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(54) CONFORMABLE THERMAL BRIDGE

(57) A thermal bridge (102) comprises a frame (150)
defining a bridge opening (156) that extends through the
frame (150), and an array (152) of plates (154) held in
the bridge opening (156) of the frame (150). The plates
(154) are stacked side-by-side along a stack axis (158).
The array (152) extends between a top end (160) defined
by top edges (164) of the plates (154), and a bottom end
(162) defined by bottom edges (166) of the plates (154).
Each plate (154) is independently vertically compressible

between the respective top (164) and bottom (166) edges
of the plate (154) relative to other plates (154) in the array
(152). The top end (160) of the array is configured to
engage and conform to a contour of a first external sur-
face (104), the bottom end (162) of the array (152) is
configured to engage and conform to a contour of a sec-
ond external surface (106), and the plates (154) are ther-
mally conductive to transfer heat between the first (104)
and second (106) external surfaces.
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Description

[0001] The invention relates to a thermal bridge for pro-
viding a thermally conductive path between thermal ele-
ments or components.
[0002] Electrical components, such as resistors, ca-
pacitors, transistors, inductors, integrated circuits, light
emitting diodes (LEDs), and the like, disposed on circuit
boards or other substrates typically generate heat during
use. The electrical components are often enclosed in a
case or housing of a device in order to protect the elec-
trical components from exterior contaminants such as
moisture and debris. In an example, a circuit board having
one or more electrical components may be secured with-
in a connector housing of a plug or receptacle electrical
connector. A build-up of heat in the enclosure may neg-
atively affect the operations of the electrical components,
so heat transfer devices may be installed to transfer heat
from inside the enclosure to outside the enclosure. Ther-
mal bridges are installed between the heat generating
components (for example, the electrical components
and/or the circuit board) and the heat receiving compo-
nents (for example, the enclosure and/or a heat sink on
the enclosure) to provide a thermally conductive path
from the heat generating components to the heat receiv-
ing components to transfer heat away from the heat gen-
erating components.
[0003] Some known thermal bridges are solid thermal-
ly-conductive blocks that have a fixed height between
the heat generating components and the heat receiving
components. But, the distance (or height of the gap) be-
tween the heat generating components and the heat re-
ceiving components may vary along a length and/or width
of the components. For example, some heat generating
electrical components on a circuit board may be taller
than other heat generating electrical components on the
circuit board. Due to the fixed height of the known thermal
bridges, the thermal bridges are not able to properly con-
ductively couple to both the taller and the shorter electri-
cal components on the circuit board. For example, the
thermal bridge may engage a taller electrical component
and may define a gap between the thermal bridge and a
shorter electrical component. Due to the gap, the resist-
ance of the thermal path from the shorter component to
the thermal bridge is significantly increased. Due to var-
iations in the heights or distances between the heat gen-
erating components and the heat receiving components,
some thermal bridges include a thermal interface mate-
rial at heat transfer interfaces of the thermal bridges. The
thermal interface materials may include underfilms, en-
capsulants, putties, or the like. The thermal interface ma-
terials may be at least partially compliant to accommo-
date some variation in height, but the thermal interface
materials may not be able to accommodate some height
variations that are greater than a compliancy range of
the thermal interface materials, and the thermal interface
materials may not be able to conform properly to a high
frequency of variations along a length and/or width of the

heat generating and/or heat receiving components.
[0004] There is a need for a thermal bridge that is better
able to accommodate height variations between and
along surfaces of components engaged by the thermal
bridge.
[0005] This problem is solved by a thermal bridge ac-
cording to claim 1.
[0006] According to the invention, a thermal bridge
comprises a frame defining a bridge opening that extends
through the frame, and an array of plates held in the
bridge opening of the frame. The plates are stacked side-
by-side along a stack axis. The array extends between
a top end defined by top edges of the plates, and a bottom
end defined by bottom edges of the plates. Each of the
plates is independently vertically compressible between
the respective top and bottom edges of the plate relative
to other plates in the array. The top end of the array is
configured to engage and conform to a contour of a first
external surface, the bottom end of the array is configured
to engage and conform to a contour of a second external
surface, and the plates are thermally conductive to trans-
fer heat between the first and second external surfaces.
[0007] The invention will now be described by way of
example with reference to the accompanying drawings
wherein:

Figure 1 is a top perspective view of a heat transfer
system according to an embodiment.

Figure 2 is a cross-sectional view of the heat transfer
system shown in Figure 1.

Figure 3 is a perspective view of an array of plates
of a thermal bridge according to an embodiment.

Figure 4 is a front view of one plate of the array of
plates in an uncompressed state.

Figure 5 is a front view of the plate of Figure 4 in a
compressed state.

Figure 6 is a cross-sectional view of a portion of the
heat transfer system according to the embodiment
shown in Figure 2.

Figure 7 is a perspective view of a thermal bridge of
the heat transfer system according to another em-
bodiment.

