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(57) Abstract: A heat sink is provided. The heat sink contains a first vapor chamber section having a top surface and a bottom
surface that is in thermal contact with a heat source, a second vapor chamber section that extends vertically from the top surface of
the first vapor chamber section, and heat-dissipating fins that are attached to the second vapor chamber section. The first and sec-
ond vapor sections are connected to each other forming a continuous vapor chamber space.
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HEAT SINK DEVICE

TECHNICAL FIELD

The technical field relates generally to cooling systems for electronics, and more
particalarly to a beat sink with vapor chambers and thermal dissipating fins.
BACKGROUND

Increasing levels of component power and power density from electronic devices
such as integrated circuits and memory are creating an increased demand for thermal
management solutions.  For example, high-density blade servers have been in great
demand in recent years due to their outstanding performance.  This high density
computing power, however, comes with very limited space in the server enclosure.
Accordingly, high performance heat sinks are necessary tor efficient cooling. The heat
sinks in use today have reached their limit in dissipating the heat generated by power
chips. A need for more efficient cooling ewsts to expand the thermal dissipation
performance envelope.

SUMMARY

A heat sink is disclosed. The heat sink comprises a first vapor chamber section
having an upper surface and a lower surface, a second vapor chamber section extending
vertically from said upper surface of said first vapor chamber section, and heat-
dissipating fins extending horizontally from said second vapor chamber section, wherein
said lower surface is in thermal contact with a heat source and wherein said first and
second vapor sections are connected to each other, forming a continnous vapor chamber
space.

Also disclosed is a heat sink comprising: a hollow-centered base having a top
surface and a bottom surface, wherein said bottom surface s in thermal contact with a
heat source; two hollow-centered sidewalls located on two opposite sides of the base and
extending upwardly from the top surface of the base; and one or more hollow-centered
center columns located between the two sidewalls and extending upwardly from the top
surface of the base, wherein the hollow centers of said base, said sidewalls and said one
or more center columns are counected to each other forming a continuous vapor chamber
space, and wherein said sidewalls and said center colummns comprise fins for heat
dissipation.

Also disclosed s a heat sink comprising: a planar-shaped first vapor chamber

having a first surface and a second surface, wheretn said first surface is opposite to said
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second surface and is in contact with a heat source; a second vapor chamber formed on
said second surface, said second vapor chamber is connected to said first vapor chamber
thus forming a conlinuous vapor chamber space; and a plurality of planar-shaped heat
dissipating fins extending from said second vapor chamber,
BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the mvention will be readily understcod by the following
gs. To facilitate this

e

detailed description in comgunction with the accompanying drawin
description, like reference numerals designate like structural elements. Embodiments of
the invention are tlustrated by way of example and not by way of imitation in the figures
of the accompanying drawings.

FI1G. 1 is a cross-sectional view of a prior art heat sink.

FIGS. 2A and 2B are schematic representations of two embodiments of a heat sink
with innovative vapor chamber configuration;

FIG. 3 is a composite of schematic representations of a heat sink with free-
standing center column configuration with {upper panel) or without {lower panel) fins,;

FIGS. 4A-4C are results of computational fluid dynamics {CFD) analysis of the
heat sink configuration shown in FIG. 3;

FIGS. SA and SB are results of CFD analysis of the airflow in the heat sink
configuration shown in FIG. 3;

FI1G. 6 is a schematic representation of a heat sink with wall-like center column
configuration,;

FIGS. 7A and 7B are results of CFD analvysis of the heat sink configuration shown
in FIG. 6;

FIGS. 8A and 8B are results of CFD analysis of the airflow in the heat sink
configuration shown in FIG. 6.
DETAILED DESCRIPTION OF THE INVENTION

In the following detatled description, reference 1s made to the accompanying
drawings which form a part hereof wherein like numerals designate like parts throughout,
and in which is shown by way of illustration embodiments in which the invention may be
practiced. It is to be understood that other embodiments may be utilized and structural or
logical changes may be made in alternate embodiments. Therefore, the following detailed
description 18 not to be taken in a luniting sense, and the scope of embodiments in
accordance with the present invention is defined by the appended claims and their

equivalents.
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This description is intepded to be read i connection with the accompanying
drawings, which are 1o be cousidered part of the eatire written description of this
wvention, The drawing figures are not necessarily to scale and certain features of the
invention may be shown exaggerated in scale or in somewhat schematic form in the

et

interest of clarily and conciseness. In the description, relative terms such as "horizontal

¥
.

