a9y United States

US 20180332734A1

a2y Patent Application Publication (o) Pub. No.: US 2018/0332734 Al

BANDORAWALLA et al. (43) Pub. Date: Nov. 15, 2018
(54) COLD PLATE WITH DAM ISOLATION (52) US. CL
CPC ... HO5K 7/20254 (2013.01); HO5K 1/181
(71) Applicant: Intel Corporation, Santa Clara, CA (2013.01); HOSK 1/0203 (2013.01)
(US)
57 ABSTRACT
(72) Inventors: Tozer J. BANDORAWALILA, Portland,
OR (US); Mark E. SPRENGER, Apparatuses, systems and methods associated with design of
Tigard, OR (US) cold plates for cooling electrical systems are disclosed
herein. In embodiments, a cold plate may include a base and
(21) Appl. No.: 15/595,765 a lid affixed to a side of the base via a braze joint, wherein
. the braze joint may extend around a perimeter of the lid. The
(22) Filed: May 15, 2017 lid may include a dam having a perimeter located inside of
A . . the perimeter of the lid, wherein the dam may be compressed
Publication Classification against the side of the base and may be liquid-tight to the
(51) Imt. ClL side of the base, and wherein a cavity may be located
HOSK 7/20 (2006.01) between the base and the 1id within the perimeter of the dam
HO5K 102 (2006.01) to provide a circulation passage for a liquid coolant. Other
HO5K 1/18 (2006.01) embodiments may be described and/or claimed.

100

102

108

112

110




Patent Application Publication Nov. 15,2018 Sheet 1 of 14 US 2018/0332734 A1

100

g - 112

102

104

110

FIGURE 1

100 102

704
304\\ 704
304
708 / 706
106 N

204 502

FIGURE 7



Patent Application Publication Nov. 15,2018 Sheet 2 of 14 US 2018/0332734 A1

100

FIGURE 2



Patent Application Publication Nov. 15,2018 Sheet 3 of 14 US 2018/0332734 A1

100

310 112

\ 308 /
102 /
\ 210
J 312
a12 . e
304\ TR AR AR AR AR R AR R AR 304
S S0 apg
303\ P
308 /
302
\ UNHNJVN&VJHvN!NNHuHNuuuHNu-l i

202/ / \ 204 / / 204// 21/2 /202/

314
208

FIGURE 3



Patent Application Publication Nov. 15,2018 Sheet 4 of 14 US 2018/0332734 A1

102

302 305 304 312 310

AN

NS A AL AN NN G A
: /
({{&;&;S‘(\Q!VS{ I S Jil’?‘ Lot 200 2 5
R ; % -
x
P, 3 = A
s & =
b, =
e
2
: "
"
s gt b
o
o it
™ : I
" -t * ~,
7 $ 2
¥
A
& A 3 S omoibond KA K R

FIGURE 4



Patent Application Publication Nov. 15,2018 Sheet 5 of 14 US 2018/0332734 A1

1060

\

504

104

FIGURE 5



Patent Application Publication Nov. 15,2018 Sheet 6 of 14 US 2018/0332734 A1

100

102

312

305 304 804

6502 €06

FIGURE &



Patent Application Publication Nov. 15,2018 Sheet 7 of 14 US 2018/0332734 A1

102

\/\\

\/
m//

106

204 104

FIGURE 8



Patent Application Publication Nov. 15,2018 Sheet 8 of 14 US 2018/0332734 A1

304 704

204

FIGURE 9



Patent Application Publication Nov. 15,2018 Sheet 9 of 14 US 2018/0332734 A1

908 814

002 902
904\ WHTHID T /904
908\5 / 906

FIGURE 10



Patent Application Publication Nov. 15,2018 Sheet 10 of 14  US 2018/0332734 A1l

1400
14‘02 14{)6
; \‘ -
L1408

?4{}8\

1442
1414

1412
/‘?4:4

1418 1420 1404 1420 1418 1416

FIGURE 11



Patent Application Publication Nov. 15,2018 Sheet 11 of 14  US 2018/0332734 A1l

1000

1002

18

1014
1014 1t

z/
1012
1012
1608
1008
\ 1008
1006
WA A UWVW WV UVW VWA WA G W ‘
S/ / / )

]
N
3
3
]
3
3
A
3
it §
]
3
3
k]
3
3
2
I

N

—/

/

1010 1046 1004 1016 1010

FIGURE 12



Patent Application Publication Nov. 15,2018 Sheet 12 of 14  US 2018/0332734 A1l

1100

\

1110 ~

1108 - 1102

1104

FIGURE 13



Patent Application Publication Nov. 15,2018 Sheet 13 of 14  US 2018/0332734 A1l

12048

\

~—  Align a Lid of the Cold Plate with a Base of the Cold Plate

{}

- Apply Force o at least one of the Lid or the Base

1202

1206

~—~ Brarze the Lid to the Base

- Remove the Force

FIGURE 14



Patent Application Publication Nov. 15,2018 Sheet 14 of 14  US 2018/0332734 A1l

CAMERA 1382
PROCESSOR COMMUNICATION |
1304 CHIP
i 1308
COLD PLATE |
1360 | 1326
1 MEMORY /
13200 (1322 CONTROLLER
e 1 /341
/ o
DRAM  FLASH. O CONTROLLER B
1330 | A
| GRAPHICS CPU ~ N
132 1354 T
N ROM STORAGE DEVICE g
N
TOUCH SCREEN | A
: 1342 | 1348
opg  COMPASS ¥ conTROLLER —
VVVVVVVVVVVVVV 1340 PRINTED CIRCUIT
BOARD 1302
1350 TOUCHSCREEN e
T SPEAKER DISPLAY d
1336
//
BATTERY -
COMPUTER DEVICE 1300

FIGURE 15



US 2018/0332734 Al

COLD PLATE WITH DAM ISOLATION

TECHNICAL FIELD

[0001] The present disclosure relates to the field of elec-
tronic circuits. More particularly, the present disclosure
relates to the design of cold plates for cooling electrical
systems.

BACKGROUND

[0002] The background description provided herein is for
the purpose of generally presenting the context of the
disclosure. Unless otherwise indicated herein, the materials
described in this section are not prior art to the claims in this
application and are not admitted to be prior art by inclusion
in this section.

[0003] A legacy procedure for producing a cold plate
includes affixing a first piece (commonly referred to as ‘a
1id’) of the cold plate to a second piece (commonly referred
to as ‘a base’) of the cold plate. Affixing the lid to the base
formed a cavity between the 1id and the base through which
a liquid coolant may be circulated to conduct heat away from
the cold plate.

[0004] A legacy procedure for affixing the lid to the base
typically involves brazing the lid to the base to generate a
braze joint that affixes the lid to the base. Due to the
characteristics of the materials, the braze joint is typically
formed of a different material than the lid and the base,
where the material of the braze joint occupies a different
position on the galvanic series than the material of the lid
and the base. The liquid circulated through the cavity is
normally selected to minimize corrosion of the lid and base,
but would result in galvanic corrosion of the braze joint.
Further, portions of the braze joint that were corroded often
would become lodged within the cavity and/or the coolant
system, negatively affecting the cooling capabilities of the
cold plate and/or the coolant system.

[0005] One legacy approach to addressing the issue
involves mixing corrosion eliminators into the liquid circu-
lated through the cavity. However, the corrosion eliminators
are typically paired with a certain brazing material and fail
to prevent corrosion when used with other brazing materials.
Different manufacturers make use of different brazing mate-
rials, making it difficult, if not impossible, to select a
corrosion eliminator that works with all cold plates on the
market. Further, certain corrosion eliminators would become
lodged within the cavity, such as within spaces produced by
fins of the cold plate that may extend into the cavity.
[0006] Another legacy approach involves welding the lid
and base together rather than brazing. Welding tends to be
time consuming and not cost-effective. A final legacy
approach uses gaskets or O-rings to affix the lid to the base
rather than brazing. The inclusion of the gaskets or O-rings
introduces a wet break, which is viewed as undesirable in an
enclosure that could be a fire hazard.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Embodiments will be readily understood by the
following detailed description in conjunction with the
accompanying drawings. To facilitate this description, like
reference numerals designate like structural elements.
Embodiments are illustrated by way of example, and not by
way of limitation, in the figures of the accompanying
drawings.
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[0008] FIG. 1 illustrates an example assembled cold plate,
according to various embodiments.

[0009] FIG. 2 illustrates the example cold plate of FIG. 1
disassembled, according to various embodiments.

[0010] FIG. 3 illustrates a cross-sectional view of the
example cold plate of FIG. 1 disassembled, according to
various embodiments.

[0011] FIG. 4 illustrates an inside view of the lid of the
example cold plate of FIG. 1, according to various embodi-
ments.

[0012] FIG. 5 illustrates a close-up cross-sectional view of
a portion of the example cold plate of FIG. 1 disassembled,
according to various embodiments.

[0013] FIG. 6 illustrates a close-up cross-sectional view of
the seal feature of the example cold plate of FIG. 1 disas-
sembled, according to various embodiments.

[0014] FIG. 7 illustrates a cross-sectional view of the
example assembled cold plate of FIG. 1, according to
various embodiments.

