
WO 20071050754PC T/IIS2006/041779 STACKED WAFER OR DIE PACKAGING WITH
ENHANCED THERMAL AND DEVICE PERFORMANCE TECHNICAL FIELD 5 [0001]Embodiments
of the invention relate to microelectronics technology. In particular,
embodiments of the invention relate to stacked wafer or die packaging with
enhanced thermal and device performance. BACKGROUND 10 [0002]In
semiconductor manufacturing, transistors may be formed on a semiconductor
wafer. The transistors and other devices may be integrated to form
integrated circuits (ICs) that perform numerous useful functions.
Typically, a wafer may be diced and the individual IC die may be packaged
and sold. In order to increase the performance of the ICs, it may be
advantageous to improve the performance of the 15 transistors. Further, as
transistors become smaller, faster, and more advanced, it has become
increasingly difficult to remove heat from operating transistors. Also, in
packaging the wafer or die, denser packaging options, such as stacked die
packaging may be advantageous. However, typical stacked die arrangements
may not be suitable for typical heat removal devices, such as heat sinks.
20 BRIEF DESCRIPTION OF THE DRAWINGS [0003]The invention is illustrated by
way of example and not by way of limitation in the figures of the
accompanying drawings, in which the like references indicate similar
elements and in which: [0004]FIG. 1 illustrates a cross sectional view of a
substrate including heat 25 spreading and stress engineering regions and
through vias connected to a substrate having a back side cooling device.
[0005]FIGS. 2A-2F illustrate cross sectional views of a method for forming
heat spreading and stress engineering regions and through vias in a
substrate. [00061FIG. 3A-3H illustrate cross sectional views of a method
for forming heat 



30 spreading and stress engineering regions and through vias in a
substrate. [00071FIG. 4 illustrates a schematic of a system that includes
heat spreading and stress engineering regions in a substrate DETAILED
DESCRIPTION  WO2007/050754PCT/US2006/041779 [0008]In various embodiments,
apparatuses and methods relating to stacked wafer or die packaging are
described. However, various embodiments may be practiced without one or
more of the specific details, or with other methods, materials, or
components. In other instances, well-known structures, materials, or
operations are not shown or described 5 in detail to avoid obscuring
aspects of various embodiments of the invention. Similarly, for purposes of
explanation, specific numbers, materials, and configurations are set forth
in order to provide a thorough understanding of the invention.
Nevertheless, the invention may be practiced without specific details.
Furthermore, it is understood that the various embodiments shown in the
figures are illustrative representations and are not necessarily 10 drawn
to scale. [0009]To decrease the size of microelectronics products, the
packaging density of semiconductor chips may be increased. One method for
increasing packaging density may be to stack chips. In operation, the
active areas of the stacked chips may generate substantial amounts of heat,
which may need to be removed so the chips may function 15 properly.
Typically, in single chip packaging, a back side cooling device, such as an
integrated heat spreader or a fan, may be used to remove the heat. However,
in stacked chip arrangements it may not be practicable to use backside
cooling devices for each chip in the stack because of space constraints or
incompatibility with electrical connection routing. Briefly, embodiments of
the present invention may include heat spreading 20 regions within a chip
substrate that remove heat from the active area of the chip to enable a
variety of stacked chip configurations. [00101Also, the active area of a
chip may include an integrated circuit (IC) having transistors. The IC may
include both N Channel Metal Oxide Semiconductor (NMOS) transistors and P
Channel Metal Oxide Semiconductor (PMOS) transistors. To improve 25 the
performance of either transistor type, stress may be applied to the channel
region of the transistors. In particular, a biaxial tensile stress may
enhance the performance of both NMOS and the PMOS transistors. Embodiments
of the present invention may include providing stress to IC transistors
while enabling a variety of stacked chip configurations. [0011]FIG. 1
illustrates an apparatus that may provide heat spreading and stress 30
inducement for a stacked wafer or die. 



