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dot pattern, to permit a vacuum fluorescent display,
such as a compass or clock, to show through to the
driver of the vehicle. Such concept is also applicable to
a mirror which uses only one video chip light sensor to
measure both glare and ambient light and which is fur-
ther capable of determining the direction of glare. An
automatic mirror on the inside of a vehicle can also con-
trol one or both outside mirrors as slaves in an auto-
matic mirror system.

The foregoing also has application in the construc-
tion of elements for mirrors where high maximum
reflectance is desired, and the electrochromic materials
may be solution phase containing liquids, gels, rigid
gels and/or polymers. It may also be a hybrid design
where some or all of the electrochromic materials are
not in solution and may be confined on the surfaces of
the electrodes, and also particularly applies to electro-
optic mirrors which draw more than 10 milliamps in
operation at any point in their process of dimming.

The above described structure is particularly effec-
tive when used with selected low cost transparent coat-
ings, as for example, "TEK 20", marketed by Libbey
Owens-Ford Co. of Toledo, Ohio. The benefits over the
most commonly used automatic mirrors in use today are
as follows: mirrors embodying the multilayer combina-
tion reflector/electrode change reflectance faster, have
a clearer image, have better coloration of image in the
nondimmed state, eliminate the need and inconven-
ience of putting silver reflective coatings on the fourth
surface of the mirror element, have fewer handling steps
thereby creating fewer chances for scratching in the
glass during processing and providing a final product
with better optical quality, and having fewer surfaces
through which the light must travel, and the first surface
and third surface reflections are closer together with the
result that there are less multiple images and less dis-
tortion in the mirror for the driver. Moreover, when used
as an outside mirror, there are less reflections from rain-
drops and dust on the front surface of the front glass,
and the reflector at the front surface of the rear glass
element is protected from aging, exposure to airborne
contaminants and physical abuse that often affect
reflectors placed at the back surface of the rear glass
element.

In the embodiment of the invention illustrated in Fig-
ures 1 through 6, the front glass element 14 of each out-
side mirror is formed in one continuous piece that
includes an inboard main body portion 14B that may be
substantially flat with an infinite radius of curvature, or
slightly curved with a relatively large radius of curvature.
This curvature is generally spherical with a radius of
curvature in the range of 1200 to 3000 mm and more
typically in the range of 1400 to 2600 mm. The main
body portion 14B is integrally joined to an outboard
aspherical portion 14A having a radius of curvature sub-
stantially less than the radius of curvature of the main
body portion 14B. Thus, the aspherical portion 14A con-
tributes a predetermined field of view which, when com-
bined with the field of view of the main body portion 14B,
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is substantially greater than the field of view of the main
body portion 14B alone. The rear glass element 18 of
each outside mirror of this embodiment of the invention
is substantially the same size as the main body portion
14B of the front glass element so that the aspherical
portion 14A projects laterally outwardly, i.e., outboard of
both the main body portion 14B and the rear glass ele-
ment 18. Since the aspheric portion 14A of the front
glass element 18 projects outwardly beyond the adja-
cent edge of the rear glass element 18, the aspheric
portion 14A of the front glass element does not dim
when the electro-optic inboard portion 14B of the mirror
dims. It should also be understocd that a bezel structure
34, shown in dashed lines for clarity of illustration, is
preferably utilized which extends around the entire
periphery of the front glass element and conceals the
peripheral edge portions thereof.

In this embodiment of the invention, the rear sur-
face 36 of the front glass element 14 of each outside
mirror is preferably coated with a reflective layer 38 only
in the area of the outboard aspherical portion 14A. This
reflective material also preferably covers the outboard
section 40 of the seal 16 so that the outboard section 40
of the seal 16 is not visible to the driver of the vehicle,
although, if desired, a portion of the seal may be pur-
posely allowed to be visible to the driver to provide a
demarcation to apprise the driver that there is a differ-
ence in the minor configuration. As previously men-
tioned, the outboard area 14A of each outside mirror
can be either aspheric, cylindrical, spherical, formed
with multiple radii of curvature formed of any combina-
tion of the preceding, or be of other desired configura-
tion. It should also be understood that the reflective
layer could be on the front surface of the aspherical por-
tion 14A.

