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(54) THREE-DIMENSIONAL HEAT TRANSFER DEVICE

(57) A three-dimensional heat transfer device in-
cludes a first thermal conductive shell, a second thermal
conductive shell that connects the first thermally conduc-
tive shell to form a liquid-tight chamber, at least one
thermally conductive assembly of a hot area arranged
in the liquid-tight chamber and disposed on the second
thermally conductive shell, the at least one thermally
conductive assembly of hot area includes a plurality of

extended thermally conductive structures of hot area,
and at least one thermally conductive assembly of a cold
area arranged adjacent to the at least one thermally
conductive assembly of hot area includes at least two
extended thermally conductive structures of cold area
that are separated to form a pressure drop notch there-
between.
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Description

TECHNICAL FIELD

[0001] The present disclosure is related to the field of
heat transfer devices, in particular a three-dimensional
heat transfer device.

BACKGROUND OF THE INVENTION

[0002] Generally, a heat transfer device includes a
heat transfer plate, a heat pipe, and a heat dissipater
(e.g., fins and fan) to dissipate heat generated by a heat
source. In detail, the heat transfer plate contacts the heat
source to absorb heat, and the heat pipe is disposed
between the heat transfer plate and the heat dissipater to
transfer the heat to the heat dissipater to dissipate the
heat via the heat dissipater.

[0003] In conventional heat transfer devices, capillary
structures in both the heat transfer plate and the heat pipe
are proximate with each other but not connected, which
causes the heat transfer plate and the heat pipe to work
independently because the capillary structures have a
larger attraction force to the working fluid than gravity.
Consequently, this situation reduces the flow of the work-
ing fluid, causing a decrease in the heat dissipation
efficiency of the heat transfer device. Generally, manu-
facturers seek to improve the heat dissipation efficiency
of three-dimensional heat transfer devices by either in-
creasing the capillary force of the structures or enhancing
the thermal conductivity of the evaporation zone. How-
ever, current devices still face challenges with the effi-
cient return of vaporized working fluid, leading to overall
heat dissipation performance that does not meet user
expectations. Therefore, improving the return efficiency
of the vaporized working fluid to improve the heat dis-
sipation efficiency of three-dimensional heat transfer
devices remains a critical challenge for researchers.

SUMMARY OF THE INVENTION

[0004] Aspects of the disclosure provide a three-di-
mensional heat transfer device. The three-dimensional
heat transfer device can include a first thermal conduc-
tive shell, a second thermal conductive shell that con-
nects with the first thermally conductive shell to form a
liquid-tight chamber. Further, at least one thermally con-
ductive assembly of hot area arranged in the liquid-tight
chamber and disposed on the second thermally conduc-
tive shell, the at least one thermally conductive assembly
of hot area includes a plurality of extended thermally
conductive structures of hot area, and at least one ther-
mally conductive assembly of cold area arranged adja-
cent to the at least one thermally conductive assembly of
hot area, the at least one thermally conductive assembly
of cold area includes at least two extended thermally
conductive structures of cold area that are separated
to form a pressure drop notch therebetween.
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[0005] In an embodiment, a plurality of heat pipes are
preferably disposed on or preferably connected with the
first thermally conductive shell and are in fluid commu-
nication with the liquid-tight chamber.

[0006] In some embodiment, the second thermally
conductive shell can include a base plate, a first protrud-
ing structure, a second protruding structure, the first
protruding structure protrudes from the base plate and
away from the first thermally conductive shell, the second
protruding structure protrudes from the first protruding
structure and away from the first thermally conductive
shell, the second protruding structure having an inner
surface facing the first thermally conductive shell, and the
at least one thermally conductive assembly of hot area
and the at least one thermally conductive assembly of
cold area protruding from the inner surface of the second
protruding structure.

[0007] In some embodiments, the three-dimensional
heat transfer device can further include a plurality of
supporting structures of hot area and a plurality of sup-
porting structures of cold area, wherein the plurality of
supporting structures of hot area protrude from the plur-
ality of extended thermally conductive structures of hot
area, the plurality of supporting structures of cold area
protrude from the plurality of extended thermally conduc-
tive structures of cold area, and the plurality of supporting
structures of hot area having lengths greater than the
plurality of supporting structures of cold area.

[0008] In some embodiments, the three-dimensional
heat transfer device can further include a first capillary
structure in contact with the first thermally conductive
shell.

