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FULL DISPLAY MIRROR WITH INTEGRATED COOLING SYSTEM

FIELD OF THE DISCLOSURE

[0001] The present disclosure generally relates to a rear view assembly, and more

particularly to full display mirror with an integrated cooling system.

SUMMARY OF THE DISCLOSURE

[0002] According to one aspect of the present disclosure, a rear view assembly includes a
housing with a mount extending therefrom, a circuit board disposed on the housing, and
an air mover proximate a heatsink. The air mover is configured to draw ambient air from
an inlet into the housing. A channel in fluid connection with the air mover is configured
to direct the air drawn into the housing across a top portion of the heatsink and a light
emitting diode (LED) printed circuit board. The rear view assembly also includes an outlet
in fluid communication with the channel, adjacent to the mount.

[0003] According to another aspect of the present disclosure, a rear view assembly
includes a housing with an electro-optic assembly, a display module, a circuit board
disposed on the housing, and an air mover proximate a heatsink. The air mover is
configured to draw ambient air from an inlet into the housing. A channel in fluid
communication with the air mover is configured to direct the air drawn into the housing
across a top portion of the heatsink. The rear view assembly also includes an outlet in a
rear wall of the housing.

[0004] According to yet another aspect of the present disclosure, a rear view assembly
includes a housing having an electro-optic assembly and a display module. A circuit board
is disposed within the housing. The rear view assembly also includes an air mover
proximate a heatsink. The air mover is configured to draw ambient air from an inlet into
the housing. The rear view assembly also includes a channel defined by flanges extending
from an inside surface of the housing and flanges defined by a support bracket within the
housing. The channel is in fluid communication with the air mover and configured to
direct the air drawn into the housing across a top portion of the heatsink.

[0005] These and other features, advantages, and objects of the present disclosure will
be further understood and appreciated by those skilled in the art by reference to the

following specification, claims, and appended drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] In the drawings:

[0007] FIG. 1A is a front perspective view of a rear view assembly incorporated with a
cooling system of the present disclosure;

[0008] FIG. 1B is a front perspective view of a rear view assembly with components
removed to expose the display module;

[0009] FIG. 2A is a front perspective view of a rear view assembly having a cooling
system of the present disclosure with the glass substrate, display, and light guide
removed;

[0010] FIG. 2B is a front perspective view of a rear view assembly having a cooling system
of the present disclosure with the primary circuit board and display module removed,;

[0011] FIG. 2C is a front perspective view of a rear view assembly having a cooling system
of the present disclosure with the display module and heatsink removed;

[0012] FIG. 3 is a front perspective view of a rear view assembly having a cooling system
of the present disclosure with components including a glass substrate, printed circuit
board, and display device removed;

[0013] FIG. 4 is a front perspective view of the rear view assembly of FIG. 2A of the
present disclosure with the an internal bracket removed and showing the general
direction of air flow;

[0014] FIG. 5 is a bottom perspective view of an air mover and housing of a rear view
assembly of the present disclosure also showing the general direction of air flow;

[0015] FIG. 6 is a rear elevational view of a housing and mount of a rear view assembly
of the present disclosure;

[0016] FIG. 7 is a fist side rear perspective view of a rear view assembly with a cooling
system of the present disclosure with the housing removed to show the air mover;

[0017] FIG. 8 is a second side rear perspective view of a rear view assembly with a
cooling system of the present disclosure with the housing removed to show the air
mover;

[0018] FIG. 9 is a rear perspective view of a rear view assembly with the housing
removed and showing air flow lines moving across a heatsink and printed circuit boards

of the present disclosure;
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[0019] FIG. 10 is another rear perspective view of a rear view assembly with the housing
removed and showing air flow lines moving across a heatsink and printed circuit boards
of the present disclosure;

[0020] FIG. 11 is another rear perspective view of a rear view assembly with the housing
removed and showing air flow lines moving across a heatsink and printed circuit boards
of the present disclosure;

[0021] FIG. 12 is a table showing temperature values for various components of different

full display mirror assemblies;