[0015] FIG. 8 illustrates a close-up, cross sectional view of
an example dam of the assembled cold plate of FIG. 7.
[0016] FIG. 9 illustrates an example dam of the assembled
cold plate of FIG. 1, according to various embodiments.
[0017] FIG. 10 illustrates a cross-sectional view of another
example assembly cold plate, according to various embodi-
ments.

[0018] FIG. 11 illustrates a cross-sectional view of another
example assembled cold plate, according to various embodi-
ments.

[0019] FIG. 12 illustrates a cross-sectional view of another
example assembled cold plate, according to various embodi-
ments.

[0020] FIG. 13 illustrates an example system that incor-
porates a cold plate, according to various embodiments.
[0021] FIG. 14 illustrates an example procedure for gen-
erating a cold plate, according to various embodiments.
[0022] FIG. 15 illustrates an example computing device
that may employ the apparatuses and/or methods described
herein.

DETAILED DESCRIPTION

[0023] Apparatuses, systems and methods associated with
design of cold plates for cooling electrical systems are
disclosed herein. In embodiments, a cold plate may include
abase and a lid affixed to a side of the base via a braze joint,
wherein the braze joint may extend around a perimeter of the
lid. The lid may include a dam having a perimeter located
inside of the perimeter of the lid, wherein the dam may be
compressed against the side of the base and may be liquid-
tight to the side of the base, and wherein a cavity may be
located between the base and the lid within the perimeter of
the dam to provide a circulation passage for a liquid coolant.
Other embodiments may be described and/or claimed.
[0024] In the following detailed description, reference is
made to the accompanying drawings which form a part
hereof wherein like numerals designate like parts through-
out, and in which is shown by way of illustration embodi-
ments that may be practiced. It is to be understood that other
embodiments may be utilized and structural or logical
changes may be made without departing from the scope of
the present disclosure. Therefore, the following detailed
description is not to be taken in a limiting sense, and the
scope of embodiments is defined by the appended claims
and their equivalents.
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[0025] Aspects of the disclosure are disclosed in the
accompanying description. Alternate embodiments of the
present disclosure and their equivalents may be devised
without parting from the spirit or scope of the present
disclosure. It should be noted that like elements disclosed
below are indicated by like reference numbers in the draw-
ings.

[0026] Various operations may be described as multiple
discrete actions or operations in turn, in a manner that is
most helpful in understanding the claimed subject matter.
However, the order of description should not be construed as
to imply that these operations are necessarily order depen-
dent. In particular, these operations may not be performed in
the order of presentation. Operations described may be
performed in a different order than the described embodi-
ment. Various additional operations may be performed and/
or described operations may be omitted in additional
embodiments.

[0027] For the purposes of the present disclosure, the
phrase “A and/or B” means (A), (B), or (A and B). For the
purposes of the present disclosure, the phrase “A, B, and/or
C” means (A), (B), (C), (A and B), (A and C), (B and C), or
(A, B and C).

[0028] The description may use the phrases “in an
embodiment,” or “in embodiments,” which may each refer
to one or more of the same or different embodiments.
Furthermore, the terms “comprising,” “including,” “hav-
ing,” and the like, as used with respect to embodiments of
the present disclosure, are synonymous.

[0029] As used herein, the term “circuitry” may refer to,
be part of, or include an Application Specific Integrated
Circuit (ASIC), an electronic circuit, a processor (shared,
dedicated, or group) and/or memory (shared, dedicated, or
group) that execute one or more software or firmware
programs, a combinational logic circuit, and/or other suit-
able components that provide the described functionality.
[0030] FIG. 1 illustrates an example assembled cold plate
100, according to various embodiments. The cold plate 100
may include a lid 102 and a base 104. The lid 102 and the
base 104 may be formed a first material. The first material
may be a thermally conductive material, such as copper,
aluminum, silver, silver/copper alloy, alloys thereof, or some
combination thereof. The lid 102 may be affixed to the base
104 via a braze joint 106 formed along a perimeter of the lid
102. Further, the cold plate 100 may include a dam (not
visible in FIG. 1, see e.g., 704 of FIG. 7) formed between a
surface of the lid 102 and a surface of the base 104 to protect
the braze joint 106.

[0031] The braze joint 106 may be formed along a perim-
eter of the lid 102, wherein the perimeter of the lid 102 abuts
the base 104 when assembled. The braze joint 106 may
extend around an entirety of the perimeter of the lid 102 and
may couple the entirety of the perimeter of the lid 102 to the
base 104. A perimeter of the base 104 may be larger than the
perimeter of the 1id 102, such that the perimeter of the lid
102 abuts a side of the base 104 and a portion of the base 104
extends beyond the perimeter of the lid 102.

[0032] In other embodiments, the braze joint 106 may
extend around a portion of the perimeter of the lid 102 and
may couple the portion of the perimeter of the lid 102 to the
base 104. In these embodiments, the remaining portion of
the perimeter of the lid 102 may abut the base 104, but the
braze joint 106 may not directly affix the remaining portion
of the perimeter of the lid 102 to the base 104.
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[0033] The braze joint 106 may be formed of a second
material. The second material may be a different material
than the first material and may be selected to have a lower
melting temperature than the first material. The second
material may be silver, copper, zinc, phosphorus, gold,
nickel, palladium, nickel, alloys thereof, or some combina-
tion thereof. The second material may occupy a different
position on the galvanic series or the electropotential series
than occupied by the first material.

[0034] The lid 102 may include a top surface 112 that
extends parallel to the base 104 and one or more side walls
114 that extend substantially perpendicular (within 5
degrees) from the top surface 112 to the perimeter of the lid
102. In other embodiments, the one or more side walls 114
may extend from the top surface 112 at an angle between
zero degrees and 90 degrees to the perimeter of the lid 102.
[0035] The lid 102 may include one or more apertures,
such as first aperture 108 and second aperture 110. The
apertures may be formed in the top surface 112 of the lid 102
and may extend to a cavity (as is described further through-
out this disclosure) formed between the 1id 102 and the base
104. In other embodiments, the apertures may be formed in
the sidewalls 114 or a portion of the apertures may be
formed in the sidewalls 114 and another portion of the
apertures may be formed in the top surface 112.

[0036] While the cold plate 100 is illustrated being square
with curved corners, it is to be understood that the cold plate
100 may be different shapes, including, but not limited to
being rectangular, circular, oval-shaped, or some combina-
tion thereof.

[0037] One or more coolant tubes of a coolant system may
be coupled to the apertures and may circulate liquid coolant
through the cavity (as is described further throughout this
disclosure) formed between the lid 102 and the base 104.
(Hereinafter, liquid coolant may simply be referred to as
liquid and/or coolant. These terms are to be considered
synonymous. Further, the liquid coolant may be in liquid or
vapor phase.) In the illustrated embodiment, the first aper-
ture 108 may be coupled to an inflow coolant tube that feeds
liquid into the cavity via the first aperture 108 and the second
aperture 110 may be coupled to an outflow coolant tube that
draws liquid from the cavity via the second aperture 110.
The liquid may be circulated through the cavity due to the
inflow coolant tube feeding the liquid into the cavity and the
outflow coolant tube drawing the liquid from the cavity. The
dam formed between the surface of the lid and the surface
of the base 104 may prevent the liquid from contacting the
braze joint 106, thereby protecting the braze joint 106 from
galvanic corrosion that may occur from the liquid contacting
the braze joint 106.

[0038] FIG. 2 illustrates the example cold plate 100 of
FIG. 1 disassembled, according to various embodiments.
The base 104 may include a first side 206, to which the lid
102 is affixed when the cold plate 100 is assembled, and a
second side 208 opposite to the first side 206. The base 104
may include a first surface 202 and a second surface 204 on
the first side 206 of the base 104 to which the lid 102 is
affixed when the cold plate 100 is assembled. The first
surface 202 may extend around an outside of the second
surface 204, effectively bordering the second surface 204.
The first surface 202 and the second surface 204 may be
parallel to each other. The second surface 204 may be
located further from the second side 208 than the first
surface 202 is located from the second side 206. The dam
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(not visible in FIG. 2, see e.g., 704 of FIG. 7) may be
compressed against the second surface 204 when the lid 102
and the base 104 are affixed to each other. In other embodi-
ments, the base 104 may include a single surface on the first
side 206. In these embodiments, the dam may be com-
pressed against the single surface when the 1lid 102 and the
base 104 are affixed to each other. Further, in other embodi-
ments, the base 104 may include more than two surfaces.
[0039] A transition surface 212 may extend between the
first surface 202 and the second surface 204. The transition
surface 212 may extend at substantially a 90 degree angle
(within 5 degrees) to the first surface 202 and the second
surface 204. In other embodiments, the transition surface
212 may extend between the first surface 202 and the second
surface 204 at angle between 0 and 90 degrees to the first
surface 202. Further, in some embodiments, the transition
surface 212 may be curved or a portion of the transition
surface 212 may be curved.

[0040] The base 104 may further include one or more fins
210, such as heat sink fins, that extend from the second
surface 204. The fins 210 may extend substantially perpen-
dicular (within five degrees) from the second surface 204. In
some embodiments, the fins 210 may extend at a different
angle between 0 degrees and 90 degrees from the second
surface 204. The fins 210 may extend into the cavity when
the 1id 102 is affixed to the base 104 (as is described further
throughout this disclosure). The fins 210 may be formed of
the same material as the rest of the base 104.