The above described construction overcomes seri-
ous cost and technical problems which are encountered
when efforts are made to perfectly match two glass
shapes of complex curvature. Since the rear glass ele-
ment 18 and the electro-optic portion 14B of the front
glass element 14 are either flat or only slightly curved,
matching of the overlying portions thereof is more read-
ily achieved, and serious mismatching, which can cause
double imaging, is obviated or at least minimized. More-
over, since the aspheric portion 14A of the front element
14 projects outwardly beyond the cutboard edge of the
rear glass element 18, no matching whatsoever is
required because there is only one layer of glass in the
aspherical portion 14A of each outside mirror.

It will be understood that if a reflective layer 38,
such as chromium or rhodium, is deposited on the rear
surface 36 in the aspherical portion 14A of the front
glass element 14, and a reflective layer such as 22 is
also used as a reflector on the inner surface of the rear
glass element 18, behind the electro-optic material 24,
then there will be a minimum discontinuity in the
reflected image since the electro-optic media layer is
very thin (typically 150 microns or less). In that connec-
tion it should be understood that light from reflection in
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the clear state of the electrochromic portion of the
device may 10-20% less than the first surface reflect-
ance of the layer 22 when measured with the layer 22 in
contact with air.

It should also be understood that, by way of exam-
ple, it is also possible to utilize indium tin oxide (ITO) as
the transparent conductors on the confronting surfaces
of the front and rear glass elements and a reflective
layer such as silver on the back of the rear glass ele-
ment. For matching purposes, it is also possible to pro-
vide a silver reflector on the back surface of the
aspherical portion 14A of the front glass. In the pre-
ferred embodiment of the invention, a layer of chromium
or a layer of rhodium makes up the reflective layer 38
provided on the back surface 36 of the aspherical por-
tion 14A of the front glass element, limited to the
aspheric area as illustrated in the drawings. For exam-
ple, a rhodium layer 22 can be used on the front surface
of the back glass element 18, deposited over a thick
highly conductive chromium layer 20. By way of exam-
ple, the rhodium layer may have a thickness of about
100-700 Angstroms, while the chromium layer may
have a thickness of about 300 to 1500 Angstroms. In the
alternative, instead of a dual layer of rhodium and chro-
mium, a single layer of chromium may be utilized
together with a single layer of chromium on surface 38.
A single layer of smooth, high transmission ITO is pre-
ferred for application to the surface 36 in both areas 14A
and 14B to simplify the ITO coating process and to max-
imize reflection of 38 and minimize haze of reflector 38.
When the reflector of the outboard portion is placed on
the front side of element 14 then the smoothness of the
transparent conductor 36 is not critical, and it is possible
to use the low cost but somewhat rough or hazy coating
sold by Libbey Owens-Ford as "TEK 20" tin oxide
coated glass or the Libbey Owens-Ford "TEK 15" glass
or a similar type low cost tin oxide coated glass, or it is
possible to remove the tin oxide transparent conductive
layer prior to applying the reflector to the area 14A.
Thus, if desired, the transparent conductive coating 26
on the front element 14 may be uniformly applied, selec-
tively applied or removed from a portion of surface 36
prior to the application of the reflective layer 38 so that
in the latter case the reflective layer 38 is applied
directly onto the rear surface 36 of element 14. This lat-
ter configuration of the front element reflector is espe-
cially desirable if the transparent conductive coating has
significant haze. It may also be desirable to lower the
reflectivity at the area 14A to a value as bright as, or
lower than, the reflectance range of the dimming portion
by choice of reflector material or transmission proper-
ties of the layer 26, if present, in the area 14A.