[0009] In some embodiments, the three-dimensional
heat transfer device can further include a second capil-
lary structure in contact with the first thermally conductive
shell, the at least one thermally conductive assembly of
hot area, the at least one thermally conductive assembly
of cold area, the plurality of supporting structures of hot
area, and the plurality of supporting structures of cold
area.

[0010] In an embodiment, the plurality of extended
thermally conductive structures of hot area and the sec-
ond capillary structure are integrated into a single struc-
ture.

[0011] In an embodiment, the plurality of extended
thermally conductive structures of hot area are pow-
der-sintered structures, which are independent struc-
tures that are different from the second protruding struc-
ture.

[0012] In an embodiment, the second capillary struc-
ture and the extended thermally conductive structures of
hot area can have different perforated capillary with
pores.

[0013] Inanembodiment, the second protruding struc-
ture caninclude a bottom side, a top side, aleft sideand a
right side, the bottom side is opposite to the top side, the
left side is opposite to the right side, and the at least one
thermally conductive assembly of hot area is adjacent to
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the top side and the right side of the second protruding
structure.

[0014] Inanembodiment, the second protruding struc-
ture caninclude a bottom side, atop side, aleft sideand a
right side, the bottom side is opposite to the top side, the
left side is opposite to the right side, and the at least one
thermally conductive assembly of hot area is adjacent to
the bottom side and the left side of the second protruding
structure.

[0015] Inanembodiment, the second protruding struc-
ture caninclude a bottom side, atop side, a left side and a
right side, the bottom side is opposite to the top side, the
left side is opposite to the right side, and the at least one
thermally conductive assembly of hot area is adjacent to
the top side and the left side of the second protruding
structure.

[0016] Inanembodiment, the second protruding struc-
ture caninclude a bottom side, atop side, aleft sideand a
right side, the bottom side is opposite to the top side, the
left side is opposite to the right side, and the at least one
thermally conductive assembly of hot area is adjacent to
the bottom side and the right side of the second protrud-
ing structure.

[0017] Inanembodiment, the second protruding struc-
ture caninclude a bottom side, atop side, aleft sideand a
right side, the bottom side is opposite to the top side, the
left side is opposite to the right side, and the at least one
thermally conductive assembly of hot area is separated
from the top side, the bottom side, the left side, and the
right side of the second protruding structure.

[0018] The above embodiments can be combined with
the heating assembly as specified in claim 1 either in-
dividually orin any combination, atleast as defined by the
dependencies of the presented claims.

BRIEF DESCRIPTION OF DRAWINGS

[0019] Unless specified otherwise, the accompanying
drawings illustrate aspects of the innovative subject mat-
ter described herein. Referring to the drawings, wherein
like reference numerals indicate similar parts throughout
the several views, several examples of vapor chambers
incorporating aspects of the presently disclosed princi-
ples are illustrated by way of example, and not by way of
limitation.

Fig. 1 illustrates a perspective view of the three-
dimensional heat transfer device 10 according to
an embodiment of the present disclosure.

Figure 2 illustrates a perspective view of a second
thermally conductive shell 12 of the three-dimen-
sional heat transfer device 10.

Figure 3 illustrates a section view of the three-dimen-
sional heat transfer device 10.

Figure 4 illustrates a plan view of the second ther-
mally conductive shell 12 of the three-dimensional
heat transfer device 10.

Fig. 5 illustrates a top view of a second protruding
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structure 123 of the three-dimensional heat transfer
device 10.

Fig. 6 illustrates a plan view of the second protruding
structure of a three-dimensional heat transfer device
10A according to another embodiment of the present
disclosure.

Fig. 7 illustrates a plan view of the second protruding
structure of a three-dimensional heat transfer device
10B according to another embodiment of the present
disclosure.

Fig. 8 illustrates a plan view of the second protruding
structure of a three-dimensional heat transfer device
10C according to another embodiment of the present
disclosure.

Fig. 9 illustrates a plan view of the second protruding
structure of a three-dimensional heat transfer device
10D according to another embodiment of the present
disclosure.

Fig. 10 illustrates a plan view of the second protrud-
ing structure of a three-dimensional heat transfer
device 10E according to another embodiment of
the present disclosure.

DETAILED DESCRIPTION

[0020] Detailed descriptions and technical contents of
the present invention are illustrated below in conjunction
with the accompanying drawings. However, it is to be
understood that the descriptions and the accompanying
drawings disclosed herein are merely illustrative and
exemplary and not intended to limit the scope of the
present invention.

