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vue en coupe. '

Le boitier 1 en matiére plastique, sensiblement
en forme de coupelle, sert a la réception et au montage
orientable du miroir 2, lequel est essentiellement rec-
tangulaire. Le boitier 1 est muni sur un bord vertical
d'un renforcement 3 triangulaire qui forme, juste en-
dessous du bord inférieur du boitier 1, un coussinet
de sphére 4, Celui-ci forme, avec une sphére 6 se
trouvant & l'extrémité supérieure d'une embase 5, une
rotule servant a l'orientation du rétroviseur dans tou-
tes les directions.

L'embase 5 et la sphére 6 sont creuses pour pou-—
voir loger dans l'embase 5 des moyens de fixation 7
destinés a fixer le rétroviseur sur le véhicule et, en
outre, une piéce de pression 8. Cette piéce de pression
8, conformée en calotte sphérique, est montée coulis-
sante sur une piéce de fixation, gqui est fixdée au ren-
forcement 3 et qui affecte la forme d'une barrette 9
et est soumise & l'action d'un ressort de pression 10
qui tend constamment & appliguer la piéce de pression
8 de l'intérieur sur la sphére 6 pour maintenir le frot-
tement de la rotule. Afin gu'une telle application d'une
pression soit possible, la barrette 9 passe dans un évi-
dement 11, conformé de maniére adéquate, de la sphére
6. '

Mais ce gui est important est gque la partie su-
périeure libre de la sphére 6, donc la section 12 pla-
cée & l'extrémité libre de l'embase 5, est fabriquée
en tant gue piece indépendante et est maintenue par une
liaison par languette et rainure, sur la partie infé-
rieure de la sphére 6 qui est d'une piéce avec 1'embase
proprement dite. Une partie saillante 13, faisant tout
le tour et tournée vers l'intérieur, pénétre, dans ce
cas, dans une gorge 14 faisant tout le tour et ménagée
a la partie inférieure de la spherxe 6. Cette liaison se
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4

réalise par une déformation élastigque des deux parties
de la sphére 6. Les deux parties de la sphére se main-
tiennent 1'une dans l'autre ou l'une sur l'autre, grace
3 leur élasticité propre. On a ainsi une liaison par
encliquetage, qui peut étre réalisée sans délai et ra-
pidement lors de l'assemblage du rétroviseur.

Le diamétre extérieur D efficace de la sphére 6
est sensiblement plus grand que le diamétre intérieur
W de l'embase. Afin de pouvoir utiliser cependant une
piéce de pression 8 de dimension adéquate, le montage
du rétroviseur s'effectue d'abord sans mettre la partie
inférieure de la sphére 6 avec l'embase 5 qui en fait
partie. Quand, dans ces conditions, la pié&ce de pression
8 avec le ressort de pression 10 se trouve -en la posi-
tion de travail conforme au dessin, on relie la partie
inférieure de la sph&re 6 a la section 12 par "clipsage"
en obtenant alors le rétroviseur sous la forme représen-
tée au dessin. On choisit de préférence la séparation
entre les deux parties de la sphére 6, de fagon que le
trongcon 12 ait au moins sensiblement la forme d'une hé-
misphére. Le plan de séparation est a peu prés parallele
a la surface de fixation (surface iﬁférieure) de l'em-
base 5.

Il va de soi que, lorsque la piéce de pression 8
a la forme d'une calotte sphérigque, la surface intérieu-
re du trongon 12, sur laguelle s'applique exclusivement
la piéce de pression 8, doit étre conformée & la manieére
d*une sphére.

Une autre particularité de l'invention est éga-
lement, qu'avant l'assemblage de la sphére, on peut
également fixer l'embase 5 ou manoeuvrer les éléments
de fixation 7. 8i, dans cette hypothese, l'embase 5 est
fixée au véhicule automobile, on monte la section 12

avec le boitier 1.
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REVENDICATIONS

1. Rétroviseur de véhicule automobile, notamment

rétroviseur extérieur, comprenant un boitier de récep-
tion du miroir, qui est relié, au moyen d'une rotule, a
une embase servant & la fixation sur le véhicule, la
sphére creuse de la rotule, qui se trouve sur 1l'embase,
étant repoussée de l'intérieur par une piéce de pres-—
sion montée sur le boitier, caractérisé en ce gque 1la
partie supérieure (section 12) de la sphére (6) qui est
repoussée de l'intérieur par la piéce de pression (8},
peut étre reliée 2 la partie inférieure de la bille,
gui est montée sur 1l'embase (5).

2. Rétroviseur suivant la revendication 1, carac-
térisé en ce que la liaison entre les deux parties de
la sphére (6) est une liaison par encligquetage.

3. Rétroviseur suivant la revendication 2, carac-
térisé en ce que la liaison est une liaison par languet-
te et rainure.

4. Rétroviseur suivant la revendication 1, carac-
térisé en ce que la partie supérieure a au moins sensi-
blement la forme d'une hémisphere.

5. Rétroviseur suivant la revendication 1, carac-
térisé en ce que le plan de séparation entre les deux
parties de la sphi&re (6) s'étend & peu prés paralléle-
ment & la surface de fixation de l'embase (5).
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6. Rétroviseur suivant la revendication 1, .carac-
térisé en ce gue le diamétre extérieur (D) de la sphére
(6) est sensiblement plus grand que le diamétre inté-
rieur (W) de l'embase (5). .

7. Rétroviseur suivant la revendication 1, carac-
térisé en ce que le diamétre intérieur le plus grand de
1'intérieur de la sphére (6) est supérieur au diamétre
intérieur (W) de l'embase (5) creuse.

"~ 8. Rétroviseur suivant la revendication 1, carac-
térisé en ce que les moyens de fixation (7) de 1l'embase
{(5) peuvent &tre manoceuvrés ou actionnés en passént par
l'intérieur de l'embase, lorsque la partie supérieure

{(section 12) de la sphére (6) n'est pas encore montée.
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ABSTRACT FR2605567

MIRROR OF MOTOR VEHICLE. THE UPPER PART 2 OF THE SPHERE 6 WHICH IS PUSHED
FROM THE INTERIOR THROUGH THE PRESSURE PART 8 CAN BE CONNECTED BY
CLOSING TO THE LOWER PART OF THE SPHERE THAT IS MOUNTED ON THE BASE 5.
AUTOMOBILE INDUSTRY.
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DESCRIPTION FR2605567

Spherical mirror for motor vehicles.

The invention relates to a vehicle rearview mirror

automobile, including an exterior rearview mirror,

a mirror receiving box, which is mounted by means of a ball joint to a base for attachment to the
vehicle, the hollow sphere of the ball joint,

which is on the base, being pushed away from the

by a pressure piece mounted on the housing.

This pressure piece, which is usually subjected to the tension of a spring, ensures good and
sufficient pressure between the sphere on the one hand, and the pad on the housing, on the other
hand. In order to be able to assemble this pressure piece with the pressure spring which forms
part of it, these parts must be introduced into the hollow base. He goes from

such an assembly is only possible if the
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base has a large inside diameter, and if moreover, the

ball sphere has only an effective diameter relative to

slowly. But a dimensioning of this type is going

against the requirement of a good bond of

articulation and a narrow base. We want large diameters of the sphere to obtain

good friction values and, in addition,

narrow and not too unsightly bases for fixing

to the motor vehicle.

The aim of the invention is to perfect the rearview mirror above, so as to be able to choose a large
sphere for the articulation and, in addition, a

narrow base, while allowing the assembly of the

view mirror. To solve this problem, it is provided according to the invention, that the upper part of
the sphere, which is pushed from the inside by the pressure piece, can be connected to the lower
part of the sphere,

which is mounted on the base. Preferably, this link

sound is done by what is called a clipping or
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a snap. It is foreseen a liaison by

shape, for example by tongue and groove.

nure. This connection is achieved by the fact that

that the two parts of the sphere are pressed towards each other, a certain elastic deformation is
produced, the two parts of the sphere co-operating by

complementarity of form being thus also maintained.

If necessary, this complementarity of form can be suppressed by suitable deformations; but

the forces needed for this purpose are much greater

as the constraints that occur in the func-

rearview mirror, to prevent

inadvertent loosening.

Thanks to the invention, it is possible to choose an effective diameter of the sphere, which is much
larger than the

width of the base. Thanks to the subdivision of the sphere

re hollow, we no longer depend on the choice of widths or

09-10-2018 3 Motherson Innovations v. Magna Mirrors

Motherson Exhibit 1007, Page 909



cavities formed inside the base.

Other details of the invention will emerge from the drawing which represents an exemplary
embodiment of the invention.

The drawing is an elevation view in the direction

of the mirror surface of an exterior mirror of a motor vehicle, the lower part being

sectional view.

The housing 1 made of plastic, substantially cup-shaped, is used for receiving and mounting

orientable mirror 2, which is essentially

tangulaire. The housing 1 is provided on a vertical edge

a triangular reinforcement 3 that forms, just in

below the lower edge of the casing 1, a sphere pad 4. It forms, with a sphere 6 located at the
upper end of a base 5, a

ball joint for the orientation of the mirror in all

your directions.

The base 5 and the sphere 6 are hollow for
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see housing in the base 5 fastening means 7 for fixing the mirror on the vehicle and, in addition, a
pressure piece 8. This pressure piece

8, shaped like a spherical cap, is mounted

on a fastener, which is attached to the

3 and which affects the shape of a bar 9 and is subjected to the action of a pressure spring 10
which tends constantly to apply the pressure piece

8 from the inside on sphere 6 to maintain the rub

the patella. In order for such an application of a

pressure is possible, the bar 9 passes into an

11, suitably shaped, of the sphere

But what is important is that the

free of sphere 6, so section 12

at the free end of the base 5, is manufactured as an independent part and is maintained by a

linkage by tongue and groove, on the lower part
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the sphere 6 which is one piece with the base itself. A protruding part 13, turning all the way
inwards, penetrates, in this case, into a groove 14 which is all around and formed in the lower part
of the sphere 6. This connection is achieved by an elastic deformation of the two parts

of the sphere 6. Both parts of the sphere are maintained

hold one in the other or one on the other, thanks to their own elasticity. There is thus a snap
connection, which can be achieved without delay and

quickly when assembling the mirror.

The effective outer diameter D of the sphere 6 is substantially larger than the inside diameter W of
the base. However, in order to be able to use a pressure piece 8 of suitable size, the mounting of
the mirror is done first without putting the lower part of the sphere 6 with the base 5 which forms
part of it. When, under these conditions, the pressure

8 with the pressure spring 10 is in the position

According to the drawing, the lower part of the sphere 6 is connected to section 12 by "clipping".

by then obtaining the rear view mirror in the form

to the drawing. The separation between the two parts of the sphere 6 is preferably chosen so that
the

section 12 has at least substantially the shape of a

MiSPHERE. The separation plan is roughly parallel
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to the fixing surface (lower surface) of the

base 5.

It goes without saying that when the pressure piece 8

shaped like a spherical cap, the interior surface

re section 12, on which exclusively applies the pressure piece 8, must be shaped in the manner

of a sphere.

Another feature of the invention is also

lement, that before the assembly of the sphere, one can also fix the base 5 or maneuver the
fastening elements 7. If, in this case, the base 5 is attached to the motor vehicle, section 12 is
mounted

with the box 1.
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(54) A rear-view mirror for motor vehicles

(67) The mirror is connected to the vehicle

by a base 5 and ball-and-socket

arrangement 6. The ball is generally hollow

and relatively large with respect to base 5 to

allow smaller bases to be used and to allow
attachment to the vehicle internally of the

base. The mirror is mounted on the ball by

way of arod 9, pressure-piece 8 withinthe =~ 3
ball and held by a spring 10. The ball is
formed from two paris connected together at
a snap-fit 13,14.
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-1 -
A REAR-VIEW MIRROR FDR MOTOR VEHWICLES

.

" The invention relates to & rear-view mirror for
motor vehicles, more especially an external mirror,wherein
the housing, which accommodates the mirror body, is
disposed on a base by means of & ball joint, the base serving
as the means for securement on the vehicle, and the ball
of the ball joint, which is situated on the base and is
kept hollow, is actuated from inside the vehicle via the
intermediary of & pressure-piece mounted on the housing.

This pressure-piece is generally spring-locaded and
ensures that there is good, adequate pressure between the
ball, on the one hand, and the socket which is situated
on the housing. In order to permit this pressure-piece to
be assembled with its associated compression spring, these
component parts have to be introduced into the hollow base.
It is obvious that such an assembly is only possible when the
base has a large inside width and, in eddition, the ball of
the ball joint only has a comparatively small, effective
diameter., However, such dimensions do not comply with the
demand for the joint to have a good frictional connection
end for the base to be only narrow. Large diameters are
desired for the bzsll in order to achieve good coefficients
of friction and, moreover,narrow bases which are not too
bulky are desired -for securement on the vehicle.

In conseguence the invention seeks to provide the
above mirrors so that it is possible to select a large ball
for the joint end alsc a narrow base, whilst still permitting

the mirror to be fitted together.

To achieve this object according to the invention, the
upper portion of the ball, which is esctuated by the pressure-
piece is connectable, es an individuslly produced body, to
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the lower portien of the ball sfter the pressure-piece has
been fitted. This comnection is preferably effected by

‘so-called clipping-together or snmap-fitting. An interlocking

connection is provided, that.-is to say, by tongue end
groove means. This connection is achieved when the two
portions of the ball sre pressed together and produce a
certain amount of resilient deformation, the two portions
of the ball providing, and then elsc maintaining, the
interlocking. It is possible for this interlocking to

be discontinued by means of suitable deformations; however,
the forces required therefor are far greater than the
stresses which occur during operstion of the mirror, so
that accidental detachment is prevented.

Due to the invention, it is possible to select
for the ball an effective diameter which is far greater than
the width of the base. In consequence, bescause the ball
which is kept hollow is divided, there is freedom to
choose the width and/or cavities inside the base.

The present invention will be further illustrated,
by way of example, with reference to the accompanying
drawing, in which the single Figure shows an external
mirror for & road vehicle viewed in the direction of the
mirror surface, the lower portion being shown as a

sectional view,

The substantially cup-shaped housing 1, formed
from plastics materisl serves to sccommodate and adjustably
support the mirror body 2 which is substantislly rectangular
in shape. A vertical edge of the housing 1 is provided
with a substentially triangular reinforcement 3 which forms
a ball socket 4 close to below the lower edge of the
housing 1, the ball socket &4 forming with a bell 6, situated
at the upper end of & base 5, e ball joint which serves
for tne all-round edjustment of the mirror.

4t
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The base 5§ and the ball 6 are kept hollow in
order to permit securing means 7 to be accommodated in

_the base 5 for the securement of the rear-view mirror

on the vehicle, as well as s pressure-piece B. This
dome-shaped pressure-plece B is displaceably mounted on

a8 holder which is in the form of a rod 9 and is secured

on the reinforcement 3. The pressure-piece 8 is influenced
by the action of a compression spring 10 which constantly
seeks to press the pressure-piece B from internally
towards the ball 6 so as to maintain the frictional
connection forces of the ball joint. So that such a
pressing operation is possible, the rod 9 extends through

& suitably formed recess 11 in the bsll 6.

It is important, however, for the upper free
portion of the ball 6, that is to say the section 12 which
is situated on the free end of the base 5, to be individually
produced and to be retained on the lower portion of the ball
6 via the intermediary of a tongue-and-groove connection,
the lower portion of the ball 6 extending directly into
the actusl base member. Here, an inwardly orientated,
circumferential projection member 13 engages in &
circumferential groove 14 in the louwsr portion of the ball
6. This connection is produced by a resilient deformation
of the two portions of the ball 6. Due to their inherent,
elastic stress, the tuwo portions of the ball are then
disposed in or =sgainst each other. Consequently, & snap-
fitting comnection is produced which can be achieved
immediately and rapidly during the assembly of the mirror.

The effective outer diameter D of the bzll 6 is
considerably greater than the inside width W of the base.
However, so that a suitably large pressure-piece 8 may
be employed, the mirror is initially assembled without
the lower portion of the ball 6 end the base 5 situated _
thereon. If, under these circumstances, the pressure-piece 8
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is situated with the pressure spring 10 in the operative
position shown in the drawing, the lower portion of the
ball € is connected to the section 12 by being "clipped

in position",whereby the mirror is then in the form shoun
in the drawing. In such a case, the division between the
two portions of the ball 6 is prefersbly so selected that
the section 12 has, st least substantially, & hemispherical
form. The plane of division in this case extends
substantially parallel to the securing surface (lower

surface) of the base 5.

It is obvious that, becasuse of the hemispherical
form of the pressure-piece 8, the inner surface of section
12, against which the pressure-piece B exclusively asbuts,
has to have a spherical form.

An additional feature of the invention elso resides
in the fact that, prior to the fitting together of the
ball 6, it is also possible to secure the base 5 and/or
operate the securing means 7. If, under these circumstances,
the base 5 is secured on the vehicle, section 12 is
attached to the housing 1.

Motherson Innovations v. Magna Mirrors
Motherson Exhibit 1007, Page 919



18

15

20

25

30

35

-5 a
CLAIMS

‘1. A rear-view mirror for motor vehicles, more
especially an external mirror, having a housing which
accommodates the mirror bndy'and is connected to a base,
serving as the means for securement on the vehicle, by means
of & ball joint, the ball of the ball joint, which is
situated on the base and is kept hollow, being actuasted
from internally via the intermediary of a pressure-piece
mounted on the housing, wherein the upper portion of

the ball, which is actuated from internally by the
pressure-plece is connectable to the lower portion of the
ball sttached to the base.

2. A mirror as claimed in claim 1, wherein the connection
between the two portions of the ball is a snap-fitting

connection.

3. A mirror as claimed in claim 2, wherein the

connection is a tongue- snd groove-connection.

4. A mirror ss claimed in claim 1, wherein the upper
portion has, at least substantially, a hemispherical

form.

5. A mirror as claimed in claim 1, wherein the plane
of division between the two portions of the ball extends
substantially parsllel to the securing surface of the

base.

6. A mirror as tlaimed in claim 1, whereln the outer
diameter of the ball is considerably larger than the
inside width of the base.

7. A mirror as claimed in claim 1, wherein the maximum
inside width of the interior of the ball is greater than
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the inside width of the base which is kept hollow.

B. A mirror as claimed in claim 1, wherein the securing
means for the base are opersble or asctusble through the
cavity of the base if the upper portion of the ball is
still miesing.

S. A rear-view mirror for motor vehicles, substantially
as hereinbefore described with refersnce to the esccompanying

drawing.
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(54) Title: EXTERIOR REARVIEW MIRROR ASSEMBLY

FIG. 1

(57) Abstract: An exterior rearview mirror assembly includes a non-movable portion, a movable portion and a mirror head. The
non-movable portion is configured for attachment at an exterior portion of a vehicle and the movable portion is movable relative to
the non-movable portion. The mirror head is movable relative to the movable portion, and a mirror reflective element is fixedly at-
tached at the mirror head. A first actuator is operable to move the movable portion relative to the non-movable portion about a first
axis and a second actuator is operable to move the mirror head relative to the movable portion about a second axis. The first and
second actuators are cooperatively operable to move the movable portion about the first axis and to move the mirror head about the
second axis, and the mirror reflective element moves in tandem with movement of the mirror head.
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EXTERIOR REARVIEW MIRROR ASSEMBLY
CROSS REFERENCE TO RELATED APPLICATIONS

The present application claims the filing benefits of U.S. provisional applications,
Ser. No. 61/758,536, filed Jan. 30, 2013; Ser. No. 61/739,9886, filed Dec. 20, 2012; Ser.
No. 61/705,876, filed Sep. 26, 2012; Ser. No. 61/697,554, filed Sep. 6, 2012; Ser. No.
61/665,509, filed Jun. 28, 2012; Ser. No. 61/664,438, filed Jun. 26, 2012; Ser. No.
61/647,179, filed May 15, 2012; Ser. No. 61/614,877, filed Mar. 23, 2012; and Ser. No.
61/601,756, filed Feb. 22, 2012, which are hereby incorporated herein by reference in their
entireties. The present application is related to PCT Application No. PCT/US2012/064398,
filed Nov. 9, 2012 (Attorney Docket DONO1 FP-1958(PCT)), which is hereby incorporated
herein by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates generally to the field of rearview mirror assemblies for
vehicles and, more particularly, to an exterior rearview mirror assembly that is operable to
adjust a rearward field of view of the driver of the vehicle.

BACKGROUND OF THE INVENTION

Typically, an exterior rearview mirror assembly includes a mirror actuator that is
operable to adjust a mirror reflective element relative to the mirror casing so as to adjust a
rearward field of view of the driver of the vehicle. Powerfold exterior mirror assemblies
include an actuator that pivots or folds the mirror casing relative to the side of the vehicle.

SUMMARY OF THE INVENTION

The present invention provides an exterior rearview mirror assembly configured for
mounting at an exterior portion of a vehicle. The exterior rearview mirror assembly
includes two actuators that are operable to pivot and adjust the mirror head relative to the
side of the vehicle so as to provide a mirror reflective element adjustment to adjust the
rearward field of view of the driver of the vehicle and to provide a powerfold adjustment to
move the mirror head relative to the side of the vehicle.

According to an aspect of the present invention, an exterior rearview mirror
assembly includes a base configured for attachment at an exterior portion of a vehicle and

a mirror head attached at the base and pivotable relative to the base. The mirror head
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includes a mirror reflective element. A first actuator is operable to pivot or move the base
relative to the exterior portion of the vehicle about a first axis, and a second actuator
operable to pivot or move the mirror head relative to the base about a second axis. The
first and second actuators are cooperatively operable to pivot or move the base about the
first axis and to pivot or move the mirror head about the second axis to adjust the mirror
reflective element relative to the exterior portion of the vehicle to adjust the rearward field
of view of a driver of the vehicle. The first and second actuators may be operable at
different rotational speeds to adjust the rearward field of view of the driver of the vehicle.
The first and second pivot axes may be angled relative to one another at an angle of
between about 15 degrees and about 90 degrees.

