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The present invention relates to packaged microelectronic components and
methods for assembling the same. In particular, aspects of the invention
relate to leaded microelectronic component packages and to stacked
microelectronic component assemblies. BACKGROUND Semiconductor chips or
dies are typically encapsulated in a package that protects the chips from
the surrounding environment. The packages typically include leads or other
connection points that allow the encapsulated chip to be electrically
coupled to another microelectronic component Leaded packages include a
semiconductor chip bonded to a lead frame either seated on a die paddle or
attached directly to the leads in a leads-over-chip attachment. The contact
pads on the semiconductor die are then electrically connected to the chip,
e.g.) by wire bonding. The connected lead frame and chip may then be
encapsulated in a mold compound to form a complete microelectronic
component package. In most common applications, the leads extend out from
the mold compound, allowing the chip to be electrically accessed.
Typically, the leads extend laterally outwardly in a flat array that is
part of a lead frame. This lead frame may be trimmed and formed into a
desired configuration. One increasingly popular technique for maximizing
device density on a substrate is to stack microelectronic devices on top of
one another. Stacking just one device on top of a lower device can
effectively double the circuitry within a given footprint; stacking
additional devices can further increase the circuit density.     r In one
approach, multiple microelectronic components are assembled in a single
package. Figure 1 schematically illustrates a thin small outline package
(TSOP) 10 that includes an upper microelectronic component 20 and a lower
microelectronic component 30. Such a TSOP 10 may be used in a memory module
for a microelectronic device, for example. Typically, these microelectronic
components 20 and 30 are semiconductor dies. Leads 42 of an upper lead
frame 40 may be physically attached to the upper microelectronic component
20 via an adhesive, such as a conventional lead-on-chip tape 22. The inner
lengths 44 of some or all of the leads 42 are electrically coupled to the
upper microelectronic component 20 by individual wire bonds 24. Similarly,
leads 52 of a lower lead frame 50 are physically attached to the lower
microelectronic component 30 by an adhesive 32. Wire bonds 34 electrically
connect the inner lengths 54 of selected leads 52 to the lower
microelectronic component 30. The upper microelectronic component 20 and
the lower microelectronic component 30 may be attached in a variety of
ways, such as by a die attach adhesive 25. 



The microelectronic components 20 and 30 and the inner lengths 44 and 54 of
the leads 42 and 52, respectively, may be encapsulated in a mold compound
12. An outer length 46 of each lead 42 of the upper lead frame 40 extends
outwardly beyond a periphery 14 of the mold compound 12. Similarly, an
outer length 56 of each lead 52 of the lower lead frame 50 extends
outwardly beyond the periphery 14 of the mold compound 12. The outer
lengths 56 of the lower leads 52 may be shaped for connection to a
substrate 60 or another microelectronic component. The TSOP 10 shown in
Figure 1 employs Iower leads 52 with generally S-shaped outer lengths,
which is commonplace for TSOPs; a wide variety of other shapes are known in
the art for use in different applications. The TSOP 10 shown in Figure 1,
and a number of like devices, has little or no good way to dissipate heat
generated by the microelectronic components 20 and 30. Air may flow about
the exterior of the mold compound 12. In addition, the exposed outer
lengths 46 and 56 of the leads 42 and b2, respectively, can help conduct
heat away from the microelectronic components 20 and 3o to the ambient _z_
T l environment of the TSOP 10, However the microelectronic components 20
and 30 themselves are encapsulated in the mold compound 12 and have little
direct thermal communication with the ambient atmosphere. This hampers the
ability to cool the microelectronic components 20 and 30, increasing the
likelihood of failure of the microelectronic components 20 and 30 over
time. The mold compound 12 of such a TSOP 10 often has a coefficient of
thermal expansion (CTE) that differs from the CTE of the leads 42 and 52,
wire bonds 24 and 34, and microelectronic components 20 and 30. The changes
in temperature inherent in conventional manufacturing processes can warp or
otherwise damage the microelectronic components 20 and 30 and/or adversely
affect the electrical connections between the microelectronic components 20
and 30 and the lead frames 40 and 50, respectively. If either one of the
microelectronic components 20 and 30 or their respective electrical
connections is damaged, the entire TSQP 10 is considered defective. As a
consequence, either an otherwise acceptable microelectronic component must
be discarded with the defective microelectronic component or the
microelectronic components 20 and 30 must be separated from one another to
remove the defective component. For highly cost-competitive products, such
as memory modules) both of these options may prove unduly expensive. BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 is a schematic end view of a
conventional TSOP microelectronic component package, Figure 2 is a
schematic end view of a microelectronic component assembly in accordance
with one embodiment of the invention. Figure 3 is a schematic bottom view
of the upper microelectronic component in Figure 2. Figure 3A is a
schematic bottom view, similar to Figure 3, of an upper microelectronic
component in accordance with an alternative embodiment. ,s  



Figure 4 is a schematic top view of the lower microelectronic component in
Figure 2. Figure 4A is a schematic top view, similar to Figure 4, of a
Iower microelectronic component in accordance with an alternative
embodiment, Figure 5 is a schematic end view of a microelectronic component
assembly in accordance with an alternative embodiment of the invention.
Figure 6 is a schematic end view of a microelectronic component in
accordance with another embodiment of the invention. Figure 7 is a
schematic end view of a microelectronic component assembly in accordance
with still another embodiment of the invention. Figure 8 is a schematic
block diagram of a computer system in accordance with a further embodiment
of the invention. Figure 9 schematically illustrates one stage in the
manufacture of a microelectronic component in accordance with one method of
the invention. Figure 10 is a cross-sectional view schematically
illustrating a subsequent stage in the manufacture of the same
microelectronic component. Figure 11 is a crass-sectional view
schematically illustrating a stage in the manufacture of a microelectronic
component assembly in accordance with a further embodiment of the
invention. DETAILED DESCRIPTI0N A. Overview Various embodiments of the
present invention provide microelectronic component assemblies, memory
modules, computer systems, and methods for forming microelectronic
component assemblies, memory modules, and computer systems, The terms
"microelectronic component" and "microelectronic component assembly" may
encompass a variety of articles of manufacture, including, e g., SIMM,
DRAM, flash-memory, ASICs processors, flip chips, ball grid array (BGA)
chips, or any of a variety of other types of microelectronic devices or
components therefor. 