[0012]FIG. 1 illustrates a cross-sectional type view of an apparatus 100.
Apparatus 100 includes a substrate 140 having an active surface 145.
Substrate 140 is attached to a cooling device 150 and connected to a
substrate 110 by interconnects 160.  WO 2007/050754PC T/IIS2006/041779
Substrate 110 includes a device layer 115, a metallization region 120, vias
170, and regions 180, and has connections 130 on its back side.
[0013]Substrate 140 may include any suitable materials and active surface
145 may include any suitable devices. In an embodiment, substrate 140 may
be a die. In 5 another embodiment, substrate 140 may be a wafer. In an
embodiment, substrate 140 may include a semiconductor. In other
embodiments, substrate 140 may include silicon, silicon on insulator,
germanium, or other materials. In an embodiment, substrate 140 may be a
thin substrate having a thickness in the range of about 2 to 10 gm. In an
embodiment, active surface 145 may include NMOS or PMOS transistors, other
devices, metallization 10 layers, dielectric layers, passivation layers,
and bond pads. In an embodiment, substrate 140 may include a
microprocessor. In another embodiment, substrate 140 may include a memory
device. [0014]Interconnects 160 may be any suitable material and may
electrically connect substrate 140 and substrate 110. In some embodiments,
interconnects may 15 include a conductor, such as copper. In an embodiment,
interconnects 160 may include a solder. In an embodiment, interconnects 160
may provide electrical routing for the devices of active surface 145. In an
embodiment, interconnects 160 may include 3-D interconnects. [0015]Cooling
device 150 may be any suitable material or structure that removes 20 heat
from substrate 140. In an embodiment, cooling device 150 may include a heat
sink. In another embodiment, cooling device 150 may include a thermal
interface material. In another embodiment, cooling device 150 may include a
fan. In an embodiment, cooling device 150 may include an integrated heat
spreader. In an embodiment, cooling device 150 may be a back side cooling
device, as the active surface 145 is termed the front side of 25 substrate
140. In an embodiment, cooling device 150 may not be provided.
[0016]Substrate 110 may include any suitable materials. In an embodiment,
substrate 110 may include a semiconductor. In other embodiments, substrate
110 may include silicon, silicon on insulator, germanium, or other
materials. In an embodiment, substrate 110 may include silicon having a
<100> silicon crystal. In another embodiment, 



30 substrate 110 may include silicon having a <110> silicon crystal. In an
embodiment, substrate 110 may be a die. In another embodiment, substrate
110 may be a wafer. In an embodiment, substrate 110 may be a thin substrate
having a thickness in the range of  WO 2007/050754PCT/US2006/041779 about 2
to 10 um. In another embodiment, substrate 110 may be a thin substrate
having a thickness in the range of about 2 to 5 pm. [0017]Device layer 115
may include any suitable devices. In an embodiment, device layer 115 may
include NMOS transistors. In another embodiment, device layer 5 115 may
include PMOS transistors. In an embodiment, device layer 115 may include
planar transistors. In another embodiment, device layer 115 may include
non-planar or trigate transistors. In an embodiment, device layer 115 may
include resistors and capacitors. In an embodiment, device layer 115 may be
on the front side of substrate 110 and the side opposite the front side may
be the back side of substrate 110. Device layer 115 may 10 include any
combination of the devices listed above. [0018]Metallization region 120 may
interconnect the devices of device layer 115 and may provide connection
routing to external components. Metallization region 120 may include any
number of interconnected metal and via layers separated by dielectric
materials. In an embodiment, the metal layers of metallization region 120
may each be 15 substantially planar and separated from each other by an
interlayer dielectric (ILD). In an embodiment, the metal layers may be
connected to adjacent metal layers by the vias of the via layers. In an
embodiment, metallization region 120 may include a number of metal layers
in the range of about 1 to 9. In an embodiment, metallization region 120
may provide connection to interconnects 160. In another embodiment,
metallization region 120 20 may provide connection to interconnects 160
through bond pads (not shown). The metal and via layers of metallization
region 120 may include any suitable conductive materials. In an embodiment,
the metal and via layers of metallization region 120 may include copper.
[0019]Vias 170 may provide connection routing to external components for 25
devices in device layer 115. In an embodiment, vias 170 may extend through
substrate 110, device layer 115, and a part of metallization region 120. In
an embodiment, vias 170 may be connected to a metal layer of metallization
region 120. In an embodiment, vias 170 may extend through a portion of
device layer 115 and metallization region 120 such that it does not contact
or affect any devices or metal layers. In an embodiment, vias 170 