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

FIG. 1 is an exploded perspective view of an exterior rearview mirror assembly in
accordance with the present invention;

FIGS. 1A and 1B are exploded perspective views of the exterior rearview mirror
assembly of FIG. 1;

FIG. 2 is a rear perspective view of the exterior rearview mirror assembly of FIG. 1,
showing the tip/tilt of the mirror head via pivotal movement about a second pivot axis of the
mirror assembly;

FIG. 3A is a top perspective view of the exterior rearview mirror assembly of FIG. 1,
showing the rotation of the mirror head via pivotal movement about a first pivot axis of the
mirror assembly;

FIG. 3B is a rear perspective view of the exterior rearview mirror assembly of FIG.
1, showing the rotation of the mirror head via pivotal movement about the first and second
pivot axes of the mirror assembly, in order to laterally adjust the rearward field of view of
the mirror reflective element while limiting vertical adjustment of the rearward field of view
of the mirror reflective element;

FIG. 3C is a schematic of a control system for controlling operation of the actuators

of the exterior rearview mirror assembly of the present invention;
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FIG. 4 is a plan view of an exterior rearview mirror assembly that incorporates two
actuators in accordance with the present invention;

FIGS. 5A-C are perspective views of an actuator for the exterior rearview mirror
assembly of FIG. 4;

FIG. 6 is an exploded perspective view of the actuator of FIGS. 5A-C;

FIG. 7 is a sectional view of the actuator of FIGS. 5A-C;

FIG. 8 is an enlarged sectional view of a clutch element of the actuator of FIG. 7;

FIG. 8A is another enlarged sectional view of a clutch element of the actuator,
showing optional clutch engaging surfaces for the actuator;

FIG. 9 is an enlarged perspective view of a memory element of the actuator of
FIGS. 5A-C;

FIG. 9A is an exploded perspective view of a memory device of the mirror assembly
of the present invention;

FIG. 9B is a plan view of the contact rings of the memory device of FIG. 9A
established at the circuit element of the mirror assembly, shown with the contacts disposed
thereat;

FIG. 10A is a plan view of another exterior rearview mirror assembly in accordance
with the present invention;

FIG. 10B is a plan view of another exterior rearview mirror assembly in accordance
with the present invention;

FIGS. 11A-D are views of another exterior rearview mirror assembly in accordance
with the present invention;

FIGS. 12A-D are views of another exterior rearview mirror assembly in accordance
with the present invention;

FIG. 13 is a side elevation of an actuator having a friction coupler in accordance
with the present invention;

FIG. 14 is a perspective view of the actuator of FIG. 13;

FIG. 15 is another side elevation of the actuator of FIG. 13, with the base portion
removed to show additional details;

FIG. 16 is a sectional view of the actuator of FIG. 13, shown attached at the mirror

base and mirror mounting arm or bracket;
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FIG. 17 is a schematic of an exterior rearview mirror system in accordance with the
present invention;

FIG. 17A is a side view schematic of the exterior rearview mirror system of FIG. 17;

FIG. 17B is a side view schematic of a known construction of an exterior rearview
mirror assembly;

FIG. 17C is a side view schematic of another exterior rearview mirror system of the
present invention;

FIG. 17D is a side view schematic of another exterior rearview mirror system of the
present invention;

FIG. 18A is a plan view of an exterior rearview mirror assembly with an indicator
established thereat in accordance with the present invention;

FIG. 18B is a sectional view of the exterior rearview mirror assembly of FIG. 18A;

FIGS. 19 and 20 are perspective views of another exterior rearview mirror assembly
of the present invention, shown in its extended or non-flush or use state;

FIGS. 21 and 22 are perspective view of the exterior rearview mirror assembly of
FIGS. 19 and 20, shown in its retracted or flush or non-use state;

FIG. 23 is a sectional view of another exterior rearview mirror assembly of the
present invention;

FIGS. 24-27 are perspective views of the exterior rearview mirror assembly of FIG.
23, shown with the reflective element at different angled orientations relative to the mirror
casing;

FIGS. 28 and 29 are side elevations of the exterior rearview mirror assembly of
FIGS. 26 and 27, shown with the reflective element angled upwardly and downwardly,
respectively;

FIG. 30 is a front perspective view of another exterior rearview mirror assembly of
the present invention;

FIG. 31 is a rear perspective view of the exterior rearview mirror assembly of FIG.
30;

FIG. 32 is a rear elevation of the exterior rearview mirror assembly of FIG. 30; and

FIG. 33 is an exploded perspective view of the exterior rearview mirror assembly of
FIG. 30.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings and the illustrative embodiments depicted therein, an
exterior rearview mirror assembly of the present invention may comprise dual actuators
and dual pivot axes for adjusting a mirror head and reflective element relative to a side of a
vehicle at which the mirror assembly is mounted. For example, and with reference to
FIGS. 1-3B, an exterior rearview mirror assembly 10 comprises a reflective element 12
(such as a generally planar or bent reflective element and such as an electrochromic
reflective element or a flat glass or curved glass reflective element, such as a flat or curved
reflective element having a single flat or planar or curved or convex curved glass substrate
or having two flat or curved substrates or the like) that is attached at a rear attaching
portion 14a of a mirror head housing 14. In the illustrated embodiment, the reflective
element is adhered at a rear attaching portion or surface 14a (which may comprise a
generally planar attaching surface or a slightly curved attaching surface or the like) of the
mirror head housing, with the front perimeter edge regions of the glass substrate of the
reflective element being curved or rounded or ground or polished (such as a polished
perimeter that is polished to a water-clear finish and having a radius of curvature of at least
about 2.5 mm) to provide a convex curved smooth or continuous transition between the
generally planar front surface of the reflective element and the side walls or surfaces of the
mirror housing, such as in a similar manner as discussed below.

As shown in FIGS. 1, 1A and 1B, mirror head housing 14 is attached at an inner
bracket or mounting element 16 that is attached at a first actuator 18, whereby rotational
driving of the first actuator 18 imparts a rotation of bracket 16 and mirror head housing 14
about a first pivot axis 18a relative to an outer bracket or connector or mounting arm or
intermediate arm 20. First actuator 18 is attached to or mounted at the outer bracket 20,
which is mounted to or attached to a second actuator 22, which is attached at or disposed
at or in an outer cover 24. Thus, rotational driving of second actuator 22 imparts a rotation
of bracket 20 and first actuator 18 and bracket 16 and mirror head housing 14 about a
second pivot axis 22a relative to the base of the mirror assembly and/or the side of the
vehicle at which the mirror assembly is mounted. The outer cover 24 is disposed at or
attached to or mounted at the side portion of the vehicle (and pivotally or rotatably

mounted thereat, such as via the actuator 22, which has its inner end attached at a
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structure that is fixed relative to the vehicle) when the exterior mirror assembly is normally
mounted at the side of the vehicle.

When so mounted, the mirror head is adjustable about the first and second axes
(via selective actuation of one or both actuators) to adjust the rearward field of view for the
driver of the vehicle. For example, and with reference to FIG. 2, when the second actuator
22 is selectively operated to rotate or pivot outer bracket 20 relative to the side of the
vehicle, the mirror head housing 14 is pivoted about the second pivot axis 22a to vertically
adjust the rearward field of view for the driver of the vehicle (such as, for example, within
about a +/- 15 degree range of pivotal adjustment). Also, and with reference to FIGS. 3A
and 3B, when the first actuator 18 is selectively operated to rotate or pivot inner bracket 16
relative to outer bracket 20, the mirror head housing 14 is pivoted about the first pivot axis
18a to laterally adjust the rearward field of view (such as, for example, within about a +/-
60 degree range of pivotal adjustment). The pivot axes may be angled relative to one
another to provide the desired cooperative pivoting of the mirror head and reflective
element relative to the side of the vehicle at which the mirror assembly is mounted. For
example, the pivot axes may be angled relative to one another at an angle of at least about
15 degrees or at least about 30 degrees or more, such as an angle of up to about 90
degrees, depending on the particular application of the mirror assembly. The operation of
the actuators and the operational speed of the actuators may be selected to provide the
desired adjustment of the mirror head and reflective element depending on the particular
relative angle of the pivot axes and/or the angle of the second pivot axis 22a relative to the
side of the vehicle and/or the angle of the first pivot axis 18a relative to the second pivot
axis and/or relative to the side of the vehicle.

Because of the angled relationship of the axes of rotation of the actuators and the
angled interface or mounting interface of the mirror head housing 14 and outer cover 24,
the first and second actuators may be operated together or cooperatively operated to
laterally adjust the rearward field of view while maintaining a generally constant tip angle
(and without also vertically adjusting the rearward field of view of the reflective element).
Thus, when the mirror has been adjusted so that the reflective element has the desired
vertical adjustment (via operation of the second actuator 22), a user may laterally adjust
the mirror to laterally adjust the rearward field of view of the reflective element, whereby
both actuators 18 and 22 may operate to pivot the mirror head about both pivot axes 18a,

6
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22a so that the mirror head is pivoted toward or away from the side of the vehicle while
limiting vertical adjustment of the rearward field of view of the reflective element. For
example, and as can be seen with reference to FIG. 3B, if the mirror head 14 is pivoted
about pivot axis 22a in the direction A, then the outer cover 24 may concurrently be
pivoted about pivot axis 18a in the direction B, such that the mirror head may have limited
or reduced vertical adjustment as it is laterally adjusted relative to the side of the vehicle
(so that the mirror head is moved generally in the direction C in FIG. 3B).

Optionally, and desirably, the actuators 18, 22 may operate at different speeds to
provide the desired or selected lateral adjustment with limited vertical adjustment (and/or
to provide a desired or selected vertical adjustment with limited lateral adjustment and/or to
provide a desired or selected vertical and lateral adjustment). The actuators may be
controlled by a control or control system that receives an input from a user actuatable
device (such as a directional keypad or joystick control common for controlling known
exterior mirror actuators) and that may automatically control one or both of the actuators at
the desired directions and/or speeds to provide the desired or selected adjustment of the
mirror head and reflective element. The control may be operable to determine the
appropriate adjustment speeds and degree of adjustment for the actuators to provide the
desired adjustment in a manner that appears (to a person viewing the mirror assembly
during a lateral adjustment of the mirror head) to be a smooth lateral adjustment of the
mirror reflective element. The selected or appropriate speeds and adjustment ranges or
angles may vary depending on the particular application of the mirror assembly, such as
the particular angle of the side of the vehicle at which the mirror assembly is mounted,
and/or the interface angle of the mirror head and outer cover (relative to the angle of the
side of the vehicle) and/or the relative angle between the pivot axes of the two actuators (it
is envisioned that, at least for some embodiments, the tip or vertical adjustment actuator
may run at a slower speed than the lateral adjustment actuator to provide a smooth
adjustment of the mirror reflective element and rearward field of view).

The control of the mirror assembly may be provided via any suitable control system.
For example, and with reference to FIG. 3C, a control system 80 is operable to control the
actuator motors to adjust the mirror head housing and the reflective element, such as in
response to one or more user inputs. Control system 80 includes a controller 82 (such as

a microcontroller or microprocessor or the like), which is operable to control the motor
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drivers 84 and actuator motors 86 responsive to one or more user inputs or buttons or
switches 88. Controller 82 receives a position signal from each of the actuator motors so
that the controller knows the position or angle or degree of rotation of each motor of the
mirror assembly. As shown in FIG. 3C, the control system 80 includes a supply
conditioning element or device 90, a regulator 91, a motor supply cutthroat 92, a supply
measure 93 in communication with the controller 82 and a current sensor 94 in
communication with the controller, the motor supply cutthroat and each of the motor
drivers.

The configuration or architecture of the control system for the exterior rearview
mirror assembly is such that the specific mechanical implementation (i.e. the relative
planes of motion of each actuator) is separated from the vehicle control systems (and thus
the control system of the exterior mirror assembly may plug into an electrical connector or
main connector 96 of the vehicle (such as via a multi-pin connector or plug-and-socket
type connector or the like), such as when the exterior rearview mirror assembly is mounted
at an exterior portion of a vehicle during assembly of the vehicle. The necessary
knowledge of the mechanical implementation is fully contained within the control system of
the mirror assembily itself. This ensures that the vehicle control systems need not change
for every application. This allows a greater degree of design and styling flexibility without
affecting the vehicle control systems.

The controller board incorporates a controller or microcontroller that is responsible
for overall mirror system control and status monitoring. The motion command input is
received by the microcontroller either via the user input buttons or toggle or switch 88
(such as for controlling up, down, left, right, fold and deploy motions and/or the like) or
from another vehicle module via the communications block 98, typically either a LIN or
CAN bus or the like. The controller interprets the input or command and activates each
motor driver accordingly. The control signal to each motor driver is pulse width modulated
(PWM) to regulate the speed of each motor and thereby each axis of motion in the mirror
assembly.

The speed of each motor is determined algorithmically based on the mechanical
configuration of the mirror assembly. In this manner, the mirror assembly can move in a
typical fashion regardless of the axis orientation. As the actual speed of each motor is

dependent on the supplied driving voltage as well as the ambient temperature of the
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system, the controller measures those parameters and further algorithmically adjusts the
pulse width of the control signal. As an additional input, position feedback can be utilized
to directly measure the position and speed of each actuator and relative to each axis of
rotation. These attributes can be used by the controller to further adjust the pulse width
supplied to each motor driver. Optionally, the mirror assembly and/or control circuitry may
operate the actuator or actuators at 12 volts or the like during normal operation, and may
include a booster circuit that is operable to operate the actuator at a higher power or
voltage (such as at 24 Volts or the like) for increased speed during a powerfold operation
(where the mirror head is pivoted about both axes to fold or move so as to be generally
along the side of the vehicle).

This feedback enables real-time adjustment of the motion of the mirror head about
each axis of rotation to provide highly accurate and repeatable motion over time and wear
during the life cycle of the rearview mirror assembly. The control system is configured to
also provide a memory system for the mirror assembly, such as for vehicle applications
that include such memory systems. The vehicle module responsible for the memory
system typically provides a reference voltage and ground and reads back a scaled version
of the reference voltage. The controller in the exterior rearview mirror assembly provides
these scaled voltages via the position output signals. These signals are algorithmically
calculated from the position feedback read from each actuator and are scaled to the
provided reference voltage.

The exterior rearview mirror assembly of the present invention thus provides for
adjustment of the rearward field of view at the rearview mirror via adjustment or operation
of two actuators having different or non-co-axial axes of rotation. For example, and as
shown in FIG. 4, the exterior mirror assembly 10 has the mirror head housing 14 pivotally
attached at the outer cover 24 via the first actuator 18, whereby rotational driving of the
first actuator 18 imparts a rotation of mirror head housing 14 about the first pivot axis 18a
relative to the outer cover 24. The outer cover 24 is pivotally attached at the side of the
vehicle via the second actuator, whereby rotational driving of second actuator 22 imparts
of rotation of outer cover 24 and mirror head housing 14 the a second pivot axis 22a. The
outer cover 24 is disposed at or attached to or mounted at the side portion of the vehicle
(and pivotally or rotatably mounted thereat, such as via the actuator 22) when the exterior

mirror assembly is normally mounted at the side of the vehicle.
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As shown in FIGS. 5A-7, actuator 18, 22 (the first actuator 18 is preferably similar in
construction and components as the second actuator 22, so they are described as a
common actuator below) comprises a housing or bracket 30 that houses or receives the
drive motor 32 therein. In the illustrated embodiment, an output shaft 32a (with a worm
gear 32b attached thereat) of the drive motor 32 is rotatably drivable (via actuation of the
drive motor 32 in the selected or appropriate direction) to rotatably drive a combination
gear element 34, which, in turn, rotatably drives an output gear 36 at the housing 30 and at
a gear bushing 38. In the illustrated embodiment, the gear element 34 has a gear element
34a that engages worm gear 32b and a worm gear element 34b that engages a first gear
element 36a of output gear 36 (such as through an opening or aperture 31 at a center
housing portion 30a of housing 30, with the gear bushing 38 and first gear element 36a of
output gear 36 received in or nested in the center housing portion 30a and the worm gear
34b disposed outboard of the center housing portion 30a and at the aperture 31). Arivet
tube 40 extends through housing 30 and receives or extends through a bearing washer
42a and a bearing 42 at one end (where a housing cover 30b is attached to contain or
house the motor and other components with the housing 30). A memory system 44 is
disposed between the bearing washer 42a and the gear bushing 38. Rivet tube 40
extends through or receives a spring 46 and spring washer 48 at the other end of the tube
40, with a clutch plate 50 and an adapter plate 52 disposed between the spring 46 and the
housing 30.

When the exterior rearview mirror assembly 10 is assembled and mounted at a
vehicle, the housing 30 of second actuator 22 may be attached or affixed at the side
portion of the vehicle. The outer cover 24 has an attachment plate or receiver 54 (FIG. 4)
that receives the spring 46 and spring washer 48 therein and that interfaces with and
attaches to the adapter plate 52 (such as via a snap together connection or via one or
more fasteners or the like, or the adaptor plate and the mirror bracket or attachment plate
may be combined and the rivet tube may hold the parts together instead of fasteners or the
like). When assembled and mounted in this manner, rotational driving of drive motor 32 of
second actuator 22 imparts rotation of the output gear 36, which, in turn, rotatably drives
the clutch plate 50, which rotatably drives the adapter plate 52 and thus the receiver 54
and outer cover 24 relative to the actuator housing 30 and the side of the vehicle.
Likewise, when the exterior rearview mirror assembly 10 is assembled, the housing 30 of
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the first actuator 18 may be attached or affixed at the mirror housing 14 and the
attachment plate or receiver 54 may be attached or affixed at the outer cover 24, such that
rotational driving of drive motor 32 of first actuator 18 imparts rotation of the output gear
36, which, in turn, rotatably drives the clutch plate 50, which rotatably drives the adapter
plate 52 and thus the receiver 54 and outer cover 24 relative to the actuator housing 30
and the mirror housing 14. The adapter plate 52 is press fit at the rivet tube 40 such that
rotation of the adapter plate imparts a corresponding rotation of the rivet tube, which
rotates via bearing 42 relative to the housing cover portion 30b and housing 30.

As best shown in FIGS. 7 and 8, the actuator comprises a clutch system at the
adapter plate 52, the clutch plate 50 and the housing 30. As shown in FIG. 8, the adapter
plate 52 has a manual clutch surface 52a that engages a corresponding clutch surface 50a
of the clutch plate, and the clutch plate 50 includes another clutch surface 50b that
engages a stabilization clutch surface 30a of the housing 30. Thus, during electrical
operation of the motor 32, the output gear 36 drives the clutch plate 52, which slides
against the clutch surface 30c of the actuator housing 30.

Such a clutch assembly or system provides a reduced or zero-backlash output that
has enhanced vibrational stability. During manual operation of the mirror assembly (such
as if a user manually grasps and rotates the mirror), the manual clutch surface 52a of the
adapter plate 52 slides against the clutch surface 50a of the clutch plate 50, while the
clutch plate 50 is held steady by the gear train when the motor is not actuated. The mirror
assembly can thus be manually adjusted about either axis, whereby the clutch slips to
allow for such manual adjustment and for a breakaway function or feature. Optionally, the
mirror assembly may be manually controlled and operated by providing manual controls for
the pivoting about the pivot axes of the mirror assembly to adjust the rearward field of view
of the mirror reflective element.

In the illustrated embodiment, the exterior rearview mirror assembly uses two
angled clutch surfaces to improve the lateral and rotational stability of each of the first and
second actuators. As can be seen in FIG. 8, the stabilization clutch surfaces 30c, 50b are
disposed or established radially inward from the manual clutch surfaces 50a, 52a, and are
configured at a sharper or steeper or increased angle relative to the manual clutch
surfaces. The increased angle and reduced diameter of the stabilization clutch surfaces

reduces the minimum output torque required by the drive mechanism to electrically adjust
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the mirror while still allowing for a heavy manual adjustment effort and spring load (to
reduce the possibility of unintentional manual adjustments of the mirror assembly, such as
via mild bumping of the mirror head or the like).

Although shown and described as having the angled clutch surfaces 50a, 52a
shown in FIG. 8, other shaped or contoured clutch surfaces may be implemented while
remaining within the spirit and scope of the present invention. For example, the clutch
surfaces may have dual surfaces or non-planar engaging surfaces or the like. For
example, and with reference to FIG. 8A, the clutch surface 50a' may comprise a dual
angled surface that engages a correspondingly formed clutch surface 52a'. Other shapes
and configurations of the clutch surfaces may be implemented while remaining within the
spirit and scope of the present invention.

The actuator may include a memory system, such as a contact memory system or a
non-contact memory system or the like. In the illustrated embodiment, the actuator
includes memory system 44, which comprises a memory circuit element or circuit board
44a, a memory wiper or element 44b and a memory wiper holder 44c, which are disposed
at the housing 30 and between the housing 30 and the and an end cover element 30b of
the housing 30 (such as best seen in FIG. 7). The memory wiper holder 44c, memory
wiper 44b and adapter plate 52 are press fit or secured to the rivet tube 40, so they all
rotate together as a single construction, while the memory circuit board 44a is fixed at the
housing 30 and thus does not rotate with the memory wiper holder and wiper when the
actuator is actuated. As the adapter plate 52 is rotated relative to the housing 30 (via
rotational driving of the drive motor 32), the rivet tube 40 rotates and the memory wiper
44b attached at the memory wiper holder 44c is thus swept along circuitry traces or carbon
ink traces 44d on the memory circuit board 44a (such as two concentric traces disposed
around the memory circuit board). Responsive to such sweeping of the memory wiper
44D, circuitry determines the degree of rotation of the adapter plate or element relative to
the housing based on the location of the memory wiper (which may contact both traces
and thus may close a circuit or provide a jumper between the traces so that circuitry that is
electrically connected to the traces can determine the location of the memory wiper along
the traces) along the circuit traces (which have terminals at each end thereof for
connection to circuitry that is operable to determine where along the traces the wiper is

located at any given time).
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Thus, the memory system 44 is operable to determine the degree of rotation of the
mirror head relative to the outer housing and the degree of rotation of the outer housing
relative to the side of the vehicle, and the system may provide a memory selection function
so a driver of the vehicle may save a particular mirror setting, such as in a similar manner
with conventional memory mirror systems. Thus, when a driver of the vehicle later selects
the saved setting, one or both actuators 18, 22 operate to set the mirror head at the
appropriate position or orientation relative to the outer housing and to set the outer housing
at the appropriate position or orientation relative to the side of the vehicle, in order to
provide the desired or selected rearward field of view to the driver of the vehicle.

Optionally, and with reference to FIGS. SA and 9B, a memory system 44' comprises
a memory circuit element or circuit board 44a’, a pair of memory wipers or contacts or
elements 44b', 44¢' and a memory contact holder 44d’, which are disposed at the housing
and between the housing and the and the end cover element of the housing (not shown in
FIGS. 9A and 9B, but similar to the components shown in FIG. 7). The memory contact
holder 44d’, memory contacts 44b’, 44c' and the adapter plate are press fit or secured to
the rivet tube, so they all rotate together as a single construction, while the memory circuit
board 444’ is fixed at the housing and thus does not rotate with the memory wiper holder
and wiper when the actuator is actuated, such as in a similar manner as discussed above.

Memory system 44' comprises an absolute position feedback system that provides
an unrestricted 360 degree planar movement of an element or actuator (such as either or
both actuators 18, 22). The rotational position of the actuator is provided via three
concentric rings 45a’, 45b', 45c¢' fabricated on the printed circuit board 44a' and optionally
constructed using a resistive ink. The innermost ring 45a’ and outermost ring 45c¢' are
constructed by printing the resistive ink over a copper trace. The copper trace provides a
low impedance path in parallel with the resistive element, electrically shorting the
resistance of the ink. The center ring 45b’ is constructed by printing the resistive ink
directly on the PCB substrate and on two small copper pads located about 180 degrees
relative to each other. The length of the pads (along the arc of the circumference) is very
narrow. The width of the pads is approximately equal to the width of the ring. These pads
provide an electrical connection to center ring 45b'. One of these pads is connected to
ground while the other is connected to a positive reference voltage. This construction
creates two resistors in parallel, each occupying about half of the circumference of center
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ring 45b'. As shown in FIG. 9B, bridging the gap between inner ring 45a' and center ring
45b' is a contact 44b' and bridging the gap between center ring 45b' and outer ring 45¢' is
a contact 44c¢'. The contacts 44b', 44c' comprise metallic elements that are each
constructed to create a highly conductive and flexible contact surface that rides on the
resistive ink surface of the rings. Each metal contact on center ring 45b' applies the
voltage sensed at the contact point on center ring 45b' onto the opposing ring (such as
inner ring 45a’ for contact 44b' and outer ring 45c¢' for contact 44c’).

The metal elements are placed at an angle relative to each other that is significantly
less than 180 degrees and significantly more than zero degrees, such as at an angle of
around 45 degrees or more or less. The arrangement of contact 44b' and contact 44c¢’
ensures that there is a unique voltage pair at every position in the 360 degrees of rotation
of the actuator. In this manner, the absolute position of the actuator can be determined
algorithmically by reading the sensed voltages at each of the inner ring 45a’ and the outer
ring 45¢'. Motion direction can be determined algorithmically by repeatedly reading the
sensed voltages over time and determining which voltage leads the other as movement
occurs. Motion velocity can be determined algorithmically by repeatedly reading the
sensed voltages over time and determining the rate of change of the voltage amplitude.

Thus, the memory system is operable to determine the position of the actuator at all
times during operation of the mirror assembly. Each of the actuators includes a respective
memory system so that the control of the mirror assembly can determine the degree of
rotation of each of the actuators at any time, and can thus determine the position or
orientation or plane of the mirror reflective element at any time. If 360 degree motion is not
needed, a single memory wiper and simpler carbon trace may be utilized to provide the
appropriate memory function. Optionally, to limit rotation of the mirror head and/or the
outer cover, one or more mechanical stops or elements may be provided (such as via
molding a stop feature onto the mirror head and mirror base or cover, so that the molded
features collide or engage to limit rotation of the mirror head within a desired or appropriate
range of motion.

