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INTERPOSER CONFIGURED TO REDUCE THE PROFILES OF 
SEMICONDUCTOR DEVICE ASSEMBLIES AND PACKAGES INCLUDING 

THE SAME AND METHODS 
 
 5 

TECHNICAL FIELD 

The present invention relates to interposers for packaging semiconductor 

devices with array type connection patterns.  In particular, the present invention relates 

to tape-type interposers that are useful in semiconductor device assemblies and 

packages of reduced package height, or profile, and to semiconductor device 10 

assemblies and packages of reduced profile.  The present invention also relates to 

methods for fabricating the tape-type interposers and to methods for forming 

semiconductor device assemblies and packages that include the tape-type interposers. 

 

BACKGROUND ART 15 

Conventionally, semiconductor dice have been packaged in plastic or, less 

commonly, in ceramic packages.  Packages may support, protect, and dissipate heat 

from semiconductor dice.  Packages may also provide external connective elements for 

providing power and signal distribution to and from semiconductor dice, as well as for 

facilitating electrical testing, such as burn-in testing and circuit evaluation, of 20 

semiconductor dice prior to or after assembly thereof with higher level components, 

such as carrier substrates or circuit boards. 

The ever-decreasing sizes of electronic devices, such as cellular telephones, 

handheld computers, and portable computers, has driven the need for semiconductor 

device assemblies and packages with ever-decreasing profiles, as well as the need for 25 

semiconductor device assemblies and packages that consume ever-decreasing amounts 

of the surface areas, or “real estate”, of carrier substrates, such as circuit boards. 

The need for semiconductor device assemblies and packages that consume 

ever-decreasing amounts of real estate has been met by use of external connection 

technologies, such as so-called “flip-chip” connections, in which a semiconductor 30 

device is positioned over a carrier therefor in an inverted orientation with contact pads 

(e.g., bond pads of a bare semiconductor die or contacts of a semiconductor device 

assembly or package) of the semiconductor device and corresponding terminal pads of 

the carrier in alignment with one another.  Flip-chip type connections provide the 

desired number of connections to a semiconductor device without requiring that an 35 

assembly or package that includes the semiconductor device have peripheral edges that 
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electrical testing, such as burn-in testing and circuit evaluation, of  semiconductor dice prior to or after
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ever-decreasing amounts of real estate has been met by use of external connection  30 technologies,
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extend a substantial distance beyond the peripheral edges of the semiconductor device.  

This type of semiconductor device assembly or package is typically referred to as a 

“grid array” package (e.g., a ball grid array (BGA) package or pin grid array (PGA) 

package) due to the arrangement of input and output contacts thereof in a grid array 

connection pattern.  Such contact pad arrangements facilitate the use of a greater 5 

number of connections than would otherwise be possible when contact pads are 

arranged only along the periphery of an interposer.  

Grid array semiconductor device assemblies and packages typically include an 

interposer to which one or more semiconductor dice may be secured and electrically 

connected.  A substrate of the interposer may be formed from a variety of different, 10 

typically electrically insulative or insulator-coated materials, including flexible 

materials, such as polymer (e.g., polyimide) films or tapes, and rigid materials, such as 

silicon, glass, ceramic, or organic materials (e.g., FR-4 resin). 

Interposers for use in grid array assemblies and packages also typically include 

conductive traces that extend between first and second sets of contacts, with each of the 15 

foregoing being carried by the interposer substrate.  Contacts of a first set are 

electrically connectable to corresponding bond pads of a semiconductor die.  Contacts 

of a second set are configured for making external electrical connections to other 

electronic components, such as circuit boards or other semiconductor devices.  When 

the first and second sets of contacts are on opposite sides of the interposer, conductive 20 

vias may be positioned along one or more conductive traces to facilitate communication 

between contact pads of the first set and their corresponding contact pads of the second 

set.  The first and second sets of contact pads are arranged in such a way as to 

redistribute the locations of the bond pads of a semiconductor device secured to the 

interposer.  Such redistribution may provide for a contact pad arrangement that is more 25 

desirable than the arrangement of bond pads on the semiconductor device, for a contact 

pad that is more useful than the bond pad arrangement in flip-chip applications, for 

increased spacing or pitch between adjacent contact pads relative to that between 

corresponding, adjacent bond pads of the semiconductor device, or some combination 

of these features. 30 

When such an interposer is assembled with a semiconductor device, the contact 

pads of the first group are typically connected to corresponding bond pads of the 

semiconductor device by way of discrete conductive elements, such as bond wires, 

conductive tape-automated bond (TAB) elements carried upon a flexible, dielectric 

35 desired number of connections to a semiconductor device without requiring that an  assembly or
package that includes the semiconductor device have peripheral edges that 28 June 2006 -2- extend a
substantial distance beyond the peripheral edges of the semiconductor device.  This type of
semiconductor device assembly or package is typically referred to as a  "grid array" package (e.g., a
ball grid array (BGA) package or pin grid array (PGA)  package) due to the arrangement of input and
output contacts thereof in a grid array 5 connection pattern. Such contact pad arrangements facilitate
the use of a greater  number of connections than would otherwise be possible when contact pads are
arranged only along the periphery of an interposer. Grid array semiconductor device assemblies and
packages typically include an  interposer to which one or more semiconductor dice may be secured
and electrically  10 connected. A substrate of the interposer may be formed from a variety of different,
typically electrically insulative or insulator-coated materials, including flexible  materials, such as
polymer (e.g., polyimide) films or tapes, and rigid materials, such as  silicon, glass, ceramic, or organic
materials (e.g., FR-4 resin). Interposers for use in grid array assemblies and packages also typically
include  15 conductive traces that extend between first and second sets of contacts, with each of the
foregoing being carried by the interposer substrate. Contacts of a first set are  electrically connectable
to corresponding bond pads of a semiconductor die. Contacts  of a second set are configured for
making external electrical connections to other  electronic components, such as circuit boards or other
semiconductor devices. When 20 the first and second sets of contacts are on opposite sides of the
interposer, conductive  vial may be positioned along one or more conductive traces to facilitate
communication  between contact pads of the first set and their corresponding contact pads of the
second  set. The first and second sets of contact pads are arranged in such a way as to redistribute
the locations of the bond pads of a semiconductor device secured to the 25 interposer. Such
redistribution may provide for a contact pad arrangement that is more  desirable than the arrangement
of bond pads on the semiconductor device, for a contact  pad that is more useful than the bond pad
arrangement in flip-chip applications, for  increased spacing or pitch between adjacent contact pads
relative to that between  corresponding, adjacent bond pads of the semiconductor device, or some
combination  30 of these features. 
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substrate, or by so-called “flip-chip” bonding techniques, which employ conductive 

structures such as balls, bumps, columns, or other structures formed from conductive 

material, such as metal, metal alloy (e.g., solder), conductive or conductor-filled 

polymer, anisotropically (i.e., z-axis) conductive elastomer, or the like. 

An interposer-semiconductor device assembly may communicate with 5 

electronic components external thereto by way of external conductive elements, such as 

conductive balls, bumps, columns, pins, or other structures, that extend from contact 

pads of the second set.  When solder balls are employed, the connection pattern of such 

a semiconductor device assembly is termed a “ball grid array” (BGA) connection 

pattern or a “fine ball grid array” (FBGA) connection pattern, depending upon the 10 

spacing or pitch between adjacent solder balls.  Similarly, when pins are used as the 

external conductive elements of such an assembly, the connection pattern of the 

assembly may be referred to as a “pin grid array” (PGA) connection pattern. 

Conventionally, the thicknesses of such assemblies are defined by the 

cumulative thicknesses of the interposer, the adhesive material securing a 15 

semiconductor device thereto, the semiconductor device, the distance bond wires 

protrude above an active surface of the semiconductor device, and the distance external 

conductive elements extend from the interposer. 

Several interposer designs have been developed to address the need for 

semiconductor device assemblies and packages of ever-decreasing profiles.  For 20 

example, some rigid interposers include recesses for receiving all or part of a 

semiconductor device.  The recesses of such interposers may also be configured to 

receive all or part of the discrete conductive elements (e.g., bond wires) that electrically 

connect bond pads of a semiconductor device to corresponding contact pads of the 

interposer.  The profiles of grid array type assemblies or packages including such 25 

interposers are typically defined by a combination of the thickness of the interposer, the 

distance that discrete conductive element protrude above a surface of the interposer, 

and the height of conductive structures protruding from an opposite surface of the 

interposer.  While these grid array packages are thinner than their predecessors by an 

amount equal to the full or partial thicknesses of the semiconductor devices and 30 

adhesive layers thereof, it is difficult, if not impossible, to further decrease their 

profiles. 

When such an interposer is assembled with a semiconductor device, the contact  pads of the first
group are typically connected to corresponding bond pads of the  semiconductor device by way of
discrete conductive elements, such as bond wires,  conductive tape-automated bond (TAB) elements
carried upon a flexible, dielectric 28 June 2006 -3- substrate, or by so-called "flip-chip" bonding
techniques, which employ conductive  structures such as balls, bumps, columns, or other structures
formed from conductive  material, such as metal, metal alloy (e.g., solder), conductive or
conductor-filled  polymer, anisotropically (i.e., z-axis) conductive elastomer, or the like. 5 An
interposer-semiconductor device assembly may communicate with  electronic components external
thereto by way of external conductive elements, such as  conductive balls, bumps, columns, pins, or
other structures, that extend from contact  pads of the second set. When solder balls are employed,
the connection pattern of such  a semiconductor device assembly is termed a "ball grid array" (BGA)
connection 10 pattern or a "fine ball grid array" (FBGA) connection pattern, depending upon the
spacing or pitch between adjacent solder balls. Similarly, when pins are used as the  external
conductive elements of such an assembly, the connection pattern of the  assembly may be referred to
as a "pin grid array" (PGA) connection pattern. Conventionally, the thicknesses of such assemblies are
defined by the  15 cumulative thicknesses of the interposer, the adhesive material securing a
semiconductor device thereto, the semiconductor device, the distance bond wires  protrude above an
active surface of the semiconductor device, and the distance external  conductive elements extend
from the interposer. Several interposer designs have been developed to address the need for  20
semiconductor device assemblies and packages of ever-decreasing profiles. For  example, some rigid
interposers include recesses for receiving all or part of a  semiconductor device. The recesses of such
interposers may also be configured to  receive all or part of the discrete conductive elements (e.g.,
bond wires) that electrically  connect bond pads of a semiconductor device to corresponding contact
pads of the 25 interposer. The profiles of grid array type assemblies or packages including such
interposers are typically defined by a combination of the thickness of the interposer, the  distance that
discrete conductive element protrude above a surface of the interposer,  and the height of conductive
structures protruding from an opposite surface of the  
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Accordingly, there are needs for semiconductor device assemblies and packages 

having reduced profiles, as well as for an interposer configured to impart an assembly 

or package including the same with a thinner profile. 