Figure 8 is a perspective view of an array of plates
of the thermal bridge shown in Figure 2 according to
an alternative embodiment.

Figure 9 is a front view of one plate of the array of
plates shown in Figure 8 in a compressed state.

[0008] Figure 1 is a top perspective view of a heat
transfer system 100 according to an embodiment. The
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heat transfer system 100 includes a thermal bridge 102,
a first external surface 104, and a second external sur-
face 106. The thermal bridge 102 is disposed between
the first and second external surfaces 104, 106, which
are spaced apart from one another. The thermal bridge
102 is configured to engage both the first and second
external surfaces 104, 106 to conductively transfer heat
between the first and second external surfaces 104, 106
across the space therebetween.
[0009] The distance between the first and second ex-
ternal surfaces 104, 106 may vary along a plane. For
example, the contour of the first external surface 104
and/or the contour of the second external surface 106
may include various steps, projections, depressions, or
the like along the respective external surface 104, 106.
Alternatively, or in addition, a plane of the first external
surface 104 may not extend parallel to a plane of the
second external surface 106 such that the distance be-
tween the first and second external surfaces 104, 106
varies. In the illustrated embodiment, the contour of the
first external surface 104 is planar, and the first external
surface extends parallel to a plane of the second external
surface 106. The contour of the second external surface
106 includes multiple upward steps and downward steps
such that the contour is not planar and the distance be-
tween the first and second external surfaces 104, 106
varies. In an exemplary embodiment, the thermal bridge
102 is configured to engage and conform to both the con-
tour of the first external surface 104 and the contour of
the second external surface 106. The thermal bridge 102
is thermally conductive such that the thermal bridge 102
conductively transfers heat between the first and second
external surfaces 104, 106 along substantially an entirety
of the respective external surfaces 104, 106. Thus, there
may be only limited, narrow gaps along the contours of
the first and second external surfaces 104, 106 that are
not engaged by the thermal bridge 102 for heat transfer.
[0010] The thermal bridge 102 may be used in various
electrical applications in order to transfer heat from a heat
generating component to a heat receiving component.
For example, the thermal bridge 102 may be installed
within a case or housing that encloses an electronics
package that generates heat. The electronics package
may be a printed circuit board, a server, a router, a proc-
essor (for example, a microprocessor or a central
processing unit or CPU), an electric-optic integrated cir-
cuit that converts electrical signals to optical signals
and/or vice-versa, or the like. To prevent the build-up of
heat within the respective case that encloses the elec-
tronics package, the thermal bridge 102 may be installed
between the electronics package and a wall of the case
in order to dissipate heat from the enclosed area through
the wall of the case to ambient air outside of the case.
[0011] In the illustrated embodiment, the heat transfer
system 100 is a portion of a pluggable, cable-mounted
connector 108. The pluggable connector 108 may be an
input/output (I/O) module or transceiver that is configured
to be inserted into and removed from a mating connector

