WO 2005/01:5104 A2 |0 |00 00 0 00 O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
17 February 2005 (17.02.2005)

AT OO0 OO R

(10) International Publication Number

WO 2005/015104 A2

F28D

(51) International Patent Classification’:

(21) International Application Number:
PCT/US2004/018039

(22) International Filing Date: 4 June 2004 (04.06.2004)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

10/618,965 14 July 2003 (14.07.2003) US

(71) Applicant (for all designated States except US): THER-
MAL CORP. [US/US]; First State Plaza, 1608 West New-
port Pike, Stanton, DE 19804 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): GARNER, Scott, D.
[US/US]; 28 Troy Drive, Lititz, PA 17543 (US). LINDE-
MUTH, James, E. [US/US]; 609 Wickshire Circle, Lititz,

(74)

(81)

PA 17453 (US). TOTH, Jerome, E. [US/US]; 493 Lin-
coln Avenue, Hatboro, PA 19040 (US). ROSENFELD,
John, H. [US/US]; 2310 Chestnut View Drive, Lancaster,
PA 17603 (US). MINNERLY, Kenneth, G. [US/US]; 234
Silverwood Drive, Lititz, PA 17543 (US).

Agents: APICELLI, Samuel, W. et al.; Duane, Morris
LLP, 305 North Front Street, P.O. Box 1003, Harrisburg,
PA 17108-1003 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

[Continued on next page]

(54) Title: TOWER HEAT SINK WITH SINTERED GROOVED WICK

(57) Abstract: A heat pipe is provided having a tubular enclosure with
an internal surface, a working fluid disposed within the enclosure, and at
least one fin projecting radially outwardly from an outer surface of the

N7
W aalP=T
] il A
1 T
T B
T N —
=T 1 ' 'Lr ™ eters.
Jr ! 'LI - |
. : Jl ] Ll —1
S I
I [ ——
; I J’ ’ ‘Ll p—— |
| S —
. : J[ L& T 1
— m e
i [ —
—
— I —
L 1 J‘ ] l‘L ! |
R [
— N —
1 T
22
[ I’ﬂL I 1
10 4
£ s mm'.., L/‘

tubular enclosure. The tubular enclosure is sealed at one end by a base
having a grooved sintered wick disposed on at least a portion of its in-
ternally facing surface. The grooved, sintered wick comprises a plurality
of individual particles having an average diameter. The grooved wick in-
cludes at least two adjacent lands that are in fluid communication with
one another through a particle layer disposed between said at least two
adjacent lands that comprises less than about six average particle diam-
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Tower Heat Sink with Sintered Grooved Wick

Field Of The Invention

[0001] The present invention generally relates to the management of thermal

energy generated by electronic systems, and more particularly to a heat pipe-

_ related tower heat sink for efficiently and cost effectively routing and controlling the

thermal energy generated by various components of an electronic system.

Background of the Invention

[0002] Semiconductors are continuously diminishing in size. Corresponding
to this size reduction is an increase in the power densities of semiconductors. This,
in turn, creates heat proliferation problems which must be resolved because
excessive heat will degrade semiconductor performance. Heat pipes are known in
the art for both transferring and spreading heat that is generafed by electronic
devices.

[0003] Heat pipes use successive evaporation and condensation of a
working fluid to transport thermal energy from a heat source to a heat sink. Heat
pipes can transport very large amounts of thermal energy in a vaporized working
fluid, because most working fluids have a high heat of vaporizétion. Further, the
thermal energy can be transported over relatively small temperature differences
between the heat source and the heat sink. Heat pipes generally use capillary
forces created by a porous wick to return condensed working fluid, from a heat pipe

condenser section (where transported thermal energy is given up at the heat sink)
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to an evaporator section (where the thermal energy to be transported is absorbed
from the heat source).