From the foregoing description, it will be understood
that much of the uniqueness of this embodiment of the
invention resides in the fact that only the inboard main
body portion 14B of the front element 14 will be dimmed
utilizing electro-optic principles. This permits protection
from glare and yet preserves safety, since the aspheric
portion 14A is not allowed to dim and the driver can still
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see nearby vehicles in adjacent lanes. Moreover, the
unitary front face of the front glass element 14 can still
be easily cleaned and scraped of ice in the winter. In
addition, the one-piece face of the front glass element is
cosmetically stylish. Also, the layers of reflective mate-
rial can be made so close to the same plane that their
discontinuity will not be objectionable to the driver of the
vehicle. It should also be understood that for defrosting
purposes, a conventional heater (not shown) can be uti-
lized to cover either the entire back of each outside mir-
ror assembly including both the aspherical outboard
portion and the automatically dimming inboard portion
of the mirror, or only the automatic dimming portion with
the heat eventually spreading through thermal conduc-
tion to the outboard portion 14A.

From the foregoing description, it will be appreci-
ated that the aspheric outboard portion of the mirror
provides a greatly increased field of view, thereby virtu-
ally eliminating blind spots, and mirrors embodying the
present invention can replace conventional driver's side
exterior mirrors or both the driver's side and the passen-
ger's side exterior minors. The outside mirrors embody-
ing the present invention combine two types of
curvature, i.e., a convex main area with a large radius of
curvature or a flat main area with an infinite radius of
curvature, the latter being similar to conventional United
States driver side exterior mirrors, together with an
aspheric section on the outboard portion of the mirror.
The relatively high curvature in the aspheric area yields
a greatly expanded field of view, and at the same time,
since the aspheric portion does not dim, the bright out-
board portion provides a danger signal in the event
another vehicle is positioned immediately adjacent to
the vehicle equipped with mirrors embodying the
present invention. It should also be understood that if
desired, the aspheric portion of the mirror assembly
could be tinted or provided with less reflective capability
than the undimmed electro-optic portion of the mirror.

With reference to FIG. 6, a preferred arrangement
for connecting the electronic conductive layers to a
power source is illustrated. In this arrangement, the two
electrode-bearing front and rear glass elements 14 and
18 are displaced in opposite directions, laterally from,
but parallel to, the chamber 13 in order to provide
exposed areas on the front and rear glass elements.
Electrically conductive spring clips 42 and 44 are pro-
vided which are placed on the coated glass sheets fo
make electrical contact with the exposed areas of the
electrically conductive layers. Suitable electrical con-
ductors (not shown) may be soldered or otherwise con-
nected to the spring clips 42 and 44 so that desired
voltage may be applied to the device from a suitable
power source. It is preferred but not essential that the
combination reflector/electrode, which may or may not
be multilayer, function as and be maintained as the
cathode in the circuitry.

Rearview mirrors embodying the present invention
preferably include a bezel 34 which extends around the
entire periphery of the assembly. The bezel 34 conceals

SMR USA
Exhibit 1009
Page 0375



19 EP 0 729 864 A1

and protects the spring clips 42 and 44 and the periph-
eral edge portions of both of the front and the rear ele-
ments 14 and 18. By way of example, the bezel 34 may
be of the type disclosed in the co-pending Continuation
Application of William L. Tonar, Serial No. 08/142,875,
filed October 29, 1993, which is a continuation of Appli-
cation Serial No. 07/607,055, filed July 1, 1992, both of
which applications are assigned to the assignee of the
present invention and both of which applications are
hereby incorporated herein by reference. The assembly
may also include a conventional heater and a plastic
mirror back or glass case which is adapted o snap into
an outside mirror housing (not shown) that may be of
any desired configuration including with and without a
motor pack for remote adjustment of minor position. The
outside minor housing is supported on the outside of an
automotive vehicle in any desired or conventional man-
ner, and the inside mirror is supported inside the vehicle
in any desired or conventional manner, whereby the
field of view of each mirror may be adjusted by the driver
of the vehicle in a conventional manner, as for example,
through manual adjustment or by mechanical or electri-
cal means of the types conventionally provided on mod-
ern day automobiles.

