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(57) ABSTRACT

A heat sink system to conduct heat away from a printed
circuit board assembly 1s provided. The heat sink system
includes a chassis, a chassis cover, at least one thermally
conductive block underlaying a high-heat section of the
printed circuit board assembly, a plurality of thermally
conductive through-rods, and at least one thermally conduc-
tive notch-rod associated with a respective thermally con-
ductive block. The at least one thermally conductive block
1s 1 thermal contact with a portion of the chassis. The
plurality of thermally conductive through-rods and at least
one thermally conductive notch-rod each have a first end and
a second end. The through-rods are positioned 1n holes
formed 1n the printed circuit board. The notch-rods are
positioned in a notch formed in the printed circuit board
assembly. The first ends thermally contact the thermally
conductive block and the second ends thermally contact the
chassis cover.
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HEAT SINK SYSTEM HAVING THERMALLY
CONDUCTIVE RODS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE 10O RELATED
APPLICATIONS

This application is a reissue of application Ser. No.

12/144,735, filed Jun. 24, 2008 which issued as U.S. Pat. No.
8.830678.

BACKGROUND

The generation of heat from components on a printed
circuit board assembly can adversely impact the operation of
components on the printed circuit board assembly. When a
printed circuit board assembly carrying a high-heat gener-
ating component 1s housed 1n a chassis, excessive heat can
build up 1n the chassis to the detriment of the components in
the chassis. Thus, 1t 1s important to remove the excessive
heat from regions of the printed circuit board assembly on
which the high-heat generating components are positioned.
For example, the components may malfunction when
exposed to excessive heat. In some applications, the problem
becomes severe when components generate power at more
than 0.5 Watts per square inch of surface area.

SUMMARY

In one embodiment, a heat sink system 1ncludes a chassis,
and a chassis cover to overlay a portion of the chassis so the
printed circuit board assembly 1s enclosed 1n the chassis. The
heat sink system also includes at least one thermally con-
ductive block underlaying a high-heat section of the printed
circuit board assembly. The at least one thermally conduc-
tive block 1s 1n thermal contact with a respective at least one
portion of the chassis. The heat sink system also includes a
plurality of thermally conductive through-rods that each has
a first end and a second end. The first ends thermally contact
one of the at least one thermally conductive block and the
second ends thermally contact the chassis cover. The
through-rods are positioned 1n a respective plurality of holes
formed 1n the printed circuit board. The heat sink system
includes at least one thermally conductive notch-rod asso-
ciated with a respective thermally conductive block. The at
least one thermally conductive notch-rod has a first end and
a second end. The first end of the at least one thermally
conductive notch-rod thermally contacts the associated ther-
mally conductive block and the at least one second end
thermally contacts the chassis cover. The notch-rods are
positioned in a notch formed in the printed circuit board
assembly.

A second aspect of the present application relates to a
method to conduct heat away from a printed circuit board
assembly. The method comprises attaching a plurality of
thermally conductive through-rods to a thermally conduc-
tive block and attaching at least one thermally conductive
notch-rod to the thermally conductive block at a thermally
conductive interface. Each of the plurality of thermally
conductive through-rods 1s configured to extend through a
respective plurality of holes formed in the printed circuit
board assembly. The at least one thermally conductive
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2

notch-rod 1s configured to extend 1nto a notch formed in the
printed circuit board assembly.

A third aspect of the present application relates to a heat
sink to conduct heat away from a printed circuit board
assembly. The heat sink comprises a thermally conductive
block 1n which threaded holes are formed, at least one
thermally conductive through-rod having a threaded first
end, and at least one thermally conductive notch-rod having
a threaded first end. The threaded first ends are mated with
respective threaded holes. The threaded first end of the at
least one thermally conductive through-rod fits through a
respective hole formed 1n the printed circuit board assembly.
The threaded first end of the at least one thermally conduc-
tive notch-rod extends into a notch formed in the printed
circuit board assembly. Heat 1s conducted away from the
high-heat section on the printed circuit board assembly via
at least three heat transfer paths.

DRAWINGS

FIG. 1 1s an exploded view of one embodiment of a heat
sink system to conduct heat away from a printed circuit
board assembly.

FIG. 2 1s a view of one embodiment of a heat sink system
to conduct heat away from a printed circuit board assembly.

FIG. 3 1s an expanded view ol one embodiment of
thermally conductive through-rods and a thermally conduc-
tive notch-rod.

FIG. 4 1s a side view of one embodiment of a thermally
conductive block 1n thermal contact with a chassis and a
printed circuit board assembly.

FIG. 5 1s an oblique view of one embodiment of a
thermally conductive block in thermal contact with a chassis
and a printed circuit board assembly.