 

DISCLOSURE OF INVENTION 5 

The present invention includes an interposer that may be used in semiconductor 

device assemblies and packages to impart such assemblies or packages with relatively 

thin profiles.  In addition, the present invention includes flip-chip type semiconductor 

device assemblies and packages that include such interposers.  The present invention 

also includes methods for fabricating the inventive interposers. 10 

An interposer incorporating teachings of the present invention includes a thin 

substrate with at least one attach region.  Each attach region of the interposer is 

configured to receive one or more semiconductor devices (e.g., one or more 

semiconductor dice).  A first set of contact pads is positioned at or proximate to the 

attach region so that discrete conductive elements (e.g., bond wires, conductive tape-15 

automated bonding (TAB) elements carried upon a dielectric film, leads, or conductive 

structures such as balls, bumps, columns, pins, etc. formed from conductive material) 

may appropriately connect bond pads of the one or more semiconductor devices to 

corresponding contact pads of the first set.  Each contact pad of the first set, or first 

contact pad, may be electrically connected to a corresponding contact pad of a second 20 

set, or second contact pad, by way of a conductive trace that extends therebetween.   

In addition, an interposer according to the present invention may include a 

ground plane, a thermally conductive structure, which may form all or part of a thermal 

transfer element, or a combination thereof.  If any of these structures are present, they 

may be formed on the same surface of the interposer as that on which an attach region 25 

is located and extend proximate to or at least partially into a die attach region.  If these 

structures extend into the attach region, they may comprise a part of the attach region 

so as to be in contact with a semiconductor device upon placement thereof in that die 

attach region. 

The interposer may also include “dummy” contact pads that do not 30 

communicate with a bond pad of the semiconductor device.  Instead, the dummy 

contact pads may communicate with or comprise a part of a ground plane and/or a 

thermally conductive structure of the interposer.  Dummy contact pads that 

communicate with or that are part of a thermally conductive structure of the interposer 

interposer. While these grid array packages are thinner than their predecessors by an 30 amount
equal to the full or partial thicknesses of the semiconductor devices and  adhesive layers thereof, it is
difficult, if not impossible, to further decrease their  profiles. 28 June 2006 -4- Accordingly, there are
needs for semiconductor device assemblies and packages having reduced profiles, as well as for an
interposer configured to impart an assembly  or package including the same with a thinner profile. 5
DISCLOSURE OF INVENTION The present invention includes an interposer that may be used in
semiconductor  device assemblies and packages to impart such assemblies or packages with
relatively  thin profiles. In addition, the present invention includes flip-chip type semiconductor  device
assemblies and packages that include such interposers. The present invention  10 also includes
methods for fabricating the inventive interposers. An interposer incorporating teachings of the present
invention includes a thin  substrate with at least one attach region. Each attach region of the interposer
is  configured to receive one or more semiconductor devices (e.g., one or more  semiconductor dice).
A first set of contact pads is positioned at or proximate to the 15 attach region so that discrete
conductive elements (e.g., bond wires, conductive tape- automated bonding (TAB) elements carried
upon a dielectric film, leads, or conductive  structures such as balls, bumps, columns, pins, etc. formed
from conductive material)  may appropriately connect bond pads of the one or more semiconductor
devices to  corresponding contact pads of the first set. Each contact pad of the first set, or first 20
contact pad, may be electrically connected to a corresponding contact pad of a second  set, or second
contact pad, by way of a conductive trace that extends therebetween. In addition, an interposer
according to the present invention may include a  ground plane, a thermally conductive structure,
which may form all or part of a thermal  transfer element, or a combination thereof. If any of these
structures are present, they 25 may be formed on the same surface of the interposer as that on which
an attach region  is located and extend proximate to or at least partially into a die attach region. If
these  structures extend into the attach region, they may comprise a part of the attach region  so as to
be in contact with a semiconductor device upon placement thereof in that die  attach region. 
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may be positioned so as to facilitate the transfer of heat away (i.e., the dissipation of 

heat) from a semiconductor device secured to the interposer or from an assembly or 

package that includes the interposer. 

Each of the contact pads and conductive traces of the interposer may be carried 

upon the same, first surface thereof and in a single layer.  Alternatively, the first and 5 

second sets of contact pads may be carried on opposite surfaces of the interposer 

substrate, with at least portions of the conductive traces, or electrically conductive vias 

positioned along the lengths thereof, being carried internally within the interposer 

substrate. 

An interposer that incorporates teachings of the present invention also includes 10 

recesses that are configured to partially receive conductive structures, such as balls, 

bumps, columns, or pins.  The recesses may be formed in a second surface of the 

interposer substrate, which is opposite from the first surface thereof, or, if a 

semiconductor device is to be secured to the interposer in a flip-chip orientation, in the 

first surface of the interposer substrate.  Each recess exposes and, thus, communicates 15 

with at least a portion of a surface of a corresponding second contact pad, dummy 

contact pad, or a portion of a ground plane and/or thermally conductive structure.  The 

recesses may be arranged in a grid array or otherwise, as desired or required to effect 

electrical connection to higher-level packaging. 

A method for forming the interposer includes forming the first, second, and 20 

dummy contact pads, as well as the conductive traces, from one or more layers of 

conductive material on the interposer substrate.  If one or both of a ground plane and a 

thermally conductive structure are desired, these structures may also be formed from 

the layer or layers of conductive material.  By way of example only, each layer of 

conductive material may be laminated onto at least a portion of a surface of the 25 

interposer substrate or deposited thereon (e.g., by physical vapor deposition (PVD), 

such as sputtering, or by chemical vapor deposition (CVD).  Also by way of example 

and not to limit the scope of the present invention, the conductive features may be 

formed by known patterning processes.  The recesses may be formed in the second 

surface of the interposer substrate at locations that correspond to the positions of each 30 

of the second contact pads and the dummy contact pads to which electrical connection 

is desired.  Any suitable process may be used to form the recesses, including, without 

limitation, mask and etch processes that are appropriate for the material of the 

interposer substrate, laser ablation, die cutting or punching, drilling, milling, or other 

30 The interposer may also include "dummy" contact pads that do not  communicate with a bond pad
of the semiconductor device. Instead, the dummy  contact pads may communicate with or comprise a
part of a ground plane and/or a  thermally conductive structure of the interposer. Dummy contact pads
that  communicate with or that are part of a thermally conductive structure of the interposer 28 June
2006 -5- may be positioned so as to facilitate the transfer of heat away (i.e., the dissipation of  heat)
from a semiconductor device secured to the interposer or from an assembly or  package that includes
the interposer. Each of the contact pads and conductive traces of the interposer may be carried  5
upon the same, first surface thereof and in a single layer. Alternatively, the first and  second sets of
contact pads may be carried on opposite surfaces of the interposer  substrate, with at least portions of
the conductive traces, or electrically conductive vial  positioned along the lengths thereof, being carried
internally within the interposer  substrate. 10 An interposer that incorporates teachings of the present
invention also includes  recesses that are configured to partially receive conductive structures, such as
balls,  bumps, columns, or pins. The recesses may be formed in a second surface of the  interposer
substrate, which is opposite from the first surface thereof, or, if a  semiconductor device is to be
secured to the interposer in a flip-chip orientation, in the 15 first surface of the interposer substrate.
Each recess exposes and, thus, communicates  with at least a portion of a surface of a corresponding
second contact pad, dummy  contact pad, or a portion of a ground plane and/or thermally conductive
structure. The  recesses may be arranged in a grid array or otherwise, as desired or required to effect
electrical connection to higher-level packaging. 20 A method for forming the interposer includes
forming the first, second, and  dummy contact pads, as well as the conductive traces, from one or
more layers of  conductive material on the interposer substrate. If one or both of a ground plane and a
thermally conductive structure are desired, these structures may also be formed from  the layer or
layers of conductive material. By way of example only, each layer of 25 conductive material may be
laminated onto at least a portion of a surface of the  interposer substrate or deposited thereon (e.g., by
physical vapor deposition (PVD),  such as sputtering, or by chemical vapor deposition (CVD). Also by
way of example  
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means known in the art.  Formation of the recesses may be effected either before or 

after formation of the conductive features. 

An assembly according to the present invention includes the interposer with at 

least one semiconductor device secured to a corresponding die attach region thereof.  

Each semiconductor device of such an assembly or package may be attached to a 5 

corresponding attach region of the interposer as known in the art, such as by use of an 

adhesive material, an adhesive coated element (e.g., adhesive coated tape), or 

otherwise.  If the attach region of the interposer includes a thermally conductive 

structure, a thermally conductive adhesive material may be used to secure the 

semiconductor device to the interposer and in thermal communication with the 10 

thermally conductive structure thereof.  Bond pads of each semiconductor device may 

be electrically connected to corresponding first contact pads. Second contact pads that 

correspond to each first contact pad in communication with a bond pad of a 

semiconductor device have conductive structures, such as balls, bumps, columns, or 

pins formed from conductive material, secured thereto.  Each of the conductive 15 

structures is partially contained within the recess that corresponds to the second contact 

pad to which that conductive structure is secured.  In addition, if dummy contact pads 

are present on the interposer, one or more of the dummy contact pads may have 

conductive structures secured thereto.  Conductive structures that correspond to dummy 

contact pads of the interposer may also be partially contained within corresponding 20 

recesses. 

The use of a relatively thin interposer substrate that at least partially 

encompasses the conductive structures may reduce the overall height, or profile, of a 

semiconductor device assembly or package relative to an equivalent assembly or 

package with conductive structures that are not recessed relative to the interposer 25 

thereof. 

Further, if the interposer of such a semiconductor device assembly or package 

includes a thermal transfer element or other thermally conductive structure in contact 

with the semiconductor device of the assembly or package, conductive structures that 

communicate with dummy contact pads or with the thermally conductive structure 30 

itself may provide enhanced thermal dissipation from the semiconductor device during 

operation thereof.  In such an embodiment, the semiconductor device is oriented on the 

interposer in such a way that the thermal transfer element or other thermally conductive 

and not to limit the scope of the present invention, the conductive features may be  formed by known
patterning processes. The recesses may be formed in the second 30 surface of the interposer
substrate at locations that correspond to the positions of each  of the second contact pads and the
dummy contact pads to which electrical connection  is desired. Any suitable process may be used to
form the recesses, including, without  limitation, mask and etch processes that are appropriate for the
material of the interposer substrate, laser ablation, die cutting or punching, drilling, milling, or other 28
June 2006 -6- means known in the art. Formation of the recesses may be effected either before or
after formation of the conductive features. An assembly according to the present invention includes the
interposer with at  least one semiconductor device secured to a corresponding die attach region
thereof. 5 Each semiconductor device of such an assembly or package may be attached to a
corresponding attach region of the interposer as known in the art, such as by use of an  adhesive
material, an adhesive coated element (e.g., adhesive coated tape), or  otherwise. If the attach region
of the interposer includes a thermally conductive  structure, a thermally conductive adhesive material
may be used to secure the 10 semiconductor device to the interposer and in thermal communication
with the  thermally conductive structure thereof. Bond pads of each semiconductor device may  be
electrically connected to corresponding first contact pads. Second contact pads that  correspond to
each first contact pad in communication with a bond pad of a semiconductor device have conductive
structures, such as balls, bumps, columns, or  15 pins formed from conductive material, secured
thereto. Each of the conductive  structures is partially contained within the recess that corresponds to
the second contact  pad to which that conductive structure is secured. In addition, if dummy contact
pads  are present on the interposer, one or more of the dummy contact pads may have  conductive
structures secured thereto. Conductive structures that correspond to dummy 20 contact pads of the
interposer may also be partially contained within corresponding  recesses. The use of a relatively thin
interposer substrate that at least partially  encompasses the conductive structures may reduce the
overall height, or profile, of a  semiconductor device assembly or package relative to an equivalent
assembly or 25 package with conductive structures that are not recessed relative to the interposer  
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structure of the interposer and the semiconductor device are in contact with one 

another. 