(not shown). The pluggable connector 108 may be con-
figured to transmit data signals in the form of electrical
signals or optical signals. The pluggable connector 108
may be configured to convert data signals from optical
signals to electrical signals or vice-versa. More specifi-
cally, the pluggable connector 108 may be a small form-
factor pluggable (SFP) transceiver or quad small form-
factor pluggable (QSFP) transceiver. The pluggable con-
nector 108 may satisfy certain technical specifications
for SFP or QSFP transceivers, such as Small-Form Fac-
tor (SFF)-8431. In some embodiments, the pluggable
connector 108 is configured to transmit data signals up
to 2.5 gigabits per second (Gbps), up to 5.0 Gbps, up to
10.0 Gbps, or more.
[0012] The pluggable connector 108 includes a shell
110, a cable 112, and at least one electronics package
114. The shell 110 includes a mating end 116 and a cable
end 118. The cable 112 is coupled to the shell 110 at the
cable end 118. The electronics package 114 is held within
a cavity of the shell 110. The electronics package 114 is
electrically and/or optically connected to the cable 112,
which may include electrical wires and/or optical fibers.
The shell 110 defines a socket opening 120 at the mating
end 116. The socket opening 120 is configured to receive
a portion of the mating connector therein to engage an
exposed contact segment of the electronics package 114
(or to engage discrete contacts that are electrically and/or
optically connected to the electronics package 114). The
shell 110 is formed of a thermally conductive material.
The shell 110 optionally may be formed of an electrically
conductive material to provide shielding for the electron-
ics package 114. The shell 110 optionally may be formed
by coupling two shell members 122, 124 at an interface
126.
[0013] In the illustrated embodiment, the first external
surface 104 is an interior surface 128 of the shell member
122. The second external surface 106 is an outer surface
130 of the electronics package 114 that faces the interior
surface 128. The thermal bridge 102 is disposed between
the interior surface 128 and the outer surface 130, and
engages both surfaces, to transfer heat from the elec-
tronics package 114 to the shell member 122. The heat
absorbed by the shell member 122 is dissipated outside
of the shell 110 into ambient air. Although not shown, the
shell member 122 may define fins along an exterior sur-
face 132 thereof to increase a surface area of the shell
member 122 in engagement with the ambient air. Alter-
natively, a separate active or passive heat sink may be
mounted on the exterior surface 132 of the shell member
122 to increase heat dissipation, and therefore cooling.
[0014] As shown and described in more detail below,
the electronics package 114 in an embodiment includes
a printed circuit board 134 and at least one electrical com-
ponent or device 136 mounted on an outer layer 138 of
the printed circuit board 134. The printed circuit board
134 is oriented such that the outer layer 138 faces the
interior surface 128 of the shell member 122. The contour
of the outer surface 130 of the electronics package 114
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is defined by the outer layer 138 of the printed circuit
board 134 and the electrical components 136.
[0015] Figure 2 is a cross-sectional view of the heat
transfer system 100 along line 2-2 shown in Figure 1.
The electronics package 114 that defines the second ex-
ternal surface 106 includes the printed circuit board 134
and two electrical components 136. The electrical com-
ponents 136 are mounted on the outer layer 138 of the
printed circuit board 134 and extend from the outer layer
138 towards the interior surface 128 of the shell member
122 that defines the first external surface 104. For exam-
ple, the outer layer 138 is planar and defines a circuit
board plane 140. The interior surface 128 of the shell
member 122 is planar and defines a shell plane 142. The
shell plane 142 is parallel to the circuit board plane 140
in the illustrated embodiment. Each of the electrical com-
ponents 136 may be a resistor, a capacitor, a transistor,
an inductor, an integrated circuit, an LED, an active elec-
tric-optic converting circuit, or the like. For example, a
first electrical component 136A of the electrical compo-
nents 136 may be an active electric-optic converting cir-
cuit that converts electrical signals to optical signals
and/or vice-versa, and a second electrical component
136B of the electrical components 136 may be an inte-
grated processing circuit.
[0016] The first electrical component 136A extends far-
ther from the outer layer 138 of the circuit board 134 than
the second electrical component 136B, such that the first
electrical component 136A is taller along a vertical axis
144 than the second electrical component 136B. The axis
144 is referred to as a "vertical" axis for reference and
comparison between the components of the heat transfer
system 100 only. Although the vertical axis 144 appears
to extend generally parallel to gravity, it is recognized
that the heat transfer system 100 is not required to have
any particular orientation with respect to gravity. For ex-
ample, the heat transfer system 100 may be oriented
such that the "vertical" axis 144 extends transverse to a
direction of gravity.
[0017] The first electrical component 136A extends
more proximate to the interior surface 128 of the shell
member 122 than the second electrical component 136B.
The contour of the outer surface 130 of the electronics
package 114 is defined, from a first end 146 to a second
end 148 of the electronics package 114, by a first seg-
ment of the outer layer 138, the first electrical component
136A, a second segment of the outer layer 138 between
the first and second electrical components 136A, 136B,
the second electrical component 136B, and finally a third
segment of the outer layer 138.
[0018] The thermal bridge 102 includes a frame 150
and an array 152 of multiple plates 154. The frame 150
defines a bridge opening 156 through the frame 150, and
the array 152 of plates 154 is held in the bridge opening
156. In Figure 2, the frame 150 is shown in cross-section
in order to view the plates 154 held within the frame 150.
The plates 154 are stacked side-by-side along a stack
axis 158 such that faces of adjacent plates 154 abut one

