice or the
interposers, undesirably add to the thicknesses of these packages.  [0014]
U.S. Patents 5,541,450 and 5,639,695, both issued to Jones et al.
(hereinafter "the `450 and `695 Patents"), disclose another type of flip-chip
type package,  which includes an interposer with a semiconductor die
receptacle extending completely  therethrough. The `695 Patent teaches a
package that may be formed by securing a 10 semiconductor die directly
to a carrier substrate and electrically connecting the interposer  to the
carrier substrate before the semiconductor die is electrically connected to
the  interposer. The semiconductor die, intermediate conductive elements
that connect bond  pads of the semiconductor die to corresponding
contact areas on the interposer, and  regions of the interposer adjacent
the receptacle may then be encapsulated. While this 15 method results in
a very low-profile flip-chip type package, the package cannot be tested
separately from the carrier substrate. As a result, if the package is
unreliable, it may also  be necessary to discard the carrier substrate and
any other components thereon. Moreover, the packaging method of the
`695 Patent complicates the process of connecting  semiconductor
devices and other electronic components to a carrier substrate. In
addition,  20 it should be noted that in order to obtain a low-profile
package, it may be necessary to sacrifice footprint compactness. The
footprint area of such a low-profile package may be  significantly greater
than the area of the semiconductor die thereof. [0015] Thus, there is a
need for a multichip module which has a very low profile,  may incorporate
a large number of semiconductor packages of differing dimensions and is
25 readily fabricated. There is also a need for a low-profile type multichip
module that may  be readily tested prior to its assembly with a carrier
substrate and without adding complexity to the process of assembling
electronic components to the carrier substrate. A  method for fabricating
such low-profile type packages is also needed. 30 SUMMARY OF THE
INVENTION 
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[0017] In this invention, a plurality of semiconductor packages having differing 

sizes may be stacked in a very low-profile arrangement to form a stacked multichip 

module which has a small footprint, extremely high density, and superior signal integrity.  

Each semiconductor package is provided with castellated contacts, or outer connectors, for 

electrical connection to a carrier (e.g., a substrate such as a printed circuit board, an 5 

interposer, etc.) or to another semiconductor device.  The castellated outer connectors are 

formed by providing conductive vias along die boundaries at the wafer level.  Die 

singulation bisects each full via longitudinally into two via portions, each of which 

comprises a castellation via, i.e., outer connector, at the peripheral edge of one of the two 

adjacent singulated packages.  Each outer connector is electrically connected to a 10 

conductive bond pad of the integrated circuit in the package’s die by a conductive trace 

carried by the package. 

[0018] Each outer connector may be exposed over its height from package top to 

package bottom, and may be formed with generally flat top and bottom ends.  Both of the 

outer connector ends are readily connected by reflow to conductive surfaces on a substrate 15 

or another package with the same connector configuration.  The outer connectors of such a 

package may be electrically connected to other packages or carrier substrates at their top 

sides, their back sides, their lateral surfaces, or any combination thereof.  Where the 

electronic device packages to be incorporated in a multichip module have different 

dimensions, i.e., are of different sizes, a plurality of the packages may be stacked with 20 

intervening thin package-size substrates having the same castellation connector 

configuration as the underlying package.  Each of the specific size or type of package is 

separately formed and packaged at the wafer level.  Thus, for example, a multichip 

module may include a package stack including a microprocessor package, a memory 

controller package, and one or more memory packages, all in a low-profile, chip footprint, 25 

three-dimensional module or package.  The produced multichip module is particularly 

useful in various apparatus having severe space limitations, including, for example, 

miniature telephones, miniature computer devices, vehicle control devices, and a plethora 

of other miniature electronic apparatus.  The multichip module of multiple packages is 

assembled and attached to a substrate without any height-adding interdie connectors such 30 

as solder balls, pins or the like. 

[0019] The stacked multichip module may be surface mounted directly to a 

support substrate without solder balls, pins, columns, or other height-adding connectors. 

[0016] In the present invention, stacked multichip modules are formed of
semiconductor devices with castellated contacts, semiconductor device
components, such  as carriers, with castellated contacts, or some
combination thereof. -5- [0017] In this invention, a plurality of
semiconductor packages having differing sizes may be stacked in a very
low-profile arrangement to form a stacked multichip  module which has a
small footprint, extremely high density, and superior signal integrity.  Each
semiconductor package is provided with castellated contacts, or outer
connectors, for 5 electrical connection to a carrier (e.g., a substrate such
as a printed circuit board, an  interposer, etc.) or to another semiconductor
device. The castellated outer connectors are  formed by providing
conductive vias along die boundaries at the wafer level. Die  singulation
bisects each full via longitudinally into two via portions, each of which
comprises a castellation via, i.e., outer connector, at the peripheral edge
of one of the two 10 adjacent singulated packages. Each outer connector
is electrically connected to a  conductive bond pad of the integrated circuit
in the package's die by a conductive trace  carried by the package. [0018]
Each outer connector may be exposed over its height from package top to
package bottom, and may be formed with generally flat top and bottom
ends. Both of the  15 outer connector ends are readily connected by
reflow to conductive surfaces on a substrate or another package with the
same connector configuration. The outer connectors of such a  package
may be electrically connected to other packages or carrier substrates at
their top  sides, their back sides, their lateral surfaces, or any combination
thereof. Where the  electronic device packages to be incorporated in a
multichip module have different 20 dimensions, i.e., are of different sizes,
a plurality of the packages may be stacked with  intervening thin
package-size substrates having the same castellation connector
configuration as the underlying package. Each of the specific size or type
of package is  separately formed and packaged at the wafer level. Thus,
for example, a multichip  module may include a package stack including a
microprocessor package, a memory 25 controller package, and one or
more memory packages, all in a low-profile, chip footprint,
three-dimensional module or package. The produced multichip module is
particularly  useful in various apparatus having severe space limitations,
including, for example,  miniature telephones, miniature computer devices,
vehicle control devices, and a plethora  



- 6 - 

[0020] Other features and advantages of the present invention will become 

apparent to those of ordinary skill in the art through consideration of the ensuing 

description, the accompanying drawings, and the appended claims. 

 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 5 

[0021] In the drawings, in which some dimensions may be exaggerated, 

exemplary embodiments for carrying out the invention are illustrated, wherein: 

[0022] FIG. 1 is a perspective view of a multidie semiconductor wafer in which a 

plurality of low-profile device packages are formed with castellated outer connectors for 

incorporation in a multichip assembly in accordance with the present invention; 10 

[0023] FIG. 2 is a plan view of an enlarged portion of an exemplary multidie 

semiconductor wafer formed into presingulated device packages in accordance with the 

teachings of the invention; 

[0024] FIG. 3 is a plan view of a portion of a wafer showing a castellated full via 

formed at the interface of adjacent packages in accordance with teachings of the invention; 15 

[0025] FIG. 4 is a schematic perspective view of a portion of a singulated package 

showing a castellated outer connector for forming a multichip assembly of the invention; 

[0026] FIG. 5 is a schematic perspective view of a portion of a singulated package 

showing another embodiment of castellated outer connector for forming a multichip 

assembly of the invention; 20 

[0027] FIG. 6 is a plan view of a semiconductor package singulated from a wafer 

for incorporation in a multichip assembly of the invention; 

[0028] FIG. 7 is a schematic cross-sectional view of a portion of a singulated 

package for incorporation in a multichip assembly of the invention; 

[0029] FIG. 8 is a plan view of another embodiment of a semiconductor package 25 

having outer castellated connectors on three sides of the package; 

[0030] FIG. 9 is a schematic perspective view of an enlarged portion of two 

castellated packages joined by an intervening castellated substrate in accordance with 

teachings of the invention; 

[0031] FIG. 10 is a cross-sectional view of an enlarged portion of two castellated 30 

packages joined by an intervening castellated substrate in accordance with the invention, 

as taken along line 10-10 of FIG. 9; 

of other miniature electronic apparatus. The multichip module of multiple
packages is 30 assembled and attached to a substrate without any
height-adding interdie connectors such  as solder balls, pins or the like.
[0019] The stacked multichip module may be surface mounted directly to
a  support substrate without solder balls, pins, columns, or other
height-adding connectors. -6- [0020] Other features and advantages of the
present invention will become apparent to those of ordinary skill in the art
through consideration of the ensuing  description, the accompanying
drawings, and the appended claims. 5 BRIEF DESCRIPTION OF THE
SEVERAL VIEWS OF THE DRAWINGS  [0021] In the drawings, in which
some dimensions may be exaggerated,  exemplary embodiments for
carrying out the invention are illustrated, wherein: [0022] FIG. 1 is a
perspective view of a multidie semiconductor wafer in which a  plurality of
low-profile device packages are formed with castellated outer connectors
for  10 incorporation in a multichip assembly in accordance with the
present invention; [0023] FIG. 2 is a plan view of an enlarged portion of an
exemplary multidie  semiconductor wafer formed into presingulated device
packages in accordance with the  teachings of the invention; [0024] FIG. 3
is a plan view of a portion of a wafer showing a castellated full via  15
formed at the interface of adjacent packages in accordance with teachings
of the invention;  [0025] FIG. 4 is a schematic perspective view of a
portion of a singulated package showing a castellated outer connector for
forming a multichip assembly of the invention;  [0026] FIG. 5 is a
schematic perspective view of a portion of a singulated package  showing
another embodiment of castellated outer connector for forming a multichip
20 assembly of the invention; [0027] FIG. 6 is a plan view of a
semiconductor package singulated from a wafer  for incorporation in a
multichip assembly of the invention; [0028] FIG. 7 is a schematic
cross-sectional view of a portion of a singulated  package for incorporation
in a multichip assembly of the invention; 25 [0029] FIG. 8 is a plan view of
another embodiment of a semiconductor package  having outer
castellated connectors on three sides of the package; [0030] FIG. 9 is a
schematic perspective view of an enlarged portion of two  
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[0032] FIG. 11 is a partially exploded schematic perspective view of an enlarged 

portion of two castellated packages joined by an intervening castellated substrate in 

accordance with another embodiment of the invention; 

