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INTEGRATED CIRCUIT COOLANT 
MICROCHANNEL WITH COMPLIANT COVER 

BACKGROUND 

[0001] As microprocessors advance in complexity and 
operating rate, the heat generated in microprocessors during 
operation increases and the demands on cooling systems for 
microprocessors also escalate. Also, it may be important that 
a microprocessor and cooling system be able to Withstand 
cold temperatures (e.g., minus forty degrees Celsius). For 
example, a Personal Computer (PC) may be exposed to loW 
temperatures While being shipped from a manufacturer to a 
distributor or retailer, or a laptop computer may be exposed 
to freezing temperatures When stored in a user’s car over 
night. Exposure to loW temperatures may be a signi?cant 
issue With respect to a cooling system that utiliZes a liquid 
coolant. 

[0002] Another issue that may be presented in a cooling 
system that utiliZes a liquid coolant is localiZed increase in 
pressure if the coolant Were to boil at the locus of a hotspot 
on the microprocessor die. Such an increase in pressure may 
interfere With uniform coolant How and may thus compro 
mise the cooling system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] FIG. 1 is a schematic diagram of a system. 

[0004] FIG. 2 is a schematic side cross-sectional vieW of 
a microchannel assembly according to some embodiments, 
the vieW taken at line II-II in FIG. 1. 

[0005] FIG. 3 is a vieW similar to FIG. 2 ofa microchannel 
assembly according to some other embodiments. 

[0006] FIG. 4 is a vieW similar to FIGS. 2 and 3 of a 
microchannel assembly according to still other embodi 
ments. 

[0007] FIG. 5 is a vieW similar to FIG. 4 and shoWing the 
microchannel assembly of FIG. 4 in a condition to accom 
modate freeZing of a coolant (not shoWn) therein. 

[0008] FIG. 6 is a vieW similar to FIGS. 2-4 of a micro 
channel assembly according to other embodiments, When in 
a condition to accommodate freeZing of a coolant (not 
shoWn) therein. 

[0009] FIG. 7 is a vieW similar to FIG. 6, shoWing the 
microchannel assembly of FIG. 6 in a normal operating 
condition. 

[0010] FIG. 8 is a front elevation vieW of the microchannel 
assembly of FIGS. 6 and 7 in a normal operating condition. 

[0011] FIG. 8A is a vieW similar to FIGS. 2-4, 6 and 7 of 
a microchannel assembly according to additional embodi 
ments, When in a condition to accommodate freeZing of a 
coolant (not shoWn) therein. 

[0012] FIG. 9 is a vieW similar to FIGS. 2-4 and 6 of a 
microchannel assembly according to still other embodi 
ments, in a condition in Which coolant is expelled from the 
microchannel assembly. 

[0013] FIG. 10 is a vieW similar to FIG. 9, shoWing the 
microchannel assembly of FIG. 9 in a condition in Which 
coolant (not shoWn) is present in the microchannel assembly. 

Oct. 4, 2007 

[0014] FIG. 11 is a schematic side vieW of an integrated 
circuit die having mounted thereon a microchannel assembly 
in accordance With one of FIGS. 2-10. 

[0015] FIG. 12 is a block diagram shoWing a die With 
additional components of a cooling system according to 
some embodiments. 

[0016] FIG. 13 is a block diagram of a computer system 
according to some embodiments that includes an example of 
an integrated circuit die associated With a cooling system as 
in one or more of FIGS. 2-12. 

DETAILED DESCRIPTION 

[0017] FIG. 1 is a block diagram of a system 100 including 
an Integrated Circuit (IC) 110. The IC 110 may be associated 
With, for example, an INTEL® PENTIUM IV processor. To 
help remove heat generated by transistors (not separately 
shoWn) located on the front-side (not shoWn) of the IC 110, 
a liquid coolant maybe received in an inlet reservoir or 
chamber 130 through an inlet opening 120. For example, a 
pump may move the coolant through the inlet opening 120. 

[0018] Microchannels may be formed directly in the rear 
surface of the IC 110 or may be formed in a separate piece 
of silicon or in a piece of copper that is eutectically (e.g.) 
bonded to the back of the IC 110. The IC 110 may be thinned 
to reduce thermal resistance betWeen the transistors and the 
microchannels. 