30 may be through substrate vias. [0020]Vias 170 may also be connected to
connections 130. In an embodiment, vias 170 may be connected to connections
130 through bond pads (not shown). In another embodiment, vias 170 may be
connected to connections 130 through metal traces (not  WO
2007/050754PCT1US2006/041779 shown) on the back side of substrate 110. Vias
170 may include any suitable conductive materials. In an embodiment, vias
170 may include copper. 100211Connections 130 may provide a connection to
external components (not shown). In an embodiment, connections 130 may
provide a connection for and electrical 5 routing for substrate 110. In
another embodiment, connections 130 may provide electrical routing for
substrate 140. In an embodiment connections 130 may provide a electrical
routing for substrate 110 and substrate 140 and connection to an external
substrate, such as printed circuit board (PCB). In an embodiment,
connections 130 may include copper. In another embodiment, connections 130
may include a solder. In an embodiment, 10 connections 130 may be
controlled collapse chip connect (C4) bumps. [00221Regions 180 may be
provided in substrate 110 and may be adjacent to device layer 115. In an
embodiment, regions 180 may provide a heat spreading region for device
layer 115. In an embodiment regions 180 may provide a stress inducement or
stress engineering region for device layer 115. In another embodiment,
regions 180 may 15 provide a heat spreading and stress inducement region
for device layer 115. In an  embodiment, regions 180 may include copper. In
an embodiment, regions 180 may include copper and may have a thickness in
the range of about 10 to 30 gm. In another embodiment, regions 180 may
include copper and may have a thickness in the range of about 10 to 120 gm.
In an embodiment, regions 180 may include copper and may have a 20
thickness in the range of about 80 to 120 pm. In another embodiment,
regions 180 may include copper with diamond particles. f0023]In another
embodiment, regions 180 may include diamond or a diamond like carbon
material. A diamond like carbon material may be formed by depositing carbon
at a temperature in the range of about 360 to 440C. In an embodiment,
regions 180 may 25 include diamond or a diamond like material having a
thickness in the range of about 1 to 100 um. In another embodiment, regions
180 may include diamond or a diamond like material having a thickness in
the range of about 1 to 10 pm. In an embodiment, regions 180 may include
diamond or a diamond like material having a thickness in the range of 



about 5 to 25 inn. 30 f0024]As discussed, regions 180 may provide a heat
spreading region for device layer 115. In general, a material's ability to
transfer heat may be the material's thermal conductivity, which is given in
units of Waft per meter-Kelvin (W/m.K). In an embodiment, the thermal
conductivity of regions 180 may be greater than the thermal  conductivity
of substrate 110, causing heat to be removed from device layer 115 more
quickly with regions 180 than without. In various embodiments, substrate
110 may include silicon (<100 W/na-K) and regions 180 may include diamond
(> 1000 W/m.K), diamond like materials (-400-500 W/nrK), or copper (400
W/m-K). In an embodiment, 5 regions 180 may enable substrate 110 to operate
properly by removing heat from device layer 115. In an embodiment, regions
180 may have a thermal conductivity that is about 4 to 20 times greater
than the thermal conductivity of substrate 110. In another embodiment,
regions 180 may have a thermal conductivity that is about 2 to 10 times
greater than the thermal conductivity of substrate 110. In an embodiment,
regions 180 10 may have a thermal conductivity that is about 4 to 10 times
greater than the thermal conductivity of substrate 110. [00251As discussed,
regions 180 may provide stress inducement on device layer 115. A biaxial
tensile stress induced on device layer 115 may increase the performance of
both NMOS and PMOS transistors in device layer 115. In an embodiment,
regions 180 15 may be stress engineering structures. [0026]The stress
induced on device layer 115 may be caused by a coefficient of thermal
expansion (CTE) mismatch between the materials of substrate 110 and regions
180. [0027]In an embodiment, substrate 110 may include silicon, device
layer 115 may 20 operate at a temperature in the range of about 90 to 110C,
and regions 180 may include copper plated at a temperature of about 20 to
30C. In such an embodiment, a tensile stress may be caused on device layer
115 at the operating temperature because copper has a higher CTE than
silicon and the stress free temperature of the copper is the plating
temperature. In an embodiment, regions 180 may have a higher CTE than
substrate 110 25 and regions 180 may be disposed at temperature below the
operating temperature of device layer 115, causing a tensile stress on
device layer 115. [0028]In another embodiment, substrate 110 may include
silicon, device layer 115 