[0033] FIG. 12 is a cross-sectional side view of an enlarged portion of a 

castellated semiconductor package joined to a castellated multilevel substrate in 5 

accordance with teachings of the invention; 

[0034] FIG. 13 is an exploded perspective view of an enlarged low-profile 

multichip assembly comprising castellated packages of differing sizes joined in 

accordance with teachings of the invention; 

[0035] FIG. 14 is an enlarged plan view of an exemplary low-profile multichip 10 

assembly formed of castellated packages and castellated substrates in accordance with 

teachings of the invention; and 

[0036] FIG. 15 is an enlarged side view of an exemplary low-profile multichip 

assembly formed of castellated packages and castellated substrates in accordance with 

teachings of the invention. 15 

 

DETAILED DESCRIPTION OF THE INVENTION 

[0037] Referring to FIG. 1, a multichip substrate blank 8 is shown in which a 

plurality of dice 16 is shown as defined by boundary lines 12 and 14.  In accordance with 

the invention, semiconductor device packages will be formed on the dice 16 in a manner 20 

which facilitates the stacking of the packages in a low-profile, small footprint multichip 

assembly.  While substrate blank 8 is depicted as comprising a full silicon wafer, use of 

other semiconductor substrates (e.g., partial wafers, substrates of other semiconductive 

materials, including, without limitation, gallium arsenide, indium phosphide, and the like, 

as well as so-called silicon-on insulator, or SOI, type substrates) is also within the scope of 25 

the present invention. 

[0038] The initial processes in forming semiconductor device packages 10 may be 

any of those well-known and used throughout the industry.  Thus, one side of the substrate 

blank 8 is selected as an active surface 18; the opposite side becomes the back side 19. 

[0039] A pattern of planned straight boundary lines 12 and 14 in the X direction 30 

and Y direction, respectively, is provided for subdividing the substrate blank 8 into a 

plurality of unsingulated dice 16 for fabricating semiconductor device packages 10.  As 

depicted in FIG. 2, the boundary lines 12A, 12B, etc. (collectively referred to as boundary 

castellated packages joined by an intervening castellated substrate in
accordance with  teachings of the invention; 30 [0031] FIG. 10 is a
cross-sectional view of an enlarged portion of two castellated  packages
joined by an intervening castellated substrate in accordance with the
invention,  as taken along line 10-10 of FIG. 9; -7- [0032] FIG. 11 is a
partially exploded schematic perspective view of an enlarged portion of
two castellated packages joined by an intervening castellated substrate in
accordance with another embodiment of the invention; [0033] FIG. 12 is a
cross-sectional side view of an enlarged portion of a  5 castellated
semiconductor package joined to a castellated multilevel substrate in
accordance with teachings of the invention; [0034] FIG. 13 is an exploded
perspective view of an enlarged low-profile  multichip assembly
comprising castellated packages of differing sizes joined in  accordance
with teachings of the invention; 10 [0035] FIG. 14 is an enlarged plan view
of an exemplary low-profile multichip  assembly formed of castellated
packages and castellated substrates in accordance with  teachings of the
invention; and [0036] FIG. 15 is an enlarged side view of an exemplary
low-profile multichip  assembly formed of castellated packages and
castellated substrates in accordance with  15 teachings of the invention.
DETAILED DESCRIPTION OF THE INVENTION [0037] Referring to FIG.
1, a multichip substrate blank 8 is shown in which a  plurality of dice 16 is
shown as defined by boundary lines 12 and 14. In accordance with  20 the
invention, semiconductor device packages will be formed on the dice 16 in
a manner which facilitates the stacking of the packages in a low-profile,
small footprint multichip  assembly. While substrate blank 8 is depicted as
comprising a full silicon wafer, use of  other semiconductor substrates
(e.g., partial wafers, substrates of other semiconductive  materials,
including, without limitation, gallium arsenide, indium phosphide, and the
like, 25 as well as so-called silicon-on insulator, or SOI, type substrates) is
also within the scope of  the present invention. [0038] The initial
processes in forming semiconductor device packages 10 may be  
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lines 12) and 14A, 14B and 14C (collectively referred to as boundary lines 14) define the 

dimensions of each die 16, and comprise saw lines for singulation of each separate 

assembled package 10A, 10B, 10C, etc., which are also referred to as packages 10, from 

surrounding packages.  For example, in FIG. 2, package 10E is shown as being 

surrounded by immediately adjacent packages 10A, 10B, 10C, 10D, 10F, 10G, 10H and 5 

10J, all at the wafer level. 

[0040] An integrated circuit 42 (see FIG. 7) is formed in each die 16 to interface 

with the active surface 18, as known in the art, and is configured in accordance with the 

desired end-use of the assembled package 10.  A wide variety of integrated circuit device 

elements may be used in the die 16 of a package 10, including, for example, conductors, 10 

resistors, transistors, capacitors, inductors, insulators, and the like.  Fabrication processes 

are used which typically fall into the groups known as layering, patterning, doping and 

heating, and many specific variations of each are well-known.  For example, useful 

layering processes include various methods of oxidation, chemical vapor deposition 

(CVD), molecular beam epitaxy, physical vapor deposition (PVD), and other techniques. 15 

[0041] As shown in FIG. 2, each package on substrate blank 8 is designated 

generically by the numeral 10, and is more particularly shown by a numeral 10A, 10B, 

10C, 10D, 10E, etc., for purposes of relating adjacent packages with each other.  Each 

package 10 is provided with a row of bond pads 20 which comprise primary terminals of 

the integrated circuit 42 (not visible) in the package.  The upper surface, i.e., active 20 

surface 18, on which the bond pads 20 of each package 10 are located is covered by a 

layer 36 of dielectric material for insulating the underlying components of the integrated 

circuit 42 from external currents, including the effects of metallization to be formed 

thereon in accordance with the invention. 

[0042] In the semiconductor packages 10 used in this invention, a metallization 25 

step is performed, creating conductive traces 28 atop dielectric layer 36 that substantially 

covers the active surface 18 and circuitry thereon.  The traces 28 may be considered as 

“third level” conductors and extend to boundary lines 14 between adjacent packages 10.  

Each trace 28 may be of uniform width 56, as shown in FIG. 2, or may have an enlarged 

area 58 in the region immediately surrounding the intersection 66 of the traces 28 with 30 

boundary line 14, as shown in FIG. 3. 

[0043] At the intersection 66 of each trace 28 with boundary line 14, a 

through-hole 38 is formed.  Each through-hole 38 is coated with a conductive material to 

any of those well-known and used throughout the industry. Thus, one side
of the substrate  blank 8 is selected as an active surface 18; the opposite
side becomes the back side 19. 30 [0039] A pattern of planned straight
boundary lines 12 and 14 in the X direction  and Y direction, respectively,
is provided for subdividing the substrate blank 8 into a  plurality of
unsingulated dice 16 for fabricating semiconductor device packages 10.
As  depicted in FIG. 2, the boundary lines 12A, 12B, etc. (collectively
referred to as boundary -8- lines 12) and 14A, 14B and 14C (collectively
referred to as boundary lines 14) define the  dimensions of each die 16,
and comprise saw lines for singulation of each separate  assembled
package 10A, 10B, IOC, etc., which are also referred to as packages 10,
from  surrounding packages. For example, in FIG. 2, package 10E is
shown as being 5 surrounded by immediately adjacent packages 10A,
10B, 10C, 10D, 10F, 10G, 10H and  10J, all at the wafer level. [0040] An
integrated circuit 42 (see FIG. 7) is formed in each die 16 to interface  with
the active surface 18, as known in the art, and is configured in accordance
with the  desired end-use of the assembled package 10. A wide variety of
integrated circuit device 10 elements may be used in the die 16 of a
package 10, including, for example, conductors,  resistors, transistors,
capacitors, inductors, insulators, and the like. Fabrication processes  are
used which typically fall into the groups known as layering, patterning,
doping and  heating, and many specific variations of each are well-known.
For example, useful  layering processes include various methods of
oxidation, chemical vapor deposition 15 (CVD), molecular beam epitaxy,
physical vapor deposition (PVD), and other techniques.  [0041] As shown
in FIG. 2, each package on substrate blank 8 is designated  generically by
the numeral 10, and is more particularly shown by a numeral 10A, 10B,
IOC, I OD, 10E, etc., for purposes of relating adjacent packages with each
other. Each  package 10 is provided with a row of bond pads 20 which
comprise primary terminals of 20 the integrated circuit 42 (not visible) in
the package. The upper surface, i.e., active  surface 18, on which the
bond pads 20 of each package 10 are located is covered by a  layer 36 of
dielectric material for insulating the underlying components of the
integrated  circuit 42 from external currents, including the effects of
metallization to be formed  thereon in accordance with the invention. 25
[0042] In the semiconductor packages 10 used in this invention, a
metallization  
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form a full, i.e., circular or cylindrical conductive via 30 (referred to in FIG. 2 as 

conductive vias 30A, 30B, 30C) having a hollow, circular or cylindrical center and 

electrically connected to trace 28.  The full vias 30 are formed with a diameter 64, which 

is also the diameter of through-hole 38.  An enlarged area 58 of trace 28 may be 

configured to essentially surround and be joined to the conductive via 30.  A portion of the 5 

through-hole 38 and conductive via 30 formed therein are within the periphery of each of 

the adjacent packages 10D and 10E, as shown in FIG. 3.  The conductive vias 30 are 

spaced apart from one another at a predetermined spacing or pitch 68 (FIG. 2).  The 

arrangement of conductive vias 30 on a given boundary line 14 need not be uniform in 

pitch 68, provided that the arrangement of conductive vias 30 substantially mirrors the 10 

pattern of corresponding conductors of a carrier substrate to which the conductive vias 30 

are to be connected. 