FIG. 6 1s a side view of one embodiment of a chassis
cover, second ends of the thermally conductive through-
rods, and a second end of the thermally conductive notch-
rod.

FIG. 7 shows embodiments of three heat transier paths
within the heat sink system.

FIG. 8 shows a top view of an embodiment of a heat sink
system.

FIG. 9 shows a cross-sectional view of the heat sink
system of FIG. 8 in which four heat transfer paths are
indicated.

FIG. 10 1s a flow diagram of one embodiment of a method
to remove heat from a printed circuit board assembly.

In accordance with common practice, the various
described features are not drawn to scale but are drawn to
emphasize features relevant to the present imnvention. Like
reference characters denote like elements throughout figures
and text.

DETAILED DESCRIPTION

In the following detailed description, reference 1s made to
the accompanying drawings that form a part hereot, and in
which 1s shown by way of illustration specific illustrative
embodiments 1 which the imvention may be practiced.
These embodiments are described in suflicient detail to
enable those skilled in the art to practice the invention, and
it 1s to be understood that other embodiments may be utilized
and that logical, mechanical and electrical changes may be
made without departing from the scope of the present
invention. The following detailed description 1s, therefore,
not to be taken 1 a limiting sense.



US RE49.,216 E

3

FIG. 1 1s an exploded view of one embodiment of a heat
sink system 3 to conduct heat away from a printed circuit
board assembly 70. The heat sink system 5 includes a chassis
10, a chassis cover 13 to overlay a portion 23 of the chassis
10, at least one thermally conductive block 20, at least one
thermally conductive through-rod 100, and at least one
thermally conductive notch-rod 150. The at least one ther-
mally conductive block 20, shown by dashed lines, 1s
obscured by the printed circuit board assembly 70 1n this
view. High-heat components 510 are shown overlaying the
printed circuit board assembly 70 near the thermally con-
ductive through-rod 100, and at least one thermally conduc-
tive notch-rod 150. When the cover 135 1s attached to the
chassis 10, the printed circuit board assembly 70 1s enclosed
in the chassis 10. The thermally conductive block 20 1s 1n
thermal contact with the chassis 10. The chassis 10 includes
a chassis frame 11, a front chassis panel 12, and a back
chassis panel 13. The thermally conductive through-rods
100 are also referred to herein as “through-rods 100.” The
thermally conductive notch-rods 150 are also referred to
herein as “notch-rods 150.” As defined herein, “attached” is
“thermally conductively attached.” As defined herein,
“attaching” 1s “thermally conductively attaching.” As
defined herein, “attachment” i1s “thermal contact.”

FIG. 2 1s a view of one embodiment of a heat sink system
6 to conduct heat away from a printed circuit board assembly
70. The front chassis panel 12 shown 1n FIG. 1 1s removed
in FIG. 2 and the chassis cover 15 1s attached to the chassis
frame 10. As shown 1n FIG. 2, two thermally conductive
blocks 20(1-2) underlay high-heat sections 410 of the
printed circuit board assembly 70. The interface region
represented generally at 126(1-2) provides a heat transier
path between the thermally conductive blocks 20(1-2) and a
respective at least one portion of the chassis 10. Portions of
the two thermally conductive blocks 20(1-2) are positioned
between the bottom inner surface 14 of the chassis 10 and
the printed circuit board assembly 70.

A plurality of thermally conductive through-rods 100(1-4)
are positioned 1n a respective plurality of holes (not visible
in FIG. 2) formed in the printed circuit board 70. As shown
in FIG. 2, the thermally conductive through-rods 100(1-2)
are positioned 1n holes in the printed circuit board 70 and
thermally contacted to the thermally conductive block 20-1.
The thermally conductive through-rods 100(3-4) are posi-
tioned 1n holes 1n the printed circuit board 70 and thermally
contacted to the thermally conductive block 20-2.

The thermally conductive notch-rods 150(1-2) thermally
contact the associated thermally conductive block 20(1-2),
respectively. The notch-rods 150 are positioned in a notch
(not visible 1 FIG. 2) formed in the printed circuit board
assembly 70. As defined herein, “a contact” 1s “a thermally
conductive contact.” As defined herein, “contacting” 1is
“thermally conductively contacting.” In one implementation
of this embodiment, the plurality of through-rods 100 and at
least one notch-rod 150 are formed from aluminum. In
another implementation of this embodiment, the at least one
thermally conductive block 20 1s formed from aluminum.