Assemblies according to the present invention that include more than one 

semiconductor device are referred to as multi-chip modules (MCMs).  An MCM may 

be formed by stacking multiple assemblies of the present invention, with adjacent 5 

assemblies electrically connected to one another by way of electrical connections 

between conductive structures protruding from an upper semiconductor device 

assembly and corresponding contact pads of a third set, or third contact pads, on an 

interposer of an underlying semiconductor device assembly.  Each of the contact pads 

of the underlying assembly may communicate with either a first contact pad and, thus, a 10 

corresponding bond pad of a semiconductor device of that assembly, or with a second 

contact pad of the underlying assembly which, in turn, communicates with a conductive 

structure secured thereto. 

Alternatively, the semiconductor devices of an MCM that incorporates 

teachings of the present invention may be stacked relative to one another or positioned 15 

at different locations on a single interposer and electrically connected to that interposer 

by discrete conductive elements positioned between bond pads of the semiconductor 

devices and corresponding first contact pads of the interposer. 

A semiconductor device package according to the present invention includes an 

assembly with a suitable encapsulant or packaging material at least partially protecting 20 

one or both of a semiconductor device of the assembly and discrete conductive 

elements that electrically connect bond pads of the semiconductor device assembly and 

corresponding first contact pads of the interposer. 

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 25 

accompanying drawings, and the appended claims. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, which illustrate exemplary embodiments for carrying out the 

invention: 30 

FIG. 1A is top view of an interposer incorporating teachings of the present 

invention; 

FIG. 1B is a top view of an interposer area depicted in FIG. 1A; 

thereof. Further, if the interposer of such a semiconductor device assembly or package  includes a
thermal transfer element or other thermally conductive structure in contact  with the semiconductor
device of the assembly or package, conductive structures that 30 communicate with dummy contact
pads or with the thermally conductive structure  itself may provide enhanced thermal dissipation from
the semiconductor device during  operation thereof. In such an embodiment, the semiconductor device
is oriented on the  interposer in such a way that the thermal transfer element or other thermally
conductive 28 June 2006 -7- structure of the interposer and the semiconductor device are in contact
with one  another. Assemblies according to the present invention that include more than one
semiconductor device are referred to as multi-chip modules (MCMs). An MCM may  5 be formed by
stacking multiple assemblies of the present invention, with adjacent assemblies electrically connected
to one another by way of electrical connections  between conductive structures protruding from an
upper semiconductor device  assembly and corresponding contact pads of a third set, or third contact
pads, on an  interposer of an underlying semiconductor device assembly. Each of the contact pads 10
of the underlying assembly may communicate with either a first contact pad and, thus, a
corresponding bond pad of a semiconductor device of that assembly, or with a second  contact pad of
the underlying assembly which, in turn, communicates with a conductive  structure secured thereto.
Alternatively, the semiconductor devices of an MCM that incorporates 15 teachings of the present
invention may be stacked relative to one another or positioned  at different locations on a single
interposer and electrically connected to that interposer  by discrete conductive elements positioned
between bond pads of the semiconductor  devices and corresponding first contact pads of the
interposer. A semiconductor device package according to the present invention includes an  20
assembly with a suitable encapsulant or packaging material at least partially protecting  one or both of
a semiconductor device of the assembly and discrete conductive elements that electrically connect
bond pads of the semiconductor device assembly and  corresponding first contact pads of the
interposer. Other features and advantages of the present invention will become apparent to  
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FIG. 1C is a cross-sectional representation of the interposer area depicted in 

FIG. 1B; 

FIG. 2A is a cross-sectional representation of a semiconductor device package 

incorporating the teachings of the present invention; 

FIG. 2B is a cross-sectional representation of a variation of the semiconductor 5 

device package illustrated in FIG. 2A; 

FIG. 2C is a cross-sectional representation of a semiconductor device package 

illustrated in FIG. 2A with an increased thermal element area for heat dissipation; 

FIG. 2D is a cross section of a semiconductor package illustrated in FIG. 2A 

with both an increased thermal element area and thermally conductive structures 10 

attached thereto; 

FIG. 2E is a cross-sectional representation of a semiconductor device package 

illustrated in FIG. 2A with an increased area for thermally conductive structures and at 

least one heat transfer element attached thereto; 

FIG. 3 is a cross-sectional representation of an exemplary embodiment of a 15 

multi-chip module incorporating teachings of the present invention, in which a series of 

separately packaged semiconductor devices are positioned in a stacked arrangement; 

FIG. 4A is a cross-sectional representation of another exemplary embodiment of 

a multi-chip module incorporating teachings of the present invention, wherein 

semiconductor devices are stacked over and electrically connected to a single 20 

interposer; 

FIGs. 4B, 4C, and 4D are cross-sectional representations of variations of the 

multi-chip module in FIG. 4A; 

FIG. 5 is a cross-sectional representation of another exemplary embodiment of 

an interposer of the present invention, which includes a recess for at least partially 25 

receiving a semiconductor device, as well as a semiconductor device assembly 

including the interposer; 

FIG. 6 is a cross-sectional representation of yet another exemplary embodiment 

of an interposer according to the present invention, which is configured to have at least 

one semiconductor device flip-chip bonded thereto, as well as an assembly including 30 

the interposer and a semiconductor device; 

FIG. 7 is a cross-sectional representation of an interposer that incorporates 

teachings of the present invention and includes a semiconductor device flip-chip 

25 those of ordinary skill in the art through consideration of the ensuing description, the
accompanying drawings, and the appended claims. BRIEF DESCRIPTION OF THE DRAWINGS In
the drawings, which illustrate exemplary embodiments for carrying out the  30 invention: FIG. IA is top
view of an interposer incorporating teachings of the present  invention; FIG. IB is a top view of an
interposer area depicted in FIG. IA; 28 June 2006 -8- FIG. 1C is a cross-sectional representation of the
interposer area depicted in  FIG. 113; FIG. 2A is a cross-sectional representation of a semiconductor
device package  incorporating the teachings of the present invention; 5 FIG. 2B is a cross-sectional
representation of a variation of the semiconductor  device package illustrated in FIG. 2A; FIG. 2C is a
cross-sectional representation of a semiconductor device package  illustrated in FIG. 2A with an
increased thermal element area for heat dissipation;  FIG. 2D is a cross section of a semiconductor
package illustrated in FIG. 2A 10 with both an increased thermal element area and thermally
conductive structures  attached thereto; FIG. 2E is a cross-sectional representation of a semiconductor
device package  illustrated in FIG. 2A with an increased area for thermally conductive structures and
at  least one heat transfer element attached thereto; 15 FIG. 3 is a cross-sectional representation of an
exemplary embodiment of a  multi-chip module incorporating teachings of the present invention, in
which a series of  separately packaged semiconductor devices are positioned in a stacked
arrangement; FIG. 4A is a cross-sectional representation of another exemplary embodiment of  a
multi-chip module incorporating teachings of the present invention, wherein 20 semiconductor devices
are stacked over and electrically connected to a single  interposer; FIGs. 4B, 4C, and 4D are
cross-sectional representations of variations of the  multi-chip module in FIG. 4A; FIG. 5 is a
cross-sectional representation of another exemplary embodiment of  
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bonded to the same side thereof as that from which conductive structures protrude, as 

well as a semiconductor device assembly including the interposer; and 

FIG. 8 is a side view of a multi-chip module including a plurality of 

semiconductor devices positioned at different lateral locations on the same interposer. 

 5 

BEST MODE OR MODES FOR CARRYING OUT THE INVENTION 

The present invention includes an interposer for use in semiconductor device 

assemblies and packages, assemblies and packages including the interposer, and multi-

chip modules.  The present invention also includes methods for designing and forming 

the interposer, as well as for forming semiconductor device assemblies and packages 10 

that include the interposer. 

Referring to FIGs. 1A-C, an interposer 20 of the present invention is illustrated.  

The interposer 20 includes a substrate 12, which is also referred to herein as an 

“interposer substrate”, and at least one layer 52 of conductive structures.  As depicted, 

the at least one layer 52 of conductive features includes first contact pads 4 located 15 

proximate an attach location 7 on the substrate 12 and conductive traces 8 extending 

somewhat laterally from corresponding first contact pads 4 to corresponding second 

contact pads 2.  As shown in FIG. 1C, receptacles 14 that are formed at least partially 

through the substrate 12 expose second contact pads 2 therethrough. 

The substrate 12 may be formed from either a rigid or flexible material and may 20 

comprise a substantially planar member.  Silicon or another semiconductor material 

(e.g., gallium arsenide, indium phosphide, etc.) may be used to form the substrate 12 

with at least some surfaces thereof, including those that will contact or be located 

proximate to the conductive structures of the interposer 20 or another semiconductor 

device component to be assembled therewith, being covered with an electrically 25 

insulative material (e.g., a silicon oxide or silicon nitride) to prevent electrical shorting 

of the conductive structures of the interposer 20.  Other suitable materials for forming 

the interposer substrate 12 include, without limitation, FR-4 resin, glass, ceramics, and 

polyimide. 

The second contact pads 2 of the interposer 20 are arranged to provide a desired 30 

pattern, or “footprint”, of electrical connections to facilitate communication between at 

least one semiconductor device to be secured to the interposer 20 and external 

electronic devices through a larger-scale substrate, such as a circuit board or other 

carrier. 

25 an interposer of the present invention, which includes a recess for at least partially  receiving a
semiconductor device, as well as a semiconductor device assembly  including the interposer; FIG. 6 is
a cross-sectional representation of yet another exemplary embodiment  of an interposer according to
the present invention, which is configured to have at least  30 one semiconductor device flip-chip
bonded thereto, as well as an assembly including  the interposer and a semiconductor device; FIG. 7
is a cross-sectional representation of an interposer that incorporates  teachings of the present
invention and includes a semiconductor device flip-chip 28 June 2006 -9- bonded to the same side
thereof as that from which conductive structures protrude, as  well as a semiconductor device
assembly including the interposer; and FIG. 8 is a side view of a multi-chip module including a plurality
of  semiconductor devices positioned at different lateral locations on the same interposer. 5 BEST
MODE OR MODES FOR CARRYING OUT THE INVENTION  The present invention includes an
interposer for use in semiconductor device assemblies and packages, assemblies and packages
including the interposer, and multi- chip modules. The present invention also includes methods for
designing and forming  10 the interposer, as well as for forming semiconductor device assemblies and
packages  that include the interposer. Referring to FIGs. IA-C, an interposer 20 of the present
invention is illustrated.  The interposer 20 includes a substrate 12, which is also referred to herein as
an  "interposer substrate", and at least one layer 52 of conductive structures. As depicted, 15 the at
least one layer 52 of conductive features includes first contact pads 4 located  proximate an attach
location 7 on the substrate 12 and conductive traces 8 extending  somewhat laterally from
corresponding first contact pads 4 to corresponding second  contact pads 2. As shown in FIG. 1C,
receptacles 14 that are formed at least partially  through the substrate 12 expose second contact pads
2 therethrough. 20 The substrate 12 may be formed from either a rigid or flexible material and may
comprise a substantially planar member. Silicon or another semiconductor material  (e.g., gallium
arsenide, indium phosphide, etc.) may be used to form the substrate 12  with at least some surfaces
thereof, including those that will contact or be located  
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FIGs. 1B and 1C depict a second contact pad 2 of an interposer 20 incorporating 

teachings of the present invention.  Conductive material, such as copper, aluminum, 

gold, or other conductive material, that is carried by the substrate 12 forms the second 

contact pads 2, as well as the conductive traces 8 and the first contact pads 4.  When the 

second contact pads 2 are part of a layer 52 that is carried upon a surface of the 5 

substrate 12, areas of the substrate 12 that are superimposed by the second contact pads 

2 are substantially removed to form the receptacles 11, which facilitate the formation of 

electrical connections between the second contact pads 2 of the interposer 20 and other 

components, such as a circuit board or other carrier.  The receptacles 11 are configured 

to at least partially receive conductive structures, such as balls, bumps, columns, pins, 10 

or other elements formed from conductive material such as a metal or metal alloy (e.g., 

solder) or a conductive or conductor-filled elastomer.  Generally, it is preferable that 

the contact pads 2 have a larger surface area than the adjacent end of the receptacle 11 

corresponding thereto so that the substrate 12 will still provide adequate peripheral 

support for each second contact pad 2. 15 

Optionally, as shown in FIG. 1C, a protective layer 80 may be formed or 

positioned over conductive traces 8 and contact pads 2, opposite from substrate 12.  