[0044] The through-holes 38 may be formed in the substrate blank 8 by 

mechanical drilling, such as with a multiple spindle machine as used for drilling circuit 

boards.  Alternatively, laser drilling, punching, etching, or other workable method may be 15 

used, depending on the via diameter 64 and aspect ratio, i.e., hole depth 70 to diameter 64 

ratio.  Hole formation by etching may be a viable alternative only where the aspect ratio of 

the hole is relatively low, i.e., less than about 7:1.  The term “full” as used herein indicates 

that the through-hole 38 and conductive via 30 formed therein extend completely through 

the two adjacent packages 10 bounded by boundary line 14 (in this example, lines 14A, 20 

14B, 14C, . . . 14N). 

[0045] Following the formation of through-holes 38, the hole inside surfaces 60 

may be cleaned (e.g., to remove drill smear, dust and burrs that may be generated during 

mechanical drilling) to establish a clean surface for via formation. 

[0046] To form the conductive vias 30 in through-holes 38, a conductive material 25 

may be plated or coated onto the inside surface 60 of the through-hole 38.  Methods used 

may include electroless plating, immersion plating, electrolytic plating, chemical vapor 

deposition (CVD) and physical vapor deposition (PVD), as exemplified by sputtering or 

evaporation, and other processes known in the art.  The conductive vias 30 may be formed 

of a metal such as copper or aluminum, another metal, or metal alloy or a nonmetal 30 

conductor may be used.  If the material of conductive vias 30 is not solder-compatible, but 

it may be desirable to subsequently adhere solder to conductive vias 30, each conductive 

via 30 may include one or more additional conductive barrier and/or noble metal layers.  

step is performed, creating conductive traces 28 atop dielectric layer 36
that substantially  covers the active surface 18 and circuitry thereon. The
traces 28 may be considered as  "third level" conductors and extend to
boundary lines 14 between adjacent packages 10.  Each trace 28 may be
of uniform width 56, as shown in FIG. 2, or may have an enlarged 30 area
58 in the region immediately surrounding the intersection 66 of the traces
28 with  boundary line 14, as shown in FIG. 3. [0043] At the intersection
66 of each trace 28 with boundary line 14, a  through-hole 38 is formed.
Each through-hole 38 is coated with a conductive material to -9- form a
full, i.e., circular or cylindrical conductive via 30 (referred to in FIG. 2 as
conductive vias 30A, 30B, 30C) having a hollow, circular or cylindrical
center and  electrically connected to trace 28. The full vias 30 are formed
with a diameter 64, which  is also the diameter of through-hole 38. An
enlarged area 58 of trace 28 may be 5 configured to essentially surround
and be joined to the conductive via 30. A portion of the  through-hole 38
and conductive via 30 formed therein are within the periphery of each of
the adjacent packages 10D and 10E, as shown in FIG. 3. The conductive
vias 30 are  spaced apart from one another at a predetermined spacing or
pitch 68 (FIG. 2). The  arrangement of conductive vias 30 on a given
boundary line 14 need not be uniform in 10 pitch 68, provided that the
arrangement of conductive vias 30 substantially mirrors the  pattern of
corresponding conductors of a carrier substrate to which the conductive
vias 30  are to be connected. [0044] The through-holes 38 may be formed
in the substrate blank 8 by  mechanical drilling, such as with a multiple
spindle machine as used for drilling circuit 15 boards. Alternatively, laser
drilling, punching, etching, or other workable method may be  used,
depending on the via diameter 64 and aspect ratio, i.e., hole depth 70 to
diameter 64  ratio. Hole formation by etching may be a viable alternative
only where the aspect ratio of  the hole is relatively low, i.e., less than
about 7:1. The term "full" as used herein indicates  that the through-hole
38 and conductive via 30 formed therein extend completely through 20 the
two adjacent packages 10 bounded by boundary line 14 (in this example,
lines 14A,  14B, 14C.... 14N). [0045] Following the formation of
through-holes 38, the hole inside surfaces 60  may be cleaned (e.g., to
remove drill smear, dust and burrs that may be generated during  
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The plating or coating process effectively connects the formed conductive via 30 to the 

trace 28 and/or trace enlarged area 58, and thus to a bond pad 20 of the semiconductor 

package 10.  In FIG. 3, a full conductive via 30 is shown as an annular member having a 

radial width 62 (also referred to as “coating thickness 62”) extending from the inside 

surface 60 of the through-hole 38 to a surface of an axial opening 40.  The coating 5 

thickness 62 may be sufficient to provide required strength as well as electrical 

conduction.  Generally, the coating thickness 62 may be from about 1 to about 25 microns.  

Optionally, the entire through-hole 38 may be filled, although it requires additional time 

and material.  Prior to package singulation, each conductive via 30 may communicate with 

conductive traces 28 of two adjacent semiconductor devices and, thus, may be shared by 10 

two adjacent packages 10.  Thus, each full conductive via 30 is shown as being connected 

to a trace 28 on each package bounded by boundary line 14.  For example, packages 10D 

and 10E share full vias 30 on the boundary line 14 between the two packages. 

[0047] An additional layer 44 of dielectric material (FIG. 7) may be applied before 

package singulation to cover and protect the conductive traces 28. 15 

[0048] Following completion of the packages 10 on substrate blank 8, the 

packages are singulated, typically by sawing along boundary lines 12, 14.  As depicted in 

FIG. 3, the saw kerf 48 will typically have a kerf width 72 between kerf lines 71 and will 

permit a major portion of each conductive via 30 to remain within the peripheries of 

adjacent packages 10D and 10E, rather than be removed.  Thus, the diameter 64 of each 20 

through-hole 38 is somewhat larger than the kerf width 72. 

[0049] Singulation of the packages 10 by cutting along boundary lines 12 and 14 

simultaneously results in bisection of each full conductive via 30 into two via portions, or 

outer connectors 31.  Thus, an outer connector 31 of each full conductive via 30 remains 

with each of the two adjacent packages 10.  These outer connectors 31 will be simply 25 

designated hereinafter as peripheral vias or, in the context of the invention, as outer 

connectors 31.  As shown in FIG. 6, a singulated package 10 from the wafer level of 

FIG. 2 has outer connectors 31 formed into both edges 22, 24 of the package periphery.  A 

semicircular axial opening 40 in each outer connector 31 is exposed along the length 70 

(FIG. 7) of the outer connector 31.  The outer connector 31 (see FIG. 4) has an upper 30 

surface 76 and a lower surface 78, both of which are generally planar.  The outer 

connector surfaces 76 and/or 78 may be approximately coplanar with upper and lower 

mechanical drilling) to establish a clean surface for via formation. 25
[0046] To form the conductive vias 30 in through-holes 38, a conductive
material  may be plated or coated onto the inside surface 60 of the
through-hole 38. Methods used  may include electroless plating,
immersion plating, electrolytic plating, chemical vapor  deposition (CVD)
and physical vapor deposition (PVD), as exemplified by sputtering or
evaporation, and other processes known in the art. The conductive vias
30 may be formed 30 of a metal such as copper or aluminum, another
metal, or metal alloy or a nonmetal  conductor may be used. If the material
of conductive vias 30 is not solder-compatible, but  it may be desirable to
subsequently adhere solder to conductive vias 30, each conductive  via 30
may include one or more additional conductive barrier and/or noble metal
layers. -10- The plating or coating process effectively connects the formed
conductive via 30 to the  trace 28 and/or trace enlarged area 58, and thus
to a bond pad 20 of the semiconductor  package 10. In FIG. 3, a full
conductive via 30 is shown as an annular member having a  radial width
62 (also referred to as "coating thickness 62") extending from the inside 5
surface 60 of the through-hole 38 to a surface of an axial opening 40. The
coating  thickness 62 may be sufficient to provide required strength as
well as electrical  conduction. Generally, the coating thickness 62 may be
from about 1 to about 25 microns.  Optionally, the entire through-hole 38
may be filled, although it requires additional time  and material. Prior to
package singulation, each conductive via 30 may communicate with 10
conductive traces 28 of two adjacent semiconductor devices and, thus,
may be shared by  two adjacent packages 10. Thus, each full conductive
via 30 is shown as being connected  to a trace 28 on each package
bounded by boundary line 14. For example, packages 10D  and 10E
share full vias 30 on the boundary line 14 between the two packages.
[0047] An additional layer 44 of dielectric material (FIG. 7) may be applied
before  15 package singulation to cover and protect the conductive traces
28. [0048] Following completion of the packages 10 on substrate blank 8,
the  packages are singulated, typically by sawing along boundary lines 12,
14. As depicted in  FIG. 3, the saw kerf 48 will typically have a kerf width
72 between kerf lines 71 and will  permit a major portion of each
conductive via 30 to remain within the peripheries of 20 adjacent
packages 10D and 10E, rather than be removed. Thus, the diameter 64 of
each  through-hole 38 is somewhat larger than the kerf width 72. 
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package surfaces 74, 34, respectively, or may protrude slightly beyond the package 

surfaces 74, 34. 

[0050] As shown in an alternative embodiment in FIG. 5, an outer connector 31 

may be formed by completely filling the through-hole 38 with conductive material. 

[0051] The term “castellation” is used herein to denote the configuration imparted 5 

to an edge 22, 24 of a package that carries an array of bisected conductive vias 30, or outer 

connectors 31, in the periphery of a semiconductor device package or substrate.  The outer 

connectors 31 are within the package 10 outline and extend from the upper surface 74 to 

the lower surface 34 of the package 10.  Each outer connector 31 has an upper surface 76 

and a lower surface 78 which may be connected to a conductive via of another 10 

semiconductor device or semiconductor device component or conductive sites formed on 

another package or substrate. 