[0021] Figs. 1-4 illustrate various views of a three-
dimensional heat transfer device 10 according to an
embodiment of the present disclosure. Fig. 1 illustrates
a perspective view of the three-dimensional heat transfer
device 10. Fig. 2 illustrates a perspective view of a
second thermally conductive shell 12 of the three-dimen-
sional heat transfer device 10. Fig. 3 illustrates a section
view of the three-dimensional heat transfer device 10.
Fig. 4 illustrates a plan view of the second thermally
conductive shell 12 of the three-dimensional heat trans-
ferdevice 10. The three-dimensional heat transfer device
10 includes afirst thermally conductive shell 11, a second
thermally conductive shell 12, two thermally conductive
assemblies of a hot area 13, two thermally conductive
assemblies of a cold area 14, multiple supporting struc-
tures of hot area 15, multiple supporting structures of hot
area 16, multiple heat pipes 17, a first capillary structure
18, and a first capillary structure 19.

[0022] The second thermal conductive shell 12 is con-
nected with the first thermal conductive shell 11 to form a
liquid-tight chamber S. The liquid-tight chamber S can be
filled with a cooling fluid (not shown), e.g., water or
refrigerant. The second thermal conductive shell 12 in-
cludes a base plate 121, a first protruding structure 122,
and a second protruding structure 123. The first protrud-
ing structure 122 protrudes from the base plate 121 and
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away from the first thermally conductive shell 11. The
second protruding structure 123 protrudes from the first
protruding structure 122 and away from the first thermally
conductive shell 11. The second protruding structure 123
includes an inner surface 1231, a heat exchange surface
1232, a bottom side 1233, a top side 1234, a left side
1235, and aright side 1236. The inner surface 1231 faces
the first thermally conductive shell 11. The heatexchange
surface 1232 is on the opposite side of the inner surface
1231 and is used for thermally coupling with a heat
source H, so that the cooling fluid located in the liquid-
tight chamber S can absorb the heat that the heat source
H transmits to the thermal conductive protruding struc-
tures (e.g., 122 and 123) through the heat exchange
surface 1232. Thermal coupling can be achieved by
thermal contact or connection through other thermally
conductive media between the heat exchange surface
1232 and the heat source H. The heat source H can be
anything that dissipates heat, for example, a GPU, a
CPU, or any other electronic devices or components.
The bottom 1233 is opposite to the top 1234, and the
left 1235 is opposite to the right 1236. The bottom side
1233, the top side 1234, the left side 1235 and the right
side 1236 jointly surround the inner surface 1231 and the
heat exchange surface 1232.

[0023] The two thermally conductive assemblies of hot
area 13 and the two thermally conductive assemblies of
cold area 14 are located in the liquid-tight chamber S and
protrude from the inner surface 1231 of the second
protruding structure 123. One of the thermally conductive
assemblies of hotarea 13 is adj acent to the top side 1234
and the right side 1236 of the second protruding structure
123. The other of the thermally conductive assemblies of
hot area 13 is adjacent to the bottom side 1233 and the
left side 1235 of the second protruding structure 123.
That is, the two thermally conductive assemblies of hot
area 13 are arranged along a diagonal of the second
protruding structure 123. Each of the two thermally con-
ductive assemblies of cold area 14 is placed side by side
on one side of the thermally conductive assemblies of hot
area 13. Each of the two thermally conductive assem-
blies of hot area 13 corresponds to one of the hot spots H1
of the heat source H respectively. It should be noted that,
relative to the hot area referred to in the thermally con-
ductive assemblies of hot area 13, the cold area referred
to in the thermally conductive assemblies of cold area 14
is the area where the temperature in the corresponding
heat source is lower than the hot spot H1.