“down," "top" and “bottom" as well as derivatives thereof {(eg.,

[odh

“vertical," "up,

R "

“horizontally.” "downwardly,” "upwardly," etc.} should be construed to refer to the
orientation as then described or as shown in the drawing figure under discussion. These
relative terms are for couvenience of description and normally are not intended to require

LI

a particular ortentation. Terms including "inwardly” versus "outwardly," “upwardly™

kxd Ri

versus “downwardly,” "fongitudinal” versus "lateral” and the like are to be interpreted
relative to one another or relative to an axis of elongation, or an axis or center of rofation,
as appropriate. Terms concerning attachments, couphing and the hike, such as "connected”
and “"interconnected,” refer to a relationship wherem stroctures are secured or attached to
one another either directly or indirectly through intervening structures, as well as both
movable or rigid attachments or relationships, unless expressly described otherwise. The
term “operatively connected” is such an attachment, coupling or connection that allows
the pertinent structures to operate as intended by virtue of that relationship.

FG. 1 is a conceptual ilustration of a prior art heat sink with a vapor chamber.
The vapor chamber is confined in a base plate having a lower surface and an upper
surface. The lower surface is in thermal contact with a heat source and the upper surface
comprises planar fins extending vertically from the upper surface for heat dissipation.

FiG. ZA iHustrates an embodiument of a heat sink with innovative vapor chamber
configuration. Heat sink 10 comprises a vapor chamber base 20, vapor chamber
sidewalls 30 and optionally one or more vapor chamber center columns 40. Each of the
vapor chamber base 20, vapor chamber sidewalls 30 and vapor chamber center columns
40 is a hollow-centered structure that comprises a vapor chamber space enclosed by
surrounding walls. In one embodiment, the vapor chamber base 20, the sidewalls 30 and
the center columns 40 are operatively connected to each other to form a continuous vapor
chamber space.

The base 20 contains a bottom surface 22 that is in thermal contact with a heat
source, and a top surface 24 on which the sidewalls 30 andior center columns #) are

formed. The base 20 is made of a material having a high thermal conductivity, such as a
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metal or alloy. In one embodiment, the base 20 is made of copper or aluminum. The
base 20 s filled or partially tfilled with an evaporable working fluid, such as water.

The sidewalls 30 are formed only on selected sides of the base 20 so as to
maintain an uncbstructed airflow between the sidewalls 30, In the embodiment shown i
FIG. 24, two sidewalls 30 are formed on the opposite sides of the base 20. It should be
noted that the sidewalls 30 do not need to be formed on the edges of the base 20, As
shown in FIG. 28, the two stdewalls 30 are formed at locations near the edges of the base
20,

The center column 40 is tormed between the sidewalls 30 to further facilitate heat
dissipation from the base 20. In one embodiment, the center column 40 is in the form of a
free-standing colummn that serves as a heat pipe. Multiple free-standing center columns 40
may be used to facilitate beat transter from the base 20 to fins 60. In another embodiment,
the center colunin 40 18 in the form of a center wall that 15 parallel to the sidewalls 30 and
extends from one side of the base 20 to the other side of the base 20. Multiple center
walls may be formed between the sidewalls 30 to facilitate heat transfer from the base 20
to fins 60. A person skilled m the art would also understand that efficient heat dissipation
may be achieved with the sidewalls 30 alone, the center columns 40 alone, or a
combmation of the sidewalls 30 and the center columns 40, The sidewalls 30 and center
columns 40 are mmade of a material having a lngh thermal conductivity, such as a metal or
allov. In one embodiment, the sidewalls 30 and center columns 40 made of copper or
aluminum,

In one embodiment, the vapor chamber base 20, sidewalls 30 and center columns
40 are filled with a porous material 30, The porous material SO has a porosity that allows
vapor transport from the base 20, where evaporation takes place, to sidewalls 30 and
center columns 40, where condensation of the vapor takes place. The capillary forces
created by the porous material also facilitate the return of condensed working fluid o the
base 20, Examples of the porous material 50 include, but are not himited to, sintered
powder wick which can be aftached to the vapor chamber base 20, sidewalls 30 and/or
center columns 40 by solder.