[0019] The inlet chamber 130 may comprise, for example, 
a manifold Which opens into a number of channels 140 that 
lead to an outlet chamber 150 (e.g., another manifold). The 
coolant may ?oW through these channels 140 and then exit 
the outlet chamber 150 through an outlet opening 160. The 
channels 140 may be located proximate to the IC 110 to 
facilitate the removal of heat from the system 100. That is, 
heat may be transferred from the IC 110 to the coolant, 
Which may then leave the system 100. The heated coolant 
may then cool at a remote location before returning to the 
system 100. 

[0020] In a typical manner of implementing a microchan 
nel cooling system, a hard, in?exible cover is bonded to the 
top of the microchannel assembly. The top cover may be 
made of glass, silicon, or metal. Bonding methods such as 
anodic, eutectic or direct bonding are typically used. 

[0021] To ef?ciently facilitate a transfer of heat, a coolant 
With a relatively high thermal conductivity and high heat 
capacity may be used. Moreover, it may be bene?cial if the 
coolant is relatively inexpensive and easy to pump. Note that 
Water has a relatively high thermal conductivity, a relatively 
high beat capacity, is relatively inexpensive, and can be 
readily pumped. It may also be important that the system 
100 be able to Withstand cold temperatures (e. g., minus forty 
degrees Celsius). Note, hoWever, that Water expands in siZe 
When it freeZes, and, as a result, the channels 140 may 
become damaged if Water Were to freeZe therein. For 
example, the channels 140 may crack if Water Were to turn 
to ice therein. 

[0022] FIG. 2 is a schematic side cross-sectional vieW of 
a microchannel assembly 200 according to some embodi 
ments. The microchannel assembly 200 includes a micro 
channel structure 202 having microchannels 204 formed 
therein. The microchannels 204 are channels or passages 
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each having a Width of about 20 to 500 micrometers, 
although other Widths may be used. The microchannels 204 
transport (e.g., alloW to How therein) a coolant (not shoWn). 
The microchannel structure 202 may be any body, such as a 
metal or silicon cold plate in Which microchannels are 
formed, and Which is to be mounted on the back-side of a 
microchip (e.g., on an IC such as a microprocessor die) so 
that the microchannels are proximate to the IC to transfer 
heat from the IC to the coolant. The microchannel structure 
may alternatively be the microchip die itself having micro 
channels forrned in a rear surface thereof. 

[0023] In some embodiments, the microchannels 204 may 
have a height of about 300 microns and a Width of about 100 
microns, but other dimensions of the microchannels 204 are 
possible. In a practical embodiment, the number of micro 
channels may be much more than the relatively feW micro 
channels depicted in the draWing. The microchannels may, 
but need not, all be straight and parallel to each other. In 
general, FIGS. 1 and 2 and the other draWings herein are not 
to scale. 

[0024] The microchannel assembly 200 may also include 
a compliant membrane 206 Which spans the microchannels 
204. The membrane 206 may serve as a cover positioned on 
the microchannel structure 202 to de?ne a respective upper 
Wall 208 of each of the microchannels 204. Since the 
membrane 206 is compliant, it presents a compliant surface 
to the microchannels 204. As used herein and in the 
appended claims, “compliant” has its common meaning of 
bending or yielding in response to pressure. 

[0025] The microchannel assembly 200 may also include 
a cap member 208 positioned on the microchannel structure 
202 With the membrane 206 sandWiched betWeen the cap 
member 208 and the microchannel structure 202. It Will be 
noted that the microchannel structure 202 includes opposed 
Walls 210 Which de?ne side Walls 212 of the microchannels 
204. The Walls 210 may, but need not, all be of uniform 
Width. The cap member 208 may also include opposed Walls 
214 to de?ne relief channels 216 in the cap member 208. The 
Walls 214 of the cap member 208 may each be aligned With, 
and may have the same Width as, a respective one of the 
Walls 210 of the microchannel structure 202. The membrane 
206 is sandWiched betWeen the loWer surfaces 218 of the 
Walls 214 and the upper surfaces 220 of the Walls 210. Each 
relief channel 216 is located above a respective one of the 
microchannels 204, With the membrane 206 forming a 
bottom Wall 222 of each relief channel 216. (As a matter of 
convention, the doWnWard or vertical direction Will be taken 
to be the direction from the microchannel assembly to the IC 