[0022] FIG. 13 is a table showing performance values for a cooling system of the present
disclosure;
[0023] FIG. 14 is a front elevational view of a thermal image of rear view assembly of the

present disclosure;

[0024] FIG. 15 is a front elevational view of a thermal image of rear view assembly of the
present disclosure;

[0025] FIG. 16 is a front elevational view of a thermal image of rear view assembly of the
present disclosure;

[0026] FIG. 17 is a rear top perspective view of a thermal image of a rear view assembly
of the present disclosure;

[0027] FIG. 18 is a rear top perspective view of a thermal image of a rear view assembly
of the present disclosure; and

[0028] FIG. 19 is a rear top perspective view of a thermal image of a rear view assembly

of the present disclosure.

DETAILED DESCRIPTION

[0029] The present illustrated embodiments reside primarily in combinations of method
steps and apparatus components related to a rear view assembly. Accordingly, the
apparatus components and method steps have been represented, where appropriate, by
conventional symbols in the drawings, showing only those specific details that are
pertinent to understanding the embodiments of the present disclosure so as not to
obscure the disclosure with details that will be readily apparent to those of ordinary skill
in the art having the benefit of the description herein. Further, like numerals in the

description and drawings represent like elements.
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[0030] For purposes of description herein, the terms "upper," "lower," "right," "left,"

"rear," "front," "vertical," "horizontal," and derivatives thereof, shall relate to the
disclosure as oriented in FIG. 1A. Unless stated otherwise, the term "front" shall refer to
the surface of the device closer to an intended viewer of the device, and the term "rear"
shall refer to the surface of the device further from the intended viewer of the device.
However, it is to be understood that the disclosure may assume various alternative
orientations, except where expressly specified to the contrary. It is also to be understood
that the specific devices and processes illustrated in the attached drawings, and
described in the following specification are simply exemplary embodiments of the
inventive concepts defined in the appended claims. Hence, specific dimensions and other
physical characteristics relating to the embodiments disclosed herein are not to be
considered as limiting, unless the claims expressly state otherwise.

[0031] The terms "including," "comprises," "comprising," or any other variation thereof,
are intended to cover a non-exclusive inclusion, such that a process, method, article, or
apparatus that comprises a list of elements does not include only those elements but
may include other elements not expressly listed or inherent to such process, method,
article, or apparatus. An element preceded by "comprises a . . . " does not, without more
constraints, preclude the existence of additional identical elements in the process,
method, article, or apparatus that comprises the element.

[0032] Referring to FIGS. 1A-19, reference numeral 10 generally designates a rear view
assembly having a cooling system 11. The rear view assembly 10 also includes a housing
12 with a mount 14 extending therefrom. A circuit board assembly 16 is disposed on the
housing 12, and an air mover 20 is proximate a heatsink 54. The air mover 20 is
configured to draw ambient air from an inlet 22 into the housing 12. A channel 24 is in
fluid connection with the air mover 20 and is configured to direct the air drawn into the
housing 12 across a top portion of the heatsink 54. The rear view assembly 10 also
includes an outlet 30 in fluid connection with the channel 24, adjacent to the mount 14.

[0033] With reference again to FIG. 1A, the rear view assembly 10 is generally
configured for use inside of a vehicle. The mount 14 may be operably coupled with a
windscreen button that is coupled with an inside surface of a vehicle windscreen.
Alternatively, the mount 14 may be operably coupled with a vehicle headliner. It will be

understood that the rear view assembly 10 as set forth herein may be used with a single
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ball mount, two ball mount, or other pivoting assembly, and that the housing 12 may
take on a variety of shapes and constructions. The rear view assembly 10 also includes a
glass substrate 32. The glass substrate 32 may be a single panel of glass having
transmissive and/or reflective qualities. Alternatively, the glass substrate 32 may include
an electro-optic assembly 42. The electro-optic assembly 42 may include an
electrochromic assembly as set forth in commonly assigned U.S. Patent Nos. 6,239,898
and 6,597,489, the contents of which are incorporated by reference herein in their
entirety. It will also be understood that the electro-optic assembly 42 as set forth herein
may take on a variety of shapes and constructions. The glass substrate 32 is positioned in
the housing 12 between a top wall 34, bottom wall 35, and first and second side walls 36,
37, respectively. The internal components of the rear view assembly 10 are positioned
between the glass substrate 32 and a rear wall 38 of the housing 12.

