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INTERIOR REARVIEW MIRROR WITH DISPLAY

CROSS REFERENCE TO RELATED APPLICATIONS

10001 1 The present application claims the benefit of U.S. provisional applications, Ser. No.

60/732,245, liled Nov. 1, 2005 (Attorney Docket DONOl P-1 251); Ser. No. 60/759,992, filed

Jan. 18, 2006 (Attorney Docket DONOl P-1264); and Ser. No. 60/836,219, filed August 8,

2006 (Attorney Docket DONOl P-1289), which are hereby incorporated herein by reference

in their entireties.

FIELD OF THE INVENTION

(0002) The present invention relates to interior rearview mirror assemblies and, more

particularly, to an interior rearview mirror assembly having a display device for viewing

through the reflective element of the interior rearview mirror assembly.

BACKGROUND OF THE INVENTION

|0003) Conventional interior rearview mirrors for vehicles typically include a prismatic

substrate having a first surface facing a viewer of the mirror who is seated in the vehicle and

a second, reflecting surface (typically silver coated) opposite the first surface. Electrically

variable reflectance mirrors may comprise electro-optic reflective element assemblies, which

comprise a first or front substrate and a second or rear substrate (typically flat glass

substrates) with an electro-optic medium (typically an electrochromic medium) disposed

between the front substrate and the rear substrate. Visible light transmission through the

electro-optic medium is controllable by applying an electrical voltage thereto. Such a twin

substrate electro-optic element has four surfaces; a first surface frontmost on the front or first

substrate and a second surface opposing the first surface and also on the first substrate. The

rear or second substrate has a third surface and an opposing fourth surface. The second

surface of the front substrate is commonly coated with a transparent electrical conductor,

such as indium tin oxide. The third surface of the rear substrate is commonly coated with a

metallic reflecting/electrical conductor, such as a layer of silver or of a silver alloy or a stack

layer of ITO/Ag/ITO or the like, or it may be coated with a transparent electrical conductor,

such as indium tin oxide, while the opposing surface of the second or rear substrate (the

fourth surface) may be coated with a mirror reflector, such as silver metal layer. To form an

electro-optical mirror element, the second surface of the front substrate is arranged opposing

the third surface of the rear substrate and the electro-optic medium is disposed between the

second surface of the front substrate and the third surface of the rear substrate. It is common



to include a display device at the mirror assembly, such as rearward of the second or rear

substrate and so behind its fourth surface so that its display image is viewable through the

substrates by a person seated within the interior cabin of the vehicle (such as a driver of the

vehicle) viewing the interior rearview mirror assembly when it is normally mounted to the

windshield or to the header of the vehicle.

[0004] It is thus known to have a display device, such as a video display device capable of

displaying a video image captured by a video imaging device, such as a video camera,

disposed behind and visible through an interior rearview mirror element, such as, for

example, displays of the types disclosed in U.S. Pat. Nos. 5,668,663; 5,724,187; 5,956,181

and 6,690,268, which are hereby incorporated herein by reference in their entireties. It is thus

known to have a covert display device (a.k.a. a display-on-demand display device), such as a

covert video display device, disposed behind and thus visible through a transflective interior

rearview mirror element, such as an electrochromic transflective interior rearview mirror

element, such as the types described in U.S. Pat. Nos. 5,668,663; 5,724,187; and 6,690,268,

which are hereby incorporated herein by reference in their entireties.

[0005] It has also been suggested to use a polymeric transflective film or layer or element at

the fourth surface of a rearview mirror reflective element. For example, it has been suggested

that an all-polymeric film or element that is both significantly reflecting and substantially

transmitting, such as PRM material such as described in U.S. Pat. No. 5,724,187, which is

hereby incorporated herein by reference in its entirety, or a polymer-based film having

reflective properties, such as the multilayer reflective film described in U.S. Pat. No.

6,352,761; and/or U.S. Pat. Pub. No. US 2005/0174645 A l 5 published Aug. 11, 2005 which

are hereby incorporated herein by reference in their entireties, be used as a mirror reflector in

an automotive rearview mirror. Such an all-polymeric specular mirror film is available from

3M of Minneapolis, MN under the tradename Vikuiti™ Enhanced Specular Reflector Film

(ESR), which consists of over 300 polymers layers of different refractive (typically

alternating) indexes that create a mirror finish.

[0006] However, successful commercialization of covert video displays that are disposed

behind and whose presence behind the mirror reflector is principally visible/discernible to the

driver or other occupant of the vehicle only when the display image is actuated has hitherto

been impaired by display image washout during higher ambient lighting conditions, such as

daylight lighting conditions, particularly on a sunny day. Therefore, there is a need in the art

for an improved covert video imaging display device for an interior rearview mirror assembly

of a vehicle that overcomes shortcomings of the prior art.



SUMMARY OF TBE INVENTION

[0007] The present invention provides an interior electro-optical rearview mirror assembly

with a video display (or other display) at or behind the rearmost or fourth surface of an

electro-optical (EO) variable reflectivity element of the mirror assembly, whereby the display

is viewable through the electro-optical element by a person viewing the interior rearview

mirror assembly.

[0008] According to an aspect of the present invention, an electro-optical (EO) variable

reflectivity element of the mirror assembly preferably comprises a front (first) and a rear

(second) substrate have (counting from the frontmost surface of the front substrate) a first

surface, a second surface, a third surface and a fourth surface. The E O medium [preferably

an electrochromic (EC) medium] is disposed between the second surface of the front

substrate and the third surface of the rear substrate. Preferably, a high transmitting/high

electrical conducting transparent conducting coating is coated onto the second surface of the

front substrate and onto the third surface of the third surface of the rear substrate so light

transmission through the front and rear substrates with the EO medium therebetween but with

the EC medium in its high light transmitting or bleached state (commonly its unpowered

state) is optimized or maximized. A significantly visible light reflecting and significantly

visible light transmitting and significantly visible light polarizing element or film is disposed

behind the fourth surface of the EC element and preferably contacts, and most preferably is

optically coupled to, the fourth (rearmost) surface (which typically is glass with a refractive

index of about 1.52, as measured at the Sodium D line). This visible light transflecting /

polarizing element or film (that preferably is an all-polymeric construction comprising

hundreds of individual very thin polymer layers one on top of another and with different,

often alternating, refractive indexes) polarizes (preferably linearly polarizes) visible light

passing therethrough and also substantially reflects visible light incident thereon [preferably

having a visible light reflectivity of at least about 50 percent reflectance (as measured in

accordance with SAE J964a, which is hereby incorporated herein by reference in its entirety),

more preferably having a visible light reflectivity of at least about 60 percent reflectance of

light incident thereon and most preferably having a visible light reflectivity of at least about

70 percent reflectance of light incident thereon] and also having at least about 25%T

transmission to visible light (as measured in accordance with SAE J964a), more preferably at

least about 35%T and most preferably at least about 45%T, but preferably having a

transmissivity to visible light of less than about 60%T (as measured in accordance with SAE

J964a).



[0009] According to another aspect of the present invention, a video display device (or other

display device) is disposed behind the visible light transflecting/polarizing element or film.

The video display device comprises a video screen element and a backlighting element. The

video screen element preferably attaches to (and most preferably optically couples with) the

rear of the visible light transfiecting/polarizing element (when the visible light transflecting /

polarizing element is attached to and/or disposed behind the fourth surface of the EC

element). The backlighting element is disposed to the rear of the video screen so that visible

(or other) light emitted from the backlighting element (when it is electrically powered) passes

through the video screen element. Preferably, the video screen polarizes this light (more

preferably linearly polarizes) along a light polarization axis that substantially matches the

principal light polarization axis of the visible light transflecting/polarizing element. Also, the

video screen element and visible light transflecting/polarizing element are mutually

orientated/arranged so that their principal light polarization axes are at least substantially

parallel so as to maximize transmission of polarized light through such combination. Thus,

light emitted from the backlighting element and passing through the video screen element is

substantially transmitted through the visible light transflecting/polarizing element (and thus is

substantially viewable to the driver through the electro-optical element), while visible light

incident on the mirror assembly from the rear of the vehicle (that passes through the electro-

optical element) is significantly reflected back to the driver of the vehicle by the visible light

transflecting/polarizing element.

[0010] According to another aspect of the present invention, an interior electro-optic

rearview mirror assembly for a vehicle includes a reflective element having a rear (fourth)

surface having a reflective layer thereat and a display element at the rear surface of the

reflective element. The reflective element includes a visible light transflecting/polarizing

element at the rear surface of the reflective element at a display opening or window formed in

the reflective layer of the reflective element. A backlit video display element is disposed at

the window formed at the reflective layer. The visible light transflecting/polarizing element

or film is disposed between the display element and the rear (fourth) surface of the reflective

element.

[0011] The display element preferably comprises a polarizing display element, such as a thin

film transistor (TFT) liquid crystal display (LCD) video display element, and includes an

illumination source for backlighting or emitting illumination through the TFT LCD video

display element. The visible light transflecting/polarizing element is disposed so that the



polarizing angle or axis of the visible light transflecting/polarizing element is substantially

similar to the polarizing angle or axis of the polarizing display element.

[0012] According to another aspect of the present invention, an interior rearview mirror

assembly includes a display disposed behind the reflective element so as to display

information through the reflective element for viewing by the driver of the vehicle. The

mirror assembly includes a thermal conducting element or heat sink or heat dissipating device

or element disposed at and in substantial or intimate contact with the display device or

element, whereby heat generated by the display device during operation thereof is drawn

away from the display device by the thermally conducting element and to an exterior of the

mirror assembly, where the heat may be dissipated at or to the rear of the mirror assembly

and outside of the mirror assembly. The thermally conducting element may be exposed at the

rear mirror casing, and may be exposed in a manner whereby the thermally conducting

element is not readily discernible to a person viewing the mirror casing, such as by a person

viewing the mirror casing from outside the vehicle and through the vehicle windshield when

the mirror assembly is mounted at the vehicle, such as at an interior surface of the vehicle

windshield.

[0013] Therefore, an aspect of the present invention provides an interior electro-optic (such

as an electrochromic) rearview mirror assembly with a backlit display element and may

include a visible light transflecting/polarizing element or film disposed at a rear surface or

fourth surface of the electro-optical element. The visible light transflecting/polarizing

element or film functions to allow substantial transmissivity of at least partially polarized

light from the display element to pass through the electro-optical element for viewing by a

person (such as a driver of the vehicle) viewing the mirror assembly, while providing a

desired degree of reflectance of light incident on the reflective element so that the driver can

use the electro-optic mirror to see rearward when driving on a highway. The display

information (such as a video display of the area immediately to the rear of the vehicle as

captured by a video camera mounted, such as at a rear license plate holder, at the rear of the

vehicle so as to display to the driver when he/she may be reversing the vehicle any obstacles

or persons immediately to the rear of the vehicle) thus may be readily viewable through and

at the reflective element when the display element is activated or energized, but the display

element and display area is substantially not readily viewable or not discernible by a person

viewing the reflective element when the display element is deactivated or de-energized so as

to be substantially covert. The display element may comprise a TFT LCD video display

element and may at least partially linearly polarizes light passing therethrough, whereby the



visible light transflecting/polarizing element or film is applied or disposed between the

display element and the rear surface of the electro-optical element so that the polarization

axes of the display element and of the visible light transflecting/polarizing element or film are

generally or, preferably, substantially aligned. The reflective element and display of the

present invention thus provides enhanced transmission of the illumination by the display

element to reduce display image washout, while providing the desired degree of reflectivity

of light incident on the reflective element. Optionally, and desirably, the mirror assembly

may include a thermal conducting element in contact with the display element or display

module and configured to draw heat from the display element or module and to dissipate the

heat at an exterior area of the mirror assembly.

[0014] These and other objects, advantages, purposes and features of the present invention

will become apparent upon review of the following specification in conjunction with the

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a perspective view of an interior rearview mirror assembly incorporating a

display in accordance with the present invention;

[0016] FIG. 2 is a sectional view of an electro-optic element for an interior rearview mirror

assembly of the present invention, with a visible light transflecting/polarizing element or film

disposed at a polarizing display element of the mirror assembly;

[0017] FIG. 3 is a schematic showing an exemplary polarizing angle of the display element

and visible light transflecting/polarizing element or film of the present invention;

[0018] FIG. 4 is a sectional view of another electro-optic element for an interior rearview

mirror assembly of the present invention;

[0019] FIGS. 5A and 5B are schematics showing steps of a process suitable for

manufacturing an electro-optic element in accordance with the present invention;

[0020] FIG. 6 is a schematic showing the optical characteristics of a broadband transflective

substrate in accordance with the present invention;

[0021] FIG. 7 is a sectional view of a display device useful with the mirror element of the

present invention;

[0022] FIG. 8 is a plan view of the backlighting elements of the display device of FIG. 7;

[0023] FIG. 9 is a visible light transmission spectral scan of a polarizing transflective film

suitable for use with the present invention;



[0024] FIG. 10 is a visible light transmission spectral scan of the Vikuiti™ polarizing

transflective film of FIG. 9 as combined with an electro-optic mirror element in accordance

with the present invention

[0025] FIG. 11 is a sectional view of another electro-optic element for an interior rearview

mirror assembly of the present invention;

[0026] FIG. 12 is a sectional view of another electro-optic element for an interior rearview

mirror assembly of the present invention;

[0027] FIG. 13 is a sectional view of another electro-optic element for an interior rearview

mirror assembly of the present invention;

[0028] FIG. 14 is a sectional view of another electro-optic element for an interior rearview

mirror assembly of the present invention;

[0029] FIG. 15 is a plan view of a vehicle showing a field of view of a typical interior

rearview mirror assembly;

[0030] FIG. 16 is a front elevation of an enlarged asymmetrical mirror assembly in

accordance with the present invention;

[0031] FIG. 17 is a plan view of a vehicle showing the field of view of the mirror assembly

of FIG. 16;

[0032] FIG. 18 is a sectional view of another electro-optic element for an interior rearview

mirror assembly of the present invention;

[0033] FIG. 19 is a sectional view of another electro-optic element for an interior rearview

mirror assembly of the present invention;

[0034] FIG. 20 is a sectional view of another electro-optic element for an interior rearview

mirror assembly of the present invention;

[0035] FIGS. 2 1 and 22 are charts indicating typical brightness or luminance of different

lighting conditions;

[0036] FIG. 23 is a sectional view of another mirror reflector element in accordance with the

present invention;

[0037] FIG. 24 is a spectral chart showing the luminosity of light through the reflector

element of FIG. 23;

[0038] FIG. 25 is a spectral chart showing the transmission of different wavelengths of light

through the mirror reflector element of FIG. 23;

[0039] FIG. 26A is a front elevation of a mirror assembly hi accordance with the present

invention, with the video display device deactivated;



[0040] FIG. 26B is a front elevation of the mirror assembly of FIG. 26A , with the video

display device activated;

[0041] FIG. 27 is an exploded perspective view of a mirror assembly of the present

invention;

[0042] FIG. 28 is a front elevation of the mirror assembly of FIG. 27;

[0043] FIG. 29 is a rear elevation of the mirror assembly of FIG. 28;

[0044] FIG. 30A is a sectional view of the mirror assembly taken along the line A-A in FIG.

28;

[0045] FIG. 3OB is a sectional view of the mirror assembly taken along the line B-B in FIG.

28;

[0046] FIG. 3OC is a sectional view of the mirror assembly taken along the line C-C in FIG.

28;

[0047] FIG. 3OD is a sectional view of the mirror assembly taken along the line D-D in FIG.

28;

[0048] FIG. 30E is a sectional view of the mirror assembly taken along the line E-E in FIG.

28;

[0049] FIG. 30F is a sectional view of the mirror assembly taken along the line F-F in FIG.

28;

[0050] FIG. 3 IA is plan view of a backing plate of the mirror assembly of the present

invention;

[0051] FIG. 31B is an opposite plan view of the backing plate of FIG. 31A;

[0052] FIG. 32A is an inside plan view of the rear mirror casing of the mirror assembly of

FIG. 27;

[0053] FIG. 32B is an outside plan view of the rear mirror casing of FIG. 32A ;

[0054] FIG. 33 is a perspective view of a display module in accordance with the present

invention;

[0055] FIG. 34 is a perspective view of a portion of the display module, with a corner portion

cut away to show additional details;

[0056] FIG. 35 is a sectional view of the display module of FIG. 33;

[0057] FIG. 36A is a perspective and partial sectional view of the display module of FIG. 33;

[0058] FIG. 36B is another perspective and partial sectional view of the display module of

FIG. 33, taken along a line extending longitudinally along the display module;

[0059] FIG. 37 is a sectional view of the display module of FIG. 33;



[0060] FIG. 38A is a perspective view of a portion of the display module casing, showing

flexible retaining beams with retaining projections thereon;

[0061] FIG. 38B is an enlarged perspective view of the display module casing portion of

FIG. 38A;

[0062] FIG. 39A is a sectional view of a display screen and display module at a mirror

reflective element in accordance with the present invention;

[0063] FIG. 39B is a sectional view of a display screen and display module at a mirror

reflective element in accordance with the present invention;

[0064] FIG. 39C is a sectional view of a display screen and display module at a mirror

reflective element in accordance with the present invention;

[0065] FIG. 39D is a sectional view of a display screen and display module at a mirror

reflective element in accordance with the present invention;

[0066] FIG. 39E is a sectional view of a display screen and display module at a mirror

reflective element in accordance with the present invention;

[0067] FIG. 39F is a sectional view of a display screen and display module at a mirror

reflective element in accordance with the present invention;

[0068] FIG. 40 is a schematic of a video display system of a mirror assembly in accordance

with the present invention;

[0069] FIG. 4 1A is a plan view of the mirror assembly and display module of the present

invention, showing a display module mounting device for positioning the display module at

the rear of the reflective element of the mirror assembly;

[0070] FIG. 4 IB is a side elevation of the mirror assembly and display module of FIG. 41A;

[0071] FIG. 4 1C is a sectional view of the mirror assembly and display module taken along

the line C-C in FIG. 4 1A;

[0072] FIG. 42 is a perspective view of another mirror assembly, with a heat dissipating

element in accordance with the present invention;

[0073] FIG. 43 is a perspective view of another mirror assembly, with a heat dissipating

element in accordance with the present invention;

[0074] FIG. 44 is a perspective view of another mirror assembly, with a heat dissipating

element in accordance with the present invention; and

[0075] FIG. 45 is a plan view of a vehicle incorporating an image and display system in

accordance with the present invention.



DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0076] Referring now to the drawings and the illustrative embodiments depicted therein, an

interior rearview mirror assembly 10 for a vehicle includes an electro-optic element assembly

or cell 12 and a display device 14 at a rear surface of the electro-optic element 12 for

displaying information at a display area 15 of the reflective element (FIGS. 1 and 2). Display

device 14 is disposed at the rear surface of the electro-optic element 12, with a visible light

transflecting/polarizing element or film or layer 16 disposed between the display device and

the rear surface of the electro-optic element 12. Visible light transflecting/polarizing element

or film 16 functions to substantially transmit polarized illumination emitted from the display

device 14 that then passes through electro-optic element 12 while reflecting other

substantially non-polarized illumination or light (typically sunlight by day or

moonlight/vehicle headlamp lighting/street lighting and the like by night) that is incident on

electro-optic element 12 from its front (first surface) when interior rearview mirror assembly

10 is mounted within the interior cabin of the vehicle. The visible light transflecting /

polarizing element or film 16 thus provides a substantially reflective layer at the display area

15, while being transmissive of light or illumination emitted by display device 14, as

discussed below.

[0077] In the illustrated embodiment, electro-optic element 12 of interior rearview mirror

assembly 10 comprises an electro-optic element assembly or cell, such as an electrochromic

element or cell. Electro-optic element assembly 12 includes a front substrate 18 and a rear

substrate 20 spaced from front substrate 18 (with the substrates both being substantially light

transmitting and fabricated from glass or from an optical plastic, such as acrylic or

polycarbonate or CR39 or a COC olefin or the like). The electro-optic element 12 includes

an electro-optic medium 22 (such as an electrochromic medium) and transparent conductive

or semi-conductive layers 24, 26 (such as described below) sandwiched between the

substrates 18, 20 (with the transparent conductive layer 24 disposed at a rear surface 18a of

front substrate 18 [the second surface of the laminate electro-optical element] and the

transparent conductive layer 26 disposed at the front surface 20a of rear substrate 20 [the

third surface of the laminate electro-optical element]). Desirably, the conductive layers 24,

26 may be selected to be substantially transparent and with little or no polarization effect.

For example, the conductive layers 24, 26 may comprise an indium tin oxide (ITO) material

or a thin metallic layer sandwiched between two transparent conductive layers (a TC/M/TC

stack of layers) such as ITO/Metal/ITO (for example, ITO/Ag/ITO) or a doped tin oxide or a

doped zinc oxide or the like, so as to provide the desired conductivity and transparency at the



second and third surfaces of the fourth surface reflector reflective element or cell. An

electrical sheet resistance of less than about 20 ohms/square is preferred for such transparent

conductor layers; more preferably less than about 15 ohms/square and most preferably less

than about 10 ohms/square, while visible light transmission through such transparent

conductive coated substrates is preferably at least about 70%T, more preferable at least about

75%T and most preferably is at least about 80%T. An epoxy seal material 28 or the like is

applied between the substrates to define the cavity for the electrochromic medium and to

adhere the substrates together.

[0078] The electro-optic optic element 12 is configured and constructed so that visible light

passing therethrough is substantially to wholly unchanged in its light polarization character.

Thus, unpolarized light incident on the front substrate and passing through the front substrate

and through the electro-optic medium and through the rear substrate exits the rear substrate

still substantially or wholly unpolarized, and does so regardless of whether the electro-optical

medium is in its clear or bleached or day high light transmitting state (for automotive mirrors,

typically its non-electrically powered state) or whether the electro-optical medium is in its

dimmed or anti-glare or darkened, reduced light transmitting state (for automotive mirrors,

typically its electrically powered state). And polarized light (such as linearly polarized light

or circularly polarized light or elliptically polarized light) incident on the rear substrate and

passing through the rear substrate and through the electro-optic medium and through the front

substrate exits the front substrate still substantially or wholly polarized, and does so

regardless of whether the electro-optical medium is in its clear or bleached or day high light

transmitting state (for automotive mirrors, typically its non-electrically powered state) or

whether the electro-optical medium is in its dimmed or anti-glare or darkened, reduced light

transmitting state (for automotive mirrors, typically its electrically powered state). Thus,

electrochromic media and constructions are preferred for electro-optic element 12. Liquid

crystal electro-optical media and constructions (such are disclosed in the likes of W O

2005/050267 or U.S. Pat. Publication No. US 2005/0185278, published Aug. 25, 2005, which

are hereby incorporated herein by reference in their entireties) that change the state of

polarization of light passing therethrough by use of the likes of a cholesteric liquid crystal

electro-optic medium 22 are not suited to the present invention.

[0079] Electro-optic element 12 has a reflector at its fourth surface (20b) and may include an

opaque and/or reflective backing layer or film 30 at its rear or fourth surface. In the

illustrated embodiment of FIG. 2, backing layer 30 is disposed at a rear surface of the

polarizing transflective polymeric film 16. The backing layer 30 has a window or opening or



cut-out or aperture 30a formed therethrough so that display device 14 may be operable to

emit illumination or light through the window and through the electro-optical element 12 for

viewing by a person viewing the interior rearview mirror assembly. Window 30a through

backing layer 30 thus helps define the viewing area or display area 15 at the electro-optic

element 12.

[0080] Visible light transflecting/polarizing element or film 16 is attached to the rear surface

20b of rear substrate 20, such as via an optical coupling layer 32, such as an optical adhesive,

such as an acrylic or an acrylate or an epoxy or a urethane or the like. For example, the

visible light transflecting/polarizing element or film 16 may be attached to the rear surface

20b of rear substrate 20 via an optical index matching adhesive, such as an optical epoxy or

optical acrylic (such as by utilizing aspects of the reflective element described in U.S. patent

application Ser. No. 10/993,302, filed Nov. 19, 2004 (Attorney Docket DONOl P-1 186),

which is hereby incorporated herein by reference in its entirety). The visible light

transflecting/polarizing element or film may comprise any suitable visible light

transflecting/polarizing element or film, such as a polarizing reflective film commercially

available from 3M of Minneapolis, MN under the brand name Vikuiti™, such as 3M

Vikuiti™ Polarizing Reflective Film (BEF-RP or BEF-P) or the like. Such all-polymeric

polarizing transflective films comprise hundreds of very thin alternating layers of polymer

material of different refractive indexes. For example, the Vikuiti™ Dual Brightness

Enhancement Films (DBEF) are a complex film consisting of over 800 polymer layers and

are reflecting to visible light, are transmitting to visible light and are polarizing to visible

light.