another. The plates 154 are thermally conductive to
transfer heat therethrough. The array 152 extends verti-
cally (for example, along the vertical axis 144) between
a top end 160 and a bottom end 162. The top end 160
of the array 152 is defined by top edges 164 of the plates
154, and the bottom end 162 is defined by bottom edges
166 of the plates 154. As used herein, relative or spatial
terms such as "top," "bottom," "first," "second," "left," and
"right" are only used to distinguish the referenced ele-
ments and do not necessarily require particular positions
or orientations in the heat transfer system 100 or in the
surrounding environment of the heat transfer system 100.
The top end 160 of the array 152 is configured to engage
the interior surface 128 of the shell member 122. The
bottom end 162 of the array 152 is configured to engage
the outer surface 130 of the electronics package 114.
[0019] The top and bottom ends 160, 162 of the array
152 are exposed relative to the frame 150 to engage the
corresponding surfaces 128, 130. The frame 150 borders
the array 152 of plates 154 along perimeter sides of the
array 152 (for example, front, back, left, and right sides),
but does not extend along the top or bottom ends 160,
162, which protrude from the bridge opening 156 of the
frame 150. The frame 150 includes end sections 168 that
define portions of the bridge opening 156. The end sec-
tions 168 engage the two outer plates 154 of the array
152 and restrict outward movement of the outer plates
154 along the stack axis 158 such that adjacent plates
154 in the array 152 mechanically engage one another
without a lateral gap existing between two or more adja-
cent plates 154. The end sections 168 may press the
outer plates 154 towards one another along the stack
axis 158. The end sections 168 are fixed in place and
press the corresponding outer plates 154 by applying
normal forces or "gathering" forces on the plates 154 in
opposing directions along the stack axis 158. In the illus-
trated embodiment, a top 170 of the frame 150 may be
mounted to the interior surface 128 of the shell member
122 to secure the frame 150 in place. In other embodi-
ments, however, the frame 150 may be mounted to an-
other component or may not be mechanically mounted
to any component. Although the frame 150 provides a
perimeter border around the array 152, the plates 154
are held in place vertically by being compressed or sand-
wiched between the interior surface 128 of the shell mem-
ber 122 and the outer surface 130 of the electronics pack-
age 114.
[0020] In an exemplary embodiment, the plates 154 in
the array 152 are independently vertically compressible
between the respective top and bottom edges 164, 166
relative to other plates 154 in the array 152. Thus, one
plate 154 may be compressed between the interior sur-
face 128 of the shell member 122 and the outer surface
130 of the electronics package 114 to a greater extent
than an adjacent plate 154 in the array 152. As each plate
154 is compressed, the height of the plate 154 between
the respective top edge 164 and bottom edge 166 de-
creases (shortening the plate 154). The plates 154 are
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configured to be resiliently compressible between a com-
pressed state and an uncompressed state such that
when a biasing force on one plate 154 is removed or at
least reduced, the plate 154 resiliently returns toward the
uncompressed state. As the plate 154 returns toward the
uncompressed state, the height of the plate 154 between
the top edge 164 and the bottom edge 166 increases.
Since the plates 154 are independently vertically com-
pressible and are stacked side-by-side, the top end 160
of the array 152 is able to conform to the contour of the
interior surface 128, and the bottom end 162 is able to
conform to the contour of the outer surface 130. By con-
forming to the contours of the surfaces 128, 130, the ther-
mal bridge 102 engages a greater percentage and/or
amount of surface area of the surfaces 128, 130 than
known thermal bridges that are formed of unitary, one-
piece blocks.
[0021] In an embodiment, the top edge 164 of each
plate 154 in the array 152 is configured to engage the
interior surface 128 of the shell member 122, and the
bottom edge 166 of each plate 154 in the array 152 is
configured to engage the outer surface 130 of the elec-
tronics package 114. The edges 164, 166 of the plates
154 may engage the corresponding surfaces 128, 130
directly or indirectly via a thermal interface material (not
shown) applied between the plates 154 and the surfaces
128, 130. The thermal interface material may include an
underfilm, an encapsulant, a putty, or the like, and differ-
ent thermal interface materials may be used on the top
edge 164 versus the bottom edge 166.
[0022] A pair of adjacent plates 154 in the illustrated
embodiment includes a first plate 154A and a second
plate 154B. The top edges 164 of the first and second
plates 154A, 154B both engage the interior surface 128
of the shell member 122. Since the interior surface 128
is planar, the top edges 164 are laterally aligned with one
another (such that the top edges 164 are at the same
height along the vertical axis 144). The bottom edge 166
of the first plate 154A engages the first electrical compo-
nent 136A. The bottom edge 166 of the second plate
154B engages the outer layer 138 of the printed circuit
board 134. For example, the first plate 154A aligns with
an edge of the first component 136A, while the second
plate 154B is offset laterally along the stack axis 158 from
the first component 136A. Since the electrical component
136A extends towards the interior surface 128 from the
outer layer 138 of the circuit board 134 (and the interior
surface 128 is planar), a first clearance distance between
a top surface 172 of the electrical component 136A and
the interior surface 128 is less than a second clearance
distance between the outer layer 138 and the interior
surface 128. Therefore, the first plate 154A, which is dis-
posed within the first clearance distance, is more com-
pressed than the second plate 154B, which is disposed
within the second clearance distance. In an embodiment,
both plates 154A, 154B are thermally conductive and en-
gage both the interior surface 128 and the outer surface
130. Thus, each plate 154A, 154B provides a conductive