[0034] With reference now to FIG. 1B, the illustrated rear view assembly 10 includes a
display module 40 disposed behind the glass substrate 32. Thermal loading may be
increased for rear view assemblies 10 that have a full display mirror (FDM) construction.
This is because some FDM constructions include a display module 40 that displays an
external scene or internal view of an image or video taken from inside or outside of the
vehicle by an imager. The FDM may include a high speed processor that generates higher
thermal loads when the FDM is in use. The display module 40 may generate excessive
heat that may call for more aggressive heat management techniques. The imager that
generates images for the display module 40 may be positioned anywhere in or on the
vehicle.

[0035] With reference now to FIG. 2A, the rear view assembly 10 is generally illustrated
with the display module 40, the electro-optic assembly 42, light guide, and bezel 44
removed from the rear view assembly 10. Removal of these components exposes a radio
frequency (RF) shield 46 and a lower travel guide 48 for buttons 50 of a lower button
assembly 51 that are disposed on the bottom wall 35 of the housing 12, and the circuit
board assembly 16. The circuit board assembly 16 includes a primary circuit board 52,
which is disposed behind the RF shield 46 and a secondary circuit board 56 disposed
above the RF shield 46. The heatsink 54 includes a vertical portion disposed behind the
primary circuit board 52 and is positioned to draw heat from the primary circuit board 52

during normal operation of the primary circuit board 52. The heatsink 54 also includes an
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upper horizontal portion that draws heat away from the secondary circuit board 56 and
which extends across a top portion of the rear view assembly 10 below the top wall 34 of
the housing 12. The secondary circuit board 56 is generally aligned in an orthogonal
configuration relative to the primary circuit board 52 for edge lit displays. However, it is
also contemplated that the secondary (LED) circuit board 56 could be disposed directly
behind the display module 40. Consequently, thermal loading that is generated by the
primary circuit board 52 and the secondary circuit board 56 may be concentrated near an
upper portion of the rear view assembly 10. As a result, the air mover 20 is configured to
move air across the top portion of the rear view assembly 10 to cool the heatsink 54,
primary circuit board 52, and secondary circuit board 56.

[0036] Referring now to FIG. 2B, which illustrates the heatsink 54 after removal of the
primary circuit board 52 and RF shield 46, the secondary circuit board 56 is shown
adjacent the upper horizontal portion of the heatsink 54. The lower travel guide 48 is also
shown. The lower travel guide 48 aids in aligning the buttons 50 with switches on a
bottom side of the primary circuit board 52 (FIG. 2A).

[0037] With reference to FIG. 2C, the rear view assembly 10 is illustrated with the
heatsink 54 removed including the electro-optic assembly 42 which shows the placement
of the air mover 20 inside the rear view assembly 10. In the illustrated embodiment, the
air mover 20 is in the form of a blower configured to draw air into the inlet 22 defined in
the bottom wall 35 of the housing 12. The example shown in FIGS. 2B and 2C shows the
inlet 22 being defined by several apertures that extend through the bottom wall 35 of the
housing 12. However, the inlet 22 may be disposed anywhere on the housing 12, such as
through a lower portion of the housing 12, and may take on a variety of configurations.
Air is drawn into the blower through the inlet 22 and pushed toward the channel 24
which is adjacent the primary and secondary circuit boards 52, 56, as well as the heatsink
54. It will be understood that the air mover 20 may be any device configured to draw air
or push air within a predefined space and is not limited to a blower. Also, it will be
understood that the air mover 20 may be configured to move air throughout the rear
view assembly 10 in manners other than that specifically disclosed herein. As illustrated,
the air mover 20 is substantially small and may include a relatively thin cross-section so