Protective layer may provide additional physical support for contact pads 2, as well as 

for conductive traces 8.  In addition, protective layer 80 electrically insulates 

conductive traces 8 and contact pads 2.  Exemplary materials that may be used to form 20 

protective layer include, but are not limited to, dielectric polymers, such as polyimide.  

By way of example only, a dielectric polymer may be coated over conductive traces 8 

and contact pads 2 by known processes (e.g., spin-on coating, use of a doctor blade, 

screen printing, sprayed on, etc.) or may comprise a preformed film (e.g., polyimide 

tape) that is adhered to substrate 20 over conductive traces 8 and contact pads 2. 25 

The use of receptacles 11 in the interposer 20 of the present invention may 

shorten the physical lengths of circuits between the first contact pads 4 and their 

corresponding second contact pads 2, which may reduce electrical inductance relative 

to that of a more conventional interposer by eliminating the need for conductive vias 

extending through the thickness of the substrate. 30 

Although FIG. 1 depicts a receptacle 11 as exposing a second contact pad 2, the 

receptacles 11 may alternatively expose a portion of an electrical trace 8, a first contact 

pad 4, or another feature along a conductive path between a first contact pad 4 and its 

corresponding second contact pad 2.  As such, some receptacles 11 may facilitate 

proximate to the conductive structures of the interposer 20 or another semiconductor 25 device
component to be assembled therewith, being covered with an electrically  insulative material (e.g., a
silicon oxide or silicon nitride) to prevent electrical shorting  of the conductive structures of the
interposer 20. Other suitable materials for forming  the interposer substrate 12 include, without
limitation, FR-4 resin, glass, ceramics, and  polyimide. 30 The second contact pads 2 of the interposer
20 are arranged to provide a desired  pattern, or "footprint", of electrical connections to facilitate
communication between at  least one semiconductor device to be secured to the interposer 20 and
external electronic devices through a larger-scale substrate, such as a circuit board or other  carrier.
28 June 2006 -10- FIGs. lB and 1C depict a second contact pad 2 of an interposer 20 incorporating
teachings of the present invention. Conductive material, such as copper, aluminum,  gold, or other
conductive material, that is carried by the substrate 12 forms the second  contact pads 2, as well as
the conductive traces 8 and the first contact pads 4. When the  5 second contact pads 2 are part of a
layer 52 that is carried upon a surface of the substrate 12, areas of the substrate 12 that are
superimposed by the second contact pads  2 are substantially removed to form the receptacles 11,
which facilitate the formation of  electrical connections between the second contact pads 2 of the
interposer 20 and other  components, such as a circuit board or other carrier. The receptacles 11 are
configured 10 to at least partially receive conductive structures, such as balls, bumps, columns, pins,
or other elements formed from conductive material such as a metal or metal alloy (e.g.,  solder) or a
conductive or conductor-filled elastomer. Generally, it is preferable that  the contact pads 2 have a
larger surface area than the adjacent end of the receptacle 11  corresponding thereto so that the
substrate 12 will still provide adequate peripheral 15 support for each second contact pad 2.
Optionally, as shown in FIG. 1C, a protective layer 80 may be formed or  positioned over conductive
traces 8 and contact pads 2, opposite from substrate 12.  Protective layer may provide additional
physical support for contact pads 2, as well as  for conductive traces 8. In addition, protective layer 80
electrically insulates 20 conductive traces 8 and contact pads 2. Exemplary materials that may be
used to form  protective layer include, but are not limited to, dielectric polymers, such as polyimide.  
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testing of particular circuits once conductive structures have been secured to the second 

contact pads 2 of the interposer 20 and one or more semiconductor devices have been 

assembled therewith. 

The receptacles 11 may be formed with draft angles, countersinks, chamfers, or 

radii or, alternatively, as recesses with substantially vertical sides.  In addition, the 5 

cross-sectional shapes of the receptacles 11, taken transverse to the depths thereof, may 

have circular, rectangular, or other desired shapes.  Any process that is suitable for 

removing material of the type from which the interposer substrate 12 is formed may be 

used to form the receptacles 11.  For example, mask and etch processes may be used to 

form receptacles 11 in a substrate 12 that is formed from a semiconductor material, 10 

glass, or ceramic.  Substrates 12 that are formed from resins, or polymers, may have 

receptacles 11 formed therein by mechanical processes, such as drilling (including laser 

drilling), punching, milling, or die cutting.   

The interposer 20 of the present invention may include a thermally conductive 

element 6, which may be formed from a thermally conductive material (i.e., a material 15 

conducive to heat transfer), such as copper, aluminum, gold, or the like.  The thermally 

conductive element 6 may increase the overall thermal mass of the interposer 20 and, 

thus, act as a so-called “heat sink” for a semiconductor device positioned in thermal 

communication therewith.  As depicted, the thermally conductive element 6 is located 

completely within the attach region 7.  Alternatively, a thermally conductive element 20 

may be located only partially within the attach region 7 or lie completely outside of the 

attach region 7 and proximate thereto.  Preferably, the thermally conductive element 6 

is configured to thermally communicate with a semiconductor device disposed upon the 

interposer 20 so as to convey heat therefrom during operation of the semiconductor 

device.  By way of example only, the thermally conductive element 6 comprise a part 25 

of the at least one layer 52 of conductive structures and may be formed from the same 

material as one or more of the other conductive structures of that layer 52.  Preferably, 

the thermally conductive element 6 is electrically isolated from other electrically 

conductive structures of the interposer 20. 

The interposer 20 may also include a ground plane 5.  The thermally conductive 30 

element 6 and the ground plane 5 may comprise the same element or separate elements 

from one another.  Like the thermally conductive element 6, the ground plane 5 may be 

positioned completely within, partially within, or proximate to an attach region 7 of the 

interposer substrate 12. 

By way of example only, a dielectric polymer may be coated over conductive traces 8  and contact
pads 2 by known processes (e.g., spin-on coating, use of a doctor blade,  screen printing, sprayed on,
etc.) or may comprise a preformed film (e.g., polyimide 25 tape) that is adhered to substrate 20 over
conductive traces 8 and contact pads 2.  The use of receptacles 11 in the interposer 20 of the present
invention may  shorten the physical lengths of circuits between the first contact pads 4 and their
corresponding second contact pads 2, which may reduce electrical inductance relative  to that of a
more conventional interposer by eliminating the need for conductive vial 30 extending through the
thickness of the substrate. Although FIG. 1 depicts a receptacle 11 as exposing a second contact pad
2, the  receptacles 11 may alternatively expose a portion of an electrical trace 8, a first contact  pad 4,
or another feature along a conductive path between a first contact pad 4 and its  corresponding
second contact pad 2. As such, some receptacles 11 may facilitate 28 June 2006 -11- testing of
particular circuits once conductive structures have been secured to the second  contact pads 2 of the
interposer 20 and one or more semiconductor devices have been  assembled therewith. The
receptacles 11 may be formed with draft angles, countersinks, chamfers, or  5 radii or, alternatively, as
recesses with substantially vertical sides. In addition, the  cross-sectional shapes of the receptacles
11, taken transverse to the depths thereof, may  have circular, rectangular, or other desired shapes.
Any process that is suitable for  removing material of the type from which the interposer substrate 12 is
formed may be  used to form the receptacles 11. For example, mask and etch processes may be used
to 10 form receptacles 11 in a substrate 12 that is formed from a semiconductor material,  glass, or
ceramic. Substrates 12 that are formed from resins, or polymers, may have  receptacles 11 formed
therein by mechanical processes, such as drilling (including laser  drilling), punching, milling, or die
cutting. The interposer 20 of the present invention may include a thermally conductive  15 element 6,
which may be formed from a thermally conductive material (i.e., a material  conducive to heat transfer),
such as copper, aluminum, gold, or the like. The thermally  conductive element 6 may increase the
overall thermal mass of the interposer 20 and,  thus, act as a so-called "heat sink" for a semiconductor
device positioned in thermal  communication therewith. As depicted, the thermally conductive element
6 is located 
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Some of the receptacles 11 that are formed at least partially through the 

interposer substrate 12 may expose portions of a ground plane 5, a thermally 

conductive element 6, or a contact pad that communicates with the ground plane 5 

and/or thermally conductive element 6.  When receptacles 11 are used to facilitate the 

transfer of heat away from an assembly or package that includes the interposer, the 5 

location, volume, and shape of each such receptacle 11 may be tailored to provide 

particular heat dissipation characteristics.  In addition or in the alternative, grooves 13 

or other structures may be formed partially or completely through the interposer 

substrate 12 to expose portions of a thermally conductive element 6 and to facilitate the 

transfer of heat away from an assembly or package including the interposer 20.  As an 10 

example, and not to limit the scope of the present invention, structures such as 

receptacles 11 and/or grooves (not shown) that facilitate the transfer of heat away from 

the thermally conductive element 6 may be distributed across the substrate 12 over 

roughly the same area as that occupied by thermally conductive element 6.   

As another alternative, shown in FIGs. 2C-2E, an aperture 11″ may be formed 15 

through the interposer substrate 12′ to expose a large, central portion of the thermally 

conductive element 6 therethrough, with at least some peripheral regions of the 

thermally conductive element 6 being secured to and supported by the interposer 

substrate 12′. 

Referring now to FIG. 2A, a package 21 including the above-described 20 

interposer 20 and a semiconductor device 36 (e.g., the illustrated semiconductor die) 

affixed thereto is depicted.  The semiconductor device 36 may be secured to an attach 

region 7 of the interposer 20 by way of a die attach material 38, such as a suitable 

adhesive or adhesive-coated element.  The bond pads 42 of the semiconductor device 

36 may be electrically connected with corresponding first contact pads 4 of the 25 

interposer 20 by way of bond wires 32 or other intermediate conductive elements (e.g., 

leads, TAB elements carried by a dielectric film, etc.), includes contact pads 2 formed 

on the top surface 10 thereof. 

