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1
EMBEDDED HEAT SPREADER

BACKGROUND

Semiconductor technology has sustained significant
improvements over the last few decades. The concurrent
increase in complexity and shrinking scale of semiconduc-
tors has generated its own law, Moore’s Law, relating the
exponential growth in the number of transistors per inte-
grated circuit. These gains necessitated a similar growth in
many related industries such as the semiconductor packag-
ing industry.

Semiconductors generate heat while operating. If the heat
is not dissipated, it may damage a semiconductor or cause it
to malfunction. As transistor density in semiconductor pack-
ages increases, heat dissipation becomes an issue.

Substrates and packages affect semiconductor perfor-
mance in many ways. Integrated circuits are often packaged
and typically reside in or on a substrate. Electrical, thermal
and mechanical considerations are relevant to substrate and
package design. For example, substrates and packages
remove heat from a integrated circuit while also providing
power and signaling.

Semiconductors may be packaged in a stacked configu-
ration. Stacked configurations generally have heightened
requirements for providing power and signaling to a semi-
conductor as well as for dissipating heat.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded view of the assembly layers using
the copper substrate.

FIG. 2 is an example of the single die assembly using the
copper substrate.

FIG. 3 is an example of the multiple die assembly using
the copper substrate.

DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth. However, it is understood that embodiments of the
inventions may be practiced without these specific details. In
other instances, well-known circuits, structures, and tech-
niques have not been shown in detail in order to not obscure
the understanding of this description.

Reference in the specification to “one embodiment” or
“an embodiment”, etc., means that a particular feature,
structure, or characteristic described in connection with the
embodiment is included in at least one aspect of the inven-
tion. The appearances of the phrase “in one embodiment™ in
various places in the specification do not necessarily all refer
to the same embodiment. The following describes at least an
improvement for thermal performance of a semiconductor
device and for multiple devices in a multi-die stacked
package.

Generally, a typical substrate material used in semicon-
ductor packages may be replaced with a laminate of mate-
rials that improves the conduction of heat out of a semicon-
ductor die. For example, a copper base-substrate with a
single layer polyimide layer bonded to the substrate can
conduct heat off of the die. In this example, a copper routing
layer can then be bonded to the other side of the polyimide
to complete an interconnect substrate. The interconnect
substrate can provide a routing layer to distribute signals to
a semiconductor die and the interconnect is insulated from
a thermally conductive substrate by the polyimide layer. An
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embodiment may improve the thermal capability of a semi-
conductor device and interconnect electrical performance.

FIGS. 1-3 show DRAM and DRAM stacked package
embodiments to illustrate a substrate and package as
explained herein. DRAMs are used here for illustration
purposes, but embodiments of the invention are not
restricted for use with any specific semiconductor devices or
circuits. These embodiments may introduce a thermal con-
ductor into a device stack to conduct heat from a buried
DRAM die to the edge of the stacked package. At the
package edge, signal interconnect solder bumps or other
interconnections can transport heat to a surface of the
DRAM stack and to a system substrate where heat can be
dissipated. A copper substrate may also connect to ground
and act as a ground reference for high-speed signals. In the
present embodiment, this ground reference improves signal
integrity of the DRAM signals.

FIG. 1 is an exploded view of the assembly layers of a
semiconductor package 100 that uses a thermal conducting
substrate 110. In the present embodiment the thermal con-
ducting substrate 110 comprises copper although any sub-
strate material may be used so long as it has an sufficiently
high thermal conductivity. In an embodiment the thermal
conducting substrate is a laminate of materials with one or
any combination of the materials having a sufficiently high
thermal conductivity to allow the substrate to operate as a
thermally conductive substrate to spread heat from a semi-
conductor die.

Referring to FIG. 1, the exploded view includes a backing
film substrate 115 such as a polyimide tape to bond to the
thermal conducting substrate 110. This is just an example,
however, any other materials suitable for a backing film
substrate may be used. A routing layer such as tape lead 120
is adjacent to the backing film substrate 115 and on the
opposite side of the backing film substrate 115 from the
thermal conducting substrate 110. In an embodiment the
routing layer is copper, yet any conductive material may be
used.