that the air mover 20 takes up minimal space within the housing 12.
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[0038] With reference to FIG. 3, the bottom wall 35, top wall 34, first and second side
walls 36, 37, and rear wall 38 of the housing 12 together define an inside surface of the
housing 12, within which the components of the rear view assembly 10 reside. The inside
surface includes side flanges 70 configured to provide some additional structural integrity
to the rear view assembly 10. In addition, the inside surface of the housing 12 includes a
plurality of upper flanges 72 configured to help direct air that is being moved by the air
mover 20. The upper flanges 72 act in concert with bracket flanges 74 of a support
bracket 76 that is operably coupled with the mount 14. Accordingly, the upper flanges 72
and bracket flanges 74 together define the channel 24 through which ambient air is
moved inside the rear view assembly 10.

[0039] With reference now to FIGS. 4-8, once the support bracket 76 is removed, gaps 80
in the channel 24 can be seen between the upper flanges 72 inside the housing 12. As
previously noted, when the support bracket 76 is positioned in the housing 12, the
support bracket 76, along with the upper flanges 72 of the housing 12 define the channel
24 through which air is moved across the rear view assembly 10. The mount 14 extends
into the rear wall 38 of the housing 12 at a mount aperture 86. It will be understood that
the mount 14 may also be coupled to the rear wall 38 of the housing 12 or may take on
another configuration. Air that is drawn in through the inlet 22 at the bottom wall 35 of
the housing 12 is pushed in the direction of arrows A across a top portion of the heatsink
54 and secondary circuit board 56. As the air moves through the channel 24 defined
between the upper flanges 72, support bracket 76, and the top wall 34 of the housing 12,
the air has the effect of cooling both the heatsink 54 and the primary and secondary
circuit boards 52, 56. The warmed air is then directed toward and exhausted out of the
housing 12 through the outlet 30 as well as the gap between the mount 14 and the
mount aperture 86. In another instance, this mount aperture 86 alone is used as the
outlet 30. As illustrated, the outlet 30 includes a plurality of vents 90 defined in the rear
wall 38 of the housing 12 proximate the mount aperture 86. The vents 90 in the
illustrated figures are defined through a bulbous portion 92 of the rear wall 38 of the
housing 12 proximate the mount aperture 86. It will be understood that other
configurations for the outlet 30 are also contemplated. It will also be understood that the

direction of air flow drawn in through the inlet 22 is not an airtight path. Rather, the
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direction of air flow has been specifically configured to pass through a variety of openings
within the housing 12 as set forth herein and illustrated in FIGS. 9-11.

[0040] With reference now to FIGS. 9-11, several airflow models are shown where a
backside of the heatsink 54 is illustrated with air lines 100 caused by the blower. Here,
the housing 12 and several other components have been removed so that the air lines of
each airflow model shown in FIGS. 9-11 can be seen. As illustrated, air that is drawn in
through the inlet 22 (FIG. 2C) is blown mostly across a top portion of the rear view
assembly 10 through the flow channel 24. The air is then circulated on the backside of
the heatsink 54 and primary circuit board 52 until the warmed air leaves through the
outlet 30 proximate the mount 14. As can be understood in FIG. 9, the air lines 100
illustrated inside the housing 12 circulate through various openings and slots defined
within the housing 12 such that the channel 24 does not move all of the air but does
move a substantial portion of it. This feature is by construction and is generally
configured to allow air drawn in through the inlet 22 to cool specific areas of the printed
circuit board assembly 16 and heatsink 54 that may have higher thermal loading. The air,
which has been warmed by the heatsink 54 as well as by the primary and secondary
circuit boards 52, 56, is then exhausted out through the outlet 30 to the environment.