In addition, package 21 includes electrically conductive structures 34 secured to 

at least some of the second contact pads 2 of the interposer 12.  The electrically 30 

conductive structures 34 are positioned at least partially within the receptacles 11 

formed in the interposer substrate 12 and, thus, are at least partially laterally surrounded 

by the interposer substrate 12.  Electrically conductive structures 34 may also be 

20 completely within the attach region 7. Alternatively, a thermally conductive element  may be located
only partially within the attach region 7 or lie completely outside of the  attach region 7 and proximate
thereto. Preferably, the thermally conductive element 6  is configured to thermally communicate with a
semiconductor device disposed upon the  interposer 20 so as to convey heat therefrom during
operation of the semiconductor 25 device. By way of example only, the thermally conductive element 6
comprise a part  of the at least one layer 52 of conductive structures and may be formed from the
same  material as one or more of the other conductive structures of that layer 52. Preferably,  the
thermally conductive element 6 is electrically isolated from other electrically  conductive structures of
the interposer 20. 30 The interposer 20 may also include a ground plane 5. The thermally conductive
element 6 and the ground plane 5 may comprise the same element or separate elements  from one
another. Like the thermally conductive element 6, the ground plane 5 may be  positioned completely
within, partially within, or proximate to an attach region 7 of the  interposer substrate 12. 28 June 2006
-12- Some of the receptacles 11 that are formed at least partially through the interposer substrate 12
may expose portions of a ground plane 5, a thermally  conductive element 6, or a contact pad that
communicates with the ground plane 5  and/or thermally conductive element 6. When receptacles 11
are used to facilitate the 5 transfer of heat away from an assembly or package that includes the
interposer, the  location, volume, and shape of each such receptacle 11 may be tailored to provide
particular heat dissipation characteristics. In addition or in the alternative, grooves 13  or other
structures may be formed partially or completely through the interposer  substrate 12 to expose
portions of a thermally conductive element 6 and to facilitate the 10 transfer of heat away from an
assembly or package including the interposer 20. As an  example, and not to limit the scope of the
present invention, structures such as  receptacles 11 and/or grooves (not shown) that facilitate the
transfer of heat away from  the thermally conductive element 6 may be distributed across the substrate
12 over  roughly the same area as that occupied by thermally conductive element 6. 15 As another
alternative, shown in FIGs. 2C-2E, an aperture 11" may be formed  through the interposer substrate
12' to expose a large, central portion of the thermally  conductive element 6 therethrough, with at least
some peripheral regions of the  
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secured to a ground plane 5 of the interposer 20 or a contact (not shown in FIG. 2A) 

that communicates with the ground plane 5. 

Thermally conductive structures 50, which resemble and may be formed from 

the same materials as those from which the electrically conductive structures 34 are 

formed, may be secured to a thermally conductive element 6 of the interposer 20 or to a 5 

contact (not shown in FIG. 2A) that communicates with the thermally conductive 

element 6.  As with the thermally conductive element 6, the thermally conductive 

structures 50 may increase the overall thermal mass of a package 21 and, thus, act as a 

heat sink for the adjacent thermally conductive element 6, as well as for a 

semiconductor device 36 in communication with the thermally conductive element.  In 10 

the event that a single structure forms both a ground plane 5 and a thermally conductive 

element 6, the conductive structures 34/50 protruding therefrom may be formed from a 

material that is both electrically and thermally conductive. 

The electrically conductive structures 34 may, by way of example only, 

comprise balls, bumps, columns, pins, or other structures that are formed from an 15 

electrically conductive material, such as a metal, a metal alloy (e.g., solder), a 

conductive elastomer, or a conductor-filled elastomer.  Also by way of example, the 

thermally conductive structures 50 may be formed from a metal, a metal alloy, or 

another thermally conductive material. 

When the electrically conductive structures 34 or thermally conductive 20 

structures 50 comprise solder, another metal alloy, or a metal, these structures may be 

formed, as known in the art, by use of a solder mask 40 that has been secured to (in the 

case of a preformed film solder mask) or formed on (in the case of an applied solder 

mask material) the substrate 12 of interposer 20.  Once the metal or solder structures 

have been formed, the solder mask 40 may remain in place adjacent to the interposer 20 25 

or, optionally, be removed from the interposer 20. 

When one or more semiconductor devices 36 have been secured and electrically 

connected to the interposer 20, each semiconductor device 36 may be partially or fully 

covered with an encapsulant material 30 of a known type, such as a suitable pot mold 

material, transfer mold material, glob top material, conformal coating material, or the 30 

like.  Such encapsulant material 30 protects the covered regions of each semiconductor 

device 36, as well as the bond wires 32 or other intermediate conductive elements that 

electrically connect the bond pads 42 of the semiconductor device 36 and their 

corresponding first contact pads 4 on the interposer 20. 

thermally conductive element 6 being secured to and supported by the interposer  substrate 12'. 20
Referring now to FIG. 2A, a package 21 including the above-described  interposer 20 and a
semiconductor device 36 (e.g., the illustrated semiconductor die)  affixed thereto is depicted. The
semiconductor device 36 may be secured to an attach  region 7 of the interposer 20 by way of a die
attach material 38, such as a suitable  adhesive or adhesive-coated element. The bond pads 42 of the
semiconductor device 25 36 may be electrically connected with corresponding first contact pads 4 of
the  interposer 20 by way of bond wires 32 or other intermediate conductive elements (e.g.,  leads,
TAB elements carried by a dielectric film, etc.), includes contact pads 2 formed  on the top surface 10
thereof. In addition, package 21 includes electrically conductive structures 34 secured to  30 at least
some of the second contact pads 2 of the interposer 12. The electrically  conductive structures 34 are
positioned at least partially within the receptacles 11  formed in the interposer substrate 12 and, thus,
are at least partially laterally surrounded  by the interposer substrate 12. Electrically conductive
structures 34 may also be 28 June 2006 -13- secured to a ground plane 5 of the interposer 20 or a
contact (not shown in FIG. 2A)  that communicates with the ground plane 5. Thermally conductive
structures 50, which resemble and may be formed from  the same materials as those from which the
electrically conductive structures 34 are 5 formed, may be secured to a thermally conductive element 6
of the interposer 20 or to a  contact (not shown in FIG. 2A) that communicates with the thermally
conductive  element 6. As with the thermally conductive element 6, the thermally conductive
structures 50 may increase the overall thermal mass of a package 21 and, thus, act as a  heat sink for
the adjacent thermally conductive element 6, as well as for a 10 semiconductor device 36 in
communication with the thermally conductive element. In  the event that a single structure forms both a
ground plane 5 and a thermally conductive  element 6, the conductive structures 34/50 protruding
therefrom may be formed from a  material that is both electrically and thermally conductive. The
electrically conductive structures 34 may, by way of example only,  15 comprise balls, bumps,
columns, pins, or other structures that are formed from an  electrically conductive material, such as a
metal, a metal alloy (e.g., solder), a  
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A package 21 of the present invention may have a total thickness of less than 

about 0.8 mm, making it suitable for use in compact electronic devices, such as cellular 

telephones, handheld computers, and portable computers, where such low profile 

packages are required or desired. 

FIG. 2B depicts a variation of package 21, in which the ends of the thermally 5 

conductive structures 50 that protrude from the interposer 20 are connected to one 

another by way of a heat transfer element 48.  The heat transfer element 48, which 

further increases the overall thermal mass of the package 21 and, therefore, provides 

heat sink properties, effectively increases the surface area from which heat may 

dissipate and may, thereby, increase the rate at which the package 21 is able to dissipate 10 

heat by way of convection or radiation.  As shown, the heat transfer element 48 is a 

substantially planar, unitary structure.  Alternatively, the heat transfer element 48 may 

be formed from a number of separate sections.  The heat transfer element 48 may 

optionally include holes, cut outs, varying cross-sectional properties, or the like, or 

some combination thereof. 15 

In addition, a surface 51 of the heat transfer element 48 may be mechanically, 

chemically, or otherwise configured to further enhance the ability of the heat transfer 

element 48 to dissipate heat from the semiconductor die 36.  As examples of chemical 

treatments of the surface 51 of heat transfer element 48, processes such as coating, 

greening, or blackening may be employed to increase the emissivity of the heat transfer 20 

element 48 for radiative heat transfer.  Examples of mechanical configuration of the 

surface 51 of the heat transfer element to enhance its heat dissipative properties include 

geometrical enhancements such as grooves, roughening, or other processes that 

increase the area of the surface 51.  Such surface treatments may be effected before or 

after the heat transfer element 48 is attached to the thermally conductive structures 50.  25 

One or more regions of the surface of the heat transfer element 48 may also be coated 

with dielectric material to prevent electrical shorting. 

FIGs. 2C-E depict another embodiment of a package 21′, that includes an 

interposer 20′ with an interposer substrate 12′ that includes an aperture 11″ formed 

therethrough to expose a large portion of the central region of a thermally conductive 30 

element 6 that underlies the back side 37 of a semiconductor device 36.  At least some 

of the peripheral edges of the thermally conductive element 6 overlap a surface of the 

interposer substrate 12′ and are physically supported thereby.  Also, the solder mask 40 

conductive elastomer, or a conductor-filled elastomer. Also by way of example, the  thermally
conductive structures 50 may be formed from a metal, a metal alloy, or  another thermally conductive
material. 20 When the electrically conductive structures 34 or thermally conductive  structures 50
comprise solder, another metal alloy, or a metal, these structures may be  formed, as known in the art,
by use of a solder mask 40 that has been secured to (in the  case of a preformed film solder mask) or
formed on (in the case of an applied solder  mask material) the substrate 12 of interposer 20. Once the
metal or solder structures 25 have been formed, the solder mask 40 may remain in place adjacent to
the interposer 20  or, optionally, be removed from the interposer 20. When one or more semiconductor
devices 36 have been secured and electrically  connected to the interposer 20, each semiconductor
device 36 may be partially or fully  covered with an encapsulant material 30 of a known type, such as a
suitable pot mold 30 material, transfer mold material, glob top material, conformal coating material, or
the  like. Such encapsulant material 30 protects the covered regions of each semiconductor  device
36, as well as the bond wires 32 or other intermediate conductive elements that  electrically connect
the bond pads 42 of the semiconductor device 36 and their corresponding first contact pads 4 on the
interposer 20. 28 June 2006 -14- A package 21 of the present invention may have a total thickness of
less than about 0.8 mm, making it suitable for use in compact electronic devices, such as cellular
telephones, handheld computers, and portable computers, where such low profile  packages are
required or desired. 5 FIG. 2B depicts a variation of package 21, in which the ends of the thermally
conductive structures 50 that protrude from the interposer 20 are connected to one  another by way of
a heat transfer element 48. The heat transfer element 48, which  further increases the overall thermal
mass of the package 21 and, therefore, provides  heat sink properties, effectively increases the
surface area from which heat may 10 dissipate and may, thereby, increase the rate at which the
package 21 is able to dissipate  heat by way of convection or radiation. As shown, the heat transfer
element 48 is a  substantially planar, unitary structure. Alternatively, the heat transfer element 48 may
be formed from a number of separate sections. The heat transfer element 48 may  optionally include
holes, cut outs, varying cross-sectional properties, or the like, or 
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of package 21′, if any, does not extend over this portion of the thermally conductive 

element 6. 