Another embodiment of the invention is illustrated in
Figure 7 which enables each outside mirror to imple-
ment a signaling function, and in which the reflector on
the outboard section 14A is constructed to reflect most
of the spectra while transmitting only a selected spectra
of a cooperative signal light source located behind the
minor. In an alternate approach, the reflector can be
made generally reflective, but partially light transmissive
over a broad spectral range, thus requiring a signal light
of sufficient intensity to be seen by passing vehicles
after attenuation through the partially reflecting layer. In
order to direct the light away from the driver's eyes
either louvers or a sheet of plastic light directing film is
placed behind the mirror surface between the signal
light source and the reflector. The ambient light sensor
in the automatic interior mirror can be used along with a
conventional control circuit (not shown) to progressively
reduce the signal light output under progressively
darker night driving conditions. Areas behind the out-
board portion of each outside mirror where the signal
light is not expected to shine through can optionally be
covered with black or dark paint to make the interior
behind the mirror reflector less visible cosmetically in
the daytime. In this embodiment of the invention, a dich-
roi¢ reflector in area 14A may be utilized, along with a
light source that is compatible with the dichroic reflector,
e.g., a red light emitting diode, emitting in specific spec-
tral wavelengths of the band pass region of the dichroic
reflector. Another possibility for a light source for use
with a dichroic reflector is a neon gas tube, power sup-
plies (not shown) for the light emitting diodes or neon
tube being well known in the art.

With a partially reflecting mirror, any wide band light
source is acceptable provided it has sufficient light out-
put and life to withstand the automotive environment,
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and provided the color is acceptable for an automotive
safety signal. Where a white or broad spectrum light
source is preferably used, either a tinted lamp enclosure
or separate colored filter between the light source and
the reflector is sufficient to provide the proper crange or
red light output. The preferred color of the light output
with the partial reflector approach is orange. The most
practical low cost light source is of the incandescent
type with possible variations to include halogen, xenon
or other life-extending, high efficiency technology. It is
desired to produce the most light with the least cost
using a practical, affordable light source for which
replacement bull's are readily available for service.

Whatever light source is used, it is preferred to use
either a lamp reflector, lens or both for the purpose of
increasing light output efficiency in the desired direction.
The lamp reflector referred to in this case is distinctively
separate from the mirror reflector on the outboard por-
tion of tile partially dimming aspheric mirror. As an alter-
nate approach, this signal light concept and partial
dimming concept can also be useful with a substantially
uniformly curved mirror, such as a convex mirror, where
only a portion of the mirror is automatically dimming and
the outboard portion is non-dimming with a signal light
feature behind the outboard reflector.

In order to direct light, emitting from the signal light
source, away from the driver's view, a laser can be used
to cut (burn) a precise controllable louver pattern in a
plastic louver member effective to direct light out of the
minor so it can be seen by other vehicles on the side of
the vehicle equipped with the signaling mirror, but not
seen by the driver of the vehicle so equipped. The plas-
tic louver sheet can be either extruded flat or molded flat
or it can be molded in a curved shape to fit the mirror
curve.

It will be understood that a laser or other suitable
means can be utilized to burn slots at an angle through
the plastic sheet, and that the slots can be arranged in
a manner to provide the greatest practical ratio of open
area with the laser cut slots being stopped at certain
points to allow sufficient structural retention and sup-
port. Referring to Figure 7, a schematic simplified side
elevational view of this embodiment of the invention is
illustrated therein. In this embodiment of the invention, a
front reflector 138 is provided on the aspherical portion
114A of the glass 114, the reflector 138 preferably being
a very highly reflective but partially transparent metal
coating.

It should be understood, however, that in this
embodiment of the invention it is not necessary that the
outboard portion of the minor be aspheric, and that if
desired the outboard portion can be flat or curved. If
desired, protective coatings may also be provided upon
the condition that the reflective coating be substantially
transmissive thereby allowing light from behind the mir-
ror to pass through. The higher the natural reflectance
of the front layers the greater will be the ability to sacri-
fice reflectance to transmittance and still fall within an
acceptable minor reflectance range of about 40% to
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60%. Suitable reflectors are rhodium, coated aluminum,
coated silver, or other suitable different metal. The key
aspect is that the natural reflectance be high enough to
allow a thin controlled thickness to transmit approxi-
mately 10 to 30% or greater of the signal light and still
allow approximately 40 to 60% reflectance. The glass
itself is designated 114 in Figure 7, but clear plastic may
be useful as an alternate.