FIG. 3 1s an expanded view of one embodiment of
thermally conductive through-rods 100(1-2) and a thermally

conductive notch-rod 150-1. The thermally conductive
through-rods 100(1-2) have a respective first end 103(1-2)

and second end 105 (1-2). The first ends 103(1-2) are also
referred to herein as “threaded first ends 103(1-2)” since the
first ends 103(1-2) have threads 110(1-2), respectively. The
thermally conductive notch-rod 150 has a first end 153 and
a second end 155. The first end 153 1s also referred to herein

as a “threaded first end 153" since the first end 153 has
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4

threads 160. The second ends 105(1-2) of the thermally
conductive through-rods 100(1-2) have respective threaded
holes 115(1-2) formed therein to accept screws. The second
end 155 of the thermally conductive notch-rod 150 has a
threaded hole 165 formed therein to accept a screw.

As shown 1n FIG. 3, the through-rods 100(1-2) and the
notch-rod 150 have a circular cross-section (taken through
the length of the through-rods 100(1-2) and the notch-rod
15). In one implementation of this embodiment, the through-
rods and the notch-rod have a hexagonal cross-section. In
another implementation of this embodiment, the through-
rods and the notch-rod have a rectangular cross section.
Other cross-sectional shapes are possible.

In yet another implementation of this embodiment, there
are no threads on the first ends 103(1-2) and 1353. In one
embodiment of this case, the thermally conductive through-
rods 100(1-2) and the thermally conductive notch-rod 1350
are press 1it into the thermally conductive block 20 (FIGS.
1 and 2). In another embodiment of this case, the thermally
conductive through-rods 100(1-2) and the thermally con-
ductive notch-rod 150 are welded to the thermally conduc-
tive block 20 (FIGS. 1 and 2).

FIG. 4 1s a side view of one embodiment of a thermally
conductive block 20 in thermal contact with a chassis 10 and
a printed circuit board assembly 70. FIG. 5 1s an oblique
view of one embodiment of a thermally conductive block 20
in contact with a chassis 10 and a printed circuit board
assembly 70.

Three thermally conductive through-rods 100(1-3) are
visible 1n the view seen 1n FIG. 5. For clarity of the drawing,
only two of the thermally conductive through-rods 100(1-2)
are visible 1in FIG. 4. In FIG. 5, high-heat components 510
are shown overlaying the high-heat section 410 of the
printed circuit board assembly 70, which in turn overlays the
thermally conductive block 20. The high-heat section 410 of
the printed circuit board assembly 70 1s that portion of the
printed circuit board assembly 70 that holds at least one
high-heat component 510. The high-heat component 510 1s
not shown in FIG. 4 for clarity of the drawing.

As shown 1n FIG. 4, the printed circuit board assembly 70
includes a top surface 72, a bottom surface 74, and at least
one middle plane represented generally at 78 1n a central
region of the printed circuit board assembly 70. As defined
herein, the middle plane 78 of the printed circuit board
assembly 70 1s any plane positioned between the top surface
72 and the bottom surface 74 of the printed circuit board
assembly 70. The through-rods 100(1-2) {it through holes 75
formed 1 the printed circuit board assembly 70. The
threaded first ends 103(1-2) of the respective through-rods
100(1-2) screw 1nto the respective threaded holes 30, which
are formed 1n the thermally conductive block 20. In order to
attach the through-rods 100(1-2) to the thermally conductive
block 20, the threaded first ends 103(1-2) of through-rods
100(1-2) are positioned 1n the holes 75 and then screwed 1nto
a respective plurality of threaded holes 30 in thermally
conductive block 20. The threaded first end 103 of the
notch-rod 150 1s configured to screw into a threaded hole 40
in the thermally conductive block 20 without passing
through a hole 1n the printed circuit board assembly 70.

At least one surface 122 of the thermally conductive
interface 22 of the thermally conductive block 20 is 1n
thermal contact with at least one portion 127 of the chassis
10. In this case, the interface region represented generally at
126 provides a segment ol a heat transfer path from the
thermally conductive block 20 to the chassis 10. A screw 77
(only the head of the screw 77 1s visible) secures the
thermally conductive interface 22 of the thermally conduc-
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tive block 20 to the chassis 10 so that the thermally con-
ductive interface 22 of the thermally conductive block 20 1s
thermally coupled to the portion 127 the chassis 10.

In one implementation of this embodiment, the gap 123
shown between the thermally conductive block 20 and the
vertical chassis surface 124 1s filled with a thermally con-
ductive material. In another implementation of this embodi-
ment, the thermally conductive block 20 directly contacts
the vertical chassis surface 124 and there 1s no gap 123
between the thermally conductive block 20 and the vertical
chassis surface 124. In these latter cases, the interface region
126 1s enlarged to include the vertical chassis surface 124.