[0024] Eachthermally conductive assembly of hotarea
13 includes strips of extended thermally conductive
structures of hot area 131. Each strip of the extended
thermally conductive structures of hot area 131 is ar-
ranged side by side to each other. For example, as shown
in Fig. 2 and Fig. 4, each thermally conductive assembly
of hot area 13 includes four parallel strips of extended
thermally conductive structures of hot area 131. In this
embodiment, each strip of extended thermally conduc-
tive structures of hot area are arranged parallel to each
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other, but the embodiment is not limited thereto. In other
embodiments, each strip of extended thermally conduc-
tive structures can be arranged convergent or divergent
to each other. Each thermally conductive assembly of
cold area 14 includes strips of extended thermally con-
ductive structures of cold area 141. Each strip of the
extended thermally conductive structures of cold area
141 includes multiple extended thermally conductive
structures of cold area 141 that are separated from each
other by a pressure drop notch N. Each strip of the
extended thermally conductive structures of cold area
141 is arranged side by side to each other. For example,
as shown in Fig. 2 and Fig. 4, the thermally conductive
assembly of cold area 14 at the bottom right of the second
protruding structure 123 includes four parallel strips of
extended thermally conductive structures of cold area
141, and each strip includes two extended thermally
conductive structures of cold area 141 that are separated
by pressure drop notches N. In this embodiment, each
strip of extended thermally conductive structures of hot
area are arranged parallel to each other, but the embodi-
ment is not limited thereto. In other embodiments, each
strip of extended thermally conductive structures can be
arranged convergent or divergent to each other. A gap is
left between the extended thermally conductive struc-
tures of hot area 131 and the first thermally conductive
shell 11. That is, the top side of the extended thermally
conductive structures of hot area 131 has space for the
cooling fluid to flow through. The space above the top
side of extended thermally conductive structures of hot
area 131 and extended thermally conductive structures
of cold area 141 that are separated by pressure drop
notches N and the space below the inner surface of the
firstthermally conductive shell 11, effectively provides the
required vapor pressure drop in the liquid-tight chamber
S. In addition, these structures reduce vapor pressure
and the high liquid pressure drop caused by the capillary
action of the powder-sintered capillary structure. There-
fore, the extended thermally conductive structures of hot
area 131 and extended thermally conductive structures
of cold area 141 can improve the heat dissipation effi-
ciency of the three-dimensional heat transfer device 10.
[0025] Refer to Fig. 2, the supporting structures of hot
area 15 protrude from the extended thermally conductive
structures of hot area 131 and contact the first thermally
conductive shell 11. The supporting structures of cold
area 16 protrude from the extended thermally conductive
structures of cold area 141 and contact the first thermally
conductive shell 11. Refer to Fig. 1 and Fig. 3, heat pipes
17 are disposed in the first thermally conductive shell 11
and are connected with the liquid-tight chamber S. The
heat pipes 17 described herein do not include any capil-
lary structures on the inner surface. However, the heat
pipes 17 can include capillary structures on the inner
surface according to the specific design or the desired
application of the three-dimensional heat transfer device
10.

[0026] Fig. 5 illustrates a top view of the second pro-
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truding structure 123 of the three-dimensional heat trans-
fer device 10. Each supporting structure of hot area 15
has a length of L1 and each supporting structure of cold
area 16 has a length of L2. The length L1 is greater than
the length L2. The length of L1 can also be less than or
equal to the length of L2 to suit the specific needs of the
three-dimensional heat exchange device 10. During the
operation of the three-dimensional heat exchange device
10, the cooling fluid absorbs the heat from the heat
source H and vaporizes. The vaporized cooling fluid
may flow along the direction A1 between the extended
thermally conductive structures of hot area 131, flows
along the direction A2 through the space on the top side of
the extended thermally conductive structures of hot area
131, and flows through the pressure drop notches N.
Eventually, and the vaporized cooling fluid flows into the
heat pipes 17 to dissipate heat.

[0027] Referbackto Figs. 1-4 and specifically Fig. 3, a
first capillary structure 18 can be arranged on the inner
surface of the first thermally conductive shell 11. Prefer-
ably, the first capillary structure 18 is arranged on almost
all surface areas of the first thermally conductive shell 11
facing the liquid-tight chamber S. A second capillary
structure 19 can be arranged on the surfaces of the
second thermally conductive shell 12, the thermally con-
ductive assemblies of hot area 13, the thermally con-
ductive assemblies of cold area 14, the supporting struc-
tures of hot area 15, and the supporting structures of hot
area 16. Preferably, the second capillary structure 19 is
arranged on almost all surface areas of the second
thermally conductive shell 12, the thermally conductive
assemblies of hot area 13, the thermally conductive
assemblies of cold area 14, the supporting structures
of hot area 15, and the supporting structures of hot area
16 facing the liquid-tight chamber S. By arranging the first
capillary structure 18 and the second capillary structure
19, the cooling fluid can absorb the heat of the heat
source H and the vaporized cooling fluid reflux through
the first capillary structure 18 and the second capillary
structure 19 after vaporization. The portions of the sec-
ond capillary structure 19 that are arranged on the sur-
faces of the extended thermally conductive structure of
hot area 131 can be used to transfer heat from the hot
spotH1. The portions of the second capillary structure 19
that are arranged on the surfaces of the extended ther-
mally conductive structures of cold area 141 forming the
gaps as the pressure drop notches N can provide vapor
pressure reduction to the vaporized cooling fluid when
flow through the pressure drop notches N.