The exposed portion of the thermally conductive element 6 may remain exposed 

through the interposer substrate 12′, as depicted in FIG. 2C.  Any exposed regions of 

the surface of the thermally conductive element 6 may be chemically or mechanically 5 

treated in such a way as to enhance the thermally dissipative properties thereof, as well 

as to form an electrically insulative coating thereon.  Alternatively, as shown in FIG. 

2D, the package 21′ may include thermally conductive structures 50 that are positioned 

within the aperture 11′, secured to and protrude from exposed regions of the thermally 

conductive element 6, and are at least partially laterally surrounded by the interposer 10 

substrate 11′.  FIG. 2E depicts another alternative, in which the package 21′ includes a 

heat transfer element 48 secured to thermally conductive structures 50 that are secured 

to and protrude from the thermally conductive element 6. 

Turning now to FIG. 5, another exemplary embodiment of interposer 20″ 

according to the present invention is depicted.  Interposer 20″ includes a receptacle 22 15 

that is configured to at least partially receive a semiconductor device 36 to be 

electrically connected thereto.  The remaining features of interposer 20″ are 

substantially the same as those of interposer 20. 

FIG. 6 depicts another embodiment of an interposer 120, of which the first 

contact pads 4 are positioned in an attach location 7 and positioned so as to mirror the 20 

locations of bond pads 42 so as to facilitate flip-chip attachment of a semiconductor 

device 36 thereto.  The remaining features of interposer 120 are substantially the same 

as those of interposer 20. 

Referring to FIG. 7, another embodiment of interposer 120″ is depicted.  

Interposer 120″ includes a recess 22″ formed in the same surface as that to which 25 

receptacles 11 open.  Recess 22″ is configured to at least partially receive a 

semiconductor device 36 in a flip-chip orientation.  Accordingly, first contact pads 4″ 

are positioned within the receptacle 22″.  Conductive traces 8″ that communicate with 

the first contact pads 4″ extend across the interposer substrate 12″, either on a surface 

thereof, as shown, or internally therethrough.  The conductive traces 8″ extend laterally 30 

to the locations of corresponding second contact pads 2″, which are exposed through 

the receptacles 11 that are formed through the interposer substrate 12″ so as to at least 

partially expose corresponding second contact pads 2″.  

15 some combination thereof. In addition, a surface 51 of the heat transfer element 48 may be
mechanically,  chemically, or otherwise configured to further enhance the ability of the heat transfer
element 48 to dissipate heat from the semiconductor die 36. As examples of chemical  treatments of
the surface 51 of heat transfer element 48, processes such as coating, 20 greening, or blackening may
be employed to increase the emissivity of the heat transfer  element 48 for radiative heat transfer.
Examples of mechanical configuration of the  surface 51 of the heat transfer element to enhance its
heat dissipative properties include  geometrical enhancements such as grooves, roughening, or other
processes that  increase the area of the surface 51. Such surface treatments may be effected before
or 25 after the heat transfer element 48 is attached to the thermally conductive structures 50.  One or
more regions of the surface of the heat transfer element 48 may also be coated  with dielectric material
to prevent electrical shorting. FIGs. 2C-E depict another embodiment of a package 21', that includes
an  interposer 20' with an interposer substrate 12' that includes an aperture 11" formed  30
therethrough to expose a large portion of the central region of a thermally conductive element 6 that
underlies the back side 37 of a semiconductor device 36. At least some  of the peripheral edges of the
thermally conductive element 6 overlap a surface of the  interposer substrate 12' and are physically
supported thereby. Also, the solder mask 40 28 June 2006 -15- of package 21', if any, does not extend
over this portion of the thermally conductive  element 6. The exposed portion of the thermally
conductive element 6 may remain exposed  through the interposer substrate 12', as depicted in FIG.
2C. Any exposed regions of 5 the surface of the thermally conductive element 6 may be chemically or
mechanically  treated in such a way as to enhance the thermally dissipative properties thereof, as well
as to form an electrically insulative coating thereon. Alternatively, as shown in FIG.  2D, the package
21' may include thermally conductive structures 50 that are positioned  within the aperture 11, secured
to and protrude from exposed regions of the thermally 10 conductive element 6, and are at least
partially laterally surrounded by the interposer  substrate 11. FIG. 2E depicts another alternative, in
which the package 21' includes a  heat transfer element 48 secured to thermally conductive structures
50 that are secured  to and protrude from the thermally conductive element 6. 
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Turning now to FIG. 3, an exemplary embodiment of a multi-chip module 60 

according to the present invention is depicted.  As shown, the multi-chip module 60 

includes two packages 121: an upper package 121U and a lower package 121L. 

At least the lower package 121U of such a multi-chip module 60 includes an 

aperture 9 formed through the top of the encapsulant material 30 thereof.  Each aperture 5 

9 is configured to at least partially receive a corresponding conductive structure 34 that 

protrudes from the bottom of an overlying package 121U.  A contact pad of a third set, 

which contact pad is referred to herein as a third contact pad 10, is exposed within each 

aperture 9.   

Some third contact pads 10 of the package 121 may communicate with 10 

corresponding first contact pads 4 and, thus, ultimately, with the bond pads 42 and 

corresponding internal circuitry a semiconductor device 36 of the package 121 by way 

of a conductive trace 8 positioned between the third contact pad 10 and the 

corresponding first contact pad 4.  Some third contact pads 10 of the package 121 may 

communicate with corresponding second contact pads 2 and, thus, ultimately with one 15 

or more electronic components that are external to the package 121 by way of a via 8′ 

or other conductive element positioned between the third contact pad 10 and the 

corresponding second contact pad 2.  Thus, a conductive structure 34 that protrudes 

from an upper package 121U and its corresponding third contact pad of the next-lower 

package 121L may facilitate communication between a semiconductor device 36 of the 20 

upper package 121U and either a semiconductor device 36 of the next-lower package 

121L or an external electronic device. 

Based on an overall package height of about 0.8 mm (assuming the height that 

the encapsulant material 30 protrudes above the interposer 20 is about 0.5 mm, that the 

receptacles 11 extend completely through the interposer 20, and that the electrically 25 

conductive structures 34 therein have heights of about 0.3 mm), the overall thickness of 

the multi-chip module 60 depicted in FIG. 3 may be about 1.5 mm since the apertures 9 

at least partially receive the heights of the electrically conductive structures 34 that 

protrude from the upper package 121U. 

While FIG. 3 depicts a multi-chip module 60 that includes two vertically 30 

stacked packages 121U and 121L, it will be understood that a multi-chip module 

incorporating teachings of the present invention may include more than two packages. 

Another exemplary embodiment of multi-chip module incorporating teachings 

of the present invention may be formed by securing multiple semiconductor devices to 

Turning now to FIG. 5, another exemplary embodiment of interposer 20" 15 according to the present
invention is depicted. Interposer 20" includes a receptacle 22  that is configured to at least partially
receive a semiconductor device 36 to be  electrically connected thereto. The remaining features of
interposer 20" are  substantially the same as those of interposer 20. FIG. 6 depicts another
embodiment of an interposer 120, of which the first 20 contact pads 4 are positioned in an attach
location 7 and positioned so as to mirror the  locations of bond pads 42 so as to facilitate flip-chip
attachment of a semiconductor  device 36 thereto. The remaining features of interposer 120 are
substantially the same  as those of interposer 20. Referring to FIG. 7, another embodiment of
interposer 120" is depicted.  25 Interposer 120" includes a recess 22" formed in the same surface as
that to which  receptacles 11 open. Recess 22" is configured to at least partially receive a
semiconductor device 36 in a flip-chip orientation. Accordingly, first contact pads 4"  are positioned
within the receptacle 22". Conductive traces 8" that communicate with  the first contact pads 4" extend
across the interposer substrate 12", either on a surface 30 thereof, as shown, or internally
therethrough. The conductive traces 8" extend laterally  to the locations of corresponding second
contact pads 2", which are exposed through  the receptacles 11 that are formed through the interposer
substrate 12" so as to at least  partially expose corresponding second contact pads 2". 28 June 2006
-16- Turning now to FIG. 3, an exemplary embodiment of a multi-chip module 60 according to the
present invention is depicted. As shown, the multi-chip module 60  includes two packages 121: an
upper package 121U and a lower package 121L. At least the lower package 121U of such a multi-chip
module 60 includes an 5 aperture 9 formed through the top of the encapsulant material 30 thereof.
Each aperture  9 is configured to at least partially receive a corresponding conductive structure 34 that
protrudes from the bottom of an overlying package 121U. A contact pad of a third set,  which contact
pad is referred to herein as a third contact pad 10, is exposed within each  aperture 9. 10 Some third
contact pads 10 of the package 121 may communicate with  corresponding first contact pads 4 and,
thus, ultimately, with the bond pads 42 and  corresponding internal circuitry a semiconductor device 36
of the package 121 by way  
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a single interposer.  The semiconductor devices may be positioned at different locations 

on the interposer, as shown in FIG. 8, or stacked over one or more locations of the 

interposer, as shown in FIGs. 4A-D. 

With reference to FIG. 4A, a multi-chip module 70 that includes a single 

interposer 20 with semiconductor devices 36, 36′ stacked over the same attach region 7 5 

thereof is depicted.  The lower semiconductor device 36 is secured to the interposer 20 

by way of a die attach material 38, while another quantity of die attach material 39, 

such as a suitable adhesive or adhesive-coated element, secures the upper 

semiconductor device 36′ to the lower semiconductor device 36.  Intermediate 

conductive elements, such as the depicted bond wires 32, 32′, electrically connect 10 

respective bond pads 42, 42′ of the semiconductor devices 36, 36′ to corresponding first 

contact pads 4, 4′ of the interposer 20. 

The multi-chip module 70 may also include electrically conductive structures 34 

and/or thermally conductive structures 50 that communicate with second contact pads 2 

(FIGs. 1A-C) and a thermally conductive element 6, respectively. 15 

Such a multi-chip module 70 assembly may be packaged, as known in the art, 

such as by applying a suitable encapsulant material 30 (e.g., a glob-top type 

encapsulant, a transfer molded or pot molded type encapsulant, etc.) over at least 

portions of semiconductor devices 36, 36′, the intermediate conductive elements, and at 

least portions of the interposer 20. 20 

In FIG. 4B, a multi-chip module 70′ that includes a plurality of semiconductor 

devices 36, 36′ and an interposer 20′ of the type depicted in FIGs. 2A-C is illustrated.  

In the depicted example, the thermally conductive structures 50 of the multi-chip 

module 70′ are positioned within the aperture 11′ formed through the substrate 12′ of 

the interposer 20′ and are secured directly to the thermally conductive element 6.  In 25 

addition, the multi-chip module 70′ may include a heat transfer element 48 secured to at 

least some of the thermally conductive structures 50.  FIG. 4C illustrates an 

embodiment of multi-chip module 70′ in which the thermally conductive element 6 is 

exposed through the aperture 11′ formed through the interposer substrate 12′. 