path to transfer heat from the electronics package 114
to the shell member 122 to cool the electronics package
114. In one or more embodiments, as described below,
the conductive paths defined by the plates 154 are not
isolated from one another, as the plates 154 are config-
ured to allow for heat transfer between adjacent plates
154.
[0023] In an alternative embodiment, the second plate
154B may be an insulative plate that is formed of a ther-
mally insulative material instead of a thermally conduc-
tive material. The thermally insulative material may be or
include a dielectric plastic material, a polymeric foam ma-
terial, or the like. The thermally insulative plate 154B pro-
vides a thermal barrier that thermally separates the plates
154 that engage the first electrical component 136A (for
example, plate 154A) from the plates 154 on the other
side of the plate 154B that engage the second electrical
component 136B. Thus, in an embodiment, the one or
more of the plates 154 of the thermal bridge 102 that are
configured to extend between electrical components 136
without engaging the electrical components 136 directly
are thermally insulative instead of thermally conductive.
[0024] Figure 3 is a perspective view of the array 152
of plates 154 of the thermal bridge 102 (shown in Figure
2) according to an embodiment. The array 152 of plates
154 is oriented with respect to the vertical axis 144, the
lateral stack axis 158, and a longitudinal axis 174. The
axes 144, 158, 174 are mutually perpendicular. In an
embodiment, the array 152 includes an alternating se-
quence of upper plates 176 and lower plates 178. The
upper plates 176 have the same size and shape as the
lower plates 178. The upper plates 176 are rotated 180°
relative to the lower plates 178 about the stack axis 158.
In Figure 3, the outer plate 154 that is fully visible is a
lower plate 178. The top edges 164 of the upper plates
176 are planar edges 180 that extend longitudinally be-
tween a first side 182 and a second side 184 of the array
152. The lower plates 178 have the planar edges 180
along the bottom edges 166 of the plates 178. The bottom
edges 166 of the upper plates 176 and the top edges 164
of the lower plates 178 are defined by distal ends 186 of
contact beams 188 in the illustrated embodiment. The
array 152 may have other numbers of total plates 154
and/or other numbers, shapes, and/or arrangements of
upper and lower plates 176, 178 in alternative embodi-
ments.
[0025] In an embodiment, each plate 154 (including
the upper plates 176 and lower plates 178) has a unitary,
one-piece body 190. The plates 154 are formed of a ther-
mally conductive material, such as copper, aluminum, an
alloy containing copper and/or aluminum, or another met-
al. The plates 154 may be formed by stamping and form-
ing the bodies 190 from a panel of sheet metal, by a
casting process, or a like metal-forming process. Alter-
natively, the plates 154 may include a polymer material
in addition to the metal material, such as by disposing
metal particles in a polymer during a molding process.
The plates 154 may be identical to each other or at least
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substantially similar in size, shape, and composition.
[0026] The body 190 of each plate 154 includes a rigid
segment 192 and a deformable segment 194. The de-
formable segment 194 is vertically compressible along a
height of the plate 154. The rigid segment 192 is generally
not compressible. The rigid segment 192 and the deform-
able segment 194 define adjacent vertical portions of the
plate 154. For example, each plate 154 is oriented in the
array 152 such that the rigid segment 192 defines the
top edge 164 or the bottom edge 166 of the respective
plate 154, and the deformable segment 194 defines the
other of the top edge 164 or the bottom edge 166 of the
respective plate 154. In Figure 3, the upper and lower
plates 176, 178 are oriented such that the top end 160
of the array 152 is defined by the rigid segments 192 of
the upper plates 176 and the deformable segments 194
of the lower plates 178. In addition, the bottom end 162
of the array 152 is defined by the deformable segments
194 of the upper plates 176 and the rigid segments 192
of the lower plates 178.
[0027] Figure 4 is a front view of a lower plate 178 of
the array 152 of plates 154 shown in Figure 3 in an un-
compressed state. For example, the lower plate 178
shown in Figure 4 is not disposed between and in en-
gagement with the first external surface 104 (shown in
Figure 2) and the second external surface 106 (Figure
2), so the lower plate 178 is not compressed between
the external surfaces 104, 106. In the illustrated embod-
iment, the rigid segment 192 has a generally rectangular
shape. The rigid segment 192 is solid along edges 196
and faces 198 thereof such that the rigid segment 192
lacks holes, indentations, cutouts, slots, and the like. The
planar edge 180 of the rigid segment 192 defines the
bottom edge 166 of the lower plate 178. The solid rec-
tangular shape of the rigid segment 192 provides the rigid
segment 192 with structural strength as well as substan-
tial surface area to face an adjacent plate and transfer
heat.
[0028] The deformable segment 194 of the lower plate
178 includes at least one deflectable contact beam 188
that extends generally away from the rigid segment 192.
Each contact beam 188 is cantilevered to extend from a
fixed end 200 to a distal free end 186. The fixed end 200
is located proximate to the rigid segment 192. The fixed
end 200 is connected to a base portion 202 of the de-
formable segment 194. The base portion 202 is centrally
located along the longitudinal axis 174 (shown in Figure
3) and extends upwards from a top edge 204 of the rigid
segment 192. The distal end 186 of each contact beam
188 defines the top edge 164 of the lower plate 178. In
the illustrated embodiment, the deformable segment 194
includes two deflectable contact beams 188. In other em-
bodiments, the deformable segment 194 may include on-
ly one or more than two contact beams 188.
[0029] Figure 4 also shows a phantom outline of one
of the upper plates 176. In an exemplary embodiment,
the upper and lower plates 176, 178 have the same shape
and are rotated or flipped 180° relative to each other.