may operate at a temperature of about 90 to 110C, and regions 180 may
include diamond or a diamond like material deposited at a temperature in
the range of about 360 to 440C. 30 In such an embodiment, a tensile stress
may be caused on device layer 115 at the operating temperature because
diamond or a diamond like material has a lower CTE than silicon and the
stress free temperature of the diamond or diamond like material is the
deposition temperature. In an embodiment, regions 180 may have a lower CTE
than substrate 110  WO 2007/050754PCT/US2006/041779 and regions 180 may be
disposed at temperature above the operating temperature of device layer
115, causing a tensile stress on device layer 115. [0029]The tensile stress
on the device layer may be any amount of tensile stress. In an embodiment,
the tensile stress may be in the range of about 0.1 to 5 GPa. In another 5
embodiment, the tensile stress may be in the range of about 1 to 2 GPa. In
another embodiment, the tensile stress may be in the range of about 0.5 to
3 GPa.  [0030]FIG. 1 illustrates two substrates 110, 140 connected by their
active or front surfaces by interconnects 160. Substrate 140 includes
cooling device 150 attached to its back side and substrate 110 includes
heat spreading and stress inducement regions 180 and 10 through substrate
vias 180, and has external connections 130 on its backside. However,
numerous other configurations may be available. As illustrated in FIG. 1,
substrate 110 may include connections 130. Connections 130 may facilitate
connection to the back side of another substrate similar to substrate 110
that includes heat spreading and stress     inducement regions and through
substrate vias. In an analogous manner, several 15 substrates similar to
substrate 110 may be stacked. [0031]FIGS. 2A-2F illustrate a method that
may provide heat spreading and stress inducement regions for a stacked
wafer or die. [0032]FIG. 2A illustrates an apparatus 200 including a
substrate 210 having a device layer 220 and a metallization region 230. In
an embodiment, apparatus 200 may be 20 attached to a carrier (not shown),
such as thick silicon, by a bonding layer (not shown), as is discussed with
respect to FIGS. 3A-3H below. Metallization region 230 may include any
number of metal layers and via layers separated by dielectric materials.
FIG. 2A illustrates only one metal layer including metallization 250 and
dielectric 240 for the sake 



of clarity. In an embodiment, metallization region 230 may include a number
of metal 25 layers in the range of about 1 to 9. [0033]Substrate 210 may
include any suitable material. In an embodiment, substrate 210 may include
a semiconductor. In other embodiments, substrate 210 may include silicon,
silicon on insulator, germanium, or other materials. In an embodiment,
substrate 210 may be a die. In another embodiment, substrate 210 may be a
wafer. In an 30 embodiment, substrate 210 may be a thin substrate having a
thickness in the range of  about 2 to 10 pm. In another embodiment,
substrate 210 may be a thin substrate having a thickness in the range of
about 2 to 5 pm.  WO 2007/050754PCT/IIS2006/041779 [0034]Device layer 220
may include any suitable devices. In an embodiment, device layer 220 may
include NMOS transistors. In another embodiment device layer 220 may
include PMOS transistors. In an embodiment, device layer 220 may include
planar transistors. In another embodiment, device layer 220 may include
non-planar or tri- 5 gate transistors. In an embodiment, device layer 220
may include resistors and capacitors. Device layer 220 may include any
combination of the devices listed above. In general, the front side of
substrate 210 may be considered the side having device layer 220 and
metallization region 240 and the back side of substrate 210y be opposite
the front side. [0035]Metallization region 230 may interconnect the devices
of device layer 220 10 and may provide connection routing to external
components. The metal and via layers of metallization region 230 may
include any suitable conductive materials. In an embodiment, the metal and
via layers of metallization region 230 may include copper. [0036]As
illustrated in FIG. 2B, a layer 260 may be formed on the backside of
substrate 210. Layer 260 may be formed by any suitable technique and may be
any 15 suitable material. In an embodiment, layer 260 may include copper
and may be formed by plating. In another embodiment, layer 260 may include
copper and may be formed by plating at a temperature in the range about 20
to 30C. In an embodiment, layer 260 may include copper and may have a
thickness in the range of about 10 to 30pan. In another embodiment, layer
260 may include copper and may have a thickness in the range of about 20 10
to 120um. In an embodiment layer 260 may include copper and may have a
thickness in the range of about 80 to 12011m. In an embodiment, layer 260
may include copper with diamond particles. [00371In an embodiment, layer
260 may include diamond or a diamond like 



