
US 2003O1551 O2A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2003/0155102 A1 

Garner (43) Pub. Date: Aug. 21, 2003 

(54) VAPOR CHAMBER HAVING INTEGRAL (52) U.S. Cl. ............. 165/80.3; 165/104.21; 165/104.26; 
CAPTIVE FASTENERS 165/185 

(76) Inventor: Scott D. Garner, Lititz, PA (US) 
Correspondence Address: 
Samuel W. Apicelli 
Duane Morris LLP 
P.O. BOX 1003 
Harrisburg, PA 17108-1003 (US) 

(57) ABSTRACT 

A vapor chamber for Spreading heat includes a housing 
(21) Appl. No.: 10/076,930 having Spaced-apart first and Second plates, the first and 

Second plates defining a hollow chamber. At least one 
(22) Filed: Feb. 15, 2002 opening is defined through the first and Second plates, the 

opening being isolated from the hollow chamber. At least 
one insert is fitted into each opening. The insert may be a 

(51) Int. Cl." ............................... F28F 7/00; F28D 15/00 Snap-in insert or may be Stamped into the opening. 
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WAPOR CHAMBER HAVING INTEGRAL CAPTIVE 
FASTENERS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 This invention relates generally to heat spreaders, 
and more specifically to a heat spreader having a vapor 
chamber. 

0003 2. Description of Related Art 
0004 AS integrated circuit chips decrease in size and 
increase in power, the heat SinkS required to maintain a 
desired temperature have grown to have a much larger 
footprint than the chips. Heat sinks are most effective when 
there is a uniform heat flux applied over the entire heat input 
Surface. When a heat Sink with a large heat input Surface is 
attached to a heat Source with a much Smaller contact area, 
there is significant resistance to the flow of heat to the other 
portions of the heat Sink which are not in direct contact with 
the integrated circuit chip. Higher power and Smaller heat 
Sources, or heat Sources which are offset from the center of 
the heat Sink, increase the resistance to heat flow to the 
balance of the heat Sink. This phenomenon can cause great 
differences in the heat transfer rate from various parts of the 
heat sink. The effect of this unbalanced heat transfer is 
reduced performance of the integrated circuit chip and 
decreased reliability due to high operating temperatures. 
0005 Conventional approaches to handling the increased 
heat flux from the heat Source include increasing the size of 
the heat Sink, increasing the thickness of the heat Sink 
Surface which contacts the device to be cooled, increasing 
the air flow which cools the heat Sink, and/or reducing the 
temperature of the cooling air. However, these approaches 
increase weight, noise, System complexity, and expense. 
0006 Currently, an advantageous mechanism for over 
coming the resistance to heat flow in a heat Sink is to attach 
a vapor chamber to a base of the heat Sink, Such as in the 
Therma-BaseTM heat spreader manufactured by Thermacore, 
Inc. of Lancaster, Pa. This vapor chamber is a vacuum vessel 
with a Saturated wick Structure lining the inside walls. AS 
heat is applied to the base of the vapor chamber, the working 
fluid at that location vaporizes. Wherever the vapor comes 
into contact with a cooler wall Surface it will condense, 
releasing its latent heat of vaporization. The condensed fluid 
returns to the heat Source via capillary action in the wick 
Structure. AS in a heat pipe, the thermal resistance associated 
with the vapor spreading is negligible, providing an effective 
means of spreading the heat from a concentrated Source to 
a large Surface. 
0007 FIG. 1 shows a prior art assembly comprising a 
Vapor-chamber-type heat Spreader 10 and a finned heat Sink 
20. The heat sink 20 is a cold-forged or machined heat sink 
having fins 22 attached to a base plate 24. The base plate 24 
and heat spreader 10 have openings 30 therethrough to 
receive fasteners 40 for fastening the heat spreader 10 and 
heat sink 20 to a heat generating device (not shown). The 
openings 30 through the vapor chamber 10 are formed in 
depressions 32 cast in one of the plates 12 of the vapor 
chamber 10 so that the vapor chamber 10 remains a sealed 
evacuated envelope. An insert 50, such as a PEM insert, is 
stamped into the openings 30 of the base plate 24. The 
inserts 50 receive and retain the fasteners 40. 
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0008. In the Therma-BaseTM heat sink assembly, the heat 
spreader 10 is attached to a base 24 of the finned heat sink 
20 by Soldering, adhesion bonding, brazing or the like. 
Through-holes 30 are provided through the heat spreader 10 
and base 24 for insertion of fasteners 40 for mounting the 
heat sink 20 to the heat input source. The base is typically 
a Solid conductive metal, Such as aluminum, for example. 
Inserts 50 for captively holding the fasteners are mounted to 
the base 24 of the finned heat sink 20. The base 20 must be 
cold forged or machined, and adds weight and Volume to the 
System. 