1 One embodiment provides a microelectronic component assembly that
includes first and second microelectronic component packages. The first
package includes a first microelectronic component having a back surface
and a first mold compound formed about the first microelectronic component,
with the first mold compound also having a back surface. The first package
also includes a plurality of first package contacts and a plurality of
electrical connectors. Each of the first package contacts is exposed on the
back surface of the first mold compound. At least some of the first package
contacts are electrically coupled to the first microelectronic component.
The electrical connectors are adapted for connection to another
microelectronic component, e.g., a substrate such as a PCB. The electrical
connectors are accessible from a location spaced from the back surface of
the first mold compound) The second microelectronic component package of
this embodiment includes a second microelectronic component having a back
surface. A second mold compound formed about the second microelectronic
component has a back surface. The back surfaces of the first and second
mold compounds are juxtaposed with but spaced from one another to define a
peripherally open interpackage gap. The back surface of the first
microelectronic component and the back surface of the second
microelectronic component are each thermally exposed to the interpackage
gap. The second microelectronic component package also includes a plurality
of second package contacts electrically coupled to the second
microelectronic component. Each second package contact is exposed on the
back surface of the second mold compound, and at least one of the second
package contacts is electrically coupled to at least one of the first
package contacts. One further embodiment of the invention incorporates such
a microelectronic component assembly in a memory module. The memory module
also includes a module board configured to be electrically coupled with a
higher level microelectronic device. Another adaptation employs such a
memory module in a computer system that may also include an input device,
an output device, and -5   a processor that is in communication with the
input device, the output device, and the memory module. A microelectronic
component assembly in accordance with an alternative embodiment of the
invention includes a non-leaded first package, a second package, and a
plurality of electrical junctions. The first package includes a first
microelectronic die) a dielectric first mold compound) a plurality of
contacts, and a first confronting surface. The first confronting surface
includes a back surface of the first mold compound, an exposed back surface
of the first microelectronic die, and exposed surfaces of the contacts. The
second package includes a second microelectronic die, a dielectric second
mold compound having a periphery, and a plurality of leads having outer
lengths extending outwardly beyond the periphery of the second mold
compound and adapted for electrical connection to another microelectronic
component. The second package also has a second confronting surface that
includes a back surface of the second mold compound, an exposed back
surface of the second microelectronic die, and exposed contact surfaces of
the leads arranged within the periphery of the second mold compound. Each
of the electrical junctions electrically couples one of the contacts to the
exposed contact surface of one of the leads. The electrical junctions also
physically support the first package with respect to the second package,
with the first and second confronting surfaces juxtaposed with but spaced
from one another to define a fluid passage between the back surface of the
first microelectronic die and the back surface of the second
microelectronic die. Still another embodiment of the invention provides a
method of assembling a microelectronic component assembly. In accordance
with this method) a first confronting surface of a first microelectronic
component package is juxtaposed with a second confronting surface of a
second microelectronic component package. So juxtaposing the packages
aligns an array of exposed first contacts on the first confronting surface
with a mating array of exposed second contacts on the second confronting
surface. This also juxtaposes an exposed back surface of a first
microelectronic component included in the first microelectronic component
.e.    package with an exposed back surface of a second microelectronic
component included in the second microelectronic component package. The
first package is electrically coupled to the second package with a
plurality of electrical junctions. Each electrical junction electrically
couples one of the first contacts to one of the second contacts. The
electrical junctions also support the first package with respect to the
second package, with the first confronting surface spaced from the second
confronting surface to define a peripherally open air gap therebetween. For
ease of understanding, the following discussion is subdivided into three
areas of emphasis. The first section discusses certain microelectronic
component assemblies; the second section relates to computer systems in
select embodiments; and the third section outlines methods in accordance
with other embodiments of the invention. B. Microelectronic Component
Assemblies 



Figure 2 schematically illustrates a microelectronic component assembly 100
in accordance with one embodiment of the invention. The microelectronic
component assembly 1 OD includes a first microelectronic component package
110 and a second microelectronic component package 130. In the orientation
shown in Figure 2, the first microelectronic component package 110 is
positioned above the second microelectronic component package 130. Although
the first microelectronic component package 110 may be referred to below as
the "upper" package and the second microelectronic component 130 may be
referred to below as the "lower" package, this is solely for purposes of
convenience; the microelectronic component assembly 100 can be oriented in
any direction desired. The first microelectronic component package 110
includes a mold compound 112 formed about a first microelectronic component
120. The mold compound 112 may comprise a curable dielectric resin, e g., a
silicon particlefilfed polymer, suitable for forming under heat and
pressure by transfer molding -7    and the like. A wide variety of suitable
resins are well known in the art and commercially available from a number
of sources. In the illustrated embodiment, the mold compound 112 surrounds
five of the six sides of the centrally positioned microelectronic component
120. As shown in Figures 2 and 3, the mold compound 112 may extend
peripherally outwardly of the microelectronic component 120. The mold
compound 112 has a periphery, which may be square, rectangular, or any
other suitable shape, that is spaced outwardly from the microelectronic
component 120. The first package 110 has a confronting surface 116. The
confronting surface 116 may be substantially planar and include a back
surface of the mold compound 112 and a back surface 122 of the
microelectronic component 120. In the embodiment shown in Figure 2, the
back surface 122 of the microelectronic component 120 is flush with the
back surface of the mold compound 112, yielding a generally planar
confronting surface 116 of the first package 110 The first microelectronic
component 120 may comprise a single microelectronic component or a
subassembly of separate microelectronic components, In the embodiment shown
in Figures 2 and 3, the microelectronic component 120 is typified as a
semiconductor die. In one particular embodiment, the microelectronic
component 120 comprises a memory element) e.g , SIMM, DRAM, or flash
memory. The first microelectronic component 120 may include a plurality of
component terminals 123 on an active surface 127 of the microelectronic
component 120. The component terminals 123 may be arranged on the active
surface 127 in an an-ay, which may be a generally peripheral array, as
shown, a linear array (as illustrated in Figure 7), or any other suitable
array. The first package 110 also includes a plurality of contacts 124.
These contacts 124 may be exposed in an array on the confronting surface
116 of the first package 110. The contacts 124 of the first package 110 may
be earned adjacent a periphery of the mold compound 112. In one embodiment
(not shown), the contacts 124 comprise leads that extend outwardly beyond
the periphery of the mold compound 112. In the embodiment shown in Figures
2 and 3, however, -s    the first microelectronic component package 110 is
a non-leaded package in which the contacts 124 do not extend appreciably
outwardly beyond the periphery 114. In the specific implementation shown in
Figures 2 and 3, the contacts 124 are arranged in a peripheral row in which
each of the contacts 124 is located at the periphery 114 of the mold
compound 112. The peripheral raw of contacts 124 may extend along each side
of the first microelectronic component package 110 in the interest of
increasing the number of contacts for a given package size. Some designs,
however, might not require such an arrangement. 