In another implementation of this embodiment, the gap
133 shown between the thermally conductive block 20 and
the bottom inner surface 14 of the chassis 10 1s filled with
a thermally conductive material. In yet another implemen-
tation ol this embodiment, the thermally conductive block
20 directly contacts the bottom inner surface 14 of the
chassis 10 and there 1s no gap 133 between the thermally
conductive block 20 and the bottom inner surface 14. In
these two latter cases, the interface region 126 1s enlarged to
include the bottom inner surface 14.

As shown 1n FIG. 3, the thermally conductive notch-rod
150 1s attached to the thermally conductive block 20 at a
notch section 21 of the thermally conductive interface 22 of
the thermally conductive block 20. The notch section 21 of
the thermally conductive mterface 22 extends into a notch
80 1n the printed circuit board assembly 70. The thermally
conductive notch-rod 150 extends into the notch 80 formed
in the printed circuit board assembly 70 when the first end
153 of the thermally conductive notch-rod 150 1s screwed
into the hole 40 (FIG. 4) in the notch section 21. As defined
heremn, a notch 80 1s an angular, U-shaped or V-shaped
indentation formed 1n an edge 76 of the printed circuit board
assembly 70.

When the threaded first ends 103(1-2) of the respective
through-rods 100(1-2) screw into the respective threaded
holes 30 1n the thermally conductive block 20, the surfaces
108(1-2) of the respective through-rods 100(1-2) are 1n
thermal contact with the top surface 72 of the printed circuit
board assembly 70. Likewise, the first ends 103(1-2) of the
respective through-rods 150(1-2) are 1n thermal contact with
the thermally conductive block 20.

When the threaded first end 153 of the notch-rod 150
screws 1nto the threaded hole 40 1n the thermally conductive
block 20, the threaded first end 153 and the surface 158 of
the thermally conductive notch-rod 150 are in thermal

contact with the notch section 21 of the thermally conduc-
tive block 20.

The high-heat components 510 shown 1n FIG. 5 are in
proximity to the thermally conductive through-rods 150(1-
3). In one implementation of this embodiment, the high-heat
components 510 are components that generate power at
more than 0.5 Watts per square inch of surface area on the
printed circuit board assembly 70. In another implementa-
tion of this embodiment, high-heat components 510 are
components that generate power at more than 2 Watts per
square 1nch of surface area on the printed circuit board
assembly 70.

FIG. 6 1s a side view of one embodiment of a chassis
cover 15, second ends 105(1-2) of the thermally conductive
through-rods 100(1-2), and a second end 155 of the ther-
mally conductive notch-rod 150. The second ends 105(1-2)
of the through-rods 100(1-2) include threaded holes 115(1-
2) to accept screws 18. The chassis cover 15 has through-
holes 16 formed therein for screws 18 to pass through. The
chassis cover 15 1s secured to the through-rods 100(1-2)
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6

when screws 18 inserted through the through-holes 16 1n the
chassis cover 15 are screwed into the threaded holes 115(1 -
2) 1n the second ends 105(1-2) of the through-rods 100(1-2).
When secured in this manner, the chassis cover 15 1s
thermally contacted with the thermally conductive through-
rods 100(1-2).

The second end 155 of the notch-rod 150 has a threaded
hole 165 formed therein to accept a screw 19. The chassis
cover 135 1s secured to the notch-rod 150 when the screw 19
1s mserted through the through-hole 17 1n the chassis cover
15 and screwed into the threaded hole 1635 1n the second end
155 of the notch-rod 150. The second ends 105(1-2) and 155
ol the respective thermally conductive through-rods 150(1 -
2) and the thermally conductive notch-rod 150 are 1n thermal
contact with the chassis cover 15 when the screws 18 and 19
are tightened in respective threaded holes 115(1-2) and
threaded hole 165. When secured 1n this manner, the chassis
cover 15 1s thermally contacted with the thermally conduc-
tive notch-rod 150.

When the at least one thermally conductive block 20 1s
positioned proximal a respective at least one high-heat
section 410 of the printed circuit board assembly 70 and
when the thermally conductive through-rods 100(1-2) and
the thermally conductive notch-rod 1350 are attached to the
at least one thermally conductive block 20 and the chassis
cover 15, heat 1s conducted away from the high-heat section
410 (FIG. 2) on the printed circuit board assembly 70 via at
least three heat transier paths.

FIG. 7 shows embodiments of three heat transier paths
within the heat sink system 3. Heat 1s conducted from a
printed circuit board assembly 70 to a through-rod 100 to the
chassis cover 15 via a first heat transfer path represented
generally at 710. Heat 1s conducted from the printed circuit
board assembly 70 to a through-rod 100 to one of the at least
one thermally conductive block 20 to the chassis 10 via the
second heat transier path represented generally at 720. Heat
1s conducted from the printed circuit board assembly 10 to
a through-rod 100 to one of the at least one thermally
conductive block 20 to a notch-rod 150 to the chassis cover
15 via the third heat transier path represented generally at
730. Only one of the plurality of thermally conductive
through-rods 100(1-3) (FIG. 5) 1s shown 1n FIG. 7 for clarity
of the drawing. It 1s to be understood that the three heat
transter paths 710, 720, and 730 shown 1n FIG. 7 can be
extended to a plurality of heat transier paths, one for each of
the plurality of thermally conductive through-rods in the
heat sink system 3.