The present embodiment has an elastomer layer 125
sandwiched between a tape lead 120 and a semiconductor
die 130. The elastomer layer 125 absorbs stress from thermal
expansion. The elastomer layer 125 may have openings
where the tape lead 120 can connect with the semiconductor
die 130. Elastomers are typically polymeric material that
may experience large and reversible elastic deformations
and are used to absorb stress between layers that may have
different coefficients of thermal expansion. Additionally, the
present embodiment uses a DRAM die as the semiconductor
die 130. Any semiconductor may be used in semiconductor
die 130 and be in accordance with the principles of this
disclosure. In an embodiment a molded compound 105 may
be attached to the conducting substrate 110 as shown in FI1G.
1.

FIG. 2 illustrates a single die assembly 200 consisting of
the assembly layers from FIG. 1 resulting in a semiconduc-
tor package that uses a thermal conducting substrate 210. In
the present embodiment the thermal conducting substrate
210 comprises copper although any substrate material may
be used so long as it has a sufficiently high thermal con-
ductivity. In an embodiment the thermal conducting sub-
strate is a laminate of materials with one or any combination
of the materials having a sufficiently high thermal conduc-
tivity to allow the substrate to operate as a thermally
conductive substrate to spread heat from a semiconductor
die. A thermal conducting 210 substrate may also connect to
ground and act as a ground reference for high-speed signals.
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In the present embodiment, this ground reference improves
signal integrity of the DRAM signals.

Referring to FIG. 2, the assembly 200 includes a backing
film substrate 215 such as a polyimide tape that is bonded to
the thermal conducting substrate 210. However, any other
materials suitable for a backing film substrate may be used.
A routing layer such as tape lead 220 is connected to the
backing film substrate 215 and on the opposite side of the
backing film substrate 215 from the thermal conducting
substrate 210. In an embodiment the routing layer is copper,
yet any conductive material may be used. The present
embodiment also includes solder balls 240 attached to the
tape lead 220 at the edge of the assembly 200 and structur-
ally supported by the thermal conducting substrate 210 and
the backing film substrate 215. The solder balls 240 may be
any other material suitable for electrical interconnection.

The present embodiment has an elastomer layer 225
sandwiched between a tape lead 220 and a semiconductor
die 230. The elastomer layer 225 absorbs stress from thermal
expansion. In the present embodiment the elastomer layer
225 has openings where the tape lead 220 is connected to the
semiconductor die 230. Additionally, the present embodi-
ment uses a DRAM die as the semiconductor die 230. Any
semiconductor may be used in semiconductor die 230 and be
in accordance with the principles of this disclosure. In an
embodiment a mold compound 205 may be attached to the
conducting substrate 210 as shown in FIG. 2.

FIG. 3 shows an embodiment multiple die assembly 300
using thermal conducting substrates placed between semi-
conductor dies such as semiconductor die 130 from FIG. 1.
In an embodiment the thermal conducting substrates are
each a laminate of materials with one or any combination of
the materials having a sufficiently high thermal conductivity
to allow the substrate to operate as a thermally conductive
substrate to spread heat from a semiconductor die. The
multiple die assembly 300 may consist of multiple assem-
blies 200 from FIG. 2. The embodiment multiple die assem-
bly 300 in FIG. 3 is a stacked configuration including
multiple thermally conducting substrates.

In the present embodiment the thermal conducting sub-
strates 310 comprise copper although any substrate material
may be used so long as it has an sufficiently high thermal
conductivity. A thermal conducting 310 substrate may also
connect to ground and act as a ground reference for high-
speed signals. Again, this ground reference improves signal
integrity to and from any of the semiconductor dies 330.

The multiple die assembly 300 in FIG. 3 includes an
elastomer layer 325 in between semiconductor dies and
adjacent thermal conductive substrates. Similar to the
embodiment illustrated in FIG. 2, a routing layer such as
tape lead 320 is connected to the backing film substrate 315
and on the opposite side of the backing film substrate 315
from the thermal conducting substrate 310. The embodiment
multiple die assembly 300 also includes connecting balls
such as solder balls 340 connecting adjacent assemblies in
the multiple die assembly 300. Solder balls 340 are used in
the present embodiment but the connecting balls may be any
other material suitable for electrical interconnection.