Optionally, other mirror constructions are envisioned within the scope of the present
invention. For example, the angle of misalignment of the pivot axes of the first and second
actuators may vary or may be selected depending on the particular application of the
mirror assembly. Such different pivot axes may be varied to accommodate different
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interface angles between the outer cover and the side of the vehicle and/or different
interface angles between the mirror housing and the outer cover, depending on the
particular application of the mirror assembly. For example, and with reference to FIG. 10A,
an exterior rearview mirror assembly 10’ may have a greater angle between the axes of
rotation of the actuators, while, and such as shown in FIG. 10B, an exterior rearview mirror
assembly 10" may have an angle between the axes of rotation of the actuator that
approaches 90 degrees or thereabouts. Clearly, other constructions and configurations
are contemplated for mirror assemblies within the scope of the present invention.

Optionally, although the exterior mirror assemblies described above are shown with
the axes of rotation of the actuators at a non-orthogonal angle (such as an obtuse angle)
relative to one another, it is envisioned that an exterior mirror assembly may have two or
more actuators providing different axes of rotation. For example, a third actuator and pivot
axis may be added to achieve a more complex motion of the mirror head relative to the
side of the vehicle (such as by utilizing a modular actuator or the like), and with the three
(or more) actuators cooperatively operating at the same or different speeds to provide the
desired movement or adjustment of the mirror head.

Optionally, it is further envisioned that an exterior mirror assembly may have two
actuators with generally orthogonal axes of rotation while remaining within the spirit and
scope of the present invention. For example, and with reference to FIGS. 11A-D, an
exterior mirror assembly 110 comprises a reflective element (such as a generally planar or
bent reflective element and such as an electrochromic reflective element or a flat glass or
curved glass reflective element, such as a flat or curved reflective element having a single
flat or planar or curved or convex curved glass substrate or having two flat or curved
substrates or the like) that is attached at a rear attaching portion of a mirror head housing
114. Mirror head housing 114 is pivotally attached at a mounting arm or element 116 via a
first or outer actuator 118 (FIGS. 11B and 11D), whereby rotational driving of the first
actuator 118 imparts a rotation of mirror head housing 116 about a first pivot axis 118a
relative to mounting arm 116. First actuator 118 is attached to or mounted at an outer end
of mounting arm or element 116, which in turn is pivotally mounted at a sail mount of a
vehicle via a second or inner actuator 122, which is configured to be attached at or
disposed at or in the sail mount at a side of a vehicle, whereby, when so attached at the
vehicle, rotational driving of second actuator 122 imparts a rotation of mounting arm 116
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and first actuator 118 and mirror head housing 114 about a second pivot axis 122a. The
second actuator 122 is disposed at or attached to or mounted at the side portion or sail
mount of the vehicle when the exterior mirror assembly is normally mounted at the side of
the vehicle.

In the illustrated embodiment, the pivot axis 122a is generally horizontal and
extends laterally at the side of the vehicle and the pivot axis 118a is generally vertical
when the exterior mirror assembly is normally mounted at the side of the vehicle. Thus,
rotation of mounting arm 116 about pivot axis 122a imparts a rotation of mirror head
housing 114 and the reflective element in an upward and downward direction to provide
vertical tilting of the mirror reflective element, and rotation of mirror head housing 114
about pivot axis 118a imparts a rotation of the reflective element about the vertical axis to
provide lateral adjustment of the field of view and to provide folding in and out of the mirror
head.

Thus, when the mirror assembly 110 is mounted at the sail mount or side of the
vehicle, the mirror head is adjustable about the first and second axes (via selective
actuation of one or both actuators) to adjust the rearward field of view for the driver of the
vehicle. For example, when the second actuator 122 is selectively operated to rotate or
pivot mounting arm 116 relative to the side of the vehicle, the mirror head housing 114 is
pivoted about the second pivot axis 122a to vertically adjust the rearward field of view for
the driver of the vehicle. Also, when the first actuator 118 is selectively operated to rotate
or pivot mirror head housing 114 relative to mounting arm 116, the mirror head housing
114 is pivoted about the first pivot axis 118a to laterally adjust the rearward field of view
(such as, for example, within about a +/- 60 degree or more range of pivotal adjustment).

Because of the generally orthogonal angled relationship of the axes of rotation of
the actuators, the first and second actuators may be operated separately or together or
cooperatively operated to vertically and/or laterally adjust the rearward field of view. Thus,
when the mirror has been adjusted so that the reflective element has the desired vertical
adjustment (via only operation of the second actuator 122), a user may laterally adjust the
mirror to laterally adjust the rearward field of view of the reflective element (via only
operation of the first actuator 118). In such an embodiment, the actuators 118, 122 may
be independently operated to adjust the mirror field of view vertically and/or laterally,
whereby the mirror assembly need not include a controller that coordinates the speed

16

Motherson Innovations v. Magna Mirrors
Motherson Exhibit 1007, Page 939



[0075]

[0076]

WO 2013/126719 PCT/US2013/027346

and/or actuation of the actuators to provide the desired or selected field of view. For
example, the user input or toggle at the interior of the vehicle may control or adjust the first
or outer actuator when moved or adjusted laterally or side-to-side (such as by the driver of
the vehicle) and may control or adjust the second or inner actuator when moved up/down
or fore/aft, and may control both actuators together (and at the same speed or optionally at
different speeds if desired) when moved diagonally.

In the illustrated embodiment of FIGS. 11A-D, the mirror assembly is configured to
mount at the side of the vehicle, such as at a sail mount region or at the door of the
vehicle, with the axis of rotation 122a of the second actuator 122 extending generally
horizontally and laterally at the side of the vehicle when the mirror assembly is normally
mounted at the side of a vehicle. Optionally, and with reference to FIGS. 12A-D, a mirror
assembly 110" may be mounted at a side of the vehicle so that the axis of rotation 122a' of
the second actuator 122' is generally vertical (and the axis of rotation 118a’ of the first
actuator 118’ (FIGS. 12B and 12D) is generally horizontal and extends generally laterally)
when the mirror assembly is normally mounted at the side of a vehicle, such as at a door
mount of the vehicle or the like. In the illustrated embodiment, the mirror head housing
114" is pivotally attached at a mounting arm or element 116’ via the first or outer actuator
118', whereby rotational driving of the first actuator 118’ imparts a rotation of mirror head
housing 116" about the generally horizontal first pivot axis 118a’ relative to mounting arm
116". First actuator 118’ is attached to or mounted at an upper end of mounting arm or
element 116', which in turn is pivotally mounted at a door mount of a vehicle via the
second or inner actuator 122", which is configured to be attached at or disposed at or in the
door mount at a side of a vehicle, whereby, when so attached at the vehicle, rotational
driving of second actuator 122" imparts a rotation of mounting arm 116" and first actuator
118" and mirror head housing 114" about the generally vertical second pivot axis 122a'.
Thus, the mirror assembly 110" may function similar to mirror assembly 110, discussed
above, but with the outer or upper or first actuator providing the vertical adjustment of the
mirror head and reflective element and the inner or lower or second actuator providing the
lateral adjustment of the mirror head and reflective element.

Optionally, the dual actuator exterior mirror assembly of the present invention may
include a frictional drive system for rotatably driving the mirror head or mounting arm via
the respective actuator, while providing enhanced frictional retention of the mirror
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components when the actuator is not operating, and while reducing the torque
requirements of the actuator motors to pivot or rotate the mirror head and/or mounting arm
or bracket relative to the mounting arm and/or mirror base and/or side of the vehicle at
which the mirror assembly is mounted. Such a system isolates or decouples the actuator
from the mirror system, which allows a manual load at the mirror head to be transferred
directly between the mirror head and the mirror base without being applied to the actuator.

For example, and with reference to FIGS. 13-16, a mirror actuator 122" is operable
to pivot or rotate one mirror element relative to another. For example, the actuator may
pivot or rotate a mirror head relative to a mounting arm or intermediate bracket the like or
may pivot or rotate the intermediate bracket or mounting arm 116" or the like relative to the
mirror base 117" or the vehicle (such as shown in FIGS. 13 and 17) or the like, such as in
a similar manner as discussed above. In the illustrated embodiment of FIGS. 13 and 17,
and as discussed below, the actuator 122" operates to pivot or rotate the mounting arm
relative to the mirror base. However, the other actuator (not shown in FIGS. 13-17) of the
dual actuator mirror assembly (disposed at the mounting arm or the mirror head) may
operate to rotate the mirror head relative to the mounting arm or intermediate bracket in a
similar manner. The actuator is attached to or connected to the mirror components 116",
117" via a rivet tube 140", which extends through the housing 130" of the actuator and
extends through or receives a spring 146" and spring bearings 148" at the other end of the
tube 140". The actuator includes a friction coupler 150" that is disposed at the tube 140"
and generally at or near the mounting arm 116" and includes a lifter 152" at the tube and
coupled to the output gear 136" (FIG. 16) of the actuator.

As can be seen in FIG. 16, when the actuator is not operating to pivot the mounting
arm relative to the base, the mounting arm 116" (or housing or structure of the mounting
arm or intermediate bracket) normally is in contact with the base 117" (such as via a
circumferential or ring-shaped protrusion 117a" of the base that is at least partially
received in a correspondingly formed groove 116a" at the mounting arm), and the two
contacting surfaces 117a", 116a" frictionally engage one another to generally fix or hold
the mounting arm relative to the base. Also, when the actuator is not operating to pivot the
mounting arm relative to the base, the friction coupler 150" is spaced or slightly spaced
from the mounting arm or bracket (with an angled engaging surface or clutch surface
150a" of the friction coupler and an opposing angled engaging surface or clutch surface
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116b" of the mounting arm being slightly spaced from one another). As best shown in FIG.
15, and when the actuator is not operating to pivot the mounting arm relative to the base,
lower ends or legs 150b" of the friction coupler 150" are disposed at a narrower portion
152a" of the lifter 152" (with an upper tab or leg 152b" of lifter 152" being disposed at a
narrower region or recessed region or portion 150c¢" of friction coupler 150") so that the
lifter is not urging the angled or conical clutch surface 150a" of the friction coupler 150" into
frictional engagement with the angled or conical clutch surface 116b" of the mounting arm
116". In the illustrated embodiment, the clutch surfaces are angled or conical to improve
the lateral and rotational stability of the actuator. Thus, when the actuator is not operating
to pivot the mounting arm relative to the base, the actuator is decoupled from the frictional
engaging surfaces 116a", 117a" that frictionally retain the mounting arm or bracket relative
to the mirror base or vehicle, since those surfaces are part of the bracket and base and not
part of the actuator.

However, when the actuator is operated to rotate or pivot the mounting arm relative
to the base, the output gear 136" is rotatably driven by the actuator motor, whereby the
lifter 152" is also rotated. As best seen with reference to FIGS. 15 and 16, initial rotation of
the lifter 152" relative to the friction coupler 150" causes the legs 150b" of the friction
coupler 150" to ride or slide up along the ramped narrower portion 152a" of the lifter 152",
which in turn urges the angled clutch surface 150a" of the friction coupler 150" into
engagement with the clutch surface 116b". Thus, the lifter 152" rotates to lift the friction
coupler 150" into engagement with the mounting arm clutch surface 116b", and as the
friction coupler is urged into engagement with the clutch surface 116b", the friction coupler
150" lifts or moves the mounting arm 116" away from the base to disengage or at least
partially disengage or decouple the groove 116a" of the mounting arm from the protrusion
117a" of the mirror base (and thus reduce the frictional contact between the mounting arm
and the mirror base). After such lifting or rising up of the coupler, and as the lifter 152" is
further rotated relative to the friction coupler 150", the legs 150b" of the friction coupler
150" will engage tabs or legs 152b" of the lifter 152", whereby the friction coupler 150"
(and the mounting arm 116" due to the frictional engagement of the surfaces 150a" and
116b") will rotate with the lifter 152" (which is rotatably driven by the actuator motor and
output gear 136"). After an electrical cycle of the actuator motor to cause such rotation or
pivotal movement of the mounting arm, the actuator may be driven in the opposite
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direction to get the mirror back to its normal state (such as a small degree of rotation in the
opposite direction to move the lifter relative to the friction coupler so that the legs of the
coupler are at the narrower portion of the lifter and the clutch surface of the coupler is
again spaced from or decoupled from the mounting arm or bracket structure).

Thus, when the actuator is not operating to rotate the mounting arm relative to the
base (or to rotate the mirror head relative to the mounting arm), the clutch interface or
frictional interface is the interface of the mounting arm and the base and is separated from
or isolated from or decoupled from the actuator. Thus, manual rotation of the mounting
arm relative to the base (or the mirror head relative to the mounting arm) is done via
frictional movement of the clutch surfaces 116a", 117a", with no rotation of the internal
actuator components or elements. The clutch system above decouples the frictional
engagement of the mirror components from the actuator, which allows for use of higher
frictional interface between the mirror components (such as at surfaces 116a", 117a") to
enhance the stability and vibrational performance of the mirror assembly, without adding
additional torque requirements to the actuator to overcome such frictional forces. This is
because when the actuator is actuated to rotate the mirror components relative to one
another, the higher frictional interface at the surfaces 116a", 117a" is disengaged or at
least reduced, thereby reducing the torque required to rotatably drive the mirror
components relative to one another.

Optionally, the multi-axis actuating mechanism, such as the dual actuator
mechanisms described above, of the present invention may be incorporated into a
mounting/attachment device/element/unit that attaches or mounts at a side of a vehicle at
a location where conventional exterior sideview mirrors are typically disposed, and is
actuatable to adjust, via a support arm or structure, an attachment element or bracket (that
is disposed at a distal end of the support arm or structure from the side of the vehicle)
about multiple degrees of freedom with respect to the side of the vehicle in order that the
rearward field of view of a mirror reflective element supported by, and adjusting in tandem
with, the bracket can be adjusted by the actuating mechanism via the support arm
structure to allow the driver to adjust his or her rearward and/or sideward field of view. The
attachment device thus may be mounted at the side of the vehicle, and a selected or
appropriate mirror reflective element (that may comprise an electro-optic mirror reflective

element or a non-electro-optic or fixed reflectance mirror reflective element) and mirror
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casing may be readily attached to the attachment element or bracket (and optionally the
mirror casing may be attached at the mirror reflective element itself), so that both the
reflective element and the mirror casing move in tandem, whereby the mounting device
may adjust the attachment element and the mirror head attached thereto about multiple
axes relative to the side of the vehicle to adjust the rearward field of view of the driver of
the vehicle and/or to pivot or fold the mirror head along the side of the vehicle or the like.
Thus, a common or standard or universal mounting/attaching device may be mounted at or
attached at the side of the vehicle and may adjust an attachment element or bracket
(which may have a reflective element and mirror casing or structure attached thereto)
inward/outward, forward/rearward, up/down and rotationally about multiple axes of rotation
(such as about pitch, yaw and roll axes or about a generally vertical axis and/or other axes
non-coaxial with the first or generally vertical axis or the like) with respect to the side of the
vehicle at which it is mounted and the ground plane at the vehicle.

For example, and with reference to FIG. 17, an adjustment device or mounting
device or actuator device 230 may be attached at a side 232 of a vehicle (such as at a
driver or passenger side vehicle door or window or the like) and may include one or more
actuators that are operable to provide multiple degrees/axes of freedom of adjustment of
an attachment plate or bracket 234 relative to the vehicle side 232. The mounting or
attaching device 230 may include an attachment element or structure 236 for attaching at
the vehicle, and the attachment structure 236 may house or support one or more actuators
238 for adjusting a support arm or structure 240 relative to the vehicle side 232. The
actuators may be cooperatively operable similar to the dual actuators of the mirror
assemblies described above or may otherwise provide multiple axes of adjustment of the
attachment plate and mirror head (such as, for example, a ball actuator that may rotate or
pivot the mounting arm or structure 240 in a three dimensional manner at the side of the
vehicle). For example, the arm may be pivoted up/down and forward/rearward and any
directions in between, and the arm may be rotated about its longitudinal axis to further
adjust the arm and the attachment element and the reflective element relative to the side
of the vehicle (thus providing independent and/or cooperative pitch, yaw and roll
adjustment of the reflective element relative to the side of the vehicle).

As shown in FIG. 17, the attachment element or bracket 236 is disposed at the
outer or distal end of the support arm or structure 240, and a mirror reflective element 242
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(which typically includes a backing plate or backplate and a heater pad disposed at a
rearward surface of the reflective element) may be attached to the attachment element or
bracket 236. Thus, adjustment of the support arm or structure causes a corresponding
tandem adjustment of the attachment element 236 and of the mirror reflective element 242
to adjust the rearward field of view of the driver of the vehicle and/or to provide a powerfold
function for the mirror reflective element. Optionally, and desirably, a mirror casing or shell
244 (FIG. 17A) may be readily attached at the mirror attachment element or bracket or to
the mirror reflective element itself in order to provide the desired or appropriate
appearance or styling of the exterior rearview mirror at the side of the vehicle and to
provide mechanical protection of the reflective element and the like from environmental
exposure. The mirror casing or shell may be attached via any suitable means, such as via
snapping one or more casing portions at the rear of the mirror reflective element and/or
bracket. When so attached, the mirror casing or shell moves in tandem with the tandem
movement of the mirror reflective element 242 and attachment element 236 via adjustment
of the support arm by the actuator or actuators of the attachment device.

Thus, a vehicle manufacturer may elect for at least a subset of its vehicle
nameplates/models, a standardized attachment element and/or bracket and/or backplate
and/or support arm (such as a standardized or common or universal mounting or actuator
device), and then may attach a selected or appropriate reflective element and housing to
the attachment element or bracket or backplate. The selected reflective element may be
selected or customized for that particular vehicle nameplate or body style or optional mirror
content (or for a vehicle model within a vehicle nameplate), and may provide the selected
or desired or appropriate size and shape and type of reflective element for that particular
vehicle. Similarly, the mirror casing or housing or shell may be selected and may be
attached at the mirror reflective element or at the attachment element or the like of the
mounting device, in order to provide the selected or desired or appropriate size and shape
and color and styling of the exterior rearview mirror assembly for that particular vehicle.
Optionally, the mirror casing may be customizable for the particular vehicle line or style or
for the particular vehicle in accordance with the customer's preferences. Thus, in
accordance with this aspect of the present invention, a standardized set of actuator device/
support arm / attachment plate may be utilized across all vehicle models of a vehicle
nameplate (such as, for example, all of the vehicle models of the Lincoln nameplate) of a
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vehicle manufacturer (such as, for example, Ford Motor Company), whereby different
customized or selected mirror reflective elements and mirror casings may be selected for
particular models (such as, for example, one design for the MKZ model and another
design for the MKT model) for that nameplate of that vehicle manufacturer.

The mounting device and mirror reflective element and mirror casing may utilize any
suitable attachment or mounting means, and may utilize aspects of the mirror assemblies
and door assembilies of the types described in U.S. Pat. Nos. 7,289,037; 6,669,267 and/or
6,616,314, which are hereby incorporated herein by reference in their entireties. For
example, the mirror casing may be provided as a clamshell construction or may
constructed so that it first attaches to the mirror reflective element and the support arm is
received through an aperture in the mirror casing to attach at the rear of the reflective
element. When the mounting device and the mirror reflective element and mirror casing
are so mounted at the side of a vehicle, the actuator or actuators of the mounting device
is/are operable to move the mounting arm and attachment element or bracket (and the
reflective element and mirror casing attached thereat) about multiple axes to provide the
desired three dimensional adjustment of the mirror reflective element at the side of the
vehicle (such as up/down and forward/rearward pivotable movement and clockwise and
counterclockwise rotational movement about multiple axes, such as movement or
adjustment about the pitch, yaw and roll axes). Thus, relative to the fulcrum point of the
actuator device (at or near the side of the vehicle), the mirror reflective element can be
moved so as to be in multiple orientations/planes at the side of the vehicle so that the
driver can select his/her desired/required sideward and rearward field of view.

A typical known exterior mirror construction 260 is shown in FIG. 17B, where the
mirror reflective element 262 is disposed in or housed in a mirror casing 264 (and is
inboard of the open end of the mirror casing and not attached thereto) and is adjustable
relative to the mirror casing via a mirror actuator 266, which is also disposed in the mirror
casing and occupies space behind the reflective element and within the cavity of the mirror
casing. Also, all of the wiring for powering the mirror actuator and (if applicable) the
electro-optic mirror reflective element and/or heater pad needs to be routed into the mirror
head for powering the actuator and the like, thereby requiring complicated wire
management to route the wires into the mirror casing and around and to the mirror

actuator. In contrast to such known constructions, the present invention provides a mirror
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assembly that has the reflective element 242 disposed at and attached to or otherwise
fixed relative to the mirror casing 244, such that, during adjustment, the reflective element
and mirror casing move in tandem about the fulcrum of the mounting device at or near the
side of the vehicle. As can be seen with reference to FIG. 17A, such a construction allows
for space within the mirror casing that previously was occupied by the mirror actuators of
known or conventional mirror assemblies. Such a construction may also ease the wire
management of any wires needed to power the reflective element and/or heater pad
and/or any accessory disposed at the mirror head, since the space within the mirror casing
may be substantially open or unoccupied by the likes of a mirror actuator.

By eliminating the conventional actuators commonly used in conventional exterior
rearview mirror assemblies to date, opportunities arise to provide additional electronic
content in the exterior rearview mirror (such as at the areas where the conventional
actuators used to reside). Thus, for example, the exterior rearview mirror may include
various electronic accessories therein or thereat, and may include the likes of bus
connectors, such as an Ethernet terminal or the like. Optionally, for example, and such as
shown in FIG. 17D, a camera or camera module 246 (such as a rearward facing camera
and/or a downward facing camera and/or a sideward facing camera and/or a forward
facing camera) may be installed or included in or at the exterior rearview mirror assembly,
such as at or in the mirror casing or shell 244" (which may comprise any suitable and
optionally asymmetrical construction or design), and may be provided as a modular unit
camera that may be readily included and electrically connected or plugged in at the
mounting device when the mirror reflective element and/or mirror casing are attached at
the mounting device (such as by utilizing aspects of the vision systems described in U.S.
Pat. Nos. 8,017,898; 8,262,268; 5,760,962 and/or 5,550,677, which are hereby
incorporated herein by reference in their entireties). The attaching device 230 and support
arm 240 for the reflective element 242 in FIG. 17D may be similar to those described
above or may be constructed for the particular application or applications of the attaching
device. Thus, a camera module (preferably comprising a lens system, a CMOS
photosensor array and associated logic and control circuitry, and such as by utilizing
aspects of the cameras described in U.S. Pat. No. 5,550,677; 5,760,962; 6,396,397;
6,097,023; 5,877,897; and 5,796,094, which are hereby incorporated herein by reference

in their entireties) may be procured from an automotive camera module manufacturer and
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provided to the exterior sideview mirror manufacturer and configured to be received at the
exterior rearview mirror assembly in an orientation that correctly sets the desired field of
view of the received camera module. Ancillary electronics and/or required power sources /
signal sources, including bus (such as CAN or LIN bus) interfaces/connectors, may be at
least partially provided by the exterior mirror manufacturer itself, and may be incorporated
into the configuration / construction of the exterior mirror assembly, thereby reducing the
cost and complexity of the procured camera module.

Optionally, and desirably, the camera or camera module may be included in the
mirror head along with a ground illumination light and/or a turn signal, such as in
accordance with U.S. Pat. Nos. 8,262,268 and/or 8,066,415, which are hereby
incorporated herein by reference in their entireties. Preferably, the incorporated camera is
part of a multi-camera vision system of the equipped vehicle and is operable to online
calibrate/automatically calibrate, such as in accordance with U.S. Pat. Nos. 7,991,522
and/or 7,877,175, which are hereby incorporated herein by reference in their entireties,
and more preferably is operable as part of an overall vision system that includes object
detection such as in accordance with U.S. Pat. No. 8,386,114, which is hereby
incorporated herein by reference in its entirety. Preferably, images from at least two
individual cameras of the multi-camera vision system of the vehicle are stitched/combined
(preferably seamlessly stitched/combined) to form a single composite image that is
viewable on a display and usable by the driver of the vehicle when operating the vehicle,
such as by utilizing aspects of the systems described in U.S. Pat. No. 7,859,565, which is
hereby incorporated herein by reference in its entirety.