0009. An improved mounting structure for a heat sink 
with a vapor-chamber-type heat spreader is desired. 

SUMMARY OF THE INVENTION 

0010. The present invention is a heat spreader comprising 
a housing having first and Second plates defining a hollow 
chamber therebetween. At least one opening is defined 
through each of Said first and Second plates of the housing. 
The housing has a Surface defining at least one passage 
connecting the openings of the first and Second plates. The 
passage is isolated from the chamber. At least one insert is 
adapted for receiving a fastener. The at least one insert is 
mounted directly into the at least one passage. 
0011) Another aspect of the invention is a heat spreader 
comprising a housing including first and Second plates that 
define a hollow vapor chamber therebetween. At least one 
depression is formed in one of the plates which projects into 
the vapor chamber and is bonded to the other of the plates. 
The housing has an opening that penetrates through the 
depression and the other of the plates. An insert is adapted 
to receive a fastener. The insert is mounted directly into the 
opening. 

0012 Another aspect of the invention is a heat sink 
comprising: a housing including first and Second plates with 
an enclosed vapor chamber therebetween. At least one 
depression is formed in one of the plates which projects into 
the vapor chamber and is bonded to the other of the plates. 
The depression has an opening defined therethrough, So as 
to define an isolated passage through the vapor chamber. An 
insert is directly mounted into the opening and Shaped to 
receive a fastener. At least one fin is attached to the one of 
the plates of the housing. 
0013 Another aspect of the invention is a method for 
forming a heat Spreader comprising the Steps of joining first 
and Second plates to define a hollow vapor chamber ther 
ebetween; forming at least one depression in one of the 
plates, So that the depression projects into the vapor chamber 
and is bonded to the other of the plates, penetrating the 
depression and the other of the plates, and mounting an 
insert directly into the opening, Said insert being adapted to 
receive a fastener. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014. These and other objects, features and advantages of 
the present invention will be more fully disclosed in, or 
rendered obvious by, the following detailed description of 
the preferred embodiment of the invention, which is to be 
considered together with the accompanying drawings 
wherein like numbers refer to like parts and further wherein: 
0015 FIG. 1 is a cross-sectional view of a prior art heat 
Sink assembly. 
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0016 FIG. 2 is a cross-sectional view of one embodi 
ment of the present invention showing a Snap-in insert. 

0017 FIG. 3 is a cross-sectional view of another embodi 
ment of the present invention showing a Stamped-in insert. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0018 Referring to FIG. 2, an exemplary heat sink 101 
according to one embodiment of the present invention 
comprises a heat spreader 100 enclosing a vapor chamber 
130 and including an insert 170, and a captive fastener 300. 
The heat sink assembly 101 may have one or more fins 200 
attached directly to the housing 110, 120 of the heat spreader 
100. 

0019. The heat spreader 100 of the exemplary embodi 
ment comprises a first plate 110 and a second plate 120 
defining a hollow chamber 130 therebetween. Heat spreader 
100 has a wick structure (not shown) preferably on both 
plates, and a working fluid (not shown). At least one opening 
160 is defined through the vapor chamber 100, as explained 
below, and at least one insert 170 is mounted directly into 
each respective opening 160. 