die.) 
[0026] The membrane 206 may be adhered to the upper 
surfaces 220 of the Walls 214 of the microchannel structure 
202. In some embodiments, the membrane 206 may be 
formed of a material such as polydimethylsiloxane (PDMS) 
elastomer. According to one manner of forming the mem 
brane, the microchannel structure 202 is ?lled With a 1% 
solution of agarose in Water that has been heated above its 
melting point of about 85° C. Drain holes (not shoWn) in the 
bottom of the microchannel structure 202 may have been 
sealed With Capton tape or the like before introduction of the 
agarose solution. The microchannel structure is then alloWed 
to cool so that the agarose gel solidi?es. Thereafter, a layer 
of PDMS may be spin-coated on the surface formed by the 
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solid agarose and the upper surfaces of the Walls 214, and the 
resulting PDMS layer is then cured. The PDMS may be 
diluted up to about 40% With hexane so that the viscosity of 
the PDMS, and hence the thickness of the resulting mem 
brane, can be controlled. The curing may vary as a function 
of the hexane concentration but may be in the range of 2-5 
hours at 80° C. The thickness of the membrane may be 
chosen to provide mechanical strength as Well as ?exibility 
(compliance). 

[0027] After the membrane is cured, the drain holes are 
unsealed and the microchannel structure is immersed in a 
bath of Water at, e.g., 90° C. for about 5 minutes to melt the 
agarose gel and to alloW the agarose to drain from the 
microchannel structure. 

[0028] In accordance With another manner of making the 
microchannel assembly, a pre-fabricated PDMS membrane 
may be adhered to the upper surfaces of the Walls 214 after 
cleaning the microchannel structure With methanol or the 
like. Whether the membrane is pre-fabricated or is cured in 
situ, the cap member 208 is mounted as shoWn in FIG. 2 With 
the PDMS membrane adhered to the microchannel structure. 
The cap member 208 may be formed of silicon or metal, for 
example. One Way the cap member 208 may be bonded to 
the membrane 206, in the case Where the cap member is 
made of silicon, may be by pressing the cap member and the 
microchannel structure together With the membrane in 
betWeen With exposure to an oxygen plasma. Holes may be 
punched in the membrane to provide an inlet and an outlet 
for the coolant. 

[0029] During normal operation, coolant such as Water 
(not shoWn) is present in the microchannels 204 and ?oWs 
therethrough to remove heat from the IC 110 (FIG. 1). In the 
event that the system 100 encounters freeZing temperature 
While being stored or transported, the Water in the micro 
channels 204 may freeZe and expand, causing the membrane 
206 to bulge upWard into the relief channels 216. The 
bulging of the membrane 206 may alloW the freeZing and 
expansion of the Water to occur Without resulting in crack 
ing, damage or breakage of the microchannel structure 202 
itself. Thus the provision of the membrane and associated 
relief channels may alloW the system 100 to endure freeZing 
temperatures Without suffering damage. 

[0030] Also, the compliant membrane may be helpful in 
accommodating phase conversion of the coolant from liquid 
to vapor, as may occur over hotspots on the IC. This 
occurrence is referred to as tWo-phase ?oW. In a conven 

tional, rigid microchannel, boiling of the coolant over a 
hotspot may result in an increase in pressure Which may 
result in a decrease of coolant How in the channel relative to 
other channels. Such a decrease in How may compromise the 
cooling ability of the cooling system. HoWever, if in accor 
dance With embodiments described herein a compliant mem 
brane forms the upper Wall of the microchannel, the mem 
brane may ?ex to relieve the pressure increase and to 
maintain the How of coolant through all channels. 

[0031] FIG. 3 is a vieW similar to FIG. 2 of a microchannel 
assembly 300 according to some other embodiments. 