Also, as shown in FIGs. 4C and 4D, a second thermally conductive element 6' 30 

may be positioned over an active surface 35′ of the upper semiconductor device 36' to 

facilitate the dissipation of heat therefrom.  Of course, in order to provide the desired 

heat transfer characteristics, a least a portion of the second thermally conductive 

of a conductive trace 8 positioned between the third contact pad 10 and the  corresponding first
contact pad 4. Some third contact pads 10 of the package 121 may 15 communicate with
corresponding second contact pads 2 and, thus, ultimately with one  or more electronic components
that are external to the package 121 by way of a via 8'  or other conductive element positioned
between the third contact pad 10 and the  corresponding second contact pad 2. Thus, a conductive
structure 34 that protrudes  from an upper package 121U and its corresponding third contact pad of
the next-lower 20 package 121L may facilitate communication between a semiconductor device 36 of
the  upper package 121U and either a semiconductor device 36 of the next-lower package  121L or an
external electronic device. Based on an overall package height of about 0.8 mm (assuming the height
that  the encapsulant material 30 protrudes above the interposer 20 is about 0.5 mm, that the  25
receptacles 11 extend completely through the interposer 20, and that the electrically conductive
structures 34 therein have heights of about 0.3 mm), the overall thickness of  the multi-chip module 60
depicted in FIG. 3 may be about 1.5 mm since the apertures 9  at least partially receive the heights of
the electrically conductive structures 34 that  protrude from the upper package 121U. 30 While FIG. 3
depicts a multi-chip module 60 that includes two vertically  stacked packages 121U and 121L, it will be
understood that a multi-chip module  incorporating teachings of the present invention may include
more than two packages. Another exemplary embodiment of multi-chip module incorporating
teachings  of the present invention may be formed by securing multiple semiconductor devices to 28
June 2006 -17- a single interposer. The semiconductor devices may be positioned at different
locations  on the interposer, as shown in FIG. 8, or stacked over one or more locations of the
interposer, as shown in FIGs. 4A-D. With reference to FIG. 4A, a multi-chip module 70 that includes a
single 5 interposer 20 with semiconductor devices 36, 36' stacked over the same attach region 7
thereof is depicted. The lower semiconductor device 36 is secured to the interposer 20  by way of a die
attach material 38, while another quantity of die attach material 39,  such as a suitable adhesive or
adhesive-coated element, secures the upper  semiconductor device 36 to the lower semiconductor
device 36. Intermediate 10 conductive elements, such as the depicted bond wires 32, 32, electrically
connect  
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element 6′ may be exposed through an encapsulant material 30 that covers portions of 

the upper semiconductor device 36′.  As with thermally conductive element 6, one or 

more surfaces of the second thermally conductive element 6′ may be chemically or 

mechanically treated so as to improve the heat dissipation characteristics thereof. 

As depicted in FIG. 8, an interposer 20″′ with more than one attach region 7 5 

thereon may be used to form a multi-chip module 70″′ with semiconductor devices 36 

at different lateral positions.  Of course, each semiconductor device 36 may be secured 

and electrically connected to such an interposer 20″′ as described above with reference 

to FIG. 2A. 

Although the foregoing description contains many specifics, these should not be 10 

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 15 

claims and 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. 

 

 20 

respective bond pads 42, 42' of the semiconductor devices 36, 36' to corresponding first  contact pads
4, 4' of the interposer 20. The multi-chip module 70 may also include electrically conductive structures
34  and/or thermally conductive structures 50 that communicate with second contact pads 2  15 (FIGS.
lA-C) and a thermally conductive element 6, respectively. Such a multi-chip module 70 assembly may
be packaged, as known in the art,  such as by applying a suitable encapsulant material 30 (e.g., a
glob-top type  encapsulant, a transfer molded or pot molded type encapsulant, etc.) over at least
portions of semiconductor devices 36, 36, the intermediate conductive elements, and at  20 least
portions of the interposer 20. In FIG. 4B, a multi-chip module 70' that includes a plurality of
semiconductor  devices 36, 36' and an interposer 20' of the type depicted in FIGs. 2A-C is illustrated.
In the depicted example, the thermally conductive structures 50 of the multi-chip  module 70' are
positioned within the aperture 11' formed through the substrate 12' of 25 the interposer 20' and are
secured directly to the thermally conductive element 6. In  addition, the multi-chip module 70' may
include a heat transfer element 48 secured to at  least some of the thermally conductive structures 50.
FIG. 4C illustrates an  embodiment of multi-chip module 70' in which the thermally conductive element
6 is  exposed through the aperture 11' formed through the interposer substrate 12'. 30 Also, as shown
in FIGs. 4C and 4D, a second thermally conductive element 6'  may be positioned over an active
surface 35' of the upper semiconductor device 36' to  facilitate the dissipation of heat therefrom. Of
course, in order to provide the desired  heat transfer characteristics, a least a portion of the second
thermally conductive 28 June 2006 -18- element 6' may be exposed through an encapsulant material
30 that covers portions of  the upper semiconductor device 36. As with thermally conductive element
6, one or  more surfaces of the second thermally conductive element 6' may be chemically or
mechanically treated so as to improve the heat dissipation characteristics thereof. 5 As depicted in
FIG. 8, an interposer 20"' with more than one attach region 7  thereon may be used to form a
multi-chip module 70' with semiconductor devices 36  at different lateral positions. Of course, each
semiconductor device 36 may be secured  and electrically connected to such an interposer 20' as
described above with reference  to FIG. 2A. 
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CLAIMS 

What is claimed is: 

 1. An interposer for use in a semiconductor device assembly or package, 

comprising: 

a substantially planar interposer substrate; 5 

at least one attach region on a surface of the interposer substrate including at least one 

conductive structure for contacting a back side of a semiconductor die; 

a plurality of first contact pads proximate to the at least one attach region; 

a plurality of second contact pads carried by the interposer substrate, each second 

contact pad corresponding to a first contact pad of the plurality of contact pads 10 

and electrically connected thereto by a conductive trace extending 

therebetween; 

a plurality of contact receptacles formed at least partially through the interposer 

substrate and in alignment with at least some second contact pads of the 

plurality of second contact pads ; and 15 

at least one additional receptacle formed at least partially through the interposer 

substrate to expose at least a portion of the at least one conductive structure of 

the at least one attach region. 

 

 2. The interposer of claim 1, wherein each of the plurality of first contact 20 

pads, the conductive traces, and the plurality of second contact pads are carried upon 

the same surface of the interposer substrate. 

 

 3. The interposer of claim 2, wherein the at least one attach region is 

located on the same surface as the plurality of first contact pads, the conductive traces, 25 

and the plurality of second contact pads. 

 

 4. The interposer of claim 1, wherein the plurality of second contact pads 

are carried upon an opposite surface of the interposer substrate from that in which the 

plurality of contact receptacles are formed. 30 

 

 5. The interposer of claim 1, wherein the at least one attach region is 

located on an opposite surface of the interposer substrate from that in which the 

plurality of contact receptacles are formed. 

10 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. 15 The scope of the invention is, therefore, indicated and limited only by the appended
claims and 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. 20 -19- CLAMS 28 June 2006 What is claimed is: I . An interposer
for use in a semiconductor device assembly or package,  comprising: 5 a substantially planar
interposer substrate; at least one attach region on a surface of the interposer substrate including at
least one  conductive structure for contacting a back side of a semiconductor die;  plurality of first
contact pads proximate to the at least one attach region;  plurality of second contact pads carried by
the interposer substrate, each second 10 contact pad corresponding to a first contact pad of the
plurality of contact pads  and electrically connected thereto by a conductive trace extending
therebetween;  plurality of contact receptacles formed at least partially through the interposer
substrate and in alignment with at least some second contact pads of the  15 plurality of second
contact pads ; and at least one additional receptacle formed at least partially through the interposer
substrate to expose at least a portion of the at least one conductive structure of  the at least one attach
region. 20 2. The interposer of claim 1, wherein each of the plurality of first contact  pads, the
conductive traces, and the plurality of second contact pads are carried upon  the same surface of the
interposer substrate. 3. The interposer of claim 2, wherein the at least one attach region is 
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 6. The interposer of claim 1, wherein the at least one attach region is 

located upon the same surface of the interposer substrate as that in which the plurality 

of contact receptacles are formed. 

 5 

 7. The interposer of claim 6, further comprising: 

at least one receptacle formed in the interposer substrate at the attach region. 

 

 8. The interposer of claim 7, wherein the plurality of first contact pads is 

located within the at least one receptacle. 10 

 

 9. The interposer of claim 8, wherein at least portions of the conductive 

traces are carried within the interposer substrate. 

 

 10. The interposer of claim 1, wherein the at least one conductive structure 15 

comprises at least one of an electrically conductive structure and a thermally 

conductive element. 

 

 11. The interposer of claim 1, further comprising: 

a third contact pad accessible from a surface of the substantially planar interposer 20 

substrate opposite that in which the plurality of contact receptacles are formed. 

 

 12. The interposer of claim 11, wherein the third contact pad communicates 

with at least one of a first contact pad and a second contact pad. 

 25 

 13. A semiconductor device assembly, comprising: 

an interposer including contact pads recessed relative to a surface thereof; 

at least one semiconductor device positioned over the interposer, a back side of the at 

least one semiconductor device in contact with at least one conductive structure 

of the interposer, the at least one semiconductor device including bond pads that 30 

communicate with corresponding ones of the contact pads; and 

conductive structures secured to at least some of the contact pads and at least partially 

laterally surrounded by the interposer. 

 

25 located on the same surface as the plurality of first contact pads, the conductive traces,  and the
plurality of second contact pads. 4. The interposer of claim 1, wherein the plurality of second contact
pads  are carried upon an opposite surface of the interposer substrate from that in which the  30
plurality of contact receptacles are formed. 5. The interposer of claim 1, wherein the at least one attach
region is  located on an opposite surface of the interposer substrate from that in which the  plurality of
contact receptacles are formed. -20 28 June 2006 6. The interposer of claim 1, wherein the at least
one attach region is  located upon the same surface of the interposer substrate as that in which the
plurality  of contact receptacles are formed. 5 7. The interposer of claim 6, further comprising: at least
one receptacle formed in the interposer substrate at the attach region. 8. The interposer of claim 7,
wherein the plurality of first contact pads is  10 located within the at least one receptacle. 9. The
interposer of claim 8, wherein at least portions of the conductive  traces are carried within the
interposer substrate. 15 10. The interposer of claim 1, wherein the at least one conductive structure
comprises at least one of an electrically conductive structure and a thermally  conductive element. 11.
The interposer of claim 1, further comprising: 20 a third contact pad accessible from a surface of the
substantially planar interposer  substrate opposite that in which the plurality of contact receptacles are
formed. 12. The interposer of claim 11, wherein the third contact pad communicates  with at least one
of a first contact pad and a second contact pad. 25 13. A semiconductor device assembly, comprising:
an interposer including contact pads recessed relative to a surface thereof; at least one semiconductor
device positioned over the interposer, a back side of the at  least one semiconductor device in contact
with at least one conductive structure  30 of the interposer, the at least one semiconductor device
including bond pads that  
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 14. The semiconductor device assembly of claim 13, wherein the at least 

one semiconductor device is secured to the same surface as that in which the contact 

pads are recessed. 