[0041] FIG. 3 illustrates a cross-sectional view of the
example cold plate 100 of FIG. 1 disassembled, according to
various embodiments. The illustrated view of the cold plate
100 is illustrated with the 1id 102 aligned with the base 104.
When the lid 102 and the base 104 are aligned, the first
surface 202 of the base 104 (e.g., the outer, horizontal
surface of the base 104 that abuts the edge of the lid 102
when the cold plate 100 is assembled) may be aligned with
a first surface 302 of the 1id 102 (e.g., the outer, horizontal
surface of the 1id 102 that abuts the first surface 202 when
the cold plate 100 is assembled) and the second surface 204
of'the base 104 (e.g., the inner, horizontal surface of the base
104 that is compressed against the seal feature 312 when the
cold plate 100 is assembled) may be aligned with a second
surface 304 of the 1id 102 (e.g. the inner, horizontal surface
of the lid 102 from which the seal feature 312 extends).
When a force is applied to the lid 102 and/or the base 104
in a direction perpendicular to the top surface 112 of the lid
102 and/or the second side 208 of the base 104 during
assembly of the cold plate 100, the first surface 202 may
move to abut the first surface 302 and the second surface 204
may move to abut the second surface 304.

[0042] Further, when the lid 102 and the base 104 are
aligned, the transition surface 212 of the base 104 may be
aligned with a transition surface 306 of the lid 102. The
transition surface 306 may extend between the first surface
302 and the second surface 304 of the lid 102. The transition
surface 306 may be substantially parallel (within 5 degrees)
to the transition surface 212 and may correspond in shape to
the transition surface 212. When the force is applied to the
lid 102 and/or the base 104, the transition surface 212 may
move to abut the transition surface 306. In some embodi-
ments, a space may be located between the transition surface
212 and the transition surface 306 after the force is applied,
which may provide tolerance in alignment of the lid 102 and
the base 104.
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[0043] The lid 102 may further include a connecting
surface 305 that extends between the second surface 304 and
the transition surface 306. The connecting surface 305 may
be a straight surface that extends between the second surface
304 and the transition surface 306 or may be curved. In some
embodiments, the connecting surface 305 may be omitted
and the second surface 304 may abut the transition surface
306.

[0044] The lid 102 may further include a central surface
310. The central surface 310 may be bordered by the second
surface 304 that extends around the central surface 310. The
central surface 310 may be recessed from the second surface
304 to form a recess 308. Further, when the lid 102 and the
base 104 are aligned, the fins 210 may be aligned with the
recess 308 and/or may extend within the recess 308 toward
the central surface 310.

[0045] The lid 102 may further include a seal feature 312
that extends from the second surface 304 of the lid 102. The
seal feature 312 may extend substantially perpendicular
(within 5 degrees) from the second surface 204 and may
narrow as the seal feature 312 extends further from the
second surface 204. The seal feature 312 may extend around
a circumference of the recess 308 and may form a perimeter
around the recess 308. A size of the seal feature 312 may be
selected and/or designed based on a size of the lid, a pressure
of which liquid coolant is to be circulated through a cavity
(as is described further throughout this disclosure), or some
combination thereof.

[0046] A distance that the seal feature 312 extends from
the second surface 304 may be dependent on the positions of
the first surface 202, the first surface 302, the second surface
204, and/or the second surface 304. In particular, a first
distance may exist between the first surface 202 and the
second surface 204 and a second distance may exist between
the first surface 302 and the second surface 304. The first
distance may be greater than the second distance, where the
seal feature 312 may extend from the second surface 302 by
a distance greater than the difference between the first
distance and the second distance.

[0047] When lid 102 and the base 104 are aligned, the seal
feature 312 may be aligned with a portion of the second
surface 204 and may extend from the second surface 304
toward the second surface 204. The portion of the second
surface 204 may have a roughness of less than 63 micro
inches and/or a flatness of less than 0.002 inches. When the
force is applied to the 1id 102 and/or the base 104, the seal
feature 312 may be compressed against the second surface
204 and may form the dam (see e.g., 704 of FIG. 7).

[0048] The base 104 may include a braze material relief
recess 314 formed between the first surface 202 (e.g., the
outer, horizontal surface of the base 104 that abuts the edge
of'the lid 102 when the cold plate 100 is assembled) and the
transition surface 212. The braze material relief recess 314
may recess into the base 104 from the first surface 202. The
braze material relief recess 314 may provide an area for
excess braze material to settle (as will be described later
throughout the disclosure) to prevent excessive wicking of
the braze material. The braze material relief recess 314 may
extend around a circumference of the transition surface 212
along the first surface 202.

[0049] FIG. 4 illustrates an inside view of the lid 102 of
the example cold plate 100 of FIG. 1, according to various
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embodiments. The inside view illustrates the lid 102 viewed
from the side of the lid 102 that ends up being affixed to the
base 104 (FIG. 1).

[0050] The lid 102 may include the first surface 302 (e.g.,
the outer, horizontal surface of the lid 102 that abuts the first
surface 202 of the base 104 (FIG. 1) when the cold plate 100
is assembled). The first surface 302 may extend around a
perimeter of the lid 102. The braze joint 106 (FIG. 1) may
be formed along the first surface 302 when the 1id 102 is
affixed to the base 104.

[0051] The lid 102 may further include the connecting
surface 305 that extends between the transition surface 306
(FIG. 3) and the second surface 304 (FIG. 3, e.g. the inner,
horizontal surface of the lid 102 from which the seal feature
312 extends). In the illustrated view, the connecting surface
305 may be set back from the first surface 302, with the
transition surface 306 extending from the first surface 302 to
the connecting surface 305. The connecting surface 305 may
extend around the 1id 102 at a distance from the perimeter of
the 1id 102, such that the connecting surface 305 is the
distance from the perimeter of the 1id 102 for the entirety of
the 1lid 102. In some embodiments, the connecting surface
305 may be omitted and the transition surface 306 may abut
the second surface 304. Further, in some embodiments, the
distance from the connecting surface 305 to the perimeter of
the lid 102 may vary between the edges of the lid 102.
[0052] The lid 102 may further include the second surface
304. The second surface 304 may extend from the connect-
ing surface 305 to the perimeter of the recess 308 (FIG. 3).
The second surface 304 may extend around the lid 102 at a
distance from the perimeter of the lid 102, such that the
second surface 304 is the distance from the perimeter of the
lid 102 for the entirety of the lid 102. The distance from the
second surface 304 to the perimeter of the lid 102 may be
greater than the distance from the connecting surface 305 to
the perimeter of the lid 102. In some embodiments, the
distance from the second surface 304 to the perimeter of the
lid 102 may vary between the edges of the lid 102.

[0053] The lid 102 may further include the seal feature
312 that extends from the second surface 304. The seal
feature 312 may extend around the lid 102 at a distance from
the perimeter of the lid 102, such that the seal feature 312 is
the distance from the perimeter of the lid 102 for the entirety
of the lid 102. The distance from the seal feature 312 to the
perimeter of the lid 102 may be greater than the distance
from the outer edge of the second surface 304 to the
perimeter of the lid 102. In some embodiments, the distance
from the seal feature 312 to the perimeter of the lid 102 may
vary between the edges of the lid 102. When the force is
applied to the lid 102 and/or the base 104, the seal feature
312 may be compressed against the base 104 (FIG. 1) and
may form the dam (see e.g., 704 of FIG. 7). The dam may
be formed around the lid 102 at the distance from the
perimeter of the lid 102 (being the distance of the seal
feature 312 from the perimeter of the lid 102), wherein the
dam is compressed against the base 104 for the entirety of
the perimeter.

[0054] The lid may further include the central surface 310
that extends along the second surface 304. The central
surface 310 may abut the recess 308 and may be set back
from the second surface 304 in the illustrated view.

[0055] FIG. 5 illustrates a close-up cross-sectional view of
a portion of the example cold plate 100 of FIG. 1 disas-
sembled, according to various embodiments. In particular,
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FIG. 5 illustrates a side of the lid 102 aligned with a side of
the base 104. The 1id 102 and the base 104 may be aligned
as described in relation to FIG. 3.

[0056] The base 104 may include a braze portion 502,
where the braze joint 106 (FIG. 1) may be formed when the
1id 102 is affixed to the base 104. The braze portion 502 may
be aligned with the first surface 302 of the lid 102 (e.g., the
outer, horizontal surface of the lid 102 that abuts the first
surface 202 of the base 104 (FIG. 1) when the cold plate 100
is assembled), wherein the first surface 302 may abut the
braze portion 502 after the force is applied to the lid 102
and/or the base 104 and the lid 102 is moved to abut the base
104. In some embodiments, the braze portion 502 may be
aligned with the first surface 302 along a compression
reference line 504 (illustrated as a dotted line), wherein the
first surface 302 and/or the braze portion 502 move toward
each other along the compression reference line 504 until the
first surface 302 abuts the braze portion 502 in response to
the application of the force to the lid 102 and/or the base
104. The braze joint 106 may be formed between the braze
portion 502 and the first surface 302. The seal feature 312
may be located toward the interior of the lid 102 from the
first surface 302, where the braze joint 106 may be formed.
As the force is applied to the lid 102 and/or the base 104 and
the braze joint 106 is formed, the seal feature 312 may be
compressed against the base 104 and may form the dam (see
e.g., 704 of FIG. 7).