[0081] In the illustrated embodiment, display device 14 includes an illumination source(s) 34

that functions as a backlighting element for display element 36. Illumination source(s) 34

may comprise one or more light emitting diodes (LEDs) [such as a plurality of LEDs, such as

high intensity LEDs of the types described in U.S. patent application Ser. No. 10/054,633,

filed Jan. 22, 2002 by Lynam et al. for VEHICULAR LIGHTING SYSTEM (Attorney

Docket DONOl P-962), which is hereby incorporated herein by reference in its entirety], or

may comprise cold-cathode fluorescent sources, laser diode sources, electroluminescent

sources, or the like, and may be electrically activatable or operable or energizable to

backlight or illuminate the display element 36. Display element 36 may comprise a video

display element, such as a thin film transistor (TFT) liquid crystal display (LCD) video

screen or the like. The display device 14 is positioned at the rear surface of the reflective

element and at the window 30a formed in or through the backing layer 30, so that the image



displayed by display device 14 (such as a video image of a reversing event when the driver

engages reverse gear) may be visible to the driver by he/she looking through the window 30a

in backing layer 30 when he/she is viewing through the substrates 18, 20 while viewing the

reflective element of the interior rearview mirror assembly. Preferably, the display element

36 is attached or adhered at the polarizing transflective polymeric firm 16, such as by an

optical coupling layer 38, such as an optical adhesive, such as the types described above.

However, but less preferably, polarizing transflective polymeric film 16 may be spaced from

and stood off from fourth surface 20b without any index matching layer or means.

[0082] Optionally, and as shown in FIG. 4, the backing layer 30' may be disposed at the rear,

fourth surface 20b of rear substrate 20 of an electro-optic element 12' and the polarizing

transflective polymeric film 16' may be disposed at the window region of the backing layer

30' and adhered to the rear surface 20a of rear substrate 20 via an optical coupling layer 32',

such as an optical adhesive, such as acrylic or acrylate or epoxy or urethane or the like, such

as described above and that has an refractive index of about 1.48 to about 1.55 and

preferably, close to about 1.52. The display device 14' may be adhered or attached at the

visible light transflecting/polarizing element or film 16', such as via an optical coupling layer

38', such as an optical adhesive or the like, such as described above. The display device 14'

and electro-optic element 12' may be otherwise substantially similar to display device 14 and

electro-optic element 12 discussed above, such that a detailed discussion of the display

devices and electro-optic elements will not be repeated herein. The common features or

elements or components of the display devices and electro-optic elements are shown in FIGS.

2 and 4 with the same reference numbers. The reflectance off the backing layer 30' in the

construction as shown in FIG. 4 may be chosen so that the mirror reflectivity at the portion of

the electro-optic element 12 where the display element is disposed is matched to that of the

surrounding/other portions of the electro-optic element 12 where the display element is not

disposed so that the covert presence of display device is best achieved when the display

device is in its non-energized (non-light emitting) mode. By matching the reflectance seen

by the driver at the display area to that of the surrounding non-display areas, the consumer is

least aware of the overt presence of the video screen until it is powered so as to display its

video image.

[0083] The electro-optic element, display device and polarizing transflective element of the

present invention thus provides a transflective covert display (on-demand type of display)

that is viewable by a person viewing the interior rearview mirror assembly on a sunny day

when the display device is activated or energized, but that is generally non- viewable or non-



discernible when viewed when the display device is deactivated or de-energized. Typically,

it is desirable to have a electro-optical element/polarizing transflective element combination

that has as high a visible light transmissivity as is possible so that the display image being

displayed (when the backlighting element is actuated and is light emitting) is readily

viewable to the driver, in order to reduce image washout during high ambient lighting

conditions, such as typically occur on a sunny day. In this regard, visible light transmission

through the electro-optical element (in its high transmission or bleached state) combined with

the polarizing transflective element therebehind is preferably at least about 15%T (as

measured in accordance with SAE J964a, which is hereby incorporated herein by reference in

its entirety), more preferably is at least about 25%T and most preferably is at least about

35%T. However, if this combination is overly light transmitting and with the EC element in

its bleached state (typically its unpowered state), then the covert presence of the likes of a

video display element therebehind may be compromised and so it is preferable that light

transmission through electro-optical element or cell 12 in combination with polarizing

transflective polymeric film 16 be less than about 45%T, more preferably be less than about

40%T and most preferably be less than about 35%T. It is also desirable to select electro-

optical element or cell 12 in combination with polarizing transflective polymeric film 16 to

provide a desired degree of reflectance off the interior electro-rearview mirror of the present

invention so that the driver can adequately use the mirror to provide a rearward view when

driving on the highway. Thus the EO mirror assembly should deliver a reflectivity of at least

40%R (as measured using SAE J964a) of light incident thereon and more preferably, deliver

to the driver a mirror reflectivity at least about 45%R and most preferably, deliver to the

driver a mirror reflectivity at least about 55%R of light incident on the mirror reflective

element, including at the display area of the reflective element.

There is typically a tension or challenge in optimizing or maximizing reflectance and

transmissivity, since the greater the transmissivity of the transflective polarizing element, the

more visible the display device may be when it is not activated or energized. By providing a

backlit TFT LCD display element and a polarizing transflective layer or film at the rear of the

reflective element, the present invention provides enhanced transmission of polarized light

through the electro-optical element to be seen by the driver, while enabling enhanced

reflectivity of the likes of sunlight or moonlight or urban street lighting incident on the

electro-optical reflective mirror element of the interior mirror assembly that the driver relies

on for his or her rearward driving task when using the interior mirror while driving.



[0085] Display screens of the display device [such as a TFT LCD video display element or

the like] act as a polarizer (typically as a linear polarizer) to the light emitted by the

illumination source or sources [such as light emitting diodes (LEDs), cold-cathode

fluorescent sources, laser diode sources, electroluminescent sources or the like] that are

backlighting the display screen. Thus, light emitted by the illumination source, when passed

through the TFT LCD video display screen element, is partially or substantially linearly

polarized by the TFT LCD video display element so that linearly polarized light (such as light

that is substantially polarized along a particular angle or axis)is emitted by the display device.

Thus, when the principal polarization axis of the polarizing transflective element is aligned so

as to be substantially parallel with that of the light transmitted through the video screen, light

transmission through the mirror assembly is optimized. Because the display illumination or

light is polarized by the TFT LCD video display element, the display illumination intensity

that would pass through polarizing transflective element would be reduced (in accordance

with Malus's Law), unless the respective polarization axis are aligned. Correspondingly,

daylight incident on the interior mirror during driving on the likes of a sunny day is largely

unpolarized and so the use of a polarizing transflective element as the mirror reflector (at

least at the portion of the interior mirror where the display element is disposed) helps reduce

displayed image wash-out during day-time driving. Thus, by providing a visible light

transflecting/polarizing element or film between the display element and the electro-optic

element, the visible light transflecting/polarizing element or film (which is aligned or

substantially aligned with the TFT LCD video display element such that its polarization axis

or angle substantially matches the polarization axis or angle of the TFT LCD video display

element, as discussed below) may be substantially transmitting for the polarized light emitted

by the display device, yet may provide substantial reflectance to other light incident on the

mirror reflective element during daytime driving. The present invention thus may provide a

substantial visible light transmission and a significantly visible light reflectance at the display

area of the interior mirror assembly. Although described as a linearly polarized device, it is

envisioned that a similar approach could be taken for a circularly polarized display device or

other forms or polarized light such as elliptically polarized light, while remaining within the

spirit and scope of the present invention.

[0086] The visible light transflecting/polarizing element or film or layer material may be

selected so as to provide a desired degree of reflectance of light incident thereon, such as at

least approximately 50 percent reflectance of light incident thereon (as established via SAE

J964a), more preferably at least approximately 55 percent reflectance of light incident



thereon, more pre±erably at least approximately 60 percent reflectance of light incident

thereon, and more preferably at least approximately 65 percent reflectance of light incident

thereon. And visible light transmission through the visible light transflecting/polarizing

element or film or layer material is preferably at least about 25%T (as measured in

accordance with SAE J964a, which is hereby incorporated herein by reference in its entirety),

more preferably is at least about 35%T and most preferably is at least about 45%T, but to

help preserve the covert placement of the display device at the display area, visible light

transmission through the visible light transflecting/polarizing element or film or layer

material is preferably less than about 60%T, more preferably be less than about 55%T and

most preferably be less than about 50%T. As in FIG. 2 (where the visible light

transflecting/polarizing element is disposed substantially behind the entire fourth surface area

of the electro-optic element 12), the visible light transflecting/polarizing element forms the

mirror reflector. We find that the reflectance at the display area may be higher than that at

the surrounding non-display area, and so the backing layer 30 may be adapted/configured to

reflect light to any degree needed to increase reflectivity at the non-display area so as to

better blend in the display area to the non-display area in order to enhance the covert

placement of the display element at the display area. In the likes of the construction shown in

FIG. 4 (where the visible light transflecting/polarizing element is disposed only behind the

display area of the fourth surface area of the electro-optic element 12), backing layer 30' is

principally light reflecting with its reflectivity chosen to match that at the display area (note

that backing layer 30', that is disposed other than at the display area, may be a metallic thin

film coating such as of chromium or titanium or ruthenium (or alloys thereof) or may be a

thin film of silicon or a silicon alloy or may be a coated plastic film with its reflective

properties chosen to achieve a match or substantial match in reflectivity between the display

and non-display areas). If there is a desire to only moderately enhance reflectivity, use can be

made of a thin reflecting coating (such as of Cr or Ti or Ru or Inconel or Hastelloy or Si) of

physical thickness less than about 250 angstroms (i.e., less than about 25 nanometers) or

lower (such as in the range of about 75 angstroms to about 150 angstroms) at other than at the

display area. Or the likes of an interference reflector can be used [such as a transflective blue

mirror multilayer reflector stack such as (from the glass surface) about a 44.78 run layer of

TiO overcoated with about a 82.63 nm layer of SiO2 overcoated with about a 48.59 nm layer

OfTiO2; whereby such a second-surface coated glass substrate has a second-surface

reflectivity of about 45 percent to about 50 percent or thereabouts, and a visible light

transmission in excess of about 30 percent].



[0087] The display area thus may substantially match the reflectivity of the rest of the

reflective area of the reflective element so that the display area is not readily discernible by a

person viewing the interior rearview mirror assembly when the display element is deactivated

or de-energized.

[0088] An exemplary display device for use with the present invention is shown in FIG. 7.

Display device 70 comprises a video screen 77 (such as an Optrex 3.5 inch TFT LCD screen

with extended temperature range LC fluid and higher temperature resisting polarizing films

such that the LCD video screen can display video images, and resist exposure to, at least over

a temperature range where automobiles may operate such as from about -20 degrees Celsius

to about 85 degrees Celsius, or thereabouts) and a backlighting element 78 (such as two U-

shaped cold cathode fluorescent light (CCFL) devices, as discussed below). Video screen 77

has a visible light transmission in the about 5%T to about 10%T range; more preferably in the

about 10%T to about 15%T range, or higher. Brightness enhancement films 75, 75' (such as

Vikuiti™ BEF films from 3M) and a light diffuser sheet 73 (such as a hazed or diffuse-light

transmitting plastic diffuser or sheet) are provided between video screen 77 and backlighting

element 78. A s illustrated (and as can be seen with reference to FIG. 8), two cold cathode

fluorescent light sources 81, 81' are used as backlighting for video screen 77. When

measured by placing the video screen into a reflectometer and measuring in accordance with

SAE J964a, the reflectance of the particular video screen 77 used was about 5%R (in general,

it is preferable that this reflectance of the video screen be minimized, such as by use of anti-

reflecting layers or elements, so that the reflectivity at the display area of the EO mirror

transflective element best matches, and is not higher than, the reflectivity of the surrounding

non-display area mirror reflector). A reflecting element 72 (such as a metal or metal coated

reflector) is disposed behind the two cold cathode fluorescent light sources 81, 81'. A

reflector housing or plastic housing 79 protects and houses the video screen and associated

backlighting etc.

[0089] When combined with a non-polarizing laminate (two-substrate) electrochromic

window cell using a solid polymer matrix EC medium and with ITO transparent conductors

of about 12 to 15 ohms/square on the second and third surfaces that sandwich the E C

medium, and with a Vikuiti™ polarizing transflective film between the video display screen

and the fourth surface of the EC cell, a display luminance or brightness of about 907

Candelas/sq. meter was measured at the front (first) surface of the EC transflective mirror

assembly [after about 5 minutes warm-up; about 736 Candelas/sq. meter was measured at the



front (first) surface of the EC transflective mirror assembly within 30 seconds of powering

CCFL sources 81, 81'].

[0090] A visible light transmission spectral scan of the Vikuiti™ polarizing transflective film

used is shown in FIG. 9, indicating a visible light transmission of about 50%T. A visible

light transmission spectral scan of the Vikuiti™ polarizing transflective film used combined

with the EC cell used is shown in FIG. 10, indicating a visible light transmission of about

40%T or thereabouts therethrough for their combination to make the EC transflective mirror

element (i.e., about 40%T transmitted through the transflective EC mirror element). The

mirror reflectivity (per SAE J964a) at the display area of the EC mirror element (i.e. where

and with display device 70 was disposed behind the transflective EC element) was about

46%R, and was about 42%R measured at the non-display area. Another display device

comprising a bank of LEDs instead of use of two cold cathodes tubes was also tested.

[0091] In a construction otherwise such as shown in FIG. 7, thirty two (32) Nichia

NESW008BT white light emitting LEDs were used as backlighting element 78. With these

LEDs 5 and using a similar EC cell and polarizing transflective film as before, a display

luminance (brightness) of about 560 Candelas/sq. meter was achieved when viewed through

the EC cell and through the polarizing transflective film. The Vikuiti™ and polarizing

transflective film used had a reflectivity (per SAE J964a) of about 55%R and, as indicated

above, a transmission of about 50% in the visible spectral region. Note that, optionally, the

likes of a Vikuiti™ anti-reflecting sheet or film can be used to reduce reflectance at the

display area or off the video display screen surface. And Vikuiti™ all-polymeric specular

mirror reflecting films (that are also significantly light transmitting) can be used as a fourth

surface reflector for transmissive EC cells for use as transflective EC mirror reflective

elements for EC vehicular rearview mirrors.

[0092] Therefore, the interior mirror assembly of the present invention may consist of an

electro-optic or electrochromic mirror utilizing transparent conductors on the two interior

surfaces (the second and third surfaces) of the reflective element, with an electrochromic

medium [such as a solid polymer matrix (SPM) material or the like] serving as the

electrically variable transmission EO medium. On the fourth surface, a reflective visible light

transflecting/polarizing element or film may be laminated or adhered or otherwise attached to

the rear substrate (typically glass) by means of an optical grade adhesive, such as a film

adhesive or a liquid adhesive that cures, upon application, to a solid. Curing may be by UV

curing and/or thermal curing and/or chemical curing.



[0093] The reflective visible light transflecting/polarizing element or film has a reflectivity

that allows the end mirror product to maintain a minimum reflectance of at least about 40

percent, more preferably about 50 percent or greater. The visible light

transflecting/polarizing element or film is disposed at the reflective element and display

element so that the alignment angle or axis of the visible light transflecting/polarizing

element or film corresponds or substantially corresponds with the alignment angle or axis of

the Liquid Crystal Display (LCD) video display screen (or other) desired for use. In

accordance with Malus's law, the transmission of the polarized light through the visible light

transflecting/polarizing element or film is reduced or impaired if the polarizing axes or angles

are not aligned or substantially aligned. The two visible light transflecting/polarizing element

or films thus preferably align within about +/- 10 degrees, more preferably within about +/- 5

degrees, more preferably within about +/- 3 degrees, and more preferably within about +/- 1

degree of one another. A s shown in FIG. 3, the alignment angle or axis A of the visible light

transflecting/polarizing element or film or films may be, for example, about 135 degrees from

horizontal. However, other angles or axes may be utilized without affecting the scope of the

present invention.

[0094] The reflective visible light transflecting/polarizing element or film may have a

backing material that is either absorptive or, more preferably, slightly reflective. An opaque

material, such as a black backing tape, may be applied to the rear surface of the reflective

element to reduce or substantially eliminate the transparency of the film in the area or region

where little or no transparency is desired. The mirror thus may have a greater reflectance in

the viewing area or display area directly in front of the display. Optionally, in order to

produce a more uniform appearing mirror, an anti-reflective coating or coatings may be

disposed at or applied to the front surface of the display element, thus reducing or minimizing

the amount of light reflected back through the visible light transflecting/polarizing element or

film, or a material (such as a film or coating) may be placed behind the reflective visible light

transflecting/polarizing element or film that mimics or approximates the reflectance gain

from the display surfaces.

[0095] Transparency or transmissivity of the reflective element is desired for a number of

reasons, including, but not limited to the following: displaying information, light sensing for

control of display luminance levels, light sensing for control of variable reflectance mirror,

sensing for vehicle safety features such as air bag active/ in-active, and driver drowsiness

alert and/or the like. The amount of transparency desired, in the direction of polarization in

the final mirror reflector assembly, is preferably greater than about 60 percent, more



preieraDiy greater tftan about /υ percent, and more preferably greater than about 80 percent

transmissivity or transparency at the reflective element.

[0096] The final display luminance (and especially for a TFT LCD display element showing

video or full color video or still images), when measured through the entire EO mirror

element (comprising the EO element backed by the transflective reflective polarizing mirror

reflector) is preferably greater than about 300 candelas per meters squared (cd/m 2 , more

preferably greater than about 500 cd/m2, and more preferably greater than about 1,000 cd/m 2

and most preferably greater than about 2,000 cd/m 2. This is to help ensure that the driver can

discern any video image being displayed against the sunlight streaming in through the rear

window and incident at the display area of the interior mirror reflective element that will tend

to wash-out the video image unless the video image is sufficiently bright. For such a TFT

LCD display element or other display types, the desired degree of luminance may be

achieved by, but is not limited to, cold cathode fluorescent tubes, white LEDs, or white light

generated through color mixing of red, green, and blue LEDs, or other suitable illumination

sources or elements, located at the TFT LCD display element and rearward of the reflective

element.

[0097] Because such a TFT LCD display element or screen may enhance the reflectivity of

the reflective element at the display area, the display area may have a greater reflectance of

light incident thereon as compared to the rest of the viewing area of the reflective element.

Thus, it may be desirable to overcoat the backing layer and/or polarizing layer with a

reflectance-boosting paint or material such as a thin film metallic coating (in the viewing area

of the reflective element around the display area) to help match or substantially match the

reflectivity of light incident at the display area of the reflective element with the reflectivity

of light incident at the rest of the viewing area of the reflective element.

[0098] In order to provide substantially uniform reflectivity and transmissivity at the

reflective element, it is important that the films or layers (such as the visible light

transflecting/polarizing element or film and/or the backing layer or film) be applied or laid

down with no or substantially no dirt or debris or the like between the films and/or between

the film and the reflective element. Thus, it may be desirable to apply the film to the rear

surface of the reflective element in a clean room environment, such as in preferably better

than a class 10,000 clean room environment, more preferably better than a class 1000 clean

room environment, and more preferably better than a class 100 clean room environment.

[0099] It is also highly desirable to limit or substantially preclude the formation of or

entrapment of air bubbles between the film and the reflective element as it is applied to the



reflective element. The film thus may be ironed (such by roller-ironing) or pressed to remove

or reduce imperfections, preferably applying heat as well as pressure and most preferably,

doing so in an evacuated chamber free or atmosphere where air has been at least partially

evacuated while laminating. Optionally, and desirably, the film may be applied via a vacuum

assisted lamination/application, whereby any air between the film and the reflective element

is drawn out or evacuated via a vacuum source as the film is applied to the reflective element.

[00100] For example, the EO cell or element and a sheet (or an interior mirror shaped cut-out)

of the visible light transflecting/polarizing element or film [such as Vikuiti™ Dual Brightness

Enhancement Film - Polarizer (DBEF-P2) film available from 3M that is a multi-layer

reflective polarizer designed to be laminated to the to bottom glass of an LCD module;

through polarization recycling the Vikuiti™ DBEF-P2 reflects the P2 light back into the

backlight where it is scrambled into P l and P2, and whose product, uses thereof, or its

manufacture may be covered by one or more of the following U.S. Pat. Nos. 5,094,788;

5,122,905; 5,122,906; 5,269,995; 5,389,324; 5,594,830; 5,808,794; 5,825,542; 5,828,488;

5,867,316; 5,872,653; 5,882,774; 5,962,114; 5,965,247; 5,976,424; 6,018,419; 6,025,897;

6,057,961; 6,080,467; 6,088,067; 6,088,159; 6,101,032; 6,117,530; 6,124,971; 6,141,149;

6,157,490; 6,296,927; 6,307,676; 6,352,761; 6,449,092; 6,449,093; 6,498,683; 6,574,045;

6,583,930; 6,613,421; 6,630,970; 6,635,337; and 6,641,883, the entire disclosures of which

are hereby incorporated herein by reference in their entireties] may be introduced into a

chamber, air can be evacuated using a vacuum pump or the like, the EO cell may be placed in

the evacuated dust-free chamber and the visible light transflecting/polarizing film may be

applied such as is illustrated in FIGS. 5A and 5B. As seen in FIG 5A, an electro-optic cell 40

is placed in a chamber 45 and is laid onto a heater block 42 with its fourth surface 43

upwards. A sheet (or mirror-shaped cut-out) or film 44 of Vikuiti™ DBEF-P2 or similar

visible light transflecting/polarizing element or film is initially spaced from electro-optic cell

40. A roller or roller means 48 (such as a heated roller) is also provided. As an initial step,

and preferably, chamber 45 is at least partially evacuated and preferably is substantially

evacuated of air (and so obviating entrapment of air bubbles when laminating the

transfiective polarizing film 44 to glass surface 43) such as by a means of a vacuum pump.

This also helps remove any lint or dust that might be present and that could get entrapped

during lamination. Next, heater block 42 is heated (by means of, for example, electrically-

operated heating rods embedded therein) so as to heat the electro-optic cell 40 to, for

example, a temperature in the range from about 60 degrees Celsius to about 150 degrees

Celsius, or higher depending on the nature of the electro-optic medium (such as an



electrochromic medium) m cell 4 (it such is already established therein). Also, and

preferably, roller 48 may also be heated so as to heat the portion of film 44 it is contacting

(the temperature chosen depending on the type of film used and on any adhesive layers

present).

[00101] Next, and beginning at an outer edge of electro-optic cell 40, roller 48 is mechanically

moved to intimately press film 44 (under pressure of at least about 2 psi, more preferably at

least about 5 psi and most preferably at least about 10 psi) to contact with surface 43 of

electro-optic (such as electrochromic) cell 40. While maintaining heat and pressure, roller 48

is mechanically moved from its initial edge contact to cell 40 across the surface of cell 40 to

intimately bond/laminate the film 44 to cell 40 (FIG. 5B illustrates this in progress). The

temperatures, roller speeds and pressures are chosen to iron out, if necessary, any optical

imperfections, distortions or wrinkles or the like and to produce a distortion-free, specularly-

reflecting mating of film 44 to surface 43. Once roller-assisted lamination is completed, air

or nitrogen or the like is reintroduced into chamber 45 to re-pressurize the chamber back to

atmospheric pressure, and the electro-optic or electrochromic mirror reflector element is

removed from the chamber, allowed to cool if necessary, and any excess film 44 is trimmed

away. Other lamination techniques as known in the liquid crystal cell manufacturing arts can

also be used within the scope of the present invention. It may be useful to use a fluid or

semi-fluid adhesive that can fill-in and preferably optically match any imperfections (such as

imperfections in glass surface 43 and/or in film 44) between film 44 and glass surface 43

during lamination of film 44 thereto (and once film 44 is in place, then allowing this fluid

adhesive or optical matching layer to cure, such as by chemical or thermal or radiation-

assisted curing, to a solid, non-fluid form), and UV sources and/or thermal radiant heaters

such as IR lamps or the like may be provided within chamber 45 to UV and/or thermally cure

any ultra violet light or thermally curable adhesives or materials used. Note also that

electrostatic charge reduction/mitigation means or methods, such as ionizing sources and the

like, can be used during lamination to avoid attracting dust or lint or the like to the surfaces

being laminated.