[0052] FIG. 7 is a cross-sectional view of a portion of a formed package 10, as 

cutting through an outer connector 31 with a central axial opening 40 formed 

therethrough.  The lower surface 34 is typically covered by a lower protective layer 46, as 15 

known in the art.  As shown, outer connector 31 is a deposition of a conductive material in 

through-hole 38.  Die 16 contains an integrated circuit 42 which terminates in bond 

pads 20.  An upper insulative, i.e., dielectric layer 36 protects integrated circuit 42 from 

electrical shorts and the like.  A pattern of conductive metallization traces 28 is formed 

atop dielectric layer 36 to connect bond pads 20 with a boundary line 14 which is common 20 

to package 10 and its neighboring like package 10X on the wafer.  Another dielectric 

insulative layer 44 may be applied to cover at least a portion of the upper surface 74 

before forming and coating the through-holes 38. 

[0053] Also, as shown in FIG. 8, the invention may be applied to packages 50 

having peripheral bond pads 20 along one edge 52 rather than along or near a central 25 

axis 26 of the package 50.  The outer connectors 31 of package 50 may be formed on one 

or more nonpad edges 54 and connected to the bond pads 20 by conductive traces 28, as 

illustrated in FIG. 4.  Of course, placement of bond pads 20 along one or more edges 54 of 

a die is also well known in the art.  Accordingly, dice with other patterns of configurations 

of bond pads 20 and outer connectors 31 are also within the scope of the present invention 30 

provided there is sufficient peripheral space for the outer connectors 31. 

[0054] It is noteworthy that the number of through-holes 38 to be drilled and filled 

is one-half the number of resulting outer connectors 31, saving process time. 

[0049] Singulation of the packages 10 by cutting along boundary lines 12
and 14  simultaneously results in bisection of each full conductive via 30
into two via portions, or  outer connectors 31. Thus, an outer connector 31
of each full conductive via 30 remains 25 with each of the two adjacent
packages 10. These outer connectors 31 will be simply  designated
hereinafter as peripheral vias or, in the context of the invention, as outer
connectors 31. As shown in FIG. 6, a singulated package 10 from the
wafer level of FIG. 2 has outer connectors 31 formed into both edges 22,
24 of the package periphery. A  semicircular axial opening 40 in each
outer connector 31 is exposed along the length 70 30 (FIG. 7) of the outer
connector 31. The outer connector 31 (see FIG. 4) has an upper  surface
76 and a lower surface 78, both of which are generally planar. The outer
connector surfaces 76 and/or 78 may be approximately coplanar with
upper and lower -11- package surfaces 74, 34, respectively, or may
protrude slightly beyond the package  surfaces 74, 34. [0050] As shown in
an alternative embodiment in FIG. 5, an outer connector 31  may be
formed by completely filling the through-hole 38 with conductive material.
5 [0051] The term "castellation" is used herein to denote the configuration
imparted  to an edge 22, 24 of a package that carries an array of bisected
conductive vias 30, or outer  connectors 31, in the periphery of a
semiconductor device package or substrate. The outer  connectors 31 are
within the package 10 outline and extend from the upper surface 74 to  the
lower surface 34 of the package 10. Each outer connector 31 has an
upper surface 76  10 and a lower surface 78 which may be connected to a
conductive via of another semiconductor device or semiconductor device
component or conductive sites formed on  another package or substrate.
[0052] FIG. 7 is a cross-sectional view of a portion of a formed package
10, as  cutting through an outer connector 31 with a central axial opening
40 formed 15 therethrough. The lower surface 34 is typically covered by a
lower protective layer 46, as  known in the art. As shown, outer connector
31 is a deposition of a conductive material in  through-hole 38. Die 16
contains an integrated circuit 42 which terminates in bond pads 20. An
upper insulative, i.e., dielectric layer 36 protects integrated circuit 42 from
electrical shorts and the like. A pattern of conductive metallization traces
28 is formed 20 atop dielectric layer 36 to connect bond pads 20 with a
boundary line 14 which is common  
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[0055] The packages 10, as described herein, may be joined to each other or to 

substrates 88 in a variety of ways, making them ideal for the formation of low-profile 

multichip assemblies 90.  Several exemplary methods are illustrated in FIGS. 9, 10, 11, 

and 12.  As depicted in FIGS. 9 and 10, two packages 10A and 10B of like dimensions 

and outer connector pattern may be joined mechanically and electrically with an 5 

intervening substrate 88 having the same dimensions and a pattern of outer connectors 86 

comprising vias configured the same as outer connectors 31 on the packages.  The outer 

connectors 31 and 86 may be joined end-to-end by solder reflow, and may be 

gang-bonded (i.e., more than two corresponding connectors are collectively bonded to one 

another by a single conductive element, such as a solder bump) to reduce construction 10 

time.  The intervening substrate 88 may also contain surface or internal leads (not shown) 

connected to the outer connectors 86 for achieving a desired interconnection scheme.  

Additional levels of packages 10 and intervening substrates 88 of the same dimensions 

may be added to the assembly 90.  The assembly 90 may be surface-mounted to a circuit 

board, not shown. 15 

[0056] When the packages 10 to be stacked in a multichip assembly are not of the 

same dimensions, another assembly configuration may be useful.  As depicted in FIG. 11, 

an intermediate substrate 88A which has castellated outer connectors 86 which align with 

corresponding outer connectors 31B of package 10B may be superimposed over 

castellated package 10B.  A second package 10C is shown as being smaller than 20 

package 10B, and the connector pitch and/or via diameter thereof may also differ from 

that of package 10B.  The second package 10C has outer connectors 31C that are 

electrically connected to corresponding bond pads 20C by conductive traces 28C.  A 

metallization pattern is provided on the substrate 88A.  The substrate metallization 

includes bonding surfaces 92 conforming to the via pattern of the second package 10C and 25 

trace 94 which connect the bonding surfaces 92 to the outer connectors 86.  The bonding 

surfaces 92 may be of any shape suitable for bonding to the lower surfaces 78C of the 

outer connectors 31C.  The bonding surfaces 92 are shown as semicircular, but may be 

circular, square, or oblong, for example. 

[0057] Where the two packages 10B, 10C are of different sizes, but have outer 30 

connectors 31B and 31C of substantially the same size and arranged at substantially the 

same pitch, edge 82C of package 10C may be aligned with edge 82B of package 10B, and 

the outer connectors 31C may be joined in-line to outer connectors 86 of the 

to package 10 and its neighboring like package iOX on the wafer. Another
dielectric  insulative layer 44 may be applied to cover at least a portion of
the upper surface 74  before forming and coating the through-holes 38.
[0053] Also, as shown in FIG. 8, the invention may be applied to packages
50  25 having peripheral bond pads 20 along one edge 52 rather than
along or near a central axis 26 of the package 50. The outer connectors
31 of package 50 may be formed on one  or more nonpad edges 54 and
connected to the bond pads 20 by conductive traces 28, as  illustrated in
FIG. 4. Of course, placement of bond pads 20 along one or more edges
54 of  a die is also well known in the art. Accordingly, dice with other
patterns of configurations 30 of bond pads 20 and outer connectors 31 are
also within the scope of the present invention  provided there is sufficient
peripheral space for the outer connectors 31. [0054] It is noteworthy that
the number of through-holes 38 to be drilled and filled  is one-half the
number of resulting outer connectors 31, saving process time. - 12 [0055]
The packages 10, as described herein, maybe joined to each other or to
substrates 88 in a variety of ways, making them ideal for the formation of
low-profile  multichip assemblies 90. Several exemplary methods are
illustrated in FIGS. 9, 10, 11,  and 12. As depicted in FIGS. 9 and 10, two
packages 10A and lOB of like dimensions 5 and outer connector pattern
may be joined mechanically and electrically with an  intervening substrate
88 having the same dimensions and a pattern of outer connectors 86
comprising vias configured the same as outer connectors 31 on the
packages. The outer  connectors 31 and 86 may be joined end-to-end by
solder reflow, and may be gang-bonded (i.e., more than two
corresponding connectors are collectively bonded to one  10 another by a
single conductive element, such as a solder bump) to reduce construction
time. The intervening substrate 88 may also contain surface or internal
leads (not shown)  connected to the outer connectors 86 for achieving a
desired interconnection scheme.  Additional levels of packages 10 and
intervening substrates 88 of the same dimensions  may be added to the
assembly 90. The assembly 90 may be surface-mounted to a circuit  15
board, not shown. [0056] When the packages 10 to be stacked in a
multichip assembly are not of the  same dimensions, another assembly
configuration may be useful. As depicted in FIG. 11,  an intermediate
substrate 88A which has castellated outer connectors 86 which align with  
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substrate 88A.  As edges 84B and 84C cannot then be aligned, substrate metallization 92, 

94 may be used to connect outer connectors 31D to outer connectors 86 along edge 84B. 

[0058] As shown in the sectional view of FIG. 12, an intermediate substrate 88A 

may have conductive traces 94, or metallization, on either the upper side 96 or lower 

side 98, or on both sides.  In addition, internal traces 100, or internal leads, may be formed 5 

on one or more levels to enable interconnection of complex circuits.  The internal 

traces 100 may include, for example, full conductive vias 102, which extend substantially 

through the intermediate substrate 88A, and blind conductive vias 104, which extend only 

partially through the intermediate substrate 88A. 

[0059] The substrate 88, 88A may comprise any material useful for the purpose.  10 

For example, the substrate may be substantially rigid, e.g., a copper-clad dielectric 

material, such as a fiber-reinforced resin.  The resin may be, for example, epoxy, 

polyimide, bismaleimide triazine (BT), polytetrafluoroethylene (PTFE), and/or cyanate 

ester.  The substrate 88, 88A may comprise a single layer or a laminate of multiple layers, 

each carrying conductive traces, or leads.  Alternatively, substrate 88, 88A may be formed 15 

from ceramic or another material, for example. 

