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WIREBONDED MICROELECTRONIC PACKAGES 
INCLUDING HEAT DISSIPATION DEVICES FOR 
HEAT REMOVAL FROM ACTIVE SURFACES 

THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to apparatus and 
methods for 

[0003] the removal of heat from electronic devices. In 
particular, the present invention relates to a heat sink for the 
removal of heat from an active surface of a Wirebonded 
microelectronic die. 

[0004] 2. State of the Art 

[0005] Microelectronic dice are typically housed in a 
protective covering referred to as a package or packaging. In 
one such package 200, as shoWn in FIGS. 6 and 7, a 
microelectronic die 202 is positioned in a recess 204 of a 
substrate 206. The microelectronic die 202 contains inte 
grated circuitry formed therein (not shoWn). Aback surface 
208 of the microelectronic die 202 is preferably attached in 
the substrate recess 204 by a ?rst layer of adhesive 212. A 
plurality of bond pads 214 is disposed on an active surface 
216 of the microelectronic die 202, as shoWn in FIG. 7. The 
bond pads 214 are generally placed near the edges of the 
microelectronic die active surface 216 and are electrically 
connected by bond Wires 218 to corresponding conductive 
?ngers or traces 222 on the substrate 206. 

[0006] Generally, portions of the conductive traces 222 are 
disposed on multiple tiers in the substrate recess 204 (shoWn 
as ?rst tier 224 and second tier 226) for more effective 
attachment of the bond Wires 218. The substrate 206 usually 
comprises a layer or multiple layers of dielectric material 
With the conductive traces 222 extending therethrough and/ 
or therebetWeen (not shoWn), Wherein the conductive traces 
222 are in contact With eXternal electrically connection 
devices, such as solder ball or pins (not shoWn), Which may 
connect the package 200 to external electrical devices. 

[0007] A lid 228 covers the recess 204 and may be 
attached to a ?rst surface 232 of the substrate by a second 
layer of adhesive 234. The lid 228 prevents environmental 
contamination of the microelectronic die 202, the bond pads 
214, the bond Wires 218, and/or the conductive traces 222, 
Which may lead to the damage or destruction thereof. 

[0008] In another embodiment as shoWn in FIG. 8, an 
encapsulant material 236 may be disposed in the substrate 
recess 204 to prevent environmental contamination, rather 
than the attachment of a lid 228, as shoWn in FIG. 6. 

[0009] Of course, higher performance, loWer cost, 
increased miniaturiZation, and greater packaging density of 
integrated circuits are ongoing goals of the computer indus 
try. As these goals are achieved, microelectronic dice 202 
become smaller. Accordingly, the density of poWer con 
sumption of the integrated circuit components in the micro 
electronic die 202 has increased, Which, in turn, increases 
the average junction temperature of the microelectronic die 
202. If the temperature of the microelectronic die 202 
becomes too high, the integrated circuits of the microelec 
tronic die 202 may be damaged or destroyed. Generally, With 
surface mounted microelectronic dice, such as ?ip-chips and 
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quad ?at packs, heat is dissipated from the back surface 
thereof With the attachment of heat slugs, heat pipes, heat 
spreaders, and the like. With Wirebonded microelectronic die 
packages described above, heat also can be draWn out of a 
back surface 238 of the package 200 through the substrate 
206 With the attachment of a heat dissipation device. HoW 
ever, the substrate 206 is general made of an organic 
laminate, Which is a poor thermal conductor. Thus, in some 
cases, the substrate 206 may be made of a thermally con 
ductive ceramic or may have an integrated heat dissipation 
device 242 to draW heat out of the microelectronic die back 
surface 208, as shoWn in FIG. 9. 

[0010] HoWever, as thermal management issues continue 
to arise, it Would be advantageous to develop apparatus and 
techniques to effectively remove additional heat from a 
Wirebonded microelectronic dice While requiring minimal 
changes to the current Wirebond package process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] While the speci?cation concludes With claims par 
ticularly pointing out and distinctly claiming that Which is 
regarded as the present invention, the advantages of this 
invention can be more readily ascertained from the folloW 
ing description of the invention When read in conjunction 
With the accompanying draWings in Which: 

[0012] FIG. 1 is a side cross-sectional vieW of a ?rst 
embodiment of a heat dissipation device attached to a 
microelectronic die, according to the present invention; 

[0013] FIG. 2 is a top plan vieW of the Wirebonded 
microelectronic die package Without the heat dissipation 
device, according to the present invention; 

[0014] FIG. 3 is a side cross-sectional vieW of a second 
embodiment of a heat dissipation device attached to a 
microelectronic die, according to the present invention; 

[0015] FIG. 4 is a side cross-sectional vieW of a third 
embodiment of a heat dissipation device attached to a 
microelectronic die, according to the present invention; 