The first heat transfer path 710 conducts heat from the top
surface 72 of the printed circuit board assembly (PCBA) 70
to the through-rod 100 to the chassis cover 15.

The interface region represented generally at 156 provides
a heat transfer path between the printed circuit board assem-
bly 70 and at least one portion of the thermally conductive
block 20. The second heat transfer path 720 includes the
interface region 156 between the bottom surface 74 of the
printed circuit board assembly 70 and at least one portion of
the thermally conductive block 20.

The second heat transier path 720 1s a branched heat
transier path that includes three branches represented gen-
crally at 720(1-3). The first branch 720-1 of second heat
transier path 720 conducts heat from the top surface 72 of
the printed circuit board assembly 70 to the through-rod 100
to the thermally conductive block 20 to the chassis 10. The
second branch 720-2 of second heat transfer path 720
conducts heat from the middle plane 78 to the thermally
conductive block 20, via the interface region 156, to the

chassis 10. The third branch 720-3 of second heat transter
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path 720 conducts heat from the bottom surface 74 to the
thermally conductive block 20, via the interface region 156,
to the chassis 10. In one implementation of this embodiment,
the second branch 720-2 of second heat transier path 720
conducts heat from the middle plane 78 to the through-rod
100 to the thermally conductive block 20 to the chassis 10.
In another implementation of this embodiment, the third
branch 720-3 of second heat transier path 720 conducts heat
from the bottom surface 74 to the through-rod 100 to the
thermally conductive block 20 to the chassis 10.

The interface region represented generally at 126(1-2)
(FIG. 2) provides a heat transfer path between the thermally
conductive blocks 20(1-2) and a respective at least one
portion of the chassis 10. The second heat transfer path 720
includes the interface region 126, as shown in FIG. 4, where
the thermally conductive interface 22 of the thermally
conductive block 20 1s thermally coupled to the chassis 10.

The third heat transfer path 730 conducts heat from the
printed circuit board assembly surface 72 to the through-rod
100 the thermally conductive block 20 to the notch-rod 150
to the chassis cover 15. The third heat transier path 730
includes the notch section 21 of the thermally conductive
block 20. The notch section 21 i1s thermally coupled to the
first end 153 of the thermally conductive notch-rod 150.

The third heat transfer path 730 includes the interface
region 156 between the bottom surtace 74 of the printed
circuit board assembly 70 and at least one portion of the
thermally conductive block 20. The third heat transfer path
730 1s a branched heat transfer path that includes three
branches represented generally at 730(1-3). The first branch
730-1 of the third heat transier path 730 conducts heat from
top surface 72 of the printed circuit board assembly 70 to the
through-rod 100 to the thermally conductive block 20. The
second branch 730-2 of the third heat transfer path 730
conducts heat from the middle plane 78 to the thermally
conductive block 20 via the interface region 156. The third
branch 730-3 of the third heat transfer path 730 conducts
heat from the bottom surface 74 of the printed circuit board
assembly 70 to the thermally conductive block 20 via the
interface region 156. In one implementation of this embodi-
ment, the third branch 730-2 of third heat transter path 730
conducts heat from the middle plane 78 to the through-rod
100 to the thermally conductive block 20 to the chassis 10.
In another implementation of this embodiment, the third
branch 730-3 of third heat transfer path 730 conducts heat
from the bottom surface 74 to the through-rod 100 to the
thermally conductive block 20 to the chassis 10.

FIG. 8 shows a top view of an embodiment of a heat sink
system 2. FIG. 9 shows a cross-sectional view of the heat
sink system 2 of FIG. 8 1n which four heat transfer paths are
indicated. The plane upon which the cross-section view of
FIG. 9 1s taken 1s indicated by section line 9-9 i FIG. 8.
Only one thermally conductive through-rod 100 1s shown 1n
FIGS. 8 and 9 for clarity of the drawings, however, 1t 1s to
be understood that other embodiments include a plurality of
thermally conductive through-rods, such as thermally con-
ductive through-rods 100(1-3) (FIG. 5).