[0060] Alternatively, the substrate 88, 88A may be flexible or rigid-flexible, such 

as KAPTON
®
 or another polyimide tape.  The tape of such a substrate 88, 88A may be 

punched, drilled or etched to form via through-holes for making peripheral outer 

connectors 86 (e.g., in the same manner as outer connectors 31 are formed). 20 

[0061] For stacking a plurality of packages 10 that include castellated outer 

connectors 31 with intervening substrates 88 that include outer connectors 86, three of the 

various considerations relating to the outer connectors 31, 86 which affect the 

interconnection design are (a) via diameter 64, (b) outer connector pitch 68, and 

(c) package width dimension between castellated edges 82, 84 (FIG. 9) of packages 10 25 

which have castellated appearances due to the outer connectors 31 therein. 

[0062] A low-profile multichip assembly or multichip module (MCM) 110 may 

be formed from a stack of wafer level semiconductor packages 10 described in the 

foregoing discussion.  An example of such an assembly 110 is shown in FIGS. 13, 14, and 

15.  As depicted in FIG. 13, four semiconductor packages 10W, 10X, 10Y and 10Z 30 

(collectively referred to as packages 10) are stacked with intervening substrates 88W and 

88X (collectively referred to as substrates 88).  The assembly 110 may include a support 

substrate 112 for connection to a printed circuit board or other apparatus.  As an example, 

corresponding outer connectors 31 B of package 10B may be
superimposed over 20 castellated package l OB. A second package IOC
is shown as being smaller than  package 10B, and the connector pitch
and/or via diameter thereof may also differ from  that of package 10B. The
second package 10C has outer connectors 31C that are  electrically
connected to corresponding bond pads 20C by conductive traces 28C. A
metallization pattern is provided on the substrate 88A. The substrate
metallization 25 includes bonding surfaces 92 conforming to the via
pattern of the second package IOC and  trace 94 which connect the
bonding surfaces 92 to the outer connectors 86. The bonding  surfaces 92
may be of any shape suitable for bonding to the lower surfaces 78C of the
outer connectors 31C. The bonding surfaces 92 are shown as
semicircular, but may be  circular, square, or oblong, for example. 30
[0057] Where the two packages l OB, IOC are of different sizes, but have
outer  connectors 31B and 31C of substantially the same size and
arranged at substantially the  same pitch, edge 82C of package l OC may
be aligned with edge 82B of package l OB, and  the outer connectors 31C
may be joined in-line to outer connectors 86 of the - 13 substrate 88A. As
edges 84B and 84C cannot then be aligned, substrate metallization 92,
94 may be used to connect outer connectors 31D to outer connectors 86
along edge 84B.  [0058] As shown in the sectional view of FIG. 12, an
intermediate substrate 88A may have conductive traces 94, or
metallization, on either the upper side 96 or lower 5 side 98, or on both
sides. In addition, internal traces 100, or internal leads, may be formed  on
one or more levels to enable interconnection of complex circuits. The
internal traces 100 may include, for example, full conductive vias 102,
which extend substantially  through the intermediate substrate 88A, and
blind conductive vias 104, which extend only  partially through the
intermediate substrate 88A. 10 [0059] The substrate 88, 88A may
comprise any material useful for the purpose.  For example, the substrate
may be substantially rigid, e.g., a copper-clad dielectric  material, such as
a fiber-reinforced resin. The resin may be, for example, epoxy,  polyimide,
bismaleimide triazine (BT), polytetrafluoroethylene (PTFE), and/or cyanate
ester. The substrate 88, 88A may comprise a single layer or a laminate of
multiple layers, 15 each carrying conductive traces, or leads. Alternatively,
substrate 88, 88A may be formed  from ceramic or another material, for
example. 
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assume that package 10W is a microprocessor, package 10X is a memory controller, and 

packages 10Y and 10Z are memory devices.  The support substrate 112 may have an array 

of connectors 114 on its lower side 113.  The connectors 114 may be in the form of a 

ball-grid-array (BGA), a pin-grid-array (PGA), columns, leadless chip carrier (LCC), or 

dual in-line package (DIP), for example.  When assembled, the multichip assembly 110 5 

comprises a complete computational system having a low profile and a footprint 118W 

which may be as small as that of the lowermost package 10W. 

[0063] In this example, it should be noted that each successively higher package in 

the MCM 110 has a smaller width (between connector carrying edges 82 and 84).  

Furthermore, the pitch 68 of outer connectors 31 of each successively higher package 10 10 

is shown as being smaller than the pitch of the outer connectors 31 of the next lower 

package 10.  Thus, the multichip assembly or MCM 110 is not limited to the use of 

packages 10 having the same width 116, via diameter 64 (FIG. 3) or outer connector 

pitch 68 (FIG. 2).  This versatility is important in construction of “system” or subsystem 

modules. 15 

[0064] In the embodiment shown in FIGS. 13-15, each intermediate substrate 88 is 

constructed to be substantially the same size as the underlying package 10 and have a 

pattern of outer connectors 86 which is the same pattern as the pattern of outer 

connectors 31 on the underlying package.  Thus, substrate 88W is substantially the same 

size as package 10W and has a pattern of peripheral outer connectors 86W which match 20 

outer connectors 31W of the package 10W.  It is noted that dielectric layers on the 

surfaces of each package 10 and substrate 88 are not shown, in order to illustrate 

conductive traces 28 and 94.  The footprint of both package 10W and substrate 88W on 

support substrate 112 is denoted by the numeral 118W.  Likewise, substrate 88X is the 

same size as package 10X and has an outer connector 86X pattern that matches the outer 25 

connector 31X of package 10X.  The pattern footprint 118X of package 10X and 

substrate 88X on substrate 88W is also shown.  Packages 10Y and 10Z have patterns of 

outer connectors 31Y, 31Z, respectively.  Each of the packages 10Y and 10Z has a 

footprint 118Y or 118Z which appears on the surface of substrate 88X. 

[0065] Starting with packages 10 and intermediate substrates 88, the MCM 110 30 

may be formed by stacking the elements as shown in FIG. 13.  Package 10W may be 

considered as the lowest-level of the MCM 110, upon which are connected, in sequence, 

substrate 88W, package 10X, substrate 88X, and packages 10Y and 10Z.  The castellated 

[0060] Alternatively, the substrate 88, 88A may be flexible or rigid-flexible,
such  as KAPTON(r) or another polyimide tape. The tape of such a
substrate 88, 88A may be  punched, drilled or etched to form via
through-holes for making peripheral outer 20 connectors 86 (e.g., in the
same manner as outer connectors 31 are formed). [0061] For stacking a
plurality of packages 10 that include castellated outer  connectors 31 with
intervening substrates 88 that include outer connectors 86, three of the
various considerations relating to the outer connectors 31, 86 which affect
the  interconnection design are (a) via diameter 64, (b) outer connector
pitch 68, and 25 (c) package width dimension between castellated edges
82, 84 (FIG. 9) of packages 10  which have castellated appearances due
to the outer connectors 31 therein. [0062] A low-profile multichip assembly
or multichip module (MCM) 110 may  be formed from a stack of wafer
level semiconductor packages 10 described in the  foregoing discussion.
An example of such an assembly 110 is shown in FIGS. 13, 14, and 30
15. As depicted in FIG. 13, four semiconductor packages lOW, 10X, 10Y
and 1OZ  (collectively referred to as packages 10) are stacked with
intervening substrates 88W and  88X (collectively referred to as
substrates 88). The assembly 110 may include a support  substrate 112
for connection to a printed circuit board or other apparatus. As an
example, -14- assume that package IOW is a microprocessor, package
iOX is a memory controller, and  packages IOY and 1OZ are memory
devices. The support substrate 112 may have an array  of connectors 114
on its lower side 113. The connectors 114 may be in the form of a
ball-grid-array (BGA), a pin-grid-array (PGA), columns, leadless chip
carrier (LCC), or 5 dual in-line package (DIP), for example. When
assembled, the multichip assembly 110  comprises a complete
computational system having a low profile and a footprint 118W  which
may be as small as that of the lowermost package IOW. [0063] In this
example, it should be noted that each successively higher package in  the
MCM 110 has a smaller width (between connector carrying edges 82 and
84). 10 Furthermore, the pitch 68 of outer connectors 31 of each
successively higher package 10  is shown as being smaller than the pitch
of the outer connectors 31 of the next lower  package 10. Thus, the
multichip assembly or MCM 110 is not limited to the use of  packages 10
having the same width 116, via diameter 64 (FIG. 3) or outer connector
pitch 68 (FIG. 2). This versatility is important in construction of "system" or
subsystem  
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outer connectors 31 and 86 of each package 10 or substrate 88 may be gang-bonded to a 

lower member by solder reflow.  Alternatively, the MCM 110 may be provided with a 

support substrate 112, which is the lowest-level element of the MCM 110.  Typically, the 

support substrate 112 of the MCM 110 will have an array of bonding surfaces 92 to which 

outer connectors 31W may be attached.  Conductive traces 120, or metallization, on the 5 

support substrate 112 connects the bonding surfaces 92 to an array of connectors 114 for 

connection of the MCM 110 to a circuit board, for example.  The connectors 114 may 

comprise any workable conductive elements, such as a ball-grid-array (BGA), 

pin-grid-array (PGA), dual in-line connectors, or leadless chip carrier (LCC) connectors, 

for example. 10 

[0066] Forming an MCM 110, as described, results in a low-profile assembly, as 

shown in FIGS. 14 and 15, which has no solder balls, pins, or other height-adding 

elements between packages 10 and intermediate substrates 88.  Not only does the 

MCM 110 have an extremely low profile, but its footprint may be equal to, or slightly 

larger than, the lowest-level package 10W thereof.  The castellated outer connectors 31 15 

and 86 provide an excellent electrical bond and establish a strong mechanical bond 

between packages and substrates.  A relatively large number of packages may be 

incorporated in a single stacked assembly-type MCM 110, enabling creation of a full 

system or subsystem on a single low-profile, chip-sized multichip assembly.  Typically, 

the MCM 110 is encapsulated with a dielectric material to protect the otherwise exposed 20 

outer connectors 31 and 86. 