Also, because, with the present invention, there is no longer a need for a mirror
head with an actuator disposed therein, the shape of the mirror casing or housing (as
presented to the wind flow as the vehicle drives in a forward direction of travel) need not
follow traditional aerodynamic lines, and may effectively follow a shape that optimizes
aerodynamic flow and minimizes the likes of eddy currents and turbulence in the air flow
as experienced as the vehicle is driven forwardly on a road. For example, and with
reference to FIG. 17C, a mirror casing 244' may be provided at the reflective element 242
(which is attached at the distal end of the mounting arm or structure 240 of the mounting
device 230), with the mirror casing selectively shaped or styled for the particular
application, whereby the mirror casing may or may not have the typical mirror casing
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shape and typical interior cavity rearward of the reflective element, such as typically
provided in known exterior mirror constructions. As illustrated in FIGS. 17A, 17C and 17D,
the disposition of the mirror reflective element to the exterior mirror casing/shell may
preferably be such as described in U.S. Pat. No. 8,049,640 and/or in PCT Application No.
PCT/US2011/056295, filed Oct. 14, 2011 and published Apr. 19, 2012 as International
Publication No. WO 2012/051500, and/or PCT Application No. PCT/US2010/032017, filed
Apr. 22, 2010 and published Oct. 28, 2010 as International Publication No. WO
2010/124064, and/or PCT Application No. PCT/US10/51741, filed Oct. 7, 2010 and
published Apr. 14, 2011 as International Publication No. WO 2011/044312, which are
hereby incorporated herein by reference in their entireties.

Thus, the exterior rearview mirror assembly of the present invention provides a
frameless exterior or sail mount mirror assembly that has the actuators at the mounting
arm or structure of the mirror assembly and not within the mirror housing and not attached
at the rear of the reflective element. The actuators adjust the mirror head and the
reflective element in tandem (and do not adjust the reflective element relative to the mirror
casing). The dual actuator (or multiple degrees of freedom actuator or actuators) of the
exterior rearview mirror assembly or system of the present invention thus provides a mirror
head that can be any shape and that does not require space in the mirror head for
conventional actuators that operate to adjust or orient the reflective element relative to the
mirror housing or casing. The mirror reflective element can be adhered or otherwise
fixedly attached at a surface or mounting portion of the mirror head, and the mirror head
can be any shape (such as generally flat or having a narrow or thin profile or the like)
depending on the particular application of the mirror assembly and the vehicle
manufacturer's design preferences. The mirror assembly of the present invention thus
allows for inclusion of other accessories (such as turn signal indicators, blind spot
indicators, lights, displays and/or the like) in the mirror head, without concerns of
interference with conventional actuators disposed in the mirror head and at and behind the
mirror reflective element. The exterior rearview mirror assembly and/or actuators may
utilize aspects of the exterior rearview mirror assemblies described in U.S. Pat. Nos.
7,722,199; 7,314,285, 7,267,449; 7,159,992; 7,104,663, 7,093,946; 7,080,914, 7,073,814;
6,916,100; 6,755,544; 6,698,905; 6,685,864; 6,467,920; 6,362,548; 6,312,135; 6,243,218;
6,229,226; 6,213,612; 5,986,364; 5,900,999; and/or 5,703,731, and/or U.S. patent
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applications, U.S. patent applications, Ser. No. 13/249,433, filed Sep. 30, 2011 (Attorney
Docket DONO9 P-1747), Ser. No. 13/023,747, filed Feb. 9, 2011 (Attorney Docket DONOQ9
P-1676), Ser. No. 11/504,353, filed Aug. 15, 2006 and published Jan. 4, 2007 as U.S.
Publication No. 2007/002477, and/or Ser. No. 13/663,542, filed Oct. 30, 2012 (Attorney
Docket DONOQO9 P-1951), and/or U.S. provisional application Ser. No. 61/645,959, filed May
11, 2012 (Attorney Docket DONO9 P-1872), which are all hereby incorporated herein by
reference in their entireties.

The exterior rearview mirror assembly of the present invention thus provides for a
mirror head with a reflective element fixedly disposed thereat, such that additional content
and/or enhanced styling may be readily achieved at the mirror head without concerns of
space behind the reflective element (such space is typically taken up by a mirror reflective
element actuator, which is not included in the exterior rearview mirror assembly of the
types described above). Optionally, for example, the technology of the present invention
allows for new technology or content to be readily added to and mounted into the mirror
head. For example, the mirror head may include a camera disposed behind the reflective
element, and/or the mirror head may include a display screen (such as a liquid crystal
display screen or the like) disposed behind the reflective element and/or the mirror head
may include any other electronic or mechanical content, such as, for example, a blind spot
indicator and/or a turn signal indicator and/or an illumination module and/or wide angle
reflector elements and/or the like (such as by utilizing aspects of the exterior mirror
assemblies described in U.S. Pat. Nos. 8,058,977; 7,944,371; 7,492,281; 6,198,409;
5,929,786; 5,786,772; 7,581,859; 6,227,689; 6,582,109; 5,371,659; 5,497,306; 5,669,699;
5,823,654; 6,176,602, 6,276,821; 7,748,856, 7,255,451, 7,195,381, 6,717,712; 7,126,456;
6,315,419; 7,097,312; and/or 6,522,451, and/or U.S. patent application Ser. No.
12/187,725 , filed Aug. 7, 2008 (Attorney Docket DONO9 P-1455), and/or PCT Application
No. PCT/US2006/018567, filed May 16, 2006 and published Nov. 23, 2006 as International
Publication No. WO 2006/124682, which are hereby incorporated herein by reference in
their entireties).

Optionally, the reflective element may comprise a frameless reflective element,
such as the types marketed as a prismatic or electrochromic INFINITY ™ mirror, such as
are shown and/or described in U.S. Des. Pat. Nos. D633,423; D633,019; D638,761; and/or
D647,017, and/or PCT Application No. PCT/US2012/064398, filed Nov. 9, 2012 (Attorney
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Docket DONO1 FP-1958(PCT)), and/or PCT Application No. PCT/US2011/056295, filed
Oct. 14, 2011 and published Apr. 19, 2012 as International Publication No. WO
2012/051500, and/or PCT Application No. PCT/US2010/032017, filed Apr. 22, 2010 and
published Oct. 28, 2010 as International Publication No. WO 2010/124064, and/or PCT
Application No. PCT/US10/51741, filed Oct. 7, 2010 and published Apr. 14, 2011 as
International Publication No. WO 2011/044312, and/or U.S. Pat. Nos. 7,253,723 and/or
8,154,418, which are hereby incorporated herein by reference in their entireties. In such
an application, the mirror reflective element may have a rounded or ground perimeter edge
region at its periphery of the front surface, and such a rounded or ground or polished
perimeter edge region of the glass substrate of the reflective element may be exposed to
or viewable by the driver of the vehicle and may comprise a polished perimeter that is
polished to a water-clear finish and may have a radius of curvature of at least about 2.5
mm. The rounded perimeter edge of the glass substrate of the mirror reflective element
may provide a generally smooth or continuous transition from the generally planar (or
slightly curved) front surface of the mirror reflective element to the outer surface of the
mirror head or mirror casing at which the mirror reflective element is mounted. Optionally,
the mirror reflective element may have a thin or very thin bezel at the perimeter region of
the front surface of the reflective element, and optionally, the mirror reflective element may
have a clear bezel at the perimeter region of the front surface of the reflective element, or
the like, depending on the particular application of the mirror assembly and the desired
appearance and/or styling of the mirror assembly.

Optionally, and with reference to FIGS. 18A and 18B, an exterior rearview mirror
reflective element assembly 360 may include one or more indicators 362 disposed at a
perimeter region of the mirror reflective element 360, such as for providing a blind spot
indicator or lane change warning or the like to the driver of the vehicle equipped with the
mirror assembly and/or for providing a turn signal indicator for drivers of other vehicles to
the side and/or rear of the equipped vehicle (such as by utilizing aspects of the indicators
described in U.S. Pat. Nos. 7,255,451 and/or 7,195,381, which are hereby incorporated
herein by reference in their entireties). Reflective element assembly 360 comprises an
electrochromic reflective element having a front substrate 364 and a rear substrate 366
with an electrochromic medium 368 sandwiched therebetween and in an interpane cavity
370 bounded by a perimeter seal 372. The rear surface 364b of the front substrate 364
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has a transparent conductive coating or layer 374 disposed thereat and the front surface
366a of the rear substrate 366 has a metallic mirror reflective layer or layers 375 disposed
thereat. An opaque or substantially non-light-transmitting perimeter band or hiding layer
376 (preferably a reflective and electrically conductive perimeter band or coating or layer
that comprises at least one metal thin film layer) is disposed around the periphery of the
rear surface 364b of the front substrate 364 to hide or conceal the perimeter seal 372 (and
preferably to hide or conceal electrical connections made at the rear surface 364b of the
front substrate 364 and/or at the front surface 366a of the rear substrate 366 where,
preferably, a third surface mirror reflector is disposed) when a person views the reflective
element assembly from the front surface 364a of the front substrate 364. Preferably, no
part of the rear substrate protrudes beyond any part of the front substrate, such that a
viewer viewing the front substrate when normally using the equipped exterior rearview
mirror assembly, does not discern or view the rear substrate. Optionally, and desirably,
the electrochromic mirror reflective element may comprise a laminate type electrochromic
mirror reflective element built in accordance with U.S. Pat. No. 5,724,187, which is hereby
incorporated herein by reference in its entirety.

In the illustrated embodiment, the indicator 362 comprises an organic light emitting
diode (OLED) disposed in an OLED cavity 370a established at a perimeter region of the
reflective element assembly and outboard of the EC cavity 370, with the OLED cavity 370a
bounded by an outer seal portion 372a of the perimeter seal 372 and an inner seal portion
372b of the perimeter seal 372. The seal 372 thus may be dispensed around the
periphery of the reflective element assembly and may be dispensed around the OLED
cavity to define and seal the OLED cavity 370a and to isolate the OLED cavity from the EC
cavity 370. Optionally, and as shown in FIGS. 18A and 18B, the perimeter band 376 may
be made wider at the OLED indicator 362 to hide or conceal the perimeter band portions
that circumscribe the OLED cavity 370. A window 376a is established (such as via laser
ablation or etching or the like) through the perimeter band 376 at the OLED indicator 362
and OLED cavity 370a so that illumination emanating from the OLED indicator 362, when
powered or activated or energized, is viewable through the window 376a at the perimeter
band 376.

The OLED indicator 362 is operable to illuminate responsive to electrical power
applied thereto. The OLED material is an SPM-like material that may be filled into the
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separate cavity and that is illuminated when powered, with the glass conductive coatings
configured to allow for separate electrification of the electrochromic medium and the OLED
indicator. For example, and as shown in FIG. 18B, a delineation line or isolation line 375a
may be established through mirror reflective layer or layers 375 to electrically isolate a
principal reflecting region or portion 375b of the mirror reflective layer or layers 375 and an
outboard OLED portion or region 375c of the mirror reflective layer or layers 375. Thus,
the OLED indicator 362 may be electrically powered (such as via an electrical connection
made at the third surface reflective layers at or near the OLED cavity) separately from the
electrochromic medium 368 (which may be electrically powered via an electrical connector
at a busbar or the like along a perimeter region of the rear substrate). Although described
herein as comprising an OLED indicator, it is envisioned that the indicator may comprise
any suitable material that may glow or emit light when energized or powered, while
remaining within the spirit and scope of the present invention. Also, although shown and
described as comprising an electrochromic reflective element assembly having an
electrochromic medium, it is envisioned that the reflective element (with an indicator such
as described above) may comprise other types of reflective elements or reflective element
assemblies, such as other electro-optic reflective element assemblies or a liquid crystal
reflective element assembly or the like, while remaining within the spirit and scope of the
present invention.

Optionally, an exterior rearview mirror assembly of the present invention may be
extendable and retractable between a retracted or stowed or non-use position and an
extended or use position. When in its retracted position, the exterior rearview mirror
assembly may be disposed at least partially and preferably substantially within a recess at
the side of the vehicle so that an outer portion of the exterior mirror casing may be
proximate or generally flush with the side of the vehicle. For example, and with reference
to FIGS. 19-22, an exterior rearview mirror assembly 410 is mountable at a side 412a of a
vehicle 412 (such as at a side door of the vehicle and such as at a corner or sail portion of
the side door of the vehicle and forward of a side window of the vehicle door). The exterior
mirror assembly 410 includes a mirror head 414 (comprising a mirror casing 416 and a
mirror reflective element 418) that is adjustable relative to a base portion 420 mounted at
or received at the vehicle or vehicle door. The mirror head 414 and mirror casing 416 is
pivotable or adjustable between an extended or use position (FIGS. 19 and 20), where the
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mirror casing and the reflective element 418 are extended so as to be disposed outboard
of the side of the vehicle or door, and a retracted or non-use position (FIGS. 21 and 22),
where the mirror casing and the reflective element 418 are retracted so as to be disposed
inboard of the side of the vehicle or door.

The exterior mirror assembly 410 includes an actuator or extension/retraction
mechanism that is operable to pivot or adjust or move the mirror head 414 (including the
mirror casing 416 and the mirror reflective element 418) relative to the side of the vehicle
or vehicle door. The actuator or mechanism may pivot or move the mirror head responsive
to a user input and/or may automatically extend the mirror head when the vehicle is being
driven and may retract the mirror head when the vehicle is not being driven (or responsive
to other inputs or signals, such as a signal indicative of a detection of an object at or
approaching the mirror assembly, whereby the mirror assembly may be retracted to avoid
or minimize impact).

The exterior mirror assembly 410 may also include a mirror actuator that is operable
(such as responsive to a user input or the like) to adjust the mirror reflective element
relative to the mirror casing (when the mirror head is in its extended position or state) to
adjust the rearward field of view of the driver of the vehicle. Optionally, the mirror actuator
may be non-operable when the mirror head is in its retracted position.

In the illustrated embodiment, the base portion 420 of mirror assembly 410
comprises a generally triangular shaped structure that is disposed at or received at the A-
pillar of the vehicle 412 so as to be disposed forward of the side window of the vehicle
door (and optionally the base portion may be incorporated into the vehicle door frame or
into the vehicle frame or body structure, depending on the particular application and
vehicle). The base portion 420 has a generally triangular shaped (or truncated triangular
shaped) opening or recess 420a that substantially receives the head portion 414 therein
when the head portion 414 is in its stored or non-use position. The recess 420a may be
surrounded or framed by an outer surface portion 420b of the base portion 420.

As best shown in FIG. 21, mirror casing 416 of head portion 414 includes an outer,
generally planar panel 416a and upper and lower panels 416b, 416c¢ that substantially
house the mirror reflective element 418 (and a mirror actuator, if applicable). The outer
panel 416a may substantially correspond in color and/or texture and/or appearance with
the outer surface or portion 420b, such that, when the mirror head 414 is in its stored
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position (FIGS. 21 and 22), the outer panel 416a of the mirror casing 416 may be
substantially flush or coplanar with the outer surface or portion 420b of the base portion
420. As can be seen in FIG. 20, the outer panel 416a may extend beyond the outer
surfaces of the upper and lower panels or portions 416b, 416c of mirror casing 416 so as
to provide a lip 416d around the mirror casing that may engage or seal against a portion of
the base 420 when the mirror head is in its retracted state to seal against the base portion
and limit water or dirt intrusion into the cavity or recess of the base portion.

Thus, when the mirror head is retracted, the side of the vehicle has no mirror
protruding outwardly therefrom and the outer panel 416a of the mirror casing 416 of the
mirror head 414 provides an outer panel or surface at the side of the vehicle or vehicle
door, and may be generally or substantially coplanar or flush with the outer surface of the
base portion 420 and/or of the vehicle body and/or vehicle door. When the mirror head is
extended, the reflective element 416 is moved outward from the pocket or recess of the
base portion 420 and is visible at the side of the vehicle or vehicle door to the driver of the
vehicle. When the mirror head is extended, the driver can adjust the mirror reflective
element relative to the mirror casing to adjust the driver's rearward field of view, such as
via a toggle or user input in the vehicle cabin. The present invention thus provides an
extendable and retractable exterior sideview or rearview mirror assembly, where the mirror
may be substantially or fully retracted when not in use to provide a generally flush
appearance at the side of the vehicle or vehicle door. Optionally, the exterior sideview or
rearview mirror assembly may be adjustable to its extended state or orientation responsive
to a blind spot detection system or lane change assist system of the vehicle, where the
mirror head is extended when the system detects an object at or approaching the side of
the vehicle and optionally when the driver actuates a turn signal of the vehicle, whereby
extension of the mirror head may provide an additional alert to the driver that an object is
present at or approaching the side lane adjacent the vehicle. Optionally, the exterior
sideview or rearview mirror assembly may utilize aspects of the mirror assemblies
described in U.S. Pat. No. 7,777,611 and/or PCT Application No. PCT/US2012/062905,
filed Nov. 1, 2012 (Attorney Docket DONO9 FP-1952(PCT)), which are hereby
incorporated herein by reference in their entireties.

Optionally, the mirror assembly may include a camera and/or an indicator or

illumination source or module (such as a turn signal indicator or a ground illumination light
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or other lighting device). For example, a camera and/or an indicator may be disposed at
the mirror housing and may be operable at least when the mirror head is in its extended
state (with the camera optionally being disposed at or behind the reflective element and
optionally viewing through the reflective element and/or being disposed elsewhere within
or at the mirror housing, and with the indicator or lighting device optionally being disposed
at or behind the reflective element and optionally being viewable through the reflective
element and/or being disposed elsewhere within or at the mirror housing). Optionally, the
camera and/or indicator and/or lighting device may be disposed generally at the outer
panel 416a and may be operable when the mirror head is in its retracted state. For
example, a turn signal indicator may be disposed at the outer panel and may be operable
when the mirror head is in either the extended state or retracted state. Likewise, for
example, a camera may be disposed at or near the outer panel and may be operable to
provide rear vision when the mirror is folded in (such as by utilizing aspects of the rear
vision systems described in U.S. Pat. Nos. 5,670,935 and 5,550,677, which are hereby
incorporated herein by reference in their entireties).

Optionally, the mirror casing of an exterior rearview mirror assembly of the present
invention may be fixedly disposed or attached at a side of a vehicle (or movably disposed
thereat and movable to pivot between a use position and a folded position, such as for a
breakaway mirror or power folding mirror), and an inner casing or housing, which at least
partially encases or encompasses the rear of the reflective element and the backing plate
and actuator, is received in the mirror casing and moves with the reflective element and
relative to the non-moving mirror casing. For example, and with reference to FIGS. 23-29,
an exterior rearview mirror assembly 510 includes a mirror reflective element 512 and a
fixed or outer mirror casing 514, with the mirror reflective element 512 being adjustable
(such as via one or more actuators 516) relative to the mirror casing 514 to adjust the
driver's rearward and sideward view at the side of the vehicle. A backing plate or
attachment plate 518 is attached at the rear of the mirror reflective element 512 and
attaches the mirror reflective element to a mirror actuator 516, which is electrically
operable to adjust the mirror reflective element responsive to a user input in the vehicle. A
shroud or inner casing or housing 520 is disposed or established at the perimeter of the
reflective element 512 and extends into the mirror casing 514 to at least partially

encompass or encase or hide the mirror actuator 516 and other internal components or the
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like of the rearview mirror assembly that are disposed at or to the rear of the reflective
element. As can be seen in FIGS. 23-29, when the mirror reflective element 512 is
adjusted relative to the outer casing 514 to adjust the driver's rearward and sideward field
of view, the inner casing or shroud 520 is all that is viewable behind the reflective element
512 and functions to hide and conceal and protect the inner components of the reflective
element in any and all of its adjustable positions or orientations relative to the mirror
casing.

The mirror casing 514 may comprise any suitable casing and may be designed and
shaped in a manner selected for a particular vehicle application. The mirror casing is
attached at a mounting portion 522, which mounts the mirror assembly at the side of the
vehicle. Optionally, the mirror casing may be generally fixedly attached at the mounting
portion or the mirror casing may be pivotally attached at the mounting portion, such as to
allow for folding of the mirror casing between a use position and a folded or non-use
position. Optionally, the mirror assembly may comprise a powerfold mirror assembly,
whereby such folding or pivoting of the mirror casing may be achieved via a powered
motor or actuator or the like. The reflective element 512 and shroud or flange 520 are
movably or adjustably disposed at least partially in the mirror casing and move with the
mirror casing when it is moved relative to the side of the vehicle (such as for powerfold
and/or breakaway mirror applications).

As shown in FIG. 23, the inner casing or shroud or flange 520 may be integrally
formed with the back plate 518 (or optionally, the flange or shroud 520 may be attached at
the back plate and/or attached at the reflective element or the like) and extends rearward
therefrom. In the illustrated embodiment, the shroud 520 curves inward to cover or
conceal or at least partially cover or conceal the back plate and mirror actuator and the like
at the rear of the reflective element. As can be seen in FIG. 23, the shroud 520 is received
in the mirror casing 514 and tapers inward to allow for pivotal movement of the mirror
reflective element (and back plate and shroud) relative to the mirror casing 514 without
interference between the shroud and mirror casing (or optionally with minimal interference
where the shroud may slide relative to the inner surface of the mirror casing such as when
the mirror reflective element is adjusted by the driver of the vehicle to adjust his or her
rearward field of view). When the reflective element is in a neutral or centered orientation
(not angled sidewardly or upwardly or downwardly, such as shown in FIG. 23), the
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reflective element may be disposed outboard of the mirror casing, with the shroud being
viewable around the perimeter of and rearward of the reflective element. Thus, the mirror
casing size and shape may be reduced and the mirror casing cavity may be sized to
receive the shroud 520 therein with little or minimal clearance between an outboard
surface of the shroud and an inner surface of the mirror casing at its open end 514a.

Optionally, and as shown in FIGS. 23-29, a lip or flange 520a may be provided
around the perimeter edge of the reflective element and may protrude radially outwardly
from the outer surface of the shroud 520 that is rearward of the reflective element. When
the mirror reflective element 512 is fully tilted or pivoted to either its outboard direction
(FIG. 24), its inboard direction (FIG. 25), upwardly (FIGS. 26 and 28) and/or downwardly
(FIGS. 27 and 29), the lip 520a at the respective perimeter region of the reflective element
may approach or even contact the open end 514a of the mirror casing, such as can be
seen in FIGS. 24-29.

Optionally, the shroud 520 may be open at its inner or rearward end to allow for
mounting of the mirror actuator within the mirror casing 514, or the shroud may be closed
so that the mirror reflective element assembly or mirror head may comprise a closed or
sealed unit that may be readily mounted in the mirror casing (whereby the actuator may be
readily electrically connected to an electrical connector in the mirror casing). When so
mounted, and as can be seen with reference to FIGS. 24-29, the mirror reflective element
may be adjusted upward, downward and sideward relative to the mirror casing, while the
shroud conceals the back plate and actuator from view.

The exterior rearview mirror assembly 510 thus comprises an exterior rearview
mirror assembly having a fixed outer mirror casing or housing, with the reflective element
"holder" extending into the casing and having approximately the same height and width as
the inner edge of the mirror casing perimeter. The flange or shroud or inner housing is
received in or tucks inside the mirror casing to cover or substantially cover and conceal the
actuator and to hide the internal components and the like of the mirror assembly. Such an
inner housing or shroud configuration allows for enhanced fine tuning of aerodynamic
properties of the exterior mirror assembly, because the mirror casing does not move and
allows for the size of the mirror casing to be reduced to a reduced size while the mirror
assembly still meets minimum vision requirements. The actuator may operate to adjust

the mirror reflective element in any suitable manner (such as in a manner similar to that of
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conventional exterior mirror actuators), but with the reflective element being disposed
outboard of the open end of the mirror casing and with the shroud being exposed at the
rear of the mirror reflective element (and between the reflective element and the mirror
casing) and hiding the actuator and other components disposed behind the reflective
element.