The layer designated 115 is the louvered layer
which incorporates an appropriate signal pattern which
can be recognized as a turn or other signal, which when
lighted is visible to vehicles on the side, but not to driver
of the vehicle equipped with outside mirrors embodying
the present invention.

In the embodiment of the invention illustrated in Fig-
ure 7, an optional lens 117 is provided to direct light for
efficiency. A signal light source 119 is provided which
may be in the form of an LED array, a filament lamp or
lamps, or a gas filled lamp such as neon or xenon, and
a reflector or reflector array 121 is provided to direct
light emanating from the light source 119 foward the
lens 117 and/or the louvers 115. If desired, a clear
transparent electrode heater and black mask could be
positioned between the louvers 115 and the glass 114.
The louvers 115 would then be glued to the substrate
with adhesive.

In the operation of this embodiment of the invention,
when the signal light source is energized, the turn or
other signal is thus visible only to the drivers of other
vehicles. At the same time, the reflective surfaces of the
mirror function in a conventional manner.

In accordance with the present invention, the sign-
aling concept described hereinabove can be extended
to include electro-optic dimming mirrors as shown in
Figure 8. Referring to Figure 8, an electro-optic assem-
bly generally designated 210 is provided which includes
a sealed chamber 213 defined by a front glass element
214, an edge seal 216, and a rear glass element 218
having reflective but partially light transmitting and elec-
trically conducting ¢chromium and rhodium layers 220
and 222, respectively, on the front face thereof. An elec-
tro-optic medium 224 having the desired electro-optic
properties fills the chamber 213, and a transparent elec-
trically conductive layer or layers 226, such as ITQ, is
carried on the back face of the front glass 214. A lou-
vered layer 215 is provided which is secured to the back
surface of the rear glass 218, the louvered layer having
an appropriate signal pattern, such as an arrow, which
can be recognized as a turn or other signal, visible to
vehicles on the side, but not to the driver of the vehicle
equipped with outside mirrors embodying the invention.
This embodiment of the invention includes an optional
lens 217 to direct light for efficiency. A signal light
source 219 is provided which may be in the form of an
LED array, a filament lamp or lamps, or a gas-filled lamp
such as a neon lamp or a xenon lamp, and a reflector or
reflector array 221 is provided to direct light emanating
from the light source 219 toward the lens 217 and/or the
louvers 215. If desired, a clear transparent electrode
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heater can be positioned between the louvers 215 and
the rear glass 218, the louvers being fixed to the heater
substrate, as with an adhesive. Thus, in the operation of
this embodiment of the invention, when the signal light
source is energized, the signal is visible only to drivers
of other vehicles, while the electro-optic dimming fea-
tures of the mirrors are visible to the driver of the vehicle
equipped with the mirrors embodying the invention.

Another embodiment of the invention is illustrated in
Figure 9. In this embodiment of the invention, the rear
glass element is substantially the same size as the front
glass element including the aspherical portion thereof
so that the entire mirror including the aspheric portion
thereof has the reversibly variable transmittance capa-
bilities. Referring to Figure 9, an outside mirror, gener-
ally designated 111, is illustrated which includes a
sealed chamber 113 defined by a front glass element
114, an edge seal 116, and a rear glass element 118
having reflective and electrically conductive metal layer
122 and optiocnally also a metal under coating 120. An
electro-optic medium 124 having the desired electro-
optic properties fills the chamber 113, and a transparent
electrically conductive layer, such as a fluorine-doped
tin oxide conductive layer 126 is carried by the front ele-
ment 114. The electrically conductive layers are con-
nected to an electrical circuit in the manner previously
described, and, if desired, a color suppression coating
or coatings, such as 128 may be disposed between the
conductive layer 126 and the adjacent rear surface of
the front element 114.

In this embodiment of the invention, the front glass
element 114 is formed in one continuous piece that
includes an inboard main body portion 114B that may
be substantially flat with an infinite radius of curvature,
or slightly curved with a relatively large radius of curva-
ture. The main body portion 114B is integrally joined to
an outboard aspherical portion 114A having a radius of
curvature substantially less than the radius of curvature
of the main body portion 114B. Thus, the aspherical
portion 114A contributes a predetermined field of view
which, when combined with the field of view of the main
body portion 114B is substantially greater than the field
of view of the main body portion 114B alone. The rear
glass element 118 of the mirror of this embodiment of
the invention is substantially the same size as the front
glass element 114 and includes a main body portion
118B that is substantially the same size as the main
body portion 114B of the front glass element, and an
aspherical portion 118A that is substantially the same
size as the aspherical portion 114A of the front glass
element.