[0067] As already indicated, the intermediate substrates 88 may comprise any of a 

wide variety of substrate types.  For example, the substrates 88 may vary in rigidity from a 

rigid material to a flexible tape or film.  The support substrate 112 of the MCM 110 may 

be similarly formed, but without castellated outer connectors 86. 25 

[0068] As shown in FIGS. 14 and 15, package 10W and support substrate 112 

may together be considered as a first package level 122A.  Package 10X and intermediate 

substrate 88W may together be considered as a second package level 122B.  

Packages 10Y and 10Z, together with substrate 88X, may be considered as a third package 

level 122C.  Additional levels of packages 10 and substrates 88 may be added to produce 30 

a desired miniature system or subsystem. 

[0069] As described above, the multichip assembly 90 may be readily fabricated 

using processes and equipment which are widely used or known in the electronics 

15 modules. [0064] In the embodiment shown in FIGS. 13-15, each
intermediate substrate 88 is  constructed to be substantially the same size
as the underlying package 10 and have a  pattern of outer connectors 86
which is the same pattern as the pattern of outer connectors 31 on the
underlying package. Thus, substrate 88W is substantially the same  20
size as package l OW and has a pattern of peripheral outer connectors
86W which match  outer connectors 31 W of the package l OW. It is noted
that dielectric layers on the  surfaces of each package 10 and substrate
88 are not shown, in order to illustrate  conductive traces 28 and 94. The
footprint of both package IOW and substrate 88W on  support substrate
112 is denoted by the numeral 118W. Likewise, substrate 88X is the 25
same size as package lOX and has an outer connector 86X pattern that
matches the outer  connector 31X of package 10X. The pattern footprint
118X of package lOX and  substrate 88X on substrate 88W is also shown.
Packages IOY and 1OZ have patterns of  outer connectors 31Y, 31Z,
respectively. Each of the packages IOY and I OZ has a  footprint 118Y or
118Z which appears on the surface of substrate 88X. 30 [0065] Starting
with packages 10 and intermediate substrates 88, the MCM 110  may be
formed by stacking the elements as shown in FIG. 13. Package lOW may
be  considered as the lowest-level of the MCM 110, upon which are
connected, in sequence,  substrate 88W, package 10X, substrate 88X,
and packages IOY and 1OZ. The castellated - 15 outer connectors 31 and
86 of each package 10 or substrate 88 may be gang-bonded to a  lower
member by solder reflow. Alternatively, the MCM 110 may be provided
with a  support substrate 112, which is the lowest-level element of the
MCM 110. Typically, the  support substrate 112 of the MCM 110 will have
an array of bonding surfaces 92 to which 5 outer connectors 31 W may be
attached. Conductive traces 120, or metallization, on the  support
substrate 112 connects the bonding surfaces 92 to an array of connectors
114 for  connection of the MCM 110 to a circuit board, for example. The
connectors 114 may  comprise any workable conductive elements, such
as a ball-grid-array (BGA),  pin-grid-array (PGA), dual in-line connectors,
or leadless chip carrier (LCC) connectors,  10 for example. [0066] Forming
an MCM 110, as described, results in a low-profile assembly, as  shown in
FIGS. 14 and 15, which has no solder balls, pins, or other height-adding  
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industry.  The package 10 of the present invention may have a total thickness of less than 

about 1mm, making the MCM 110 suitable for use in compact electronic devices, such as 

cellular telephones, handheld computers, and a plethora of other small electronic devices, 

where such low-profile assemblies 110 are required or desired. 

[0070] Although the foregoing description contains many specifics, these should 5 

not be construed as limiting the scope of the present invention, but merely as providing 

illustrations of some exemplary embodiments.  Similarly, other embodiments of the 

invention may be devised which do not depart from the spirit or scope of the present 

invention.  Features from different embodiments may be employed in combination.  The 

scope of the invention is, therefore, indicated and limited only by the appended claims and 10 

their legal equivalents, rather than by the foregoing description.  All additions, deletions, 

and modifications to the invention, as disclosed herein, which fall within the meaning and 

scope of the claims are to be embraced thereby. 

elements between packages 10 and intermediate substrates 88. Not only
does the MCM 110 have an extremely low profile, but its footprint may be
equal to, or slightly  15 larger than, the lowest-level package lOW thereof.
The castellated outer connectors 31  and 86 provide an excellent electrical
bond and establish a strong mechanical bond  between packages and
substrates. A relatively large number of packages may be  incorporated in
a single stacked assembly-type MCM 110, enabling creation of a full
system or subsystem on a single low-profile, chip-sized multichip
assembly. Typically, 20 the MCM 110 is encapsulated with a dielectric
material to protect the otherwise exposed  outer connectors 31 and 86.
[0067] As already indicated, the intermediate substrates 88 may comprise
any of a  wide variety of substrate types. For example, the substrates 88
may vary in rigidity from a  rigid material to a flexible tape or film. The
support substrate 112 of the MCM 110 may  25 be similarly formed, but
without castellated outer connectors 86. [0068] As shown in FIGS. 14 and
15, package IOW and support substrate 112  may together be considered
as a first package level 122A. Package I OX and intermediate  substrate
88W may together be considered as a second package level 122B.
Packages 1OY and 1OZ, together with substrate 88X, may be considered
as a third package  30 level 122C. Additional levels of packages 10 and
substrates 88 may be added to produce  a desired miniature system or
subsystem. [0069] As described above, the multichip assembly 90 may be
readily fabricated  using processes and equipment which are widely used
or known in the electronics -16- industry. The package 10 of the present
invention may have a total thickness of less than  about 1mm, making the
MCM 110 suitable for use in compact electronic devices, such as  cellular
telephones, handheld computers, and a plethora of other small electronic
devices,  where such low-profile assemblies 110 are required or desired. 5
[0070] Although the foregoing description contains many specifics, these
should  not be construed as limiting the scope of the present invention, but
merely as providing  illustrations of some exemplary embodiments.
Similarly, other embodiments of the  invention may be devised which do
not depart from the spirit or scope of the present  invention. Features from
different embodiments may be employed in combination. The 10 scope of
the invention is, therefore, indicated and limited only by the appended
claims and  
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CLAIMS 

What is claimed is: 

 

 1. A method for assembling semiconductor device components, comprising: 5 

positioning a semiconductor die, a plurality of conductive connectors carried by at least 

one peripheral edge of the semiconductor die, over a surface of a carrier and in 

substantially parallel relation to the surface; 

aligning at least some conductive connectors of the plurality of conductive connectors with 

corresponding contact areas of the plurality of contact areas on the surface of the 10 

carrier; and 

electrically connecting the at least some conductive connectors with the corresponding 

contact areas. 

 

 2. The method of claim 1, wherein positioning the semiconductor die 15 

comprises positioning the semiconductor die over a surface of at least one of an 

intermediate substrate, a support substrate, a circuit board, and a semiconductor device. 

 

 3. The method of claim 1, wherein positioning the second semiconductor 

device component comprises positioning a second semiconductor device component with 20 

at least some conductive connectors of the plurality of conductive connectors including 

recesses formed therein and extending substantially from a first major surface of the 

semiconductor die to an opposite, second major surface of the semiconductor die. 

 

 4. The method of claim 3, wherein positioning the semiconductor die 25 

comprises positioning the semiconductor die with the recesses of the at least some 

conductive connectors comprising semicylindrical recesses. 

 

 5. The method of claim 4, wherein positioning the semiconductor die 

comprises positioning the semiconductor die over a carrier including at least some contact 30 

areas of the plurality of contact areas that are located on a peripheral edge thereof. 

 

their legal equivalents, rather than by the foregoing description. All
additions, deletions,  and modifications to the invention, as disclosed
herein, which fall within the meaning and  scope of the claims are to be
embraced thereby. - 17- CLAIMS  What is claimed is: 5 1. A method for
assembling semiconductor device components, comprising:  positioning a
semiconductor die, a plurality of conductive connectors carried by at least
one peripheral edge of the semiconductor die, over a surface of a carrier
and in  substantially parallel relation to the surface; aligning at least some
conductive connectors of the plurality of conductive connectors with  10
corresponding contact areas of the plurality of contact areas on the
surface of the  carrier; and electrically connecting the at least some
conductive connectors with the corresponding  contact areas. 15 2. The
method of claim 1, wherein positioning the semiconductor die  comprises
positioning the semiconductor die over a surface of at least one of an
intermediate substrate, a support substrate, a circuit board, and a
semiconductor device. 3. The method of claim 1, wherein positioning the
second semiconductor 20 device component comprises positioning a
second semiconductor device component with  at least some conductive
connectors of the plurality of conductive connectors including  recesses
formed therein and extending substantially from a first major surface of the
semiconductor die to an opposite, second major surface of the
semiconductor die. 25 4. The method of claim 3, wherein positioning the
semiconductor die  comprises positioning the semiconductor die with the
recesses of the at least some  conductive connectors comprising
semicylindrical recesses. 5. The method of claim 4, wherein positioning
the semiconductor die 30 comprises positioning the semiconductor die
over a carrier including at least some contact  areas of the plurality of
contact areas that are located on a peripheral edge thereof. -18- 6. The
method of claim 5, wherein positioning the semiconductor die comprises
positioning the semiconductor die over a carrier including at least some
contact  
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 6. The method of claim 5, wherein positioning the semiconductor die 

comprises positioning the semiconductor die over a carrier including at least some contact 

areas of the plurality of contact areas that include recesses formed therein that extend 

substantially from a first major surface of the carrier to an opposite, second major surface 

of the carrier. 5 

 

 7. The method of claim 6, wherein aligning comprises aligning at least some 

recesses of the recesses of the at least some conductive connectors of the semiconductor 

die with corresponding recesses of the at least some contact areas of the carrier. 