0020. The first plate 110 and second plate 120 have inside 
Surfaces 112 and 122, respectively, outside Surfaces 114 and 
124, respectively, and peripheral lipS 116 and 126, respec 
tively. The bottom (first) plate 110 has at least one depres 
sion 118 formed therein. Alternatively, the depressions may 
be formed in the top (second) plate 120. The first plate 110 
and Second plate 120 are spaced apart and Sealed at their 
peripheral lips 116 and 126 defining a hollow chamber 130 
between the plates. 
0021 Referring again to FIG. 2, the heat spreader 100 is 
assembled in the following manner. The inside surfaces 112 
and 122 of the first and Second plates are covered with a 
wick structure (not shown), Such as a sintered metal capil 
lary wick. The first plate 110 and second plate 120 are sealed 
together at their peripheral lips 116 and 126 by, for example, 
welding, brazing or Soldering or the like. The vapor chamber 
130 is evacuated to remove all non-condensible gases. A 
Suitable quantity of working fluid is placed within the vapor 
chamber 130, to form a functioning vapor chamber two 
phase heat spreader. 

0022 Depressions or dimples 118 which project into the 
vapor chamber 130 of heat spreader 100 are formed in the 
first plate 110. The depressions 118 are formed and dimen 
Sioned so that when first plate 110 and second plate 120 are 
joined, the Surfaces contact and can be joined to form a gas 
or leak tight Seal, resulting in a through hole in the vapor 
chamber heat sink 100. The passage defined by the surface 
of the depression 118 connects the holes in the first and 
Second plates 110, 120. Because the openings or passages 
160 within the depressions 118 are isolated from the vapor 
chamber 100, the vacuum integrity of the vapor chamber 
100 is not compromised. The edges 119 of the depressions 
118 of the first plate 110 around the openings 160 remain 
sealed to the inside surface 122 of the second plate 120. In 
addition to providing a means for forming openings 160 in 
the vapor chamber 100, the depressions 118 also assure that 
the spacing between the first plate 110 and second plate 120 
are maintained, even where preSSure differentials between 
the inside volume of the vapor chamber 100 and surrounding 
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environment might otherwise cause the plates 110 and 120 
to deflect toward each other. The depressions 118, which 
essentially form columns within the vapor chamber 130, 
prevent the plates 110, 120 from bowing inward, and there 
fore maintain the flat Surface 114 for contact with the heat 
Source, Such as an integrated circuit chip (not shown). 
0023 Although openings 160 have been described as 
being formed through depressions 118, it should be under 
stood that Such openings could be formed in the housing of 
heat spreader 100 in other ways. For example, the heat 
spreader 100 could be pre-formed with hollow columns or 
Spacers between the first and Second plates. 

0024. In one embodiment of the invention, as shown in 
FIG. 2, a snap-in plastic insert 170 is mounted directly into 
the openings 160 in the vapor chamber 100, without mount 
ing the insert to a base plate of a heat sink. The insert 170 
is adapted to receive captive fasteners 300. The Snap-in 
plastic inserts 170 may be specially designed and formed to 
fit the openings 160 through the heat spreader 100 or 
alternatively, the openings 160 may be formed to fit com 
mercially available off-the-shelf plastic snap-in inserts 170. 
Because these inserts 170 are flared at the bottom, they are 
Self-retaining. Thus, the insert does not require an oversized 
diameter or an interference fit with the portion of opening 
160 having the narrowest diameter. The number of depres 
sions 118 and openings 160 through the heat spreader 100 
may vary depending on the number of fasteners 300 desired 
for attachment of the heat spreader 100 to the heat gener 
ating Source (not shown). The heat Source abuts the outside 
surface 114 of the first plate 110. 

0025. In another variation of the device of FIG. 2, the 
plastic insert 170 may be of an anchor type that is sized to 
be smaller in diameter than opening 160 before the fastener 
300 is inserted, and flares out to grasp the opening when the 
fastener 300 is inserted. 