material. In another embodiment, layer 260 may include diamond or a diamond
like 25 material deposited at a temperature in the range of about 360 to
440C. In an  embodiment, layer 260 may include diamond or a diamond like
material, substrate 210 may include silicon, and layer 260 may be thin
relative to substrate 210 because diamond or a diamond like material is
substantially (about 10 times) stiffer than silicon. In an embodiment layer
260 may include diamond or a diamond like material and may have a 30
thickness in the range of about 1 to 1001.tm. In an embodiment, layer 260
may include  diamond or a diamond like material and may have a thickness in
the range of about 1 to 101,tm. In an embodiment, layer 260 may include
diamond or a diamond like material and may have a thickness in the range of
about 5 to 25p.m.  WO 2007/050754PCT/US2006/041779 [0038]As discussed
above, the CTE mismatch between layer 260 and substrate 210 may cause a
tensile stress to be induced on the devices of device layer 220 during
operation. In an embodiment, the CTE of layer 260 may be greater than the
CTE of substrate 210 and layer 260 may be formed at a temperature below the
operating 5 temperature of device layer 220. In another embodiment, the CTE
of layer 260 may be less than the CTE of substrate 210 and layer 260 may be
formed at a temperature above the operating temperature of device layer
220. [0039]As illustrated in FIG. 2C, an opening 270 may be formed in layer
260, substrate 210, device layer 220, a portion of metallization region 230
to expose 10 metallization 250. Opening 270 may be formed by any suitable
technique. In an embodiment, opening 270 may be formed first forming a
pattern (not shown) on layer 260, then etching layer 260, substrate 210,
device layer 220, and a portion of metallization region 230, and finally
removing the pattern. In an embodiment, metallization 250 may act as an
etch stop during an etch of layer 260, substrate 210, device layer 220, and
a 15 portion of metallization region 230. In an embodiment, the pattern may
include photoresist. In another embodiment, opening 270 may be formed by
drilling through layer 260, substrate 210, device layer 220, and a portion
of metallization region 230. [0040]As illustrated in FIG. 2D, an insulator
280 may be formed over opening 270 and layer 260. Insulator 280 may be
formed by any suitable technique and may 20 include any suitable material.
In an embodiment, insulator 280 may include a nitride or an oxide. In an
embodiment, insulator 280 may be formed by a deposition. [0041]As
illustrated in FIG. 2E, sidewalls 290 may be formed. Sidewalls 290 



may be formed by any suitable technique. In an embodiment, sidewalls 290
may be formed by an anisotropic etch of insulator 280. 25 [0042]As
illustrated in FIG. 2F, a via 295 may be formed in opening 270. Via 295 may
be formed by any suitable technique and may include any suitable material.
In an embodiment, via 295 may extend through layer 260, substrate 210,
device layer 220, and a portion of metallization region 230. In an
embodiment, via 295 may be a conductive fill. Via 295 may include any
conductive material. In an embodiment, via 295 may 30 include copper. In an
embodiment, via 295 may be formed by plating. In an embodiment, sidewalls
290 may electrically isolate via 295 from layer 260, substrate 210, device
layer 220, and a portion of metallization region 230.  WO 2007/050754PC
T/1152006/041779 [0043]In an embodiment, connections may be formed on the
backside of substrate 210 (not shown). In an embodiment, the connections
may be C4 bumps. In another embodiment, the connections may include copper.
[0044]FIGS. 3A-3H illustrate a method that may provide heat spreading and
stress 5 inducement regions for a stacked wafer or die. [0045]FIG. 3A
illustrates an apparatus 300 including a substrate 305 having a device
layer 310 and a metallization region 315. Metallization region 315 may
include any number of metal layers and via layers separated by dielectric
materials. FIG. 3A illustrates only one metal layer including metallization
325 and dielectric 320 for the sake 10 of clarity. In an embodiment,
metallization region 315 may include a number of metal layers in the range
of about 1 to 9. [0046]Apparatus 300 also includes a bonding layer 330 and
a carrier 335. Bonding layer 330 and carrier 335 may be any suitable
materials. In an embodiment, carrier 335 may be thick silicon. In an
embodiment, carrier 335 may include an active 15 layer and metallization
layers (not shown). In an embodiment, bonding layer 330 and carrier 335 may
not be used. [00471Substrate 305 may include any suitable materials. In an
embodiment, substrate 305 may include a semiconductor. In other
embodiments, substrate 305 may      include silicon, silicon on insulator,
germanium, or other materials. In an embodiment, 20 substrate 305 may be a
die. In another embodiment, substrate 305 may be a wafer. In an embodiment,
substrate 305 may be a thin substrate having a thickness in the range of 