 10 

 8. The method of claim 7, wherein electrically connecting includes 

introducing a preformed elongate conductive element within aligned recesses of at least 

one conductive connector of the at least some conductive connectors and of at least one 

contact area of the at least some contact areas. 

 15 

 9. The method of claim 3, wherein electrically connecting comprises 

introducing an elongate conductive element that is in electrical communication with a 

contact area of the plurality of contact areas of the carrier into a recess of a corresponding 

conductive connector of the at least some conductive connectors of the semiconductor die 

so as to contact a surface of the corresponding conductive connector. 20 

 

 10. The method of claim 1, wherein electrically connecting comprises placing 

conductive material between the at least some conductive connectors and the 

corresponding contact areas. 

 25 

 11. The method of claim 10, wherein electrically connecting further comprises 

bonding discrete quantities of the conductive material to each conductive connector of the 

at least some conductive connectors and a corresponding contact area of the corresponding 

contact areas. 

 30 

 12. The method of claim 10, wherein placing conductive material comprises 

placing solder between the at least some conductive connectors and the corresponding 

contact areas. 

areas of the plurality of contact areas that include recesses formed therein
that extend  substantially from a first major surface of the carrier to an
opposite, second major surface  5 of the carrier. 7. The method of claim 6,
wherein aligning comprises aligning at least some  recesses of the
recesses of the at least some conductive connectors of the semiconductor
die with corresponding recesses of the at least some contact areas of the
carrier. 10 8. The method of claim 7, wherein electrically connecting
includes  introducing a preformed elongate conductive element within
aligned recesses of at least  one conductive connector of the at least
some conductive connectors and of at least one  contact area of the at
least some contact areas. 15 9. The method of claim 3, wherein
electrically connecting comprises  introducing an elongate conductive
element that is in electrical communication with a  contact area of the
plurality of contact areas of the carrier into a recess of a corresponding
conductive connector of the at least some conductive connectors of the
semiconductor die 20 so as to contact a surface of the corresponding
conductive connector. 10. The method of claim 1, wherein electrically
connecting comprises placing  conductive material between the at least
some conductive connectors and the  corresponding contact areas. 25 11.
The method of claim 10, wherein electrically connecting further comprises
bonding discrete quantities of the conductive material to each conductive
connector of the  at least some conductive connectors and a
corresponding contact area of the corresponding  contact areas. 30 12.
The method of claim 10, wherein placing conductive material comprises
placing solder between the at least some conductive connectors and the
corresponding  contact areas. - 19 13. A method for assembling
semiconductor device components, comprising:  positioning a
semiconductor die comprising a plurality of conductive connectors located
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 13. A method for assembling semiconductor device components, comprising: 

positioning a semiconductor die comprising a plurality of conductive connectors located 

on at least one peripheral edge of the semiconductor die, over and in substantially 

parallel relation to a surface of a carrier; 5 

aligning at least some conductive connectors of the plurality of conductive connectors with 

corresponding contact areas of the carrier; and 

positioning the at least some conductive connectors against the corresponding contact 

areas. 

 10 

 14. The method of claim 13, wherein positioning comprises positioning the 

semiconductor die over the surface of a carrier comprising at least one of an intermediate 

substrate, a support substrate, a circuit board, and a semiconductor device. 

 

 15. The method of claim 13, wherein positioning the semiconductor die 15 

comprises positioning a semiconductor die with at least some conductive connectors of the 

plurality of conductive connectors including recesses formed therein and extending 

substantially from a first major surface of the semiconductor die to an opposite, second 

major surface of the semiconductor die. 

 20 

 16. The method of claim 15, wherein positioning the second semiconductor 

device comprises positioning the semiconductor die with the recesses of the at least some 

conductive connectors comprising semicylindrical recesses. 

 

 17. The method of claim 16, wherein positioning comprises positioning the 25 

semiconductor die over the surface of a carrier comprising at least some contact areas of 

the plurality of contact areas that are located on a peripheral edge thereof. 

 

 18. The method of claim 17, wherein positioning comprises positioning the 

semiconductor die over the surface of a carrier comprising at least some contact areas of 30 

the plurality of contact areas that include recesses formed therein and that extend 

substantially from a first major surface of the carrier to an opposite, second major surface 

of the carrier. 

on at least one peripheral edge of the semiconductor die, over and in
substantially  5 parallel relation to a surface of a carrier; aligning at least
some conductive connectors of the plurality of conductive connectors with
corresponding contact areas of the carrier; and positioning the at least
some conductive connectors against the corresponding contact  areas. 10
14. The method of claim 13, wherein positioning comprises positioning the
semiconductor die over the surface of a carrier comprising at least one of
an intermediate  substrate, a support substrate, a circuit board, and a
semiconductor device. 15 15. The method of claim 13, wherein positioning
the semiconductor die  comprises positioning a semiconductor die with at
least some conductive connectors of the  plurality of conductive
connectors including recesses formed therein and extending  substantially
from a first major surface of the semiconductor die to an opposite, second
major surface of the semiconductor die. 20 16. The method of claim 15,
wherein positioning the second semiconductor  device comprises
positioning the semiconductor die with the recesses of the at least some
conductive connectors comprising semicylindrical recesses. 25 17. The
method of claim 16, wherein positioning comprises positioning the
semiconductor die over the surface of a carrier comprising at least some
contact areas of  the plurality of contact areas that are located on a
peripheral edge thereof. 18. The method of claim 17, wherein positioning
comprises positioning the  30 semiconductor die over the surface of a
carrier comprising at least some contact areas of  the plurality of contact
areas that include recesses formed therein and that extend  substantially
from a first major surface of the carrier to an opposite, second major
surface  of the carrier. -20- 19. The method of claim 18, wherein aligning
comprises aligning at least some recesses of the recesses of the at least
some conductive connectors of the semiconductor  die with corresponding
recesses of the at least some contact areas of the carrier. 5 
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 19. The method of claim 18, wherein aligning comprises aligning at least some 

recesses of the recesses of the at least some conductive connectors of the semiconductor 

die with corresponding recesses of the at least some contact areas of the carrier. 

 5 

 20. The method of claim 19, wherein electrically connecting includes 

introducing a preformed elongate conductive element within aligned recesses of at least 

one conductive connector of the at least some conductive connectors and of at least one 

contact area of the at least some contact areas. 

 10 

 21. The method of claim 15, wherein electrically connecting comprises 

introducing an elongate conductive element that is in electrical communication with a 

contact area of the plurality of contact areas of the carrier into a recess of a corresponding 

conductive connector of the at least some conductive connectors of the semiconductor die 

so as to contact a surface of the corresponding conductive connector. 15 

 

 22. The method of claim 13, wherein electrically connecting comprises placing 

conductive material between the at least some conductive connectors and the 

corresponding contact areas. 

 20 

 23. The method of claim 22, wherein electrically connecting further comprises 

bonding discrete quantities of the conductive material to each conductive connector of the 

at least some conductive connectors and a corresponding contact area of the corresponding 

contact areas. 

 25 

 24. The method of claim 22, wherein placing conductive material comprises 

placing solder between the at least some conductive connectors and the corresponding 

contact areas. 

 

 25. A method for assembling semiconductor device components, comprising: 30 

positioning a semiconductor die over a surface of a carrier, at least one conductive 

connector located on or adjacent to at least one peripheral edge of the 

semiconductor die, the at least one conductive connector including a recess in a 

20. The method of claim 19, wherein electrically connecting includes
introducing a preformed elongate conductive element within aligned
recesses of at least  one conductive connector of the at least some
conductive connectors and of at least one  contact area of the at least
some contact areas. 10 21. The method of claim 15, wherein electrically
connecting comprises  introducing an elongate conductive element that is
in electrical communication with a  contact area of the plurality of contact
areas of the carrier into a recess of a corresponding  conductive connector
of the at least some conductive connectors of the semiconductor die 15 so
as to contact a surface of the corresponding conductive connector. 22.
The method of claim 13, wherein electrically connecting comprises placing
conductive material between the at least some conductive connectors and
the  corresponding contact areas. 20 23. The method of claim 22, wherein
electrically connecting further comprises  bonding discrete quantities of
the conductive material to each conductive connector of the  at least some
conductive connectors and a corresponding contact area of the
corresponding  contact areas. 25 24. The method of claim 22, wherein
placing conductive material comprises  placing solder between the at least
some conductive connectors and the corresponding  contact areas. 30 25.
A method for assembling semiconductor device components, comprising:
positioning a semiconductor die over a surface of a carrier, at least one
conductive  connector located on or adjacent to at least one peripheral
edge of the  semiconductor die, the at least one conductive connector
including a recess in a -21- surface thereof, the recess extending
substantially from a first major surface of the  semiconductor die to an
opposite, second major surface of the semiconductor die; aligning the at
least one conductive connector with a corresponding contact area on the
surface of the carrier; and 5 electrically connecting the at least one
conductive connector with the corresponding  
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surface thereof, the recess extending substantially from a first major surface of the 

semiconductor die to an opposite, second major surface of the semiconductor die; 

aligning the at least one conductive connector with a corresponding contact area on the 

surface of the carrier; and 

electrically connecting the at least one conductive connector with the corresponding 5 

contact area. 

 

 26. The method of claim 25, wherein positioning the semiconductor die 

comprises positioning the semiconductor die over a surface of at least one of an 

intermediate substrate, a support substrate, a circuit board, and a semiconductor device. 10 

 

 27. The method of claim 25, wherein positioning the semiconductor die 

comprises positioning the semiconductor die with the recess of the at least one conductive 

connector comprising a semicylindrical recess. 

 15 

 28. The method of claim 27, wherein positioning the semiconductor die 

comprises positioning the semiconductor die over a carrier including at least one contact 

area located on a peripheral edge thereof. 