[0028] Inanother embodiment, the extended thermally
conductive structures of hot area 131 and the second
capillary structure 19 can be integrated into a single
capillary structure.

[0029] Inanotherembodiment, the extended thermally
conductive structures of hot area 131 are powder-sin-
tered structures, which are independent structures that
are different from the second protruding structure 123.
Additionally, the second capillary structure 19 and the
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extended thermally conductive structures of hotarea 131
can have different perforated capillary with pores.
[0030] The supporting structures of cold area 16 canbe
quadrangular columnar, while the second capillary struc-
ture 19 arranged on the surfaces of the supporting struc-
tures of cold area 16 can be cylindrical. The shape of the
supporting structures of cold area 16 and the shape of the
second capillary structure 19 arranged in the supporting
structures of cold area 16 can be different. The shape of
the supporting structures of cold area 16 and the shape of
the second capillary structures 19 can also be any sui-
table or be the same.

[0031] During a cooling cycle, the vaporized cooling
fluid after absorbing the heat from the heat source Hflows
through the space above the top side of the extended
thermally conductive structures of hot area 131 and the
pressure drop notches N as gaps between extended
thermally conductive structures of cold area 141. It
should be noted that, at least a portion of the vaporized
cooling fluid may simultaneously flow in different direc-
tions within the evaporation zone in the cooling cycle,
dispersing into any available space before entering the
pressure drop notches N. This way, the flow path of
vaporized cooling fluid is dispersed which further reduces
the vapor pressure, which results in the improvement of
the heat dissipation efficiency of the three-dimensional
heat exchange device 10.

[0032] In addition, the pressure loss between the ther-
mally conductive assemblies of hot area 13 and the
thermally conductive assemblies of cold area 14 can
cause a temperature difference and form thermal resis-
tance. The pressure drop notches N can reduce the
pressure loss, which reduces the thermal resistance
and further improves the heat dissipation efficiency of
the three-dimensional heat exchange device 10.

[0033] The three-dimensional heat transfer device 10
is arranged upright according to the position of the heat
source. That is, the second protruding structure 123 of
the three-dimensional heat transfer device 10 has a
bottom side 1233, a top side 1234, a left side 1235,
and a right side 1236. In some embodiments, the
three-dimensional heat transfer device 10 may also be
arranged to lie flat according to the position of the heat
source. That is, the second protruding structure 123 of
the three-dimensional heat transfer device 10 may have
a front side, a rear side, a left side, and a right side.
[0034] The second capillary structure 19 arranged on
the surface of the second thermally conductive shell 12,
the surfaces of the thermally conductive assemblies of
hot area 13, the surfaces of the thermally conductive
assemblies of cold area 14, the surfaces of the supporting
structures of hot area 15, and the surfaces of the support-
ing structures of cold area 16 can be constituted of the
same material or different materials.

[0035] The three-dimensional heat transfer device 10
discussed above includes two thermally conductive as-
semblies of hot area 13 which correspond to two hot
spots of the heat source H. Other examples of the ar-
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rangement of the thermally conductive assemblies of hot
area are illustrated in Figs. 6-10.

[0036] Fig. 6 illustrates a plan view of the second
protruding structure of a three-dimensional heat transfer
device 10A according to an embodiment of the present
disclosure. The three-dimensional heat transfer device
10A is similar to the three-dimensional heat transfer
device 10. The three-dimensional heat transfer device
10A only includes one thermally conductive assembly of
hot area 13A. The thermally conductive assembly of hot
area 13A corresponds to one of the hot spots H1 of the
heat source H. The thermally conductive assembly of hot
area 13A is arranged adjacent to the top side 1234 and
the right side 1236 of the second protruding structure
123. That is, the thermally conductive assembly of hot
area 13Ais located in the upper right corner of the second
protruding structure 123. During a cooling cycle, the
cooling fluid absorbs the heat of the heat source and
vaporizes, and the vaporized cooling fluid flows along the
direction B1 between the extended thermally conductive
structures of hot area 131 and along the direction B2
through the space above the top side of the extended
thermally conductive structures of hot area 131 and the
pressure drop notches N to reduce the vapor pressure. It
should be noted that, at least a portion of the vaporized
cooling fluid may simultaneously flow in different direc-
tions within the evaporation zone in the cooling cycle,
dispersing into any available space before entering the
pressure drop notches N.