Figure 3A illustrates a first microelectronic component package 110A in
accordance with an atternative embodiment. This alternative first package
110A is similar in many respects to the first package 110 shown in Figure
3. Hence, the first package 110A includes a microelectronic component 120
having an exposed back surface 122. In this embodiment, though, the
contacts 124A and 124B are arranged in a staggered array instead of the
peripheral row illustrated in Figure 3. In Figure 3A, a first set of
contacts 124A is arranged in a peripheral row, similar to the peripheral
row of contacts 124 in Figure 3. The alternative first package 11 OA
includes a second set of contacts 124B, each of which has an exposed
surface spaced inwardly from the periphery 114 of mold compound 112. These
contacts 124B may have an additional length (shown m dashed tines), which
may extend from the exposed contact surface to the periphery 114, that is
encapsulated in the mold compound 112. This will yield a staggered array of
contacts 124A-B on the back surface (116 of Figure 2) of the package 110A.
The alternative first package 11 OA may be formed in any desired fashion.
One suitable method is described in United States Patent Application No.
09l944,246 filed 30 August 2001 and entitled "Packaged Microelectronic
Devices and Methods of Farming Same" (Attorney Docket No. 108288630US), the
entirety of which is incorporated herein by reference. At least some of the
contacts 124 are electrically coupled to component terminals 123 of the
first microelectronic component 120. This may be -s   I l accomplished
using conventional methods, e.g., by connecting the component terminals
'123 and contacts 124 with wire bonds 126. The second microelectronic
component package 130 includes a mold compound 132 that is formed about and
partially encapsulates a second microelectronic component 140. The mold
compound 132 has a periphery that is spaced from the periphery of the
centrally disposed second microelectronic component 140. A back surface of
the mold compound 132 may also define a portion of the confronting surface
136 of the second microelectronic component package 130. The second
microelectronic component 140 may be the same kind of microelectronic
component as the first microelectronic component 120, or the first and
second microelectronic components 120 and 140 may comprise different types
of components having different functions. In one embodiment) both the first
microelectronic component 120 and the second microelectronic component 140
comprise memory elements, e.g., SIMM, DRAM, or flash memory. In such an
embodiment, the microelectronic component assembly 100 may be used in a
memory module of a computer system, as explained below. The second
microelectronic component package 130 includes a plurality of leads 144.
Each of these leads has an inner length with an exposed surface defining a
contact 1 146 on the confronting surface 136 of the package 130. The leads
144 also serve as electrical connectors adapted for connection to another
microelectronic component) e g., a PCB or other substrate (60 in Figure 1
). Hence, each lead 144 extends outwardly from the contact 146 beyond the
periphery 134 of the mold compound 132. The outer length 148 of each of the
leads 144 may be bent into any desired shape for connection to another
microelectronic component. In the embodiment shoven in Figures 2 and 4, the
outer lengths 148 of the leads 144 are generally S-shaped in a fashion
similar to conventional TSOPs or thin quad flat package (TQFP). Other
embodiments may employ other conventional lead shapes, e.g., SOJ leads or
DIP leads. -~ o   In Figure 4, all of the contacts 146 are arranged in a
peripheral row. Figure 4A illustrates a second microelectronic component
package 130A in which the contacts 146A and 146B are arranged in a
staggered array. In this embodiment, a first set of contacts 146A is
arranged in a peripheral row, similar to the contacts 146 in Figure 4. A
second set of contacts 146B are spaced inwardly from the periphery 134 of
the old compound 132. In the specific embodiment shown in Figure 4A, each
of the first contacts 146A comprises an inner length of a first lead 144A
that has an exposed surface along its entire length. Each of the second
contacts 146B may comprise an exposed inner length of a second lead 144B.
An intermediate length (shown in dashed lines in Figure 4A) of each of the
second leads 144B may be entirely encapsulated in the mold compound 132,
leaving a gap between each of the exposed second contacts 1468 and the
periphery 134 of the mold compound 132. This alternative second package
130A may be formed in a fashion directly analogous to that employed in
forming the alternative first package 110A in Figure 3A, e.g., using the
processes outlined in United States Patent Application No. 09I944,246,
which is incorporated herein by reference. The illustrated embodiment
employs exposed outer lead lengths 148 to electrically connect the package
130 to another microelectronic component (not shown), but the package 130
need not include such exposed outer lengths. Any other electrical connector
accessible from a location spaced from the confronting surface 136 may be
used instead. For example, an array of contacts may be carried on a front
surface 113 of the mold compound 112, as suggested by Famworth et al. in U.
S. Patent 6,020,629, the entirety of which is incorporated herein by
reference. The second microelectronic component 140 includes a plurality of
component terminals 143 arranged in an array, e.g.) a peripheral array, on
an active surface 147. One or more of the leads 144 may be electrically
coupled to a component terminal 143 of the second microelectronic component
140, such as via the wire bonds 149 shown in Figure 2. -11  