[0016] FIG. 5 is a side cross-sectional vieW of a fourth 
embodiment of a heat dissipation device attached to a 
microelectronic die, according to the present invention; 

[0017] FIG. 6 is a side cross-sectional vieW of a Wireb 
onded microelectronic die package, as knoWn in the art; 

[0018] FIG. 7 is a top plan vieW of the Wirebonded 
microelectronic die package along lines 7-7 of FIG. 6, as 
knoWn in the art; 

[0019] FIG. 8 is a side cross-sectional vieW of another 
embodiment Wirebonded microelectronic die package, as 
knoWn in the art; and 

[0020] FIG. 9 is a side cross-sectional vieW of still another 
Wirebonded microelectronic die package, as knoWn in the 
art. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENT 

[0021] In the folloWing detailed description, reference is 
made to the accompanying draWings that shoW, by Way of 
illustration, speci?c embodiments in Which the invention 
may be practiced. These embodiments are described in 
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sufficient detail to enable those skilled in the art to practice 
the invention. It is to be understood that the various embodi 
ments of the invention, although different, are not necessar 
ily mutually exclusive. For example, a particular feature, 
structure, or characteristic described herein, in connection 
With one embodiment, may be implemented Within other 
embodiments Without departing from the spirit and scope of 
the invention. In addition, it is to be understood that the 
location or arrangement of individual elements Within each 
disclosed embodiment may be modi?ed Without departing 
from the spirit and scope of the invention. The folloWing 
detailed description is, therefore, not to be taken in a limiting 
sense, and the scope of the present invention is de?ned only 
by the appended claims, appropriately interpreted, along 
With the full range of equivalents to Which the claims are 
entitled. In the draWings, like numerals refer to the same or 
similar functionality throughout the several vieWs. 

[0022] FIG. 1 illustrates a Wirebonded microelectronic 
assembly 100 of the present invention. The basic structure of 
the Wirebonded microelectronic assembly 100 is similar to 
that previously described in relation to FIGS. 6-9, and 
comprises a microelectronic die 102 positioned in a recess 
104 of a dielectric substrate 106. The microelectronic die 
102 contains integrated circuitry formed therein (not shoWn) 
and may comprise, but is not limited to a microprocessor, a 
chipset, an ASIC, a memory device, or the like. 

[0023] Aback surface 108 of the microelectronic die 102 
is preferably attached to a mounting surface 110 in the 
substrate recess 104 by a ?rst layer of adhesive material 112, 
including, but not limited to, epoxy, solder (tin/silver, lead/ 
tin, and the like), and other such adhesive materials knoWn 
in the art. As shoWn in FIG. 2, a plurality of bond pads 114 
is disposed on an active surface 116 of the microelectronic 
die 102. The bond pads 114 are generally placed near the 
edges of the microelectronic die active surface 116 (e.g., the 
periphery thereof) and are electrically connected by bond 
Wires 118 to corresponding conductive ?ngers or traces 122 
(see FIG. 2) disposed on a ?rst tier 124 and a second tier 126 
of the substrate 106. Although the substrate 106 is illustrated 
With a ?rst tier 124 and a second tier 126, the present 
invention is not so limited. The substrate 106 may have any 
number of tiers. Also, the conductive traces 122 may reside 
on the recess mounting surface 110, as Will be understood to 
those skilled in the art. 

[0024] A heat dissipation device 130 is attached to the 
microelectronic die active surface 116. The heat dissipation 
device 130, as shoWn in FIG. 1, acts as both a heat 
dissipation device and a lid, and is preferably made of a 
highly thermally conductive material, including but not 
limited to copper, copper alloys, aluminum, aluminum 
alloys, diamond carbide, and the like. The heat dissipation 
device 130 includes a pedestal portion 132 and a capping 
portion 134. A contact surface 136 of the heat dissipation 
device pedestal portion 132 is in thermal contact With the 
microelectronic die active surface 116 through a thermal 
interface material 138 disposed therebetWeen. Thus, as Will 
be evident, the heat dissipation device pedestal portion 132 
should be con?gured to contact the thermal interface mate 
rial 138 Without interfering With the bond pads 114 and/or 
the bond Wires 118. Furthermore, the thermal interface 
material 138 should be applied such that it also does not 
interfere With or compromise the integrity of the bond pads 
114 and/or the bond Wires 118. Moreover, the thickness of 
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the thermal interface material 138 may vary, but if that the 
thermal interface material has a loWer thermal conductivity 
than the heat dissipation device 130, the thickness of the 
thermal interface material should be as small as the reliabil 
ity requirement Will alloW for optimal performance. The 
thermal interface material 138 should have high thermal 
conductivity and may include, but is not limited to, thermal 
grease, phase-change material, metal ?lled polymer matrix, 
solder (alloys of lead, tin, indium, silver, copper, and the 
like), and other such materials knoWn in the art. 