[00102] Optionally, the visible light transflecting/polarizing element or film may be applied as

a large sheet (i.e. a sheet that is larger than the cross dimensions of the rear surface of the

electro-optic element) that is laid over the substrate shape. The sheet or film may be heat

shrunk or heat applied around the electro-optic element with vacuum means used to draw or

evacuate the air from between the film and the rear surface of the electro-optic element, and

then, once conforming to the glass surface and cooled, the excess sheet or film material may



be trimmed away from the mirror element so that the film is applied at and over the rear

surface of the electro-optical element with substantially no air entrapped between the film

and the electro-optic element and making intimate and distortion-free contact thereto.

Optionally, the visible light transflecting/polarizing element or film may be applied to the

rear surface of the electro-optic element at an elevated temperature so as to make the

polymeric film more compliant so as to more readily conform to the substrate shape

(depending on the film used, temperatures up to about 150 degrees Celsius or more can be

contemplated; and with the electro-optical element and/or the film being applied being

heated). Optionally, the film may be applied via an affirmative pressure device, such as a

roller or the like, so as to force any air bubbles or pockets out from between the film and the

electro-optic element. For example, the film may be heated, such as to about between about

60 degrees Celsius to about 125 degrees Celsius or thereabouts or higher, and then may be

rolled or ironed or pressed onto the rear surface of the rear substrate of the electro-optical

element, optionally with a vacuum means such as vacuum lamination being used to aid

avoidance of entrapped air and/or ensure conformity to the surface, such as described above.

Optionally, the film and/or the glass surface to which it is being applied can be provided with

an optically-matching (refractive index in the about 1.48 to about 1.55 range) pressure

sensitive or liquid adhesive. Preferably, this index matching medium is fluid during the

application of the film to the glass surface so as to flow into and thus fill/optically match and

imperfections in the glass surface and/or the film being applied thereto.

The rearview mirror assembly may comprise an electro-optic or electrochromic

reflective element or cell, such as an electrochromic mirror assembly and electrochromic

reflective element utilizing principles disclosed in commonly assigned U.S. Pat. Nos.

6,690,268; 5,140,455; 5,151,816; 6,178,034; 6,154,306; 6,002,544; 5,567,360; 5,525,264;

5,610,756; 5,406,414; 5,253,109; 5,076,673; 5,073,012; 5,117,346; 5,724,187; 5,668,663;

5,910,854; 5,142,407; 4,824,221; 5,818,636; 6,166,847; 6,111,685; 6,392,783; 6,710,906;

6,798,556; 6,554,843; 6,420,036; and/or 4,712,879, and/or U.S. pat. applications, Ser. No.

10/054,633, filed Jan. 22, 2002 by Lynam et al. for VEHICULAR LIGHTING SYSTEM

(Attorney Docket DONOl P-962); and/or Ser. No. 11/021,065, filed Dec. 23, 2004 (Attorney

Docket DONOl P-1 193), and/or International Pat. Publication Nos. WO 2004/098953,

published Nov. 18, 2004; WO 2004/042457, published May 21, 2004; WO 2003/084780,

published Oct. 16, 2003; and/or WO 2004/026633, published Apr. 1, 2004, which are all

hereby incorporated herein by reference in their entireties, and/or as disclosed in the

following publications: N . R. Lynam, "Electrochromic Automotive Day/Night Mirrors", SAE



Technical Faper Series 870636 (1987); M. R . Lynam, "Smart Windows for Automobiles",

SAE Technical Paper Series 900419 (1990); N . R . Lynam and A. Agrawal, "Automotive

Applications of Chromogenic Materials", Large Area Chrontogenies: Materials and Devices

for Transmittance Control, CM. Lampert and CG. Granquist, EDS., Optical Engineering

Press, Wash. (1990), which are hereby incorporated herein by reference in their entireties.

[00104] Optionally, use of an elemental semiconductor mirror, such as a silicon metal mirror,

such as disclosed in U.S. Pat. Nos. 6,286,965; 6,196,688; 5,535,056; 5,751,489; and

6,065,840, and/or in U.S. pat. application, Ser. No. 10/993,302, filed Nov. 19, 2004 by

Lynam for MIRROR REFLECTIVE ELEMENT FOR A VEHICLE (Attorney Docket

DONOl P-1 186), which are all hereby incorporated herein by reference in their entireties, can

be advantageous because such elemental semiconductor mirrors (such as can be formed by

depositing a thin film of silicon) can be greater than 50 percent reflecting in the photopic

(SAE J964a measured), while being also substantially transmitting of light (up to 20 percent

or even more). Such silicon mirrors also have the advantage of being able to be deposited

onto a flat glass substrate and to be bent into a curved (such as a convex or aspheric)

curvature, which is also advantageous since many passenger-side exterior rearview mirrors

are bent or curved.

[00105] The transparent conductive layer or layers at the second and third surfaces of the

reflective element may comprise any suitable transparent conductive coatings or layers, such

as an indium tin oxide (ITO) or doped (antimony or fluorine doped) tin oxide or doped zinc

oxide (such as aluminum-doped zinc oxide) or an ITO/thin Ag/ITO stack or an ITO/thm

Al/ITO stack or a thin (preferably, less than about 200 angstroms in physical thickness; more

preferably less than about 150 angstroms thick; most preferably less than about 125

angstroms thick; and greater than about 75 angstroms thick, more preferably greater than

about 85 angstroms thick and most preferably greater than about 100 angstroms thick)

coating of silver (or a silver alloy) sandwiched between ITO or doped zinc oxide layers or a

thin coating of aluminum (or an aluminum alloy) sandwiched between ITO or doped zinc

oxide layers or a thin coating of platinum or palladium (or an alloy thereof) sandwiched

between ITO or doped zinc oxide layers or a thin coating of ruthenium (or a ruthenium alloy)

sandwiched between ITO or doped zinc oxide layers, or such as the conductive layers

described in U.S. Pat. Nos. 6,690,268; 5,668,663; 5,142,406; 5,442,478 and 5,724,187, and/or

in U.S. pat. application, Ser. No. 10/054,633, filed Jan. 22, 2002 by Lynam et al. for

VEHICULAR LIGHTING SYSTEM (Attorney Docket DONOl P-962); Ser. No. 11/021,065,

filed Dec. 23, 2004 by McCabe et al. for ELECTRO-OPTIC MIRROR CELL (Attorney



Docket DONOl P-1 193); Ser. No. 10/528,269, filed Mar. 17, 2005 (Attorney Docket DONOl

P-1 109); Ser. No. 10/533,762, filed May 4, 2005 (Attorney Docket DONOl P-1 116); Ser. No.

10/538,724, filed Jun. 13, 2005 by Hutzel et al. for ACCESSORY SYSTEM FOR VEHICLE

(Attorney Docket DONOl P-1 123); Ser. No. 11/226,628, filed Sep. 14, 2005 by Karner et al.

(Attorney Docket DONOl P-1236); Ser. No. 10/993,302, filed Nov. 19, 2004 (Attorney

Docket DONOl P-Il 86); and/or Ser. No. 11/284,543, filed Nov. 22, 2005 (Attorney Docket

DONOl P-1245), and/or in PCT Application No. PCT/US03/29776, filed Sep. 19, 2003 by

Donnelly Corp. et al. for MIRROR REFLECTIVE ELEMENT ASSEMBLY (Attorney

Docket DONOl FP-1 109(PCT)); and/or PCT Application No. PCT/US03/35381, filed Nov.

5, 2003 by Donnelly Corp. et al. for ELECTRO-OPTIC REFLECTIVE ELEMENT

ASSEMBLY (Attorney Docket DONOl FP-1 116(PCT)), which are hereby incorporated

herein by reference in their entireties. Note that double-silver stacks (as such term is

commonly known and used in the heat mirror-coated art) may be used as a transparent

conductor layer. Transparent conductor layers useful in the mirror element of the present

invention thus may comprise conductive material such as tin oxide (SnO2) doped with

antimony or fluorine, indium oxide, indium oxide and tin (In2 O3 Sn) (preferably 5-15 percent

Sn), zinc oxide (ZnO), zinc oxyfluoride, zinc oxide and indium (ZnO :In), zinc oxide and

aluminum (ZnO:Al), cadmium stannate (Cd2 SnO4), cadmium stannite (CdSnO3), cadmium

oxide (CdO), copper sulfide (Cu2 S), titanium nitride (TiN), or titanium oxynitride (TiOx Nl-

x) to provide electrical contact to the electrochromic medium and/or for other layers/elements

useful in the mirror element of the present invention.

Although shown and described as an electro-optic or electrochromic electro-optic

element assembly or cell, the reflective element may comprise a single substrate (and thus

only having a first surface and a second surface) with a reflective coating at its rear (second)

surface, without affecting the scope of the present invention. For example, the mirror

assembly may comprise a prismatic mirror element or other mirror element having a single

substrate reflective element, such as a mirror assembly utilizing aspects described in U.S. Pat.

Nos. 6,318,870; 6,598,980; 5,327,288; 4,948,242; 4,826,289; 4,436,371; and 4,435,042; and

PCT Application No. PCT/US04/015424, filed May 18, 2004 by Donnelly Corporation et al.

for MIRROR ASSEMBLY FOR VEHICLE (Attorney Docket DONOl FP-1 150(PCT)); and

U.S. patent application Ser. No. 10/933,842, filed Sep. 3, 2004 (Attorney Docket DONOl P-

1166), which are all hereby incorporated herein by reference in their entireties. Optionally,

the reflective element may comprise a conventional prismatic or flat reflective element or

prism, or may comprise a prismatic or flat reflective element of the types described in PCT



Application Nd:P "CT7US03/29776, filed Sep. 19, 2003 by Donnelly Corp. et al. for MIRROR

REFLECTIVE ELEMENT ASSEMBLY (Attorney Docket DONOl FP-1 109(PCT)); U.S.

pat. applications, Ser. No. 10/709,434, filed May 5, 2004 by Lynam for MIRROR

REFLECTIVE ELEMENT (Attorney Docket DONOl P-1 152); Ser. No. 10/528,269, filed

Mar. 17, 2005 (Attorney Docket DONOl P-1 109); Ser. No. 10/933,842, filed Sep. 3, 2004 by

Kulas et al. for INTERIOR REARVIEW MIRROR ASSEMBLY (Attorney Docket DONOl

P-1 166); Ser. No. 11/021,065, filed Dec. 23, 2004 by McCabe et al. for ELECTRO-OPTIC

MIRROR CELL (Attorney Docket DONOl P-1 193); and/or Ser. No. 10/993,302, filed Nov.

19, 2004 by Lynam for MIRROR REFLECTIVE ELEMENT FOR A VEHICLE (Attorney

Docket DONOl P-1186), and/or PCT Application No. PCT/US2004/0 15424, filed May 18,

2004 by Donnelly Corp. et al. for MIRROR ASSEMBLY FOR VEHICLE (Attorney Docket

DONOl FP-1 150(PCT)), which are all hereby incorporated herein by reference in their

entireties, without affecting the scope of the present invention. A variety of mirror

accessories and constructions are known in the art, such as those disclosed in U.S. Pat. Nos.

5,555,136; 5,582,383; 5,680,263; 5,984,482; 6,227,675; 6,229,319; and 6,315,421 (which are

all hereby incorporated herein by reference in their entireties), that can benefit from the

present invention.

Optionally, the mirror assembly may include one or more displays, such as the types

disclosed in U.S. Pat. Nos. 5,530,240 and/or 6,329,925, which are hereby incorporated herein

by reference in their entireties, and/or display-on-demand or transflective type displays, such

as the types disclosed in U.S. Pat. Nos. 6,690,268; 5,668,663 and/or 5,724,187, and/or in U.S.

pat. applications, Ser. No. 10/054,633, filed Jan. 22, 2002 by Lynam et al. for VEHICULAR

LIGHTING SYSTEM (Attorney Docket DONOl P-962); Ser. No. 10/528,269, filed Mar. 17,

2005 (Attorney Docket DONOl P-1 109); Ser. No. 10/533,762, filed May 4, 2005 (Attorney

Docket DONOl P-1 116); Ser. No. 10/538,724, filed Jun. 13, 2005 by Hutzel et al. for

ACCESSORY SYSTEM FOR VEHICLE (Attorney Docket DONOl P-1 123); Ser. No.

11/226,628, filed Sep. 14, 2005 by Karner et al. (Attorney Docket DONOl P-1236); Ser. No.

10/993,302, filed Nov. 19, 2004 (Attorney Docket DONOl P-1186); Ser. No. 11/284,543,

filed Nov. 22, 2005 (Attorney Docket DONOl P-1245); and/or Ser. No. 11/021,065, filed

Dec. 23, 2004 by McCabe et al. for ELECTRO-OPTIC MIRROR CELL (Attorney Docket

DONOl P-1 193); and/or PCT Application No. PCT/US03/29776, filed Sep. 9, 2003 by

Donnelly Corp. et al. for MIRROR REFLECTIVE ELEMENT ASSEMBLY (Attorney

Docket DONOl FP-1 109(PCT)); and/or PCT Application No. PCT/US03/35381, filed Nov.

5, 2003 by Donnelly Corp. et al. for ELECTRO-OPTIC REFLECTIVE ELEMENT



Ά SSEMBL Ύ attorney Docket DONOl FP-1 116(PCT)); and/or U.S. provisional

applications, Ser. No. 60/630,061, filed Nov. 22, 2004 by Lynam et al. for MIRROR

ASSEMBLY WITH VIDEO DISPLAY (Attorney Docket DONOl P-1 189); Ser. No.

60/667,048, filed Mar. 31, 2005 by Lynam et al. for MIRROR ASSEMBLY WITH VIDEO

DISPLAY (Attorney Docket DONOl P-1212); Ser. No. 60/629,926, filed Nov. 22, 2004 by

McCabe et al. for METHOD OF MANUFACTURING ELECTRO-OPTIC MIRROR CELL

(Attorney Docket DONOl P-1 190); Ser. No. 60/531,838, filed Dec. 23, 2003 (Attorney

Docket DONOl P-1 132); Ser. No. 60/553,842, filed Mar. 17, 2004 (Attorney Docket DONOl

P-1 143); Ser. No. 60/563,342, filed Apr. 19, 2004 (Attorney Docket DONOl P-1 153); Ser.

No. 60/681,250, filed May 16, 2005 (Attorney Docket DONOl P-1221); Ser. No. 60/690,400,

filed Jun. 14, 2005 (Attorney Docket DONOl P-1225); Ser. No. 60/695,149, filed Jun. 29,

2005 (Attorney Docket DONOl P-1227); Ser. No. 60/717,093, filed Sep. 14, 2005 (Attorney

Docket DONOl P-1240); and/or Ser. No. 60/730,334, filed Oct. 26, 2005 by Baur for

VEHICLE MIRROR ASSEMBLY WITH INDICIA AT REFLECTIVE ELEMENT

(Attorney Docket DONOl P-1250), and/or PCT Application No. PCT/US03/4061 1, filed Dec.

19, 2003 by Donnelly Corp. et al. for ACCESSORY SYSTEM FOR VEHICLE (Attorney

Docket DONOl FP-1 123(PCT)), which are all hereby incorporated herein by reference in

their entireties, or may include or incorporate video displays or the like, such as the types

described in PCT Application No. PCT/US03/4061 1, filed Dec. 19, 2003 by Donnelly Corp.

et al. for ACCESSORY SYSTEM FOR VEHICLE (Attorney Docket DONOl FP-

1123(PCT)), U.S. pat. applications, Ser. No. 11/284,543, filed Nov. 22, 2005 (Attorney

Docket DONOl P-1245); and/or Ser. No. 10/538,724, filed Jun. 13, 2005 (Attorney Docket

DONOl P-1 123), and/or U.S. provisional applications, Ser. No. 60/630,061, filed Nov. 22,

2004 by Lynam et al. for MIRROR ASSEMBLY WITH VIDEO DISPLAY (Attorney

Docket DONOl P-1 189); and Ser. No. 60/667,048, filed Mar. 31, 2005 by Lynam et al. for

MIRROR ASSEMBLY WITH VIDEO DISPLAY (Attorney Docket DONOl P-1212), which

are hereby incorporated herein by reference in their entireties.

Optionally, the mirror assembly may support one or more other accessories or

features, such as one or more electrical or electronic devices or accessories. For example,

illumination sources or lights, such as map reading lights or one or more other lights or

illumination sources, such as illumination sources of the types disclosed in U.S. Pat. Nos.

6,690,268; 5,938,321; 5,813,745; 5,820,245; 5,673,994; 5,649,756; 5,178,448; 5,671,996;

4,646,210; 4,733,336; 4,807,096; 6,042,253; 6,971,775; and/or 5,669,698, and/or U.S. pat.

applications, Ser. No. 10/054,633, filed Jan. 22, 2002 (Attorney Docket DONOl P-962);



and/or Ser. Nb.10/933,842, filed Sep. 3, 2004 by Kulas et al. for INTERIOR REARVIEW

MIRROR ASSEMBLY (Attorney Docket DONOl P-1 166), which are hereby incorporated

herein by reference in their entireties, may be included in the mirror assembly. The

illumination sources and/or the circuit board may be connected to one or more buttons or

inputs for activating and deactivating the illumination sources. Optionally, the mirror

assembly may also or otherwise include other accessories, such as microphones, such as

analog microphones or digital microphones or the like, such as microphones of the types

disclosed in U.S. Pat. Nos. 6,243,003; 6,278,377; and/or 6,420,975, and/or in U.S. patent

application Serial No. 10/529,715, filed Mar. 30, 2005, published on May 25, 2006 as U.S.

Pat. Publication No. US-2006-0109996-A1 (Attorney Docket DONOl P-1 111); and/or in

PCT Application No. PCT/US03/308877, filed Oct. 1, 2003 by Donnelly Corp. et al. for

MICROPHONE SYSTEM FOR VEHICLE (Attorney Docket DONOl FP-1 1H(PCT)).

Optionally, the mirror assembly may also or otherwise include other accessories, such as a

telematics system, speakers, antennas, including global positioning system (GPS) or cellular

phone antennas, such as an ONSTAR® system as found in General Motors vehicles and such

as described in U.S. Pat. Nos. 4,862,594; 4,937,945; 5,131,154; 5,255,442; 5,632,092;

5,798,688; 5,971,552; 5,924,212; 6,243,003; 6,278,377; and 6,420,975; 6,477,464; and/or

6,678,614; and/or U.S. pat. applications, Ser. No. 10/456,599, filed Jun. 6, 2003 by Weller et

al. for INTERIOR REARVIEW MIRROR SYSTEM WITH COMPASS, now U.S. Pat. No.

7,004,593 (Attorney Docket DONOl P-1076); Ser. No. 10/645,762, filed Aug. 20, 2003 by

Taylor et al. for VEHICLE NAVIGATION SYSTEM FOR USE WITH A TELEMATICS

SYSTEM (Attorney Docket DONOl P-1 103); Ser. No. 10/964,512, filed Oct. 13, 2004

(Attorney Docket DONOl P-1 174); Ser. No. 10/422,378, filed Apr. 24, 2003 by Schofield for

IMAGING SYSTEM FOR VEHICLE, now U.S. Pat. No. 6,946,978 (Attorney Docket

DONOl P-1074); and Ser. No. 10/529,715, filed Mar. 30, 2005, published on May 25, 2006

as U.S. Pat. Publication No. US-2006-0109996-A1 (Attorney Docket DONOl P-Il 11);

and/or PCT Application No. PCT/US03/4061 1, filed Dec. 19, 2003 by Donnelly Corporation

et al. for ACCESSORY SYSTEM FOR VEHICLE (Attorney Docket DONOl FP-

1123(PCT)), and/or PCT Application No. PCT/US03/308877, filed Oct. 1, 2003 by Donnelly

Corp. for MICROPHONE SYSTEM FOR VEHICLE (Attorney Docket DONOl FP-

111 1(PCT)), a communication module, such as disclosed in U.S. Pat. No. 5,798,688, a voice

recorder, a blind spot detection and/or indication system, such as disclosed in U.S. Pat. Nos.

5,929,786 and/or 5,786,772, and/or U.S. pat. applications, Ser. No. 10/427,051, filed Apr. 30,

2003, now U.S. Pat. No. 7,038,577 (Attorney Docket DONOl P-1075); Ser. No. 11/315,675,



tiled Dec. 22, 2005 by Higgins-Luthman for OBJECT DETECTION SYSTEM FOR

VEHICLE (Attorney Docket DONOl P-1253); and Ser. No. 10/209,173, filed JuL 31, 2002,

now U.S. Pat. No. 6,882,287 (Attorney Docket DONOl P-1016); and/or U.S. provisional

applications, Ser. No. 60/638,687, filed Dec. 23, 2004 (Attorney Docket DONOl P-1 195);

Ser. No. 60/784,570, filed Mar. 22, 2006 (Attorney Docket DONOl P-1273); and/or Ser. No.

60/696,953, filed JuI. 6, 2006 (Attorney Docket DONOl P-1228), and/or PCT Application

No. PCT/US2006/026148, filed JuI. 5, 2006 (Attorney Docket DONOl FP-12 82(PCT)),

transmitters and/or receivers, such as for a garage door opener or a vehicle door unlocking

system or the like (such as a remote keyless entry system), a digital network, such as

described in U.S. Pat. No. 5,798,575, a compass indicator or display and/or a temperature

indicator or display, such as described in U.S. Pat. No. 7,004,593; and/or U.S. patent

application Ser. No. 11/305,637, filed Dec. 16, 2005 by Blank et al. for INTERIOR

REARVIEW MIRROR SYSTEM WITH COMPASS (Attorney Docket DONOl P-1254), a

high/low headlamp controller, such as a camera-based headlamp control, such as disclosed in

U.S. Pat. Nos. 5,796,094 and/or 5,715,093, a memory mirror system, such as disclosed in

U.S. Pat. No. 5,796,176, a hands-free phone attachment, an imaging system or components or

circuitry or display thereof, such as an imaging and/or display system of the types described

in U.S. Pat. Nos. 6,690,268 and 6,847,487; and/or U.S. provisional applications, Ser. No.

60/614,644, filed Sep. 30, 2004 (Attorney Docket DONOl P-1 177); Ser. No. 60/618,686,

filed Oct. 14, 2004 (Attorney Docket DONOl P-1 183); Ser. No. 60/628,709, filed Nov. 17,

2004 (Attorney Docket DONOl P-1 188); Ser. No. 60/644,903, filed Jan. 11, 2005 (Attorney

Docket DONOl P-1202); Ser. No. 60/667,049, filed Mar. 31, 2005 (Attorney Docket DONOl

P-1213); and/or U.S. pat. applications, Ser. No. 11/105,757, filed Apr. 14, 2005 (Attorney

Docket DONOl P-1208); Ser. No. 11/239,980, filed Sep. 30, 2005 (Attorney Docket DONOl

P-1238); and/or Ser. No. 11/334,139, filed Jan. 18, 2006 (Attorney Docket DONOl P-1259),

a slide out or extendable/retractable video device or module, such as described in U.S. patent

applications, Ser. No. 10/538,724, filed Jun. 13, 2005 (Attorney Docket DONOl P-1 123);

and/or Ser. No. 11/284,543, filed Nov. 22, 2005 (Attorney Docket DONOl P-1245), U.S.

provisional applications, Ser. No. 60/630,061, filed Nov. 22, 2004 (Attorney Docket DONOl

P-1 189); and/or Ser. No. 60/667,048, filed Mar. 31, 2005 (Attorney Docket DONOl P-1212);

and/or PCT Application No. PCT/US03/4061 1, filed Dec. 19, 2003 (Attorney Docket

DONOl FP-1 123(PCT)), a video device for internal cabin surveillance (such as for sleep

detection or driver drowsiness detection or the like) and/or video telephone function, such as

disclosed in U.S. Pat. Nos. 5,760,962 and/or 5,877,897, an occupant detection system (such



as the types described in PCT Application No. PCT/US2005/042504, filed Nov. 22, 2005 and

published Jun. 1, 2006 as International Publication No. WO 2006/058098 A2 (Attorney

Docket DONOl FP- 1246(PCT)), a heating element, particularly for an exterior mirror

application, such as the types described in U.S. patent application Ser. No. 11/334,139, filed

Jan. 18, 2006 (Attorney Docket DONOl P-1259), a remote keyless entry receiver, a seat

occupancy detector, a remote starter control, a yaw sensor, a clock, a carbon monoxide

detector, status displays, such as displays that display a status of a door of the vehicle, a

transmission selection (4wd/2wd or traction control (TCS) or the like), an antilock braking

system, a road condition (that may warn the driver of icy road conditions) and/or the like, a

trip computer, a tire pressure monitoring system (TPMS) receiver (such as described in U.S.