The heat sink system 2 includes the components of the
heat sink system 3 (FIG. 7) and a heat pipe 90. The heat pipe
90 includes a high-heat pipe section 91 and a low-heat pipe
section 93 that are thermally coupled by a narrow-pipe 92.
In the heat sink system 2, there are four heat transfer paths
710, 720, 730, and 740. The heat pipe 90 1s operably
attached to the thermally conductive block 20 to conduct
heat from the printed circuit board assembly 70 to the
thermally conductive through-rod 100 to the thermally con-
ductive block 20 to the heat pipe 90, so that heat 1s directed
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via the heat pipe 90 to a low-heat section 415 within the
chassis 10. As seen 1n FIGS. 8 and 9, the notch 80 1n the
printed circuit board assembly 70 1s large enough to permit
the notch section 21 (see FIG. 5 for oblique view) of the
thermally conductive block 20 to extend into the notch 80.
The notch section 21 i1s a base to which the thermally
conductive notch-rod 150 1s attached. In one implementation
of this embodiment, the top surface of the notch section 21
1s 1n a plane with the top surface 72 of the printed circuit
board assembly 70.

In the embodiment of the heat sink system 2 shown 1n
FIGS. 8 and 9, there are two high-heat components 510 that
create the high-heat section 410 of the printed circuit board
assembly 70 and a low-heat component 520 that 1s in the
low-heat section 415 of the printed circuit board assembly
70. The high-heat section 410 overlays the thermally con-
ductive block 20 and 1s spatially separate from the low-heat
section 415. In one implementation of this embodiment, a
low-heat component 520 generates power at less than 0.5
Watts per square inch of surface area on the printed circuit
board assembly 70. In another implementation of this
embodiment, a low-heat component 520 generates power at
less than 0.25 Watts per square inch of surface area on the
printed circuit board assembly 70.

The heat pipe 90 extends from the high-heat section 410
to a region within the chassis 10 that 1s proximal to the
low-heat section 415. The high-heat pipe section 91 of the
heat pipe 90 1s thermally coupled at least a portion of the
thermally conductive block 20 that 1s positioned under the
high-heat section 410 of the printed circuit board assembly
70. The heat pipe 90 1s configured so that the low-heat pipe
section 93 1s positioned between the low-heat section 4135 of
the printed circuit board assembly 70 and the bottom inner
surface 14 of the chassis 10. As shown 1n FIG. 9, the heat
pipe 90 contacts the bottom inner surface 14 of the chassis
10 to distribute heat to the chassis 10. In another implemen-
tation of this embodiment, the heat pipe 90 does not contact
the bottom inner surface 14 of the chassis 10 but 1s sus-
pended between the low-heat section 415 of the printed
circuit board assembly 70 and the bottom inner surface 14 of
the chassis 10.

The heat pipe 90 1s tubular or thin planer sealed pipe or
tube made of a material with high thermal conductivity such
as copper or aluminium that 1s used to move heat from a
high-heat area, such as high-heat section 410, to a lower heat
area, such as low-heat section 415. The heat pipe 90 1s filled
with a fraction of a percent by volume of fluid chosen to
match the operating temperature of the printed circuit board
assembly 70. Some example fluids are water, ethanol,
acetone, sodium, or mercury.

FIG. 10 15 a flow diagram of one embodiment of a method
1000 to conduct heat away from a printed circuit board
assembly. In one implementation of this embodiment, the
printed circuit board assembly 1s housed in a chassis
enclosed by a chassis cover. Method 1000 1s described
herein with reference to the heat sink system 3 of FIG. 7 and
with reference to FIGS. 4, 5, and 6. However, 1t 1s to be
understood that method 1000 1s applicable to other embodi-
ments of heat sink systems.

At block 1002, a plurality of thermally conductive
through-rods 100 are attached to a thermally conductive
block 20. The plurality of thermally conductive through-
rods 100(1-2) are configured to extend through a respective
plurality of holes 75 (FIG. 4) 1n the printed circuit board
assembly 70. The plurality of holes 75 are 1n a high-heat
section 410 (FIG. 35) of the printed circuit board assembly
70.
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At block 1004, at least one thermally conductive notch-
rod 150 1s attached to a thermally conductive block 20 at the
thermally conductive interface 22 (FIG. 4). The at least one
thermally conductive notch-rod 150 1s configured to extend
into the notch 80 (FIG. 5) formed in the printed circuit board
assembly 70. The notch 80 1s formed at the edge 76 of a
high-heat section 410 of the printed circuit board assembly
70.

In one implementation of this embodiment, at least one
thermally conductive notch-rod 150 i1s attached to the ther-
mally conductive block 20 at the thermally conductive
interface 22 by screwing a threaded first end 153 of the at
least one thermally conductive notch-rod 150 1nto a respec-
tive at least one of a threaded hole 40 (FIG. 4) in the
thermally conductive interface 22. In another implementa-
tion of this embodiment, the at least one thermally conduc-
tive notch-rod 150 1s attached to the thermally conductive
block 20 at the thermally conductive interface 22 by force
fitting the thermally conductive notch-rod 150 into a hole
formed 1n the thermally conductive block 20. In yet another
implementation of this embodiment, the at least one ther-
mally conductive notch-rod 150 1s formed as part of the
thermally conductive block 20.