Referring to FIG. 2, the thermally conductive substrate
and semiconductor die assembly may be manufactured by
the following method. A polymer resin may be adhered to a
thermally conductive substrate. In the present embodiment
the thermally conductive substrate may be a copper heat
spreader, but any suitably heat conductive substrate material
may be used. An example polymer resin is a polyimide tape,
but embodiments are not limited to use of polyimide tape for
the polymer resin.
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The method may include attaching a tape lead to the
polymer resin. An example tape lead may comprise copper
as described in the above apparatus and system, but any
material may be used if it can be configured into a routing
layer to transport electrical signals. The embodiment method
also includes attaching an elastomer to the tape lead. In an
embodiment the elastomer has an opening to expose a
portion of the tape lead.

The present embodiment includes attaching the elastomer
to a die, wherein the die can be any semiconductor die, for
example a DRAM die. The method includes attaching the
die to the tape lead such as the example embodiment’s
copper tape lead described above. An embodiment method
may further comprise attaching at least one solder ball to the
tape lead.

Embodiment methods may include the above method and
further comprise forming a second elastomer layer to the
exposed side of the die. Additionally, the present embodi-
ment may further comprise attaching the second elastomer
layer to an adjacent heat spreader. In an embodiment these
methods may be repeated, thus creating a stacked assembly
with multiple heat spreaders.

The present invention may be embodied in other specific
forms without departing from its spirit or essential charac-
teristics. The described embodiments are to be considered in
all respects only as illustrative instead of restrictive or
limiting. Therefore, the scope of the invention is indicated
by the appended claims rather than by the foregoing descrip-
tion. All changes, modifications, and alterations that come
within the meaning, spirit, and range of equivalency of the
claims are to be embraced as being within the scope of the
appended claims.

The invention claimed is:

1. An apparatus comprising:

an elastomer layer having openings to attach to a semi-
conductor die;

a routing layer attached to the elastomer layer such that
the routing layer electrically connects to the semicon-
ductor die through the openings in the elastomer layer;

a polymer resin attached to the routing layer;

a thermally conductive and structurally supportive sub-
strate attached to the polymer resin, the thermally
conductive substrate to spread heat; and

at least one solder ball interconnect attached to the
thermally conductive substrate on the same side of the
thermally conductive substrate as the semiconductor
die.

2. The apparatus of claim 1 wherein the die is a DRAM.

3. The apparatus of claim 1 wherein the polymer resin is
a polyimide tape.

4. The apparatus of claim 1 wherein the thermally con-
ductive substrate is a copper substrate.

5. The apparatus of claim 1 wherein the thermally con-
ductive substrate further comprises an electrical ground
reference for the die.

6. The apparatus of claim 1 wherein the thermally con-
ductive substrate is a laminate of multiple materials.

7. The apparatus of claim 1 further comprising, the at least
one solder ball interconnect attached to the thermally con-
ductive substrate.

8. A system comprising:

a first apparatus; and

a second apparatus arranged in a stack apparatus with the
first apparatus, each apparatus comprising:
an elastomer layer having openings to attach to a

semiconductor die;
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a routing layer attached to the elastomer layer such that 9. The system of claim 8 further comprising an elastomer
the routing layer electrically connects to the semi-  bond between the die of the second apparatus to the ther-
conductor die through the openings in the elastomer  mally conductive substrate of the first apparatus.
layer;
a polymer resin attached to the tape lead; 5

10. The system of claim 8 further comprising a printed
circuit board attached to the at least one solder ball inter-
connect of the first apparatus, the printed circuit board to
dissipate heat from the stacked configuration.

a thermally conductive and structurally supportive sub-
strate attached to the polymer resin, the thermally
conductive substrate to spread heat; and

at least one solder ball interconnect attached to the
thermally conductive substrate on the same side of 10
the thermally conductive substrate as the semicon-
ductor die. k% & %