[0004] Heat pipe wicks are typically made by wrapping metal screening of
felt metal around a cylindrically shaped mandrel, inserting the mandrel and

wrapped wick inside a heat pipe container and then removing the mandrel. Wicks

~ have also been formed by depositing a metal powder onto the interior s'urfa_ces of

the heat pipe and then sintering the powder fo create a very large number of
intersticial capillaries. Typiéal heat pipe wicks are particularly susceptible to
developing hot spots where the liquid condensate being wicked back to the
evaporator section boils away and impedes or blocks liquid movement. Heat
spreader heat pipes can help improve heat rejection from integrated circuits. A heat
spreader is a thin substrate that absorbs the thermal energy generated by, e.g., a
semiconductor device, and spreads the energy over a large surface of a heat sink.
[0005] Ideally, a wick structure should be thin enough that the conduction
delta-T is sufficiently small to prevent boiling from initiating. Thin wicks, however,
have not been thought to have sufficient cross-sectional area to transport the large
amounts of liquid required to dissipate any significant amount of power. For
example, the patent of G. Y. Eastman, U.S. Patent No. 4,274,479, concerns a heat
pipe capillary wick structure that is fabricated from sintered metal, and formed with
longitudinal grooves on its interior surface. The Eastman wick grooves provide
longitudinal capillary pumping while the sintered wick provides a high capillary
pressure to fill the grooves and assure effective circumferential distribution of the

‘heat transfer liquid. Eastman describes grooved structures generally as having
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"lands" and “grooves or channels”. The lands are the material between the grooves
or channels. The sides of the lands define the width of the grooves. Thus, the land
height is also the groove depth. Eastman also states that the prior art consists of
grooved structures in which the lands are solid material, integral with the casing
wall, and the grooves are made by various machining, chemical milling or extrusion
processes.

[0006] Significantly, Eastman suggests that in order to optimize heat pipe
performance, his lands and grooves must be sufficient in size to maintain a
continuous layer of fluid within a relatively thick band of sintered powder connecting
the lands and grooves such that a reservoir of working fluid exists at the bottom of
each groove. Thus, Eastman requires his grooves to be blocked at their respective
ends to assure that the capillary pumping pressure within the groove is determined
by its narrowest width at the vapor liquid interface. In other words, Eastman
suggests that these wicks do not have sufficient cross-sectional area to transport
the relatively large amounts of working fluid that is required to dissipate a

significant amount of thermal energy.

Summary Of The Invention

[0007] The present invention provides a tower heat pipe comprising a
tubular enciosure having an internal surface at least partially covered with a wick, a
working fluid disposed within the enclosure, and at least one fin projecting radially
dutwardly from an outer surface of the tubular enclosure. The tubular enclosure is

sealed at one end by a base having a grooved sintered wick disposed on at least a
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portion of its internal surface. The grooved, sintered wick comprises a plurality of
individual particles having an average diameter. The grooved wick includes at least
two lands that are in fluid communication with one another through a particle layer
disposed between the at least two lands that comprises less than about six

average particle diameters.

Brief Description Of The Drawings

[0008] These and other features and aanntages 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:

[0009] Fig. 1 is a front elevational view of a tower heat pipe formed in
accordance with the present invention;

[0010] Fig. 2 is a cross-sectional perspective view of the tower heat pipe
shown in Fig. 1;

[0011] Fig. 3is an elevational cross-sectional view of the tower heat pipe

shown in Figs. 1 and 2;

[0012] Fig. 4 is a broken-way, enlarged view of a portion of a base-wick
shown in Figs. 2 and 3;

[0013] Fig. 5 is a significantly enlarged view of a portion of a groove-wick
disposed at the bottom of the heat pipe of Figs. 1-3, showing an extremely thin

wick structure disposed between individual lands of the wick;
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[0014] Fig. 6 is a broken-away end portion of a base-wick and base formed
in accordance with the present invention; and
[0015] Fig. 7 is a perspective view of a typical mandrel used to form a base-

wick in accordance with the present invention.

Detailed Description Of The Preferred Embodiment

[0016] This description of preferred embodiments is intended to be read in
connection with the accompanyihg drawings, which are to be considered part of the
entire written description of this invention. 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 interest of clarity and conciseness. In the
description, relative terms such as "horizontal," "vertical," "up," "down," "top" and
"bottom" as well as derivatives thereof (e.g., "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
convenience of description and normally are not intended to require a particular
orientation. Terms including "inwérdly" versus "outwardly," "longitudinal” 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 rotation, as appropriate. Terms
concerning attachments, coupling and the iike, such as "connected" and
"interconnected,” refer to a relationship wherein structures 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
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otherwise. The term "operativgly connected" is such an attachment, coupling or
connection that allows the pertinent structures to operate as intended by virtue of
that relationship. In the claims, means-plus-function clauses are intended to cover
the structures described, suggested, or rendered obvious by the written description
or drawings for performing the recited function, including not only structural
equivalents but also equivalent structures.