The second microelectronic component 140 has a back surface 142 that
defines part of the confronting surface 136 of the second package 130. In
the embodiment shown in Figures 2 and 4, the back surface 142 of the second
microelectronic component 140 is substantially coplanar with the back
surface of the mold compound 132 and the exposed surfaces of the contacts
146. This yields a substantially planar confronting surface 136. The first
microelectronic component package 110 is electrically coupled to the second
microelectronic component package 130. In particular, one or more of the
contacts 124 of the first microelectronic component package 110 may be
electrically coupled to the contacts 146 of the second microelectronic
component package 130 by an electrical Junction 150. (n one particular
embodiment, each of the first package contacts 124 is electrically coupled
to one of the second package contacts 146 by a single electrically
independent electrical junction 150. In this particular embodiment, the
second package contacts 146 are arranged in an array that mates with the
array of first package contacts 124. In one embodiment, the electrical
junctions 150 not only electrically couple the first package contacts 124
to the second package contacts 146, but also physically support the first
microelectronic component package 110 with respect to the second
microelectronic component package 130. The electrical junctions 150 may
take a variety of forms. For example, the electrical junctions 150 may
comprise a reflowed solder. (One process far forming such a reflowed solder
junction 150 is discussed below.) Such solder junctions are well known in
the art. Alternatives to a reflowed solder include conductive or
conductive-filled epoxy columns or pillars, spheres (either conductive or
insulative) covered with a conductive material, and anisotropic "Z-axis"
films. Other suitable junctions will be known to those of ordinary skill in
the art. The confronting surface 116 of the first microelectronic component
package 110 may be juxtaposed with but spaced from the confronting surface
136 of the second microelectronic component package 130. These two
confronting surfaces 116 and '136 may be spaced from one another a distance
equivalent to -12   the height of the electrical junctions 150. These
spaced-apart confronting surfaces 116 and 136 define an interpackage gap
between the first microelectronic component package 110 and the second
microelectronic component package 130. In the illustrated embodiment) the
back surface 122 of the first microelectronic component 120 is juxtaposed
with the back surface 142 of the second microelectronic component 140
across this interpackage gap 160. This thermally exposes the back surfaces
122 and 142 to the interpackage gap 160. This interpackage gap 160 defines
a fluid passage between the two confronting surfaces 116 and 136. In one
embodiment, the interpackage gap 160 is filled with air and is peripherally
open. This defines openings between the electrical junctions 150 through
which air may flow. For example, the electrical junctions 150 may be spaced
from one another about the peripheries 114 and 134 of the first package 110
and second package 130, repectively. Allowing air to flow through the
interpackage gap 160 can help cool the microelectronic components 120 and
140_ Exposing the first component back surface 122 and the second component
back surface 142 directly to the interpackage gap 160 allows heat to
dissipate rapidly from the components 120 and 140. This can significantly
reduce the risk of overheating encountered in a conventional stacked TSOP
10 such as that shown in Figure 1. The back surfaces 122 and 142 of the
microelectronic components 120 and 140) respectively, need not be directly
physically exposed to the interpackage gap 160. For example, Figure 5
schematically illustrates a microelectronic component assembly 100 in
accordance with another embodiment of the invention. Most of the elements
of the assembly 100' are the same as those of the assembly 100 in Figures
2-4 and bear the same reference numbers. The assembly 100' in Figure 5)
however) includes a first heat sink 121 attached to the first component
back surface 122 and a second heat sink 141 attached to the second
component back surface 142 Each of these heat sinks 121 and 141 may
comprise a thermally conductive material suitable for bonding to the
microelectronic component 120 or    140, respectively. For example, if the
microelectronic components 120 and 140 are semiconductor dies, the heat
sinks 121 and 141 may comprise thin sheets of metal. Although the component
back surfaces 122 and 142 are not directly exposed to the interpackage gap
160, they are thermally exposed to the interpackage gap 160 via the
thermally conductive heat sinks 121 and 141. (n one embodiment, the back
surface of each heat sink 121 and 141 exposed to the interpackage gap 160
may be substantially flush with the back surface of the mold compound 112,
providing the packages 110 and 130 with substantially planar confronting
faces 116 and 136) respectively. In the illustrated embodiment, though, the
first heat sink 121 extends into the interpackage gap 160 beyond the back
surface of the first mold compound 112 and the second heat sink 141 extends
into the interpackage gap 160 beyond the back surface of the second mold
compound 132. 