At block 1006, the thermally conductive interface 22
contacts a portion 127 (FIG. 4) the chassis 10 so the at least
one thermally conductive block 20 1s thermally coupled to
the chassis 10. The extent of the interface region 126 (FIG.
4) between the portion 127 of the chassis 10 and the
thermally conductive block 20 1s based on the shape of the
chassis 10 and the shape of the thermally conductive block
20. In one implementation of this embodiment, at least one
screw 77 (FIGS. 4 and 5) 1s used to attach the thermally
conductive block 20 to the chassis 10. In another implemen-
tation of this embodiment, a thermally conductive adhesive
1s used to attach the thermally conductive block 20 to the
chassis 10.

At block 1008, the thermally conductive through-rods 100
are attached to the chassis cover 15 (FIG. 6). In one
implementation of this embodiment, the thermally conduc-
tive through-rods 100 are attached to the chassis cover 15 by
inserting a plurality of screws 18 through a respective
plurality of holes 16 1n the chassis cover 15 and screwing the
plurality of screws 18 into respective threaded holes 115 1n
second ends 105 of the plurality of thermally conductive
through-rods 100.

At block 1010, the at least one thermally conductive
notch-rod 150 i1s attached to the chassis cover 15. In one
implementation of this embodiment, the at least one ther-
mally conductive notch-rod 150 1s attached to the chassis
cover 15 by inserting at least one screw 19 through a
respective at least one hole 17 in the chassis cover 15 and
screwing the at least one screw 19 into a respective threaded
hole 165 1n a second end 1355 of the at least one thermally
conductive notch-rod 150.

At block 1012, heat 1s conducted away from a printed
wire assembly 70 to the chassis cover 15 via at least one
thermally conductive through-rod 100. For example, heat 1s
conducted away from a printed wire assembly 70 to the
chassis cover 15 via the first heat transfer path 710 (FI1G. 7).
The first heat transter path 710 1s established when the steps
at blocks 1002-1010 are implemented.

At block 1014, heat 1s conducted away from the printed
wire assembly surface 72 to the chassis 10 via at least one
through-rod 100, one of the at least one thermally conduc-
tive blocks 20, and a portion of the chassis 127 (FIG. 4). For
example, heat 1s conducted away from the printed wire
assembly surface 72 to the chassis 10 via the branched
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second heat transter path 720 (FIG. 7). The second heat
transier path 720 1s established when the steps at blocks
1002-1010 are implemented.

At block 1016, heat 1s conducted away from the printed
circuit board assembly 70 to the chassis cover 15 via a
through-rod 100, one of the at least one thermally conduc-
tive blocks 20, and a notch-rod 150. For example, heat 1s
conducted away from the printed circuit board assembly 70
to the chassis cover 15 via the branched third heat transter
path 730 (FIG. 7). The third heat transier path 730 1s
established when the steps at blocks 1002-1010 are 1mple-
mented.

It 1s to be understood that when a plurality of thermally
conductive through-rods are used 1n the heat sink system, a
respective plurality of first heat transfer paths 710, second
heat transier paths 720, and third heat transfer paths 730 are
established. Likewise, when more than one thermally con-
ductive block 20 1s used in the heat sink system, a respective
more than one first heat transfer path 710, second heat
transier path 720, and third heat transfer path 730 are
established 1n each of the thermally conductive blocks 20.
For example, when a heat sink system includes two ther-
mally conductive blocks 20(1-2) that are each 1n thermal
contact with three thermally conductive through-rods 100
(1-3) and one thermally conductive notch-rod 150, then six
first heat transfer paths 710, s1x second heat transier paths
720, and si1x third heat transfer paths 730 are established 1n
the heat sink system as 1s understandable from reading this
document.

In one implementation of this embodiment, the chassis 10
and/or chassis cover 15 have heat fins to further facilitate the
removal of heat from the high-heat section 410 of the printed
circuit board assembly 70.

In another implementation of a method to remove heat
from a printed circuit board assembly housed 1n a chassis
enclosed by a chassis cover, a high-heat pipe section 91 of
a heat pipe 90 1s attached to a portion of the thermally
conductive block 20 that underlays the high-heat section 410
of the printed circuit board assembly 70. In such an embodi-
ment, a fourth heat transfer path (such as fourth heat transier
path 740) 1s established to direct heat away from the
high-heat section 410.

