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(57) ABSTRACT 

A thermal interface material may be covalently bonded to a 
bottom surface of a heat dissipating device and/or a backside 
surface of a heat generating device. The heat dissipating 
device may be thermally coupled to the heat generating 
device, the thermal interface material disposed betWeen the 
bottom surface of the heat dissipating device and the back 
side surface of the heat generating device. The thermal 
interface material may comprise a polymer material With 
thermally conductive ?ller components dispersed therein. 
For one embodiment, the thermally conductive ?ller com 
ponents may be covalently bonded together. For one 
embodiment, the thermally conductive ?ller components 

31, 2002. may be covalently bonded With the polymer material. 
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HEAT TRANSFER THROUGH COVALENT 
BONDING OF THERMAL INTERFACE MATERIAL 

FIELD OF THE INVENTION 

[0001] The present invention relates to integrated circuit 
(IC) package technology and more particularly to improved 
heat dissipating from integrated circuit packages. 

BACKGROUND OF THE INVENTION 

[0002] As integrated circuits (ICs) become smaller and 
faster, the amount of heat generated per square inch may 
increase accordingly. Therefore, one of the challenges pre 
sented to IC package designers is to dissipate heat. An IC 
package typically includes an IC mounted on a package 
substrate. A heat dissipating device, such as an integrated 
heat spreader (IHS) or a thermal plate, may be coupled to a 
backside surface of the IC, in an effort to remove heat from 
the IC. Imperfections in the mating surfaces of the IC and the 
heat dissipating device may result in small gaps of air 
betWeen the devices. Because air is a poor conductor of heat, 
these gaps may serve as a barrier to heat transfer. A thermal 
interface material (TIM) With a higher thermal conductivity 
than air may be disposed betWeen the IC and the heat 
dissipating device in an effort to ?ll these gaps and enhance 
heat transfer. 

[0003] The TIM is typically made of a polymer material in 
combination With ?ller components made of a thermally 
conductive material, such as metal or ceramic. The polymer 
material may promote adhesion With the IC and the heat 
dissipating device and may bind the ?ller components 
together. Because the polymer material typically has a loW 
thermal conductivity, the thermally conductive ?ller com 
ponents may provide the main path for heat transfer. There 
fore, heat transfer may be dependent on physical contact 
betWeen ?ller components and the surfaces of the IC and the 
heat dissipating device, as Well as physical contact betWeen 
adjacent ?ller components in the bulk TIM. 

[0004] HoWever, layers of polymer material may prevent 
direct physical contact betWeen ?ller components and the 
surfaces of the IC and the heat dissipating device, Which 
may increase contact thermal resistance at these interfaces. 
Further, layers of polymer material may also ?ll gaps 
betWeen adjacent ?ller components Which may prevent 
direct physical contact betWeen the surfaces of the adjacent 
?ller components and may increase bulk thermal resistance 
of the TIM. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] FIG. 1 illustrates an exemplary thermal interface 
betWeen an integrated circuit (IC) and a heat dissipating 
device according to one embodiment of the present inven 
tion. 

[0006] FIG. 2 illustrates a How diagram according to one 
embodiment of the present invention. 

[0007] FIG. 3 illustrates an exemplary hybrid polymer 
according to one embodiment of the present invention. 

[0008] FIG. 4 illustrates an integrated circuit (IC) package 
according to one embodiment of the present invention. 

[0009] FIG. 5 illustrates a How diagram according to 
another embodiment of the present invention. 
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DETAILED DESCRIPTION 

[0010] In the folloWing description, numerous speci?c 
details are set forth, such as material types and ranges, in 
order to provide a thorough understanding of the present 
invention. HoWever, it Will be obvious to one of skill in the 
art that the invention may be practiced Without these speci?c 
details. In other instances, Well-knoWn elements and pro 
cessing techniques have not been shoWn in particular detail 
in order to avoid unnecessarily obscuring the present inven 
tion. 