 

 29. The method of claim 28, wherein positioning the semiconductor die 20 

comprises positioning the semiconductor die over a carrier including at least one contact 

area that includes a recess formed therein that extends substantially from a first major 

surface of the carrier to an opposite, second major surface of the carrier. 

 

 30. The method of claim 29, wherein aligning comprises aligning the recess of 25 

the recesses of the at least one conductive connector of the semiconductor die with the 

recess of the at least one contact area of the carrier. 

 

 31. The method of claim 30, wherein electrically connecting includes 

introducing an elongate conductive element within aligned recesses of the at least one 30 

conductive connector and of the at least one contact area. 

 

contact area. 26. The method of claim 25, wherein positioning the
semiconductor die  comprises positioning the semiconductor die over a
surface of at least one of an 10 intermediate substrate, a support
substrate, a circuit board, and a semiconductor device.  27. The method of
claim 25, wherein positioning the semiconductor die  comprises
positioning the semiconductor die with the recess of the at least one
conductive  connector comprising a semicylindrical recess. 15 28. The
method of claim 27, wherein positioning the semiconductor die  comprises
positioning the semiconductor die over a carrier including at least one
contact  area located on a peripheral edge thereof. 20 29. The method of
claim 28, wherein positioning the semiconductor die  comprises
positioning the semiconductor die over a carrier including at least one
contact  area that includes a recess formed therein that extends
substantially from a first major  surface of the carrier to an opposite,
second major surface of the carrier. 25 30. The method of claim 29,
wherein aligning comprises aligning the recess of  the recesses of the at
least one conductive connector of the semiconductor die with the  recess
of the at least one contact area of the carrier. 31. The method of claim 30,
wherein electrically connecting includes 30 introducing an elongate
conductive element within aligned recesses of the at least one  conductive
connector and of the at least one contact area. -22- 32. The method of
claim 25, wherein electrically connecting comprises introducing a
preformed elongate conductive element that is in electrical communication
with the at least one contact area of the carrier into the recess of the at
least one conductive  connector of the semiconductor die so as to contact
a surface of the at least one conductive  5 connector. 33. The method of
claim 25, wherein electrically connecting comprises placing  conductive
material between the at least one conductive connector and the
corresponding  contact area. 10 34. The method of claim 33, wherein
electrically connecting further comprises  
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 32. The method of claim 25, wherein electrically connecting comprises 

introducing a preformed elongate conductive element that is in electrical communication 

with the at least one contact area of the carrier into the recess of the at least one conductive 

connector of the semiconductor die so as to contact a surface of the at least one conductive 

connector. 5 

 

 33. The method of claim 25, wherein electrically connecting comprises placing 

conductive material between the at least one conductive connector and the corresponding 

contact area. 

 10 

 34. The method of claim 33, wherein electrically connecting further comprises 

bonding discrete quantities of the conductive material to the at least one conductive 

connector and the corresponding contact area. 

 

 35. The method of claim 33, wherein placing conductive material comprises 15 

placing solder between the at least one conductive connector and the corresponding 

contact area. 

 

36. A method for assembling semiconductor device components, comprising: 

positioning a second semiconductor device component, including: 20 

a plurality of conductive connectors carried by at least one peripheral edge thereof; 

and 

a corresponding plurality of conductive traces carried by and extending across a 

surface thereof, 

over a surface of a first semiconductor device component and in substantially 25 

parallel relation to the surface; 

aligning at least some conductive connectors of the plurality of conductive connectors 

with corresponding contact areas of the pluriality of contact areas on the surface of 

the first semiconductor device component; and 

electrically connecting the at least some conductive connectors with the corresponding 30 

contact areas. 

 

bonding discrete quantities of the conductive material to the at least one
conductive  connector and the corresponding contact area. 15 35. The
method of claim 33, wherein placing conductive material comprises
placing solder between the at least one conductive connector and the
corresponding  contact area. 36. A method for assembling semiconductor
device components, comprising:  20 positioning a second semiconductor
device component, including: a plurality of conductive connectors carried
by at least one peripheral edge thereof;  and a corresponding plurality of
conductive traces carried by and extending across a  surface thereof, 25
over a surface of a first semiconductor device component and in
substantially  parallel relation to the surface; aligning at least some
conductive connectors of the plurality of conductive connectors  with
corresponding contact areas of the pluriality of contact areas on the
surface of  the first semiconductor device component; and 30 electrically
connecting the at least some conductive connectors with the
corresponding  contact areas. -23- 37. The method of claim 36, wherein
positioning the second semiconductor device component comprises
positioning the second semiconductor device component  over a surface
of at least one of an intermediate substrate, a support substrate, a circuit
board, and a semiconductor device. 5 38. The method of claim 36,
wherein the second semiconductor device  component comprises a
semiconductor device. 39. The method of claim 36, wherein positioning
the second semiconductor  to device component comprises positioning a
second semiconductor device component with  at least some conductive
connectors of the plurality of conductive connectors including  recesses
formed therein and extending substantially from a first major surface of the
second semiconductor device component to an opposite, second major
surface of the  second semiconductor device component. 
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37. The method of claim 36, wherein positioning the second semiconductor 

device component comprises positioning the second semiconductor device component 

over a surface of at least one of an intermediate substrate, a support substrate, a circuit 

board, and a semiconductor device. 

 5 

38. The method of claim 36, wherein the second semiconductor device  

component comprises a semiconductor device. 

 

39. The method of claim 36, wherein positioning the second semiconductor  

device component comprises positioning a second semiconductor device component with 10 

at least some conductive connectors of the plurality of conductive connectors including 

recesses formed therein and extending substantially from a first major surface of the 

second semiconductor device component  to an opposite, second major surface of the 

second semiconductor device component. 

 15 

40. The method of claim 39, wherein positioning the second semiconductor 

device component comprises positioning the second semiconductor device component 

with the recesses of the at least some conductive connectors comprising semicylindrical 

recesses. 

 20 

41. The method of claim 40, wherein positioning the second semiconductor  

device component comprises positioning the second semiconductor device component 

over a first semiconductor device component including at least some contact areas of the 

plurality of contact areas that are located on a peripheral edge thereof. 

 25 

42. The method of claim 41, wherein positioning the second semiconductor  

device component comprises positioning the second semiconductor device component 

over a first semiconductor device component including at least some contact areas of the 

plurality of contact areas that include recesses formed therein that extend substantially 

from a first major surface of the first semiconductor device component to an opposite, 30 

second major surface of the first semiconductor device component. 

 

15 40. The method of claim 39, wherein positioning the second
semiconductor  device component comprises positioning the second
semiconductor device component  with the recesses of the at least some
conductive connectors comprising semicylindrical  recesses. 20 41. The
method of claim 40, wherein positioning the second semiconductor
device component comprises positioning the second semiconductor
device component  over a first semiconductor device component including
at least some contact areas of the  plurality of contact areas that are
located on a peripheral edge thereof. 25 42. The method of claim 41,
wherein positioning the second semiconductor  device component
comprises positioning the second semiconductor device component  over
a first semiconductor device component including at least some contact
areas of the  plurality of contact areas that include recesses formed
therein that extend substantially 30 from a first major surface of the first
semiconductor device component to an opposite,  second major surface
of the first semiconductor device component. -24- 43. The method of claim
42, wherein aligning comprises aligning at least some recesses of the
recesses of the at least some conductive connectors of the second
semiconductor device component with corresponding recesses of the at
least some contact  areas of the first semiconductor device component. 5
44. The method of claim 43, wherein electrically connecting includes
introducing a preformed elongate conductive element within aligned
recesses of at least  one conductive connector of the at least some
conductive connectors and of at least one  contact area of the at least
some contact areas. 10 45. The method of claim 39, wherein electrically
connecting comprises  introducing an elongate conductive element that is
in electrical communication with a  contact area of the plurality of contact
areas of the first semiconductor device component  into a recess of a
corresponding conductive connector of the at least some conductive 
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43. The method of claim 42, wherein aligning comprises aligning at least some  

recesses of the recesses of the at least some conductive connectors of the second 

semiconductor device component with corresponding recesses of the at least some contact 

areas of the first semiconductor device component. 

 5 

44. The method of claim 43, wherein electrically connecting includes  

introducing a preformed elongate conductive element within aligned recesses of at least 

one conductive connector of the at least some conductive connectors and of at least one 

contact area of the at least some contact areas. 

 10 

45. The method of claim 39, wherein electrically connecting comprises  

introducing an elongate conductive element that is in electrical communication with a 

contact area of the plurality of contact areas of the first semiconductor device component 

into a recess of a corresponding conductive connector of the at least some conductive 

connectors of the second semiconductor device component so as to contact a surface of 15 

the corresponding conductive connector. 

 

46. The method of claim 36, wherein electrically connecting comprises  

placing conductive material between the at least some conductive connectors and the 

corresponding contact areas. 20 

 

47. The method of claim 46, wherein electrically connecting further comprises  

bonding discrete quantities of the conductive material to each conductive connector of the 

at least some conductive connectors and a corresponding contact area of the corresponding 

contact areas. 25 

 

48. The method of claim 47, wherein placing conductive material comprises  

placing solder between the at least some conductive connectors and the corresponding 

contact areas. 

15 connectors of the second semiconductor device component so as to
contact a surface of  the corresponding conductive connector. 46. The
method of claim 36, wherein electrically connecting comprises  placing
conductive material between the at least some conductive connectors and
the  20 corresponding contact areas. 47. The method of claim 46, wherein
electrically connecting further comprises  bonding discrete quantities of
the conductive material to each conductive connector of the  at least some
conductive connectors and a corresponding contact area of the
corresponding  25 contact areas. 48. The method of claim 47, wherein
placing conductive material comprises  placing solder between the at least
some conductive connectors and the corresponding  contact areas. 