Thus, the description of the rigid segment 192 and the
deformable segment 194 of the lower plate 178 also ap-
plies to the upper plate 176.
[0030] Figure 5 is a front view of the lower plate 178
of Figure 4 in a compressed state. The lower plate 178
in Figure 5 is disposed between the first external surface
104 and the second external surface 106. In the com-
pressed state, the contact beams 188 of the deformable
segment 194 engage and are deflected by the first ex-
ternal surface 104. The contact beams 188 deflect along
respective arcs 206 generally downward towards the top
edge 204 of the rigid segment 192. In the compressed
state, the distal ends 186 of the contact beams 188 are
located more proximate to the rigid segment 192 than
when the lower plate 178 is in the uncompressed state
shown in Figure 4. As a result, a height 208 of the lower
plate 178 in the compressed state is less or shorter than
a height 210 (shown in Figure 4) of the lower plate 178
in the uncompressed state. The height 208 of the lower
plate in the compressed state conforms to the distance
between the first and second external surfaces 104, 106.
Thus, the amount of deflection of the contact beams 188
is dependent on the distance or clearance between the
first and second surfaces 104, 106 occupied by the lower
plate 178.
[0031] In an embodiment, the contact beams 188 are
resiliently deflectable such that the contact beams 188
apply a biasing force against the first external surface
104, which retains mechanical engagement between the
lower plate 178 and the first external surface 104. In ad-
dition, the contact beams 188 are configured to return
towards the positions of the beams 188 shown in Figure
4 after the force from the first external surface 104 is
removed.
[0032] As shown in Figure 5, only the distal ends 186
of the contact beams 188 engage the first external sur-
face 104, so the contact interface between the plate 178
and the surface 104 is small, which may result in lower
heat transfer from the plate 178 to the surface 104 (due
to a high thermal resistance at the interface). As de-
scribed below in Figure 6, adjacent plates 154 (shown in
Figure 3) are configured to transfer heat therebetween
such that the rigid segments 192 of the upper plates 176
(Figure 3), and not the deformable segments 194 of the
lower plates 178, provide a majority of the heat transfer
from the thermal bridge 102 (Figure 2) to the first external
surface 104.
[0033] Figure 6 is a cross-sectional view of a portion
of the heat transfer system 100 according to the embod-
iment shown in Figure 2. The cross-sectional view is tak-
en along line 2-2 shown in Figure 1. The plates 154 each
define a front face 212 and an opposite rear face 214. In
an embodiment, the faces 212, 214 are planar. Opposing
planar faces 212, 214 of adjacent plates 154 in the array
152 abut one another to allow face-to-face heat conduc-
tion between the adjacent plates 154. Thus, heat may be
transferred vertically between the top and bottom ends
160, 162 of the array 152 as well as horizontally across
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and between the plates 154.
[0034] As shown in Figure 6, the rigid segments 192
of the upper plates 176 engage the first external surface
104, and the deformable segments 194 of the upper
plates 176 engage the second external surface 106. With
reference to the lower plates 178, the deformable seg-
ments 194 engage the first external surface 104, and the
rigid segments 192 engage the second external surface
106. The front planar faces 212 of at least some of the
upper plates 176 abut corresponding opposing rear pla-
nar faces 214 of adjacent lower plates 178 to allow face-
to-face heat conduction between the upper and lower
plates 176, 178.
[0035] The arrows 216 illustrate potential heat transfer
routes through the thermal bridge 102 from the outer sur-
face 130 of the electronics package 114 that defines the
second external surface 106 to the interior surface 128
of the shell member 122 that defines the first external
surface 104. The heat transfer routes illustrated by the
arrows 216 are exemplary and do not define the only
routes for heat transfer through the thermal bridge 102.
Heat generated by the first electrical component 136A is
absorbed by the rigid segments 192 of the lower plates
178 that engage the top surface 172 of the electrical com-
ponent 136A. The heat is absorbed by the lower plates
178 more so than by the upper plates 176 because the
long planar edges 180 of the lower plates 178 provide
more surface area at the contact interface (and therefore
lower thermal resistance to heat transfer) than the distal
ends 186 of the contact beams 188 that define the bottom
edges 166 of the upper plates 176. Within the thermal
bridge 102, the heat illustrated by the arrows 216 trans-
fers laterally, via face-to-face conduction, from the lower
plates 178 to the adjacent upper plates 176. The heat is
then transferred from the rigid segments 192 of the upper
plates 176 to the shell member 122. Heat is more readily
transferred to the shell member 122 from the upper plates
176 than from the lower plates 178 due to the difference
in contact surface area and thermal resistance between
the long planar edges 180 of the upper plates 176 and
the distal ends 186 of the contact beams 188 of the lower
plates 178.
[0036] Figure 7 is a perspective view of a thermal
bridge 300 of the heat transfer system 100 (shown in
Figure 1) according to another embodiment. The thermal
bridge 300 includes one frame 302 and multiple arrays
152 of plates 154. Each of the arrays 152 may be identical
to or at least similar to the array 152 of plates 154 shown
in Figure 3. The frame 302 defines twelve bridge open-
ings 156 for holding twelve arrays 152. The frame 302
defines end sections 168 and side sections 304 that de-
fine the bridge openings 156. For example, the end sec-
tions 168 are arranged in rows, and the side sections 304
are arranged in columns. The frame 302 may be formed
of one or more metal materials and/or polymer materials.
The thermal bridge 300 may be used to provide cooling
to multiple electronics packages 114 (shown in Figure 2)
or to one large electronics package 114. The thermal