[0011] The present invention utiliZes covalent bonding to 
reduce thermal resistance across an interface betWeen a heat 
generating device, such as an integrated circuit (IC), and a 
heat dissipating device. For one embodiment, covalent 
bonds may be formed at an interface betWeen a thermal 
interface material (TIM) and the heat generating device 
and/or the heat dissipating device. Covalent bonding may 
result in stronger bonding betWeen atoms and molecules 
Which may result in more effective heat transfer than may be 
possible using traditional methods that rely on physical 
contact for heat transfer. For one embodiment, covalent 
bonding betWeen thermally conductive ?ller components 
and a polymer-based material may also reduce bulk thermal 
resistance of the TIM. 

[0012] FIG. 1 illustrates an exemplary thermal interface 
100 betWeen an IC 102 and a heat dissipating device 104, 
according to one embodiment of the present invention. The 
heat dissipating device may be any suitable heat dissipating 
device, such as an integrated heat spreader (IHS), a thermal 
plate, a heat pipe lid, or a heat sink. The heat dissipating 
device may be made of any suitable thermally conductive 
material, such as a metal. For one embodiment, the heat 
dissipating device may be aluminum or copper. ATIM 106 
may be disposed betWeen a backside surface of the IC and 
a bottom surface of the heat dissipating device to enhance 
heat ?oW from the IC to the heat dissipating device. The 
TIM may be any suitable type TIM, such as a thermal grease, 
thermal adhesive, a thermal gel, an elastomer, a phase 
change material, or a thermal gap ?ller. 

[0013] As illustrated, the TIM may comprise a polymer 
material 108 With thermally conductive ?ller components 
110 dispersed therein. Intermediate interfaces 112 and 114 
may be formed betWeen the IC and the TIM, and betWeen 
the TIM and the heat dissipating device, respectively. The 
total thermal resistance (GTOTAL) across the interface 
betWeen the IC and the heat dissipating device may be 
de?ned as the sum of the contact thermal resistance at the 
interface betWeen the IC and the TIM (GIOTIM), the bulk 
thermal resistance of the TIM (GBULK), and the contact 
thermal resistance at the interface betWeen the TIM and the 
heat dissipating device (GTIMHDD): 

[0014] While GTOTAL for a typical interface betWeen an IC 
and a heat dissipating device may usually be in the range of 
0.5 to 1.5 cmZC/W, for one embodiment of the present 
invention, GTOTAL may be less than 0.45 cmZC/W. 

[0015] FIG. 2 illustrates a How diagram 200 illustrating 
exemplary operations of a method according to one embodi 
ment of the present invention. The operations of How 
diagram 200 may be described With reference to the exem 
plary embodiment illustrated in FIG. 1. HoWever, it should 
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be understood that the operations of flow diagram 200 may 
result in embodiments other than the exemplary embodiment 
of FIG. 1. 

[0016] For block 210, a TIM With increased thermal 
conductivity is provided. ATIM With increased bulk thermal 
conductivity may have reduced bulk thermal resistance due 
to an inverse relationship betWeen thermal resistance and 
thermal conductivity. For one embodiment, bulk thermal 
conductivity may be increased by forming covalent bonds 
betWeen ?ller components 110, such as covalent bond 120 
and/or by forming covalent bonds betWeen ?ller components 
110 and the polymer material 108, such as covalent bond 
122. Covalent bonds may be represented by double lines in 
FIG. 1. 

[0017] Examples of TIMs With increased bulk thermal 
conductivity due to covalent bonding include molecular 
composites, nanocomposites, thermally conductive poly 
mers, and crystalline polymers. Increased bulk thermal 
conductivity may be de?ned as a bulk thermal conductivity 
greater than 0.5 W/mK. For one embodiment, a TIM may be 
provided With a bulk thermal conductivity greater than 4 
W/mK. 

[0018] For one embodiment, a TIM may comprise a 
molecular composite incorporating a hybrid polymer With 
covalent bonding betWeen thermally conductive compo 
nents. For example, FIG. 3 illustrates an exemplary hybrid 
polymer 300, comprising metal or ceramic ?ller components 
310 With covalent bonds 320 betWeen the ?ller components. 
The hybrid polymer may be produced by organometallic or 
organic/inorganic synthesis. 