[0057] In some embodiments, a brazing material may be
applied to a braze portion 502 prior to the lid 102 and the
base 104 being moved to abut each other. In these embodi-
ments, the force may be applied to the lid 102 and/or the
base 104 causing the lid 102 to abut the base 104 with the
brazing material located between the lid 102 and the base
104. Heat may be applied to the lid 102, the base 104, the
braze material, or some combination thereof, which may
cause the braze material to melt. The heat may be removed
and the braze material may solidify affixing the lid 102 to the
base 104. The heat may be applied to the lid 102, the base
104, the braze material, or some combination thereof, when
the force is being applied to the lid 102 and/or the surface
104, or after the force has been removed.

[0058] FIG. 6 illustrates a close-up cross-sectional view of
the seal feature 312 of the example cold plate 100 of FIG.
1, according to various embodiments. The seal feature 312
may extend from the second surface 304 of the lid 102 (e.g.
the inner, horizontal surface of the lid 102) substantially
perpendicular (within 5 degrees) to the second surface 304.
The seal feature 312 may narrow as the seal feature 312
extends away from the second surface 304. In the illustrated
embodiment, the seal feature 312 may include a first side
602 and a second side 604 that are straight and extend
toward each other to a flat portion formed at a tip 606 of the
seal feature 312. In other embodiments, the seal feature 312
may be different shapes, including the first side 602 and the
second side 604 being curved, the tip 606 being curved, the
entire seal feature 312 being curved, or some combination
thereof. As the force is applied to the lid 102 and/or the base
104 (FIG. 1), the seal feature 312 may be compressed
against the base 104 and may form the dam (see e.g., 704 of
FIG. 7).

[0059] The lid 102 may further include a connecting
surface 305 located between the second surface 304 and the
transition surface 306. The connecting surface 305 may form
a second braze material relief recess when the lid 102 is
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affixed to the base 104 (FIG. 1). In other embodiments, the
connecting surface 305 may be a straight surface extending
from the second surface 304 to the transition surface 306.
Further, in other embodiments, the connecting surface 305
may be omitted and the second surface 304 may abut the
transition surface 306.

[0060] The lid 102 may further include an intermediate
surface 610 located between the transition surface 306 and
the first surface 302 (e.g., the outer, horizontal surface of the
lid 102 that abuts the first surface 202 of the base 104 (FIG.
1) when the cold plate 100 is assembled). The intermediate
surface 610 may be a flat surface that extends between the
transition surface 306 and the first surface 302. When the lid
102 is affixed to the base 104, the intermediate surface may
align with the braze material relief recess 314 (FIG. 3) and
may increase the area into which the excess braze material
may settle to prevent excessive wicking of the braze mate-
rial. In other embodiments, the intermediate surface 610
may be curved. Further, in some embodiments, the interme-
diate surface 610 may be omitted and the transition surface
306 may abut the first surface 302.

[0061] FIG. 7 illustrates a cross-sectional view of the
example assembled cold plate 100 of FIG. 1, according to
various embodiments. In the illustrated embodiment, the lid
102 may be affixed to the base 104 via the braze joint 106,
which may be formed at the brazing portion 502.

[0062] A cavity 702 may be formed between the lid 102
and the base 104 when the lid is affixed to the base 104. The
cavity 702 may be formed by the recess 308 (FIG. 3) of the
lid 102 being enclosed between the lid 102 and the base 104
when the lid 102 is affixed to the base 104. The cavity 702
may provide a circulation passage for a liquid coolant
circulated within the cold plate 100. The fins 210 of the base
104 may extend into the cavity 702 and the liquid coolant
circulated within the cold plate 100 may pass through the
fins 210 cooling the fins 210. In some embodiments, the
cavity 702 may provide a circulation passage for a vapor
coolant circulated within the cold plate 100, where the vapor
coolant may pass through the fins 210.

[0063] The cold plate 100 may include a dam 704 formed
between the second surface 304 of the lid 102 (e.g. the inner,
horizontal surface of the lid 102 from which the seal feature
312 extends) and the second surface 204 of the base 104
(e.g., the inner, horizontal surface of the base 104 that is
compressed against the seal feature 312 when the cold plate
100 is assembled). The dam 704 may be formed by the seal
feature 312 being compressed and/or crushed between the
second surface 304 and the second surface 204 when the
force is being applied to the 1id 102 and/or the base 104. The
seal feature 312 may deform to the second surface 204 when
the force is being applied to the lid 102 and/or the base 104,
the deformed seal feature 312 being the dam 704. FIG. 8
illustrates a close-up, cross sectional view of the example
dam 704 of the assembled cold plate 100 of FIG. 7.
[0064] The dam 704 may be liquid-tight against the sec-
ond surface 204 of the base 104. The braze joint 106 may
maintain, or substantially maintain (within 10 pounds-force
or approximately 44.5 newtons), a pressure and/or force at
which the dam 704 is compressed against the second surface
204 when the lid 102 is affixed to the base 104. The dam 704
may maintain the liquid coolant and/or the vapor coolant
within the cavity 702, preventing the liquid coolant and/or
the vapor coolant from contacting the braze joint 106 (FIG.
1). The pressure and/or force at which the dam 704 is
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compressed against the second surface 204 may exceed a
pressure at which the liquid coolant and/or the vapor coolant
is circulated through the cavity 702. For example, if the
liquid coolant and/or vapor coolant is pressurized to 100
pounds-force per square inch (approximately 689 kilopas-
cals), the dam 704 may be compressed against the second
surface 204 at a pressure and/or force greater than 100
pounds-force per square inch.

[0065] A second cavity 706 may be formed from the dam
704 to the braze joint 106 between the lid 102 and the base
104. The second cavity 706 may abut the braze material
relief recess 314 (FIG. 3), the connecting surface 305 (FIG.
6), the intermediate surface 610 (FIG. 6), or some combi-
nation and may provide an area into which the excess braze
material may settle to prevent excessive wicking of the braze
material. In particular, the braze material may partially fill
the second cavity 706 between the brazing portion 502 and
the dam 704.

[0066] FIG. 9 illustrates an example dam 704 of the
assembled cold plate of FIG. 1, according to various
embodiments. The dam 704 may extend from the second
surface 304 of the 1id 102 and contact the second surface 204
of'the base 104 (e.g., the inner, horizontal surface of the base
104 that is compressed against the seal feature 312 of the lid
102 when the cold plate 100 is assembled). The dam 704
may be deformed to the second surface 204, as illustrated by
the dam 704 being flattened against the second surface 204
in FIG. 9.

[0067] The braze joint 106 may be formed between the
first surface 302 of the lid 102 (e.g., the outer, horizontal
surface of the lid 102 that abuts the first surface 202 of the
base 104 (FIG. 1) when the cold plate 100 is assembled) and
the first surface 202 of the base 104 (e.g., the outer, hori-
zontal surface of the base 104 that abuts the edge of the lid
102 when the cold plate 100 is assembled), and may affix the
first surface 302 to the first surface 202. The braze joint 106
may maintain the position of the lid 102 relative to the base
104. The braze joint 106 may also maintain the pressure at
which the dam 704 is compressed against the second surface
204 at a same pressure, or substantially same pressure
(within 10 pounds-force or approximately 44.5 newtons), as
the pressure at which the dam 704 was compressed against
the second surface 204 while the force was being applied to
the 1id 102 and/or the base 104.

[0068] FIG. 10 illustrates a cross-sectional view of another
example assembly cold plate 900, according to various
embodiments. The cold plate 900 may include one or more
of the features of the cold plate 100 (FIG. 1).

[0069] The cold plate 900 may include a first dam 902 and
a second dam 904 that extend from a surface 906 of a 1id 908
of the cold plate 900. The first dam 902 and the second dam
904 may include one or more features of the dam 704 (FIG.
7). The second dam 904 may be located between the first
dam 902 and a perimeter of the lid 908. The first dam 902
and the second dam 904 may be compressed against a
surface 910 of a base 912 of the cold plate 900. Both the first
dam 902 and the second dam 904 may be compressed
against the surface 910 at a pressure that is greater than a
pressure at which a liquid coolant and/or vapor coolant is
circulated through a cavity 914 of the cold plate 900.
[0070] The first dam 902 may be formed from a first seal
feature and the second dam 904 may be formed from a
second seal feature. The first seal feature and the second seal
feature may include one or more of the features of the seal
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feature 312 (FIG. 3). The first dam 902 and the second dam
904 may be formed by applying a force to the lid 908 and/or
the base 912 that causes the first seal feature and the second
seal feature to be compressed against the surface 910 and
deform to the surface 910.

[0071] While the cold plate 900 is illustrated with two
dams, the first dam 902 and the second dam 904, it is to be
understood that the cold plate 900 may include more than
two dams in other embodiments. Further, it is to be under-
stood that, with the exception of the two dams, the cold plate
900 may include all the same features as the cold plate 100
(FIG. 1) in some embodiments.