In this embodiment of the invention the reflective
surface on the inside of the rear glass 118 is comprised
of a single metal layer combination reflector/electrode or
a series of coatings which may be the same as the mul-
tilayer combination reflector/electrode types previously
described which serve as a mirror reflective layer and
also form an integral electrode in contact with the elec-
trochromic media. The other electrode on the inside sur-

SMR USA
Exhibit 1009
Page 0377



23

face of the front glass 114 may be the same as the
transparent electrode 26 previously described which
contacts the electrochromic media inside the mirror ele-
ment. The multilayer combination reflector/electrode in
this embodiment of the invention thus functions in the
same manner and obtains the same resulis as the mul-
tilayer combination reflector/electrode previously
described, and the transparent electrode on the inside
surface of the front glass 114 also functions in the man-
ner and obtains the same results as the transparent
electrodes previously described, the difference in this
embodiment of the invention being that the multilayer
combination reflector/electrode and the transparent
electrode include the aspheric portion of the mirror, it
being understood that the seal 116 encompasses the
entire chamber 113 which extends to the left end of the
mirror structure, as illustrated in Figure 9, including the
aspheric portion of the mirror. Thus, the entire mirror
111 including the aspheric portion of the mirror has the
reversibly variable transmittance capabilities, and the
entire mirror functions in the same manner as the
inboard main body portion 14B of the embodiment of
the invention illustrated in Figures 1 through 6.

While preferred embodiments of the invention have
been illustrated and described, it will be understood that
various changes and modifications may be made with-
out departing from the scope of the invention which is
defined by the appended claims.

Claims

1. An electro-optically dimming exterior rearview mir-
ror for automotive vehicles, said mirror comprising,
in combination, a front element having an optically
transparent inboard portion and an outboard por-
tion projecting laterally outwardly from said inboard
portion, a rear element, said outboard portion of
said front element and said rear element each hav-
ing reflective surfaces thereon, said inboard portion
of said front element and said rear element each
having front and rear surfaces and defining a space
between said rear surface of said inboard portion
and said front surface of said rear element, an elec-
tro-optic medium confined in said space whereby
light transmittance of said medium is variable upon
the application of an electrical potential thereto,
said front surface of said inboard portion of said
front element having a predetermined radius of cur-
vature, said outboard portion of said front element
having a front surface projecting laterally outwardly
beyond said front surface of said rear element.

2. A mirror according to claim 1 and including sealing
means disposed between said rear surface of said
inboard portion of said front element and said front
surface of said rear element, said reflective surface
on said outboard portion of said front element being
effective to conceal the adjacent portion of said
sealing means.
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A mirror according to claim 1 or 2, wherein said out-
board portion of said front element is of aspheric
configuration.

A mirror according to claim 1, 2 or 3, wherein said
inboard portion and said outboard portion of said
front element each have a predetermined field of
view, said fields of view of the combination of said
inboard portion and said outboard portion being
greater than said field of view of said inboard por-
tion alone.

A mirror according to any one of the preceding
claims, including bezel means extending around
the periphery of said front element.

A mirror according to any one of the preceding
claims, wherein said rear element is substantially
the same size as said inboard portion of said front
element whereby said outboard portion of said front
element projects laterally outwardly beyond both
said inboard portion of said front element and said
rear element.

A mirror according to any one of the preceding
claims, including means disposed between said
inboard portion of said front element and said rear
element for suppressing colour.

A mirror according to any one of the preceding
claims, wherein said inboard portion and said out-
board portion of said front element are formed of
one continuous piece of glass.

A mirror according to any one of the preceding
claims, wherein said outboard portion of said front
element has a radius of curvature less than said
radius of curvature of said front surface of said
inboard portion of said front element.

A mirror according to any one of the preceding
claims, wherein said inboard portion of said front
element and said rear element have confronting
curved surfaces.