Optionally, the exterior rearview mirror assembly may comprise a frameless outside
mirror reflective element that provides for adjustment of the mirror reflective element via
use of a single actuator located in the head of the mirror. The actuator may combine the
functions of the glass and power fold actuators. For example, and with reference to FIGS.
33-36, an exterior rearview mirror assembly 610 includes a mirror reflective element 612
attached at an attaching surface or portion 614a of a mirror head 614, with the mirror head
mounted at a mirror base 616 and movable or adjustable relative to the base via an
actuator 618. In the illustrated embodiment, the mirror head 614 includes a cover element
or mirror cover 614b that is attached at a base or attaching portion 614c of the mirror head
614. The actuator 618 is operable to adjust the mirror head (and the reflective element
fixedly attached thereto) to adjust the rearward field of view of the driver at the reflective
element. The actuator 618 is also operable to move the mirror head about a generally
vertical pivot axis to provide a powerfold function. The actuator may utilize aspects of the
mirror actuators described in U.S. patent application Ser. No. 13/023,747, filed Feb. 9,
2011 (Attorney Docket DONO9 P-1676), which is hereby incorporated herein by reference
in its entirety.

The present invention also benefits from, and optionally utilizes, aspects of the
single motor actuation and mechanical/electrical construction as described in U.S. Pat. No.
7,322,710, which is hereby incorporated herein by reference in its entirety. For example,
an actuator may be used that comprises a clutch assembly that selectively transfers torque
from an actuator motor to one of at least two output shafts based on the speed of the
actuator motor. One output shaft can pivot about a first axis of rotation, and another output
shaft can pivot about a second axis of rotation. Optionally, one output shaft can pivot the
mirror head and another output shaft can extend and retract the mirror head, such as is
beneficial for use in an extendable/trailer tow exterior rearview mirror of an equipped

vehicle.
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[00111] Optionally, other mirror designs or configurations may be contemplated in
accordance with the present invention, such as various configurations of the mirror casing
and reflective element and any bezel at the mirror reflective element. For example, the
mirror assembly may include a plastic molding that comprises a portion that (a) abuts a
circumferential edge of the mirror glass substrate (such as the front glass substrate of an
electrochromic mirror reflective element or a glass prism of a prismatic mirror reflective
element) and (b) has an outer curved surface that extends from generally adjacent to a
first surface of the glass substrate and that may lack a sharp edge, such as described in
U.S. Pat. Nos. 7,255,541; 7,289,037; 7,360,932; and/or 8,049,640, and/or U.S. patent
application Ser. No. 12/752,305, filed Apr. 1, 2010 (Attorney Docket DONO1 P1606), which
are hereby incorporated herein by reference in their entireties. Optionally, for example, the
mirror assembly may include a reflective element with a beveled or rounded or curved or
ground or polished front perimeter of the glass substrate (such as a polished perimeter that
is polished to a water-clear finish and that has a radius of curvature of at least about 2.5
mm) that may be exposed to, contactable by and viewable by the driver of the vehicle
when the rearview mirror assembly is normally mounted in the vehicle, such as by utilizing
aspects of the mirror assemblies shown and/or described in U.S. Des. Pat. Nos. D633,423;
D633,019; D638,761; and/or D647,017, and/or PCT Application No. PCT/US2012/064398,
filed Nov. 9, 2012 (Attorney Docket DONO1 FP-1958(PCT)), and/or PCT Application No.
PCT/US2011/056295, filed Oct. 14, 2011 and published Apr. 19, 2012 as International
Publication No. WO 2012/051500, and/or PCT Application No. PCT/US2010/032017, filed
Apr. 22, 2010 and published Oct. 28, 2010 as International Publication No. WO
2010/124064, and/or PCT Application No. PCT/US10/51741, filed Oct. 7, 2010 and
published Apr. 14, 2011 as International Publication No. WO 2011/044312, which are
hereby incorporated herein by reference in their entireties. Optionally, the mirror assembly
may include a conventional bezel, such as described in U.S. Pat. No. 7,224,324, which is
hereby incorporated herein by reference in its entirety.

[00112] The overall mirror assembly may comprise a modular exterior rearview mirror
assembly, such as described in U.S. Pat. No. 6,146,003, which is hereby incorporated
herein by reference in its entirety, and/or may be constructed in accordance with U.S. Pat.
No. 6,481,878, which is hereby incorporated herein by reference in its entirety.
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Optionally, the mirror assembly may include various other features, such as lighting
and/or indicators and/or blind spot detectors and/or wide angle reflectors or spotter mirrors
and/or the like. For example, the mirror assembly may include any other electronic or
mechanical content, such as, for example, a blind spot indicator and/or a turn signal
indicator and/or an illumination module and/or wide angle reflector elements and/or the like
(such as by utilizing aspects of the exterior mirror assemblies described in U.S. Pat. Nos.
8,058,977, 7,944,371, 7,492,281; 6,198,409; 5,929,786; 5,786,772; 7,581,859; 6,227,689;
6,582,109; 5,371,659; 5,497,306; 5,669,699; 5,823,654, 6,176,602; 6,276,821; 7,748,856;
7,255,451; 7,195,381, 6,717,712, 7,126,456, 6,315,419, 7,097,312; and/or 6,522,451,
and/or U.S. patent application Ser. No. 12/187,725 |, filed Aug. 7, 2008 (Attorney Docket
DONOQ9 P-1455), and/or PCT Application No. PCT/US2006/018567, filed May 16, 2006
and published Nov. 23, 2006 as International Publication No. WO 2006/124682, which are
hereby incorporated herein by reference in their entireties).

Optionally, for example, the mirror reflective element suitable for use in accordance
with the present invention may be made by (or may be supplied to) the exterior rearview
mirror manufacturer as a module or unitary sub-assembly that comprises at least a mirror
reflective element (that may be a fixed reflectance mirror reflective element such as a
chrome coated glass substrate/shape or that may be an electrochromic or otherwise
electro-optically active exterior mirror reflective element, preferably a laminate-type
electrochromic mirror reflective element). The unitary reflective element sub-assembly
may also include a heater (such as a heater pad or the like) operable to deice/demist the
front/first surface of the mirror reflective element. The unitary reflective element sub-
assembly may also include a backing plate and/or backing/attachment structure or
elements for attaching the unitary reflective element sub-assembly at the mirror head.
Optionally, the mirror element of the reflective element sub-assembly may include a blind
spot viewing auxiliary wide angle spotter mirror element that may be of the integrated type
(such as described in U.S. Pat. Nos. 6,315,419 and/or U.S. Pub. No. 2008/0225421, which
are hereby incorporated herein by reference in their entireties) or that may be a coplanar
type or a circular spotter type or a WideVue™ type or construction (such as supplied by
Magna Mirrors of Holland, MI), such as in accordance with U.S. Pat. Nos. 6,522,451;
6,717,712, 7,167,294, 7,589,883, and/or 8,267,534, which are hereby incorporated herein
by reference in their entireties. Also, the unitary reflective element sub-assembly may
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comprise an extended field of view mirror reflective element, such as a reflective element
utilizing aspects of the mirrors described in U.S. Pat. Nos. 7,420,756, and/or U.S.
provisional application Ser. No. 60/471,872, filed May 20, 2003, which are hereby
incorporated herein by reference in their entireties.

Optionally, for example, a bezel portion or lighting device may be disposed at the
reflective element and/or the mirror casing via any suitable means, such as by utilizing
aspects of the mirror assemblies described in U.S. Pat. No. 7,360,932, and/or U.S. patent
application Ser. No. 13/644,593, filed Oct. 4, 2012 (Attorney Docket DONO1 P-1947),
which are hereby incorporated herein by reference in their entireties. The functional
capabilities of such a lighting device should meet the desired or required functional
requirements of the OEM and any regulation requirements. The lighting device provides a
means of illuminating the perimeter of the mirror reflective element of the exterior rearview
mirror assembly and allows for customized light colors. For example, the illumination
feature may operate in conjunction with or corresponding to a selected custom color for the
interior lighting of the vehicle (such as MYCOLOR® offered by Ford Motor Company),
whereby the illumination color emitted by an illumination source or sources or lighting
element of the exterior rearview mirror assembly may be selected or customized by the
user to a desired color or color combination. The colored illumination scheme may be
selected to match the lighting scheme of the vehicle at which the mirror assembly is
mounted or the owner of the vehicle may separately select a color scheme to customize or
personalize the exterior rearview mirror assembly (such as by utilizing aspects of the
mirror assemblies described in U.S. Pat. Nos. 7,626,749; 7,255,451; 7,289,037, which are
hereby incorporated herein by reference in their entireties).

Optionally, the mirror assembly and/or a mirror system of the vehicle 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 transflective type displays, such as the types disclosed in U.S. Pat.
Nos. 7,855,755; 7,734,392; 7,370,983; 7,338,177; 7,274,501; 7,255,451, 7,195,381;
7,184,190; 7,046,448; 6,902,284; 6,428,172; 6,420,975; 5,668,663; 5,724,187; 6,690,268;
5,416,313; 5,285,060; 5,193,029 and/or 4,793,690, and/or in U.S. patent applications, Ser.
No. 13/023,750, filed Feb. 9, 2011 (Attorney Docket DONO1 P-1679); Ser. No. 11/226,628,
filed Sep. 14, 2005 and published Mar. 23, 2006 as U.S. Pat. Pub. No. US-2006-0061008;
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Ser. No. 10/538,724, filed Jun. 13, 2005 and published Mar. 9, 2006 as U.S. Pat. Pub. No.
US-2006-0050018; Ser. No. 12/091,525, filed Apr. 25, 2008 and published Jan. 15, 2009
as U.S. Pat. Pub. No. US-2009-0015736; Ser. No. 12/091,525, filed Apr. 25, 2008 and
published Jan. 15, 2009 as U.S. Pat. Pub. No. US-2009-0015736; Ser. No. 12/578,732,
filed Oct. 14, 2009 and published Apr. 22, 2010 as U.S. Pat. Pub. No. US-2010-0097469;
Ser. No. 09/585,379, filed Jun. 1, 2000, now abandoned; and/or Ser. No. 10/207,291, filed
Jul. 29, 2002, now abandoned, and/or PCT Application No. PCT/US10/47256, filed Aug.
31, 2010, which are all hereby incorporated herein by reference in their entireties.

The video display screen may be controlled or operable in response to an input or
signal, such as a signal received from one or more cameras or image sensors of the
vehicle, such as a video camera or sensor, such as a CMOS imaging array sensor, a CCD
sensor or the like, such as the types disclosed in U.S. Pat. Nos. 5,550,677; 5,760,962;
6,396,397, 6,097,023; 5,877,897; and 5,796,094, and/or U.S. patent application Ser. No.
10/534,632, filed May 11, 2005 and published Aug. 3, 2006 as U.S. Pat. Pub. No. US-
2006-0171704, which are hereby incorporated herein by reference in their entireties, or
from one or more imaging systems of the vehicle, such as a reverse or backup aid system,
such as a rearwardly directed vehicle vision system utilizing principles disclosed in U.S.
Pat. Nos. 5,550,677; 5,760,962; 5,670,935; 6,201,642; 6,396,397; 6,498,620; 6,717,610
and/or 6,757,109, which are hereby incorporated herein by reference in their entireties, a
trailer hitching aid or tow check system, such as the type disclosed in U.S. Pat. No.
7,005,974, which is hereby incorporated herein by reference in its entirety, a cabin viewing
or monitoring device or system, such as a baby viewing or rear seat viewing camera or
device or system or the like, such as disclosed in U.S. Pat. Nos. 5,877,897 and/or
6,690,268, which are hereby incorporated herein by reference in their entireties, a video
communication device or system, such as disclosed in U.S. Pat. No. 6,690,268, which is
hereby incorporated herein by reference in its entirety, and/or the like. The imaging sensor
or camera may be activated and the display screen may be activated in response to the
vehicle shifting into reverse, such that the display screen is viewable by the driver and is
displaying an image of the rearward scene while the driver is reversing the vehicle.

Optionally, a rear camera, such as a rear backup video camera/imager or the like
(such as a camera and system of the types described in U.S. Pat. Nos. 5,550,677;
5,670,935; 6,498,620; 6,222,447; and/or 5,949,331, which are hereby incorporated herein
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by reference in their entireties), may be disposed at the vehicle (such as at a rear portion
of the vehicle and/or at one or both sideview mirrors of the vehicle) and may have a
rearward field of view rearward of the vehicle for capturing images rearward of the vehicle
such as for driver assistance during a reversing maneuver of the vehicle or the like.
Because such a rear camera has a rearward field of view, the rearward facing camera may
be operable to capture images of rearwardly approaching or following vehicles that are
behind the vehicle equipped with the rearward facing camera when the vehicle so
equipped is driving forwardly along the road or highway. It is envisioned that an image
processor or controller (such as an EyeQ™ image processing chip available from Mobileye
Vision Technologies Ltd. of Jerusalem, Israel, and such as an image processor of the
types described in PCT Application No. PCT/US10/25545, filed Feb. 25, 2010 and
published Sep. 2, 2010 as International Pub. No. W0O/2010/099416, which is hereby
incorporated herein by reference in its entirety) may process image data captured by the
rearward facing camera to assess glare lighting conditions (such as to detect headlights of
following vehicles that may cause glare at the interior and/or exterior rearview mirror
assemblies of the equipped vehicle), and the controller may adjust or control the dimming
of the electro-optic mirror assembly or assemblies of the equipped vehicle responsive to
such image processing. Using principles of the systems described in U.S. Pat. No.
5,550,677, which is hereby incorporated herein by reference in its entirety, the system may
operate to independently control any one or more of the interior rearview mirror assembly
and the exterior rearview mirror assemblies of the equipped vehicle, such as based on the
intensity and location of glare light detected by the camera and image processor. Such a
rear reversing or backup camera and controller can also operate to detect the ambient light
level present at the vehicle and may adjust the dimming of the mirror system accordingly,
and/or may adjust other displays, lighting and/or accessories of the vehicle in accordance
with and responsive to the ambient light detection by the rear backup camera (or by other
cameras on the vehicle that view exterior to the vehicle). Such glare detection and
ambient light detection and image processing of image data captured by a rear backup
assist camera of the vehicle may obviate the need for a separate glare sensor elsewhere
at the vehicle, such as at or in the interior rearview mirror assembly of the vehicle or the
like. Such image processing and such a mirror control system may utilize aspects of the
imaging systems described in U.S. Pat. Nos. 5,550,677, 5,670,935; 5,760,962; 6,201,642;
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6,396,397; 6,498,620; 6,097,023; 5,877,897; and 5,796,094, which are hereby
incorporated herein by reference in their entireties.

Optionally, the mirror assembly may include other electrically operated or powered
accessories, such as a compass sensor and compass display. Such a compass sensor
and circuitry for the compass system that detects and displays the vehicle directional
heading to a driver of the vehicle may comprise any suitable compass sensor and/or
circuitry, such as a compass system and compass circuitry that utilizes aspects of the
compass systems described in U.S. Pat. Nos. 7,370,983; 7,329,013; 7,289,037;
7,249,860; 7,004,593; 6,928,366; 6,642,851; 6,140,933; 4,546,551, 5,699,044; 4,953,305;
5,576,687; 5,632,092; 5,677,851; 5,708,410; 5,737,226; 5,802,727; 5,878,370; 6,087,953;
6,173,508; 6,222,460; and/or 6,513,252, and/or European patent application, published
Oct. 11, 2000 under Publication No. EP 0 1043566, and/or U.S. patent application Ser. No.
11/226,628, filed Sep. 14, 2005 and published Mar. 23, 2006 as U.S. Pat. Pub. No. US-
2006-0061008, which are all hereby incorporated herein by reference in their entireties.
The compass circuitry may include compass sensors, such as a magneto-responsive
sensor, such as a magneto-resistive sensor, a magneto-capacitive sensor, a Hall sensor, a
magneto-inductive sensor, a flux-gate sensor or the like. The compass sensor may be
incorporated in or associated with a compass system and/or display system for displaying
a directional heading of the vehicle to the driver, such as a compass system of the types
described in U.S. Pat. Nos. 7,289,037; 5,924,212; 4,862,594, 4,937,945, 5,131,154,
5,255,442; 5,632,092; and/or 7,004,593, which are all hereby incorporated herein by
reference in their entireties. Optionally, an integrated automotive "compass-on-a-chip”
may be disposed in a cavity of the mounting base of the mirror (or within the mirror
housing or in an attachment to the mirror mount or elsewhere within the mirror assembly
such as to the rear of the video screen or to the rear of the mirror reflective element) and
may comprise at least two sensor elements (such as magneto-responsive sensor
elements, or a Hall effect sensor or multiple Hall effect sensors), associated A/D and D/A
converters, associated microprocessor(s) and memory, associated signal processing and
filtering, associated display driver and associated LIN/CAN BUS interface and the like, all
(or a sub-set thereof) created or disposed or commonly established onto a semiconductor
chip surface/substrate or silicon substrate, such as utilizing CMOS technology and/or

fabrication techniques as known in the semiconductor manufacturing arts, and constituting
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an application specific integrated chip ("ASIC"), such as utilizing principles described in
U.S. Pat. Nos. 7,815,326; 7,004,593; 7,329,013 and/or 7,370,983, and/or U.S. patent
application Ser. No. 11/226,628, filed Sep. 14, 2005 and published Mar. 23, 2006 as U.S.
Pat. Pub. No. US-2006-0061008, which are hereby incorporated herein by reference in
their entireties, and/or such as by utilizing aspects of an EC driver-on-a-chip such as
described in U.S. Pat. No. 7,480,149, which is hereby incorporated herein by reference in
its entirety.

As discussed above, the mirror assembly may comprise an electro-optic or
electrochromic mirror assembly that includes an electro-optic or electrochromic reflective
element. The perimeter edges of the reflective element may be encased or encompassed
by the perimeter element or portion of the bezel portion to conceal and contain and
envelop the perimeter edges of the substrates and the perimeter seal disposed
therebetween. The electrochromic mirror element of the electrochromic mirror assembly
may utilize the principles disclosed in commonly assigned U.S. Pat. Nos. 7,274,501;
7,255,451;7,195,381; 7,184,190; 6,690,268; 5,140,455; 5,151,816, 6,420,036; 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 and/or 4,712,879,
and/or PCT Application No. PCT/US2010/029173, filed Mar. 30, 2010, which are 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
Paper Series 870636 (1987); N. 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 Chromogenics: Materials and
Devices for Transmittance Control, C.M. Lampert and C.G. Granquist, EDS., Optical
Engineering Press, Wash. (1990), which are hereby incorporated by reference herein in
their entireties; and/or as described in U.S. Pat. No. 7,195,381, which is hereby
incorporated herein by reference in its entirety. Optionally, the electrochromic circuitry
and/or a glare sensor (such as a rearward facing glare sensor that receives light from
rearward of the mirror assembly and vehicle through a port or opening along the casing
and/or reflective element of the mirror assembly) and circuitry and/or an ambient light

sensor and circuitry may be provided on one or more circuit boards of the mirror assembly.
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Optionally, the reflective element may includes an opaque or substantially opaque
or hiding perimeter layer or coating or band disposed around a perimeter edge region of
the front substrate (such as at a perimeter region of the rear or second surface of the front
substrate) to conceal or hide or the perimeter seal from viewing by the driver of the vehicle
when the mirror assembly is normally mounted in the vehicle. Such a hiding layer or
perimeter band may be reflective or not reflective and may utilize aspects of the perimeter
bands and mirror assemblies described in U.S. Pat. Nos. 5,066,112; 7,626,749, 7,274,501;
7,184,190; and/or 7,255,451, and/or PCT Application No. PCT/US2010/032017, filed Apr.
22, 2010 and published Oct. 28, 2010 as International Publication No. WO 2010/124064,
and/or PCT Application No. PCT/US10/51741, filed Oct. 7, 2010 and published Apr. 14,
2011 as International Publication No. WO 2011/044312, and/or U.S. pat. application Ser.
No. 11/226,628, filed Sep. 14, 2005 and published Mar. 23, 2006 as U.S. Pat. Pub. No.
US-2006-0061008, which are all hereby incorporated herein by reference in their
entireties. Optionally, the perimeter band may comprise a chrome/chromium coating or
metallic coating and/or may comprise a chrome/chromium or metallic coating that has a
reduced reflectance, such as by using an oxidized chrome coating or chromium oxide
coating or "black chrome” coating or the like (such as by utilizing aspects of the mirror
assemblies described in U.S. Pat. No. 7,184,190 and/or 7,255,451, which are hereby
incorporated herein by reference in their entireties). Optionally, other opaque or
substantially opague coatings or bands may be implemented while remaining within the
spirit and scope of the present invention.

The exterior rearview mirror assembly may include a casing, such as described
above, or the mirror assembly may comprise or utilize aspects of other types of casings or
the like, such as described in U.S. Pat. Nos. 7,338,177, 7,289,037, 7,249,860, 6,439,755;
4,826,289; and 6,501,387, which are all hereby incorporated herein by reference in their
entireties, without affecting the scope of the present invention. For example, the mirror
assembly may utilize aspects of the flush or frameless or bezelless reflective elements
described in U.S. Pat. Nos. 7,626,749, 7,360,932; 7,289,037; 7,255,451, 7,274,501; and/or
7,184,190, and/or in U.S. patent applications, Ser. No. 11/226,628, filed Sep. 14, 2005 and
published Mar. 23, 2006 as U.S. Pat. Pub. No. US-2006-0061008; and/or Ser. No.
10/538,724, filed Jun. 13, 2005 and published Mar. 9, 2006 as U.S. Pat. Pub. No. US-
2006-0050018, which are all hereby incorporated herein by reference in their entireties.
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Optionally, the mirror assembly may comprise a modular mirror construction, and
may include back housing portions or the like, such as cap portions of the types described
in U.S. Pat. No. 7,289,037, which is hereby incorporated herein by reference in its entirety.
A display screen may be provided as a modular display screen and may be mountable or
installable in the appropriate or suitable mirror casing to provide a modular mirror
assembly and display screen. For example, a rear casing or cap portion may include the
display screen module including the associated components, such as the rails and motor
and the like for a video slideout module (such as by utilizing aspects of the video mirrors
described in U.S. Pat. Nos. 7,370,983 and 6,690,268, and/or U.S. patent applications, Ser.
No. 10/538,724, filed Jun. 13, 2005 and published Mar. 9, 2006 as U.S. Pat. Pub. No. US-
2006-0050018; and/or Ser. No. 12/091,525, filed Apr. 25, 2008 and published Jan. 15,
2009 as U.S. Pat. Pub. No. US-2009-0015736, which are hereby incorporated herein by
reference in their entireties), and may be attachable to a reflective element and/or mirror
casing to assemble the modular mirror assembly. The display screen module thus may be
provided as an optional component or accessory for a vehicle, and may be readily
assembled to a common reflective element and/or mirror casing of the mirror assembly.

Optionally, the mirror casing and/or reflective element may include customized or
personalized viewable characteristics, such as color or symbols or indicia selected by the
vehicle manufacturer or owner of the vehicle, such as the customization characteristics
described in U.S. Pat. Nos. 7,626,749; 7,255,451; 7,289,037, which are hereby
incorporated herein by reference in their entireties.

Optionally, the mirror assembly and/or any associated user inputs may be
associated with various accessories or systems, such as, for example, a tire pressure
monitoring system or a passenger air bag status or a garage door opening system or a
telematics system or any other accessory or system of the mirror assembly or of the
vehicle or of an accessory module or console of the vehicle, such as an accessory module
or console of the types described in U.S. Pat. Nos. 7,289,037, 6,877,888, 6,824,281;
6,690,268; 6,672,744, 6,386,742; and/or 6,124,886, and/or U.S. patent application Ser.
No. 10/538,724, filed Jun. 13, 2005 and published Mar. 9, 2006 as U.S. Pat. Pub. No. US-
2006-0050018, which are hereby incorporated herein by reference in their entireties.