Figure 6 illustrates a microelectronic component assembly 20D in accordance
with an alternative embodiment of the invention. The embodiment of Figure 2
employs a non-leaded microelectronic component package 110 on a leaded
microelectronic component package 130. The microelectronic component
assembly 200 of Figure 6 is similar in many respects to the microelectronic
component assembly 100 of Figure 2, but in Figure 6 the "upper" package 210
is a leaded package and the "lower" package 230 is a non-leaded package.
The first microelectronic component package 210 in Figure 6 includes a
first microelectronic component 220 that is partially encapsulated in a
mold compound 212, leaving at least a portion of the back surface 222 of
the first microelectronic component 220 exposed on the confronting surface
216 of the first package 210. At least some of the leads 224 of the first
package 210 may be electrically coupled to the first microelectronic
component 220 by wire bonds 229. An outer length 228 of each of the leads
extends outwardly from the periphery 214 of the mold compound 212. The
second microelectronic component package 230 in Figure 6 includes a second
microelectrotlic component 240 partially encapsulated in a second mold -14
compound 232. The back surface 242 of the second microelectronic component
240 defines a portion of the confronting surface 236 of the second
microelectronic component package 230. The second package 230 includes a
plurality of contacts 244 arranged in an array on the confronting surface
236. Some or ail of the contacts 244 may be electrically coupled to the
second microelectronic component 240 by wire bands 246. In the illustrated
embodiment) none of these contacts 244 extends beyond the periphery 234 of
the second mold compound 232. The first package contacts 226 are
electrically coupled to the second package contacts 244 by a plurality of
electrical junctions 250. As in the prior embodiments, these electrical
junctions may comprise reflowed solder junctions or any other suitable
electrical junction known in the art. These electrical Junctions 250 also
physically join the first and second microelectronic component packages 210
and 230 with their confronting surfaces 216 and 236, respectively,
juxtaposed with but spaced from one another. This defines an interpackage
gap 260, which can facilitate cooling of the microelectronic components 220
and 240 via their thermally exposed back surfaces 222 and 242,
respectively. Figure 7 illustrates a microelectronic component assembly 300
in accordance with another alternative embodiment. This microelectronic
component assembly 300 includes a non-leaded first microe;ectronic
component package 310 and a leaded second microelectronic component package
33p. The first package 310 includes a first microelectronic component 320
that is partially encapsulated in a mold compound 312. A back surface 322
of the first microelectronic component 320 and a back surface of the mold
compound 312 define a confronting surface 316 of the first package 310. A
plurality of component terminals 323 (only two being shown in Figure 7) may
be arranged in a linear array on an active surface 327 of the
microelectronic component 320. The first microelectronic component package
310 also includes a plurality of conductive elements 324 having an inner
portion 324a and a contact portion 324b. The inner portion 324a of each
conductive element 324 may be physically -15   attached to the active
surface 327 of the first microelectronic component 320 in any desired
fashion, e.g., using a conventional lead-on-chip adhesive tape (not shown).
The inner portions 324a of some or all of the conductive elements 324 may
be electrically coupled to the component terminals 323 by wire bonds 326) A
back surface of each of the contact portions 324b may be exposed on the
confronting surface 316 of the package 310. In the illustrated embodiment,
the exposed surfaces of the contact portions 324b are generally aligned
with the back surface of the mold compound 312 and the microelectronic
component back surface 322, yielding a substantially planar first package
confronting surface 316. The second microelectronic component package 330
includes a second microelectronic component 340 that is partially
encapsulated in a second mold compound 332, leaving a back surface 342
exposed. A plurality of component terminals 343 may be arranged on the
active surface 347 of the second microelectronic component 340, e g., in a
longitudinally extending linear array. The second microelectronic component
package 330 also includes a plurality of conductive elements 344. Each of
these conductive elements 344 has an inner length 346 that is partially
encapsulated in the mold compound 332 and an outer length 348 that extends
outward beyond the periphery 334 of the mold compound 332. An inner portion
346a of the inner length 346 of some or a11 of the conductive elements 344
may be electrically coupled to one of the component terminals 343 of the
second microelectronic component 340 by a wire bond 349 or the like. The
inner length 346 of each of the second package conductive elements 344
includes a contact portion 346b having an exposed back surface_ The exposed
back surfaces of the contact portions 346b, a back surface of the mold
compound 332, and the back surface 342 of the microelectronic component 340
collectively define a confronting surface 33G of the second microelectronic
component package 330. The second microelectronic component package 130 of
the microelectronic component assembly 100 in Figures 2-4 includes leads
144 extending outwardly from each peripheral side. Although it is not
apparent in the end view of Figure 7, 



-16   the second microelectronic component package 330 of the
microelectronic component assembly 300 has conductive elements 344 (which
may be functionally analogous to the leads 144 of Figures 2 and 4)
extending laterally outwardly from only two opposite sides of the second
package 330 in a manner analogous to a conventional TSOP or DIP. Each of
the first package contact portions 324b may be electrically coupled to one
of the second package contact portions 346b by an electrical junction 350_
The electrical junction 350 may be formed of the same materials and in much
the same fashion as the electrical junction 150 discussed above in
connection with Figures 2-4. This defines an interpackage gap 360 between
the confronting surfaces 316 and 336. Having electrical junctions 350
extending only along two opposite sides of the microelectronic component
assembly 300 leaves the other two ends of the interpackage gap 360 without
electrical junctions 350 that may impede air flow through the interpackage
gap 360. This improved air flow may further enhance cooling of the
microelectronic components 320 and 340 Computer Systems Figure 8 is a
schematic block diagram of a computer system 500 in accordance with another
embodiment of the invention_ This computer system 500 includes an input
device 510 (such as a keyboard and/or a mouse) and an output device 520
(e.g., a display or printer interface}_ The input device 510 and output
device 520 may be in electrical communication with a processor 530. The
processor 530, which may comprise a programmable processor, is also in
electrical communication (e.g , through traces of a motherboard) with one
or more memory modules 540 incorporating one or more microelectronic
component assemblies 100, 100', 200 300, or variations thereof. The memory
module 540 may also include a substrate 542 to which the microelectronic
component assembly or assemblies (e.g., microelectronic component assembly
104) is or are, respectively, attached. This substrate 542 may, for
example, comprise a memory board having an electrical circuit formed
therein, such as a PCB. -17   D. Methods As noted above, other embodiments
of the invention provide methods of assembling microelectronic component
assemblies. In the following discussion, reference is made to the
particular microelectronic component assembly 100 shown in Figure 2. It
should be understood, though, that the reference to this particular
microelectronic component assembly 100 is solely far purposes of
illustration and that the method outlined below is not limited to any
particular microelectronic component assembly design shown in the drawings
or discussed in detail above. i In one embodiment, the confronting surface
116 of the first microelectronic component package 110 is juxtaposed with
the confronting surface 136 of the second microelectronic component package
130. As shown in Figure 11, the packages 110 and 130 may be juxtaposed such
that the array of contacts 124 on the first package confronting surface 19
6 is aligned with the array of contacts 146 on the second package
confronting surface 136. This will also juxtapose the back surface 122 of
the first microelectronic component 120 with the back surface 142 of the
second microelectronic component 140. The juxtaposed microelectronic
component packages 110 and 130 may be electrically coupled to one another.
In the microelectronic component assembly 100 of Figure 2, these packages
110 and 130 are electrically coupled by a plurality of electrical junctions
150. Each of these spaced-apart electrical junctions may electrically
couple one of the first package contacts 124 to a corresponding second
package contact 146. The electrical junctions 150 may be formed using any
of a variety of conventional processes. In one embodiment, a solder paste
is stenciled on the exposed surface of each of the first contacts 124. In
another embodiment, the solder paste may be stenciled instead on the
exposed surfaces of the second package contacts 146. As is known in the
art, heating the stenciled solder paste causes the solder to coalesce into
a solder ball) providing an array of solder balls 151 (Figure 11 )
corresponding to the array of contacts 124 (or 146). When the -18 