0026. According to another embodiment of a heat sink 
201, as shown in FIG. 3, an insert 190, such as a PEM 
broaching nut insert (Manufactured by Penn Engineering 
and Manufacturing Corp., of Danboro, Pa.), is stamped into 
the openings 160, which are under-sized to provide a tight 
interference fit. In order to form the structure required for the 
insert 190, the first plate 110 has excess material at the 
location of the depressions 218 to provide extra Strength to 
withstand the stamping of the insert 190. The extra material 
is provided by using a plate that is thicker in the surface 218 
of the opening than in the remainder of the plate 110. 
0027. In addition to the through holes provided in the 
depressions 118 (or 218) or columns, the vapor chamber 130 
may also include Spacers, which may be Solid and which 
extend between and contact the first and Second plates of the 
housing. These spacers (not shown) also prevent the plates 
from bowing inward, and therefore assist in maintaining the 
Vital flat Surface for contact with the heat generating Source. 
0028 Referring again to FIGS. 2 and 3, according to 
another aspect of the exemplary embodiments, a folded fin 
200 may be directly attached to the outside surface 124 of 
the second plate 120 of the heat spreader 100 by soldering, 
adhesion bonding, brazing, or the like. The folded fin 200 
includes openings 210 aligned with the openings 160 of the 
heat spreader 100 to allow for the receipt of the fasteners 
300. Fasteners 300 are inserted into the openings 210 of the 
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folded fin 200 and the inserts 170 in the embodiment of FIG. 
2 (or 190 in the embodiment of FIG. 3) of the heat spreader 
100. The fasteners 300 secure the heat sink assembly 101 to 
the heat generating Source. The type of fastenerS may vary 
depending on particular application for which the heat Sink 
assembly is being used. 

0029. The folded fin 200 is formed from a single folded 
metal sheet which is preferably made of copper or alumi 
num. By folding the fins over themselves, the folded fin 
assembly provides a large Surface area in a Small Space. 
Folded fin technology maximizes Surface area and mini 
mizes pressure drop, thus increasing the flow of heat from 
the heat generating Source to the air. Preferably, the folded 
fin has an open top design to allow for air flow. Also 
preferably, the folded fin has a maximum fin height of about 
10 cm (4 inches), a maximum fin flow length of about 61 cm 
(24 inches), a minimum fin thickness of about 0.005 cm 
(0.002 inches), a maximum fin thickness of about 0.1 cm 
(0.040 inches), a minimum fin density of about 0.8 fins per 
cm (2 fins per inch) and a maximum fin density of about 32 
fins per cm (80 fins per inch). 
0030 The folded fin does not include the base structure 
contained in the typical cold-forged or machined heat Sink. 
Thus, the use of a folded fin reduces the weight and volume 
of the heat transfer assembly. This reduced weight and 
Volume simplifies and Speeds the design cycle and can 
eliminate the need for complex bracing required for heavier 
heat transfer assemblies having finned heat Sinks with base 
StructureS. 

0031) Although the use of a folded fin 200 is preferred, 
other conventional fin configurations may be used. 
0032) The heat spreader 100 and fin configuration 200 of 
the heat sink assembly 101 will have various features and 
dimensions depending on the application. In an exemplary 
embodiment to be used for transferring heat away from an 
integrated circuit device, the vapor chamber may be approxi 
mately 7.6 cm (3.0 inches) by 8.9 cm (3.5 inches) with a total 
thickness of 0.5 cm (0.200 inch). First plate 110 and second 
plate 120 may be constructed of OFHC copper 0.08 cm 
(0.035 inch) thick, and depressions 118 may span the 0.25 
cm (0.100 inch) height of the internal volume of the vapor 
chamber 130. The wick structure (not shown) may be 
constructed of Sintered copper powder and may average 0.1 
cm (0.040 inch) thick. The depressions 118 may have about 
a 0.63 cm (0.250 inch) outer diameter, and openings 160 
may be approximately 0.53 cm (0.210 inches) in diameter. 
0.033 Although the invention has been described in terms 
of exemplary embodiments, it is not limited thereto. Rather, 
the appended claim Should be construed broadly, to include 
other variants and embodiments of the invention, which may 
be made by those skilled in the art without departing from 
the Scope and range of equivalents of the invention. 