Optionally, the user inputs or buttons may comprise user inputs for a garage door

opening system, such as a vehicle based garage door opening system of the types
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described in U.S. Pat. Nos. 6,396,408; 6,362,771, 7,023,322; and/or 5,798,688, which are
hereby incorporated herein by reference in their entireties. The user inputs may also or
otherwise function to activate and deactivate a display or function or accessory, and/or
may activate/deactivate and/or commence a calibration of a compass system of the mirror
assembly and/or vehicle. The compass system may include compass sensors and
circuitry within the mirror assembly or within a compass pod or module at or near or
associated with the mirror assembly. Optionally, the user inputs may also or otherwise
comprise user inputs for a telematics system of the vehicle, such as, for example, an
ONSTAR® system as found in General Motors vehicles and/or 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, 6,946,978; 7,308,341;
7,167,796; 7,004,593; 7,657,052; and/or 6,678,614, and/or U.S. pat. application Ser. No.
10/538,724, filed Jun. 13, 2005 and published Mar. 9, 2006 as U.S. Pat. Pub. No. US-
2006-0050018, which are all hereby incorporated herein by reference in their entireties.
Optionally, the mirror assembly may include one or more other accessories at or
within the mirror casing, such as one or more electrical or electronic devices or
accessories, such as antennas, including global positioning system (GPS) or cellular
phone antennas, such as disclosed in U.S. Pat. No. 5,971,552, a communication module,
such as disclosed in U.S. Pat. No. 5,798,688, a blind spot detection system, such as
disclosed in U.S. Pat. Nos. 5,929,786 and/or 5,786,772, transmitters and/or receivers,
such as a garage door opener or the like, a digital network, such as described in U.S. Pat.
No. 5,798,575, a high/low headlamp controller, 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, a video device for internal cabin surveillance
and/or video telephone function, such as disclosed in U.S. Pat. Nos. 5,760,962 and/or
5,877,897, a remote keyless entry receiver, lights, such as map reading lights or one or
more other lights or illumination sources, such as 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; 5,669,698; 7,195,381, 6,971,775; and/or 7,249,860,
microphones, such as disclosed in U.S. Pat. Nos. 7,657,052; 6,243,003; 6,278,377; and/or
6,420,975, speakers, antennas, including global positioning system (GPS) or cellular
phone antennas, such as disclosed in U.S. Pat. No. 5,971,552, a communication module,
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such as disclosed in U.S. Pat. No. 5,798,688, a voice recorder, a blind spot detection
system, such as disclosed in U.S. Pat. Nos. 7,720,580; 7,038,577, 6,882,287; 5,929,786
and/or 5,786,772, 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 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.
7,400,435; 7,526,103; 6,690,268 and/or 6,847,487, and/or U.S. patent application Ser. No.
11/239,980, filed Sep. 30, 2005 and published Jun. 15, 2006 as U.S. Pat. Pub. No. US-
2006-0125919, 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, 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; 6,731,205; and/or
7,423,522, and/or an ONSTAR® system, a compass, such as disclosed in U.S. Pat. Nos.
5,924,212; 4,862,594, 4,937,945; 5,131,154, 5,255,442; and/or 5,632,092, 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 being
hereby incorporated herein by reference in their entireties).

Optionally, the mirror assembly (such as at the mounting base, which may be fixed
relative to the vehicle windshield) may include an imaging sensor (such as a forward facing
imaging sensor or camera that has a forward field of view through the vehicle windshield)
that may be part of or may provide an image output for a vehicle vision system, such as a
headlamp control system or lane departure warning system or object detection system or
other vehicle vision system or the like, and may utilize aspects of various imaging sensors
or imaging array sensors or cameras or the like, such as a CMOS imaging array sensor, a
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CCD sensor or other sensors or the like, such as the types described in U.S. Pat. Nos.
5,550,677; 5,670,935; 5,760,962; 5,715,093; 5,877,897, 6,922,292; 6,757,109; 6,717,610;
6,590,719; 6,201,642; 6,498,620; 5,796,094; 6,097,023; 6,320,176; 6,559,435; 6,831,261;
6,806,452; 6,396,397, 6,822,563; 6,946,978; 7,038,577; 7,004,606; and/or 7,720,580,
and/or U.S. patent applications, Ser. No. 10/534,632, filed May 11, 2005 and published
Aug. 3, 2006 as U.S. Patent Publication No. US-2006-0171704; Ser. No. 12/091,359, filed
Jun. 10, 2008 and published Oct. 1, 2009 as U.S. Pat. Pub. No. US-2009-0244361; and/or
Ser. No. 12/377,054, filed Feb. 10, 2009 and published Aug. 26, 2010 as U.S. Pat. Pub.
No. US-2010-0214791, and/or PCT Application No. PCT/US08/78700, filed Oct. 3, 2008
and published Apr. 9, 2009 as International Publication No. WO 2009/046268, and/or PCT
Application No. PCT/US08/76022, filed Sep. 11, 2008 and published Mar. 19, 2009 as
International Publication No. WO 2009/036176, which are all hereby incorporated herein
by reference in their entireties. The sensor may include a lens element or optic between
the imaging plane of the imaging sensor and the forward scene to substantially focus the
scene at an image plane of the imaging sensor. The imaging sensor may comprise an
image sensing module or the like, and may utilize aspects described in U.S. patent
applications, Serial No. 10/534,632, filed May 11, 2005 and published Aug. 3, 2006 as
U.S. Pat. Pub. No. US-2006-0171704; and/or Ser. No. 12/091,359, filed Oct. 27, 2006 and
published Oct. 1, 2009 as U.S. Pat. Pub. No. US-2009-0244361, which are hereby
incorporated herein by reference in their entireties.

Changes and modifications in 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.
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CLAIMS:

1. An exterior rearview mirror assembly configured for mounting at an exterior portion
of a vehicle, said exterior rearview mirror assembly comprising:

a non-movable portion configured for attachment at an exterior portion of a vehicle
equipped with said exterior rearview mirror assembly;

a movable portion that is movable relative to said non-movable portion;

a mirror head that is movable relative to said movable portion;

a mirror reflective element fixedly attached at said mirror head;

a first actuator operable to move said movable portion relative to said non-movable
portion about a first axis;

a second actuator operable to move said mirror head relative to said movable
portion about a second axis; and

wherein said first and second actuators are cooperatively operable to move said
movable portion about said first axis and to move said mirror head about said second axis;
and

wherein said mirror reflective element moves in tandem with movement of said
mirror head relative to said non-movable portion to adjust the rearward field of view of a
driver of the equipped vehicle.

2. The rearview mirror assembly of claim 1, wherein said first and second actuators
are operable at different rotational speeds to adjust the rearward field of view of the driver

of the equipped vehicle.

3. The rearview mirror assembly of claim 1, wherein said first and second axes are

angled relative to one another.

4. The rearview mirror assembly of claim 3, wherein said first and second axes are at

an angle of between about 15 degrees and about 90 degrees relative to one another.

5. The rearview mirror assembly of claim 1, wherein said mirror head attaches at said

movable portion at a portion thereof that is remote from said mirror reflective element.

49

Motherson Innovations v. Magna Mirrors
Motherson Exhibit 1007, Page 972



WO 2013/126719 PCT/US2013/027346

6. The rearview mirror assembly of claim 1, wherein said mirror head comprises a
mirror casing that has an attachment portion and wherein said mirror reflective element

attaches at said attachment portion.

7. The rearview mirror assembly of claim 6, wherein said mirror casing attaches at

said movable portion at a portion thereof that is remote from said attachment portion.

8. The rearview mirror assembly of claim 1, wherein said mirror head houses at least
one accessory that is disposed in a mirror casing of said mirror head and behind said

mirror reflective element.

9. The rearview mirror assembly of claim 8, wherein said at least one accessory

Co mprises a camera.

10.  The rearview mirror assembly of claim 1, wherein said first and second actuators

are cooperatively operable to provide a powerfold function.

11.  The rearview mirror assembly of claim 1, wherein said mirror reflective element

comprises a frameless mirror reflective element.

12. The rearview mirror assembly of claim 11, wherein said frameless mirror reflective
element has a glass substrate having a rounded front perimeter along a perimeter
circumference of a front surface of said glass substrate, and wherein said rounded front
perimeter has a radius of curvature of at least about 2.5 mm.

13.  The rearview mirror assembly of claim 12, wherein, with said frameless mirror
reflective element attached at an attachment portion of a mirror casing of said mirror head,
said rounded front perimeter of said glass substrate is exposed to and is viewable by the
driver of the equipped vehicle when said rearview mirror assembly is normally mounted at

the exterior portion of the equipped vehicle.
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14.  The rearview mirror assembly of claim 1, wherein said mirror head is disposed at an
outboard region of said movable portion and wherein an inboard region of said movable
portion is disposed at said non-movable portion.
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(57) Abstract: A vehicular rearview mirror assembly includes a mirror reflective element and a touch sensor device disposed behind
a portion of the reflective element and operable to sense the presence of a person's finger at a touch zone of the reflective element
proximate to the touch sensor device. A backlighting device is disposed behind the touch sensor device and is operable to backlight
a portion of the touch sensor device. The touch sensor device includes a touch sensor substrate having a conductive trace established
at a patterned conductive zone of the touch sensor substrate. When the backlighting device is activated, light emanating from the
backlighting device passes through the patterned conductive zone of the touch sensor substrate and illuminates an icon so that the
icon is viewable through the reflective element by a driver of the vehicle when the rearview mirror assembly is normally mounted at
the vehicle.
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REARVIEW MIRROR ASSEMBLY
CROSS REFERENCE TO RELATED APPLICATIONS

The present application claims the filing benefits of U.S. provisional applications,
Ser. No. 61/705,876, filed Sep. 26, 2012; Ser. No. 61/697,554, filed Sep. 6, 2012; Ser. No.
61/665,509, filed Jun. 28, 2012; Ser. No. 61/664,438, filed Jun. 26, 2012; Ser. No.
61/647,179, filed May 15, 2012; Ser. No. 61/614,877, filed Mar. 23, 2012; Ser. No.
61/601,756, filed Feb. 22, 2012; Ser. No. 61/590,578, filed Jan. 25, 2012; Ser. No.
61/565,541, filed Dec. 1, 2011; and/or Ser. No. 61/558,623, filed Nov. 11, 2011, which are
hereby incorporated herein by reference in their entireties.

FIELD OF THE INVENTION

The present invention relates generally to the field of rearview mirror assemblies for
vehicles and, more particularly, to an interior rearview mirror assembly that has user
inputs, such as for a telematics system or the like.

BACKGROUND OF THE INVENTION

Typically, an interior rearview mirror assembly may include user inputs, such as
buttons or the like, at a mirror bezel portion of the mirror casing, whereby actuation of the
user inputs activates or adjusts or controls a telematics feature, such as a hands free
telephone feature or the like.

SUMMARY OF THE INVENTION

The present invention provides an interior rearview mirror assembly that includes
user inputs or touch or proximity sensors disposed behind the reflective element of the
mirror assembly and operable to sense the presence of a user's finger at or near the front
surface of the reflective element and in the vicinity of the touch or proximity sensor. The
touch sensor comprises a backlit sensor element that comprises a plurality of electrically
conductive traces disposed or established at a transparent or translucent substrate, with
the electrically conductive traces being established as a pattern that allows for light
emanating from the backlighting device or element to pass through the sensor for
backlighting an icon established in front of the sensor for viewing through the reflective
element by a person viewing the mirror assembly when the mirror assembly is normally

mounted in a vehicle.
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According to an aspect of the present invention, an interior rearview mirror
assembly for a vehicle includes a mirror reflective element comprising at least one glass
substrate and a mirror reflector established at a surface of the glass substrate. A touch
sensor is disposed behind the mirror reflective element and is operable to sense the
presence of a person's finger at a touch zone at the front surface of the mirror reflective
element and proximate to the touch sensor. An iconistic element or appliqué is disposed
in front of the touch sensor and between the touch sensor and the glass substrate of the
mirror reflective element. A backlighting device is operable to backlight the touch sensor
and the appliqué, and, when backlit, the touch sensor transmits light through a touch
sensing element of the touch sensor to backlight the appliqué so that an icon established
at the appliqué is backlit and is viewable through the mirror reflective element by a driver of
the vehicle when the interior rearview mirror assembly is normally mounted in the vehicle.
The touch sensor is substantially light transmissive at least at the touch sensing element.

Optionally, the touch sensing element may comprise a substantially non-light-
transmissive electrically conductive trace established at a generally transparent or
translucent substrate, with the electrically conductive trace established at the substrate in a
manner that allows light emanating from the backlighting device to pass through the
substrate and the touch sensing element. For example, the touch sensing element may
comprise a patterned electrically conductive trace comprising multiple spaced apart traces
and wherein light emanating from the backlighting device passes through gaps between
the spaced apart traces to backlight the icons established at the appliqué.

According to another aspect of the present invention, an exterior rearview mirror
assembly configured for mounting at an exterior portion of a vehicle includes a base
configured for attachment at an exterior portion of a vehicle and a mirror head attached at
the base and pivotable relative to the base. The mirror head includes a mirror reflective
element. A first actuator is operable to pivot the base relative to the exterior portion of the
vehicle about a first pivot axis, and a second actuator operable to pivot the mirror head
relative to the base about a second pivot axis. The first and second actuators are
cooperatively operable to pivot the base about the first pivot axis and to pivot the mirror
head about the second pivot axis to adjust the mirror reflective element relative to the
exterior portion of the vehicle to adjust the rearward field of view of a driver of the vehicle.
The first and second actuators may be operable at different rotational speeds to adjust the

2
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rearward field of view of the driver of the vehicle. The first and second pivot axes may be
angled relative to one another at an angle of between about 15 degrees and about 90
degrees.

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

FIG. 1 is a front elevation of a mirror reflective element assembly in accordance with
the present invention;

FIG. 2 is another front elevation of the mirror reflective element assembly of FIG. 1;

FIG. 3 is a front elevation of a mirror reflective element assembly of the present
invention, showing the perimeter seal in phantom;

FIG. 4A is a side elevation of the mirror reflective element assembly of FIG. 3;

FIG. 4B is a sectional view of the mirror reflective element assembly taken along the
line B-B in FIG. 3;

FIG. 5 is a rear elevation of the mirror reflective element assembly of FIG. 3;

FIG. 6A is an exploded perspective view of a mirror assembly of the present
invention;

FIG. 6B is another exploded perspective view of the mirror assembly of FIG. 6A;

FIG. 6C is an enlarged exploded perspective view of the mirror assembly of FIGS.
6A and 6B, showing the components of the touch sensor;

FIG. 7 is a plan view of a touch sensor circuit element for the mirror assembly of
FIG. 6A;

FIG. 8 is an enlarged plan view of the area VIl of FIG. 7;

FIG. 9 is another enlarged plan view of a touch sensor circuit of the present
invention;

FIG. 10 is a plan view of the touch sensor circuit of FIG. 9, shown with an appliqué
disposed thereat;

FIG. 11 is an enlarged plan view of a portion of the touch sensor circuit and
appliqué of FIG. 10;

FIG. 12 is a plan view of another touch sensor circuit similar to FIG. 10, with finer
conductive traces at the touch sensor areas;
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FIG. 13 is a front elevation of another mirror reflective element assembly in
accordance with the present invention;

FIG. 14 is another front elevation of the mirror reflective element assembly of the
present invention, shown with the icons and sensors backlit;

FIG. 15 is a plan view of another touch sensor circuit of the present invention;

FIGS. 15A, 15B and 15C are enlarged plan views of the respective areas A, B and
C of FIG. 15;

FIG. 16 is a plan view of another touch sensor circuit of the present invention;

FIGS. 16A, 16B and 16C are enlarged plan views of the respective areas A, B and
C of FIG. 16;

FIGS. 17-19 are front, side and rear elevations of another electrochromic reflective
element assembly of the present invention;

FIG. 20 is an enlarged rear view of the lower touch sensor area of the reflective
element of FIG. 19;

FIGS. 21-23 are front, side and rear elevations of another prismatic reflective
element assembly of the present invention;

FIG. 24 is an enlarged rear view of the lower touch sensor area of the reflective
element of FIG. 23;

FIG. 24A is another enlarged view of a lower touch sensor area of the reflective
element of the present invention;

FIG. 25 is a front elevation of a prismatic mirror reflective element assembly in
accordance with the present invention;

FIG. 26A is an exploded perspective view of a prismatic mirror assembly having the
prismatic mirror reflective element assembly of FIG. 25;

FIG. 26B is another exploded perspective view of the prismatic mirror assembly of
FIG. 26A;

FIG. 26C is an enlarged exploded perspective view of the prismatic mirror assembly
of FIGS. 26A and 26B, showing the components of the touch sensor;

FIG. 27 is a sectional view of another rearview mirror assembly of the present
invention, with a transparent cover or substrate disposed at the front surface of the

reflective element;
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FIG. 28 is a plan view of another reflective element assembly of the present
invention, showing an optional busbar configuration for electrically powering the second
and third surface coatings;

FIG. 29 is a perspective and partial sectional view of the reflective element
assembly of FIG. 28;

FIGS. 30-39 are sectional views of mirror assemblies showing beveled glass and/or
bezels at the perimeter of the reflective elements in accordance with the present invention;

FIG. 40 is a sectional view of another mirror assembly showing a flat bezel that
slightly overlaps the front surface of the glass mirror substrate;

FIG. 41A is a front perspective view of an interior rearview mirror assembly with an
attachment element that is exposed at side regions of the reflective element in accordance
with the present invention;

FIG. 41B is a rear perspective view of the mirror assembly of FIG. 41A;

FIG. 42 is an enlarged front perspective view of a side region of the reflective
element and attachment element of the mirror assembly of FIGS. 41A and 41B;

FIG. 43 is a perspective view of another interior rearview mirror assembly, shown
with a perimeter lighting feature in accordance with the present invention;

FIG. 44 is another perspective view of the mirror assembly of FIG. 43;

FIG. 45 a front elevation of the mirror assembly of FIG. 43;

FIG. 45A is a sectional view of the mirror assembly, taken generally along the line
A-Ain FIG. 45;

FIG. 45B is another sectional view of the mirror assembly of FIGS. 43-45;

FIGS. 46-49 are sectional views of other mirror assemblies, showing display
systems for displaying images and/or information through the reflective elements in
accordance with the present invention;

FIGS. 50A-D are plan view schematics of other mirror assemblies, showing different
types of display systems for displaying images and/or information through the reflective
elements in accordance with the present invention;

FIG. 51 is an exploded perspective view of an interior rearview mirror assembly,
with an energy absorbing device in accordance with the present invention;

FIG. 52A is a side elevation of a mirror back plate and pivot element having energy
absorbing capabilities in accordance with the present invention;
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FIG. 52B is a side elevation of another mirror back plate and pivot element having
energy absorbing capabilities in accordance with the present invention;

FIG. 52C is a side elevation of another mirror back plate and pivot element having
energy absorbing capabilities in accordance with the present invention;

FIG. 52D is a side elevation of a mirror mounting arm or tube having energy
absorbing capabilities in accordance with the present invention;

FIG. 52E are images of springs for use in a mounting assembly in accordance with
the present invention;

FIG. 53 is a perspective view of a mirror mounting assembly for pivotally attaching a
mirror head at an interior portion of a vehicle via a pivot joint at an upper region of the
mirror head in accordance with the present invention;

FIG. 54 is a schematic of a mirror inspection system for inspecting mirror reflective
elements in accordance with the present invention;

FIG. 55 is a schematic of a reflected image captured by the camera of the mirror
inspection system of claim 54;

FIG. 56 is an exploded perspective view of an exterior rearview mirror assembly in
accordance with the present invention;

FIGS. 56A and 56B are exploded perspective views of the exterior rearview mirror
assembly of FIG. 56;

FIG. 57 is a rear perspective view of the exterior rearview mirror assembly of FIG.
56, showing the tip/tilt of the mirror head via pivotal movement about a second pivot axis of
the mirror assembly;

FIG. 58A is a top perspective view of the exterior rearview mirror assembly of FIG.
56, showing the rotation of the mirror head via pivotal movement about a first pivot axis of
the mirror assembly;

FIG. 58B is a rear perspective view of the exterior rearview mirror assembly of FIG.
56, showing the rotation of the mirror head via pivotal movement about the first and
second pivot axes of the mirror assembly, in order to laterally adjust the rearward field of
view of the mirror reflective element while limiting vertical adjustment of the rearward field
of view of the mirror reflective element;

FIG. 58C is a schematic of a control system for controlling operation of the

actuators of the exterior rearview mirror assembly of the present invention;
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FIG. 59 is a plan view of an exterior rearview mirror assembly that incorporates two
actuators in accordance with the present invention;

FIGS. 60A-C are perspective views of an actuator for the exterior rearview mirror
assembly of FIG. 59;

FIG. 61 is an exploded perspective view of the actuator of FIGS. 60A-C;

FIG. 62 is a sectional view of the actuator of FIGS. 60A-C;

FIG. 63 is an enlarged sectional view of a cluich element of the actuator of FIG. 62;

FIG. 63A is another enlarged sectional view of a clutch element of the actuator,
showing optional clutch engaging surfaces for the actuator;

FIG. 64 is an enlarged perspective view of a memory element of the actuator of
FIGS. 60A-C;

FIG. 64A is an exploded perspective view of a memory device of the mirror
assembly of the present invention;

FIG. 64B is a plan view of the contact rings of the memory device of FIG. 64A
established at the circuit element of the mirror assembly, shown with the contacts disposed
thereat;

FIG. 65A is a plan view of another exterior rearview mirror assembly in accordance
with the present invention;

FIG. 65B is a plan view of another exterior rearview mirror assembly in accordance
with the present invention;

FIGS. 66A-D are views of another exterior rearview mirror assembly in accordance
with the present invention;

FIGS. 67A-D are views of another exterior rearview mirror assembly in accordance
with the present invention;

FIG. 68 is a schematic of an exterior rearview mirror system in accordance with the
present invention;

FIG. 68A is a side view schematic of the exterior rearview mirror system of FIG. 68;

FIG. 68B is a side view schematic of a known construction of an exterior rearview
mirror assembly;

FIG. 68C is a side view schematic of another exterior rearview mirror system of the

present invention;
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FIG. 68D is a side view schematic of another exterior rearview mirror system of the
present invention;

FIG. 69A is a plan view of an exterior rearview mirror assembly with an indicator
established thereat in accordance with the present invention;

FIG. 69B is a sectional view of the exterior rearview mirror assembly of FIG. 69A;

FIG. 70 is a perspective view of a glass sheet that is scored at a surface thereof to
score the shapes of the mirror substrates into the surface of the glass sheet;

FIG. 71A is a perspective view of a front glass substrate formed from a scored
sheet similar to that of FIG. 70;

FIG. 71B is a perspective view of a rear glass substrate formed from a scored sheet
similar to that of FIG. 70;

FIG. 72 is a sectional view of a mirror reflective element formed with the front glass
substrate of FIG. 71A and the rear glass substrate of FIG. 71B;

FIG. 73 is a table and diagram of a bend strength test and test results of such
testing on mirror substrates formed in accordance with the present invention;

FIGS. 74A-E are plan views of another interior rearview mirror assembly having a
compass display in accordance with the present invention; and

FIG. 74F is a schematic showing exemplary compass display characters for each of
sixteen directional headings in accordance with the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings and the illustrative embodiments depicted therein, an
interior rearview mirror assembly 10 for a vehicle includes a reflective element 14
positioned at a front portion of a mirror housing or casing 12 (FIGS. 1-6). Mirror assembly
10 is adjustably mounted to an interior portion of a vehicle (such as to an interior surface of
a vehicle windshield or a headliner of a vehicle or the like) via a mounting structure or
mounting configuration or assembly 18. The mirror assembly 10 includes touch or
proximity sensitive user inputs 20 and associated icons or the like so a user can readily
identify the purpose or function of the user inputs and actuate the appropriate or desired or
selected user input. In the illustrated embodiment, the user inputs 20 are disposed at a
lower region of the mirror reflective element 14, with indicators or icons 22 at an area
above the respective inputs (and at the principal reflecting portion of the reflective

element), so that, when a user touches or actuates one of the user inputs 20, the
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respective icon 22 is backlit so as to be illuminated for viewing by the user through the
reflective element to confirm to the user that the input was actuated (optionally, the mirror
assembly may provide a haptic feedback, such as a vibration or the like, to indicate to the
user that a user input was touched or activated). The reflective element assembly and
user inputs and icons may utilize aspects of the mirror assemblies shown and/or described
in U.S. Des. Pat. Nos. D633,423; D633,019; D638,761; and/or D647,017, and/or PCT
Application No. PCT/US2011/056295, filed Oct. 14, 2011 and published Apr. 19, 2012 as
International Publication No. WO 2012/051500, and/or PCT Application No.
PCT/US2010/032017, filed Apr. 22, 2010 and published Oct. 28, 2010 as International
Publication No. WO 2010/124064, and/or PCT Application No. PCT/US10/51741, filed Oct.
7, 2010 and published Apr. 14, 2011 as International Publication No. WO 2011/044312,
and/or U.S. Pat. No. 7,253,723 and/or 8,154,418, which are hereby incorporated herein by
reference in their entireties. As shown in FIGS. 6A-11, the user inputs 20 comprise a
circuit pad 24 with substantially non-light-transmissive electrically conductive traces 26
established at the circuit pad for sensing a touch or proximity at the sensor or input. As
shown in FIGS. 8-11, the electrically conductive traces 26 are established at each touch
input area or region 21a, 21b, 21c¢ in a manner that allows light to pass through the touch
pad and touch sensor areas to backlight icons at an appliqué 28 disposed over or at or in
front of the circuit pad 24, as discussed below.