 

 15. The semiconductor device assembly of claim 13, wherein the interposer 5 

comprises a recess configured to at least partially receive the at least one semiconductor 

device. 

 

 16. The semiconductor device assembly of claim 14, wherein the at least 

one semiconductor device is secured and electrically connected to the interposer in a 10 

flip-chip orientation. 

 

 17. The semiconductor device assembly of claim 13, wherein the at least 

one semiconductor device is secured to an opposite surface from that in which the 

contact pads are recessed. 15 

 

 18. The semiconductor device assembly of claim 17, wherein the interposer 

comprises a recess configured to at least partially receive the at least one semiconductor 

device. 

 20 

 19. The semiconductor device assembly of claim 13, wherein the contact 

pads are carried upon an opposite surface of the interposer than that including contact 

receptacles in which the contact pads are recessed. 

 

 20. The semiconductor device assembly of claim 13, wherein the at least 25 

one conductive structure comprises at least one of a ground plane and a thermally 

conductive element on the interposer and in contact with at least a portion of a back 

side of the at least one semiconductor device and the interposer further includes at least 

one receptacle exposing the ground plane, the thermally conductive element, or an 

additional contact pad in communication with the ground plane or the thermally 30 

conductive element, the at least one receptacle being formed in the same surface of the 

interposer as that in which the contact pads are recessed. 

 

communicate with corresponding ones of the contact pads; and conductive structures secured to at
least some of the contact pads and at least partially  laterally surrounded by the interposer. 28 June
2006 -21- 14. The semiconductor device assembly of claim 13, wherein the at least one
semiconductor device is secured to the same surface as that in which the contact pads are recessed.
5 15. The semiconductor device assembly of claim 13, wherein the interposer  comprises a recess
configured to at least partially receive the at least one semiconductor  device. 16. The semiconductor
device assembly of claim 14, wherein the at least  10 one semiconductor device is secured and
electrically connected to the interposer in a  flip-chip orientation. 17. The semiconductor device
assembly of claim 13, wherein the at least  one semiconductor device is secured to an opposite
surface from that in which the  15 contact pads are recessed. 18. The semiconductor device assembly
of claim 17, wherein the interposer  comprises a recess configured to at least partially receive the at
least one semiconductor  device. 20 19. The semiconductor device assembly of claim 13, wherein the
contact  pads are carried upon an opposite surface of the interposer than that including contact
receptacles in which the contact pads are recessed. 25 20. The semiconductor device assembly of
claim 13, wherein the at least  one conductive structure comprises at least one of a ground plane and
a thermally  conductive element on the interposer and in contact with at least a portion of a back  side
of the at least one semiconductor device and the interposer further includes at least  one receptacle
exposing the ground plane, the thermally conductive element, or an 30 additional contact pad in
communication with the ground plane or the thermally  conductive element, the at least one receptacle
being formed in the same surface of the  interposer as that in which the contact pads are recessed. 28
June 2006 -22- 
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 21. A method for fabricating an interposer, comprising: 

providing a substantially planar interposer substrate with a conductive layer formed on 

a surface thereof; 

patterning the conductive layer to form first contact pads, conductive traces extending 

laterally from the first contact pads, and second contact pads opposite the 5 

conductive traces from the first contact pads and at least one conductive 

structure configured to contact a back side of a semiconductor device; 

forming contact receptacles in an opposite surface of the substantially planar interposer 

substrate from that on which the conductive layer is formed, each receptacle 

exposing at least a portion of a corresponding second contact pad; and 10 

forming at least one additional receptacle in the opposite surface to expose at least a 

portion of the at least one conductive structure. 

 

 22. The method of claim 21, further comprising: 

forming the conductive layer on the surface of the substantially planar interposer. 15 

 

 23. The method of claim 21, further comprising: 

forming at least one recess for at least partially receiving at least one semiconductor 

device in a surface of the substantially planar interposer. 

 20 

 24. The method of claim 23, wherein forming the at least one recess is 

effected in the same surface as that upon which the conductive layer is formed. 

 

 25. The method of claim 23, wherein forming the at least one recess is 

effected in a different surface than that in which the conductive layer is formed. 25 

 

 26. A method for designing an interposer, comprising: 

configuring a substantially planar interposer substrate; 

configuring at least one attach location on a surface of the substantially planar 

interposer substrate; 30 

configuring first contact pad locations to be carried by the substantially planar 

interposer substrate; 

configuring conductive trace locations to be carried by the substantially planar 

interposer substrate; 

21. A method for fabricating an interposer, comprising: providing a substantially planar interposer
substrate with a conductive layer formed on  a surface thereof; patterning the conductive layer to form
first contact pads, conductive traces extending  5 laterally from the first contact pads, and second
contact pads opposite the  conductive traces from the first contact pads and at least one conductive
structure configured to contact a back side of a semiconductor device; forming contact receptacles in
an opposite surface of the substantially planar interposer  substrate from that on which the conductive
layer is formed, each receptacle 10 exposing at least a portion of a corresponding second contact pad;
and  forming at least one additional receptacle in the opposite surface to expose at least a  portion of
the at least one conductive structure. 22. The method of claim 21, further comprising: 15 forming the
conductive layer on the surface of the substantially planar interposer. 23. The method of claim 21,
further comprising: forming at least one recess for at least partially receiving at least one
semiconductor  device in a surface of the substantially planar interposer. 20 24. The method of claim
23, wherein forming the at least one recess is  effected in the same surface as that upon which the
conductive layer is formed. 25. The method of claim 23, wherein forming the at least one recess is  25
effected in a different surface than that in which the conductive layer is formed. 26. A method for
designing an interposer, comprising:  configuring a substantially planar interposer substrate;
configuring at least one attach location on a surface of the substantially planar  30 interposer
substrate; configuring first contact pad locations to be carried by the substantially planar  interposer
substrate; configuring conductive trace locations to be carried by the substantially planar  interposer
substrate; 28 June 2006 -23- configuring second contact pad locations to be carried by the
substantially planar interposer substrate, each second contact pad location being configured to be  
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configuring second contact pad locations to be carried by the substantially planar 

interposer substrate, each second contact pad location being configured to be 

offset from a corresponding first contact pad location, each conductive trace 

location being configured to extend between a first contact pad location and a 

corresponding second contact pad location; 5 

configuring at least one conductive structure to be carried at least partially by the at 

least one attach location; 

configuring contact receptacles to be formed in the substantially planar substrate, at 

least some of the contact receptacles being configured to at least partially 

expose corresponding second contact pad locations; and 10 

configuring at least one additional receptacle to be formed in an opposite surface of the 

substantially planar interposer substrate to expose at least a portion of the at 

least one conductive structure. 

 

 27. The method of claim 26, wherein the configuring the at least one attach 15 

location comprises configuring the at least one attach location on the same surface of 

the substantially planar substrate as that in which the contact receptacles are 

configured. 

 

 28. The method of claim 26, wherein the configuring the at least one attach 20 

location comprises configuring the at least one attach location in an opposite surface of 

the substantially planar substrate from that in which the receptacles are configured. 

 

 29. The method of claim 26, wherein configuring the at least one conductive 

structure comprises configuring at least one thermally conductive element location at 25 

least partially within the at least one attach location. 

 

 30. The method of claim 29, wherein configuring the at least one additional 

receptacle comprises configuring at least one receptacle to expose at least one of the at 

least one thermally conductive element location and a location of an additional contact 30 

configured to communicate with the at least one thermally conductive element. 

 

offset from a corresponding first contact pad location, each conductive trace  location being configured
to extend between a first contact pad location and a  5 corresponding second contact pad location;
configuring at least one conductive structure to be carried at least partially by the at  least one attach
location; configuring contact receptacles to be formed in the substantially planar substrate, at  least
some of the contact receptacles being configured to at least partially 10 expose corresponding second
contact pad locations; and configuring at least one additional receptacle to be formed in an opposite
surface of the  substantially planar interposer substrate to expose at least a portion of the at  least one
conductive structure. 15 27. The method of claim 26, wherein the configuring the at least one attach
location comprises configuring the at least one attach location on the same surface of  the
substantially planar substrate as that in which the contact receptacles are configured. 20 28. The
method of claim 26, wherein the configuring the at least one attach  location comprises configuring the
at least one attach location in an opposite surface of  the substantially planar substrate from that in
which the receptacles are configured. 29. The method of claim 26, wherein configuring the at least one
conductive  25 structure comprises configuring at least one thermally conductive element location at
least partially within the at least one attach location. 30. The method of claim 29, wherein configuring
the at least one additional  receptacle comprises configuring at least one receptacle to expose at least
one of the at 30 least one thermally conductive element location and a location of an additional contact
configured to communicate with the at least one thermally conductive element. 28 June 2006 -24- 31.
The method of claim 26, wherein configuring the at least one conductive structure comprises
configuring at least one ground plane location at least partially  within the at least one attach location.
5 32. The method of claim 31, wherein configuring the at least one additional  receptacle comprises
configuring at least one receptacle to expose at least one of the at  least one ground plane location
and a location of an additional contact configured to  communicate with the at least one ground plane. 
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 31. The method of claim 26, wherein configuring the at least one conductive 

structure comprises configuring at least one ground plane location at least partially 

within the at least one attach location. 

 

 32. The method of claim 31, wherein configuring the at least one additional 5 

receptacle comprises configuring at least one receptacle to expose at least one of the at 

least one ground plane location and a location of an additional contact configured to 

communicate with the at least one ground plane. 

 

 33. A method for forming a semiconductor device assembly, comprising: 10 

providing an interposer with recessed contact pads; 

securing at least one semiconductor device to an attach location of the interposer, a 

back side of the at least one semiconductor device contacting a conductive 

structure carried at least partially by the attach location; 

electrically connecting at least one semiconductor device with the interposer; and 15 

securing at least one discrete conductive element to the conductive structure, the at least 

one conductive element being at least partially laterally surrounded by the 

interposer. 

 

 34. The method of claim 33, wherein electrically connecting comprises 20 

securing the at least one semiconductor device to the same surface of the interposer as 

that in which the contact pads are recessed. 

 

 35. The method of claim 33, wherein electrically connecting comprises 

securing the at least one semiconductor device to an opposite surface of the interposer 25 

as that in which the contact pads are recessed. 

 

 36. The method of claim 33, further comprising: 

at least partially encapsulating at least the at least one semiconductor device. 

 30 

10 33. A method for forming a semiconductor device assembly, comprising:  providing an interposer
with recessed contact pads; securing at least one semiconductor device to an attach location of the
interposer, a  back side of the at least one semiconductor device contacting a conductive  structure
carried at least partially by the attach location; 15 electrically connecting at least one semiconductor
device with the interposer; and  securing at least one discrete conductive element to the conductive
structure, the at least  one conductive element being at least partially laterally surrounded by the
interposer. 20 34. The method of claim 33, wherein electrically connecting comprises  securing the at
least one semiconductor device to the same surface of the interposer as  that in which the contact
pads are recessed. 35. The method of claim 33, wherein electrically connecting comprises 25 securing
the at least one semiconductor device to an opposite surface of the interposer  as that in which the
contact pads are recessed. 36. The method of claim 33, further comprising: at least partially
encapsulating at least the at least one semiconductor device. 30 