[0041] The tables shown in FIGS. 12 and 13 illustrate the temperatures of the glass as
simulated for the full display mirror 1.0, the full display mirror 2.0 without a blower, and
the full display mirror 2.0 with a blower. As is readily understood for both the glass
substrate 32 and the housing 12 (case), cooling occurs as a result of the addition of the
blower, which is shown in the third column. Because the components inside the rear
view assembly 10, including the printed circuit board assembly 16, heatsink 54, and
display module 40, operate at a cooler state with the blower, longevity of the rear view
assembly 10 and operability of the device is increased. The table of FIG. 13 illustrates six
experiments. In the first experiment (E01), the revolutions of the air mover 20 were not
measured, but the LED pulse modulation was measured at 31,000. No foam seal was
applied and the glass temperature was 52.3°C while the housing 12 or case temperature
was 56.4°C. Various features were modified in experiments E02-E06. Notably, as the
revolutions per minute increase, the temperature of the glass substrate 32 and the
housing 12 (case) tends to decrease. Moreover, application of the blower potentially

accommodates a higher LED pulse with modulation, as shown in experiment E06. This
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table clearly illustrates that the additional blower has a positive impact on cooling the
components within the rear view assembly 10.

[0042] With reference now to FIG. 14, a full display mirror 1.0 without a blower is
illustrated. The temperature of an upper portion of the glass substrate 32 is as high as
55.82°C. FIG. 15 illustrates a second generation full display mirror 2.0 without a blower
which operates at 53.35°C. Operation of the full display mirror 2.0 is already cooler than
operation of the full display mirror 1.0, however, when a blower is added to the full
display mirror 2.0 (as shown in FIG. 16) the operating temperature of the glass substrate
32 is lowered even more, to 45.49°C. This is a significant cooling of the glass substrate 32
which allows for better functionality of the glass substrate 32 and components disposed
within the rear view assembly 10. The significant cooling also provides the option for
faster processors, which generate even more heat, but which can be dealt with by the
addition of the air mover 20.

[0043] With regard to FIGS. 17-19, the temperatures at the housing 12 react similarly.
FIG. 17 illustrates temperatures of the housing 12 for the full display mirror 1.0. Various
temperatures taken across the top wall 34 of the housing 12 range from 50.02°C to
50.95°C. The full display mirror 2.0 is warmer at the housing 12 than the full display
mirror 1.0 and includes temperatures of 56.69°C and 56.83°C taken at the top wall 34 of
the housing 12. When a blower is added to the full display mirror 2.0, the temperature at
the top wall 34 of the housing 12 is reduced to temperatures between 47.86°C and
39.29°C. Clearly, application of the blower to the full display mirror results in a cooler
glass substrate 32 as well as a cooler housing 12.

[0001] It will be understood by one having ordinary skill in the art that construction of
the described disclosure and other components is not limited to any specific material.
Other exemplary embodiments of the disclosure disclosed herein may be formed from a
wide variety of materials, unless described otherwise herein.

[0044] For purposes of this disclosure, the term "coupled"” (in all of its forms, couple,
coupling, coupled, etc.) generally means the joining of two components (electrical or
mechanical) directly or indirectly to one another. Such joining may be stationary in
nature or movable in nature. Such joining may be achieved with the two components
(electrical or mechanical) and any additional intermediate members being integrally

formed as a single unitary body with one another or with the two components. Such
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joining may be permanent in nature or may be removable or releasable in nature unless
otherwise stated.

[0045] It is also important to note that the construction and arrangement of the
elements of the disclosure, as shown in the exemplary embodiments, is illustrative only.
Although only a few embodiments of the present innovations have been described in
detail in this disclosure, those skilled in the art who review this disclosure will readily
appreciate that many modifications are possible (e.g., variations in sizes, dimensions,
structures, shapes and proportions of the various elements, values of parameters,
mounting arrangements, use of materials, colors, orientations, etc.) without materially
departing from the novel teachings and advantages of the subject matter recited. For
example, elements shown as integrally formed may be constructed of multiple parts, or
elements shown as multiple parts may be integrally formed, the operation of the
interfaces may be reversed or otherwise varied, the length or width of the structures
and/or members or connector or other elements of the system may be varied, the nature
or number of adjustment positions provided between the elements may be varied. It
should be noted that the elements and/or assemblies of the system may be constructed
from any of a wide variety of materials that provide sufficient strength or durability, in
any of a wide variety of colors, textures, and combinations. Accordingly, all such
modifications are intended to be included within the scope of the present innovations.
Other substitutions, modifications, changes, and omissions may be made in the design,
operating conditions, and arrangement of the desired and other exemplary embodiments
without departing from the spirit of the present innovations.