In the illustrated embodiment, the user input circuit pad 24 is disposed at a lower
region of the reflective element and is positioned or located at an area that is devoid of any
metallic mirror reflector coatings or the like at the mirror substrate or substrates. In the
illustrated embodiment, the reflective element 14 comprises an electro-optic reflective
element, such as an electrochromic reflective element, and includes a front substrate 30
having a front or first surface 30a (the surface that generally faces the driver of a vehicle
when the mirror assembly is normally mounted in the vehicle) and a rear or second surface
30b opposite the front surface 30a, and a rear substrate 31 having a front or third surface
31a and a rear or fourth surface 31b opposite the front surface 31a, with an electro-optic
medium disposed between the second surface 30b and the third surface 31a and bounded
by a perimeter seal 32 of the reflective element (such as is known in the electrochromic
mirror art). The second surface 30a of front substrate 30 has a transparent electrically
conductive coating established thereat, while the third surface 31a of rear substrate 31 has

9
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a metallic reflector coating established thereat. The mirror reflector may comprise any
suitable coatings or layers, such as a transflective coating or layer, such as described in
U.S. Pat. Nos. 7,626,749; 7,274,501, 7,255,451, 7,195,381; 7,184,190; 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 and/or 4,712,879, which are hereby incorporated herein by reference in their
entireties, disposed at the front surface of the rear substrate (commonly referred to as the
third surface of the reflective element) and opposing the electro-optic medium, such as an
electrochromic medium disposed between the front and rear substrates and bounded by
the perimeter seal (but optionally, the mirror reflector could be disposed at the rear surface
of the rear substrate (commonly referred to as the fourth surface of the reflective element),
while remaining within the spirit and scope of the present invention).

For example, the coating may comprise ruthenium or chromium or aluminum or
aluminum alloy materials or the like. Optionally, the coatings may be sputter deposited on
the substrate surface via a target. Typically, when the targets are expended, ruthenium is
repressed onto the target (to save recycling costs) rather than regrinding the expended
base of the target. Optionally, the targets may comprise chromium bases instead of
ruthenium bases to reduce the inventory carrying costs of the targets. Thus, the target
may comprise a low cost base material (such as chromium or the like), with a higher cost
material (such as ruthenium or the like) pressed onto the base, so that the target uses less
of the high cost material and thus ties up a reduced amount of high cost material in the
mirror manufacturer's inventory.

As shown in FIG. 5, electrical connections 36a, 36b may be established at
connection areas to provide electrical connection to busbars or electrically conductive
traces at a respective one of the front and rear substrates to provide electrical current to
the electrically conductive coatings at the rear surface of the front substrate and the front
surface of the rear substrate for powering and dimming or varying the reflectance of the
reflective element. Optionally, for example, and with reference to FIGS. 28 and 29, two or
more (such as three or more) conductive epoxy patches 37a may be disposed along an
upper (or lower) perimeter region of the reflective element to facilitate connection of
solderless clips to provide electrical power to the transparent conductive coating at the
second surface (the rear surface of the front substrate 30') of the reflective element. The

10

Motherson Innovations v. Magna Mirrors
Motherson Exhibit 1007, Page 1030



[00100]

WO 2013/071070 PCT/US2012/064398

clips may be connected to tabs 37b established at a conductive busbar 37c¢ at the rear
substrate (such as by laser ablating an isolation line 37d through the conductive coating or
coatings at the rear substrate, such as at the front or third surface of the rear substrate 31’,
and so that the isolation line is disposed at and along the perimeter seal 37¢ of the
reflective element) so that the clips are spaced apart and electrically connected to an
electrically conductive busbar 37c¢ to provide electrical power to the second surface
conductive coating and to reduce the conductive epoxy required to provide sufficient
connectivity and conductivity at the second surface conductive coating. Optionally,
another electrical connector or clip may be connected to a tab 37f of the third surface
reflector coating to provide electrical power to the third surface conductive coatings at the
front surface of the rear substrate.

As can be seen with reference to FIGS. 4B and 5, rear substrate 31 includes a
cutout region 31c at its lower generally central region. As also shown in FIGS. 3 and 5, the
perimeter seal 32 is established around a perimeter region of the rear substrate (and
inboard of the perimeter region of the front substrate so that the front substrate overhangs
the perimeter regions of the rear substrate around the reflective element, such as shown in
FIGS. 4A and 4B), with a portion 32a of the seal 32 being disposed along the cutout region
31c of rear substrate 31 and thus around or along the upper boundary of the user input
area 21 of the reflective element 14. The electro-optic medium thus is disposed within the
principal reflecting region of the reflective element and is not disposed at the user input
area 21 that is outboard of the perimeter seal. The reflective element 14 includes a
perimeter hiding layer or band 34 (such as an opaque or substantially non-light-
transmitting metallic layer or band or the like) that is disposed around the perimeter region
of the front substrate 30 (such as at the rear surface of the front substrate) to hide or
substantially conceal or render covert the perimeter seal 32 from a person viewing the
perimeter seal through the front substrate when the reflective element and mirror assembly
are normally mounted at a vehicle (such as by utilizing aspects of the mirror assemblies
described in U.S. Pat. Nos. 5,066,112; 7,626,749, 7,360,932; 7,274,501; 7,184,190; and/or
7,255,451, and/or PCT Application No. PCT/US2010/032017, filed Apr. 22, 2010 and
published Oct. 28, 2010 as International Publication No. WO 2010/124064, and/or PCT
Application No. PCT/US10/51741, filed Oct. 7, 2010 and published Apr. 14, 2011 as
International Publication No. WO 2011/044312, and/or U.S. pat. application Ser. No.
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11/226,628, filed Sep. 14, 2005 and published Mar. 23, 2006 as U.S. Pat. Pub. No. US-
2006-0061008, which are all hereby incorporated herein by reference in their entireties).

The user input area 21 of the reflective element includes a window 34b established
through the perimeter band 34 (such as at a wider or waisted portion 34a of the perimeter
band or hiding layer 34) at the rear surface of the front substrate 30 so that the front
substrate is substantially devoid of hiding layer or other conductive or metallic layers or
coatings at the user input area. Likewise, the rear substrate 31 is cut-away at the user
input area 21 so that the user input area is devoid of the rear glass substrate and thus
devoid of the conductive mirror reflector coating or coatings. Thus, the user input area is
substantially devoid of metallic and/or conductive coatings that may be present elsewhere
at the front and rear substrates, such that the conductive coatings of the mirror reflective
element are not at the user input area and do not interfere with the touch sensor or circuit
pad 24 sensing a touch or presence of a person's finger at the front surface 30a of the
front substrate 30 and at one or more of the user inputs 20a, 20b, 20c.

The user inputs or circuitry or switches are disposed behind the reflective element
14 and behind the touch zone 21 (having one or more individual inputs or touch sensors
20a, 20b, 20c disposed behind respective icons 21a, 21b, 21c¢ of appliqué 28), with the
user input circuitry or switches, such as touch or proximity sensing circuitry or capacitive
switches (such as projection capacitance sensing circuitry or proximity sensing circuitry or
capacitive switches or user inputs that utilize aspects of the mirror assemblies described in
U.S. Pat. No. 8,154,418, and/or PCT Application No. PCT/US10/51741, filed Oct. 7, 2010
and published Apr. 14, 2011 as International Publication No. WO 2011/044312, which are
hereby incorporated herein by reference in their entireties) disposed at a lower perimeter
region and behind the reflective element and below or outboard of the perimeter seal and
at a window area formed through the perimeter band (and at a wider or waisted or
broadened portion of the perimeter band). The individual touch sensors thus comprise
individual electrically isolated touch pads formed at the circuit element or substrate 24
(such as a generally rigid substrate and/or a flexible substrate, such as a Mylar material or
the like) and comprise the sensing elements and/or circuitry and/or switches disposed at or
behind the individual icons of the touch zone 21 (with the user input icons creating or
providing a cognitive association between the icons and the individual touch pads at the
respective icons). The front glass substrate of the mirror reflective element (behind which
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the sensing pads and sensing circuitry are disposed) typically may have a thickness of
about 3.2 mm or thereabouts, such that the perimeter edge portions can have a full 2.8
mm radius of curvature to meet the requirements of at least a 2.5 mm minimum radius of
curvature. It is also desirable that the front substrate is devoid of electrically conductive
coatings at the touch zone or area 21 (and that the rear substrate is removed or cut-away
at the touch zone or area).

As shown in FIG. 6C, touch sensor or circuit 24 has appliqué 28 disposed thereat
(and optionally adhered thereto via an adhesive 38), with appliqué 28 providing an opaque
or substantially opaque or non-light-transmitting layer with graphics established thereat to
provide the desired appearance at the touch area or input area 21. Another appliqué 40
may be disposed at or near or above the input area 21 to provide icons 22 that, when
backlit, are viewable through the reflective element and through the mirror reflector of the
reflective element (such as responsive to a user touching a respective one of the user
inputs 20a, 20b, 20c). The appliqué 40 may be disposed at the rear of the reflective
element 14 and at a foam tape 42 adhered thereto or disposed thereat. As shown in
FIGS. 6A-C, foam tape 42 includes a cutout region at the user input area 21 and includes
apertures that generally correspond to the icons 22 of the appliqué 40. The touch sensor
or circuit pad 24 and appliqué 28 are disposed at the cutout region of the foam tape 42 and
an attachment plate 44 is attached at the rear of the reflective element via the foam tape
42, with a circuit board 46 disposed at the attachment plate and having circuitry for
controlling functions (such as telematics functions and backlighting functions and the like)
responsive to the user inputs detecting a touch or proximity at a respective input or touch
pad (with the circuitry of the circuit board electrically connected to wiring or leads or
circuitry of the sensor or sensor substrate when the mirror is assembled). Optionally, the
attaching surface of the attachment plate 44 may be plasma treated to enhance the
adhesion of the attachment plate at the rear surface of the mirror reflective element.

As can be seen in FIGS. 6A-C, the attachment plate 44 and/or the circuit board or
element 46 include or support a plurality of illumination sources 48 (such as individual light
emitting diodes established at the circuit board or element 46) that are arranged at and
aligned with the apertures of the attachment plate 44 and apertures of the foam tape and
with the icons established at the appliqué 40. Thus, when a user touches the touch area
or input area 21, the circuitry determines a touch at one of the user inputs 20a, 20b, 20c
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and may actuate a respective illumination source 48 to backlight a respective one of the
icons 22a, 22b, 22c of appliqué 40, such that the backlit respective icon is illuminated and
viewable by the user to confirm to the user that the touch was detected and the selected
feature or function was activated or adjusted accordingly. Optionally, a fourth icon 22d
may be provided at appliqué 40 that is not associated with any touch pad or input and that
may be illuminated or backlit to indicate that the mirror accessory (such as a telematics
system) is not in use or a line of communication is unavailable or disconnected or the like.

As shown in FIG. 6C, mirror assembly 10 includes a rubber or silicone or
elastomeric or resilient gasket or pad 41, which is disposed at the rear of the touch sensor
24 and between the touch sensor 24 and the attachment plate 44 when the mirror
assembly is assembled together. The gasket 41 is formed with apertures that generally
align with the illumination sources 48 and the user inputs 20a, 20b, 20c to allow light to
pass therethrough. The gasket 41 also includes apertures that receive the electrical
connectors 25 (the circuit pad of the touch sensor includes electrical circuitry and
connectors at the rear surface of the substrate for electrically connecting to circuitry of and
in the mirror assembly that supports the reflective element assembly, as discussed below
with respect to FIG. 20). Thus, when the connectors 25 (such as a multi-pin socket type of
connector) are received in the apertures of the gasket, electrical connection may be made
(via insertion of pins or terminals at the circuit board 46 into the respective sockets of the
connectors 25) as the touch sensor and reflective element are attached at the attachment
plate. Thus, the mirror assembly provides a board-to-board connection between the touch
circuit element and the mirror circuit element or board, such as when the reflective element
is attached at the attachment plate or such as when the mirror circuit element is attached
at the rear of the attachment element (with the reflective element and sensor and gasket
already assembled to the attachment plate).

The gasket 41 comprises a compressible or resilient material that, when the
reflective element and touch sensor are attached at the attachment plate, presses the
appliqgué 28 and sensor 24 against the rear glass surface of the front substrate of the
reflective element so that the appliqué is substantially flat against the glass and there is
reduced air at the appliqué and sensors. The gasket thus functions to provide a
substantially uniform or constant pressure at the sensor and appliqué, thereby providing a

flat appliqué for enhanced appearance and for providing enhanced performance of the
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touch sensors due to the reduced air at the sensor locations. Optionally, and less
desirably, an optical adhesive may be disposed at the appliqué to couple the appliqué to
the rear glass surface to provide a flat appliqué at the rear glass surface.

The user input icons and/or the display icons may comprise any suitable coloring
and/or design and/or backlighting. It has been found that the color white for icons works
well for viewing by the driver of the vehicle in high ambient lighting conditions, even and
especially when using a transflective mirror reflective element. The white characters or
icons (preferably displayed as white characters or icons through the transflective mirror
reflector, to be viewed and seen by the driver of the vehicle as white characters or icons
without a black background or surrounding display area) have been found to provide
enhanced viewability and discernibility to a driver of the vehicle, particularly when viewing
the displayed white characters or icons in high ambient lighting conditions, and such as
described in PCT Application No. PCT/US2011/056295, filed Oct. 14, 2011 and published
Apr. 19, 2012 as International Publication No. WO 2012/051500, which is hereby
incorporated herein by reference in its entirety.

Referring now to FIGS. 7-11, the touch sensor or circuit pad 24 comprises a
substrate 24a (such as a transparent or translucent substrate that allows light to pass
therethrough) that has electrically conductive traces 26 established thereat. For example,
the touch PCB substrate 24a may comprise a white substrate comprising an FR408
material or the like. Such a material is white or whitish in color and is conducive for
backlighting and for generally white light passing therethrough for backlighting the icons of
the appliqué (other non-white substrates may be yellow tinted or colored and may shift or
affect the light passing therethrough). The substrate material preferably does not include
UV blockers, with such UV blockers potentially causing the substrate to have a yellow hue,
such that the substrate is substantially white and not yellowed or yellow tinted. Also, the
substrate material may be non-UV effected (and/or the substrate may be disposed in the
mirror assembly and not substantially exposed to UV light, so the substrate won't yellow or
discolor over time and exposure to light throughout the life of the vehicle and mirror
assembly.

As shown in FIGS. 8-11, the electrically conductive traces 26 include mesh traces
or trace portions 26a that are established in a spaced apart mesh or grid or crossing
pattern at the backlit portions of the respective touch pads or inputs 20a, 20b, 20c. The
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touch input trace 26 may have a substantially solid or continuous or non-meshed or less-
meshed conductive trace 26b (such as a copper trace or the like) over a user input or
touch sensitive area or touch pad, with patterned traces or trace portions 26a (made of the
same material as the less-meshed or non-meshed trace, such as a copper trace or the
like, and optionally established during the same screen printing process or the like)
established at the touch sensors or inputs 20a, 20b, 20c and behind the respective icons
of the appliqué 28, with the patterned traces 26a allowing for light emanating from the
illumination sources of the circuit pad to pass through the substrate 24a and through the
gaps between the patterned traces 26a to backlight or illuminate the respective icons of
the appliqué 28. The pattern or thickness of the traces and thickness of the gaps between
the traces is selected to provide sufficient light to pass therethrough for backlighting the
icons of the appliqué while also providing sufficient conductivity and thus sensing
sensitivity so as to be able to sense or detect a touch or proximity at the respective touch
pad or input when a person's finger approaches and/or touches the appropriate location at
the touch area 21 of the reflective element.

The appliqué 28 substantially hides the traces and the substrate from view by the
driver of the vehicle, while the icons formed thereat may be backlit or illuminated by light
emanating from the illumination source or sources and through the respective meshed
trace regions. In the illustrated embodiment, the appliqué comprises a thin film or
substrate that is disposed in front of the touch sensor substrate and behind the mirror
reflective element substrate. Optionally, the appliqué may be established as a thin film or
coating at the rear surface of the mirror reflective element substrate, such as via depositing
a non-conductive opaque coating at the touch sensor region and establishing the desired
icons thereat, such as via etching or masking the icons through the coating to provide light
transmissive portions of the opaque coating at the touch zones and in the shape of the
desired icons.

In the illustrated embodiment of FIG. 8, the electrically conductive traces 26 are
established as a mesh or grid pattern 26a on the substrate 24a as about 0.005 inch thick
traces with about 0.010 inch gap between the parallel traces. However, other trace
thicknesses and gap dimensions may be implemented depending on the particular
application, with thicker or more densely disposed traces increasing the touch sensitivity of
the touch pad while reducing the light-transmissivity of the touch pad. For example, and
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with reference to FIG. 9, the trace width "A" may be selected to be 0.005 inches, while the
gap dimension "B" may be selected to be around 0.005 inches or 0.010 inches or 0.020
inches, depending on the desired or appropriate light transmissivity at the touch pads.
Optionally, the trace width and gap dimensions may be otherwise selected, such that a
user input or touch pad (such as a touch pad having a touch area of around 24 mm? or
thereabouts) may have, for example, a fine trace pattern may have a trace width of about
0.13 mm (about 0.005 inches) and a gap dimension of about 0.25 mm (about 0.01 inches),
or a medium trace pattern may have a trace width of about 0.2 mm (about 0.008 inches)
and a gap dimension of about 0.4 mm (about 0.016 inches), or a coarse trace pattern may
have a trace width of about 0.3 mm (about 0.012 inches) and a gap dimension of about 0.6
mm (about 0.024 inches), or other selections or combinations to provide the desired touch
sensitivity and/or light transmissivity at the touch pads or inputs. Clearly, other trace
widths and/or gap dimensions or pitches may be selected for the conductive traces of the
touch pads or user inputs while remaining within the spirit and scope of the present
invention. The selected dimensions may vary depending on the particular application
and/or desired light passing through the traces for backlighting the icons. Optionally, the
sheet resistance of the material (such as copper) of the conductive traces may be
preferably less than about 10 ohms per square, more preferably less than about 5 ohms
per square and more preferably less than about 1 ohm per square.

For example, and with reference to FIGS. 10-12, the user input traces 26 (FIG. 10)
may have a touch or input area of about 60 mm? to about 80 mm? or more (for the SOS or
emergency input) and about 65 mm? to about 85 mm? or more (for the hands free calling
input) and about 75 mm? to about 105 mm? or more (for the telematics or ONSTAR® input),
with the patterned traces or trace portion 26a comprising a trace thickness or width of
about 0.005 inches and a gap dimension of about 0.017 inches. Optionally, and as shown
in FIG. 12, the user input traces 26' may have patterned trace portions 26a’ that comprise
a trace thickness or width of about 0.005 inches and a gap dimension of about 0.008
inches, thereby providing a finer mesh that allows less light to pass therethrough (as
compared to patterned trace portions 26a of FIGS. 10 and 11), while providing increased
touch sensing sensitivity at the touch pad or input. Other gap dimensions and trace widths
may be implemented (for example, a larger gap dimension may be selected or provided
that is up to about 0.023 inches or up to about 0.034 inches or thereabouts) depending on
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the particular application and desired backlighting and touch sensitivity, while remaining
within the spirit and scope of the present invention. Although shown as a generally grid or
square-crossing pattern, clearly the conductive traces may be established at the user
inputs in any suitable pattern or mesh pattern that allows for light to pass therethrough to
backlight or illuminate the icons 21a, 21b, 21c¢ at the appliqué 28 and that provides the
desired or suitable conductivity for suitable detection sensitivity, while remaining within the
spirit and scope of the present invention.

The trace pattern may comprise any spaced or gapped trace pattern, which need
not comprise evenly spaced traces or unevenly spaced traces or intersecting or crossing
traces. Optionally, the trace pattern may comprise non-intersecting or non-crossing
spaced apart traces which may or may not be custom shaped to best fit around an icon
shape or the like. For example, and with reference to FIGS. 15 and 15A-C, the electrically
conductive traces may comprise customized patterns to reduce light blockage while
providing enhanced or sufficient or desired sensitivity at the center region of the touch area
or input (which may enhance sensitivity at the touch input for smaller diameter fingers and
the like). In the illustrated embodiment of FIGS. 15 and 15A-C, the conductive traces 126
include traces or trace portions 126a that are established across or partially across the
backlit portions of the respective touch pads or inputs 120a, 120b, 120c and between
opposite portions of the solid or continuous conductive trace 126 of the respective touch
pads or inputs. Similar to the touch sensors discussed above, the touch input trace 126
has a substantially solid or continuous conductive trace 126b (such as a copper trace or
the like) over a user input or touch sensitive area or touch pad, with the patterned traces or
trace portions 126a established at the touch sensors or inputs 120a, 120b, 120c and
behind the respective icons 121a, 121b, 121c¢ of the appliqué, with the patterned traces
126a allowing for light emanating from the illumination sources of the circuit pad to pass
through the substrate 124a and through the gaps between the paiterned traces 126a to
backlight or illuminate the respective icons of the appliqué. As can be seen in FIGS. 15A-
C, the patterned traces 126a comprise generally horizontal traces that span the gap or
opening established in the solid trace portion 126b, and may include an enlarged portion
126¢ (such as at the center of the "O" in the ONSTAR® icon or the SOS icon or the like) to

further enhance the touch sensitivity of the sensors.
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Optionally, and with reference to FIGS. 16 and 16A-C, the patterned electrically
conductive traces comprise generally horizontal traces 126a' that span the gap or opening
established in the solid trace portion 126b' at the substrate 124a’' and generally vertical
traces 126d' that may span or partially span the gap or opening established in the solid
trace portion 126b' at the respective touch areas 120a’, 120b', 120c¢’. As shown in FIGS.
16A-C, the horizontal traces 126a' may include an enlarged portion 126¢' (such as at the
center of the "O" in the ONSTAR® icon 121b’ or at the telephone icon 121a’ or the like),
and/or the vertical traces 126d' may include an enlarged portion 126¢e' (such as above
and/or below the ONSTAR® icon 121b' or above and below the emergency or "SOS" icon
121¢' or the like) to further enhance the touch sensitivity of the sensors.