[0072] FIG. 11 illustrates a cross-sectional view of another
example assembled cold plate 1400, according to various
embodiments. The cold plate 1400 may include one or more
of the features of the cold plate 100 (FIG. 1).

[0073] The cold plate 1400 may include a lid 1402 and a
base 1404. The 1id 1402 may include one or more of the
features of the lid 102 (FIG. 1) and the base 1404 may
include one or more features of the base 104 (FIG. 1). The
lid 1402 and the base 1404 may be formed of the same
material.

[0074] The lid 1402 may be affixed to the base 1404 via
the braze joint 1414. The braze joint 1414 may include a
brazing material that is different from the material that forms
the lid 1402 and the base 1404. The braze joint may be
formed between a first surface 1416 of the base 1404 (e.g.,
the outer, horizontal surface of the base 1404 that abuts the
edge of the lid 1402 when the cold plate 1400 is assembled)
and a first surface 1412 of the lid 1402 (e.g., the outer,
horizontal surface of the 1id 1402 that abuts the first surface
1416 when the cold plate 1400 is assembled).

[0075] A cavity 1406 may be formed between the lid 1402
and the base 1404 when the lid 1402 is affixed to the base
1404. The cavity 1406 may include one or more of the
features of the cavity 702 (FIG. 7). The cavity 1406 may be
enclosed between the lid 1402 and the base 1404 when the
lid 1402 is affixed to the base 1404. The cavity 1406 may
provide a circulation passage for a liquid coolant circulated
within the cold plate 1400. In some embodiments, the cavity
1406 may provide a circulation passage for a vapor coolant
circulated within the cold plate 1400.

[0076] The cold plate 1400 may include a dam 1418
formed between a second surface 1408 of the lid 1402 (e.g.
the inner, horizontal surface of the 1id 1402 to which the dam
1418 is compressed and a second surface 1420 of the base
1404 (e.g., the inner, horizontal surface of the base 1404
from which the dam 1418 extends). The dam 1418 may
include one or more of the features of the dam 704 (FIG. 7).
The dam 1418 may be formed by a seal feature (such as the
seal feature 312 (FIG. 3)) that extends from the base 1404
being compressed and/or crushed between the second sur-
face 1408 and the second surface 1420 when a force is being
applied to the lid 1402 and/or the base 1404. The seal feature
may deform to the second surface 1408 when the force is
being applied to the lid 1402 and/or the base 1404, the
deformed seal feature being the dam 1418.

[0077] The dam 1418 may be liquid-tight against the
second surface 1408 of the lid 1402. The braze joint 1414
may maintain, or substantially maintain (within 10 pounds-
force or approximately 44.5 newtons), a pressure and/or
force at which the dam 1418 is compressed against the
second surface 1408 when the lid 1402 is affixed to the base
1404. The dam 1418 may maintain the liquid coolant and/or
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the vapor coolant within the cavity 1406, preventing the
liquid coolant and/or the vapor coolant from contacting the
braze joint 1414. The pressure and/or force at which the dam
1418 is compressed against the second surface 1408 may
exceed a pressure at which the liquid coolant and/or the
vapor coolant is circulated through the cavity 1406. For
example, if the liquid coolant and/or vapor coolant is pres-
surized to 100 pounds-force per square inch (approximately
689 kilopascals), the dam 1418 may be compressed against
the second surface 1408 at a pressure and/or force greater
than 100 pounds-force per square inch.

[0078] FIG. 12 illustrates a cross-sectional view of another
example assembled cold plate 1000, according to various
embodiments. The cold plate 1000 may include one or more
of the features of the cold plate 100 (FIG. 1) and/or the cold
plate 1400 (FIG. 11). The cold plate 1000 may include a lid
1002 and a base 1004. The lid 1002 may include one or more
of'the features of the lid 102 (FIG. 1), and the base 1004 may
include one or more of the features of the base 104 (FIG. 1).
[0079] The lid 1002 may be affixed to the base 1004 via a
braze joint 1006. The braze joint 1006 may be formed
between a first surface 1008 of the lid 1002 and a first
surface 1010 of the base 1004 and may affix the first surface
1008 to the first surface 1010.

[0080] The lid 1002 may include a dam 1012 that extends
from a second surface 1014 of the 1id 1002. The dam 1012
may contact a second surface 1016 of the base 1004 and may
be deformed to the second surface 1016. The dam 1012 may
be formed by compressing a seal feature that is resilient
against the second surface 1016. The seal feature may be
compressed against the second surface 1016 by applying a
force to the lid 1002 and/or the base 1004 that causes the seal
feature to be compressed against second surface 1016 and
forms the dam 1012.

[0081] The seal feature may be deformed from an original
shape in response to the seal feature being compressed
against the second surface 1016 and may spring back to the
original shape in response to the seal feature being decom-
pressed from against second surface 1016. In the embodi-
ment illustrated in FIG. 12, the seal feature may be a curved
extension extending from the second surface 1014, however,
it is to be understood that the seal feature may be any
resilient feature or shape. Having the seal feature that is
resilient may be beneficial in applications where the lid 1002
and the base 1004 may be separated after initial affixation
and reaffixed after being separated.

[0082] The dam 1012 may be compressed against the
second surface 1016 at a pressure greater that a pressure at
which a liquid coolant and/or vapor coolant is circulated
through a cavity 1018 of the cold plate 1000. The braze point
1006 may maintain a position of the 1id 1002 relative to the
base 1004, which in turn may maintain the pressure at which
the dam 1012 is compressed against the second surface
1016. The braze point 1006 may maintain the pressure at
which the dam 1012 is compressed against to second surface
1016 at a same pressure, or substantially same pressure
(within 10 pounds-force or approximately 44.5 newtons), as
the pressure at which the dam 1012 was compressed against
the second surface 1016 while the force was being applied
to the lid 1002 and/or the base 1004.

[0083] In other embodiments, the base 1004 may include
a dam 1012 that extends from the second surface 1016 of the
base 1004. The dam 1012 may contact the second surface
1014 of the lid 1002 and may be deformed to the second
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surface 1014. The dam 1012 may be formed by compressing
a seal feature that is resilient against the second surface
1014. The seal feature may be compressed against the
second surface 1014 by applying a force to the lid 1002
and/or the base 1004 that causes the seal feature to be
compressed against second surface 1014 and forms the dam
1012.

[0084] Further, in other embodiments, the dam 1012 may
extend from the second surface 1016 of the base 1004. The
dam 1012 may contact the second surface 1014 of the lid
1002 and may be deformed to the second surface 1014. The
dam 1012 may be formed by compressing a seal feature that
is resilient against the second surface 1014. The seal feature
may be compressed against the second surface 1014 by
applying a force to the 1id 1002 and/or the base 1004 that
causes the seal feature to be compressed against second
surface 1014 and forms the dam 1012.

[0085] FIG. 13 illustrates an example electrical system
1100 that incorporates a cold plate 1102, according to
various embodiments. The cold plate 1102 may include one
or more of the features of the cold plate 100 (FIG. 1), the
cold plate 900 (FIG. 10), cold plate 1400 (FIG. 11), and/or
the cold plate 1000 (FIG. 12), in particular, the dam feature
of'the described cold plates. The electrical system 1100 may
include a mounting element 1104 with one or more com-
ponents 1106 mounted to the mounting element 1104. The
mounting element 1104 may be a circuit board and the
components 1106 may be electrical elements, including, but
not limited to, resistors, capacitors, transformers, processors,
transistors, integrated circuits, or some combination thereof.
The components 1106 may generate heat during operation
and/or when power is applied to the components 1106.

[0086] The electrical system 1100 may further include a
coolant system, where a first coolant tube 1108 and a second
coolant tube 1110 of the coolant system are illustrated. The
coolant system may include a liquid coolant system, a vapor
coolant system, or some combination thereof. The coolant
system may cause liquid coolant and/or vapor coolant to be
circulated through the first coolant tube 1108, the second
coolant tube 1110, and a cavity of the cold plate 1102 (such
as the cavity 702 (FIG. 7), the cavity 914 (FIG. 10), and/or
the cavity 1018 (FIG. 12)), the liquid and/or vapor to carry
heat from cold plate 1102 to a heat exchanger, fan, air
conditioner, or other coolant element that dissipates the heat.
The dam feature of the cold plate 1102 may prevent the
liquid coolant and/or the vapor coolant from contacting the
braze joint of the cold 1102, thereby protecting the braze
joint from galvanic corrosion that may occur due to the
liquid coolant and/or the vapor coolant contacting the braze
joint.

[0087] The cold plate 1102 may be thermally coupled to
the component 1106. As the component 1106 generates heat,
the cold plate 1102 may receive the heat generated by
component 1106. The liquid coolant and/or the vapor cool-
ant circulated through the cavity of the cold plate 1102 may
receive the heat and carry the heat, via the first coolant tube
1108 and/or the second coolant tube 1110, to the heat
exchanger, fan, air conditioner, or other coolant element to
dissipate the heat.

[0088] FIG. 14 illustrates an example procedure 1200 for
generating a cold plate, according to various embodiments.
The cold plate may include one or more of the features of the
cold plate 100 (FIG. 1), the cold plate 900 (FIG. 10), the cold
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plate 1400 (FIG. 11), the cold plate 1000 (FIG. 12), the cold
plate 1102 (FIG. 13), or some combination thereof.