bridge 300 illustrates how the thermal bridge 102 shown
in Figure 2 may be scaled up in size depending on par-
ticular applications, without necessarily increasing the
size of the individual plates 154. Thus, the thermal bridge
300 may be as conformable as the thermal bridge 102.
[0037] In an alternative embodiment, the frame 302
may be configured to hold multiple arrays 152 of plates
154 in the same bridge opening 156. For example, at
least some of the side sections 304 shown in Figure 7
may be omitted in order to define a bridge opening 156
that holds the two adjacent arrays 152 on either side of
the side section 304. The two adjacent arrays 152 may
be held together in mechanical and thermal engagement
with each other such that side edges of the plates 154
from one of the arrays 152 engage opposing side edges
of the plates 154 of the other array 152.
[0038] Figure 8 is a perspective view of an array 400
of plates 402 of the thermal bridge 102 (shown in Figure
2) according to an alternative embodiment. The array
400 of the plates 402 may be similar to the array 152
shown in Figure 3 such that the array 400 includes an
alternating sequence of upper plates 176 and lower
plates 178. Optionally, the only difference between the
array 400 and the array 152 is that the plates 402 have
a different shape than the plates 154 (shown in Figure
3). Like the plates 154, the plates 402 each include a
rigid segment 192 and a deformable segment 194. The
rigid segment 192 of the plates 402 may have a solid,
rectangular shape, like the rigid segment 192 of the plates
154. However, instead of contact beams 188 (shown in
Figure 4), the deformable segment 194 of one or more
of the plates 402 includes a horizontal compliant beam
404 and T-shaped member 406.
[0039] The outer plate 402 shown in Figure 8 is in an
uncompressed state. The horizontal compliant beam 404
extends horizontally across at least a majority of a lon-
gitudinal length of the plate 402 between a first side 424
and a second side 426 of the plate 402. Ends 408 of the
compliant beam 404 are connected to the rigid segment
192 via supports 410. An accommodation window 412
is defined through the plate 402. The accommodation
window 412 extends vertically between the top edge 204
of the rigid segment 192 and a bottom 414 of the com-
pliant beam 404. The accommodation window 412 ex-
tends horizontally between the supports 410. The T-
shaped member 406 includes a horizontally-extending
cross-bar 416 and a vertically-extending leg 418 that con-
nects the cross-bar 416 to a medial region 420 of the
compliant beam 404. The plate 402 defines side slots
422 that extend through the plate 402 vertically between
the cross-bar 416 and the compliant beam 404 and hor-
izontally between the leg 418 and the corresponding
sides 424, 426 of the plate 402.
[0040] Figure 9 is a front view of one plate 402 of the
array 400 shown in Figure 8 in a compressed state. The
plate 402 is compressed between the first external sur-
face 104 and the second external surface 106. The first
external surface 104 engages the cross-bar 416 of the
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T-shaped member 406 and forces the T-shaped member
406 towards the rigid segment 192. More specifically, the
leg 418 of the T-shaped member 406 depresses the me-
dial region 420 of the compliant beam 404, bending the
compliant beam 404 into a bowed shape that extends at
least partially into the accommodation window 412. The
T-shaped member 406 is disposed more proximate to
the rigid segment 192 than when the plate 402 is in the
uncompressed state shown in Figure 8. Thus, the height
of the plate 402 is less in the compressed state relative
to the uncompressed state in order to accommodate the
space defined between the first and second external sur-
faces 104, 106.
[0041] As shown in Figure 9, the bottom edge 166 of
the plate 402 is defined by the planar edge 180 of the
rigid segment 192, which defines a large contact surface
area for heat transfer between the second external sur-
face 106 and the plate 402. The top edge 164 of the plate
402 is defined by the cross-bar 416 of the T-shaped mem-
ber 406. Unlike the contact beams 188 (shown in Figure
4) of the plates 154 (Figure 3), the cross-bar 416 includes
a planar edge 428 that engages the first external surface
104. The planar edge 428 may have similar heat transfer
properties as the planar edge 180 of the rigid segment
192. Thus, the array 400 of the plates 402 may be able
to transfer more heat at lower thermal resistance be-
tween the first and second external surfaces 104, 106
relative to the array 152 (shown in Figure 3) of the plates
154.