[0037] Fig. 7 illustrates a plan view of the second
protruding structure of a three-dimensional heat transfer
device 10B according to an embodiment of the present
disclosure. The three-dimensional heat transfer device
10B is similar to the three-dimensional heat transfer
device 10, so the differences will be described, and the
similarities will not be repeated. The three-dimensional
heat transfer device 10B includes one thermally conduc-
tive assembly of hot area 13B. The thermally conductive
assembly of hot area 13B corresponds to one of the hot
spots H1 of the heat source H. The thermally conductive
assembly of hot area 13B is arranged adjacent to the
bottom side 1233 and the left side 1235 of the second
protruding structure 123. That is, the thermally conduc-
tive assembly of hot area 13B is located in the bottom left
corner of the second protruding structure 123. During a
cooling cycle, the cooling fluid absorbs the heat of the
heat source and vaporizes, and the vaporized cooling
fluid flows along the direction C1 between the extended
thermally conductive structures of hotarea 131 and along
the direction C2 through the space above the top side of
the extended thermally conductive structures of hot area
131 and the pressure drop notches N to reduce the vapor
pressure. It should be noted that, at least a portion of the
vaporized cooling fluid may simultaneously flow in differ-
ent directions within the evaporation zone in the cooling
cycle, dispersinginto any available space before entering
the pressure drop notches N.

[0038] Fig. 8 illustrates a plan view of the second
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protruding structure of a three-dimensional heat transfer
device 10C according to an embodiment of the present
disclosure. The three-dimensional heat transfer device
10C is similar to the three-dimensional heat transfer
device 10, so the differences will be described, and the
similarities will not be repeated. The three-dimensional
heat transfer device 10C only includes one thermally
conductive assembly of hot area 13C. The thermally
conductive assembly of hot area 13C corresponds to
one of the hot spots H1 of the heat source H. The
thermally conductive assembly of hot area 13C is ar-
ranged adjacent to the top side 1234 and the left side
1235 of the second protruding structure 123. That is, the
thermally conductive assembly of hot area 13C is located
in the top left corner of the second protruding structure
123. During a cooling cycle, the cooling fluid absorbs the
heat of the heat source and vaporizes, and the vaporized
cooling fluid flows along the direction D1 between the
extended thermally conductive structures of hotarea 131
and along the direction D2 through the space above the
top side of the extended thermally conductive structures
of hot area 131 and the pressure drop notches N to
reduce the vapor pressure. It should be noted that, at
least a portion of the vaporized cooling fluid may simul-
taneously flow in different directions within the evapora-
tion zone in the cooling cycle, dispersing into any avail-
able space before entering the pressure drop notches N.
[0039] Fig. 9 illustrates a plan view of the second
protruding structure of a three-dimensional heat transfer
device 10D according to an embodiment of the present
disclosure. The three-dimensional heat transfer device
10D is similar to the three-dimensional heat transfer
device 10, so the differences will be described, and the
similarities will not be repeated. The three-dimensional
heat transfer device 10D only includes one thermally
conductive assembly of hot area 13D. The thermally
conductive assembly of hot area 13D corresponds to
one of the hot spots H1 of the heat source H. The
thermally conductive assembly of hot area 13D is ar-
ranged adjacent to the bottom side 1233 and the right
side 1236 of the second protruding structure 123. That s,
the thermally conductive assembly of hot area 13D is
located in the bottom right corner of the second protrud-
ing structure 123. During a cooling cycle, the cooling fluid
absorbs the heat of the heat source and vaporizes, and
the vaporized cooling fluid flows along the direction E1
between the extended thermally conductive structures of
hotarea 131and along the direction E2 through the space
above the top side of the extended thermally conductive
structures of hot area 131 and the pressure drop notches
N to reduce the vapor pressure. It should be noted that, at
least a portion of the vaporized cooling fluid may simul-
taneously flow in different directions within the evapora-
tion zone in the cooling cycle, dispersing into any avail-
able space before entering the pressure drop notches N.
[0040] Fig. 10 illustrates a plan view of the second
protruding structure of a three-dimensional heat transfer
device 10E according to embodiments of the present
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disclosure. The three-dimensional heat transfer device
10E is similar to the three-dimensional heat transfer
device 10, so the differences will be described, and the
similarities will not be repeated. The three-dimensional
heat transfer device 10E only includes one thermally
conductive assembly of hot area 13E. The thermally
conductive assembly of hot area 13 corresponds to
one of the hot spots H1 of the heat source H. The
thermally conductive assembly of hot area 13E is ar-
ranged away from the bottom side 1233, the top side
1234, the left side 1235, and the right side 1236 of the
second protruding structure 123. That is, the thermally
conductive assembly of hot area 13E is located in the
center of the second protruding structure 123. During a
cooling cycle, the cooling fluid absorbs the heat of the
heat source and vaporizes, and the vaporized cooling
fluid flows along the direction F1 between the extended
thermally conductive structures of hotarea 131 and along
the direction F2 through the space above the top side of
the extended thermally conductive structures of hot area
131 and the pressure drop notches N to reduce the vapor
pressure. It should be noted that, at least a portion of the
vaporized cooling fluid may simultaneously flow in differ-
ent directions within the evaporation zone in the cooling
cycle, dispersinginto any available space before entering
the pressure drop notches N.