The sintered powder may be selected from any of the matenals having high
thermal conductivity and that are suitable for fabrication into porous structures, eg.,
carbon, lungsten, copper, aluminum, magnesium, nickel, gold, silver, aluminum oxide,
beryllium oxide, or the like, and may comprise either substantially spherical, arbitrary or

regutar polygonal, or filament-shaped particles of varying cross-sectional shape. In one
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embodiment, the porous material 50 comprises sintered copper wick,  Other wick
materials, such as aluminum-silicon-carbide or copper-silicon-carbide may be used with
egqual effect.

The sidewalls 30 andfor cemter columng 40 further comprise a plurality of stacked
fins 60 tor efficient heat dissipation. The fins 60 are atiached in horizontal arrangement
to the sidewalls 30 and center columns 40, Each fin 60 has a planar-shaped main body
having a top surface 62 and a bottom surface 64 opposite to the top surface 62. The top
surface 62 of one fin and the bottom surface 64 of the neighboring fin are parallel to each
other. The distance {d) between the two neighboring fins 60 may be determined
experimentally to allow for efficient cooling of the fins 60 by airflow. In one
embodiment, the distance {d) is in the range of 0.5-5 mm. The fins 60 are typically made
of a material baving high thermal conductivity, such as a metal or an alloy. In one
embodiment, the fins 60 are made of aluminum.

The heal sink 10 may be used to cool a heat-generating device which may be an
electronic component such as, but not limited to, an integrated circuit, a memory module,
a Micro-Electro~-Mechanical System (MEMS), a sensor, a resister, or a capacitor. The
heat sink 10 may be positioned directly on the electronic component, or on a thermal
solution including, but not limited to, a heat pipe, a heat spreader, a heater block, and a
thermal transfer plate. A fan may be complementarily posttioned to accelerate aurflow
between fins 60 and increase the rate of heat dissipation. The exact complementary
positioning is application dependent, and may be affected by a number of factors,
including but not limited to, the amount of heat to be removed, the volume and velocity of
the aiflow, and so forth.  The optimal complementary positioning for a particular
application of flow provider and flow modifier may be determined empirically.

During operation, the base 20 of the heat sink 10 absorbs heat generated by the
heat-generating device. The working fhad that is contained in the inner side of the base
20 absorbs the heat and evaporates substantially and moves 1o the sidewalls 30 and/or
center columas 40. Evaporated working fluid is cooled and condensed in the sidewalls 30
and center columns 40, The heat is released through fins 60. Finally, the condensed
working fluid flows back 1o the base 20 to begin another cycle. In this way, the working
fluid can absorb/release amounts of heat. The heat generated by the heat-generating
electronic device is thus transferred from the base 20 to the hins 60 almost immediately.
EXAMPLES

Example 1 CFD analysis of heat sink with free-standing center column configuration
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FIGS. 3-5B show results of a CFD analysis of a beat sink with free-standing
center column configuration. As shown 1a FIG. 3, the heat sink device contains six free-
standing center columns 40 that are alfached to the vapor chamber base 20. The free-
standling center columns 40 serve as heat pipes 1o transfer heat from the base 20 to fins 60
Heat dissipation was achieved by eighteen aluminum plate fins 60 attached to the center
columng 40, In this embodiment, the fins have a thickness of 0.5 mm, a surtace area of
80 x 85 mm, and a fin-to-fin gap of 1.1 mm. FIGS. 4A-4C show heat distribution on the
center columns 40 (FIG. 4A) and fins 60 (FIG. 48) and the base plate 20 (FIG. 4C).
FIGS. SA and 5B show the airflow generated by fins 60
Example 2: CFD analysis of heat sink with wall-like center column configuration

FIGS. 6A-8B show results of a CFD analysis of a heat sink with wall-like center
column configuration. As shown in FIGS. 0A-6( the heat sink device contains a base
vapor chamber, two sidewalls and a wall-like center column, The sidewalls 30 and the
center column 40 are operatively connected to base 20 and form a continuous vapor
chamber space. Heat dissipation was achieved by eighteen aluminum plate fins attached
to the center columns, The fins have a thickness of 0.5 mm, a suwrface area of 80 x 85 mm,
and a fin-to-fin gap of 1.1 mm. FIGS. 7A-78 show heat distribution on the base plate 20
(FI1G. 7A} and fins 60 (FIG. 7B}. FIGS. 8A and 8B show the airflow generated by fins 60.