about 2 to 10 pin. In another embodiment, substrate 305 may be a thin
substrate having a thickness in the range of about 2 to 5 gm. [0048)Device
layer 310 may include any suitable devices. In an embodiment, 25 device
layer 310 may include NMOS transistors. In another embodiment device layer
310 may include PMOS transistors. In an embodiment device layer 310 may
include planar transistors. In another embodiment, device layer 310 may
include non-planar or frigate transistors. In an embodiment, device layer
310 may include resistors and capacitors. Device layer 310 may include any
combination of the devices listed above. In general, the 30 front side of
substrate 305 may be considered the side having device layer 310 and
metallization region 315 and the back side of substrate 305 may be opposite
the front side. [0049]Metallization region 315 may interconnect the devices
of device layer 310 and may provide connection routing to external
components. The metal and via layers of  WO 2007/050754PCTIUS2006/041779
metallization region 315 may include any suitable conductive materials. In
an embodiment, the metal and via layers of metallization region 315 may
include copper. [0050]As illustrated in FIG. 3B, a trench 340 may be formed
in substrate 305. Trench 340 may be formed by any suitable technique. In an
embodiment, trench 340 may 5 be formed by first forming a pattern (not
shown) on substrate 305, then etching substrate  305, and finally removing
the pattern. In an embodiment, the pattern may include a photoresist.
[0051]As illustrated in FIG. 3C, an insulator 345 may be formed over trench
340 and substrate 305. Insulator 345 may be formed by any suitable
technique and may be any 10 suitable material. In an embodiment, insulator
345 may include a nitride or an oxide. [0052]As illustrated in FIG. 3D,
openings 350 may be formed in insulator 345, substrate 305, and device
layer 310 to expose metallization region 315. Openings 350 may be formed by
any suitable technique. In an embodiment, openings 350 may be formed by
first forming a pattern (not shown) on insulator 345, then etching
insulator 345, 15 substrate 305, and device layer 310, and finally removing
the pattern. In an embodiment, 



the pattern may include photoresist. In an embodiment, dielectric material
in metallization region 315 may act as an etch stop. [0053]As illustrated
in FIG. 3E, an insulator 355 may be formed over openings     350 and
insulator 345. Insulator 355 may be formed by any suitable technique and
may be 20 any suitable material. In an embodiment, insulator 355 may
include a nitride or an oxide. In an embodiment, insulator 355 may
electrically insulate vias (discussed further below) from substrate 305 and
device layer 310. [0054]As illustrated in FIG. 3F, a break-through etch may
be performed to expose metallization 325. The break-through etch may be
performed by any suitable technique. 25 In an embodiment, the break-through
etch may include an anisotropic etch. [0055]As illustrated in FIG. 3G, a
pattern 360 and a conductive fill 365 may be formed. Pattern 360 may be
formed by any suitable technique and may include any suitable materials. In
an embodiment, pattern 360 may include photoresist and may be formed by a
photolithography process. 30 [0056]Conductive fill 365 may be formed by any
suitable technique and may be any suitable material. In an embodiment
conductive fill 365 may include copper. In an embodiment, conductive fill
365 may be formed by plating. In an embodiment, conductive fill 365 may be
formed by plating at a temperature in the range of about 20 to 30C. In an
WO 2007/050754PCT1US20061041779 embodiment, the portion of conductive fill
in openings 350 may form a conductive through via. In an embodiment, the
portion of conductive fill 365 in french 340 may form a stress engineering
region and provide a tensile stress on device layer 310. In an embodiment,
conductive fill 365 may have CTE greater than the CTE of substrate 305 and
5 conductive fill 365 may be formed at a temperature below the operation
temperature of device layer 310. In an embodiment, conductive fill 365 may
have CTE less than the CTE  of substrate 305 and conductive fill 365 may be
formed at a temperature above the operation temperature of device layer
310. In an embodiment, the portion of conductive fill 365 in trench 340 may
provide a heat spreading region for device layer 310. 10 [0057]As
illustrated in FIG. 311, pattern 360 may be removed and a dielectric 370,
conductors 375, and connections 380 may be formed over conductive fill 345.
Dielectric 370, conductors 375, and connections 380 may be formed by any
suitable technique and may include any suitable material. In an embodiment,
dielectric 370 may be formed by a spin on method. In an embodiment,
conductors 375 may be formed by a pattern, etch, 