microelectronic component packages 110 and 130 are juxtaposed, the solder
balls 151 may be brought into direct physical contact with the exposed
surface of the corresponding second package contact 146. These solder balls
151 may temporarily physically support the first microelectronic component
package 19 0 with respect to the second microelectronic component package
130. This subassembly may then be heated to reflow the solder balls '151 to
form the electrical junctions 150. When cooled, these electrical junctions
150 will also physically attach the packages 110 and 130 to one another
with their juxtaposed confronting surfaces 116 and 13f, respectively,
spaced from one another to define the interpackage gap 160. If an epoxy or
other material is used for the electrical junctions 150, these junctions
may be formed following the instructions provided by the epoxy
manufacturer. As noted above, the contacts 124 of the first microelectronic
component package 110 are exposed on and form a part of the first package
confronting surface 116. Similarly, the inner length of the leads 144 may
be exposed on the confronting surface 136 of the second microelectronic
component package 130 to define the second package contacts 146. This may
be accomplished in a variety of ways. Figures 9 and 10 schematically
illustrate aspects of one suitable process for manufacturing the first
microelectronic component package 110; an analogous process may be used to
manufacture the second microelectronic component package 130. Figure 9
illustrates a plurality of microelectronic components 120 electrically
coupled to a lead frame 170. The lead frame 170 may include a plurality of
openings 174) each of which is bound by a peripheral dam bar 172. A number
of lead fingers, each of which corresponds to one of the contacts 124, may
extend inwardly from the dam bar 172. The lead frame 170 is fairly
conventional in this respect. The lead frame 170 may be attached to a
backing member 180. The backing member 180 spans the width of each opening
174 in the lead frame 170, leaving an Exposed surface 182 of the backing
member 180 in each opening 174. -1 s   In one embodiment, the backing
member 180 comprises an adhesive tape that can adhesively hold the lead
frame 170. Each of the microelectronic components 120 may be positioned in
one of the openings 774 in the lead frame. The back surface (122 in Figure
2) of the microelectronic component 120 may be attached to the exposed
surface 182 of the backing member 180. One or more of the component
terminals 123 on the microelectronic component active surface 127 may be
electrically coupled to one or more of the contacts 124 by wire bonds 126,
yielding the structure shown in Figure 9. As suggested in Figure 10, a mold
element 190 may be positioned adjacent the dam bar 172 of the lead frame
17D on the side opposite the backing member 180. The mold element 19D, the
lead frame 170, and the backing member 18D thus define a mold cavity 192
that extends above the lead frame 17D and the microelectronic component
120. Using conventional transfer molding techniques, this cavity 192 may be
filled with a dielectric resin or the like that can partially encapsulate
the microelectronic component 120 and the contacts 124 and substantially
completely encapsulate the wire bonds 126. The back surface 122 of the
microelectronic component 120 and the back surface of the lead frame 170
are attached to the backing member 180, preferably in a generally
fluid-tight seal to substantially enclose the cavity 192. The mold compound
that fills the cavity 192 will have a back surface that is in contact with
the backing member 180 and is disposed between the periphery of the
microelectronic component 120 and the opening 174 in the lead frame 170.
Figure 9 illustrates a stage in a transfer molding operation in one
embodiment. it should be noted that the mold compound (112 in Figures 2 and
3) need not be formed via transfer molding, though. In other embodiments,
the mold compound 112 may be deposited using capillary-based liquid
dispensing, glob top, or other conventional techniques. Once the dielectric
resin has been appropriately cured, the backing member 180 may be removed.
If the backing member 180 comprises an adhesive -20   tape, for example, it
may be peeled away from the lead frame 170 and microelectronic component
120, as shown schematically by the arrow in Figure 10. Removing the backing
member 180 exposes the back surface of each contact 124, the back surface
122 of the microelectronic component 120, and a back surface of the mold
compound (not shown in Figure 10). 