[0041] Therefore, embodiments disclosed herein are
well adapted to attain the ends and advantages men-
tioned as well as those that are inherent therein. The
particular embodiments disclosed above are illustrative
only, as the embodiments disclosed may be modified and
practiced in different but equivalent manners apparent to
those of ordinary skill in the relevant art having the benefit
of the teachings herein. Furthermore, no limitations are
intended to the details of construction or design herein
shown, other than as described in the claims below. It is
therefore evident that the particular illustrative embodi-
ments disclosed above may be altered, combined, or
modified and all such variations are considered within
the scope and spirit of the present disclosure.

[0042] Theembodimentsillustratively disclosed herein
suitably may be practiced in the absence of any element
that is not specifically disclosed herein and/or any op-
tional element disclosed herein. While compositions and
methods are described in terms of "comprising," "con-
taining," or "including" various components or steps, the
compositions and methods can also "consist essentially
of" or "consist of" the various components and steps. All
numbers and ranges disclosed above may vary by some
number. Whenever a numerical range with a lower limit
and an upper limit is disclosed, any number and any
included range falling within the range is specifically
disclosed. In particular, every range of values (of the
form, "from about a to about b," or, equivalently, "from
approximately a to b," or, equivalently, "from approxi-
mately a-b") disclosed herein is to be understood to set
forth every number and range encompassed within the
broader range of values. Also, the terms in the claims
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have their plain, ordinary meaning unless otherwise ex-
plicitly and clearly defined by the patentee. Moreover, the
indefinite articles "a" or "an," as used in the claims, are
defined herein to mean one or more than one of the
elements that it introduces.

Claims

1. A three-dimensional heat transfer device (10) com-
prising:

a first thermal conductive shell (11);

a second thermal conductive shell (12) that is
connected with the first thermally conductive
shell (11) to form a liquid-tight chamber (S);

at least one thermally conductive assembly of
hot area (13) arranged in the liquid-tight cham-
ber (S) and disposed on the second thermally
conductive shell (12), the at least one thermally
conductive assembly of hot area (13) includes a
plurality of extended thermally conductive struc-
tures of hot area (131); and

at least one thermally conductive assembly of
cold area (14) arranged adjacent to the at least
one thermally conductive assembly of hot area
(13), the at least one thermally conductive as-
sembly of cold area (14) includes at least two
extended thermally conductive structures of
cold area (141) that are separated to form a
pressure drop notch therebetween.

2. The three-dimensional heat transfer device (10) of
claim 1, wherein a plurality of heat pipes (17) are
connected with the first thermally conductive shell
(11) and in fluid communication with the liquid tight-
chamber (S).