Pat. Nos. 6,124,647; 6,294,989; 6,445,287; 6,472,979; and/or 6,731,205; and/or U.S. patent

application Ser. No. 11/232,324, filed Sep. 21, 2005 by O'Brien et al. for TIRE PRESSURE

ALERT SYSTEM (Attorney Docket DONOl P-1237); and/or U.S. provisional application,

Ser. No. 60/61 1,796, filed Sep. 21, 2004 (Attorney Docket DONOl P-1 179)), and/or an

ONSTAR 1 system and/or any other accessory or circuitry or the like (with all of the above-

referenced patents and PCT and U.S. patent applications being commonly assigned to

Donnelly Corporation, and with the disclosures of the referenced patents and patent

applications being hereby incorporated herein by reference in their entireties).

Optionally, the mirror assembly may accommodate other accessories or circuitry or

the like as well, such as a rain sensor or imaging device or the like. For example, the mirror

assembly may include a mounting portion (such as the types described in U.S. patent

application Ser. No. 11/226,628, filed Sep. 14, 2005 (Attorney Docket DONOl P-1236);

and/or U.S. provisional applications, Ser. No. 60/692,1 13, filed Jun. 20, 2005 (Attorney

Docket DONOl P-1224); Ser. No. 60/677,990, filed May 5, 2005 (Attorney Docket DONOl

P-1219); Ser. No. 60/653,787, filed Feb. 17, 2005 (Attorney Docket DONOl P-1207); Ser.

No. 60/642,227, filed Jan. 7, 2005 (Attorney Docket DONOl P-1 199); Ser. No. 60/638,250,

filed Dec. 21, 2004 (Attorney Docket DONOl P-1 198); Ser. No. 60/624,091, filed Nov. 1,

2004 (Attorney Docket DONOl P-1 184), and Ser. No. 60/609,642, filed Sep. 14, 2004

(Attorney Docket DONOl P-1 171), which are all hereby incorporated herein by reference in

their entireties), and may include a rain sensor or the like and may position the rain sensor

against the windshield, such as described in U.S. Pat. Nos. 6,250,148; 6,341,523; and

6,824,281, and in U.S. pat. applications, Ser. No. 10/023,162, filed Dec. 17, 2001 by Lynam

for RAIN SENSOR MOUNT FOR USE IN A VEHICLE 5 now U.S. Pat. No. 6,516,664

(Attorney Docket DONOl P-957); Ser. No. 10/348,514, filed Jan. 21, 2003 by Lynam for



'RAWSENSOFMOUNTING SYSTEM (Attorney Docket DONOl P-1 057); Ser. No.

10/958,087, filed Oct. 4, 2004 by Schofield et al. for VEHICLE ACCESSORY MODULE

(Attorney Docket DONOl P-1 175); and/or Ser. No. 11/201,661, filed Aug. 11, 2005 by

DeWard et al. for ACCESSORY MODULE FOR VEHICLE (Attorney Docket DONOl P-

1233), which are all hereby incorporated herein by reference in their entireties. Optionally,

the mirror assembly may include an imaging device, such as an imaging array sensor for

imaging systems of the types described in U.S. Pat. Nos. 6,946,978; 6,757,109; 6,717,610;

6,396,397; 6,201,642; 6,353,392; 6,313,454; 6,396,397; 5,550,677; 5,670,935; 5,796,094;

5,877,897; 6,097,023; and 6,498,620, and U.S. pat. applications, Ser. No. 09/441,341, filed

Nov. 16, 1999 by Schofield et al. for VEHICLE HEADLIGHT CONTROL USING

IMAGING SENSOR (Attorney Docket DONOl P-770), and Ser. No. 10/427,051, filed Apr.

30, 2003 by Pawlicki et al. for OBJECT DETECTION SYSTEM FOR VEHICLE, now U.S.

Pat. No. 7,038,577 (Attorney Docket DONOl P-1075); and/or PCT application No.

, filed Oct. 27, 2006 by Donnelly Corp. et al. for CAMERA MODULE FOR

VEHICLE VISION SYSTEM (Attorney Docket DONOl FP-1299(PCT)); and/or U.S.

provisional applications, Ser. No. 60/731,183, filed Oct. 28, 2005 by Gibson for CAMERA

MODULE FOR VEHICLE VISION SYSTEM (Attorney Docket DONOl P-1248); and/or

Ser. No. 60/765,797, filed Feb. 7, 2006 by Briggance for CAMERA MOUNTED AT REAR

OF VEHICLE (Attorney Docket DONOl P-1265), which are all hereby incorporated herein

by reference in their entireties.

Optionally, the mirror assembly may be utilized with a video slide-out mirror, such as

the types described in U.S. pat. applications, Ser. No. 11/284,543, filed Nov. 22, 2005

(Attorney Docket DONOl P-1245); and/or Ser. No. 10/538,724, filed Jun. 13, 2005 (Attorney

Docket DONOl P-1 123); PCT Application No. PCT/US03/4061 1, filed Dec. 19, 2003 by

Donnelly Corp. et al. for ACCESSORY SYSTEM FOR VEHICLE (Attorney Docket DONOl

FP-1 123(PCT)), and/or U.S. provisional applications, Ser. No. 60/630,061, filed Nov. 22,

2004 by Lynam et al. for MIRROR ASSEMBLY WITH VIDEO DISPLAY (Attorney

Docket DONOl P-1 189); and Ser. No. 60/667,048, filed Mar. 31, 2005 by Lynam et al. for

MIRROR ASSEMBLY WITH VIDEO DISPLAY (Attorney Docket DONOl P-1212), which

are hereby incorporated herein by reference in their entireties. Further, when such a vehicle

equipped with such a video mirror is also equipped with a side viewing or front viewing or

rear viewing sensor vision system (such as by utilizing a radar sensor or an ultrasonic sensor

or a camera sensor (such as described in U.S. patent application Ser. No. 11/239,980, filed

Sep. 30, 2005 (Attorney Docket DONOl P-1238); and/or Ser. No. 11/315,675, filed Dec. 22,
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Docket DONOl P-1253), and/or U.S. provisional applications, Ser. No. 60/628,709, filed

Nov. 17, 2004 by Camilleri et al. for IMAGING AND DISPLAY SYSTEM FOR VEHICLE

(Attorney Docket DONOl P-1 188); Ser. No. 60/614,644, filed Sep. 30, 2004 (Attorney

Docket DONOl P-1 177); Ser. No. 60/618,686, filed Oct. 14, 2004 by Laubinger for

VEHICLE IMAGING SYSTEM (Attorney Docket DONOl P-1 183); and/or Ser. No.

60/638,687, filed Dec. 23, 2004 by Higgins-Luthman for OBJECT DETECTION SYSTEM

FOR VEHICLE (Attorney Docket DONOl P-1 195), which are hereby incorporated herein by

reference in their entireties) to monitor an area adjacent the vehicle), the video screen may

automatically extend when such a sensor system detects the presence of an obstacle and/or a

human adjacent to the vehicle. Also, the video display screen may extend in conjunction

with a trailer-hitch monitoring system (such as the types described in U.S. patent application

Ser. No. 10/418,486, filed Apr. 18, 2003 by McMahon et al. for VEHICLE IMAGING

SYSTEM, now U.S. Pat. No. 7,005,974 (Attorney Docket DONOl P-1070), which is hereby

incorporated herein by reference in its entirety) and icons and/or indicia and/or instructions

may be created on the video image displayed on the extended video screen of the video

mirror to assist or guide the driver to hitch a trailer to the trailer hitch of the vehicle.

Optionally, the mirror assembly may include one or more user actuatable inputs or

input devices or human machine interfaces. For example, the inputs or user interfaces may

include buttons, such as are described in U.S. Pat. No. 6,501,387, and/or U.S. patent

application Ser. No. 11/451,639, filed Jun. 13, 2006 by Uken for MIRROR ASSEMBLY

FOR VEHICLE (Attorney Docket DONOl P-1279); and/or U.S. provisional applications,

Ser. No. 60/690,401, filed Jun. 14, 2005 (Attorney Docket DONOl P-1226); Ser. No.

60/719,482, filed Sep. 22, 2005 (Attorney Docket DONOl P-1241); and/or and Ser. No.

60/749,423, filed Dec. 12, 2005 (Attorney Docket DONOl P-1258), which are hereby

incorporated herein by reference in their entireties, or that include touch/proximity sensors

such as are disclosed in U.S. Pat. Nos. 6,001,486; 6,310,611; 6,320,282; and 6,627,918, and

U.S. patent application Ser. No. 09/817,874, filed Mar. 26, 2001 by Quist et al. for

INTERACTIVE AUTOMOTIVE REARVISION SYSTEM (Attorney Docket DONOl P-

889), and PCT Application No. PCT/US03/4061 1, filed Dec. 19, 2003 (Attorney Docket

DONOl FP-1 123(PCT)), which are hereby incorporated herein by reference in their

entireties, or that include other types of buttons or switches, such as those described in U.S.

patent application Ser. No. 11/029,695, filed Jan. 5, 2005 by Lindahl et al. for MIRROR

ASSEMBLY (Attorney Docket DONOl P-1 192); and/or U.S. provisional applications, Ser.



No. 60/556,259, filed Mar. 25, 2004 (Attorney Docket DONOl P-1 147); Ser. No. 60/553,517,

filed Mar. 16, 2004 (Attorney Docket DONOl P-1 145); and Ser. No. 60/535,559, filed Jan. 9,

2004 (Attorney Docket DONOl P-1 134); and/or PCT Application No. PCT/US2004/0 15424,

filed May 18, 2004 by Donnelly Corp. et al. for MIRROR ASSEMBLY FOR VEHICLE

(Attorney Docket DONOl FP-1 150(PCT)), which are hereby incorporated herein by

reference in their entireties, or that include fabric-made position detectors, such as are

disclosed in U.S. Pat. Nos. 6,504,531; 6,501,465; 6,492,980; 6,452,479; 6,437,258; and

6,369,804, which are hereby incorporated herein by reference in their entireties. The manual

inputs or user actuatable inputs or actuators may control or adjust or activate/deactivate one

or more accessories or elements or features. For touch sensitive inputs or applications or

switches, the mirror assembly or accessory module or input may, when activated, provide a

positive feedback (such as activation of an illumination source or the like, or such as via an

audible signal, such as a chime or the like, or a tactile or haptic signal, or a rumble device or

signal or the like) to the user so that the user is made aware that the input was successfully

activated.

[00112] Although preferably realized using a unitary combined visible light

transflecting/polarizing element, the present invention encompasses use of a separate light

reflector element and separate polarizing element. Also, while linearly polarization is

preferred, use of other polarization forms, such as circular polarization and elliptical

polarization, can be envisaged without affecting the scope of the present invention.

[00113] Also note that display washout may be mitigated or reduced by use of light control

films such as by use of Vikuiti™ Light Control films from 3M of Minneapolis (whose

construction is disclosed such as in U.S. Pat. Nos. 4,764,410, 4,766,023, and 5,254,388,

which are hereby incorporated herein by reference in their entireties). Since the interior

rearview mirror element (and any video screen attached to the rear surface thereof) is

typically canted by the driver at an angle of about 22 degrees or so to the longitudinal axis of

the vehicle and since sunlight passes through the rear window of the vehicle at an angle

generally parallel with the longitudinal axis of the vehicle, a light control film comprising

micro louvers (such as at an about 22 degree angle) canted or slanted towards the driver can

be used at the display area so that the sunlight and the like passing through a rear window of

the vehicle and axial with the longitudinal axis is blocked or reflected away from the driver's

eyes, but light emitted from the display device to the rear of the mirror element pass through

the micro louvers to be seen by the driver. Also, Vikuiti™ Image Directing Film (IDF II),

which is a transparent optical composite that redirects the image created by a display to the



optimum viewmg angle (such as disclosed in U.S. JPat. No. 5,303,322, which is hereby

incorporated herein by reference in its entirety), can be used to assist prevention of video

image washout by daylight for through-the-mirror reflector video displays used in interior

rearview mirrors. Vikuiti™ Image Directing Film (IDF) is a polymer film comprising an

acrylic prismatic structure overlaid on a polyester structure and with the prismatic structure

designed so that any optical image passing through will be offset, or redirected, by a

determined angle, such as, for example, 20 degrees. Use can also be made of Vikuiti BEF

III- 1OT film that provides about a 37 percent increase in on-axis brightness for direct-light

systems and that, when combined with Vikuiti DBEF-D400 (or D550) film, on-axis

brightness can be increased by up to 68 percent or thereabouts. Additionally, combining

Vikuiti BEF III- 1OT film with Vikuiti DBEF film may beneficially improve contrast in

certain EO mirror constructions. Vikuiti BEF III- 1OT film also improves uniformity by

hiding direct-light system cold cathode fluorescent lighting bulbs. And beneficial use, in

certain constructions, may be found for Vikuiti™ Rounded Brightness Enhancement Film

(RBEF) that features a micro-replicated prismatic structure with rounded peaks that control

the exit angle of the light, and that helps maximize the efficiency of backlighting while

maintaining a wide viewing angle with a soft cut-off. Also, if a Vikuiti™ BEF-RP

multilayered reflective polarizer is used with an EO cell, a second film or sheet of Vikuiti™

Thin BEF film may be used to gain greater display brightness, preferably with its grooves at

90 degrees away the grooves direction of the Vikuiti ™ BEF-RP film. Other constructions

may be implemented without affecting the scope of the present invention.

Also, the third and/or fourth surface of the electro-optical cell can be coated with a

significantly light reflecting/significantly light transmitting multi-layer thin film stack. For

example, and starting from a glass surface, the stack of layers may include the following

(with the approximate thickness of the layers set forth below in nanometers):

Glass Surface
SiO2 8.63
TiO 2 22.98
SiO2 339.47
TiO 2

19.59
SiO2 54.96
TiO 2 48.18
SiO2 86.19
TiO 2 51.85
SiO2 84.99
TiO 2 79.75
SiO2 174.07
ITO 21.26



' [OO ϊ lS] A glass substrate coated with such a 12-layer stack will have optical performance as

shown in FIG. 6 (with air being the exit medium). Visible light transmission of light

therethrough is about 32%T and visible light reflectivity of light incident thereon is about

67%R. Note that the outermost layer is ITO, which is a transparent conductor. If such a

multi-layer broadband reflector/transmitter transflective stack (having spectral neutrality in

both reflectance and in transmission of visible light across the visible light spectrum) is to be

used as third surface reflector in an electro-optical (such as an EC cell), it is important that its

outermost layer be electrically conducting as this is the layer that contacts the EC medium in

the interpane cavity of the EO cell. Other designs for a broadband reflector/transmitter

transflective stack will suggest themselves to those skilled in the optical filter design arts; in

general, it is desirable to have at least 5 layers, and more preferable to have at least 8 layers

and most preferable to have at least 10 layers in the stack design. For economy of coating, it

is preferable that these layers be mostly of repeating/alternating materials (such as SiO2 and

TiO 2) . If the outermost layer is not electrically conducting, such a broadband

reflector/transmitter transflective stack can be used on the fourth surface of the EO cell with

an ITO transparent conducting coating or layer or the like on the third surface of the EO cell

(such as an EC cell) or device.

[00116] Also, use of a bank or matrix or plurality of high power LEDs can be used for

backlighting the video display behind a transflective electrochromic or other EO mirror

reflective element. Heat reduction/mitigation methods such as heat sinks, use of DC-to-DC

converters and series electrical connection of a string of individual LEDs (so that their

combined series voltage drop is close to the 12V nominal of the vehicle battery/ignition

system) may be used. Beneficial use can be made of the disclosure and teachings of U.S.

patent application Ser. No. 10/054,633, filed Jan. 22, 2002 by Lynam et al. for VEHICULAR

LIGHTING SYSTEM (Attorney Docket DONOl P-962), which is hereby incorporated herein

by reference in its entirety. For example, a bank of 4 or 8 or even 12 or more Luxeon® K2

high-power LEDS can be used as the backlighting source. Such are supplied by LumiLeds

Lighting U.S. LLC, and are rated to provide greater than about 140 lumens in 6,599K white.

Use of DC-to-DC conversion coupled with heat sinking and/or series electrical connection of

multiple individual LEDs can help manage heat loading within the interior mirror assembly

when such super-high power LEDS are used. Diffuser films and/or light control/brightness

enhancement films, such as the Vikuiti™ films described above, can be used in conjunction

with a bank of at least two, and preferably at least four high-power (each of lumens of at least

about 15 lumens) LEDs.



[00117] Optionally, other configurations and methodologies may be incorporated to provide

enhanced viewing of the display at the mirror reflective element, and reducing or

substantially limiting washout on bright ambient light conditions, such as encountered on a

sunny day. It is known to locate a video screen in a mirror assembly and behind the mirror

reflective element so that the display is transmitted through the reflective element for viewing

by an occupant of the vehicle. For example, and as shown in FIG. 11, a video screen 136

may be located at the rear surface 118a of a glass substrate 118 of a reflective element 112

(such as at and behind the fourth surface of an electro-optic or electrochromic reflective

element or cell, such as described above), such as by utilizing aspects described in U.S. Pat.

No. 6,690,268, which is hereby incorporated herein by reference in its entirety. The video

screen 136 may be located at a window or aperture 120a formed in a mirror reflector coating

(which can be second surface or third surface or fourth surface depending on the particular

mirror construction) or layer 120, such as is known in the art, such as formed by locally

removing the mirror reflector layer to open up a transmissive window. The display images

emitted by the video screen 136 thus are transmitted through the glass substrate or substrates

118 of the reflective element for viewing by an occupant of the vehicle at the local window in

the mirror reflector. In such an application, the display images may achieve up to

approximately 100 percent transmission through the glass substrate (depending on any light

absorbance in its path) for enhanced viewing of the display images. However, the mirror

reflector (which may provide about 80 percent or more reflectivity at the reflective element)

is removed at the display region, so that the display region is not reflective, except for

reflectance off of the front surface of the front glass substrate of the reflective element, and so

the rearward field of view of the reflective element is reduced and the presence of the video

screen behind the local transmissive window created (such as by masking or laser ablation) in

the mirror reflector layer(s) is plainly visible to the driver even when the video screen is not

actuated to emit its video image. Although shown in FIG. 11 (and in FIGS. 12-20, discussed

below) as having a single glass substrate, the reflective element may comprise a single glass

substrate or front and rear glass substrates, such as front and rear substrates with an

electrochromic medium disposed therebetween as described above, without affecting the

scope of the present invention.

[00118] In addition, placing a video screen in a mirror assembly (and behind the mirror

reflective element so that the display is transmitted through the reflective element for viewing

by an occupant of the vehicle) is known, and it is also known to covertly locate the video

screens behind the reflective element to provide a transflective DOD (Display-on-Demand)



display throughlhe 'transflective reflective element, such that the presence of the video screen

is only noticeable or discernible when the video screen is activated, such as by utilizing

aspects described in U.S. Pat. Nos. 6,690,268; 5,668,663 and/or 5,724,187, and/or in U.S. pat.

applications, Ser. No. 10/528,269, filed Mar. 17, 2005 (Attorney Docket DONOl P-1 109);

Ser. No. 10/533,762, filed May 4, 2005 (Attorney Docket DONOl P-1 116); Ser. No.

10/538,724, filed Jun. 13, 2005 by Hutzel et al. for ACCESSORY SYSTEM FOR VEHICLE

(Attorney Docket DONOl P-1 123); Ser. No. 11/226,628, filed Sep. 14, 2005 by Karner et al.

(Attorney Docket DONOl P-1236); Ser. No. 11/284,543, filed Nov. 22, 2005 (Attorney

Docket DONOl P-1245), which are all hereby incorporated herein by reference in their

entireties. As shown in FIGS. 12 and 13, a display screen 136' may be located behind the

glass substrate or substrates 118' of a reflective element 112' and behind a transflective mirror

reflector 120', so that the display images are transmitted through the transflective mirror

reflector and through the glass substrate or substrates 118' of the reflective element. Such an

application may provide about 10 to 30 percent transmission or more through the

transflective reflector and the reflective element, while the mirror element may be about 50 to

70 percent or so reflective of light incident thereon. However, the intensity of the video

display is reduced (relative to the intensity that would be achieved by the reflective element

112 of FIG. 11, discussed above) by the transflective mirror reflector, since the display

illumination is transmitted through the transflective mirror reflector. The video image thus

may be viewed or seen against the glass surface reflected image (which may reflect about 4

percent or thereabouts of light incident thereon) and against the mirror reflector reflected

image. Although shown as having a transflective reflector at the rear of the reflective

element, the transflective reflector may be located at the third surface (the front surface of the

rear substrate of the reflective element) or at the fourth surface (the rear surface of the rear

substrate of the reflective element) of the reflective element.

Such applications as shown in FIGS. 11-13 provide adequate performance for the

particular applications at which they are implemented. However, such applications may

encounter display washout during high ambient lighting conditions, such as typically

encountered on a sunny day. A sunny day can have a brightness or luminance of about 4,000

nits (candelas per meters squared) or more, which is substantially higher than a dull or cloudy

day, which may have a brightness or luminance of only about 6 to 120 nits (such that a sunny

day may have about 300 times the brightness or luminance than a dull day). FIGS. 2 1 and 22

show examples of different luminance levels and brightness for typical lighting conditions.



[β'ό'llOl A' driver of the vehicle typically aligns the rearward field of view of the interior

rearview mirror to fill or at least substantially fill the rear window (such that the mirror's

rearward field of view is substantially framed around the rear window of the vehicle through

which sunlight streams in). When so aligned, the mirror reflector may reflect about 80

percent or more of the light streaming through the rear window to the driver's eyes. Even if

the rear window comprises substantially tinted glass, the driver may still see a mirror

reflected image of several hundred nits brightness, such as of about 1,000 nits or more on a

bright sunny day. Thus, the display projected or emitted by the video screen will be washed

out due to the high intensity of the light from the rear window that is reflecting off of the

mirror reflective element.

[00121] A typical LCD video screen, such as a TFT backlit LCD video screen may provide a

brightness of about 300 to 500 nits, while a typical plasma video screen may provide a

brightness of about 700 to 1000 nits or more. Although various contrast enhancements can

be used to reduce display washout, as discussed above, such enhancements may not be fully

effective in terms of eliminating washout in conventional transflective mirror reflective

element applications, since the video screen is located behind the mirror reflector in DOD

transflective interior mirror applications, and the intensity of the video display is reduced on

passage through the mirror reflector. Because the mirror reflector only partially transmits the

video image, the image can be washed out on a sunny day by the brighter reflected image of

the mirror itself. As shown in FIG. 13, in order to be viewable, the display image of the

video screen 136' must be seen against the glass surface (such as the first surface of the

mirror reflective element) reflected image (typically about 4 percent reflectant of light

incident thereon) and against the mirror reflector reflected image (typically about 70 to 80

percent reflectant or more of light incident thereon). Thus, the display image from the video

screen must be seen in contrast against the brighter reflection off the mirror reflector itself.