The lead frame 170 may be trimmed by cutting away the peripheral dam bar
172 adjacent each opening 174. As shown schematically in Figure 9, the lead
frame 170 may be cut along a pair of generally parallel longitudinal saw
cuts S2 and a series of generally parallel transverse saw cuts S, to yield
the microelectronic component package 110 of Figure 2. The saw cuts S, and
S2 may follow along or be spaced inwardly from the inner surface of the
peripheral dam bar 172. The saw cuts S1 and S1 may also cut through the
mold compound (112 in Figures 2 and 3), defining the periphery of the
microelectronic component package 110. This will sever each of the contacts
124 from the rest of the lead frame 170, leaving the contacts 124 extending
inwardly from the periphery 114 of the mold compound 112, as shown in
Figures 2 and 3. If so desired, the mold compound 112 may be spaced
inwardly from the dam bar 172 and the saw cuts S, and S2 can be disposed
between the mold compound and the dam bar 172. When the lead frame is cut,
a short length (e.g., 0.1 mm) of the contacts 124 may extend outwardly
beyond the periphery 114 of the mold compound 112. Unless the context
clearly requires otherwise, throughout the description and the claims, the
words "comprise," "comprising," and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense) that is to
say, in a sense of "including, but not limited to." Words using the
singular or plural number also include the plural or singular number,
respectively. When the claims use the word "or" in reference to a list of
two or more items, that word covers all of the following interpretations of
the word: any of the items in the list, all of the items in the list, and
any combination of the items in the list. The above-detailed descriptions
of embodiments of the invention are not intended to be exhaustive or to
limit the invention to the precise form disclosed -21   above. While
specific embodiments of, and examples for, the invention are described
above for illustrative purposes) various equivalent modifications are
possible within the scope of the invention, as those skilled in the
relevant art will recognize. For example) whereas steps are presented in a
given order, alternative embodiments may perfoms steps in a different
order. The various embodiments described herein can be combined to provide
further embodiments. In general, the terms used in the following claims
should not be construed to limit the invention to the specific embodiments
disclosed in the specification) unless the above-detailed description
explicitly defines such terms. While certain aspects of the invention are
presented below in certain claim forms, the inventors contemplate the
various aspects of the invention In any number of claim forms. Accordingly,
the inventors reserve the right to add additional claims after filing the
application to pursue such additional claim forms for other aspects of the
invention. -22   CLAIMS I/WE clam: 1. A microelectronic component assembly
comprising: a first microelectronic component package comprising: a first
microelectronic component having a back surface; a first mold compound
formed about the first microelectronic component, the first mold compound
having a back surface; a plurality of first package contacts, each of which
is exposed on the back surface of the first mold compound, at least some of
the first package contacts being electrically coupled to the first
microelectronic component; and a plurality of electrical connectors adapted
for connection to another microelectronic component, the electrical
connectors being accessible from a location spaced from the back surface of
the first 



mold compound; and a second microelectronic component package comprising: a
second microelectronic component having a back surface, a second mold
compound formed about the second microelectronic component, the second mold
compound having a back surface, the back surfaces of the first and second
mold compounds being juxtaposed with but spaced from one another to define
a peripherally open interpackage gap, the back surface of the first
microelectronic component and the back surface of the second
microelectronic component each being thermally exposed to the interpackage
gap; and a plurality of second package contacts electrically coupled to the
second microelectronic component, each second package contact being exposed
on the back surface of the second mold compound -23   and at least one of
the second package contacts being electrically coupled to at least one of
the first package contacts. 2. The microelectronic component assembly of
claim 1 wherein the second microelectronic component package is a
non-leaded package. 3. The microelectronic component assembly of claim 1
wherein the interpackage gap comprises an air-filled gap between the first
confronting surface and the second confronting surface, 4. The
microelectronic component assembly of claim 1 wherein the back surface of
the first microelectronic component is exposed directly to the interpackage
gap. 5. The microelectronic component assembly of claim 1 wherein the back
surface of the second microelectronic component is exposed directly to the
interpackage gap. 6. The microelectronic component assembly of claim 1
wherein the bade surface of the first microelectronic component and the
back surface of the second microelectronic component are each exposed
directly to the interpackage gap and juxtaposed with one another across the
interpackage 



gap. 7. The microelectronic component assembly of claim 1 further
comprising a heat sink thermally coupled to the back surface of the first
microelectronic component, the heat sink being exposed to the interpackage
gap. 8. The microelectronic component assembly of claim 1 further
comprising a heat sink thermally coupled to the back surface of the second
-24    microelectronic component, the heat sink being exposed to the
interpackage gap, 9. The microelectronic component assembly of claim 1
further comprising a first heat sink thermally coupled to the back surface
of the first microelectronic component and a second heat sink thermally
coupled to the back surface of the second microelectronic component, the
first and second heat sinks being exposed to the interpackage gap and
juxtaposed with one another across the interpackage gap. 10. The
microelectronic component assembly of claim 1 further comprising a heat
sink thermally coupled to the back surface of the first microelectronic
component, the heat sink extending into the interpackage gap beyond the
back surface of the first mold compound. 11. The microelectronic component
assembly of claim 1 wherein each of the electrical connectors comprises a
length of a lead extending outwardly from the mold compound. 12. The
microelectronic component assembly of claim 1 wherein the first package
contacts are carried adjacent a periphery of the first mold compound. 13.
The microelectronic component assembly of claim 1 wherein the first package
contacts are carried adjacent a periphery of the first mold compound and
the second package contacts are carried adjacent a periphery of the second
mold compound. 14. The microelectronic component assembly of claim 1
wherein each of the first package contacts comprises an exposed surface of
a lead and an -25  



exposed length of each of the leads defines one of the electrical
connectors. 15. A microelectronic component assembly comprising: a
non-leaded first package including a first microelectronic die, a
dielectric first mold compound, and a plurality of contacts) the first
package having a first confronting surface including a back surface of the
first mold compound, an exposed back surface of the first microelectronic
die, and exposed surfaces of the contacts; a second package including a
second microelectronic die, a dielectric second mold compound having a
periphery, and a plurality of leads having outer lengths extending
outwardly beyond the periphery of the second mold compound and adapted for
electrical connection to another microelectronic component, the second
package having a second confronting surface including a back surface of the
second mold compound, an exposed back surface of the second microelectronic
die) and exposed contact surfaces of the leads arranged within the
periphery of the second mold compound; and a plurality of electrical
junctions, each of the electrical junctions electrically coupling one of
the contacts to the contact surface of one of the leads and physically
supporting the first package with respect to the second package with the
first and second confronting surfaces juxtaposed with but spaced from one
another to define a fluid passage between the back surface of the first
microelectronic die and the back surface of the second microelectronic die.
16. The microelectronic component assembly of claim 15 wherein the fluid
passage is peripherally open to facilitate cooling of the first and second
microelectronic dies. -26   