[0032] The microchannel assembly 300 may include the 
same microchannel structure 202 that Was described above 
in connection With FIG. 2. In addition, the microchannel 
assembly 300 includes a cover 302 positioned on the micro 
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channel structure 202 to de?ne the upper Walls of the 
microchannels 204. The cover 302 is formed of a rigid cover 
member 304 (e.g., of metal or silicon) Which has formed 
therein a doWnWard-facing recess 306. The cover 302 also 
includes a pad 308 in the recess 306 and secured to the lower 
surface 310 of the rigid cover member 304. The pad 308 may 
be formed of rubber or another ?exible material. The pad 
308 may be formed of PDMS, for example. The securing of 
the pad 308 to the surface 310 may be by adhesive or by 
other means, including simply pressure applied to the pad 
from beloW by the microchannel structure 202. The pad 308 
is compliant and thus presents a compliant surface to the 
microchannels 204. A space (not shoWn) may be provided 
above the pad 308 as part of the recess 306 to alloW the pad 
308 to ?ex into the recess if the coolant freeZes. The cover 
302 may be clamped to the microchannel structure 202 by a 
mechanical device (e.g., a clamp). A layer of titanium 
folloWed by a layer of gold may be deposited on the surfaces 
of the microchannel structure Which contact the pad to 
prevent the pad from adhering to the microchannel structure. 
Again, if the system 100 encounters freeZing temperatures 
so that the coolant in the microchannels freeZes and expands, 
the expansion of the coolant may be accommodated by 
compression and yielding of the pad 308 so that the possi 
bility of damage to the microchannel structure and/or to the 
cover may be reduced. 

[0033] During normal operation, the pad may be tightly 
pressed betWeen the microchannel structure and the cover so 
as to seal the tops of the microchannels. 

[0034] FIG. 4 is a vieW similar to FIGS. 2 and 3 of a 
microchannel assembly 400 according to still other embodi 
ments. 

[0035] The microchannel assembly 400 may include the 
same microchannel structure 202 that Was described above 
in connection With FIG. 2. In addition, the microchannel 
assembly 400 includes a cover 402 Which is formed of a 
?exible material such as plastic (e.g., Te?on) or bi-metal 
(e.g., copper-aluminum or aluminum-titanium). The cover 
402 de?nes upper Walls of the microchannels 204. The cover 
402 is sealingly secured to the microchannel structure 202 at 
perimeter Walls of the microchannel structure such as side 
Walls 404, 406 and fore and aft Walls Which are not shoWn. 
Because the cover 402 is ?exible, it presents a compliant 
surface to the microchannels. In the event of exposure of the 
system to freeZing temperatures, the cover may ?ex 
upWardly, as illustrated in FIG. 5, to accommodate freeZing 
and expansion of the coolant. Such ?exing of the cover may 
also occur to accommodate local increases in pressure due to 
phase changes over hotspots during normal operation. 

[0036] A microchannel assembly 600 according to still 
other embodiments is schematically illustrated in FIGS. 6-8. 
The microchannel assembly 600 may include a microchan 
nel structure 602 and a cover 604. The microchannel struc 
ture 602 may be similar to the above-described microchan 
nel structure 202 of other embodiments. FIG. 6 is a side 
cross-sectional vieW shoWing the microchannel assembly 
600 in a condition in Which freeZing and expansion of 
coolant (not shoWn) has caused the cover 604 to be lifted 
upWardly from the microchannel structure 602. FIG. 7 is a 
vieW similar to FIG. 6, but shoWing the microchannel 
assembly 600 in a normal operating condition With the cover 
604 positioned on the microchannel structure 602 to de?ne 
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upper Walls of the microchannels. FIG. 8 is a front elevation 
vieW of the microchannel assembly 600 in the normal 
operating condition. 

[0037] The cover 604 may be a rigid member of silicon or 
metal, for example. Referring to FIG. 8, the microchannel 
assembly 600 may further include a bias mechanism 606 
that may be constituted, for example, of tWo springs 608 
each mounted at a respective side of the microchannel 
assembly 600 and attached to the microchannel structure 
602 and to the cover 604 and tensioned to doWnWardly bias 
the cover 604 toWard the microchannel structure 602. The 
tensioning of the springs 608 may be such as to alloW the 
cover 602 to be compliant to a force applied (e.g., by 
expansion of the coolant upon freezing) upWardly to the 
cover 604 from the microchannels. Thus, by virtue of the 
manner in Which it is mounted, the cover may present a 
compliant surface to the microchannels. 

[0038] Although only tWo springs are shoWn in the draW 
ing, in some embodiments the bias mechanism may include 
a different number of springs, such as four springs (e.g., one 
mounted at each side of the microchannel assembly or one 
mounted at each corner of the microchannel assembly) or 
one spring (e.g., mounted interiorly of the cover at a central 
location thereof). 