Optionally, and with reference to FIGS. 17-20, an electrochromic reflective element
14" includes touch or proximity sensitive user inputs 20' and associated icons or the like so
a user can readily identify the purpose or function of the user inputs and actuate the
appropriate or desired or selected user input. In the illustrated embodiment, the user
inputs 20' are disposed at a lower region of the mirror reflective element 14' (such as via a
touch pad or sensor disposed at the rear of the front substrate at an area where the rear
substrate is cut out or recessed), with indicators or icons 22' at an area above the
respective inputs (and at the principal reflecting portion of the reflective element), so that,
when a user touches or actuates one of the user inputs 20', the respective icon 22' is
backlit so as to be illuminated for viewing by the user through the reflective element to
confirm to the user that the input was actuated. As best shown in FIG. 20, the user inputs
20" comprise a circuit pad 24' with electrically conductive traces 27' established at the
circuit pad for sensing a touch or proximity at the sensor or input. The conductive traces
27' are established at each touch input area or region 20a’, 20b', 20c¢' in a manner that
allows light to pass through the touch pad and touch sensor areas to backlight icons 28" at
an appliqué disposed over or at or in front of the circuit pad 24, such as in a similar
manner as discussed above.

Optionally, and as shown in FIG. 20, the patterned traces comprise generally
horizontal traces or grid lines 27a’ that span the gap or opening established in the solid
trace portion 27b' at the substrate 24a’ at the respective touch areas 20a’, 20b’, 20c'. The
circuit pad 24' includes electrical circuitry and connectors 25' at the rear surface of the

substrate 24a’ for electrically connecting to circuitry of and in the mirror assembly that
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supports the reflective element assembly 10". The reflective element assembly and user
inputs may be otherwise similar to the reflective element assemblies and user inputs
discussed above, such that a detailed discussion of the reflective element assemblies and
user inputs need not be repeated herein.

For a human machine interface (HMI) provided at the likes of an interior rearview
mirror assembly, it is useful and preferred that an icon (such as shown in FIG. 12 for a
SOS icon and/or ONSTAR® icon and/or phone icon and/or the like) be provided that is
readily recognizable by a driver of the vehicle, and especially where touch sensing is
involved at and/or near the icon. It is useful and preferable that the icon and the touch
sensitive area/region to be touched by the driver to access or activate the feature (or
deactivate the feature) coincide or at least be closely adjacent or coincident with one
another. However, it is also useful and preferred that a driver of a vehicle viewing the likes
of such a touch sensitive input at the interior rearview mirror assembly is not able to readily
see through or view through the touch input area or region or zone into the interior of the
interior mirror head (such as viewing through the reflective element to within the cavity of
the mirror casing). Thus, it is useful and preferred that the likes of the backlighting and
other circuitry/mechanicals of the mirror assembly (and internal to the mirror assembly) be
at least substantially covert and be substantially hidden or masked from view by the driver,
whether or not the icon/touch region is illuminated. By utilizing the interlocking
mesh/matrix of electrically conductive, substantially non-light transmitting, traces of the
present invention (where a substantial net portion of the touch sensitive region is coated
with the likes of a conducting light absorbing metal thin film layer and where at least a
significant other portion of the touch sensitive region remains uncoated to allow for light to
pass therethrough), the mirror assembly allows that the touch sensitive region be
functional and operative as a capacitive sensing / projection touch region while
simultaneously allowing and enabling backlighting coincident with and at that same touch
sensitive region where the icon that attracts and guides the driver's touch is itself also
coincidently disposed thereat.

As indicated in the likes of FIGS. 8 and 11, the plurality of electrically conductive
traces that constitute the mesh or grid or array or matrix of conductive traces are
themselves electrically conductively interlinked by reason of any one of the traces being in
electrical conductivity with all or most all of the other traces at that touch sensitive region
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(and conductively interlinked with a solid or unmeshed conductive trace at a perimeter
region or adjacent to the meshed region), so that a touch by the driver even at a subregion
of the electrically conductive trace matrix/array/mesh region enables and causes
capacitive touch effectively across the entire electrically conductive matrix/array/mesh
trace touch sensitive region. As shown in FIGS. 24 and 24A, each individual trace has
electrical conductivity (either directly or indirectly) via electrical connection with other
traces (such as solid or unmeshed or less meshed traces) typically disposed or
established at either or both sides of the meshed electrically conductive trace region, and
the likes of electrical connection (such as via an electrical connector for electrically
connecting the respective touch sensitive region to circuitry of the mirror assembly) is
made out of view of the driver.

The glass substrates of the mirror reflective element may be formed via any suitable
means. Optionally, and desirably, multiple glass shapes or substrates are cut from a
larger sheet of glass (for inside mirrors, typically a larger sheet or lite of flat transparent
glass). For example, and with reference to FIG. 70, a large sheet or lite of glass 50 has a
first surface 50a and a second surface 50b. In order to cut out individual glass shapes or
substrates, the first surface 50a is scored or scribed (such as via any scoring or scribing
means, such as a diamond tip scoring device or the like) in the shape desired for the glass
shapes or forms 52 for the front or rear glass substrates of a mirror reflective element, and
then individual shapes are broken out from the scored large glass sheet or lite by breaking
the glass along the scored or scribed lines, as is known in the glass arts.

For example, and with reference to FIG. 71A, a front glass substrate 54 for a mirror
reflective element is formed via scoring or scribing a glass sheet, such as discussed
above, and breaking out the glass shape or form 52, and optionally at least one of
grinding/seaming/polishing one or both of the cut edges of the shapes to establish or form
the finished mirror front glass substrate 54. As can be seen in FIG. 71A, the first or front
surface 54a of the front glass substrate is the surface that corresponds to the scored
surface of the sheet of glass 50 from which front substrate 54 is formed, and thus has a
scored edge 54c (that may be ground and polished to provide a desired radius of curvature
having water clear transparency) while the second or rear surface 54b of the front glass
substrate 54 is the surface that corresponds to the non-scored surface of the sheet of
glass 50 and thus has a non-scored edge 54d. The second surface 54b of the front
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substrate 54 is coated with a transparent conductive coating 56, such as an indium tin
oxide (ITO) coating or layer that is sputter deposited onto the second surface 54b of the
front substrate 54. The second surface ITO coating may be established at the second
surface of the formed shape or substrate or may be established at the surface of the larger
sheet or lite of glass before the scribing or scoring process.

Note, it is optional and may be preferable that the larger sheet or lite of flat
transparent glass be transparent conductive coated (such as, for example, coated with an
ITO coating or the like) on one of its surfaces before the multiple glass shapes or forms 52
are cut therefrom. In such circumstances, it is the non-ITO coated surface or side of the
large sheet or lite of glass (typically a bare glass surface) that is scored during the
scoring/breakout of the individual glass shapes or forms. This assures that the ITO coated
side of the front substrates (i.e., the second surface of the reflective element assembly)
has the non-scored edges.

Likewise, and with reference to FIG. 71B, a rear glass substrate 58 for a mirror
reflective element is formed from scoring or scribing another glass sheet, such as
discussed above, and breaking out the glass shape or form 52, and optionally at least one
of grinding/seaming/polishing one or both of the cut edges of the shapes to establish or
form the finished mirror rear glass substrate 58. As can be seen in FIG. 71B, the third or
front surface 58a of the rear glass substrate is the surface that corresponds to the scored
surface of the sheet of glass 50 from which rear substrate 58 is formed, and thus has a
scored edge 58c, while the fourth or rear surface 58b of the rear glass substrate 58 is the
surface that corresponds to the non-scored surface of the sheet of glass 50 and thus has a
non-scored edge 58d. The third surface 58a of the rear substrate 58 is coated with a
mirror reflector coating 60, such as metallic reflector coating or layer that is sputter
deposited onto the third surface 58b of the rear substrate 58. The third surface reflector
coating may be established at the third surface of the formed shape or substrate or may be
established at the surface of the larger sheet or lite of glass before the scribing or scoring
process.

Note, it is optional and may be preferable that the larger sheet or lite of flat
transparent glass be mirror reflector coated (such as coated with a metallic mirror reflector
coating or the like) on one of its surfaces before the multiple glass shapes or forms 52 are

cut therefrom. In such circumstances, it is the reflector coated surface or side of the large
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sheet or lite of glass that is scored during the scoring/breakout of the individual glass
shapes or forms. This assures that the non-reflector coated side of the rear substrates
(i.e., the rear or fourth surface of the reflective element assembly) has the non-scored
edges.

Thus, when a mirror reflective element 62 (FIG. 72) is assembled with front
substrate 54 and rear subsirate 58 joined together by a perimeter seal 64 that surrounds
and bounds an electro-optic medium 66 (such as an electrochromic medium or the like),
the scored edges 54c, 58c of the substrates 54, 58 are at the front surfaces of the
substrates (the surfaces of each substrate that is closer to the driver of the vehicle when
the mirror reflective element is normally mounted in a vehicle), and the non-scored edges
54d, 58d of the substrates 54, 58 are at the rear surfaces of the substrates. Such a
scoring and assembly process provides both substrates with the scored edges at the front
surfaces of the respective substrates (in other words, the first surface and the third surface
of the laminate reflective element assembly). This is beneficial because, if there is an
impact against the mirror reflective element (such as during a vehicle collision and if the
driver or passenger hits their head or other part of their body at the mirror assembly), the
front surfaces (with the scored edges) of the substrates are placed in compression while
the rear surfaces (with the non-scored edges) of the substrates are placed in tension.
Because tiny microfractures or microdefects or stress risers or micro cracks occur at the
scored edge of the glass substrate from the scoring or scribing process, the scored edges
provide weakened points at the scored edge of the glass substrate that may be more
susceptible to cracking or to crack initiation, and especially when placed in tension (glass
is typically weak in tension and strong is compression, so the scribed side must be located
at the compression side). Thus, by making sure that the scored or scribed edges of the
respective front and rear substrates are at the front surfaces of the substrates (the
surfaces that will be placed in compression during any impact or collision), the glass
substrates have a reduced likelihood of cracking and failing during an impact or collision.
Thus, the present invention provides that the scored or scribed edge of the front substrate
in a laminate or sandwiched electrochromic construction is at the first surface of the
laminate assembly, and the scored or scribed edge of the rear substrate is at the third

surface of the laminate assembly or sandwiched electrochromic assembly.
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The present invention also provides an enhanced seaming process for seaming the
edge of the rear glass substrate (such as with belt sandpaper or even a machine ground
"bullnose" edge treatment) by seaming only the end regions of the substrate and leaving
the upper and lower edges (the longer dimensioned edges that will be at the upper and
lower regions of the mirror reflective element when the mirror reflective element is normally
mounted in a vehicle) as raw cut edges. This may be desirable because seaming reduces
the bend strength of the glass substrate, as compared to raw cut glass edges (when the
scribe side is on the front or third surface of the rear substrate). The raw cut edge is
"pristine" and results in the greatest strength, while seaming the cut edge introduces
uniform flaws and makes the glass weaker (at the expense of reducing variability in
strength). Cut edges are nearly "pristine”, and thus stronger than seamed edges.
However, the cut edges are also highly vulnerable to damage in day to day processing or
usage, and are more prone to handling damage (as compared to a seamed edge), and
once such handling damage occurs, the damaged substrate becomes a weaker part than
a seamed part. It is envisioned that the substrate may have its end regions seamed (the
ends of the part away from the impact area), which may have a reduced affect on the bend
strength, such that the center region of the glass substrate has raw cut (non-seamed)
edges and thus is very strong and impact resistant.

FMVSS 111 provides requirements for the performance and location of inside and
outside rearview mirrors, in order to reduce the number of deaths and injuries that occur
when the driver of a vehicle does not have a clear and reasonably unobstructed view to
the rear, and ECE Regulation No. 46 provides uniform provisions concerning the approval
of devices for indirect vision and of vehicles with regard to the installation of such devices.
Such regulations (including other regulations) include specifications as to requirements for
a mirror substrate that undergoes bend testing and other strength and/or cracking/breaking
testing.

Referring now to FIG. 73, a bend test may be conducted on mirror glass substrates,
such as for the front or rear substrates of a mirror reflective element. As can be seen in
FIG. 73, the bend test may apply a force at a center region of a front surface of a glass
substrate (such as a front or third surface of a rear glass substrate to simulate the type of
forces that may be experienced at the reflective element during an impact or collision) that
is supported at support locations approximately 113 mm apart, with the force being applied
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at a rate of 30 mm/minute until the glass breaks, and with the peak applied force recorded
for each substrate. In the exemplary test results shown in FIG. 73, rear glass substrates
were tested where the front surface or third surface was the scribed or scored surface and
the edges were ground or fully hand seamed using a seaming belt (GF 1-5), and rear
substrates were tested where the rear surface or fourth surface was the scribed or scored
surface and edges were ground or fully hand seamed using a seaming belt (GB 6-10), and
rear substrates were tested where the front or third surface was the scribed or scored
surface and the edges were raw and with no edge treatment so the substrates were just
cut glass (RF 1-5), and rear substrates were tested where the rear or fourth surface was
the scribed or scored surface and the edges were raw and with no edge treatment so the
substrates were just cut glass (RB 6-10). As can be seen in the test results, the bend
strength is much higher when the substrate is scribed on its front or third surface (as
compared to scribing at the rear or fourth surface), and the bend strength is higher with
raw or unseamed glass when scribed on the front or third surface (as compared to ground
substrates with scribing at the front or third surface). However, seaming the edges
increases the strength of the glass substrate when the scribed side is the rear or fourth
surface of the substrate (but still yields a bend strength that is less than either the seamed
or raw samples with the scribed side being the front or third surface of the rear glass
substrate).

Thus, the present invention provides a method or system of manufacturing the glass
substrates for a mirror reflective element that ensures that the scribed surface of the glass
shapes formed from a scribed glass sheet corresponds to the front or first surface of front
glass substrates formed from such a scribed glass sheet or the front or third surface of rear
glass substrates formed from such a scribed glass sheet. Such a system results in
substantially greater bend strengths of the glass substrates to enhance the substrates’
ability to withstand an impact, such as may occur during a vehicle collision or the like. The
system may ensure the desired scribed surface via any suitable means, such as via
particular handling of the substrates from the time they are formed from the glass sheet
until they are coated at their coated surfaces (the rear or second surfaces of front
substrates and/or the front or third surfaces of rear substrates), or such as via scanning the
edges prior to coating the coated surfaces to determine which side or surface of the
substrate has the scribed edge and adjusting or flipping the substrate so that the
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appropriate surface is coated. For applications where the larger glass sheets are ITO
coated or mirror reflector coated before the individual glass substrate shapes are cut
therefrom, the present invention provides assurances that the appropriate surface of the
glass sheet is scribed (such as the non-ITO coated surface for front mirror glass substrates
and such as the mirror reflector coated surface for rear mirror glass substrates). The
reflective elements manufactured with such substrates thus provide enhanced strength
and resistance to cracking or breaking during an impact, and thus provide enhanced and
safer mirror assemblies suitable for use at the interior of vehicles.

Although shown and described as scribing the surface of a glass sheet that
becomes the front surface of a front substrate or a rear substrate of an electrochromic
reflective element, the present invention also provides similarly scribing or scoring a
surface of a glass sheet or lite for cutting or forming prismatic substrates for prismatic
reflective elements, such that the front surface of the formed individual prismatic substrate
has the scribed edge and the mirror reflector coating is established at the non-scribed side
or rear surface of the prismatic substrate.

The present invention also provides enhanced glass cutting techniques, such as by
providing a glass cutting start/stop point at a desired or preferred location at the perimeter
of the formed glass substrate. When cutting the glass, the start/stop point for the scribe
and glass nipping is desired to be outside of the center zone or region of the finished glass
substrate (in other words, the start/stop point or location should be towards one of the end
regions of the glass substrate. This is because, at the start/stop point there is a high
probability of a larger glass flare that could be a stress concentration point, and thus it is
desirable to move such a stress concentration point away from the center region of the
glass substrate.

The present invention also provides a preferred glass computer numerical control
(CNC) grinding start/stop point. When grinding the front glass substrate (such as to
establish the desired radius of curvature at the forward edge of the substrate) the grinding
start/stop point should not be in the center zone. This off-center start-stop point is desired
because it is difficult or challenging to have a perfectly tangent start and stop overlap, such
that there typically will be a slight point that could result in stress concentrations. Thus, it
is desirable to move such a stress concentration point away from the center region of the
glass substrate.
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The present invention also provides a perimeter seal that may reduce the stress
applied to the mirror reflective element by the perimeter seal. For example, a seal may
induce stress at the glass substirates each time the seal and substrates go through a heat
cure step. Thus, the mirror reflective element may not include a conductive epoxy that
may have to go through a second bake step (such as a 150 degree C bake step or the
like), so that the main seal epoxy would not have to endure a second bake step and thus
would not experience more shrinkage and thus would not induce more stress at the glass
substrates. Optionally, the mirror reflective element may include a soft perimeter seal
(such as a silicone seal, a polyurethane seal or a soft UV curable urethane acrylate seal or
the like).

Optionally, the mirror reflective element may include a perimeter seal that is wider
than a typical perimeter seal, in order to improve the adhesion between the front and rear
glass substrates by providing an optimized or enhanced seal band width. Such a
construction may help to make the two substrates act or function more like a single unit.
Also, if any glass chipping or breakage occurs, such a construction may hold the glass
chips better than a thin perimeter seal construction.

Optionally, other means for reducing the flexing or enhancing the strength of the
assembled mirror reflective element may be implemented to provide a mirror reflective
element that is better suited for impacts and collisions and the like. For example, the
mirror reflective element may include an electrochromic medium of the solid polymer
matrix (SPM) type (such as utilizing aspects of the reflective element assemblies described
in U.S. Pat. Nos. 6,245,262; 5,724,187; and/or 5,668,663, which are hereby incorporated
herein by reference in their entireties). We find that utilizing a SPM composition that cures
with a high degree of cross linking when cured in situ to form a SPM electrochromic
medium helps reduce glass flexing during impacts.

For prismatic and/or electrochomic INFINITY ™ mirrors, such as are shown and/or
described in U.S. Des. Pat. Nos. D633,423; D633,019; D638,761; and/or D647,017, and/or
PCT Application No. PCT/US2011/056295, filed Oct. 14, 2011 and published Apr. 19,
2012 as International Publication No. WO 2012/051500, and/or PCT Application No.
PCT/US2010/032017, filed Apr. 22, 2010 and published Oct. 28, 2010 as International
Publication No. WO 2010/124064, and/or PCT Application No. PCT/US10/51741, filed Oct.
7, 2010 and published Apr. 14, 2011 as International Publication No. WO 2011/044312,
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and/or U.S. Pat. Nos. 7,253,723 and/or 8,154,418, which are hereby incorporated herein
by reference in their entireties, we find that it is preferable that the front substrate be
manufactured from double strength (typically around 3.2 mm thickness) soda lime
transparent glass, and that the curved or rounded perimeter around the front most edge
thereof is ground and polished (so as to be water clear) from the scored edge of a cut
substrate/shape. It is also preferable that the opposing edge of the front substrate be
beveled or chamfered. We do not find it necessary to bevel and/or chamfer the third
surface edge of the rear substrate or the fourth surface edge of the rear substrate, but
nevertheless the third surface edge should be the scored edge as cut from a larger flat
sheet or lite of glass, as discussed above.

Optionally, and with reference to FIGS. 21-24, a prismatic reflective element 214
includes touch or proximity sensitive user inputs 220 and associated icons (such as icons
221a, 221b, 221c established at an appliqué 228) or the like so a user can readily identify
the purpose or function of the user inputs and actuate the appropriate or desired or
selected user input. In the illustrated embodiment, the user inputs 220 are disposed at a
lower region of the mirror reflective element 214.

As best shown in FIG. 24, the user inputs 220 comprise a circuit pad 224 with
electrically conductive traces 227 established at the circuit pad for sensing a touch or
proximity at the sensor or input. The conductive traces 227 are established at each touch
input area or region 220a, 220b, 220c in a manner that allows light to pass through the
touch pad and touch sensor areas to backlight icons 221a, 221b, 221¢ at an appliqué 228
disposed over or at or in front of the circuit pad 224, such as in a similar manner as
discussed above. Optionally, and as shown in FIG. 24, the patterned traces comprise
generally horizontal traces or grid lines 227a that span the gap or opening established in
the solid or unmeshed or less meshed or more solid trace portion 227b at the substrate
224a at the respective touch areas 220a, 220b, 220c. The circuit pad 224 includes
electrical circuitry and connectors 225 at the rear surface of the circuit pad or substrate for
electrically connecting to circuitry of and in the mirror assembly that supports the prismatic
reflective element assembly 214. As shown in FIG. 24A, the electrical connectors 225 are
electrically conductively connected to the solid or unmeshed or less-meshed trace portions
227b (or to conductive traces that are in electrical conductive connection with a respective

solid or unmeshed trace portion) so as to provide electrical connection to the meshed
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portions 227a (which are electrically conductively connected with the respective solid or
unmeshed trace portion or portions at either or both sides of the meshed portion)

Optionally, and as shown in FIG. 24A, a touch pad or circuit pad 224" may have
generally vertical traces or grid lines 227a' that span the gap or opening established in the
solid trace portions 227b' of the circuit pad 224'. The electrical connectors 225’ (such as
six pin or six terminal connectors or other suitable electrical connectors) are electrically
connected to respective traces of the circuit pad. In the illustrated embodiment, one
connector 225' is electrically connected to or at the solid trace portion and a perimeter
trace portion (that is established around and electrically isolated from the solid trace
portion) of one of the touch pads or input areas 220c¢', while another connector 225" is
electrically connected to or at the respective solid trace portions and perimeter trace
portions (that are established around and electrically isolated from the respective solid
trace portions) of two of the touch pads or input areas 220a’, 220b'. The electrical
connectors are electrically connected to circuitry of the mirror assembly, such as via an
electrical wire or lead or the like, whereby the circuitry is operable to individually detect a
touch at one or more of the touch pads or input areas.

Thus, the touch pad or sensor of the present invention comprises copper or
conductive traces that can function to detect a touch at the touch pad while also allowing
light to pass through a generally central portion of the touch area for backlighting an icon
or appliqué at the touch pad. In the illustrated embodiments of FIGS. 20, 24 and 24A, the
dark or solid areas on either side of the icon comprises a copper layer (but may be any
suitable metallic and/or electrically conductive layer), and the sensor includes copper (or
other suitable material) lines or traces that are established horizontally or vertically in front
of the icon (which is disposed at the touch pad). The copper lines or thin copper traces are
spaced apart and allow light to pass through the touch pad and back light or illuminate the
icon for enhanced day time and night time viewing of the touch areas. Although the
copper lines or thin traces are shown as horizontally or vertically established, the thin
traces may run horizontally or vertically or at any desired or selected or suitable angle (or
in a pattern or the like as discussed above), with the total surface area of the touch pad
area determining the sensitivity of the touch pad. The copper matrix or mesh traces are
conductively connected with the copper solid or less-meshed or non-meshed traces at
either or both sides of the mesh traces (or optionally above and/or below the mesh traces)

29

Motherson Innovations v. Magna Mirrors
Motherson Exhibit 1007, Page 1049



[00140]

[00141]

WO 2013/071070 PCT/US2012/064398

so that the entire touch region is able to sense a touch at the region, either at the icon
(where the mesh traces are established) or at either side or adjacent to the icon (where the
solid or less-meshed trace or traces is/are established).

The pattern or thickness of the traces and thickness of the gaps between the traces
is selected to provide sufficient light to pass therethrough for backlighting the icons of the
appliqgué while also providing sufficient conductivity and thus sensing sensitivity so as to be
able to sense or detect a touch or proximity at the respective touch pad or input when a
person's finger approaches and/or touches the appropriate location at the touch area of
the reflective element. Other than the areas of the traces that cross the graphics or icons,
the areas or portions of the solid or continuous traces are disposed a selected distance
from the graphics (such as about 0.5 mm or thereabouts