[0089] Instage 1202, alid of the cold plate may be aligned
with a base of the cold plate. Aligning the lid with the base
may include the lid and the base being aligned as described
in relation to the lid 102 and the base 104 as illustrated in
FIG. 3. Aligning the lid with the base may include aligning
a first surface of a side of the lid (such as the first surface 302
(FIG. 3) and/or the first surface 1008 (FIG. 12)) with a first
surface of a side of the base (such as the first surface 202
(FIG. 3) and/or the first surface 1010 (FIG. 12)). The first
surface of the side of the lid may be located along a
perimeter of the lid. Aligning the lid with the base may
further include aligning a second surface of the side of the
lid (such as the second surface 304 (FIG. 3) and/or the
second surface 1014 (FIG. 12)) with a second surface of a
the side of the base (such as the second surface 204 (FIG. 3)
and/or the second surface 1016 (FIG. 12)). In some embodi-
ments, aligning the lid with the base may further include
aligning fins of the base (such as the fins 210 (FIG. 3)) with
a recess formed in the side of the lid (such as recess 308
(FIG. 3)).

[0090] Instage 1204, a force may be applied to at least one
of the lid or the base to compress the side of the lid against
the side of the base. The force applied to the lid or the base
may be at least 300 pound-force (or approximately 1334
newtons).

[0091] Compressing the lid against the side of the base
may cause a seal feature of the lid (such as the seal feature
312 (FIG. 3), the first seal feature and the second seal feature
described in relation to FIG. 10, and/or the seal feature
described in relation to FIG. 12) to be compressed against
the side of the base and deform to the side of the base. A dam
(such as the dam 704 (FIG. 7), the first dam 902 (FIG. 10),
the second dam 904 (FIG. 10), and/or the dam 1012 (FIG.
12)) may be formed by deforming the seal feature to the side
of the base. Further, deforming the seal feature to the side of
the base may enclose the recess formed in the lid, thereby
generating a cavity between the lid and the base (such as the
cavity 702 (FIG. 7), the cavity 914 (FIG. 10), and/or the
cavity 1018 (FIG. 12)).

[0092] In stage 1206, the lid may be brazed to the base.
Brazing the lid to the base may form a braze joint (such as
the braze joint 106 (FIG. 1), and/or the braze joint 1006
(FIG. 12)) and the lid and based, where the braze joint may
affix the 1id to the base. Brazing the lid to the base may be
performed by any process known by one having skill in the
art and/or described throughout this disclosure for brazing
two metal components together. The braze joint may be
formed along a perimeter of the lid. In some embodiments,
the braze joint may be formed along a braze portion of the
base (such as the braze portion 502 (FIG. 5)). The braze joint
may affix the first surface on the side of the lid to the first
surface on the side of the base. Brazing the lid to the base
may be performed with a brazing material that is different
than a material that forms the lid and the base, thereby
generating a braze joint of a different material than the
material that forms the lid and the base. The material of the
braze joint may occupy a different position in the galvanic
series than the material that forms the lid and the base.

[0093] In stage 1208, the force may be removed from the
at least one of the lid or the base. The braze joint may
continue to maintain the 1id against the base. The seal feature
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may remain compressed against the side of the base after the
pressure is removed, thereby remaining as the dam after the
force is removed.

[0094] The procedure 1200 may be completed at stage
1208 to generate the cold plate. In some embodiments, the
procedure 1200 may continue with stage 1210 and stage
1212 to install the cold plate within an electrical system,
such as the electrical system 1100 (FIG. 13).

[0095] In stage 1210, the cold plate may be affixed to a
heat-producing component (such as the component 1106
(FIG. 13)). The cold plate may be affixed to the heat-
producing component by any means of affixing a cold plate
to a component known to one having ordinary skill in the art,
including, but not limited to, thermal epoxy, mounting
hardware, and/or application of pressure to press and main-
tain the cold plate against the component.

[0096] In stage 1212, liquid coolant can be circulated
through the cold plate. Circulating the liquid coolant through
the cold plate may include coupling one or more coolant
tubes (such as the first coolant tube 1108 (FIG. 13) and/or the
second coolant tube 1110 (FIG. 13)) to the cold plate. The
coolant tubes may be coupled to one or more apertures
formed in the cold plate (such as the first aperture 108 (FIG.
1) and/or the second aperture 110 (FIG. 1)). The coolant
tubes may carry the liquid coolant to and from the cold plate
causing the liquid coolant to be circulated through the cavity
of the cold plate. In some embodiments, vapor coolant may
be circulated through the cold plate via the coolant tubes in
addition to, or in lieu of, the liquid coolant.

[0097] In alternate embodiments, some of the operations
of procedure 1200 may be combined, divided, omitted, or
performed in different orders.

[0098] FIG. 15 illustrates an example computer device
1300 that may employ the apparatuses and/or methods
described herein (e.g., the cold plate 100, the cold plate 900,
the cold plate 1000, the electrical system 1100, and/or the
procedure 1200), in accordance with various embodiments.
As shown, computer device 1300 may include a number of
components, such as one or more processor(s) 1304 (one
shown) and at least one communication chip 1306. In
various embodiments, the one or more processor(s) 1304
each may include one or more processor cores. In various
embodiments, the at least one communication chip 1306
may be physically and electrically coupled to the one or
more processor(s) 1304. In further implementations, the
communication chip 1306 may be part of the one or more
processor(s) 1304. In various embodiments, computer
device 1300 may include printed circuit board (PCB) 1302.
For these embodiments, the one or more processor(s) 1304
and communication chip 1306 may be disposed thereon. In
alternate embodiments, the various components may be
coupled without the employment of PCB 1302.

[0099] Depending on its applications, computer device
1300 may include other components that may or may not be
physically and electrically coupled to the PCB 1302. These
other components include, but are not limited to, memory
controller 1326, volatile memory (e.g., dynamic random
access memory (DRAM) 1320), non-volatile memory such
as read only memory (ROM) 1324, flash memory 1322,
storage device 1354 (e.g., a hard-disk drive (HDD)), an 1/O
controller 1341, a digital signal processor (not shown), a
crypto processor (not shown), a graphics processor 1330,
one or more antenna 1328, a display (not shown), a touch
screen display 1332, a touch screen controller 1346, a
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battery 1336, an audio codec (not shown), a video codec (not
shown), a global positioning system (GPS) device 1340, a
compass 1342, an accelerometer (not shown), a gyroscope
(not shown), a speaker 1350, a camera 1352, and a mass
storage device (such as hard disk drive, a solid state drive,
compact disk (CD), digital versatile disk (DVD)) (not
shown), and so forth.

[0100] In some embodiments, the one or more processor
(s) 1304, flash memory 1322, and/or storage device 1354
may include associated firmware (not shown) storing pro-
gramming instructions configured to enable computer
device 1300, in response to execution of the programming
instructions by one or more processor(s) 1304, to practice all
or selected aspects of the methods described herein. In
various embodiments, these aspects may additionally or
alternatively be implemented using hardware separate from
the one or more processor(s) 1304, flash memory 1322, or
storage device 1354.

[0101] Invarious embodiments, the computer device 1300
may include a cold plate 1360 coupled to a heat-producing
component of the computer device 1300. The cold plate
1360 may include one or more of the features of the cold
plate 100 (FIG. 1), the cold plate 900 (FIG. 10), the cold
plate 1400 (FIG. 11), the cold plate 1000 (FIG. 12), and/or
the cold plate 1102 (FIG. 13). The cold plate 1360 may be
coupled to a coolant system and may transfer heat away
from the heat-producing component to cool the heat-pro-
ducing component. The cold plate 1360 is illustrated
coupled to the processor 1304, however, it is to be under-
stood that the cold plate 1360 may be coupled to any
heat-producing component of the computer device 1300,
including, but not limited to, the communication chip 1306,
the memory controller 1326, the 1/O controller 1341, the
graphics CPU 1330, the storage device 1354, the touch
screen controller 1346, the DRAM 1320, the flash memory
1322, and/or the ROM 1324.

[0102] The communication chips 1306 may enable wired
and/or wireless communications for the transfer of data to
and from the computer device 1300. The term “wireless”
and its derivatives may be used to describe circuits, devices,
systems, methods, techniques, communications channels,
etc., that may communicate data through the use of modu-
lated electromagnetic radiation through a non-solid medium.
The term does not imply that the associated devices do not
contain any wires, although in some embodiments they
might not. The communication chip 1306 may implement
any of a number of wireless standards or protocols, includ-
ing but not limited to IEEE 902.20, Long Term Evolution
(LTE), LTE Advanced (LTE-A), General Packet Radio Ser-
vice (GPRS), Evolution Data Optimized (Ev-DO), Evolved
High Speed Packet Access (HSPA+), Evolved High Speed
Downlink Packet Access (HSDPA+), Evolved High Speed
Uplink Packet Access (HSUPA+), Global System for Mobile
Communications (GSM), Enhanced Data rates for GSM
Evolution (EDGE), Code Division Multiple Access
(CDMA), Time Division Multiple Access (TDMA), Digital
Enhanced Cordless Telecommunications (DECT), World-
wide Interoperability for Microwave Access (WiMAX),
Bluetooth, derivatives thereof, as well as any other wireless
protocols that are designated as 3G, 4G, 5G, and beyond.
The computer device 1300 may include a plurality of
communication chips 1306. For instance, a first communi-
cation chip 1306 may be dedicated to shorter range wireless
communications such as Wi-Fi and Bluetooth, and a second
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communication chip 1306 may be dedicated to longer range
wireless communications such as GPS, EDGE, GPRS,
CDMA, WiMAX, LTE, Ev-DO, and others.