[00122] Optionally, and as shown in FIG. 14, a contrast enhancement means, such as a local

polarizer trap 140 may be disposed between the video display screen 136" and the mirror

reflector 120" (such as at the rear surface of the glass substrate 118") of the reflective element

assembly 112". The video screen 136" emits polarized light that passes through the polarizer

trap 140, such as described above, while the polarizer trap 140 may trap unpolarized sunlight

to limit or reduce the amount of display washout. However, because the video screen and

polarizer trap are located rearward of the mirror reflector, the polarizer light trap may not

fully effectively trap the light reflected directly off of the mirror reflector itself.



[00123] Another option to implement to enhance display viewability and reduce display

washout is to increase the intensity of the video display screen. For example, Optrex

America Inc. offers a 10.4 inch diagonal high brightness TFT transmissive LCD module with

high contrast and resolution. With a brightness of about 550 nits, it provides enhanced

brightness over other known display screens. The screen resolution is about 800xRGBx600,

with a contrast ratio of about 180:1. Also, light emitting diodes (LEDs) 5 cold cathode

lighting and organic light emitting diodes (OLEDs) that are selected to be bright and efficient

may be used. Heat management and light leakage through a pixel "off state should be

minimized. Optionally, a plasma display (such as an enhanced plasma display utilizing

aspects of a bright plasma display, such as used in the Samsung PS42D5S plasma screen,

which provides a brightness of about 1500 nits) or an LED display can be used as a video

screen.

[00124] Another option to enhance viewing of a video display is to locate the display outside

of the direct field of view of the interior rearview mirror through the rear window. As can be

seen in FIG. 15, the reflective element (typically a prismatic mirror element or an

electrochromic mirror element) of a typical interior rearview mirror assembly may be aligned

so as to have a rearward field of view A through the rear window of the vehicle. As shown in

FIGS. 16 and 17, length of the reflective element of the mirror assembly 210 may be

increased in size so that the passenger-side length is increased by about A to 3 inches

(relative to where the support arm attaches) so as to accommodate the video screen (such as

described in U.S. Pat. No. 6,690,268, which is hereby incorporated herein by reference in its

entirety). The video screen 236 may be located at the outer, expanded passenger side region

210a of the asymmetric mirror assembly, and thus may have a field of view B that is outside

the field of view A through the rear window (and thus not directly subject to sunlight

streaming in through the rear window on a sunny day). By placing the video screen outside

the direct field of view through the rear window, the mirror assembly may significantly

reduce display washout on sunny days.

[00125] Optionally, the reflective element may have a locally dimmed display area so as to

provide dimming or darkening of the display area to reduce the reflectivity at the display area

and, thus to reduce display washout on sunny days, such as by utilizing aspects of U.S. Pat.

No. 6,690,268, which is hereby incorporated herein by reference in its entirety. For example,

and as shown in FIG. 18, a reflective element 312 may have a main or principal

electrochromic reflective area or portion or region 312a and a display reflective area or

portion or region 312b. The separate areas or regions 312a, 312b may be defined and



&cjµaiiueu y a inm αemarca τion or αeietion line or lines (not shown) tormed in either or both

of the second and third surface conducting layers at the second and third surfaces,

respectively, of the reflective element and at the electrochromic medium (also not shown)

disposed between the front and rear substrates 318, so as to electrically isolate different

regions of the electrochromic reflective element. Thus, the video display 336 may be located

behind the transflective reflector 320 at the display area 312b. When the display area 312b is

locally darkened or dimmed, the display area has a reduced reflectance of light incident

thereon. For example, the display area may have only about 20 percent (or more or less

depending on the degree of dimming of the display area) reflection of light incident thereon

when locally dimmed or darkened, as compared to about 70 percent reflection of light

incident thereon when bleached or not darkened. Thus, the display image projected through

the mirror reflector and through the reflective element at the darkened display area 312b may

achieve reduced washout on sunny days, while the principal viewing area or reflecting area

312a of the reflective element provides substantial reflectance of light incident thereon.

Accordingly, when the reflective element locally dims in reflectance due to

electrochromic activity local to display area 312b, the intensity of any sunlight incident on

transflective reflector 320 at this local display area is twice-attenuated by the electrochromic

medium whereas the light emitted by the display is only once attenuated by the

electrochromic action local to where it is positioned at the display region. Hence, contrast is

enhanced (but since the display zone is electrically isolated from the main mirror area, the

rest of the mirror need not dim when the display area locally dims). The electrically-isolating

deletion (such as is described in U.S. Pat. Nos. 6,002,51 1; 5,724,187; 5,668,663; and

5,910,854, which are hereby incorporated herein by reference in their entireties) between the

display zone 312b and the main reflector zone 312a may be created such as by the likes of

laser ablation of the conductive coating(s) of the electrocliromic reflective element at the

display region (such as in the third surface metallic reflector layer and/or in the second

surface transparent conductor, such as an ITO layer, of a laminate-type electro-optical mirror

cell) so as to electrically isolate the display region from the principal viewing/reflecting

region of the mirror element, so that when the display region dims to a lower reflectivity (and

hence the display intensity of the video display screen is reduced but sunlight is locally

doubly-reduced), the region of the mirror reflector outside of the display region (i.e., the main

or principal viewing or reflecting region of the mirror element) does not necessarily dim in

reflectivity (and so can be used to view rearward when reversing and the like). But at night,

both the display region and the principal viewing region of the mirror reflective element may



aim in tanaem wnen glare irom a loilowmg vehicle is detected by the glare sensor ot the

automatic dimming interior mirror assembly (optionally, when the glare is being detected but

there may be a desire also to actuate the video display screen to display a video image or

information display or the like, the region of the E C medium local to and in front of the video

screen may dim less than the dimming of the principal viewing region of the mirror reflector

so that the visibility to the driver of the information being displayed by the video display is

preserved).

[00127] The video display screen is thus disposed behind the electrochromic mirror reflective

element at the display region, with the reflective element divided by a partition into different

zones, such as described in U.S. Pat. No. 6,690,268, which is hereby incorporated herein by

reference in its entirety. The zones are individually controllable in reflectivity by a control

(that preferably includes a photo sensor responsive to ambient light intensity levels local to

the mirror assembly). The mirror assembly may comprise an epoxy seal material, such as

used in the electrochromic arts and such as disclosed in U.S. Pat. Nos. 6,002,51 1; 5,680,245;

5,066,112; 5,724,187; 5,668,663; and 5,910,854, which are hereby incorporated herein by

reference in their entireties.

[00128] Desirably, the display zone is only colored or darkened or dimmed when needed, in

order to limit the potential spectral effects (and hence effect on the likes of color rendition or

the like) on the display image that may occur when EC medium at the display regions is

locally darkened. Thus, the display zone or region may be controlled in response to an

ambient light sensor. Optionally, the photosensor or ambient light sensor may be located

behind the display zone region so as to receive light through the separately dimmed region at

the display screen, or the sensor may be located elsewhere, such as at the principal viewing

area of the reflective element (such as behind the transflective reflector itself). The display

zone or region of the reflective element may be locally dimmed or darkened when the

ambient level of light detected at the mirror assembly reaches or exceeds a threshold level.

Optionally, the display zone or region may be controlled in response to the existing light

sensor used to control the principal viewing area of the reflective element (such as the

ambient sensor common on automatic dimming mirror assemblies or another ambient light

sensor of the vehicle).

[00129] Optionally, the zones may be controlled in response to engagement of the reverse gear

of the vehicle. For example, when the vehicle is shifted into reverse, the display zone may be

automatically dimmed or partially dimmed or colored to provide the desired contrast for the

display (such as a display that provides images of the rearward field of view for a reverse aid



or rear vision system ot the vehicle) when the driver is backing up or reversing the vehicle

(but the main or principal reflector area remains undimmed and high reflecting). Thus, the

rear vision system may automatically activate the display screen and may automatically dim

the display region or zone of the mirror reflective element when the vehicle is shifted into

reverse for a reversing maneuver while leaving the remainder of the mirror element

undimmed.

[00130] The two zones or regions of the mirror reflective element thus are individually

controllable in reflectivity by a control (not shown), which preferably includes a photo sensor

responsive to ambient light intensity levels local to the mirror assembly. During daytime

driving, the control may power the display zone alone to reduce light transmission (for

example, by dimming to about a 20 percent to 30 percent transmission level in the display

zone for the electrochromic medium of the display zone) so that contrast enhancement for the

image being displayed by the video display screen is provided. At night, the control may

power both of the zones (either in tandem or selectively or locally) to provide glare protection

from trailing headlights.

[00131] Optionally, an anti-reflection coating may be disposed at the front surface of the

reflective element and at the display area to reduce the first surface reflection at the display

area to reduce display washout, such as by utilizing aspects described in U.S. Pat. No.

5,076,674, which is hereby incorporated herein by reference in its entirety. For example, and

as shown in FIG. 19, a reflective element assembly 312' may include an anti-reflection

coating or layer or element 342 at the front surface of the reflective element and generally in

front of the video display 336' disposed behind the glass substrate or substrates 318' and

behind the transflective mirror reflector 320'. The display images emitted or projected by the

video display thus are transmitted through the mirror reflector 320', through the

substrate/substrates and through the anti-reflection coating 342. The anti-reflection coating

342 functions to reduce the first surface reflection at the mirror first surface, such as from

about 4 percent reflectance of light incident thereon to about 0.5 percent reflectance of light

incident thereon. The anti-reflection coating 342 thus may provide reduced display washout

on a sunny day.

[00132] Optionally, the video screen may be disposed at the rear of the reflective element and

at an angle relative to the substrate or substrates of the reflective element, so that the display

image is emitted/projected through the reflective element at an angle relative to the reflective

element. For example, and as shown in FIG. 20, a video display screen 436 may be disposed

at the rear of a reflective element 412 and may be angled relative to the rear surface 412b and



mirror reflector 420 oi the reflective element, ihe video display ot the video screen 436 thus

is transmitted through the reflective element at an angle that is different than the angle of the

light reflecting off the mirror reflector 420 and the light reflecting off the front or first surface

412a of the reflective element 412.

[00133] Optionally, the video display screen may comprise a scanning beam display system

that includes a plurality of laser light sources or diodes, a controller and a micro-

electromechanical scanner (MEMS) 5 such as the types described in U.S. patent application

Ser. No. 11/226,628, filed Sep. 14, 2005 (Attorney Docket DONOl P-1236), which is hereby

incorporated herein by reference in its entirety. Such a direct laser- write video can deliver

display intensity of about 1500 nits or more. Because of the high intensity illumination

provided by such laser diodes, the intensity at the display region of the reflective element will

be sufficient to dominate the reflection of the rearward scene off of the front surface of the

front substrate of the reflective element, and thus will not appear washed out, even during

high ambient lighting conditions, such as typically encountered on a sunny day. Optionally,

the intensity of the laser diodes may be adjusted, such as via manual adjustment and/or via

automatic adjustment, such as in response to the ambient light levels in the cabin of the

vehicle or in the vicinity of the display.

[00134] Optionally, and with reference to FIG. 23, a mirror reflector element 512 includes a

transmissive element 518, which may comprise a rear substrate for a laminate-type

electrochromic (EC) mirror element (whereupon, as indicated below, reflector layer or layers

520 may be on the third or fourth surface of the laminate EC cell construction), or which may

comprise a substrate for a conventional (non-EC) mirror element (such a single mirrored

glass substrate) having a reflector layer or layers 520 at the rear or back surface of the

transmissive element 518. Reflector 520 is divided or separated (or optionally, electrically

isolated) into two portions or regions, a highly reflecting main or principal reflector portion

(that is highly reflecting but need not be light transmitting) constituting a principal

viewing/reflecting region portion 520a at the principal viewing region (zone B) of the mirror

reflective element and a display region portion 520b where there is established a transflective

reflector (significantly light transmitting and light reflective) and where a video display or

other information display device is disposed. For purposes of electrical isolation (and only

needed if it is desired to enable that the EC medium at display zone A be dimmable

independent of any dimming of the EC medium at main reflector zone B (and so achieve the

video image contrast enhancement/reduced wash-out described above whereby the EC

medium can locally dim in front of where the video screen 536 is disposed when, for



example, m e driver is reversing m e vehicle on a sunny day, while the remainder ot the EC

medium stays undimmed so that driver retains high reflectivity at zone B so he/she can see

clearly while backing up the vehicle or the like)), a demarcation or deletion line 519 is

established (such as by laser ablating a deletion line through the transflective layer

established at the rear of the substrate) close to the interface between the portions 520a, 520b

to electrically isolate the portions from one another. The rear substrate of the EC mirror

element thus may include a display region transflective reflector layer or layers 521 disposed

at a display region (zone A) of the mirror reflector element 512, and preferably contacting or

overlapped by (or overlapping) the reflector 520, such as the display region reflector portion

520b or the main reflector portion 520a of reflector 520.

Preferably, for an EC laminate-type mirror element that uses a third surface reflector,

the partially transmissive and still significantly reflective transflective reflector layer or layers

521 is first deposited onto the interior mirror shaped glass substrate (typically, though a

polymeric substrate such as a polycarbonate or an acrylic or a CR39 or a COC can be also be

used) at the display region or zone A3 such as by sputter deposition in a vacuum chamber and

with the "zone B" portion of the substrate masked. Then, in a second deposition step and

with the mask removed, a different (less or non- transmissive but highly reflective) main or

principal reflector layer or stack of layers [that is highly reflecting (>80%R preferred) but that

need not be light transmitting at all since the video display is not disposed therebehind] can

be deposited to form the reflector 520 in a manner that overlaps the edge of the already

established display zone A transflective reflector layer or layers 521. Thus, there can be

perfect register between the two zones. The (optional) thin demarcation line 519 can be then

established close to where the respective layer(s) of zone A and zone B overlap. The driver

will likely notice a slight difference in reflectivity between the less reflecting transflective

reflector at zone A and the more highly reflecting reflector at zone B, but this need not be

problematic, and the video screen 536 is still largely covertly hidden by the transflective

reflector at zone A5 and the greater light transmissivity of zone A (in the range of about 25%T

to about 45%T at zone A achievable while still maintaining reflectivity off the EC mirror

element at zone A of at least about 50%R) helps ensure that display washout on a sunny day

is reduced. The video display screen 536 is disposed to the rear of the display region

transflective layer 521 and is operable to emit a video image and through the transmissive

mirror element 518 and through the display region transflective layer 521 for viewing by a

driver of the vehicle.



"[00136] A s shown in FIG. 23, layer or layers 520, 521 comprise a thin metallic layer

sandwiched between transparent conductive layers (but other embodiments are possible such

as use of a single thin silver or sliver alloy layer or uses of a bi-layer). In a preferred

illustrated embodiment, reflector 520 comprises a transparent conductive layer 523a, such as

ITO, of about 12 nm (120 Angstroms) thick, a metallic layer 523b, such as silver, of about 80

nm thick, and a transparent conductive layer 523c, such as ITO 5 of about 12 nm thick. Such a

reflector or stack of coatings or layers may provide at least about 80 percent reflectivity of

light incident thereon (even when viewed as a third-surface in an EC mirror cell element), so

that the mirror reflective element is at least about 70 percent reflective (when the E C mirror

element is bleached or not dimmed) of light incident on zone B . Transmission through

reflector 502 is minimum (typically less than about 2% or so).

[00137] Similarly, for example, transflective reflector 521 comprises a transparent conductive

layer 525a, such as ITO, of about 15 mn (150 Angstroms) thick, a metallic layer 525b, such

as silver, of about 22 nm thick, and a transparent conductive layer 525 c, such as ITO, of

about 70 nm thick (though other variants, such as described above, may be used). Such a

transflective reflector may provide about 50 to 60 percent reflectivity of light incident on

zone A through the EC mirror element (when the transmissive element is bleached or not

dimmed), while allowing about 10 to 40 percent transmission of light through the mirror

reflective element (when the transmissive element is bleached or not dimmed). Thus, the

mirror reflective element may have enhanced transmissivity at the display region (zone A),

while providing a desired degree of reflectivity of light incident thereon. An exemplary

transflective mirror reflective element comprising glass/15 nm ITO/22 nm silver metal/ 70

nm ITO, such as described above, achieves the characteristics of light transmission /

reflectance at the mirror reflective element as shown in FIGS. 24 and 25. As shown in FIG.

24, light passing through the mirror reflective element at zone A (and thus through the

transflective layer 521 and through the glass substrate 518) has a luminosity percent of about

57 percent reflecting and about 37 percent transmitting, and with the mirror reflectance being

substantially spectrally neutral so as to appear "silvery" to the viewer.

[00138] Other means may be implemented to provide a display screen at the mirror assembly

that achieves reduced display washout on a sunny day. For example, a video slide-out mirror

with a video display screen that slides out or otherwise extends to a viewable position when it

is activated, such as a video mirror of the types described in U.S. Pat. No. 6,690,268, and/or

U.S. pat. applications, Ser. No. 11/284,543, filed Nov. 22, 2005 (Attorney Docket DONOl P-

1245); and/or Ser. No. 10/538,724, filed Jun. 13, 2005 (Attorney Docket DONOl P-1 123);



.FUi Application No. J JT/US υ MJbll, tiled Dec. 19, 2003 by Donnelly Corp. et al. for

ACCESSORY SYSTEM FOR VEHICLE (Attorney Docket DONOl FP-1 123(PCT)), and/or

U.S. provisional applications, Ser. No. 60/630,061, filed Nov. 22, 2004 by Lynam et al. for

MIRROR ASSEMBLY WITH VIDEO DISPLAY (Attorney Docket DONOl P-1 189); and

Ser. No. 60/667,048, filed Mar. 31, 2005 by Lynam et al. for MIRROR ASSEMBLY WITH

VIDEO DISPLAY (Attorney Docket DONOl P- 12 12), which are hereby incorporated herein

by reference in their entireties.

[00139] Also, in situations at night where a trailing vehicle to the rear of a vehicle equipped

with an automatic dimming electrochromic (EC) interior rearview mirror has its high beam

head lamps on or in similar high glaring conditions when driving at night, it is advantageous

to have the interior electro-optic mirror dim close to 4 percent reflectivity in its anti-glare

fully dimmed mode. With the likes of sodalime glass forming the first surface of the front or

first substrate that incoming light is incident on, Fresnel's Laws of Reflection ensure that

reflectivity will be at least 4%R (measured as per SAE J964a, which is hereby incorporated

herein by reference in its entirety) and so compliance with FMVSS 111 is assured. To

achieve a reflectivity close to 4%R from a laminate-type electro-optic (such as an

electrochromic) interior mirror cell that comprises a front and a rear substrate with an electro-

optic medium (such as an electrochromic medium) sandwiched therebetween (and so having

a first, a second, a third and a fourth surface, such as are known in the art), it is desirable to

have the electrochromic medium dim very darkly so that reflections off the third and fourth

surfaces of the laminate-type electrochromic cell are minimized, and also it is desirable to

have any reflections off the second surface also be negligible. For conventional laminate-

type interior electrochromic mirrors used on vehicles today, transmission through the fully

dimmed EC medium is typically about 15%T to about 17%T or so, and reflectivity off the EC

mirror element is typically in the about 6%R to about 10%R range. Suppliers of such mirrors

typically have to meet a <10%R (sometimes less than 8%R) fully-dimmed reflectivity state

specification. Consequently, many of the interior E C mirrors used in vehicles today dim (at

about 23 degrees Celsius or so) no lower than 6%R and only a relatively few dim in the 5%

to 6%R range. To consistently manufacture and ship interior EC mirrors that consistently

(across the annual volume manufactured within, for example, at least about 1 sigma of, more

preferably within at least about 2 sigma of and most preferably within at least about 3 sigma

of) dim below 5%R and preferably consistently dim to below 4.75%R and more preferably

consistently dim to less that about 4.5%R and most preferably consistently dim to close to or

lower than 4.25%R (but still be higher than 4%R), we find it advantageous to use a cell



mterpane gap oi at least about 150 microns (more preferably at least about 175 microns and

most preferably greater than about 200 microns) to contain the EC medium sandwiched

between the front and rear substrate of the laminate-type EC cell construction. We also find

it advantageous to use a relatively high concentration of electro-optically active species in the

EC medium. For example, a concentration of cathodic organic species (such as viologen or

viologens) of at least about 0.055 M is preferred (more preferably at least about 0.065 M and

most preferably at least about 0.075 M) as well as a similarly high concentration of

anodically coloring species, such as phenazines or ferrocenes (more preferably at least about

0.06 M and most preferably at least about 0.07 M) . We find it advantageous to use a silver

or silver-alloy third surface reflector (such as a glass/metal oxide/Ag/metal oxide third

surface reflector such as glass/ITO/Ag (or Ag alloy)/ITO, or such as a glass/Cr/Ag (or Ag

alloy)/Al:ZnO third surface electrode or such as a glass/silver or glass/silver-alloy third

surface reflector). We also find it advantageous to use a metal border electrical conductor

band (such as disclosed in U.S. patent application Ser. No. 11/226,628, filed Sep. 14, 2005 by

Karner et al. (Attorney Docket DONOl P-1236), and/or U.S. provisional applications, Ser.

No. 60/750,199, filed Dec. 14, 2005 (Attorney Docket DONOl P-1260); Ser. No. 60/681,250,

filed May 16, 2005 (Attorney Docket DONOl P-1221); Ser. No. 60/690,400, filed Jun. 14,

2005 (Attorney Docket DONOl P-1225); Ser. No. 60/695,149, filed Jun. 29, 2005 (Attorney

Docket DONOl P-1227); Ser. No. 60/730,334, filed Oct. 26, 2005 (Attorney Docket DONOl

P-1250); Ser. No. 60/750,199, filed Dec. 14, 2005 (Attorney Docket DONOl P-1260); Ser.

No. 60/774,449, filed Feb. 17, 2006 (Attorney Docket DONOl P-1269); and Ser. No.

60/783,496, filed Mar. 18, 2006 (Attorney Docket DONOl P-1272; and/or PCT Application

No. PCT/US2006/018567, filed May 16, 2006 (Attorney Docket DONOl FP-1274(PCT)),

which are hereby incorporated herein by reference in their entireties.) around and preferably

fully circumscribing the border perimeter of the second surface of the front substrate so that

there is a highly conductive all-around electrically conductive raceway around the ITO (or

similar transparent electronic conductor coating or coatings) on the second surface of the

front substrate. Flush or near-flush constructions are preferred (such as disclosed in U.S. pat.

applications, Ser. No. 11/021,065, filed Dec. 23, 2004 by McCabe et al. for ELECTRO-

OPTIC MIRROR CELL (Attorney Docket DONOl P-1 193); Ser. No. 10/528,269, filed Mar.

17, 2005 (Attorney Docket DONOl P-1 109); Ser. No. 10/533,762, filed May 4, 2005

(Attorney Docket DONOl P-1 116); and/or Ser. No. 11/226,628, filed Sep. 14, 2005 by

Karner et al. (Attorney Docket DONOl P-1236), which are hereby incorporated herein by

reference in their entireties), and use of a maximum powering voltage of at least about 1.3



volts is preierred, more preferred at least about 1.35V and most preferred at least about 1.4V.

Also, the composition and optical thickness and optical constants (including refractive index)

of the transparent conductor (such as ITO) used on the second surface of the front substrate is

selected and adapted to minimize any visible light reflectance off this second surface

interface (and if beneficial, additional anti-reflection layers and means, as known in the

optical arts, can be used to reduce or eliminate such second surface reflections).

Transmission through the EC medium for such very dark dimming interior mirror EC cells is

preferably less than about 13%T, more preferably less than about 8%T and most preferably is

less than about 3%T when fully dimmed under the maximum applied voltage delivered by the

EC mirror element powering circuitry of the automatic dimming interior mirror assembly.

Note that aspects of such improvements in delivery of darker dimming electrically variable

reflectivity interior automotive mirrors may also be applied to electrically variable reflectance

automotive exterior mirrors.