15 pattern removal, and plating process. In an embodiment, conductors may
include copper. In an embodiment, connections 380 may include bumps. In an
embodiment, connections 380 may be formed by a C4 process. In an
embodiment, connections 380 may allow flip-chip connection to a substrate,
such as a printed circuit board. [0058]FIG. 4 illustrates a system 400.
System 400 may include a processor 410, a 20 memory 420, a memory 440, a
graphics processor 440, a display processor 450, a network interface 460,
an 110 interface 470, and a communication bus 480. In an embodiment, memory
420 may include a volatile memory component. Any of the components in
system 400 may include a heat spreading and stress engineering region as
discussed above. Further, as discussed above, the disclosed invention
enables chip stacking 25 including heat spreading and stress engineering
regions. A large number of combinations of stacked components including
heat spreading and stress engineering regions may be available. In an
embodiment, memory 420 may include the heat spreading and stress
engineering region, and memory 420 may be stacked with processor 410. In an
embodiment, system 400 may include a second processor (not shown) and the
second 30 processor may include the heat spreading and stress engineering
region, and the second processor may be stacked with 410. [0059]Reference
throughout this specification to "one embodiment" or "an embodiment" means
that a particular feature, structure, material, or characteristic  WO
2007/050754PCTIUS2006/041779 described in connection with the embodiment is
included in at least one embodiment of  the invention. Thus, the
appearances of the phrases "in one embodiment" or "in an embodiment" in
various places throughout this specification are not necessarily referring
to the same embodiment of the invention. Furthermore, the particular
features, structures, 5 materials, or characteristics may be combined in
any suitable manner in one or more embodiments. [0060]It is to be
understood that the above description is intended to be illustrative, and
not restrictive. Many other embodiments will be apparent to those of
ordinary skill in the art upon reviewing the above description. The scope
of the invention 10 should, therefore, be determined with reference to the
appended claims, along with the full scope of equivalents to which such
claims are entitled.  What is claimed is:  1. An apparatus comprising: 



a metallization region including a plurality of metal layers on a die
including an active area;       a via extending through the die and the
active area and contacting a metal layer in the metallization region;
a discrete heat spreading and stress engineering region that induces stress
on the device layer and that is located in the die and adjacent to the
active area;       an interconnect on the metallization region, wherein the
interconnect is connected to an active surface of a substrate; and      a
cooling device attached to a surface of the substrate opposite the active
surface.  2. The apparatus of claim 1, wherein the heat spreading and
stress engineering region comprises copper.  3. The apparatus of claim 1,
wherein the heat spreading and stress engineering region comprises at least
one of diamond, a diamond like material, or copper with diamond particles.
4. The apparatus of claim 1, wherein the heat spreading and stress
engineering region causes a biaxial tensile stress on a transistor in the
device layer.  5. The apparatus of claim 4, wherein the biaxial tensile
stress is in the range of about 0.5 to 3 GPa.  6. The apparatus of claim 1,
wherein the heat spreading and stress engineering region has a thermal
conductivity that is in the range of about 4 to 20 times greater than a
thermal conductivity of the substrate. 7. The apparatus of claim 1, wherein
the cooling device comprises an integrated 14  heat spreader.  8. An
apparatus comprising: 



a first active surface including a metallization region of a first
substrate coupled to a second active surface of a second substrate by an
interconnect, wherein the first substrate includes a heat spreading and
stress engineering region adjacent to the first active surface and further
includes a via extending through the first substrate and contacting a metal
layer of the metallization region, wherein the heat spreading and stress
engineering region induces stress on the first active surface; and       a
cooling device on a surface opposite the active surface of the second
substrate. 9. The apparatus of claim 8, further comprising:       a printed
circuit board connected to a bump on a surface of the first substrate
opposite the active surface of the first substrate.  10. The apparatus of
claim 8, wherein the heat spreading and stress engineering region comprises
at least one of copper, diamond, a diamond like carbon, or copper with
diamond particles.  11. The apparatus of claim 8, wherein the heat
spreading and stress engineering region causes a biaxial tensile stress in
the range of about 0.5 to 3 GPa on a transistor in the first substrate and
the heat spreading and stress engineering region has a thermal conductivity
that is in the range of about 4 to 20 times greater than a thermal
conductivity of the first substrate. 