[0039] The microchannel assembly 600 may also include 
a belloWs 610, made of foil or the like, Which joins a loWer 
periphery 612 (FIG. 6) of the cover 604 to an upper 
periphery 614 of the microchannel structure 602 to seal the 
gap that may be formed When the cover is lifted and thus to 
prevent the coolant from escaping betWeen the cover and the 
microchannel structure. 

[0040] The manner of mounting the cover in this embodi 
ment may alloW for accommodation of freeZing of the 
coolant and thus may prevent such freeZing from causing 
damage to the cover and/or to the microchannel structure. 

[0041] FIG. 8A is a vieW similar to FIGS. 2-4 and 6 
shoWing a microchannel assembly 800 in a condition to 
accommodate freeZing and expansion of coolant (not 
shoWn). 
[0042] The microchannel assembly 800 includes a micro 
channel structure 802 and a multi-part cover 804 positioned 
on (e.g., bonded to) the microchannel structure 802. The 
microchannel structure 802 has microchannels 806 formed 
therein. Interior opposed Walls 808 of the microchannel 
structure 806 de?ne side Walls of the microchannels 806. 
The exterior Walls 810 of the microchannel structure 802 are 
stepped and each include a step surface 812 Which is 
co-planar With the upper surfaces 814 of the interior Walls 
808. The exterior Walls 810 also include upWard extensions 
816 Which extend upWardly beyond the plane de?ned by 
step surfaces 812 of the Walls 810 and upper surfaces 814 of 
the Walls 810. 

[0043] The multi-part cover 804 includes an upper mem 
ber 818 Which may be generally planar and Which spans the 
upWard extensions 816 of the Walls 810. The cover 804 
further includes a loWer member 820 mounted to a loWer 
surface 822 of the upper member 818 by a leaf spring 824. 
The loWer member 820 of the cover 804 may be generally 
planar and spans the step surfaces 812 of the Walls 810. The 
cover 804 also includes an O-r‘ing 826 mounted around a 
horiZontal perimeter of the loWer member 820 to sealingly 
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close a gap 828 between the lower member 820 and the 
upward extensions 816 of the walls 810. 

[0044] The leaf spring 824 functions as a bias mechanism 
to downwardly bias the lower member 820 toward the upper 
surfaces 814 of the walls 808 and the step surfaces 812 of the 
walls 810 so that, during normal operation (a condition not 
illustrated in FIG. 8A), the lower member 820 closes the 
tops of the microchannels 806 and de?nes the upper walls of 
the microchannels 806. Because of the manner of mounting 
the lower member 820, the lower surface 830 of the lower 
member 820 is presented as a compliant surface to the 
microchannels 806 so that in the event of freezing of the 
coolant (not shown), expansion of the coolant may force the 
lower member 820 upward against the force of the leaf 
spring 824 to a condition, such as that illustrated in FIG. 8A. 
Thus the spring-mounted member 820 may accommodate 
freeZing and expansion of the coolant to allow such expan 
sion to occur with reduced risk of damage to the microchan 
nel assembly. 

[0045] FIG. 9 is a view similar to FIGS. 2-4 and 6 of a 
microchannel assembly 900 according to still other embodi 
ments, in a condition in which coolant is expelled from the 
microchannel assembly. FIG. 10 is a view similar to FIG. 9, 
showing the microchannel assembly 900 in a condition in 
which coolant (not shown) is present in the microchannel 
assembly. 
[0046] The microchannel assembly 900 may include the 
same microchannel structure 202 as in previous embodi 
ments and may also include a cover 902 which may be a 

rigid member, like cover 604 (FIG. 6) but ?xedly and 
liquid-tightly secured to close the microchannels and to 
de?ne the upper walls of the microchannels. In addition, the 
microchannel assembly 900 includes a ?ller material 904, 
such as n-isopropylacrylamide (NIPAM) which is present in 
the microchannels. The NIPAM is a polymer which exhibits 
shrinking to a great extent upon exposure to heat. For 
example, upon a suitable increase in temperature NIPAM 
shrinks to about one-tenth of its previous siZe. At a relatively 
low temperature, below 400 C., the NIPAM occupies enough 
space to completely obstruct the microchannels in the micro 
channel assembly 900. As the temperature rises above 400 
C., the NIPAM shrinks to substantially one-tenth of its 
previous siZe and so is in a condition such that the micro 
channels are substantially unobstructed. The NIPAM is a 
solid in both conditions. 