17. The microelectronic component assembly of claim 15 wherein the fluid
passage comprises an air-filled gap between the first confronting surface
and the second confronting surface. 18. The microelectronic component
assembly of claim 15 wherein the back surface of the first microelectronic
die is exposed directly to fluid in the fluid passage. 19. The
microelectronic component assembly of claim 15 wherein the back surface of
the second microelectronic die is exposed directly to fluid in the fluid
passage. 20. The microelectronic component assembly of claim 15 wherein the
back surface of the first microelectronic die and the back surface of the
second microelectronic die are each exposed directly to fluid in the fluid
passage and juxtaposed with one another across the fluid passage. 21. The
microelectronic component assembly of claim 15 further comprising a heat
sink thermally coupled to the back surface of the first microelectronic
die, the heat sink being exposed to fluid in the fluid passage. 22. The
microelectronic component assembly of claim 15 further comprising a heat
sink thermally coupled to the back surface of the second microelectronic
die, the heat sink being exposed to fluid in the fluid passage. 23. The
microelectronic component assembly of claim 15 further comprising a first
heat sink thermally coupled to the back surface of the first
microelectronic die and a second heat sink thermally coupled to the back
surface of the second microelectronic die, the first and second heat sinks
-27   being exposed to fluid in the fluid passage and juxtaposed with one
another across the fluid passage. 24. The microelectronic component
assembly of claim 15 further comprising a heat sink thermally coupled to
the back surface of the first microelectronic die, the heat sink extending
into the fluid passage beyond the back surface of the first mold compound. 



25. The microelectronic component assembly of claim 15 wherein the exposed
surfaces of the first leads are carried adjacent a periphery of the first
mold compound and the second package contacts are carried adjacent a
periphery of the sGOnd mold compound. 26. The microelectronic component
assembly of claim 15 wherein the first confronting surface is parallel to
the second confronting surface. 27. The microelectronic component assembly
of claim 15 wherein each of the electrical junctions comprises 3 roflowed
:,older. 28. A memory module comprising: a module board configured to be
electrically coupled with a higher-level microelectronic device; a first
microelectronic component package comprising: a first microelectronic
component having a back surface; a first mold compound formed about the
first microelectronic component, the first mold compound having a back
surface; a plurality of first package contacts) each of which is exposed on
the back surface of the first mold compound, at least some of the first
package contacts being electrically coupled to the first microelectronic
component; and -28   a plurality of electrical connectors adapted for
connection to another microelectronic component, the electrical connectors
being accessible from a location spaced from the back surface of the first
mold compound; and a second microelectronic component package comprising: a
second microelectronic component having a back surface; 



a second mold compound formed about the second microelectronic component,
the second mold compound having a back surface, the back surfaces of the
first and second mold compounds being juxtaposed with but spaced from one
another to define a peripherally open interpackage gap, the back surface of
the first microelectronic component and the back surface of the second
microelectronic component each being thermally exposed to the interpackage
gap; and a plurality of second package contacts electrically coupled to the
second microelecttonic component, each second package contact being exposed
on the back surface of the second mold compound and at least one of the
second package contacts being electrically coupled to at least one of the
first package contacts. 29. The memory module of claim 28 wherein the first
microelectronic component package is a non-leaded package. 30. The memory
module of claim 28 wherein the back surface of the fast microelectronic
component and the back surface of the second microelectronic component are
each exposed directly to the interpackage gap and juxtaposed with one
another across the interpackage gap. 31. The memory module of claim 28
further comprising a first heat sink thermally coupled to the back surface
of the first microelectronic .29.   component and a second heat sink
thermally coupled to the back surface of the second microelectronic
component, the first and second heat sinks being exposed to the
interpackage gap and juxtaposed with one another across the interpackage
gap. 32. The memory module of claim 28 further comprising a heat sink
thermally coupled to the back surface of the first microelectronic
component, the heat sink extending into the interpackage gap beyond the
back surface of the first mold compound. 33. The memory module of claim 28
wherein the first package contacts are carried in an array adjacent a
periphery of the first mold compound end the 



second package contacts are carried in a mating an-ay adjacent a periphery
of the second mold compound. 34. The memory module of claim 28 wherein each
of the first package contacts comprises an exposed surface of a lead and an
exposed length of each of the leads defines one of the electrical
connectors. 35. A computer system comprising: an input device; an output
device; a processor in communication with the input device and the output
device; and a memory module in communication with the processor) the memory
module comprising: a module board configured to be electrically coupled
with a higher level microelectronic device; a first microelectronic
component package comprising a first microelectronic component having a
back surface; -30   a first mold compound formed about the first
microelectronic component, the first mold compound having a back surface; a
plurality of first package contacts, each of which is exposed on the back
surface of the first mold compound, at least some of the first package
contacts being electrically coupled to the first microelectronic component;
and a plurality of electrical connectors adapted for connection to another
microelectronic component, the electrical connectors being accessible from
a location spaced from the back surface of the first mold compound; and a
second microelectronic component package comprising: 



a second microelectronic component having a back surface; a second mold
compound formed about the second microelectronic component, the second mold
compound having a back surface, the back surfaces of the first and second
mold compounds being juxtaposed with but spaced from one another to define
a peripherally open interpackage gap, the back surface of the first
microelectronic component and the back surface of the second
microelectronic component each being thermally exposed to the interpackage
gap; and a plurality of second package contacts electrically coupled to the
second microelectronic component) each second package contact being exposed
on the back surface of the second mold compound and at least one of the
second package contacts being electrically coupled to at least one of the
first package contacts. 36. A method of assembling a microelectronic
component assembly, comprising: -31   juxtaposing a first confronting
surface of a first microelectronic component package with a second
confronting surface of a second microelectronic component package and, in
so doing, aligning an array of exposed first contacts on the first
confronting surface with a mating array of exposed second contacts on the
second confronting surface and juxtaposing an exposed back surface of a
first microelectronic component included in the first microelectronic
component package with an exposed back surface of a second microelectronic
component included in the second microelectronic component package; and
electrically coupling the first microelectronic component package to the
second microelectronic component package with a plurality of electrical
junctions, each electrical junction electrically coupling one of the first
contacts to one of the second contacts, the electrical Junctions supporting
the first microelectronic component package with respect to the second
microelectronic component package with the first confronting surface spaced
from the second confronting surface to define a peripherally open air gap
therebetween. 37. The method of claim 36 wherein the electrical junctions
are arranged in an open array permitting air to flow into the air gap. -32
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