[0046] It will be understood that any described processes or steps within described
processes may be combined with other disclosed processes or steps to form structures
within the scope of the present disclosure. The exemplary structures and processes
disclosed herein are for illustrative purposes and are not to be construed as limiting.

[0047] It is also to be understood that variations and modifications can be made on the
aforementioned structures and methods without departing from the concepts of the
present disclosure, and further it is to be understood that such concepts are intended to
be covered by the following claims unless these claims by their language expressly state

otherwise.
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What is claimed is:

1. A rear view assembly comprising:

a housing including a mount extending therefrom;

a circuit board disposed within the housing;

an air mover proximate a heatsink, the air mover configured draw ambient air
from an inlet into the housing;

a channel disposed within the housing, wherein the channel is in fluid
communication with the air mover and configured to direct the air drawn into the
housing across a top portion of the heatsink; and

an outlet in fluid connection with the channel and adjacent to the mount.

2. The rear view assembly of claim 1, further comprising:

a display device configured to display an image of an external scene of a vehicle.

3. The rear view assembly of either one of claims 1 or 2, wherein the inlet is

disposed below the air mover and adjacent to a lower button assembly.

4, The rear view assembly of any one of claims 1-3, wherein the air mover is coupled

with the heatsink.

5. The rear view assembly of any one of claims 1-4, further comprising:
an electro-optic assembly operable between generally clear and generally

darkened states.

6. The rear view assembly of any one of claims 1-5, wherein the channel is at least
partially defined by flanges integrally formed with an inside surface of a rear wall of the

housing.

7. The rear view assembly of any one of claims 1-6, further comprising:
vents that are in fluid communication with the channel, wherein the vents are

positioned proximate a mount aperture defined through the housing.
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8. The rear view assembly of any one of claims 1-7, wherein the air mover and the
channel are in fluid communication with the inlet defined through a lower portion of the

housing.

9. A rear view assembly comprising:

a housing having an electro-optic assembly and a display module;

a circuit board disposed within the housing;

an air mover proximate a heatsink, the air mover configured to draw ambient air
from an inlet into the housing;

a channel in fluid communication with the air mover and configured to direct the
air drawn into the housing across a top portion of the heatsink; and

an outlet in a rear wall of the housing.

10. The rear view assembly of claim 9, further comprising:
vents that are in fluid communication with the channel, wherein the vents are

positioned proximate a mount aperture defined through the housing.

11. The rear view assembly of either one of claims 9 or 10, wherein the electro-optic

assembly is operable between generally clear and generally darkened states.

12. The rear view assembly of any one of claims 9-11, further comprising:

a display device configured to display an image of an external scene of a vehicle.

13. The rear view assembly of any one of claims 9-12, wherein the air mover and the
channel are in fluid communication with the inlet defined through a lower portion of the

housing.

14. The rear view assembly of any one of claims 9-13, wherein the air mover is

coupled with the heatsink.

15. A rear view assembly comprising:
a housing having an electro-optic assembly and a display module;
a circuit board disposed within the housing;
an air mover proximate a heatsink, the air mover configured to draw ambient air

from an inlet into the housing;
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a channel defined by flanges extending from an inside surface of the housing and
flanges defined by a support bracket within the housing, wherein the channel is in fluid
communication with the air mover and configured to direct the air drawn into the

housing across a top portion of the heatsink.

16. The rear view assembly of claim 15, wherein the electro-optic assembly is

operable between generally clear and generally darkened states.

17. The rear view assembly of either one of claims 15 or 16, further comprising:
vents that are in fluid communication with the channel, wherein the vents are

positioned proximate a mount aperture defined through the housing.

18. The rear view assembly of any one of claims 15-17, further comprising:

a display device configured to display an image of an external scene of a vehicle.

19. The rear view assembly of any one of claims 15-18, wherein the air mover and the
channel are in fluid communication with the inlet defined through a lower portion of the

housing.

20. The rear view assembly of any one of claims 15-19, wherein the air mover is

coupled with the heatsink.
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