[0019] To produce the TIM, for one embodiment, ?ller 
components may be treated to promote covalent bonding 
With the polymer base material. For example, metal or 
ceramic ?ller components may be treated With an oxidiZing 
agent or With a coupling agent, such as silane, to form OH, 
NH and/or COOH groups, Which may react With a polymer 
material, such as a COOH terminated polymer material. 

[0020] For block 220 of FIG. 2, the TIM is covalently 
bonded to a bottom surface of a heat dissipating device 
and/or a backside surface of a heat generating device. For 
example, the TIM may be covalently bonded to the bottom 
surface of the heat dissipating device 102 via covalent bonds 
124 and/or the backside surface of the IC 104 via covalent 
bonds 126. Covalently bonding the TIM may reduce contact 
thermal resistance at the intermediate interfaces 112 and 114 
betWeen the TIM and surfaces of the IC and the heat 
dissipating device, respectively. 

[0021] For example, While a typical contact thermal resis 
tance at one of the intermediate interfaces may be in the 
range of 0.15 to 0.25 cmZC/W, for one embodiment of the 
present invention, the sum of the contact thermal resistances 
at both intermediate interfaces may be less than 0.15 cm2C/ 
W. Various processes may be used to covalently bond the 
TIM to one or both of the surfaces, such as electrodeposition 
of a polymer or oligomer, electropolymeriZation of a mono 
mer, surface grafting, and chemical treatment of the surface. 

[0022] Electrodeposition of an electroactive polymer or 
oligomer may utiliZe the heat dissipating device or IC as an 
electrical conductor or semiconductor. For example, the 
hybrid polymer 300 illustrated in FIG. 3 may be suitable for 
electrodeposition onto a metal surface of the heat dissipating 
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device or a silicon surface of the IC. As illustrated, the 
hybrid polymer may have electroactive end groups, such as 
NHD+ and COO“. Positive or negative charges may be 
introduced at one end of the polymer chain, While discharges 
from the other end of the polymer chain may be deposited 
on a surface of the heat dissipating device or IC. Elec 
trodeposition may also produce physical bonding superior to 
traditional methods of adhesion, Which may also reduce 
contact thermal resistance. 

[0023] ElecropolymeriZation may comprise deposition of 
a monomer on a surface of the IC and/or the heat dissipating 
device. The monomer may be cyclic or unsaturated. As With 
electrodeposition, the heat dissipating device and/or the IC 
may be utiliZed as an electrical conductor or semiconductor. 
Free radical, anionic, or cationic species may be generated 
to initialiZe chain polymeriZation of the monomer, Which 
may result in covalent bonding betWeen the polymer and the 
surface. 

[0024] Surface graft treatment may also result in covalent 
bonding at a surface of the IC and/or heat dissipating device. 
For one embodiment, surface graft polymeriZation may be 
applied to a monomer deposited on the surface to be treated. 
Alternatively, a pre-formed polymer or oligomer may be 
grafted onto the surface. Suitable grafting techniques are 
Well knoWn in the art. 

[0025] For one embodiment, a surface of the heat dissi 
pating device and/or the IC may be chemically treated to 
generate a functional group Which may react With the TIM 
to form covalent bonds. For example, a silicon surface of the 
IC may be oxidiZed by an oxidiZing agent such as KMnO4, 
to generate COOH or OH Which may react With a polymer 
based TIM, such as an epoxy resin. As another example, a 
surface of the heat dissipating device may be treated to form 
aluminum oxide (A1203), Which may react With a COOH 
terminated TIM. 

[0026] For block 230 of FIG. 2, the heat dissipating 
device is thermally coupled to the heat generating device 
With the TIM disposed betWeen the bottom surface of the 
heat dissipating device and the backside surface of the heat 
generating device. For one embodiment, the TIM may be 
deposited on the backside surface of the IC and the heat 
dissipating device may then be coupled to the backside 
surface of the IC. For another embodiment, the TIM may be 
applied to the bottom surface of the heat dissipating device 
and the heat dissipating device may then be coupled to the 
backside surface of the IC. 