A mirror according to any one of claims 1 to 9,
wherein said inboard portion of said front element
and said rear element have confronting surfaces of
substantially flat configuration.

A mirror according to any one of the preceding
claims, wherein said reflective surface on said out-
board portion is located on the back side of said
outboard portion.

A mirror according to any one of claims 1 to 11,
wherein said reflective surface on said outboard
portion is located on the front side of said outboard
portion.
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A mirror according to any one of the preceding
claims, wherein said reflective surface on said rear
element is located on the front side of said rear ele-
ment.

A mirror according to any one of the preceding
claims, wherein said field of view of said light
reflecting means of said rear element is less than
the field of view of said light reflecting means of the
combination of said rear element and said outboard
portion of said front element.

A mirror according to any one of the preceding
claims, the confronting sides of said inboard portion
of said front element and said rear element each
including at least one layer of electrically conductive
material and said electro-optic medium is an elec-
tro-optic reversible variable transmittance medium
in contact with each or said electrically conductive
layers, and further comprising means for applying
electrical potential to said layers of electrically con-
ductive material to cause variation in the light trans-
mittance of said electro-optic medium.

A mirror according to any one of the preceding
claims, wherein said light reflecting surface of said
rear element is also electrically conductive and
located on the side of said rear element confronting
said front element.

A mirror according to any one of the preceding
claims, wherein said light reflecting surface of said
rear element is formed of multiple layers of electri-
cally conductive material and is located on the side
of said rear element confronting said front element.

A mirror according to any one of the preceding
claims, said light reflecting surface of said rear ele-
ment includes a layer of rhodium and a layer of
chromium, said layer of rhodium being on the side
of said layer of chromium confronting said front ele-
ment.

A mirror according to claim 19, wherein said layer of
chromium is greater in thickness than said layer of
rhodium.

An electrochromic rearview mirror for automotive
vehicles, comprising a partially transparent and
partially reflective element, a light source, means
for directing light emanating from said light source
through said transparent reflective element in a pre-
determined direction while permitting light reflected
from said transparent reflective element to be
viewed from a different direction.

A mirror according to claim 21, wherein said par-
tially transparent and partially reflective element
includes a light transmissive reflective coating.
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A mirror according to claim 21 or 22, wherein said
light directing means includes louvre means.

A mirror according to claim 21, 22 or 23, including
lens means for directing light emanating from said
light source toward said element.

A mirror according to any one of claims 21 to 24,
wherein said light directing means includes louvre
means, and lens means for directing light emanat-
ing from said light source toward said louvre
means.

A mirror according to any one of claims 21 to 25,
wherein said element has a portion thereof of
aspheric configuration.

A mirror according to any one of claims 21 to 26,
wherein said partially transparent and partially light
reflective element comprises front and rear spaced
elements, said front element and said rear element
defining a chamber therebetween, said front ele-
ment being transparent, the side of said front ele-
ment confronting said rear element including
transparent electrically conductive means, the side
of said rear element confronting said front element
including combined electrically conductive light
reflecting means, said chamber containing an elec-
tro-optic reversible variable transmittance medium
in contact with said transparent electrically conduc-
tive material on said front element and said com-
bined electrically conductive light reflecting means
on said rear element, said combined electrically
condugctive light reflecting means on said rear ele-
ment being effective to reflect light through said
medium and through said front element when said
light reaches said combined electrically conductive
light reflecting means after passing through said
medium and through said front element.

A mirror according to any one of claims 16 to 20 or
claim 27, wherein said transparent electrically con-
ductive means on said front element has a higher
electrical resistance per unit area than said com-
bined electrically conductive light reflecting means
on said rear element.

A mirror according to any one of claims 16 to 20, 27
or 28, wherein said transparent electrically conduc-
tive means on said front element comprises indium
tin oxide.

A mirror according to any one of claims 16 to 20,
27, 28 or 29, wherein said transparent electrically
conductive means on said rear element comprises
chromium and rhodium.

A mirror according to any one of claims 16 to 20 or
27 to 30, wherein said electrically conductive light
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32.

35.