[0103] In various implementations, the computer device
1300 may be a laptop, a netbook, a notebook, an ultrabook,
a smartphone, a computer tablet, a personal digital assistant
(PDA), an ultra-mobile PC, a mobile phone, a desktop
computer, a server, a printer, a scanner, a monitor, a set-top
box, an entertainment control unit (e.g., a gaming console or
automotive entertainment unit), a digital camera, an appli-
ance, a portable music player, or a digital video recorder. In
further implementations, the computer device 1300 may be
any other electronic device that processes data.

[0104] Example 1 may include a cold plate, comprising a
base, and a lid affixed to the base via a braze joint, wherein
the braze joint extends around a perimeter of the lid, and
wherein a first one of the lid or the base includes a dam
having a perimeter located inside of the perimeter of the lid,
wherein the dam is compressed against a second one of the
lid or the base and is liquid-tight to the second one of the lid
or the base, and wherein a cavity is located between the base
and the lid within the perimeter of the dam to provide a
circulation passage for a liquid coolant.

[0105] Example 2 may include the cold plate of examples
1 or 2, wherein the base includes one or more fins that extend
from a side of the base into the cavity, wherein the lid is
affixed to the side of the base.

[0106] Example 3 may include the cold plate of examples
1 or 2, wherein a pressure at which the dam is compressed
against the second one of the lid or the base is greater than
a pressure at which the liquid coolant is circulated through
the cavity.

[0107] Example 4 may include the cold plate of examples
1 or 2, wherein a portion of the second one of the lid or the
base to which the dam is compressed has a roughness of less
than 63 micro inches.

[0108] Example 5 may include the cold plate of examples
1 or 2, wherein a portion of the second one of the lid or the
base to which the dam is compressed has a flatness of less
than 0.002 inches.

[0109] Example 6 may include the cold plate of examples
1 or 2, wherein the base and the lid are formed of a first
material, and wherein the braze joint is formed of a second
material that is different than the first material.

[0110] Example 7 may include the cold plate of example
6, wherein the first material occupies a different position in
a galvanic series than the second material.

[0111] Example 8 may include the cold plate of examples
1 or 2, wherein the base includes a first side and a second
side opposite to the first side, wherein the lid is affixed to the
first side of the base, wherein the first side of the base
includes a first surface and a second surface, wherein the
second surface is further from the second side than the first
surface is from the second side, and wherein the braze joint
affixes the 1id to the first surface and the dam is compressed
against the second surface.

[0112] Example 9 may include the cold plate of example
8, wherein the first surface is parallel to the second surface.
[0113] Example 10 may include the cold plate of examples
1 or 2, wherein the cavity is a first cavity, and wherein a
second cavity is located between the base and the lid in an
area between the perimeter of the lid and the perimeter of the
dam.
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[0114] Example 11 may include the cold plate of examples
1 or 2, wherein the dam is a first dam, and wherein the first
one of the lid or the base further comprises a second dam
located between the first dam and the perimeter of the lid,
and wherein the second dam is compressed against the
second one of the lid or the base.

[0115] Example 12 may include the cold plate of examples
1 or 2, wherein the dam is formed by compression of a seal
feature of the first one of the lid or the base against the
second one of the lid or the base, wherein the seal feature
extends along where the perimeter of the dam is formed, and
wherein the seal feature is deformed to the second one of the
lid or the base when compressed.

[0116] Example 13 may include the cold plate of example
12, wherein the seal feature extends from a surface of first
one of the lid or the base, and wherein the seal feature
narrows as the seal feature extends further from the surface.
[0117] Example 14 may include the cold plate of example
12, wherein a size of the seal feature is selected based on a
size of the lid.

[0118] Example 15 may include the cold plate of example
12, wherein a size of the seal feature is selected based on a
pressure of which the liquid coolant is circulated.

[0119] Example 16 may include the cold plate of example
12, wherein the seal feature is resilient and is to spring back
to an original shape in response to the seal feature being
decompressed from against the second one of the lid or the
base.

[0120] Example 17 may include the cold plate of examples
1 or 2, wherein the lid includes the dam.

[0121] Example 18 may include a method of generating a
cold plate, comprising aligning a lid of the cold plate with
a base of the cold plate, applying force to at least one of the
lid or the base to compress a side of the lid against a side of
the base, wherein compressing the side of the lid against the
side of the base causes a seal feature of a first one of the lid
or the base, which extends toward a second one of the lid or
the base when the lid and base are aligned, to be compressed
against the second one of the lid or the base and deformed
to the second one of the 1id or the base, and wherein the seal
feature encloses a cavity formed between the lid and base
when the seal feature is compressed against the second one
of the 1id or the base, brazing the lid to the base along a
perimeter of the lid, wherein a perimeter of the seal feature
is inside of the perimeter of the lid, and removing the force
from the at least one of the lid or the base, wherein the seal
feature remains compressed against the second one of the lid
or the base after the force is removed.

[0122] Example 19 may include the method of example
18, wherein aligning the 1id with the base includes aligning
a first surface of the side of the lid with a first surface of the
side of the base, the first surface of the side of the lid along
the perimeter of the lid, aligning a second surface of the side
of the lid with a second surface of the side of the base,
wherein a first distance exists between the first surface of the
side of the lid and the second surface of the side of the lid
and a second distance exists between the first surface of the
side of the base and the second surface of the side of the
base, wherein the first distance is greater than the second
distance, wherein the seal feature extends from a first one of
the second surface of the side of the lid or the second surface
of the side of the base toward a second one of the second
surface of the side of the lid or the second surface of the side
of the base, and wherein a distance that the seal feature
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extends from the first one of the second surface of the side
of the lid or the second surface of the side of the base is
greater than a difference between the first distance and the
second distance.

[0123] Example 20 may include the method of examples
18 or 19, wherein the lid and the base are formed of a first
material, and wherein the brazing is performed with a
second material different than the first material.

[0124] Example 21 may include the method of example
20, wherein the first material occupies a different position in
a galvanic series than the second material.

[0125] Example 22 may include the method of examples
18 or 19, wherein the base includes one or more fins
extending from the side of the base, wherein aligning the lid
with the base includes aligning the one or more fins with a
recess in the side of the lid, and wherein the one or more fins
become located within the cavity formed of the recess when
the seal feature encloses the cavity.

[0126] Example 23 may include the method of examples
18 or 19, wherein the force applied to the at least one of the
lid or the base is at least 300 pound-force.

[0127] Example 24 may include the method of examples
18 or 19, wherein the seal feature remains compressed
against the second one of the lid or the base at a pressure
greater than a pressure at which liquid coolant is circulated
through the cavity.

[0128] Example 25 may include the method of examples
18 or 19, further comprising affixing the cold plate to a
heat-producing component mounted to a circuit board within
a system, and circulating liquid coolant through the cold
plate to cool the heat-producing component.

[0129] Example 26 may include the method of examples
18 or 19, wherein the lid includes the seal feature.

[0130] Example 27 may include a system, comprising a
circuit board, a component mounted to the circuit board, the
component to produce heat during operation of the compo-
nent, and a cold plate affixed to the component, the cold
plate to conduct the heat away from the component, wherein
cold plate comprises a base, and a lid affixed to the base via
a braze joint, wherein the braze joint extends around a
perimeter of the lid, and wherein a first one of the lid or the
base includes a dam having a perimeter located inside of the
perimeter of the lid, wherein the dam is compressed against
a second one of the lid or the base and is liquid-tight to the
second one of the 1id or the base, and wherein a cavity is
located between the base and the lid within the perimeter of
the dam to provide a circulation passage for a liquid coolant.
[0131] Example 28 may include the system of example 27,
wherein the base includes one or more fins that extend from
a side of the base into the cavity, wherein the lid is affixed
to the side of the base.

[0132] Example 29 may include the system of example 27,
wherein a pressure at which the dam is compressed against
the second one of the lid or the base is greater than a pressure
at which the liquid coolant is circulated through the cavity.
[0133] Example 30 may include the system of any of the
examples 27-29, wherein a portion of the second one of the
lid or the base to which the dam is compressed has a
roughness of less than 63 micro inches.

[0134] Example 31 may include the system of any of the
examples 27-29, wherein a portion of the second one of the
lid or the base to which the dam is compressed has a flatness
of less than 0.002 inches.
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[0135] Example 32 may include the system of any of the
examples 27-29, wherein the base and the lid are formed of
a first material, and wherein the braze joint is formed of a
second material that is different than the first material.
[0136] Example 33 may include the system of example 32,
wherein the first material occupies a different position in a
galvanic series than the second material.