Claims

1. A thermal bridge (102) comprising a frame (150) de-
fining a bridge opening (156) that extends through
the frame, characterized by:

an array (152) of plates (154) held in the bridge
opening (156) of the frame (150), the plates
(154) stacked side-by-side along a stack axis
(158), the array (152) extending between a top
end (160) defined by top edges (164) of the
plates (154) and a bottom end (162) defined by
bottom edges (166) of the plates (154), each of
the plates being independently vertically com-
pressible between the respective top (164) and
bottom (166) edges of the plate (154) relative to
other plates (154) in the array (152), the top end
(160) of the array (152) being configured to en-
gage and conform to a contour of a first external
surface (104), the bottom end (162) of the array
(152) being configured to engage and conform
to a contour of a second external surface (106),
the plates (154) being thermally conductive to
transfer heat between the first (104) and second
(106) external surfaces.

2. The thermal bridge (102) of claim 1, wherein the top

edge (164) of each plate (154) in the array (152) is
configured to engage the first external surface (104)
and the bottom edge (166) of each plate (154) in the
array (152) is configured to engage the second ex-
ternal surface (106).

3. The thermal bridge (102) of claim 1 or 2, wherein the
second external surface (106) is an outer surface
(130) of an electronics package (114) that includes
a printed circuit board (134) and at least one electri-
cal component (136) mounted on an outer layer
(138) of the printed circuit board (134), the bottom
end (162) of the array (152) being configured to en-
gage and conform to the contour of the second ex-
ternal surface (106) such that the bottom edge (166)
of a first plate (154A) in the array engages the at
least one electrical component (136) and the bottom
edge (166) of a second plate (154B) adjacent to the
first plate (154A) engages the outer layer (138) of
the printed circuit board (134).

4. The thermal bridge (102) of claim 3, wherein the first
external surface (104) is an interior surface (128) of
a shell member (122), the top edges (164) of the first
and second plates (154A, 154B) both engaging the
interior surface (128) of the shell member (122), the
shell member (122) being thermally conductive, the
first and second plates (154A, 154B) configured to
transfer heat from the electronics package (114) to
the shell member (122) to cool the electronics pack-
age (114).

5. The thermal bridge (102) of any preceding claim,
wherein the array (152) of plates (154) includes an
alternating sequence of upper plates (176) and lower
plates (178), the upper plates (176) having a same
size and shape as the lower plates (178), the upper
plates (176) being rotated 180° about the stack axis
(158) relative to the lower plates (178).

6. The thermal bridge (102) of any preceding claim,
wherein the plates (154) each define a front planar
face (212) and an opposite rear planar face (214),
opposing planar faces (212, 214) of adjacent plates
(154) abut one another to allow face-to-face heat
conduction between the adjacent plates (154).

7. The thermal bridge (102) of any preceding claim,
wherein each of the plates (154) has a unitary, one-
piece body (190) including a rigid segment (192) and
a deformable segment (194), each of the plates (154)
is oriented such that the respective rigid segment
(192) defines one of the top edge (164) or the bottom
edge (166) of the plate (154) and the deformable
segment (194) defines the other of the top edge (164)
or the bottom edge (166) of the plate (154), the de-
formable segment (194) being vertically compress-
ible, the rigid segment (192) not being vertically com-
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pressible.

8. The thermal bridge (102) of claim 7, wherein the rigid
segment (192) of one or more of the plates (154) has
a generally rectangular shape and lacks holes and
indentations, the one of the top edge (164) or the
bottom edge (166) defined by the rigid segment (192)
being a planar edge (180) extending a length of the
plate (154).

9. The thermal bridge (102) of claim 7 or 8, wherein the
deformable segment (194) of one or more of the
plates (154) includes at least one deflectable contact
beam (188) that extends generally away from the
respective rigid segment (192), the contact beam
(188) including a fixed end (200) disposed at least
proximate to the rigid segment (192) and a distal free
end (186), wherein, in a compressed state of the one
or more plates (154), the contact beam (188) is de-
flected such that the distal end (186) of the contact
beam (188) is disposed more proximate to the rigid
segment (192) than when the one or more plates
(154) are in an uncompressed state.

10. The thermal bridge (102) of claim 7 or 8, wherein the
deformable segment (194) of one or more of the
plates (402) includes a horizontal compliant beam
(404) and a T-shaped member (406), the T-shaped
member (406) including a horizontally-extending
cross-bar (416) and a vertically-extending leg (418)
that connects the cross-bar (416) to a medial region
(420) of the compliant beam (404), wherein in a com-
pressed state of the one or more plates (402), the
medial region (420) of the compliant beam (404) is
depressed by the T-shaped member (406) and the
T-shaped member (406) is disposed more proximate
to the rigid segment (192) than when the one or more
plates (402) are in an uncompressed state.
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