[00140] Referring now to FIGS. 26-30, an interior rearview mirror assembly 610 for a vehicle

(such as part of a video mirror system of the vehicle) includes an electro-optic element

assembly or cell 612 and a display device 614 at a rear surface of the electro-optic element

612 for displaying information at a display area 615 of the reflective element. Display device

614 comprises a liquid crystal display module or LCM and is located behind the reflective

element so as to be viewable by a driver of the vehicle when activated (such as shown in FIG.

26B), yet substantially non-viewable by or non-visible to the driver when deactivated (such

as shown in FIG. 26A). Mirror assembly 610 may utilize aspects of the mirror assemblies

described in U.S. patent applications, Ser. No. 11/284,543, filed Nov. 22, 2005 (Attorney

Docket DONOl P-1245); and/or Ser. No. 11/021,065, filed Dec. 23, 2004 by McCabe et al.

for ELECTRO-OPTIC MIRROR CELL (Attorney Docket DONOl P-1 193); and/or PCT

Application No. PCT/US2006/018567, filed May 15, 2006 by Donnelly Corp. et al. (Attorney

Docket DONOl FP- 1274(PCT)), which are all hereby incorporated herein by reference in

their entireties.

[00141] It is desirable that the display device provides enhanced or substantial backlighting of

the display screen to enhance the viewability of the display screen during high ambient

lighting conditions. However, enhanced illumination typically results in increased operating

temperatures of the display device due to the heat dissipation by the light sources of the rear

backlighting, and, thus, is often challenging for applications within an enclosed structure such

as a mirror casing. In the illustrated embodiment, the display device or video display module

614 includes sixty-four white light emitting diodes (LEDs) that are operable to backlight an



.LUD display screen 624, as discussed below. In order to reduce the operating temperature at

the display device or module, mirror assembly 610 includes one or more thermally

conductive elements or heat dissipating elements or heat slugs 616, 617 to conduct/dissipate

heat generated by the LCM display device 614, as also discussed below.

[00142] As shown in FIG. 27, mirror assembly 610 includes a bezel portion 618 and a rear

casing or housing 620 that support the reflective element 612 at the vehicle. Mirror assembly

610 includes a light mask or masking element 622 disposed at a rear surface of the reflective

element 612 (which comprises a transflective or transreflective display on demand reflective

element, such as the types described above). Light mask 622 comprises a dark or opaque

material and substantially covers the rear of the reflective element and defines a window or

aperture 622a at the rear of reflective element at which the video screen 624 of the display

device 614 is located when the mirror is assembled. Optionally, the mirror assembly may

include various masking configurations or the like to reduce viewability of the video screen at

the mirror when the video screen is deactivated or not backlit or not illuminated. For

example, the mirror assembly may include a masking element that includes or substantially

matches the appearance of the deactivated or not illuminated video screen or the polarizer at

the forward surface of the video screen, or the mirror assembly may include a video display

framing element or pocket, such as a piece of metal shim stock (such as described in PCT

Application No. PCT/US2006/01 8567, filed May 15, 2006 by Donnelly Corp. et al. (Attorney

Docket DONOl FP-1274(PCT)), which is hereby incorporated herein by reference in its

entirety) that has a window formed or laser cut therefrom that matches or substantially

matches the size and shape of the active area of the display screen. Desirably, the color,

reflectance and gloss of the shim stock substrate is selected to substantially match the OFF

condition of the video display screen. The presence and location of the video display is thus

substantially camouflaged or hidden or non-discernible so that it may be difficult to identify

or discern the location of the video display when viewing the reflective element. The display

assembly (including the masking element or shim stock plate and display element attached

thereto) may be attached or adhered to or disposed at the rear of the reflective element.

Optionally, the mask element or material may not include a window for the display screen,

but may comprise a polarizing material so that the video screen is located at the polarizing

material and operable to emit light therethrough when activated, yet is substantially non-

viewable behind the polarizing material when the display module and video screen are

deactivated or not illuminated. The video display module may be attached to or adhered to



the masking element and/or the rear surface of the reflective element, such as via a double-

sided adhesive or tape 643.

[00143] An attachment plate 626 is attached at the rear of the reflective element 612, such as

at a rear surface of the light mask 622, such as via a double sided adhesive tape 628 or the

like. Similarly, the liquid crystal display module 614 is attached at the rear of the reflective

element, such as via a double sided adhesive tape, such as via a transparent tape or adhesive

material. A printed circuit board 630 is attached to the attachment plate 626 and includes

circuitry disposed thereon with a wire harness 63 1 extending therefrom for connection to a

vehicle wire harness or power source or control.

[00144] The attachment plate 626 includes a mounting ball member 626a (which may be

insert molded at the attachment plate or otherwise attached or mounted thereto or established

thereat, such as by using aspects of the attachment elements described in U.S. patent

applications, Ser. No. 11/226,628, filed Sep. 14, 2005 by Karner et al. (Attorney Docket

DONOl P-1236); and/or Ser. No. 10/933,842, filed Sep. 3, 2004 (Attorney Docket DONOl P-

1166), and/or PCT Application No. PCT/US04/0 15424, filed May 18, 2004 by Donnelly

Corporation et al. for MIRROR ASSEMBLY FOR VEHICLE (Attorney Docket DONOl FP-

1150(PCT)), which are hereby incorporated herein by reference in their entireties) for

pivotally mounting the mirror to a mounting structure or mounting arm 627a and mounting

button or channel mount 627b for attaching the mirror to an interior surface of a vehicle, such

as to an interior surface of the vehicle windshield or to an overhead console or headliner or

the like. The mounting arm 627a extends through an aperture 621 established through a

central region of the mirror casing 620 when the mounting configuration and mirror assembly

is assembled. The wiring harness 631 may be along the mounting arm 627a and may be

contained or routed within a wire clip 633 (which may snap or otherwise attach to the

mounting arm to route and contain the wiring harness along the mounting arm, such as by

utilizing aspects of the mounting arrangements described in U.S. provisional application, Ser.

No. 60/729,430, filed Oct. 21, 2005 (Attorney Docket DONOl P-1249) and/or U.S. patent

application Ser. No. , filed Oct. 20, 2006 by Hook for WERE COVER ASSEMBLY

FOR VEHICLE INTERIOR MIRROR (Attorney Docket DONOl P-1296), which are hereby

incorporated herein by reference in their entireties). Optionally, the attachment plate may

include a plurality of strengthening ribs 626b to enhance the structural rigidity of the

attachment plate to enhance the support of the mirror assembly in the vehicle. Optionally, the

attachment plate may comprise an ABS material or may comprise a glass filled NYLON®



material or trie like to provide enhanced structural rigidity and strength over known plates

made of an ABS material or the like.

[00145] Because either or both of the video display device or module 614 and/or the circuitry

of the circuit board 630 may generate heat during use, it is desirable to reduce or minimize

the heat build-up within the mirror assembly. For example, the illumination source 640 of

the display module may comprise a plurality of individual low powered LEDs (such as white

Nichia NESW064 LEDs or the like), each operating at up to about 50 mA (and typically at

about 20 mA), and typically with a forward voltage of about 2 volts to about 5 volts (typically

about 3.5 - 4 V). Thus, each LED may generate up to about 0.1 watts, and the array of sixty-

four LEDs may dissipate up to about 6 watts (typically 3 - 6 watts and typically about 4

watts). Desirably, the sixty-four LEDs of the display module are powered as two banks of

LEDs, with each bank having thirty-two LEDs, and with thirty-two sets or pairs of two LEDs

being powered in series, with 8.5 volts across each series and a current regulator in series

with each pair of LEDs. When so powered, the sixty-four white LEDs generate a light

intensity of about 30,000 candelas/m 2 (thus, one or two or more banks of at least about 30

white LEDs (or more or less banks and/or LEDs depending on the particular application) is

used, generating a backlighting intensity of at least about 10,000 candelas/m 2, more

preferably at least about 20,000 candelas/m , and more preferably at least about 30,000

candelas/m 2), which provides a super high intensity backlight for a video screen and is

achieved in a substantially square or rectangular array or package that is only about 2.5 - 3.5

inches diagonal or thereabouts. Although shown and described as sixty-four LEDs

comprising two banks of thirty-two LEDs, more or less LEDs and/or more or less banks may

be implemented, and each bank may include more or less than thirty-two LEDs, depending

on the particular application of the LEDs and backlighting device and LCD video display

screen and display module.

[00146] hi the illustrated embodiment, the super high intensity backlight or illumination

source 640 is positioned behind the display screen 624, which comprises a thin film transistor

(TFT) LCD video screen with a polarizer or polarizing element, and emits the light through

the video screen and through the transflective mirror reflective element for viewing by the

driver of the vehicle. Such an LCD screen with polarizer may transmit about 5 - 10 percent

of light incident thereon and typically about 6-7 percent of light incident thereon. When

positioned in front of the LEDs (with an intensity of about 30,000 candelas/m 2), the light

transmitted by the LCD may have an intensity of about 3,000 candelas/m 2, which provides a

super bright LCD video screen.



[uui4 /j ine i u screen is pos πione α oeninαme transretlective or transrlective electro-optic

(such as electrochromic) mirror reflective element 612, which may have at least about 10

percent transmissivity of light incident thereon, preferably at least about 15 percent

transmissivity of light incident thereon, and more preferably about 20 percent transmissivity

of light incident thereon, and less than about 30 percent transmissivity. Such a transflective

reflective element may provide at least about 60 percent reflectivity of light incident thereon

and more preferably at least about 65 percent reflectivity of light incident thereon. Thus, the

intensity of the light from the display screen that is transmitted through the reflective element

is about 400 - 600 candelas/m , which is highly visible to the driver of the vehicle.

[00148] Thus, the display module of the present invention provides a super high intensity

backlight for a video screen so as to enhance the viewability of the video screen. However,

such a super high intensity backlight generates heat at the display module and it is desirable

to dissipate the heat and draw the heat away from the display module to avoid burning out of

the LEDs or other electrical components and circuitry. In the illustrated embodiment, the

LEDs are powered via a 12 volt feed from the vehicle, which is stepped down or reduced to

(such as via a voltage regulator or converter or resistor or the like) the 8.5 volts applied to

each pair of LEDs, such as via a converter or resistor or voltage regulator. The pairs of LEDs

are powered at 20 mA and at 8.5 volts. Thus, with 32 pairs of LEDs powered at 20 mA and

with a voltage reduction of about 3.5 volts (12 volts - 8.5 volts), the powering of the LEDs

generates about 2 watts. It is thus also desirable to dissipate the heat generated by the

circuitry in powering the LEDs as well as to dissipate the heat generated by the LEDs

themselves when so powered.

[00149] Typically, it is desired that the display provide about 1000 nits as a minimum

intensity for daytime viewability, such as is typically desired for laptops, digital cameras,

and/or the like. With respect to video mirrors for vehicles, the intensity is targeted to provide

an intensity of at least 500 nits and preferably 1000 nits or more. However, the intensity

provided by the display is often limited due to the system capabilities and thermal concerns

of the mirror assembly.

[00150] Optionally, it is envisioned that the mirror assembly display may incorporate a "super-

boost" intensity for daytime viewability, such as an increase in output intensity for a short

period of time, such as for less than one minute or thereabouts. For example, the display may

operate in the "super-boost" mode for up to about one minute when the on board photo¬

sensors determine that a maximum day time intensity is required (and when the display is

activated, such as when the vehicle is shifted into a reverse gear). Such a super-boost mode



may De achieved by pushing an increased or maximum current through the back light LbDs

or by providing a parallel drive line that can drive the display at a higher current during the

super-boost mode, and then switch over to another drive line with reduced current drive on

the back light LEDs for normal operation of the display (such as for when the ambient light is

below a threshold level as detected by one or more sensors). Optionally, and desirably, the

intensity of the back light LEDs may be further controlled via a pulse width modulation

(PWM) signal from a control or microprocessor of the mirror assembly or display device, so

as to provide additional dimming capability to the display.

[00151] Optionally, for example, the control may drive the current through the back light

LEDs at about 2OmA or less (such as just under 2OmA or thereabouts) with a PWM signal to

achieve a display intensity of up to about 800 nits. The LEDs may be able to handle up to

about 3OmA continuous current, and if such a current were pushed through the LEDs, the

LEDs would give the back light a boost above 1000 nits. It is envisioned that if such a boost

were provided for about 30 to 60 seconds, the display should be at the high intensity or

boosted display intensity for a sufficient time to accommodate most backing up situations

under maximum intensity requirements. By limiting the boosted or super high intensity time

to about 30 or 60 seconds, the display operation will reduce or minimize the thermal impact

to the system while providing a better potential for achieving the initial goal of viewability in

high ambient lighting conditions, such as during high sunlight conditions or the like.

[00152] Optionally, the viewability of the display may be enhanced by tinting the vehicle

windows to reduce the washout affect that may occur on sunny days. Also, it is envisioned

that the viewability of the display may be enhanced by enhancing the contrast at the display.

Optionally, for example, the mirror reflective element may be colored (such as slightly

colored or tinted) at the area in front of the display, in order to enhance or improve the

contrast ratio of the display.

[00153] Because of the substantial power and heat generated by the super high intensity

illumination source or LED array of the display module of the present invention, it is highly

desirable to draw the heat away from the circuitry and the LEDs to limit or avoid damage to

the circuitry and/or LEDs due to the heat. Thus, one or more thermally conductive elements

or heat sink slugs are placed in substantial and/or intimate thermal contact with the display

module and/or circuit board and are exposed at the rear casing of the mirror so as to draw the

heat away from the display module and/or circuit board and to the exterior of the mirror

assembly, so as to dissipate and/or radiate the heat at the exterior of the mirror assembly.



[00154] in the illustrated embodiment, a thermally conductive element 616 is located at and is

in intimate contact with the display module 614 and a thermally conductive element 617 is

located at and is in intimate contact with a portion of the circuit board 630, so as to conduct

and/or dissipate heat generated by the display module 614 and the circuitry of circuit board

630, respectively. The thermally conductive elements 616, 617 may comprise any suitable

thermally conductive material, such as a metallic material or thermally conductive plastics or

the like. Optionally, the thermally conductive material comprises a thermally conductive

polyphenylene sulfide (PPS), such as a COOLPOLY ® E5101 Thermally Conductive

Polyphenylene Sulfide commercially available from Cool Polymers, Inc. of Warwick, RI.

The thermally conductive elements 616, 617 are formed, such as via molding or the like, and

positioned at the rear of the mirror casing 620, such as at or within apertures or openings

620a, 620b formed or established at the rear of the mirror casing 620. Although two separate

thermally conductive elements are shown and described herein, it is envisioned that a single

thermally conductive element may be in intimate contact with both the display module and

the circuit board to dissipate the heat therefrom, or two or more thermally conductive

elements may be intimate contact with the display module and/or the circuit board to

dissipate the heat therefrom, while remaining within the spirit and scope of the present

invention.

[00155] Preferably, the thermally conductive elements are molded, such as via injection

molding or the like, to the desired form so that a rear or exterior surface of the thermally

conductive elements match or substantially match the exterior surface of the mirror casing at

the area where the thermally conductive elements are located. The thermally conductive

elements thus may be injection molded, and may be molded with selected or different

pigments and/or materials to provide different colors and/or textures to substantially match

the exterior surface of the mirror casing so as to be substantially not visible or discernible to

the consumer. Preferably, the thermally conductive material is loaded with the likes of

graphite or other suitable conductive materials for enhanced conductivity.

[00156] Optionally, the thermally conductive element or elements may comprise a metallic

material, such as a magnesium material or other suitable heat sink material. For example, a

magnesium alloy material such as Magnesium AM40A-F or other suitable metallic material

or metal alloy material may be implemented to achieve the desired heat transfer and

dissipation. The metallic thermally conductive element or elements may be die cast (or

otherwise formed) to the desired form and may be formed and contoured to substantially

match the exterior surface of the mirror casing so as to reduce the discernibility of the



inermaiiy conαuctive element at me mirror casing. Optionally, and desirably, the metallic

thermally conductive element may be painted or coated at its outside surface to color match

the plastic of the mirror casing and thus at least partially or substantially covertly camouflage

the presence of the thermally conductive element at the exterior mirror casing. Optionally,

the metallic thermally conductive element may be powder coated for durability. Any exterior

coating or paint layer or skin layer at the outer surface of the thermally conductive element

preferably comprises a thermally conductive material or paint as well so as to enhance the

heat transfer and dissipation of the heat through the thermally conductive element and to the

exterior of the mirror casing. Optionally, and desirably, a plastic grating or vent-like

structure or grill may at least partially cover the outer surface of the heat sink or thermally

conductive element so that it is difficult for a person's hand to come in contact with the actual

surface of the thermally conductive element in order to reduce the possibility of a person

experiencing discomfort if the person touches the thermally conductive element after the

display has been activated and in use for a prolonged period of time. Such a grating or vent

or grill allows for air flow and heat dissipation at the heat sink and also may shield or shadow

the heat sink at or near the windshield to reduce solar loading at the heat sink, such as may

otherwise occur on a sunny day.

The thermally conductive element or elements may be positioned at an aperture or

apertures of the mirror casing, and may snapped into the mirror casing, whereby the exterior

surface of the thermally conductive element/elements match or substantially match the

contour and/or texture and/or color of the mirror casing so that the thermally conductive

elements are not readily discernible by a person viewing the rear of the mirror assembly.

Optionally, the thermally conductive elements may be insert molded at the mirror casing or

otherwise attached at the mirror casing. The thermally conductive elements thus provide a

heat conductivity function at the mirror casing, without being readily discernible at the rear of

the mirror casing. Thus, the thermally conductive elements may be located at an exterior

surface or region of the mirror casing, yet are covertly camouflaged so that the thermally

conductive elements are not readily visible or discernible at the rear of the mirror casing.

Optionally, a thin layer or skin may be molded over the thermally conductive layer to provide

an exterior surface layer that substantially matches the Class A finish of the mirror casing.

The thin layer or skin may comprise a thermally conductive material to enhance heat transfer

therethrough, while providing a thin, aesthetically pleasing outer layer or surface at the mirror

casing. Thus, the exposure of the thermally conductive element at the rear casing portion of

the interior rearview mirror assembly is substantially not discernible to a viewer viewing the



rear casing portion o the interior rearview mirror assembly from outside of the vehicle and

through the windshield of the vehicle when the interior rearview mirror assembly is mounted

at the vehicle, such as at a mounting button or the like at the interior surface of the vehicle

windshield. The presence of the thermally conductive elements is thus substantially or

entirely camouflaged and not readily discernible to a person viewing the mirror casing.

[00158] In applications where only one thermally conductive element is used or where no

thermally conductive elements are used, one or more "blanks" or filling elements may be

used to fill in and cover/conceal the apertures for the thermally conductive elements. For

example, a blank or filling element may be attached (such as via a snap attachment or the

like) at the aperture formed at the mirror casing if a thermally conductive element is not

necessary (such as if a video display option was not selected for that mirror assembly). Thus,

a common mirror casing may be used for mirrors with and without the video display feature

or function, whereby either a thermally conductive element or a blank element is attached or

located (or insert molded) at the casing depending on the particular application.

[00159] As shown in FIGS. 32A, 32B, mirror casing 620 may include tab or clip elements

620c that functions to snap and retain the thermally conductive elements 616, 617 at the

apertures 620a, 620b, respectively. The thermally conductive elements 616, 617 may be

formed with tabs 616a, 617a extending therefrom and recesses 616b, 617b formed or

established thereon. Thus, the thermally conductive elements 616, 617 may be positioned at

the apertures 620a, 620b with the tabs 616a, 617a located at corresponding recesses or

portions 62Od of casing 620, and then pressed into the apertures, whereby the tabs 620c snap

or clasp the thermally conductive elements 616, 617 at the recesses 616b, 617b to retain the

thermally conductive elements at the rear of the mirror casing 620. Optionally, the mirror

casing may utilize aspects of the mirror casings and casing portions described in U.S. patent

application, Ser. No. 10/933,842, filed Sep. 3, 2004 (Attorney Docket DONOl P-1 166),

which is hereby incorporated herein by reference in its entirety. Optionally, the casing or a

portion thereof may comprise a thermally conductive material to conduct and dissipate heat

from the display module and/or circuit board to the exterior of the mirror assembly.

[00160] In order to facilitate and provide substantial heat transfer from the display module 614

and/or the circuit board 630, the module and circuit board should be in intimate contact with

the respective thermally conductive elements 616, 617, and with minimal air pockets between

the display module and circuit board and the respective thermally conductive elements.

Thus, it is desirable to press the thermally conductive elements to the display module and

circuit board and to adhere the elements in position at the display module and/or circuit



board. For example, and as shown in FIGS. 27 and 3OD, thermally conductive element 1 is

adhered to a rear surface of display module 614 via a double-sided adhesive thermal tape 632,

which provides an intimate connection between the display module and the thermally

conductive element. The thermal tape (such as, for example, a thermal adhesive tape of the

type commercially available from 3M, such as a 3M 8820 tape or a 3M 8810 tape or a 3M

8805 tape or other suitable adhesives or tapes) is preferably substantially thermally

conductive so that heat generated by the display module 614 is conducted through the tape

632 and to the thermally conductive element 616, where the heat is dissipated at the rear of

the mirror casing and outside of the mirror to substantially reduce the operating temperature

at the display module. Optionally, and desirably, a compressible, resilient heat transfer pad

634 may be provided between the thermally conductive element 616 and the display module

614 to allow the components to be compressed together during assembly, whereby they

would remain in intimate contact with one another. The heat transfer pad may comprise any

suitable thermally conductive, compressible/resilient material, such as a solid or substantially

solid or dense thermally conductive or filled silicone material or the like. Preferably, the tape

and pad may comprise a suitable heat sink compound or the like to enhance the thermal

conductivity between the display module and the thermally conductive element. The display

module 614 may also or otherwise be compressible to accommodate tolerances and to allow

the thermally conductive element 616 to be pressed firmly against the rear surface of the

display module to ensure intimate contact therewith, as discussed below.

[00161] In the illustrated embodiment, circuit board 630 comprises a multi-layer circuit board,

such as a four layer PCB or the like. The circuit board 630 thus has a primary substrate 630a

that supports circuitry and a secondary or tiered substrate 630b that supports heat generating

circuitry or the like at a location remote from the circuitry at the primary substrate 630a. The

substrates may comprise a glass filled epoxy substrate or an aluminum substrate (with layer

of non-conductive material over the substrate and with the copper traces disposed on the non-

conductive material) or other suitable materials or types of substrates.

[00162] The secondary substrate 630b is preferably movably attached to the primary substrate

630a to allow for movement of secondary substrate 630b toward from primary substrate 630a

as the thermally conductive element 617 is pressed firmly against the secondary substrate

630b to ensure intimate contact between the secondary substrate and the thermally conductive

element 617. Similar to the connection between thermally conductive element 616 and

display module 614, and as shown in FIGS. 27 and 30C 5 thermally conductive element 617 is

pressed against and held at a rear surface of secondary substrate 630b of circuit board 630



with a compressible, resilient heat transter pad 634 provided between the thermally

conductive element 617 and the secondary substrate 630b to allow the components to be

compressed together during assembly, whereby they would remain in intimate contact with

one another. The heat transfer pad may comprise any suitable thermally conductive,

compressible/resilient material, such as a solid or substantially solid or dense thermally

conductive or filled silicone material or the like.

[00163] Preferably, the secondary substrate 630b is mounted to primary substrate 630a via

posts or legs 630c (FIG. 30C) that allow for movement of secondary substrate 630b toward

primary substrate 630a as the thermally conductive element is pressed thereagainst. The

substrates or legs may be biased so as to be biased toward an initial spaced apart

configuration of the substrates to urge the secondary substrate toward and against the

thermally conductive element 617. The circuitry of the substrates are electrically connected

together and remain electrically connected during any such movement of the secondary

substrate. Such movement of the secondary substrate during compression of the thermally

conductive element and circuit board accommodates tolerances and allows the thermally

conductive element 617 to be pressed firmly against the compressible heat transfer pad 634

and the rear surface of the secondary substrate 630b to ensure intimate contact therewith.

[00164] Thus, the mirror assembly of the present invention provides for enhanced heat

conductivity and dissipation from heat generating components within the mirror assembly to

reduce the operating temperatures at those components within the mirror casing. The

thermally conductive elements comprise a thermally conductive material that conducts the

heat generated by the mirror components or devices to draw the heat from those components

or devices and to dissipate the heat at the rear of the mirror and outside of the mirror casing.