[0017] Referring o Figs. 1 and 2, the present invention comprises a tower
heat pipe heat 2 that is sized and shaped to transfer thermal energy generated by
at least one thermal energy source, e.g., a semiconductor device 4 that is thermally
engaged with a portion of tower heat pipe 2. Heat pipe 2 includes a body 6, a
body-wick 8, a base 10, a base-wick 12, and fins 16. More particularly, body 6
comprises a cylindrical tube formed from a highly thermally conductive metal, e.g.,
copper or its alloys, nickel or its alloys (such as monel an alloy of nickel and
copper) could be incorporated into the structure with no significant changes in
design or fabrication method. A vapor space is defined by a central passageway
18 extending along the longitudinal axis of body 6. Body 6 includes a bottom end
22 and a top end 25. Bottom end 22 is hermetically sealed to an inner surface 23
of base 10. Top end 25 is pinched off or otherwise sealed at a fill tube 26 during
construction. Fins 16 project radially outwardly from outer surface 27 of body 6.
Fins 16 may be formed from any thermally conductive material, such as copper,
aluminum, or their alloys.

[0018] Referring to Fig 2, body-wick 8 is preferébly formed from a sintered

copper powder or the like, that is distributed throughout the inner surface of body 6
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that defines central passageway 18. Although not preferred, body-wick 8 may also
comprise adjacent layers of screening or a sintered powder structure with
interstices between the particles of powder, having an average thickness of about
0.1mm to 1.0mm. Additionally, central passageway 18 may be devoid of some or
all of body-wick 8, particularly in gravity-aided embodiments of the invention.
[0019] Referring to Figs 2-6, base-wick 12 is located on inner surface 23 of
base 10, and is often formed from a metal powder 30 that is sintered in place
around a shaped mandrel 32 (Fig. 7) to form a sintered groove structure. Lands 35
of mandrel 32 form grooves 37 of finished base-wick 12, and grooves 40 of
mandrel 32 form lands 42 of base-wick 12. Each land 42 is formed as an inverted,
substantially “V"-shaped or pyramidal protrusion having sloped side walls 44a, 44b,
and is spaced-apart from adjacent lands. Grooves 37 separate lands 42 and are
arranged in substantially parallel rows that extend through a portion of inner
surface 23. The terminal portions 43 of grooves 37 may be disposed adjacent o
the inner surface of bottom end 22 of body 6, or may be spaced away from body 6.
[0020] Advantageously, a relatively thin layer of sintered powder 30 is
deposited upon inner surface 23 of base 10 so as to form a groove-wick 45 at the
bottom of each groove 37, and beMeen spaced-apart lands 42. When base-wick
12 is arranged in spaced-away relation to the inner surface of bottom end 22 of
body 6, groove-wick 45 extends between terminal portions 43 of grooves 37 and
the inner surface of body 6. Sintered powder 30 may be selected from any of the
materials having high thermal conductivity and that are suitable for fabrication into

porous structures, e.g., carbon, tungsten, copper, aluminum, magnesium, nickel,
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gold, silver, aluminum oxide, beryllium oxide, or the like, and may comprise either
substantially spherical, arbitrary or regular polygonal, or filament-shaped particles
of varying cross-sectional shape. For example, sintered copper powder 30 is
deposited between lands 42 (and on the portion of base 10 that surrounds base-
wick 12) such that groove-wick 45 comprises an average thickness of about one to
six average copper particle diameters (approximately .005 millimeters to .5
millimeters, preferably, in the range from about .05 millimeters to about .25
millimeters) when deposited over substantially all of inner surface 23 of base 10,
and in the space between sloped side walls 44a, 44b at the bottom of lands 42. Of
course, other wick materials, such as, aluminum-silicon-carbide or copper-silicon-
carbide may be used with similar effect.