[0047] Before beginning operation, the NIPAM is in its 
low-density, high space occupancy state and the microchan 
nels are completely ?lled and obstructed by the NIPAM 
(FIG. 9). As operation of the system begins, the IC (not 
shown in FIGS. 9 and 10) generates heat and warms the 
NIPAM to a temperature at which the NIPAM drastically 
shrinks (FIG. 10) and allows the coolant to be circulated 
through the microchannels. The shrinking of the NIPAM 
occurs at around 400 C., which is well below the temperature 
(e.g., 100° C.) at which cooling of the IC begins to be 
needed, so that the presence of the NIPAM does not interfere 
with cooling operation of the system which includes the 
microchannel assembly. 

[0048] When operation of the system ceases and the IC 
and the microchannel assembly cool o?‘, the NIPAM 
expands to its full siZe, forcing substantially all of the 
coolant out of the microchannels. Consequently, in the event 
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that the system is thereafter exposed to freeZing tempera 
tures, there will be substantially no coolant in the micro 
channels to damage the microchannels by freeZing and 
expansion. 
[0049] In some embodiments, the NIPAM may be adhered 
to a lower surface of the cover 902 at the locus of the 
microchannels (i.e., the NIPAM may be adhered to the upper 
walls of the microchannels). In other embodiments, the 
NIPAM may be adhered to one or more other walls of the 
microchannels, in addition to or instead of being adhered to 
the cover. However, it may be the case, if the NIPAM is 
adhered to more than one surface, that shrinking of the 
NIPAM upon heating thereof may pull the NIPAM away 
from one or more of the surfaces and/or may adversely affect 
the structural integrity of the NIPAM. In some embodiments, 
the NIPAM may be adhered to the lower surface of the cover 
and/or to one or more other walls of the microchannels by 
means of an interface of elastic ?bers. It may be advanta 
geous to adhere the NIPAM only to the lower surface of the 
cover, since if the NIPAM is present on the side or bottom 
walls of the microchannel structure, the NIPAM may reduce 
heat transfer from the microchannel structure to the coolant. 

[0050] In some embodiments, inlets and or outlets (both 
not shown) in the cover may be positioned to coincide with 
hotspots on the IC die, since the NIPAM will remain in its 
“hot” shrunken condition longest at these locations, allow 
ing the coolant to ?ow out of the inlets/outlets. 

[0051] FIG. 11 is a schematic side view of an integrated 
circuit die 110 with a microchannel assembly 1100 mounted 
thereon. The microchannel assembly 1100 may be any one 
of the types of microchannel assembly described herein 
above. The microchannel assembly 1100 may be bonded to 
the back-side 1101 of the integrated circuit die 110 by, e.g., 
a layer of thermal interface material (TIM) 1102 to thermally 
couple the microchannel assembly 1100 to the integrated 
circuit die 110. In other embodiments, the microchannel 
assembly may be thermally coupled in another manner to the 
integrated circuit die. The transistors (not separately shown) 
of the IC die 110 are formed at the front side 1104 of the IC 
die 110. 

[0052] In other embodiments, the microchannels may be 
formed directly in the rear-side of the IC die, so that the 
microchannel structure and the IC die are one integrated 
piece. In these embodiments, no TIM would be required, and 
a cover like one of the covers described above may be 
provided to accommodate freeZing and/or boiling of the 
coolant. 

[0053] FIG. 12 is a block diagram showing an IC die 1210 
and additional components of a cooling system 1200. For 
purposes of illustration the microchannel assembly 1240 
(which may be any one of the microchannel assemblies 
described above) is shown as a single block. The cooling 
system 1200 includes a coolant circulation system 1290 to 
supply the coolant to the microchannel assembly 1240. The 
coolant circulation system 1290 may be in ?uid communi 
cation with the microchannel assembly 1240 via one or more 
coolant supply channels or lines 1292 and one or more 
coolant return channels 1294. Although not separately 
shown, a pump and a heat exchanger located remotely from 
the die 1210 maybe included in the coolant circulation 
system 1290. 