The thermally conductive elements are pressed against the respective mirror components

(such as the display module and circuit board and/or the like) and are assured good thermal

conductivity between the elements to reduce hot spots and to enhance the heat flow to allow

the heat to escape through the mirror casing, such as through the back of the mirror casing.

Optionally, the mirror assembly may also or otherwise include a micro-fan or other air

moving device, which may be directed so as to move or blow the heated air at the display

module or circuit board so as to cool the area surrounding the display module or circuit

board, or so as to move or blow the air at the thermally conductive elements to enhance

cooling and heat dissipation at the thermally conductive elements.

[00165] The thermally conductive elements may be molded or formed or contoured to

substantially match or correspond to or be part of the mirror casing, and may be insert



molded at the rear (or elsewhere it desired) of the mirror casing. Optionally, the mirror

casing may be formed of such materials, but such a configuration is less desirable due to the

effects the thermally conductive material may have on the surface finish, weight, cost and

functionality of the casing. Optionally, the thermally conductive elements may be painted or

textured or coated or otherwise finished at the rear surface thereof in order to substantially

match the color or texture or appearance of the mirror casing, so that the thermally

conductive elements are not readily discernible by a person viewing the rear of the mirror

assembly. Optionally, the mirror casing may be formed with ribs or raised portions or grating

or vents or baffles or louvers or vanes across the apertures (such as a plurality of spaced apart

ribs over or across the aperture), whereby the ribs cover parts of the outer or rear surface of

the thermally conductive elements to limit or reduce the possibility of a person directly

touching the thermally conductive elements in the event that they may increase in

temperature during operation of the display module or circuitry of the mirror assembly,

and/or to shade the thermally conductive elements to reduce solar loading thereof, and/or to

further dissipate the heat that is dissipated by the thermally conductive element or elements.

Preferably, the thermally conductive element or elements can be insert molded at or snapped

to the mirror casing. In applications where the thermally conductive element or elements

is/are not used, a blank or filler element may be attached or insert molded at the mirror

casing.

Optionally, the mirror casing may include ribs or grating or vents or baffles at the

region of the casing that is generally at the thermally conductive element or elements when

the mirror assembly is assembled, in order to substantially conceal the thermally conductive

element and/or to limit or substantially preclude a person touching the thermally conductive

element and/or to reduce solar loading of the thermally conductive element, such as may

otherwise occur on a sunny day. Optionally, for example, and with reference to FIG. 42, a

thermally conductive element 616' is disposed between the video display module 614 and the

rear mirror casing or housing 620', which has or vents or grating 620a' at the area or region

that generally corresponds to thermally conductive element 616' when the mirror is

assembled. The thermally conductive element may comprise any suitable thermally

conductive element, such as described above. Optionally, and in the illustrated embodiment

of FIG. 42, thermally conductive element 616' may comprise a plastic molded heat

dissipating element or heat sink, such as a cool polymer heat sink or the like. The molded

thermally conductive element is disposed between and in intimate contact with the rear of the

display module (such as at an aluminum clad circuit board with LEDs disposed thereat that



iorms the rear ot tήe display module), and may be adhered at or to the rear or the display

module via an adhesive, such as a thermal tape 632 or the like. The mirror casing 620' and/or

thermally conductive element 616' may otherwise be substantially similar to the mirror

casings and/or thermally conductive elements described above and below, such that a detailed

discussion of the mirror casing and thermally conductive elements need not be repeated

herein.

[00167] Optionally, for example, and with reference to FIG. 43, the thermally conductive

element 616" may be formed to include a body portion 616a" with ribs or protrusions 616b"

protruding at its rear surface so as to be toward or against the grating 620a' of mirror casing

620' when the mirror is assembled. The protrusions protrude a desired or appropriate

distance from the body of the thermally conductive element so as to be at or in contact with

the grating 620a' of mirror casing 620' when the mirror is assembled. As can be seen in FIG.

43, the protrusions 616b" may be different lengths to correspond to a curve or form of the

mirror casing. The thermally conductive element 616" may comprise an extruded aluminum

heat sink or an extruded anodized heat sink or other suitable material, and is in intimate

contact with and/or adhered to the rear of the display module 614, such as via a thermal tape

632 or the like. The thermally conductive element 616" may otherwise be substantially

similar to the thermally conductive elements described above and below, such that a detailed

discussion of the thermally conductive elements need not be repeated herein.

[00168] Optionally, for example, and with reference to FIG. 44, the thermally conductive

element 616'" may be integrally formed at the rear of the video module 614', so as to be at the

grating or vents 620a' of mirror casing 620' when the mirror is assembled. For example,

thermally conductive element 616'" may comprise a substrate 648' (such as an extruded

substrate, and such as a substrate similar to substrate 648 discussed below) with LEDs and

circuitry (not shown in FIG. 44) disposed at or established at one side of the substrate and a

plurality of fins or protrusions 616b'" protruding from the opposite side of the substrate so as

to protrude/extend toward the vents 620a' of mirror casing 620' when the mirror is assembled.

Such an application obviates the need for the thermal tape at the rear of the video module by

establishing or integrally forming the heat sink or thermally conductive element at the rear of

the video module. The protrusions or fins 616b'" protrude a desired or appropriate distance

from the body of the thermally conductive element so as to be at or in contact with the grating

620a' of mirror casing 620' when the mirror is assembled. As can be seen in FIG. 44, the

protrusions 616b'" may be different lengths to correspond to a curve or form of the mirror

casing. The thermally conductive element 616'" may otherwise be substantially similar to the



thermally conductive elements described above and below, such that a detailed discussion or

the thermally conductive elements need not be repeated herein.

[00169] In the illustrated embodiment, and with reference to FIGS. 33-38, the display module

614 comprises a backlit liquid crystal display module having a liquid crystal display screen

624 (such as a TFT LCD screen or the like, such as described above) and an illumination

source 640 disposed behind the display screen 624 and operable to emit or project

illumination toward and through the display screen. The display screen 624 and illumination

source 640 are disposed within or encased or clad within an outer casing or housing 642 of

the module 614. The casing or housing 642 (such as an aluminum housing or housing made

of other suitable material such as FR-4 or the like) substantially encases the illumination

source 640 and display screen 624 and associated circuitry 644 of the display device so as to

provide a self-contained aluminum clad (or other material) video display screen module for

use with a mirror assembly. The display module may comprise a known or commercially

available display module, which may provide reduced costs due to economies of scale in

using an off-the-shelf, commercially available display module.

[00170] Optionally, the display module may be developed and constructed particularly for use

in a vehicle mirror assembly. For example, the display module casing 642 may support

and/or substantially encase the illumination source 640 and video screen 624, and may

support or substantially encase circuitry 644 of the display module 614. The circuitry 644

functions to control the display screen and the illumination source (such as in response to or

in conjunction with image data and/or a user input or the like), and is electrically connected

to a connector or lead 644a that protrudes from the casing 642 for connection to the circuitry

of the mirror assembly and/or vehicle. Optionally, the circuitry of the display module may

also function to provide dimming control of the electrochromic reflective element, while

remaining within the spirit and scope of the present invention. In the illustrated embodiment,

the illumination source 640 of the display module comprises a plurality of light emitting

diodes 646 (LEDs), such as a plurality of high intensity white LEDs disposed behind the

display screen and operable to emit light directly toward the display screen to provide direct

back lighting of the display screen.

[00171] For example, and as described above, the illumination source 640 may comprise

sixty-four white LEDs 646 arranged in a matrix on a substrate 648 at the rear of the housing

642. The LEDs 646 may be electrically operated as two banks of LEDs, with each bank

including thirty-two LEDs, and with the LEDs being operated in groups of two or pairs, with

the LEDs of each group of two being operated in series. The pairs of LEDs may be operated



by applying . V across tne pair at a current oi aooui υ πm.. e uui±eiu. y - FJJJ.

via a pulse width modulation (PWM) and with the peak currents of each bank of LEDs being

staggered so that the currents are applied at slightly different times to reduce or spread out the

electromagnetic emissions. It is desirable to apply a substantially constant current to the

LEDs to limit or substantially preclude color shifts in the LED outputs. It is envisioned that

more than two LEDs could be operated in series, but if a series fails, additional LEDs would

be deactivated with such a configuration. Also, additional LEDs in the series of LEDs may

require additional power supplies to step the voltage up to provide enough voltage to drive

the multiple LEDs in series. Thus, pairs of LEDs are desired to reduce costs and maintain the

required current as low as possible. However, other quantities of LEDs or light sources

and/or other groups or pairings of more or less LEDs or light sources may be operated or

controlled in other manners, while remaining within the spirit and scope of the present

invention. Optionally, the intensities of the LEDs or light sources may be adjusted or

controlled in response to one or more photosensors (so as to, for example, decrease the

intensity of the illumination source at dusk or other low or reduced lighting conditions), such

as in response to a forward facing photosensor 649a (FIGS. 28 and 40) and a rearward facing

photosensor 649b (FIGS. 29 and 40) at the mirror assembly or such as in response to other

photosensors located elsewhere at or in the vehicle.

Optionally, and desirably, and as best shown in FIGS. 34-37, display module 614 may

include a reflective layer or reflector 650 at the LEDs 646 (such as LEDs of the types

described in U.S. patent application, Ser. No. 10/054,633, filed Jan. 22, 2002 by Lynam et al.

for VEHICULAR LIGHTING SYSTEM (Attorney Docket DONOl P-962), which is hereby

incorporated herein by reference in its entirety), with apertures formed through the reflector

650 for light emitted by the LEDs to pass therethrough. The LEDs 646 thus emit light

through the reflector 650 to and through the video screen 624. However, some of the light

emitted by the LEDs will reflect back off of the rear surface of the display screen and back

generally toward the LEDs. The reflector 650 preferably comprise a highly reflective (such

as specular reflectivity or diffuse reflectivity of at least about 50 percent reflectance of light

incident thereon, more preferably at least about 70 percent reflectance of light incident

thereon, and more preferably at least about 90 percent reflectance of light incident thereon)

surface that reflects the reflected light back toward the video screen 624 so that more of the

light emitted by the LEDs is used to back light the video screen. For example, the reflector

650 may comprise an aluminum reflector or other suitable reflective material, and may

comprise a stamped metallic sheet or layer (and may function as a heat sink or partial heat



sink as well) with the apertures stamped or punched therethrough. The reflector 650 may b e

located so as to be intimate with or just above the LEDs so that it is generally at the plane of

the LEDs at which the light is emitted (to minimize or substantially preclude light emitted by

the LEDs from reflecting off the rear surface of the reflector and back toward the substrate

648). Optionally, the inside surfaces of the walls 652, 653 defining the LED cavity may also

be highly reflective, and could be coated plastic walls or could be metallic to establish the

desired degree of reflectivity at the sidewalls of the LED cavity.

[00173] Display module 614 may comprise a compressible display module that is

compressible when assembled in the mirror assembly to provide a snug fit and intimate

contact with the thermally conductive element 616. For example, and as best shown in FIGS.

34-37, display module 614 may include compressible elements, such as compressible walls

652, 653, that allow for compression of the display module. An upper or forward wall 652

supports the video screen 624 at an upper or outer end 652a thereof, while a lower or

rearward wall 653 supports the illumination source 640 at a lower or rearward end 653a

thereof. In the illustrated embodiment, the walls 652, 653 engage one another and overlap at

a generally central region, and are correspondingly stepped at their engaging/overlapping

surfaces to allow for movement in one direction (such as vertically in FIGS. 34-37, but

forwardly and rearwardly when the display module is located at an interior rearview mirror of

a vehicle), while substantially precluding lateral movement of the upper wall 652 relative to

the lower wall 653. A compressible or resilient element or gasket 654 is disposed between

the upper and lower walls 652, 653 and is compressible when the upper wall 652 is moved or

compressed toward the lower wall 653. The resilient element 654 may comprise a resilient

material, such as a foam or foam rubber or the like.

[00174] The upper and lower walls 652, 653 thus may be compressed toward one another

during installation of the display module 614 in the mirror assembly 610, and thus may

accommodate for variations in dimensions and tolerances of the components while allowing

for snug and intimate contact between the rear surface of the display module 614 and the

thermally conductive element 616 (and/or the thermally conductive tape and/or thermal pad

disposed between the display module and the thermally conductive element). The foam or

resilient material may at least initially urge the lower wall 653 away from the upper wall 652

to urge the rear of the display module into intimate contact with the thermally conductive

element 616 (but may lose or reduce the biasing over time without affecting the intimate

contact, since the thermally conductive element 616 is adhered to the rear of the display

module via the thermal tape 632).



[00175] Thus, when the display module 014 ana xnermauy conuuuuvc cicmcm υ .u cu

installed or positioned at and in the mirror during assembly of the mirror, and the bezel and

mirror casing and other components are assembled together, the components may be

compressed together and biased into efficient thermal contact, with the display module

absorbing or accommodating the compression to reduce the pressure at the display module

and video screen. The display module and the thermally conductive element thus may be

pressed into intimate contact with one another to reduce or substantially preclude any air

pockets or gaps therebetween, so as to provide enhanced thermal conductivity from the

display module to the thermally conductive element, and without excessive forces at the

display screen. The mirror assembly may secured together with the display module in the

compressed or partially compressed state and the components may be heat staked together (or

otherwise secured, such as via ultrasonic welding or the like) to ensure the compression and

thermal conductivity between the components.

[00176] In the illustrated embodiment, display screen 624 is supported at a recess 652b

established or formed at the forward end of wall 652. As shown in FIG. 35, the display

screen 624 comprises a liquid crystal display and may include a diffuser 625 adhered or

attached or disposed at a rear surface of the liquid crystal display screen 624. Other display

enhancing elements or sheets or optical layers or elements, such as a polarizer or polarizing

element 658, may be located at the display screen to enhance the appearance of the display

screen during operation thereof.

[00177] As best shown in FIGS. 38A and 38B, display screen 624 may be supported and

retained at recess 652b of wall 652 via a plurality of flexible support beams or arms or

elements 656. In the illustrated embodiment, flexible support elements 656 include a

plurality of projections or fingers 656a that extend laterally to engage the perimeter edges of

the display screen so as to support and locate the display screen at the forward end of the wall

652 and display module 614. Flexible support elements 656 extend at least partially along an

outer wall portion 652c of recess 652b and may flex laterally (such as at recesses or openings

or gaps 652d at the outer wall portion 652c that correspond generally to the location of the

fingers 656a of flexible support elements 656) to locate the display screen at the appropriate

location and to provide support of the display screen at the wall 652 of display module 614.

[00178] Thus, the display screen 624 may be located at the forward or outer end of the wall

652 of display module 614 and retained in the desired or appropriate location via the fingers

656a of flexible support elements 656. The flexible support elements and spring fingers thus

may accurately support and locate the display screen within the plastic wall of the display



module. The flexible support elements 656 may flex or deflect during contraction oi the

plastic wall (such as may occur during temperature changes encountered by the vehicle

and/or display module) so as to retain the display screen (and particularly the active area of

the display screen) at the appropriate location relative to the mechanics of the display module

during such contraction of the wall itself, while limiting or reducing the stresses applied to

the display screen during such contraction of the plastic wall. Other forms of spring clips or

elements that may flex to allow for contraction of the plastic wall while reducing stresses on

the display screen may be implemented while remaining within the spirit and scope of the

present invention.

[00179] The walls 652, 653, illumination source 640 and display screen 624 and circuitry 644

are substantially encased within housing 642, which may have a thermally conductive

adhesive tape 632 applied at its rear surface for attachment/adhesion to thermally conductive

element 616. For example, the adhesive tape 632 may be adhered or disposed at the rear

surface of the housing 642 and may have a peel away backing membrane that is peeled away

from the adhesive to expose the adhesive prior to adhering the thermally conductive element

616 to the display module 614. Likewise, an adhesive tape 643 may be disposed at or

adhered to a forward surface of the display module (and may have a peel away backing to

selectively expose the tape) for attaching or adhering the display module to the masking

element 622 and/or rear surface of the reflective element 612.

[00180] The display module and display screen are located at the rear of the reflective element

and may be at the window or aperture through the opaque layer or masking element, so that

the active area of the display screen is viewable through the reflective element when the

display screen and illumination sources are activated, and with the display screen and display

module being substantially not visible or discernible when the display screen and illumination

sources are deactivated. For example, and with reference to FIG. 39A, the display module

614 (including the display screen 624, backlighting element 640 and forward or front-most

polarizer 658) may be disposed at the aperture 622a of masking element 622 and at the rear

of the reflective element 612. The polarizer 658 and display screen 624 and backlighting

element or illumination source 640 may overlap or extend over the masking element 622 so

that the perimeter edge or edges of the display module and/or display screen are not visible to

a person viewing the reflective element 612, such that the presence of the display screen and

module is covertly camouflaged. The thermally conductive element 616 is disposed at the

rear of the display module and in intimate contact therewith (such as via a thermal adhesive

and/or thermal pad or the like) and is located at the aperture 620a at the rear of the mirror



asuug o υ, sucn ma τne exxeπ or suriace or m e tnermaiiy conαuctive element oio s at and

preferably substantially matches the contour of the exterior surface of the mirror casing, such

as described above.

[00181] In the illustrated embodiment, the reflective element 612 comprises a transflective

reflective element or cell having a front substrate 612a with a transparent conductor 612b

(such as a transparent conductor layer comprising an indium tin oxide (ITO) or an AZO layer

or the like) at its rear surface (commonly referred to as the second surface of the reflective

element), and a rear substrate 612c with a transflective mirror reflector 612d at its front

surface (commonly referred to as the third surface of the reflective element), and with an

electro-optic medium 612e (such as an electrochromic medium) disposed therebetween and

sealed via a perimeter seal 612f. The reflective element may utilize aspects of the electro-

optic or electrochromic mirror assemblies described in U.S. Pat. Nos. 6,690,268; 5,668,663;

5,142,406; 5,442,478 and 5,724,187, and/or in U.S. pat. application, Ser. No. 10/054,633,

filed Jan. 22, 2002 by Lynam et al. for VEHICULAR LIGHTING SYSTEM (Attorney

Docket DONOl P-962); Ser. No. 11/021,065, filed Dec. 23, 2004 by McCabe et al. for

ELECTRO-OPTIC MIRROR CELL (Attorney Docket DONOl P-1 193); Ser. No.

10/528,269, filed Mar. 17, 2005 (Attorney Docket DONOl P-1 109); Ser. No. 10/533,762,

filed May 4, 2005 (Attorney Docket DONOl P-1 116); Ser. No. 10/538,724, filed Jun. 13,

2005 by Hutzel et al. for ACCESSORY SYSTEM FOR VEHICLE (Attorney Docket DONOl

P-1 123); Ser. No. 11/226,628, filed Sep. 14, 2005 by Karner et al. (Attorney Docket DONOl

P-1236); Ser. No. 10/993,302, filed Nov. 19, 2004 (Attorney Docket DONOl P-1 186); and/or

Ser. No. 11/284,543, filed Nov. 22, 2005 (Attorney Docket DONOl P-1245); and/or PCT

Application No. PCT/US2006/0 18567, filed May 15, 2006 by Donnelly Corp. et al. (Attorney

Docket DONOl FP- 1274(PCT)), which are all hereby incorporated herein by reference in

their entireties. Other reflective elements or reflective element configurations or

arrangements may be implemented without affecting the scope of the present invention.

[00182] Optionally, and with reference to FIG. 39B, the polarizer 658' may be disposed over

substantially the entire rear surface of the rear substrate 612c of reflective element 612, with

the light absorbing substantially opaque layer or masking element 622 disposed over the

polarizer 658' except at the window area 622a. The display screen 624 and backlighting

element 640 of display module 612 are located at the window area 622a and at the polarizer

658', whereby the display screen is located behind the polarizer, and the display screen and

the perimeter edges thereof are not readily discernible when the display screen and

backlighting element are deactivated.



[00183] Optionally, and with reference to FlG. 39(J, the polarizer b >%" may be disposed at the

display area at rear surface of the reflective element, and the light absorbing substantially

opaque layer 622' may be disposed partially over the perimeter regions of the polarizer 658".

The display screen 624 and backlighting element 640 of display module 612 are located at

the window area 622a' of the opaque layer 622' and at the polarizer 658", whereby the display

screen is located behind the polarizer, and the display screen and the perimeter edges thereof

are not readily discernible when the display screen and backlighting element are deactivated.

[00184] Optionally, other configurations or arrangements of the display module and polarizer

and opaque layer may be implemented at the rear of the reflective element, depending on the

particular application and desired appearance of the mirror assembly. For example, and with

reference to FIG. 39D, the housing 642 has an opening or aperture 642a formed or

established at its forward surface that is sized so as to frame the active area of the video

screen 624. The aperture 642a of housing 642 may be sized so as to be greater than the

window 622a established by masking element 622. Polarizing element 658 may be at the

forward surface of the display screen or LCD 624 and the polarizing element 658 and display

screen 624 are sized so as to be greater than the aperture 642a of housing 642, with an active

area 624a of the display screen being smaller than the window 622a of masking element 622.

Thus, the active area of the display screen is viewable through the reflective element 612 and

at the window 622a and, because the masking element 622 is selected to substantially match

the appearance of the polarizer 658, the display screen is substantially non-discernible when

the display screen is deactivated or non-illuminated.

[00185] Optionally, and with reference to FIG. 39E, the display screen 624 may be attached to

a rear or inner surface of a glass substrate 660, with a polarizer 658"' attached at the outer

surface of the glass substrate 660. The glass substrate 660 provides a mounting structure to

extend the mounting area of the display screen so that the display screen may be mounted or

located at a larger sized aperture or window if desired, while still limiting viewability or

discernibility of the display screen when it is not illuminated or backlit. Optionally, and with

reference to FIG. 39F, aperture 642a in housing 642 may be smaller than the aperture or

window 622a of the masking element 622, with the display screen 624 and polarizer 658

attached or located at the aperture 642a so that the active area 624a of the display screen is

viewable through the reflective element 612 and windows 622a, 642a. In such an

application, the housing 642 preferably has an outer surface that substantially matches the

color and/or appearance of the masking element and polarizer so that it is substantially non-

discernible by a person viewing the reflective element. For example, the housing may be



painted or otherwise colored or coated or treated so as to provide a dark or opaque surface

that is substantially non-discernible when positioned at and behind the masking element and

partially overlapping the window 622a of the masking element 622. Optionally, the forward

portion or surface of the housing may incorporate or comprise a piece of metal shim stock

(such as described in PCT Application No. PCT/US2006/018567, filed May 15, 2006 by

Donnelly Corp. et al. (Attorney Docket DONOl FP- 1274(PCT)), which is hereby

incorporated herein by reference in its entirety) that has a window formed or laser cut

therefrom that matches or substantially matches the size and shape of the active area of the

display screen.

[00186] As shown in FIGS. 34, 35 and 37, the outer housing 642 may trap and contain the

display screen 624 and optical films (such as polarizer 658 and diffuser 625) at the forward

end portion of the display module. Optionally, and desirably, a thin sponge-like material or

element 662 may be located at the perimeter edge of the display screen to hold the edge of the

display screen in slight compression at the housing and between the forward portion of the

housing and the forward portion of the wall 652 at recess 652b of wall 652.

[00187] With reference to FIG. 40, a control system 664 may be implemented to control the

display module 614. Desirably, the control system 664 may control the display screen to

display video images in response to an output of one or more video cameras 666 of the

vehicle, such as a rearwardly facing video camera operable to capture images at the rear of

the vehicle. Preferably, the display module 614 is operable in conjunction with a reverse

imaging system or back up aid, and the control system may operate to activate the display

module 614 and the camera or imaging device 666 in response to the vehicle being shifted

into a reverse gear or in response to rearward movement of the vehicle or the like. Thus, the

display module may be activated to display images of a rearward scene behind the vehicle,

and may be viewable when the driver of the vehicle is reversing or backing up the vehicle.

Optionally, the display module may be selectively operable and viewable for other

applications or systems, such as for episodal or episodic displays or intermittent/selective

displays, such as for a navigation system or compass system or telephone system or the like,

such as described above, while remaining within the spirit and scope of the present invention.