3. The three-dimensional heat transfer device (10) of
claim 1 or 2, wherein the second thermally conduc-
tive shell (12) includes a base plate (121), a first
protruding structure (122), a second protruding
structure (123), the first protruding structure (122)
protrudes from the base plate (121) and away from
the first thermally conductive shell (11), the second
protruding structure (123) protrudes from the first
protruding structure and away from the first thermally
conductive shell (11), the second protruding struc-
ture (123) having an inner surface (1231) facing the
first thermally conductive shell (11), and the at least
one thermally conductive assembly of hot area (13)
and the at least one thermally conductive assembly
of cold area (14) protruding from the inner surface of
the second protruding structure (123).

4. The three-dimensional heat transfer device (10) of
one of claims 1 to 3, further comprises a plurality of
supporting structures of hot area (15) and a plurality
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of supporting structures of cold area (16), wherein
the plurality of supporting structures of hot area (15)
protrude from the plurality of extended thermally
conductive structures of hot area (131), the plurality
of supporting structures of cold area (16) protrude
from the plurality of extended thermally conductive
structures of cold area (141), and the plurality of
supporting structures of hot area (15) having lengths
greater than the plurality of supporting structures of
cold area (16).

The three-dimensional heat transfer device (10) of
one of claims 1 to 4, further comprises a first capillary
structure (18) in contact with the first thermally con-
ductive shell (11).

The three-dimensional heat transfer device (10) of
claim 5, further comprises a second capillary struc-
ture (19) in contact with the second thermally con-
ductive shell (12), the at least one thermally con-
ductive assembly of hot area (13), the at least one
thermally conductive assembly of cold area (14), the
plurality of supporting structures of hot area (15), and
the plurality of supporting structures of cold area
(16).

The three-dimensional heat transfer device (10) of
claim 6, wherein the plurality of extended thermally
conductive structures of hot area (131) and the sec-
ond capillary structure (19) are integrated into a
single structure.

The three-dimensional heat transfer device (10) of
one of claims 3 to 6, wherein the plurality of extended
thermally conductive structures of hotarea (131) are
powder-sintered structures, which are independent
structures that are different from the second protrud-
ing structure (123).

The three-dimensional heat transfer device (10) of
one of claims 6 to 8, the second capillary structure
(19) and the extended thermally conductive struc-
tures of hot area (131) can have different perforated
capillary with pores.

The three-dimensional heat transfer device (10) of
one of claims 3 to 9, wherein the second protruding
structure (123) includes a bottom side (1233), a top
side (1234), aleft side (1235) and aright side (1236),
the bottom side (1233) is opposite to the top side
(1234), the left side (1235) is opposite to the right
side (1236), and the at least one thermally conduc-
tive assembly of hot area (13) is adjacent to the top
side (1234) and the right side (1236) of the second
protruding structure (123).

The three-dimensional heat transfer device (10) of
one of claims 3 to 9, wherein the second protruding
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structure (123) includes a bottom side (1233), a top
side (1234), aleft side (1235) and aright side (1236),
the bottom side (1233) is opposite to the top side
(1234), the left side (1235) is opposite to the right
side (1236), and the at least one thermally conduc-
tive assembly of hot area (13) is adjacent to the
bottom side (1233) and the left side (1235) of the
second protruding structure (123).

The three-dimensional heat transfer device (10) of
one of claims 3 to 9, wherein the second protruding
structure (123) includes a bottom side (1233), a top
side (1234), aleft side (1235) and aright side (1236),
the bottom side (1233) is opposite to the top side
(1234), the left side (1235) is opposite to the right
side (1236), and the at least one thermally conduc-
tive assembly of hot area (13) is adjacent to the top
side (1234) and the left side (1235) of the second
protruding structure (123).

The three-dimensional heat transfer device (10) of
one of claims 3 to 9, wherein the second protruding
structure (123) includes a bottom side (1233), a top
side (1234), aleft side (1235) and aright side (1236),
the bottom side (1233) is opposite to the top side
(1234), the left side (1235) is opposite to the right
side (1236), and the at least one thermally conduc-
tive assembly of hot area (13) is adjacent to the
bottom side (1233) and the right side (1236) of the
second protruding structure (123).

The three-dimensional heat transfer device (10) of
one of claims 3 to 9, wherein the second protruding
structure (123) includes a bottom side (1233), a top
side (1234), a left side (1235) and aright side (1236),
the bottom side (1233) is opposite to the top side
(1234), the left side (1235) is opposite to the right
side (1236), and the at least one thermally conduc-
tive assembly of hot area (13) is separated from the
top side (1234), the bottom side (1233), the left side
(1235), and the right side (1236) of the second
protruding structure (123).
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