[0025] An attachment surface 142 of the heat dissipation 
device capping portion 134 is attached to a ?rst surface 144 
of the substrate 106 by a second layer of adhesive material 
148. The second adhesive material layer 148 may include, 
but is not limited to epoxy, solder (tin/silver, lead/tin, and the 
like), and other such adhesive materials knoWn in the art. 
Preferably, the heat dissipation device capping portion 134 
extends over the substrate ?rst surface 144 completely 
around the recess 104 and the second adhesive material layer 
148 attaches the heat dissipation device capping portion 134 
completely around the recess 104. Thus, the recess 104 is 
substantially sealed from potential contamination of the 
microelectronic die 102, the bond pads 114, the bond Wires 
118, and/or the conductive traces 122, Which may lead to the 
damage or destruction thereof. 

[0026] As it Will be evident to those skilled in the art, the 
height 152 of the heat dissipation device pedestal portion 
132 Will depend on several factors, including the thickness 
of the ?rst adhesive material layer 112, the thickness of the 
thermal interface material 138, the depth of the recess 104, 
and the thickness of the second adhesive material layer 148. 
Additionally, thickness of the heat dissipation device cap 
ping portion 134 can be modi?ed to optimiZe the thermal 
performance of the heat dissipation device 130. 

[0027] Furthermore, as shoWn in FIG. 2, the heat dissi 
pation device capping portion 134 may also include a 
plurality of thermally conductive projections 154 extending 
therefrom. The projections 154 increase the surface area of 
the heat dissipation device 130, thereby improving the 
convective heat dissipation therefrom, and may comprise 
columns, ?ns, or the like. Moreover, the heat dissipation 
device pedestal portion 132 may include a vapor chamber 
156. The vapor chamber 156 comprises a chamber contain 
ing a Working ?uid 162, such as Water or alcohol. The vapor 
chamber 156 is preferably under a loW-pressure atmosphere 
or partial vacuum. The Working ?uid 162 is generally in a 
liquid phase proximate the heat source, i.e., the microelec 
tronic die 102. As the microelectronic die 102 heats under 
normal operation, the temperature of the Working ?uid 162 
Within the vapor chamber 156 is increased, resulting in the 
evaporation of the Working ?uid 162 to form a gaseous 
phase. As the gaseous phase moves toWard an upper sur 
face(s) 164 of the vapor chamber 112, it condenses to again 
form the liquid phase of the Working ?uid 162, thereby 
releasing the heat absorbed during the evaporation of the 
liquid phase of the Working ?uid 162. The liquid phase 
returns, by gravity, to a loWer surface 166 of the vapor 
chamber 156 proximate the microelectronic die 102, 
Wherein the process is repeated. Thus, the vapor chamber 
156 is able to rapidly transfer heat aWay from the micro 
electronic die 102 to the heat dissipation device capping 
portion 134 for dissipation of the heat to the surrounding air. 
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[0028] FIG. 3 illustrates another embodiment of the Wire 
bonded microelectronic assembly 170 of the present inven 
tion. The basic structure of the Wirebonded microelectronic 
assembly 170 is similar to that described in relation to FIGS. 
1 and 2, and comprises the back surface 108 of the micro 
electronic die 102 attached by the ?rst adhesive material 
layer 112 to the mounting surface 110 of the recess 104 of 
the dielectric substrate 106. The bond pads 114 on an active 
surface 116 of the microelectronic die 102 and are electri 
cally connected by the bond Wires 118 to corresponding 
conductive ?ngers or traces 122 disposed on the ?rst tier 124 
and the second tier 126 of the substrate 106. 

[0029] A heat dissipation device, such as a heat slug 172, 
is attached to the microelectronic die active surface 116 and 
is preferably made of a highly thermally conductive mate 
rial, including but not limited to copper, copper alloys, 
aluminum, aluminum alloys, diamond carbide, and the like. 
A contact surface 174 of the heat slug 172 is in thermal 
contact With the microelectronic die active surface 116 
through the thermal interface material 138 disposed ther 
ebetWeen. The heat slug 172 should be con?gured to contact 
the thermal interface material 138 Without interfering With 
the bond pads 114 and/or the bond Wires 118. Furthermore, 
the thermal interface material 138 should be applied such 
that it also does not interfere With or compromise the 
integrity of the bond pads 114 and/or the bond Wires 118. 

[0030] An under?ll or encapsulation material 176, such as 
an plastics, resins, epoxies, and the like, is disposed Within 
the recess 104 to protect the microelectronic die 102, the 
bond pads 114, the bond Wires 118, and/or the conductive 
traces 122. The height 178 of the heat slug 172 can vary. 
HoWever, it is preferred that the heat slug 172 be high 
enough to prevent the encapsulation material 176 from 
covering a back side 182 of the heat slug 172, Which Would 
decrease heat dissipation therefrom. 