Although specific embodiments have been 1illustrated and
described herein, 1t will be appreciated by those of ordinary
skill in the art that any arrangement, which 1s calculated to
achieve the same purpose, may be substituted for the specific
embodiment shown. This application 1s intended to cover
any adaptations or variations of the present invention. There-
fore, 1t 1s manifestly intended that this invention be limited
only by the claims and the equivalents thereof

What 1s claimed 1s:

1. A heat sink system to conduct heat away from a printed
circuit board assembly, the heat sink system comprising:

a chassis:

a chassis cover to overlay a portion of the chassis, wherein
the printed circuit board assembly 1s enclosed in the
chassis;

at least one thermally conductive block underlaying a
high-heat section of the printed circuit board assembly,
the at least one thermally conductive block in thermal
contact with a respective at least one portion of the
chassis;

a plurality of thermally conductive through-rods each
having a first end and a second end, wherein the
plurality of first ends thermally contact one of the at
least one thermally conductive block and wherein the
plurality of second ends thermally contact the chassis
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cover, wherein the plurality of through-rods are posi-
tioned 1n a respective plurality of holes formed in the
printed circuit board; and

at least one thermally conductive notch-rod associated

with a respective thermally conductive block, the at
least one thermally conductive notch-rod having a first
end and a second end, wherein the at least one first end
of the at least one thermally conductive notch-rod
thermally contacts the associated thermally conductive
block and wherein the at least one second end thermally
contacts the chassis cover, wherein the at least one
notch-rod 1s positioned 1n a notch formed 1n the printed
circuit board assembly.

2. The heat sink system of claim 1, wherein:

heat 1s conducted from the printed circuit board assembly

to the plurality of through-rods to the chassis cover;
heat 1s conducted from the printed circuit board assembly

to the plurality of through-rods to one of the at least one

thermally conductive block to the chassis; and

heat 1s conducted from the printed circuit board assembly

to the plurality of through-rods to one of the at least one
thermally conductive block to the at least one notch-rod
to the chassis cover.

3. The heat sink system of claim 2, wherein the at least
one thermally conductive block 1s thermally coupled to a
heat pipe, wherein heat 1s conducted from the printed circuit
board assembly to the plurality of through-rods to one of the
at least one thermally conductive block to the heat pipe,
wherein heat 1s directed to a low-heat section within the
chassis.

4. The heat sink system of claim 1, wherein the plurality
of first ends of the respective plurality of through-rods and
the at least one notch-rod have threads, wherein the plurality
of first ends of the respective plurality of through-rods screw
into a respective plurality of threaded holes formed in the at
least one thermally conductive block, and wherein the at
least one first end of the at least one notch-rod screws into
at least one respective threaded hole 1n the at least one
thermally conductive block.

5. The heat sink system of claim 1, wherein the plurality
of second ends of the plurality of through-rods have
threaded holes formed therein to accept screws, wherein the
chassis cover has through-holes formed therein for the
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screws, and wherein the chassis cover 1s secured to the
plurality of through-rods when the screws inserted through
the through-holes 1n the chassis cover are screwed into the
threaded holes 1n the second ends of the plurality of through-
rods, and wherein the second end of each of the at least one
notch-rod has a threaded hole formed therein to accept the
screw, and wherein the chassis cover 1s secured to the at least
one notch-rod when the screw inserted through a through-
hole 1n the chassis cover 1s screwed 1nto the threaded hole in
the second end of the at least one notch-rod.

6. The heat sink system of claim 1, wherein the at least
one thermally conductive block includes a thermally con-
ductive interface that thermally contacts the at least one
portion of the chassis, wherein the at least one thermally
conductive notch-rod thermally contacts the thermally con-
ductive interface of the at least one thermally conductive
block.

7. The heat sink system of claim 1, wherein the plurality
of through-rods and the at least one notch-rod are formed
from aluminum.

8. The heat sink system of claim 1, wherein the at least
one thermally conductive block 1s formed from aluminum.

9. The heat sink system of claim 1, wherein each of the
plurality of thermally conductive blocks 1s thermally con-
tacted by at least one thermally conductive notch-rod.

10. A heat sink system comprising.

a printed cirvcuit board having a first surface and a second
surface, the first surface having at least one high-heat
component mounted thereon;

at least one thermally conductive block interfacing with
the second surface and underlaying the high-heat com-
ponent,

a plurality of thermally conductive rods extending out
from a surface of the thermally conductive block and
each defining a heat transfer path conducting heat
away from the high-heat component to at least one heat
sinking element, wherein the plurality of thermally
conductive rods do not pass through a hole in the
printed circuit board.

11. The system of claim 10, wherein the at least one heat

sinking element comprises fins.
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