[00188] As shown in FIG. 40, the display module 614 includes two banks of LEDs 646, a

constant current LED driver 668 for each bank of LEDs, and a voltage regulator 670 to step

down or reduce the supplied voltage to the desired or appropriate level for powering the LCD

video screen 624 and the LEDs 646. The control system 664 includes a controller or

microcontroller 672 (such as, for example, a Toshiba Microcontroller TMP86CM47 or the



H e that is operable to apply the staggered pulse width modulation signals 672a to the

constant current LED drivers 668, and that may be operable in response to the forward and

rearward facing photosensors 649a, 649b (such as Microsemi LXl 973 photosensors or the

like, such as described in PCT Application No. PCT/US2006/0 18567, filed May 15, 2006 by

Donnelly Corp. et al. (Attorney Docket DONOl FP- 1274(PCT)), which is hereby

incorporated herein by reference in its entirety) and a reverse inhibit element 674. The

control system 664 also includes a video decoder 676 (such as an ADI Video Decoder

ADV7180BCPZ or the like) and a scalar 678 (such as a Novatek Scalar NT68521XFG or the

like) and a controller or microcontroller 680 (such as a Micro Chip Micro Controller

PIC12F629 or the like) for controlling the LCD video screen 624 (which may comprise a Chi

Mei TFT LCD F02505-01U video screen or the like), such as in response to a feed from the

camera 666 (such as a Sony NTSC video camera or the like). Other components and

controllers and circuitry may be suitable for use with the display module and control system

while remaining within the spirit and scope of the present invention.

[00189] Optionally, the display module may be located at the rear of the reflective element via

a locating device that may accurately and repeatedly place the display module at the masking

element with the active area of the display screen at the window or aperture of the masking

element. For example, and with reference to FIGS. 4 IA-C, an assembly fixture 670 may

have a base portion 670a and a pivotable portion 670b that functions to hold a display module

and to pivot about a pivot axis 670c (which is substantially parallel to the plane of the rear

surface of the mirror reflective element and/or masking element). The base portion 670a of

assembly fixture 670 may receive the reflective element or bezel portion of the mirror

assembly so that the display modules held and pivoted/placed by the pivotable portion 670b

consistently place the display modules at the desired or appropriate or targeted location at the

rear of the reflective element. The assembly fixture 670 thus pivots to locate the display

module at the reflective element or masking element and moves the display module generally

normal to the masking element when attaching or adhering the display module to the masking

element. Thus, the display module or the masking element may have a double-sided adhesive

or tape thereon, whereby the substantially vertical or perpendicular movement of the display

element at the masking plate attaches the display module to the masking element and at the

desired or appropriate location relative to the window or display area of the reflective

element.

[00190] Therefore, the display module of the present invention is positionable and

compressible within a mirror assembly and is in intimate contact with a thermally conductive



element so as to allow for heat flow from the display module to the rear and exterior of the

mirror assembly. The display module includes a plurality of light sources or light emitting

diodes, whereby such heat transfer is highly desirable for such an application. The display

screen, and particularly the active area of the display screen, may be readily positioned at the

appropriate location for viewing, and may be substantially retained thereat via flexible

spring-like fingers that substantially hold the display screen in position during

expansion/contraction of the plastic walls of the display module while reducing stress at the

perimeter edges of the display screen. Although shown and described as being part of an

interior rearview mirror of a vehicle, it is envisioned that the display module and/or thermally

conductive elements of the present invention may be equally suitable for use in exterior

rearview mirror assemblies, while remaining within the spirit and scope of the present

invention.

[00191] Optionally, the display module may be operable to display video images indicative of

an exterior scene as captured by one or more exteriorly directed imaging sensors or cameras

having exterior and/or rearward field of views. It has long been known to use a standard

short-range (30 feet or thereabouts) wireless data communication protocol in vehicles (and/or

communication protocols of the types described in U.S. Pat. Nos. 7,004,593; 6,690,268 and

6,329,925, which are hereby incorporated herein by reference in their entireties) for wireless

connectivity in vehicles. Prior suggested solutions, such as conventional Bluetooth 2.0 that

moves data at only a mere 721 Kbps, work well for text and voice communication, but are

overly slow for transmission of video images. Bluetooth 3.0 available from the Bluetooth

Special Interest Group uses a wireless protocol to operate at similar distances (around 30 feet

or so) as today's Bluetooth 2.0, but transmits and receives data at a much faster rate, being

capable of wireless transfers at a rate of 480 Mbps (megabits per second). This equates to

about 60 MB per second (60 megabytes per second) which is fast enough for high definition

video transfer, such as between a rear-mounted camera and a video control/display in the

interior cabin (such as at or in the interior mirror assembly), or between video

cameras/devices in either or both of the exterior sideview mirror assemblies.

[00192] Thus, a video camera may be mounted or located at a rear portion of a vehicle and

may capture video images of a scene occurring exteriorly and rearwardly of the vehicle and

the image data may be communicated wirelessly to an image processor located remotely from

the rear of the vehicle, such as at an interior rearview mirror assembly of the vehicle. The

image processor may process the image data to detect objects in the scene to assist the driver

in safely reversing or backing up the vehicle. The image processor may be an existing



processor tnat is located at or near tne interior rearview mirror tor processing images captured

from an existing forward facing imaging sensor or camera with a forward field of view. For

example, the image processor and forward facing camera may be part of or operable in

conjunction with a headlamp control (IHC) system or a rain sensing system or a lane

departure warning (LDW) system or a traffic sign recognition (TSR) system (such as the

types described in U.S. Pat. No. 7,004,606) or the like. For example, the image processor

may comprise an EyeQ™ image processing chip available from Mobileye Vision

Technologies Ltd. of Jerusalem, Israel. Such image processors include object detection

software (such as the types described in U.S. pat. application, Ser. No. 10/427,051, filed Apr.

30, 2003, now U.S. Pat. No. 7,038,577 (Attorney Docket DONOl P-1075); and/or Ser. No.

11/315,675, filed Dec. 22, 2005 by Higgins-Luthman for OBJECT DETECTION SYSTEM

FOR VEHICLE (Attorney Docket DONOl P-1253), which is hereby incorporated herein by

reference in its entirety), and analyzes image data to detect objects.

[00193] When such an image processor and forward facing camera are provided in a vehicle,

such as at an interior rearview mirror assembly or windshield electronics module or accessory

module or the like, the image processor and forward facing camera may not be utilized when

the vehicle is shifted into reverse and/or traveling in reverse. Thus, the image processor can

be operable to multi-task and receive and process a video feed from a rearward facing video

camera to display the rearward scene and/or to detect objects in the rearward scene. While

such a processor may be implemented at the rearward facing camera, it is efficient and less

costly to implement a single processor at either the forward or rearward facing camera (and

preferably at the forward facing camera at or near the interior rearview mirror assembly or

accessory module where the video display may be located) and to thus use only one processor

for processing image data from both cameras.

[00194] For example, and with reference to FIG. 45, a wireless communication system or

imaging and display 710 may include an imaging sensor or camera 714 at a rear portion 712a

of a vehicle 712 and an image display device 716, such as a control/display device located at

an interior rearview mirror 718a of the vehicle, whereby image data captured by the rear

camera 714 is communicated to the image display device 716 via a suitable wireless protocol.

Optionally, the driver side exterior rearview mirror 718b and/or the passenger side exterior

rearview mirror 718c may also or otherwise include or be associated with a respective side

mounted imaging sensor or camera 720, 722, which is/are operable to communicate image

data to the display device 716 via a suitable wireless protocol.



[DU195] irTeteraDiy, lor suc ή wireless mtra-venicie video transters, an ultra-wideband

(UWB) common radio platform that enables high-speed (480 Mbps and beyond), low power

consumption multimedia data transfers in a wireless personal area network (WPAN) is

utilized (such as is available from the WiMedia™ Alliance). For example, the WiMedia

UWB common radio platform that incorporates media access control (MAC) layer and

physical (PHY) layer specifications based on multiband orthogonal frequency-division

multiplexing (MB-OFDM) can be used for wireless video transmission within the vehicle (or

between the vehicle with road signs and the like, or for vehicle-to-vehicle communication).

ECMA-368 and ECMA-369 are international ISO-based specifications for the WiMedia

UWB common radio platform.

[00196] For example, for a rearward facing imaging sensor or camera, the display (which may

be located at or in a DoD™ transflective EC video mirror as described above) may display

information that may be desirable to a driver during the act of reversing the vehicle. For

example, when the vehicle is shifted into a reverse gear, the processor may receive and

process image data from the rearward facing camera and a rear video scene with graphic

overlays may be displayed on video display screen. Optionally, the distance to an object

displayed on the screen may be detected via ultrasonic sensing. Optionally, an alert may be

communicated to the driver of the vehicle if a child or object is in the field of view of the

camera and is in danger of being hit by the vehicle as the vehicle travels rearward (for

example, a visual overlay or prompt may be displayed at the video screen initially, and an

audible signal may be communicated if a greater or threshold danger condition is detected.

Optionally, a Park Assist™ graphic overlay may be provided at the display screen to assist

the driver in parking the vehicle. Automatic braking of the vehicle may be provided for

situations where the driver of the vehicle may not react to imminent danger of impact with a

detected child or object at the rear of the vehicle.

[00197] In situations when the vehicle is not placed in reverse, the processor may receive and

process image data from a forward facing video camera and/or the video display module at

the mirror may display other information, such as telephone information and/or compass

information and/or temperature information and/or navigation information, such as point-to-

point navigation or the like, such as described above. Optionally, and for a forward or front

facing imaging device or camera, the mirror assembly and/or control system of the vehicle

may provide an intelligent headlamp control system (IHC) and/or a lane departure warning

system (LDW) or the like. Optionally, the display or control may provide a pedestrian

detection alert to alert the driver of the vehicle of a pedestrian at or near the path of the



venicie. The control system and/or vehicle may also provide a night vision system and/or

object detection system and/or a smart forward lighting system (such as a system that

provides control and/or activation/deactivation of exterior lights and/or interior lights of the

vehicle, such as of LED lighting of the vehicle). The control system and/or vehicle may also

or otherwise provide a traffic sign recognition (TSR) system and/or a seat occupancy

monitoring system, and may provide an appropriate output or display or alert in response to a

detection of a seat occupant (or detection of a seat being unoccupied).

[00198] Optionally, for systems having exterior mirror-mounted imaging sensors or cameras

(such as a camera at each exterior rearview mirror of the vehicle and directed so as to have a

field of view generally rearward and/or downward), the vehicle may include suitable

cameras, such as JapanVue cameras with a DoD™ video display at the exterior mirror

reflector. Optionally, the exterior rearview mirror or mirrors may include a display module

or device, such as a video display module of the types described above (and optionally with

thermally conductive element or elements at the casing or housing of the exterior rearview

mirror and in intimate contact with the display module and/or associated circuitry), and the

display module may display video images of the scene captured by the cameras. For

example, a display module at a driver side exterior rearview mirror may display images

captured by a camera located at the driver side of the vehicle or at the driver side exterior

rearview mirror, while a display module at a passenger side exterior rearview mirror may

display images captured by a camera located at the passenger side of the vehicle or at the

passenger side exterior rearview mirror, so that the person viewing the displayed images at

the respective exterior rearview mirror can readily associate the displayed images with the

captured scene at the respective side of the vehicle. Such a system may provide a 24 GHz

radar side-object detection system for detecting objects at the side of the vehicle and

generally at the blind spot at the side of the vehicle. The imaging sensors may be operable to

communicate image data to a control or video display module via any suitable

communication protocol, and may communicate via a wireless communication protocol, such

as Bluetooth or the like. Optionally, the sensors or cameras and associated control may be

operable to perform tilt sensing to determine a tilt of the vehicle.

[00199] Optionally, the control or image processor of imaging system may be operable to

sense or detect precipitation at the vehicle, and may activate/deactivate/control the wipers of

the vehicle and/or blower of the HVAC system and/or the like in response to rain sensing or

sensing of other precipitation at the vehicle. Optionally, the vehicle may be equipped with a

GOOGLE map remote video display or the like for displaying map information to the driver



or occupant ot the vehicle. The controls and components o± the systems described above may

be located at or in the interior rearview mirror assembly and/or the exterior rearview mirror

assembly or assemblies, or may be located at a windshield electronics module (WEM) or the

like, while remaining within the spirit and scope of the present invention.

[00200] Optionally, an interior rearview mirror of a vehicle may include a telephone function

or other voice interaction system, such as a voice activated and/or voice instructional

navigational system or the like. Such voice interaction systems and hands free systems are

often desired in vehicles to reduce the distraction to the driver of the vehicle during use of the

telephone or navigation system (and may utilize aspects of the mirror systems described in

U.S. Pat. Nos. 6,420,975 and 6,906,632, which are hereby incorporated herein by reference in

their entireties). Optionally, a voice interaction system may be incorporated into a mirror

assembly having a telephone function or navigation system or the like. The voice interaction

system may include voice recognition capabilities and, thus, may recognize spoken words or

numbers as spoken or vocalized by the driver or occupant of the vehicle, and may include

conversational voice recognition capabilities and, thus, may recognize words or phrases or

conversations spoken or vocalized by the driver of occupant of the vehicle.

[00201] Many vehicles manufactured today include a global positioning system that is

operable to determine (via satellite signals) where the vehicle is geographically located at any

given time. The vehicle may include a vehicle-based global positioning system that receives

satellite signals and determines the geographical location of the vehicle or the vehicle may

include a telematics system that receives the geographical location data or information from a

remote or central service center or the like.

[00202] Technology exists that can digitize a person's voice and can dissect and reassemble

portions of words or sounds to create or form or vocalize words. Thus, a digitized audible

signal may be generated that sounds like a real person talking and not like a typical recording

of individual words or phrases. Optionally, an interior rearview mirror assembly or system of

the present invention may include a voice interaction system that provides such a digitized

vocal output or artificially generated human voice so that the vocal or audible signal sounds

similar to a person talking so that the vocal information is readily heard and understood by

the driver or occupant of the vehicle. Thus, different voice messages or information (such as

in response to a voice input from the driver or occupant of the vehicle) may be readily

provided by reassembling the digitized sounds so that the driver or occupant of the vehicle

will experience voice interaction that is similar to a "normal" conversation. For example, the

driver may say "I want to call Jim", and the mirror system may respond "Do you want to call



Jim Smith or Jim Johnson?", with the audible output or phrase generated by the system

sounds similar to a person talking and not as if each word were independently recorded and

assembled in that order. The system thus may provide conversational voice recognition and a

conversational interaction system to enhance the experience of the driver or occupant that is

using the voice interaction system of the mirror or vehicle.

[00203] Optionally, the voice interaction mirror system of the present invention may provide

different voice outputs, as may be selected by the user or as may be determined or selected by

the system in response to one or more inputs or characteristics, as discussed below. For

example, the voice interaction mirror system may provide the voice output as a different

accent, which may be regionalized, such as an Eastern United States accent or a Southern

United States accent or the like. The system may automatically change the voice output to a

different accent, such as in response to the current or actual geographical location of the

vehicle (such as in response to an input from a global positioning system, such as a vehicle-

based global positioning system and/or navigational system), or the accent may be selected

by the user (such as via a user input, such as a button or selection input or vocal input or the

like), or the accent may be selected depending on where the vehicle is manufactured or sold

or depending on any other suitable or desired characteristic or input. Thus, if the system

automatically changes the accent in response to the global positioning system (i.e. the system

provides a regionalized accent or output), the vocal output of the mirror may change as the

vehicle is driven between different regions, such as from the Midwest to the South or other

regional changes. Optionally, the spoken language of the voice output may change from one

language (such as English) to another language (such as Spanish or French), such as in

response to the current geographical location of the vehicle (such as in response to an input

from a global positioning system as the vehicle is driven into Mexico or a French-Canadian

province or the like, or into other countries, such as in Europe or elsewhere), or the language

may be selected by the user (such as via a user input, such as a button or selection input or

vocal input or the like), or the language may be selected depending on where the vehicle is

manufactured or sold or depending on any other suitable or desired characteristic or input.

[00204] Optionally, the accent or language being output by the mirror system may be based on

one or more biometric characteristics of the driver or occupant of the vehicle or user of the

mirror system. For example, a person may enter or select their desired accent or language,

and the system may store that selection and use that selected accent or language in response

to the system recognizing that person in the vehicle or in the driver's seat (such as via

recognition of a biometric characteristic of the person, such as a voice recognition or retinal



scan or lingerprmi or oiner recognizaDie υr uis crmuic mumeuiu

example, the mirror system may generate a male (or female) voice output when it is

determined that a male occupant is using the system and a female (or male) voice output

when it is determined that a female occupant is using the system.

[00205] Optionally, and desirably, any such default output of the system or automatic

selection by the system (in response to biometric characteristics or user inputs or vehicle

location or the like) may be overridden by the user. Thus, the current user may override the

vocal output and select a desired or selected voice output or accent or language irrespective

of the other factors such as stored selections, geographical location of the vehicle or the like.

Thus, the mirror system avoids the potential that one or more of the different accents or

languages provided may become annoying to the driver and may irritate or distract the driver

during operation of the mirror system.

[00206] Such voice activated / voice interaction telematics systems thus provide a desired or

appropriate audio signal to the driver of the vehicle and provide audio feedback to the driver.

However, such systems are not suitable for drivers that are hearing impaired or deaf, such

that these drivers may not be able to utilize the full safety features of the vehicle. It is thus

envisioned that the mirror system of the present invention may include a display at the mirror

(such as a display on demand transflective display that is viewable at and through the

reflective element of the vehicle, such as by utilizing aspects of the mirror assemblies

discussed above). The mirror system may include a text converter that converts the voice

output of the system to a text message that is displayed at the mirror display (or optionally at

a display located at another location within the vehicle), so that the information being audibly

conveyed is also or otherwise textually shown at the display for viewing by the driver or

occupant of the vehicle. The text converter feature may be incorporated into the mirror

system or into the vehicle or may be provided as an option by the automaker (or as an after-

market device) for hearing impaired consumers. Optionally, the text converter and display

feature may be provided via a remote service provider or telematics system or the like.

[00207] Optionally, the mirror system may be capable of recognizing lip movement by the

driver of the vehicle and may convert the detected and recognized lip movement to an audible

message or output, such as for a telephone function of the vehicle. For example, the mirror

system may include a camera or imaging sensor (which may be located at the interior

rearview mirror assembly) having a field of view generally toward or at a head region for a

typical vehicle driver, and the system may have an image processor that processes the images

to determine and discern lip movement and determine what is being spoken or "mouthed" by



the driver. The system may then convert the lip movement interpretation to an audible output

and may generate the audible output for a telephone function, such that the driver (such as a

deaf or hearing impaired driver) may have a teleconference in the vehicle.

[00208] Therefore, the present invention may provide an enhanced video mirror system and/or

a hands free or voice acquisition or vocal interaction mirror system for a vehicle. The vocal

interaction mirror system may provide a desired or selected artificially generated or digitized

voice (with a desired or selected or appropriate accent or language or the like) to enhance the

experience to the user of the mirror system. For example, the voice interaction system of the

vehicle may include an artificially generated human voice for providing information to the

driver of the vehicle, with the artificially generated human voice being selectively generated

with a regional accent that is determined by the actual geographic location of the vehicle,

\ such as may be determined by a vehicle-based navigational system. Optionally, the mirror

system or vocal interaction system may also provide capabilities that allow the system to be

used by hearing impaired or deaf drivers or occupants, and may allow such users to utilize a

telephone function of the mirror system or vehicle. Although described herein as being

located at an interior rearview mirror assembly of the vehicle, the vocal interaction system

and/or display system and/or lip reading system of the present invention may be located

elsewhere at the vehicle, and/or may be provided to the vehicle via a remote service provider

or station, while remaining within the spirit and scope of the present invention.

[00209] Changes and modifications to the specifically described embodiments may be carried

out without departing from the principles of the present invention, which is intended to be

limited only by the scope of the appended claims as interpreted according to the principles of

patent law.



CLAIMS:

1. A video mirror system for a vehicle, said video mirror system comprising:

an interior rearview mirror assembly, said interior rearview mirror assembly

comprising a transflective electro-optic reflective element having a front substrate and a rear

substrate and an electro-optic medium disposed between said front and rear substrates, said

rear substrate having a transflective reflector disposed at a front surface of said rear substrate

that opposes said electro-optic medium, said transflective electro-optic reflective element

transmitting at least about ten percent of visible light incident thereon and reflecting at least

about sixty percent of visible light incident thereon;

a display module at a rear of said transflective electro-optic reflective element, said

display module comprising a plurality of individual light sources;

a thermally conductive element in substantial thermal contact with said display

module;

said thermally conductive element being exposed at a rear casing portion of said

interior rearview mirror assembly so as to draw heat generated by said display module during

operation of said display module and to draw the heat away from said display module and to

the exterior of said interior rearview mirror assembly; and

wherein the exposure of said thermally conductive element at said rear casing portion

of said interior rearview mirror assembly is substantially not discernible to a viewer viewing

said rear casing portion of said interior rearview mirror assembly from outside of the vehicle

and through the windshield of the vehicle when said interior rearview mirror assembly is

mounted at the vehicle.

2. The video mirror system of claim 1, wherein said thermally conductive element draws

heat from said display module and from a circuit board of said interior rearview mirror

assembly and dissipates the heat out of said interior rearview mirror assembly.

3. The video mirror system of claim 1, wherein said thermally conductive element is

formed so as to be at least partially hidden from view at said rear casing portion, said

thermally conductive element being at least one of molded, contoured, painted and coated to

reduce the discernibility of said thermally conductive element at said rear casing portion.



4. The video mirror system of claim 1, wherein said rear casing portion comprises a

plurality of ribs at said thermally conductive element to limit access to said thermally

conductive element from outside said casing.

5. The video mirror system of claim 4, wherein said ribs are configured to shade said

thermally conductive element to reduce solar loading of said thermally conductive element.

6. The video mirror system of claim 1, wherein said plurality of light sources are

electrically operated as at least two banks of light sources, with each of said at least two

banks of light sources comprising a plurality of light sources.

7. The video mirror system of claim 6, wherein each of said at least two banks of light

sources comprise multiple pairs of light sources, with said pairs of light sources being

powered in electrical series.

8. The video mirror system of claim 6, wherein said light sources are operated via a

current that is applied via a pulse width modulation (PWM).

9. The video mirror system of claim 8, wherein the peak currents of each bank of said

light sources is staggered so that the currents are applied at different times.

10. The video mirror system of claim 1 further comprising a transflective polarizing

element disposed at said rear of said transflective electro-optic reflective element and

between said display module and said transflective electro-optic reflective element.

11. The video mirror system of claim 10, wherein illumination emitted by said plurality of

light sources is substantially polarized as it is transmitted through said light transmissive

polarizing display element, said transflective polarizing element being arranged so that said

polarized light from said display element passes through said transflective polarizing element

for viewing by a person viewing a front of said transflective electro-optic reflective element,

said transflective polarizing element reflecting other light incident thereon via passage

through said transflective electro-optic reflective element.



Yl. The video mirror system of claim IU, wherein said transilective polarizing element is

disposed over substantially all of said rear of said transflective electro-optic reflective

element.

13. The video mirror system of claim 10, wherein said transflective polarizing element is

disposed only at a display area in front of said display module, a surrounding non-display

area of said rear of said transflective electro-optic reflective element having a reflective layer

disposed thereat.

14. The video mirror system of claim 13, wherein a reflectance of light incident on said

display area is substantially reflectance matching with a reflectance of light incident on said

reflective layer at said non-display area.

15. The video mirror system of claim 1, wherein said display module comprises a back lit

liquid crystal display element that is backlit by said plurality of light sources.

16. The video mirror system of claim 15, wherein said plurality of light sources comprise

a plurality of light emitting diodes.

17. The video mirror system of claim 1, wherein said video mirror system is operated as

part of a voice interaction system of the vehicle, said voice interaction system including an

artificially generated human voice for providing information to the driver of the vehicle, said

artificially generated human voice being selectively generated with a regional accent that is

determined by the actual geographic location of the vehicle as determined by a vehicle-based

navigational system.
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