[0031] Furthermore, as shoWn in FIG. 4, a high surface 
area heat dissipation device 184, include a plurality of 
thermally conductive projections 186 extending therefrom, 
may be thermally attached to the heat slug 172. Moreover, 
the heat slug 172 may include a vapor chamber 156, as 
describe above in relation to FIG. 2. 

[0032] Having thus described in detail embodiments of the 
present invention, it is understood that the invention de?ned 
by the appended claims is not to be limited by particular 
details set forth in the above description, as many apparent 
variations thereof are possible Without departing from the 
spirit or scope thereof. 

What is claimed is: 
1. A microelectronic package, comprising: 

a substrate having a recess extending into said substrate 
from a ?rst surface thereof; 

a microelectronic die having an active surface and a back 
surface, said microelectronic die disposed Within said 
recess With said microelectronic die back surface 
attached to a mounting surface Within said recess; 

a heat dissipation device thermally contacting said micro 
electronic die active surface. 

2. The microelectronic package of claim 1, further includ 
ing a plurality of bond Wires electrically connecting bond 
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pads on said microelectronic die active surface to a plurality 
of corresponding traces Within the recess. 

3. The microelectronic package of claim 2, further includ 
ing at least one tier Within said recess, Wherein at least a 
portion of said plurality of traces reside said at least one tier. 

4. The microelectronic package of claim 1, further includ 
ing a thermal interface material disposed betWeen said heat 
dissipation device and said microelectronic die active sur 
face. 

5. The microelectronic package of claim 1, Wherein said 
heat dissipation device comprises a heat slug. 

6. The microelectronic package of claim 5, further includ 
ing an encapsulation material disposed Within said recess. 

7. The microelectronic package of claim 5, Wherein said 
heat slug further includes a vapor chamber disposed therein. 

8. The microelectronic package of claim 5, further includ 
ing a high surface area heat dissipation device in thermal 
contact With said heat slug. 

9. The microelectronic package of claim 1, Wherein said 
heat dissipation device comprises a pedestal portion in 
thermal contact With said microelectronic die active surface 
and a capping portion attached to said substrate ?rst surface. 

10. The microelectronic package of claim 8, Wherein said 
heat dissipation device pedestal portion includes a vapor 
chamber disposed therein. 

11. The microelectronic package of claim 8, further 
including a plurality of thermally conductive projections 
extending from said heat dissipation device capping portion. 

12. A microelectronic package, comprising: 

a substrate having a recess de?ned therein extending into 
said substrate from a ?rst surface thereof; 

a microelectronic die having an active surface and a back 
surface, said microelectronic die disposed Within said 
recess With said microelectronic die back surface 
attached to a mounting surface of said recess; 

a heat dissipation device comprising a pedestal portion in 
thermal contact With said microelectronic die active 
surface and a capping portion attached to said substrate 
?rst surface. 

13. The microelectronic package of claim 12, further 
including a plurality of bond Wires electrically connecting 
bond pads on said microelectronic die active surface to a 
plurality of corresponding traces Within the recess. 

14. The microelectronic package of claim 13, further 
including at least one tier Within said recess, Wherein at least 
a portion of said plurality of traces reside on said at least one 
tier. 

15. The microelectronic package of claim 12, further 
including a thermal interface material disposed betWeen said 
heat dissipation device and said microelectronic die active 
surface. 

16. The microelectronic package of claim 12, Wherein 
said heat dissipation device pedestal portion includes a 
vapor chamber disposed therein. 

17. The microelectronic package of claim 12, further 
including a plurality of thermally conductive projections 
extending from said heat dissipation device capping portion. 

18. A microelectronic package, comprising: 

a substrate having a recess de?ned therein; 

a microelectronic die having an active surface and a back 
surface, said microelectronic die disposed Within said 
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recess With said microelectronic die back surface 
attached to a mounting surface of said recess; 

a heat dissipation device thermally contacting to said 
microelectronic die active surface, said heat dissipation 
device comprising a heat slug; and 

an encapsulation material disposed Within said recess. 
19. The microelectronic package of claim 18, further 

including a plurality of bond Wires electrically connecting 
bond pads on said microelectronic die active surface to a 
plurality of corresponding traces Within the recess. 
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20. The microelectronic package of claim 19, further 
including at least one tier Within said recess, Wherein at least 
a portion of said plurality of traces reside thereon. 

21. The microelectronic package of claim 18, Wherein 
said heat slug further includes a vapor chamber disposed 
therein. 

22. The microelectronic package of claim 1, further 
including a high surface area heat dissipation device in 
thermal contact With said heat slug. 

* * * * * 