[0027] For different embodiments, the different treatment 
processes described above may be combined in various 
manners. For example, an electroactive polymer may be 
electrodeposited on the bottom surface of the heat dissipat 
ing device, While the backside surface of the IC may be 
chemically treated to form covalent bonds With the TIM. For 
another embodiment, treating a surface of only one of the 
devices may reduce the total thermal resistance enough to 
satisfy heat dissipating requirements of a package applica 
tion. Treating only one device may reduce manufacturing 
costs. For one embodiment, reducing contact resistance may 
reduce total thermal resistance enough to satisfy heat dissi 
pation requirements Without using a TIM With increased 
bulk thermal conductivity. For another embodiment, using a 
TIM With increased bulk thermal conductivity may 
adequately reduce total thermal resistance Without reducing 
contact resistance. 
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[0028] FIG. 4 illustrates an exemplary IC package 400, 
according to one embodiment of the present invention. The 
IC package may be a ?ip chip package, also knoWn as 
control collapse chip connection (C4) package, having an IC 
402 mounted on a package substrate 408, Which may be 
mounted on a PC board 410. An integrated heat spreader 
(IHS) 404 may be thermally coupled to a backside surface 
of the IC With a ?rst TIM 406 disposed betWeen a bottom 
surface of the IHS and a backside surface of the IC. The IHS 
may be mounted on standoffs 412 attached to the PC board. 
The previously described methods may be applied to reduce 
the total thermal resistance across the interface betWeen the 
IC and the IHS. 

[0029] As illustrated, in an effort to further enhance heat 
transfer from the IC package, a heat sink 414 may be 
thermally coupled to a top surface of the IHS. The heat sink 
may include ?ns or other protrusions to increase its surface 
area, Which may increase its ability to remove heat from the 
IC package. Asecond TIM 416 may be disposed betWeen the 
top surface of the IHS and a bottom surface of the heat sink. 
For one embodiment, the previously described methods may 
be applied to reduce the total thermal resistance across the 
interface betWeen the IHS and the heat sink. 

[0030] FIG. 5 illustrates a How diagram 500 illustrating 
eXemplary operations of a method to fabricate an IC package 
according to one embodiment. For block 510, a ?rst TIM is 
covalently bonded to a bottom surface of an IHS. For block 
520, the IHS is thermally coupled to a backside surface of 
an IC, the TIM disposed betWeen the bottom surface of the 
IHS and the backside surface of the IC. For block 530, a 
second TIM is convalently bonded to a bottom surface of a 
heat sink and/or a backside surface of the IHS. For block 
540, the heat sink is thermally coupled to the IHS, the 
second TIM disposed betWeen the bottom surface of the heat 
sink and the top surface of the IHS. 

[0031] In the foregoing description, the invention has been 
described With reference to speci?c eXemplary embodiments 
thereof. It Will, hoWever, be evident that various modi?ca 
tions and changes may be made thereto Without departing 
from the broader spirit or scope of the present invention as 
de?ned in the appended claims. The speci?cation and draW 
ings are, accordingly, to be regarded in an illustrative rather 
than a restrictive sense. 

What is claimed is: 
1. A method comprising: 

covalently bonding a thermal interface material to a 
bottom surface of a heat dissipating device and/or a 
backside surface of a heat generating device; and 

thermally coupling the heat dissipating device to the heat 
generating device, the thermal interface material dis 
posed betWeen the bottom surface of the heat dissipat 
ing device and the backside surface of the heat gener 
ating device. 

2. The method of claim 1, Wherein covalently bonding the 
thermal interface material to a bottom surface of a heat 
dissipating device and/or a backside surface of a heat 
generating device comprises electropolymeriZation of a 
monomer. 

3. The method of claim 1, Wherein covalently bonding the 
thermal interface material to a bottom surface of a heat 
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dissipating device and/or a backside surface of a heat 
generating device comprises electrodeposition of an elec 
troactive polymer. 

4. The method of claim 3, Wherein electrodeposition of an 
electroactive polymer comprises electrodeposition of an 
electroactive polymer on a metal surface of the heat dissi 
pating device. 