Under the same heat generation and air flow rate settings, the heat sink with wall-
like center columm configuration was able to achieve a 11°C improvement over the heat
sink with free-slanding center column configuration, /e, having & source temperature of
45°C (FIG. 7B) vs. 56°C {FIG. 4C).

Whife the mvention has been described m connection with what s presently
considered to be the most practical and preferred embodiment, it is to be understood that
the invention is not limited to the disclosed embodiments, but, on the contrary, is intended
to accommodate various modifications and equivalent arrangements. It will be
appreciated by those of ordinary skill in the art that a wide variety of alternate andf/or
equivalent embodiments or implementations calculated to achieve the same purposes may
be substituted for the embodiments shown and described. This application is intended to
cover any adapiations or vanations of the embodiments discussed herein. Therefore, 1t is
manifestly intended that embodiments in accordance with the present invention be limited

only by the claims and the equivalents thereof
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What is claimed is:

1. A heat sink comprising:

a first vapor chamber section having an upper surface and a lower surface;

a second vapor chamber section extending vertically from the upper surface of
said first vapor chamber section; and

heat-dissipating fins extending horizontally from said second vapor chamber
section,

wherein said lower surface is in thermal contact with a heat source and whergin
said first and second vapor sections are connected to each other, forming a coutinuous

vapor chamber space.

2. The heat sink of claun 1, wherein said second vapor chamber section is tn the

form a hollow-centered sidewall

3 The heat sink of claim 1, wherein saild second vapor chamber section is in the

form a hollow-centered center column.

4. The heat sink of claum 3, wherein said hollow-centered center column 1s in the
torm of a free~-standing column.
5. The heat sink of claim 3, wherein said hollow-centered center column is in the

form of a center wall.

6. The heat sink of claim 1, wherein said first and second vapor chambers comprise a

porous material.

7. The heat sink of claim 6, wherein said porous material comprises sintered powder
wick.
R. The heat sink of claim 7, wherein said sintered powder wick comprises a material

selected from the group consisting of carbon, fungsten, copper, sluminum, magnesium,

nickel, gold, silver, aluminum oxide, and beryllium oxide.
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23 The heat sink of claim 8, wherein said sintered powder wick is sintered copper

wigk.

10, The heat sink of claim 1, wherein said first and second vapor chambers comprise a

material of high thermal conductivity.

11, The heat sink of claim 10, wherein the material of high thermal conductivity

comprises copper of aluminum,

12, 'The heat sink of claim 1, wherein said heat dissipating fins are planar-shaped and

are attached in honzontal arrangement to said second vapor chamber section.

13, The heat sink of claim 12, wherein said heat dissipating fins comprises a material

of high thermal conductivity.

14, The heat sink of claim 13, wherein the material of high thermal conductivity

comprises copper of aluminum.

15, The heat sink of claim |, wherein said first vapor chamber section countains a

working fluid.

16, The heat sink of claim 15, wherein said working fluid is water,

17. A heat sink comprising:

a hollow-centered base having a top surface and a bottom surface, wherein said
bottom surface is in thermal contact with a heat source;

two hollow-centered sidewalls located on two opposite sides of the base and
extending upwardly from the top surface of the base; and

one or more hollow-centered center columns located between the two sidewalls
and exiending upwardly from the top swface of the base,

wherein the hollow ceaters of said base, said sidewalls and said one or more
center columns are connected to each other tormung a continuous vapor chamber space,

and wherein said sidewalls and said center columas comprise fins for heat dissipation.
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18, The heat sink of claim 16, wherein said fins have a planar shape and extend in

directions parallel 1o said top sarface of said hollow-centered base.

19 A heat sink comprising;

5 a planar-shaped first vapor chamber having a first surface and a second surface,
wherein sad first surface 1s opposite to said second swface and is in contact with a heat
SOUIce;

a second vapor chamber formed on said second surface, said sscond vapor
chamber 1s connected to said first vapor chamber thus forming a continuous vapor
1) chamber space; and

a plurality of planar-shaped heat dissipating fins extending from said second vapor

chamber,
23, The heat sink of claim 19, wherein said second vapor chamber is a wall-like vapor
15 chamber.
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