[0021] Significantly groove-wick 45 is formed so as to be thin enough that
the conduction delta-T is small enough to prevent boiling from initiating at the
interface between inner surface 23 and the sintered powder forming the wick.
Groove-wick 45 is an extremely thin wick structure that is fed by spaced lands 42
which provide the required cross-sectional area to maintain effective working fluid
flow. In cross-section, groove-wick 45 comprises an optimum design when it
comprises the largest possible (limited by capillary limitations) flat area between
lands 42. This area should have a thickness of, e.g., only one to six copper
powder particles. The thinner groove-wick 45 is, the better performance within
realistic fabrication constraints, as long as the surface area of inner surface 23 has
at least one layer of copper particles. This thin wick area takes advantage of the

enhanced evaporative surface area of the groove-wick layer, by limiting the
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thickness of groove-wick 45 to no more than a few powder particles. This structure
has been found to circumvent the thermal conduction limitations associated with |
the prior art.

[0022] It is to be understood that the present invention is by no means
limited only to the particular constructions herein disclosed and shown in the
drawings, but also comprises any modifications or equivalents within the scope of

the claims.
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What Is Claimed Is:
1. A tower heat pipe comprising:

a tube having an internal surface at least partially covered with a wick, a
working fluid disposed within said tube, a sealed first end, and at least one fin
projecting radially outwardly from an outer surface of said tube;

_a base sealingly fixed to a second end of said tube, and having a grooved -
sintered wick disposed on at least a portion of an internal surface;

said grooved sintered wick comprising a plurality of individual particles which
together yield an average particle diameter, and including at least two lands that
are in fluid communication with one another through a particle layer disposed
between said at least two lands wherein said particle layer comprises at least one

dimension that is no more than about six average particle diameters.

2. A tower heat pipe according to claim 1 wherein said particle layer comprises

a thickness that is about three average particle diameters.

3. A tower heat pipe according to claim 1 wherein said particles are formed

substantially of copper.

4, A tower heat pipe according to claim 1 wherein said six average particle

diameters is within a range from about .05 millimeters to about .25 millimeters.

10
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5. A heat pipe comprising:

a tubular enclosure having an internal surface covered by a wick and sealed
at a first end;

a base sealing fixed to a second end of said enclosure so as to form an
internal surface wifhin said enclosure;

a working fluid disposed within said enclosure;

at least one fin projecting radially outwardly from an outer surface of said
tubular enclosure; and

a grooved sintered wick disposed upon said internal surface formed by said
base, said grooved sintered wick comprising a plurality of individual particles which
together yield an average particle diameter, and including at least two lands that
are in fluid communication with one another through a particle layer disposed
between said at least two lands wherein said particle layer comprises at least one

dimension that is no more than about six average particle diameters.

6. A heat pipe according to claim 5 wherein said particle layer comprises a

thickness that is less than about three average particle diameters.

7. A heat pipe according to claim 5 wherein said particles are formed

substantially of copper.

8. A heat pipe according to claim 5 wherein six average particle diameters is

within a range from about .005 millimeters to about .5 millimeters.

11
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9. A heat pipe according to claim 5 wherein said particle layer extends
between a terminal portion of said lands and adjacent portions of said enclosure on

said internal surface.

10. A heat pipe according to claim 5 wherein said particle layer is formed from a
material selected from the group consisting of carbon, tungsten, copper, aluminum,

magnesium, nickel, gold, silver, aluminum oxide, and beryllium oxide.

11. A tower heat pipe comprising:

a tube having an internal surface, a working fluid disposed within said tube,
a sealed first end, and at least one fin projecting radially outwardly from an outer
surface of said tube;

a base sealingly fixed to a second end of said tube, and having a grooved
sintered wick disposed on at least a portion of an internal surface;

said grooved sintered wick comprising a plurality of individual particles which
together yield an average particle diameter, and including at least two lands that
are in fluid communication with one another through a particle layer disposed
between said at least two lands wherein said particle layer comprises at least one

dimension that is no more than about six average particle diameters.

12
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