5. The method of claim 3, Wherein the electroactive 
polymer has an electroactive end group —NHn+. 

6. The method of claim 3, Wherein the electroactive 
polymer has an electroactive end group —COOH or 
—COO—. 

7. The method of claim 1, Wherein covalently bonding the 
thermal interface material to a bottom surface of a heat 
dissipating device and/or a backside surface of a heat 
generating device comprises surface grafting a polymer on 
the bottom surface of a heat dissipating device and/or a 
backside surface of a heat generating device. 

8. The method of claim 1, Wherein covalently bonding the 
thermal interface material to a bottom surface of a heat 
dissipating device and/or a backside surface of a heat 
generating device comprises chemically treating the back 
side surface of the heat generating device to generate a 
functional group that can react With the thermal interface 
material to form covalent bonds. 

9. The method of claim 8, Wherein chemically treating the 
backside surface of the heat generating device comprises 
oXidiZing a silicon surface of the heat generating device With 
an oXidiZing agent. 

10. The method of claim 9, Wherein the oXidiZing agent is 
KMnO4, and the thermal interface material comprises an 
epoXy resin. 

11. The method of claim 1, Wherein the heat generating 
device is an integrated circuit and the heat dissipating device 
is an integrated heat spreader. 

12. The method of claim 11, Wherein the thermal interface 
material has a bulk thermal conductivity greater than 4 
W/mK. 

13. A method comprising: 

applying a thermal interface material to a backside surface 
of a heat generating device and/or a bottom surface of 
a heat dissipating device, Wherein the thermal interface 
material comprises a polymer material With thermally 
conductive ?ller components dispersed therein, the 
thermally conductive ?ller components covalently 
bonded together and/or covalently bonded With the 
polymer material; and 

attaching the heat dissipating device to the heat generating 
device, the thermal interface material disposed betWeen 
the backside surface of the heat generating device and 
the bottom surface of the heat dissipating device. 

14. The method of claim 13, Wherein the TIM comprises 
a molecular composite material With covalent bonding 
betWeen metal or ceramic ?ller components. 

15. The method of claim 13, comprising producing the 
thermal interface material by chemically treating metal or 
ceramic ?ller components to form a functional group that 
can react With the polymer material to form covalent bonds. 

16. An apparatus, comprising: 

a heat generating device; 

a heat dissipating device thermally coupled to a backside 
surface of the heat generating device; and 
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a ?rst thermal interface material disposed betWeen the 
backside surface of the heat generating device and a 
bottom surface of the heat dissipating device, the ?rst 
thermal interface material covalently bonded to the 
bottom surface of the heat dissipating device and/or the 
backside surface of the heat generating device. 

17. The apparatus of claim 16, Wherein the heat generat 
ing device is an integrated circuit. 

18. The apparatus of claim 17, Wherein the ?rst thermal 
interface material comprises an epoxy resin covalently 
bonded to the backside surface of the integrated circuit. 

19. The apparatus of claim 16, Wherein the ?rst thermal 
interface material comprises a molecular composite mate 
rial. 

20. The apparatus of claim 16, Wherein the ?rst thermal 
interface material comprises a nanocomposite material. 

21. The apparatus of claim 16, Wherein the ?rst thermal 
interface material comprises a thermally conductive poly 
mer. 
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22. The apparatus of claim 16, Wherein the ?rst thermal 
interface material has a thermal conductivity greater than 4 
W/mK. 

23. The apparatus of claim 16, comprising an electroac 
tive polymer bonded to the heat dissipating device by 
electrodeposition. 

24. The apparatus of claim 16, Wherein the heat dissipat 
ing device is an integrated heat spreader. 

25. The apparatus of claim 24, comprising a heat sink 
thermally coupled to a top surface of the integrated heat 
spreader. 

26. The apparatus of claim 25, comprising a second 
thermal interface material disposed betWeen the top surface 
of the integrated heat spreader and a bottom surface of the 
heat sink, the second thermal interface material covalently 
bonded to the bottom surface of the heat sink and/or the top 
surface of the integrated heat spreader. 

* * * * * 