[0137] Example 34 may include the system of any of the
examples 27-29, wherein the base includes a first side and a
second side opposite to the first side, wherein the lid is
affixed to the first side of the base, wherein the first side of
the base includes a first surface and a second surface,
wherein the second surface is further from the second side
than the first surface is from the second side, and wherein the
braze joint affixes the lid to the first surface and the dam is
compressed against the second surface.

[0138] Example 35 may include the system of example 34,
wherein the first surface is parallel to the second surface.
[0139] Example 36 may include the system of any of the
examples 27-29, wherein the cavity is a first cavity, and
wherein a second cavity is located between the base and the
lid in an area between the perimeter of the lid and the
perimeter of the dam.

[0140] Example 37 may include the system of any of the
examples 27-29, wherein the dam is a first dam, and wherein
the 1id further comprises a second dam located between the
first dam and the perimeter of the lid, and wherein the second
dam is compressed against the second one of the lid or the
base.

[0141] Example 38 may include the system of any of the
examples 27-29, wherein the dam is formed by compression
of a seal feature of the first one of the lid or the base against
the second one of the 1id or the base, wherein the seal feature
extends along where the perimeter of the dam is formed, and
wherein the seal feature is deformed to the second one of the
lid or the base when compressed.

[0142] Example 39 may include the system of example 38,
wherein the seal feature extends from a surface of the first
one of the lid or the base, and wherein the seal feature
narrows as the seal feature extends further from the surface.
[0143] Example 40 may include the system of example 38,
wherein a size of the seal feature is selected based on a size
of the lid.

[0144] Example 41 may include the system of example 38,
wherein a size of the seal feature is selected based on a
pressure of which the liquid coolant is circulated.

[0145] Example 42 may include the system of example 38,
wherein the seal feature is resilient and is to spring back to
an original shape in response to the seal feature being
decompressed from against the second one of the lid or the
base.

[0146] Example 43 may include the system of any of the
examples 27-29, wherein the lid includes the dam.

[0147] Example 44 may include a cold plate, comprising
a base, a lid, and means for affixing the lid to the base,
wherein the means for affixing the lid to the base extends
around a perimeter of the lid, and wherein a first one of the
lid or the base includes a means for isolating liquid coolant
to be circulated within a cavity located between the base and
the lid, wherein the means for isolating the liquid coolant is
compressed against a second one of the lid or the base and
is liquid-tight to the second one of the lid or the base, and
wherein the means for isolating the liquid coolant has a
perimeter located inside of the perimeter of the lid.
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[0148] Example 45 may include the cold plate of example
44, wherein the base and the lid are formed of a first
material, and wherein the means for affixing the lid to the
base is formed of a second material that is different than the
first material.

[0149] Example 46 may include the cold plate of example
45, wherein the first material occupies a different position in
a galvanic series than the second material.

[0150] Example 47 may include the cold plate of any of
the examples 44-46, wherein the means for affixing the lid
to the base includes a braze joint that extends around the
perimeter of the lid.

[0151] Example 48 may include the cold plate of any of
the examples 44-46, wherein a pressure at which the means
for isolating the liquid coolant is compressed against the
second one of the lid or the base is greater than a pressure
at which the liquid coolant is circulated through the cavity.
[0152] Example 49 may include the cold plate of any of
the examples 44-46, wherein a portion of the second one of
the lid or the base to which the means for isolating the liquid
coolant is compressed has a roughness of less than 63 micro
inches.

[0153] Example 50 may include the cold plate of any of
the examples 44-46, wherein a portion of the second one of
the lid or the base to which the means for isolating the liquid
coolant is compressed has a flatness of less than 0.002
inches.

[0154] Example 51 may include the cold plate of any of
the claims 44-46, wherein the lid includes the means for
isolating liquid coolant.

[0155] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
disclosed embodiments of the disclosed device and associ-
ated methods without departing from the spirit or scope of
the disclosure. Thus, it is intended that the present disclosure
covers the modifications and variations of the embodiments
disclosed above provided that the modifications and varia-
tions come within the scope of any claims and their equiva-
lents.

1. A cold plate, comprising:

a base; and

a lid affixed to the base via a braze joint, wherein the braze

joint extends around a perimeter of the lid, and wherein

one of the lid or the base includes:

a dam having a perimeter located inside of the perim-
eter of the lid, wherein the dam is compressed
against an other of the lid or the base and is liquid-
tight to the other of the lid or the base, wherein the
dam is part of a same piece of material as the one of
the lid or the base, and wherein a cavity is located
between the base and the lid within the perimeter of
the dam to provide a circulation passage for a liquid
coolant.

2. The cold plate of claim 1, wherein the base includes one
or more fins that extend from a side of the base into the
cavity, wherein the lid is affixed to the side of the base.

3. The cold plate of claim 1, wherein a pressure at which
the dam is compressed against the other of the lid or the base
is greater than a pressure at which the liquid coolant is
circulated through the cavity.

4. The cold plate of claim 1, wherein a portion of the other
of the lid or the base to which the dam is compressed has a
roughness of less than 63 micro inches.
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5. The cold plate of claim 1, wherein a portion of the other
of the lid or the base to which the dam is compressed has a
flatness of less than 0.002 inches.

6. The cold plate of claim 1, wherein the base and the lid
are formed of a first material, and wherein the braze joint is
formed of a second material that is different than the first
material.

7. The cold plate of claim 6, wherein the first material
occupies a different position in a galvanic series than the
second material.

8. The cold plate of claim 1, wherein the base includes a
first side and a second side opposite to the first side, wherein
the lid is affixed to the first side of the base, wherein the first
side of the base includes a first surface and a second surface,
wherein the second surface is further from the second side
than the first surface is from the second side, and wherein the
braze joint affixes the lid to the first surface and the dam is
compressed against the second surface.

9. The cold plate of claim 8, wherein the first surface is
parallel to the second surface.

10. The cold plate of claim 1, wherein the cavity is a first
cavity, and wherein a second cavity is located between the
base and the lid in an area between the perimeter of the lid
and the perimeter of the dam.

11. A method of generating a cold plate, comprising:

aligning a lid of the cold plate with a base of the cold

plate;

applying force to at least one of the lid or the base to

compress a side of the lid against a side of the base,
wherein compressing the side of the lid against the side
of the base causes a seal feature of a first one of the lid
or the base, which extends toward a second one of the
lid or the base when the lid and base are aligned, to be
compressed against the second one of the lid or the base
and deformed to the second one of the lid or the base,
and wherein the seal feature encloses a cavity formed
between the lid and base when the seal feature is
compressed against the second one of the lid or the
base;

brazing the lid to the base along a perimeter of the lid,

wherein a perimeter of the seal feature is inside of the
perimeter of the lid; and

removing the force from the at least one of the lid or the

base, wherein the seal feature remains compressed
against the second one of the lid or the base after the
force is removed.
12. The method of claim 11, wherein aligning the lid with
the base includes:
aligning a first surface of the side of the lid with a first
surface of the side of the base, the first surface of the
side of the lid along the perimeter of the lid;

aligning a second surface of the side of the lid with a
second surface of the side of the base, wherein a first
distance exists between the first surface of the side of
the lid and the second surface of the side of the lid and
a second distance exists between the first surface of the
side of the base and the second surface of the side of the
base, wherein the first distance is greater than the
second distance, wherein the seal feature extends from
a first one of the second surface of the side of the lid or
the second surface of the side of the base toward a
second one of the second surface of the side of the lid
or the second surface of the side of the base, and
wherein a distance that the seal feature extends from
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the first one of the second surface of the side of the lid
or the second surface of the side of the base is greater
than a difference between the first distance and the
second distance.

13. The method of claim 11, wherein the lid and the base
are formed of a first material, and wherein the brazing is
performed with a second material different than the first
material.

14. The method of claim 13, wherein the first material
occupies a different position in a galvanic series than the
second material.

15. A system, comprising:

a circuit board;

a component mounted to the circuit board, the component

to produce heat during operation of the component; and

a cold plate affixed to the component, the cold plate to

conduct the heat away from the component, wherein
cold plate comprises:
a base; and
a lid affixed to the base via a braze joint, wherein the
braze joint extends around a perimeter of the lid, and
wherein one of the lid or the base includes:
a dam having a perimeter located inside of the
perimeter of the lid, wherein the dam is com-
pressed against an other of the 1id or the base and
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is liquid-tight to the other of the lid or the base,
wherein the dam is part of a same piece of material
as the one of the lid or the base, and wherein a
cavity is located between the base and the lid
within the perimeter of the dam to provide a
circulation passage for a liquid coolant.

16. The system of claim 15, wherein the base includes one
or more fins that extend from a side of the base into the
cavity, wherein the lid is affixed to the side of the base.

17. The system of claim 15, wherein a pressure at which
the dam is compressed against the second one of the lid or
the base is greater than a pressure at which the liquid coolant
is circulated through the cavity.

18. The system of claim 15, wherein a portion of the other
of the lid or the base to which the dam is compressed has a
roughness of less than 63 micro inches.

19. The system of claim 15, wherein the base and the lid
are formed of a first material, and wherein the braze joint is
formed of a second material that is different than the first
material.

20. The system of claim 19, wherein the first material

occupies a different position in a galvanic series than the
second material.