What is claimed is: 
1. A heat spreader comprising: 

a housing having first and Second plates defining a hollow 
chamber therebetween, 

at least one opening defined through each of Said first and 
Second plates of Said housing, Said housing having a 
Surface defining at least one passage connecting the 
openings of the first and Second plates, wherein Said 
passage is isolated from Said chamber, and 
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at least one insert adapted for receiving a fastener, the at 
least one insert being mounted directly into Said at least 
One passage. 

2. A heat spreader comprising: 
a housing including first and Second plates that define a 

hollow vapor chamber therebetween; 
at least one depression formed in one of Said plates which 

projects into Said vapor chamber and is bonded to the 
other of Said plates, 

Said housing having an opening that penetrates through 
Said depression and the other of Said plates, and 

an insert adapted to receive a fastener, wherein Said insert 
is mounted directly into Said opening. 

3. The heat Spreader of claim 2, wherein the insert Snaps 
into Said opening. 

4. The heat spreader of claim 3, wherein the insert is 
comprised of plastic. 

5. The heat spreader of claim 2, further comprising a 
captive fastener held within the insert. 

6. The heat spreader of claim 2, wherein the insert is 
Stamped into Said opening. 

7. The heat spreader of claim 6, wherein a thickness of 
Said first or Second plate is greater in the at least one 
depression than the thickness of Said first or Second plate 
remote from the at least one depression. 

8. The heat spreader of claim 2, wherein said first and 
Second plates each include a peripheral lip located at an edge 
of Said housing, Said peripheral lipS bonded together. 

9. The heat spreader of claim 2, wherein said at least one 
depression comprises a flat Surface that is in contact with an 
inner Surface of Said other of Said plates. 

10. The heat spreader of claim 2, wherein each of said 
plates includes an interior confronting Surface and a periph 
eral lip located at an edge thereof, Said peripheral lips being 
bonded together So as to define the vapor chamber. 

11. The heat spreader of claim 2, wherein Said depression 
comprises an annular inner Surface of Said first plate that is 
bonded to a corresponding annular edge Surface in Said 
Second plate. 

12. A heat Sink comprising: 
a housing including first and Second plates with an 

enclosed vapor chamber therebetween; 
at least one depression formed in one of Said plates which 

projects into Said vapor chamber and is bonded to the 
other of Said plates, 

Said depression having an opening defined therethrough, 
So as to define an isolated passage through Said vapor 
chamber; 

an insert directly mounted into Said opening and shaped to 
receive a fastener; and 

at least one fin directly attached to one of the plates of Said 
housing. 

13. The heat sink of claim 12, wherein the fin is a folded 
fin. 

14. The heat sink of claim 13, wherein the insert Snaps 
into Said opening. 

15. The heat sink of claim 14, wherein the insert is 
comprised of plastic. 

16. The heat sink of claim 12, further comprising a 
fastener held within the insert. 
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17. The heat sink of claim 12, wherein the insert is 
Stamped into Said opening. 

18. A method for forming a heat spreader comprising the 
Steps of: 

joining first and Second plates to define a hollow vapor 
chamber therebetween; 

forming at least one depression in one of Said plates, So 
that the depression projects into Said vapor chamber 
and is bonded to the other of Said plates, 
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penetrating Said depression and the other of Said plates to 
form an passage through the vapor chamber; and 

mounting an insert directly into Said opening, Said insert 
being adapted to receive a fastener. 

19. The method of claim 18, further comprising attaching 
at least one fin directly to the other of Said plates. 

20. The method of claim 18, further comprising inserting 
a fastener into Said insert. 

k k k k k 