[0054] Coolant supplied by the coolant circulation system 
1290 may ?ow through the microchannels of the micro 
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channel assembly 1240 at or above the rear surface of the IC 
die 1210 to aid in cooling the IC die 1210. In some 
embodiments, the coolant is operated With tWo phasesi 
liquid and vapor. That is, in some embodiments at least part 
of the coolant in the microchannels is in a gaseous state. In 
other embodiments, the coolant is single phaseithat is, all 
liquid. In either case, the microchannel assembly accommo 
dates freezing of the coolant While reducing the possibility 
of damaging the microchannel assembly as a result of the 
freezing, or expels the coolant from the microchannels to 
prevent damage from freeZing. 

[0055] The IC die 1210 may be associated With a micro 
processor in some embodiments. FIG. 13 is a block diagram 
of a system 1300 in Which such a die 1310 may be 
incorporated. In particular, the die 1310 includes many 
sub-blocks, such as an Arithmetic Logic Unit (ALU) 1304 
and an on-die cache 1306. The microprocessor on die 1310 
may also communicate to other levels of cache, such as 
off-die cache 1308. Higher memory hierarchy levels, such as 
system memory 1311, may be accessed via a host bus 1312 
and a chipset 1314. In addition, other off-die functional 
units, such as a graphics accelerator 1316 and a Network 
Interface Controller (NIC) 1318, to name just a feW, may 
communicate With the microprocessor on die 1310 via 
appropriate busses or ports. 

[0056] The IC die 1310 may be cooled in accordance With 
any of the embodiments described herein. For example, a 
pump 1390 may circulate a coolant (e.g., including Water) 
through a cold plate 1340 proximate to the IC die 1310 and 
having at least one microchannel to transport the coolant. 
Moreover, an arrangement to reduce or prevent damage due 
to freeZing may be provided in accordance With any of the 
embodiments described above. 

[0057] The system architecture shoWn in FIG. 13 is exem 
plary; other system architectures may be employed. 

[0058] The several embodiments described herein are 
solely for the purpose of illustration. The various features 
described herein need not all be used together, and any one 
or more of those features may be incorporated in a single 
embodiment. Therefore, persons skilled in the art Will rec 
ogniZe from this description that other embodiments may be 
practiced With various modi?cations and alterations. 

1. An apparatus comprising: 

a microchannel structure having microchannels formed 
therein, said microchannels to transport a coolant and 
to be proximate to an integrated circuit to transfer heat 
from the integrated circuit to the coolant; and 
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a cover positioned on the microchannel structure to de?ne 
a respective upper Wall of each of said microchannels, 
said cover presenting a compliant surface to said micro 
channels. 

2.-5. (canceled) 
6. The apparatus of claim 1, Wherein said cover includes 

a ?exible pad secured to said cover. 
7. The apparatus of claim 6, Wherein said ?exible pad is 

formed of rubber. 

8.-22. (canceled) 
23. An apparatus comprising: 

an integrated circuit (IC); and 

a microchannel assembly thermally coupled to the IC and 
having microchannels formed therein, each microchan 
nel de?ned by a respective plurality of Walls, at least 
one of said Walls Which de?nes said each microchannel 
being formed of a compliant material. 

24. (canceled) 
25. The apparatus of claim 23, Wherein a respective upper 

Wall of each of the microchannels is formed by a rubber pad. 
26. A system comprising: 

a microprocessor integrated circuit die; 

a microchannel structure thermally coupled to the micro 
processor integrated circuit die, the microchannel struc 
ture having microchannels formed therein, said micro 
channels to transport a coolant; 

a cover positioned on the microchannel structure to de?ne 

a respective upper Wall of each of said microchannels, 
said cover presenting a compliant surface to said micro 
channels; and 

a chipset in communication With the microprocessor 
integrated circuit die. 

27. (canceled) 
28. The system of claim 26, Wherein said cover includes 

a rubber pad secured to a loWer surface of said cover. 

29.-30. (canceled) 
31. The apparatus of claim 6, Wherein the cover includes 

a recess in Which the ?exible pad is located. 
32. The apparatus of claim 6, Wherein the pad is formed 

of polydimethylsiloxane elastomer. 
33. The apparatus of claim 25, Wherein the rubber pad is 

located in a recess in a cover. 

34. The system of claim 28, Wherein the cover includes a 
recess in Which the rubber pad is located. 

* * * * * 