27 EP 0 729 864 A1

reflecting means on said rear element includes a
coating selected from the group consisting of rho-
dium, platinum, titanium, ruthenium, iridium, gold,
stainless steel, silver, nicked-chromium and chro-
mium, and alloys thereof.

A mirror according to any one of the preceding
claims, including indicia means visible through said
front element.

. A mirror according to claim 32, when dependent on

any one of claims 16 to 20 or 27 to 31, wherein said
combined electrically conductive light reflecting
means on said rear element defines an opening,
and said indicia means are aligned with said open-
ing and visible through said front and rear ele-
ments.

. A mirror according to claim 33, wherein said indicia

means comprise vacuum fluorescent display
means.

A mirror according tc any one of claims 16 to 20 or
27 to 34, wherein combined electrical conductive
light reflecting means on said rear element includes
a first high conductance coating selected from the
group consisting of chromium, titanium, stainless
steel, nickel-chromium, gold and silver, and alloys
thereof, and a second high reflectance coating
selected from the group consisting of rhodium, plat-
inum, ruthenium, iridium, stainless steel and chro-
mium, and alloys thereof.
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Twin-focus electrically-driven rear-view mirror for vehicle - has outer section
giving normal coverage, and inner portion covering otherwise dead zone on
vehicle quarter

Publication number: FR2628042

Publication date: 1989-09-08

Inventor:

Applicant: RACLE JACQUES (FR)

Classification:

- international: B60R1/08; B60R1/08; (IPC1-7): B6OR1/06
- European: B60R1/08D

Application number: FR19880002831 19880301
Priority number(s): FR19880002831 19880301

Report a data error here

Abstract of FR2628042

A vehicle's rear-view mirror has a broad outer section (2) which provides coverage of the usual field
behind. A narrower inner section (3) does not cover this field, but is aligned upon the blind spot
otherwise encountered around the vehicle's quarter. Both sections are carried on a common support
(7), but can be individually orientated by manual or power control from inside the vehicle. A driver thus
receives a comprehensive presentation of traffic location behind him, including those units in course of
overtaking. ADVANTAGE - Two-section individually-controllable mirror concept solves basic blind spot
problem encountered in most vehicles and provides driver with comprehensive view of activity behind
him.
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FR 2 628 042 - A1

REPUBLIQUE FRANCAISE @) N° de publication : 2 628 042

(d n‘utibser gue pour les

INSTITUT NATIONAL ' commandes de reproductionl
DE LA PROPRIETE INDUSTRIELLE @ N° d’enregistrement national : 88 0283 1
PARIS

61 IntC1*: B6OR 1/06.

@2 DEMANDE DE BREVET D'INVENTION A1l

@ Date de dépdt : 1° mars 1988. @ Demandeur(s) : RACLE Jacques. — FR.

Priorité :

@ Inventeur(s) : Jacques Racle.

Date de la mise a disposition du public de la
demande : BOP! « Brevets » n° 36 du 8 septembre 1989.

Réfarences a d’autres documents nationaux appa-
rentés :

@ Titulaire(s) :

Mandataire(s) :

Rétroviseur a double foyer.

Dispositif permettant d'avoir une vision instantanée d’une
2one invisible située derriére soi. L'invention concerne un « ré-
troviseur @ double foyer » réglable et orientable.

Il est constitué d’un boitier bloc rétroviseur 1 comportant un
grand miroir 2 et un plus petit 3 situé A sa droite, séparés et
orientables individuellement, articulés dans le boitier 1 pourvu
d'un support 7, muni d’'un systéme d’orientation soit mécanique
soit électrique.

Le dispositif selon I'invention est plus particulidrement des-
tiné 3 tout véhicule ou engin ou autre, motorisé ou non.

D Vente des fsscicuies & 'IMPRIMERIE NATIONALE, 27, rue de ls Convention — 75732 PARIS CEDEX 15
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La présente invention concerne un dispositif relatif 3 un "RETRC-
-VISEUR A DOUBLE FOYER ",compnsé d'un miroir en deux parties:ces deux par-
~ties séparées,ayant une orientation différente,permettent ainsi d'obtenir
un champ de vision différent et double,complémentaire,supprimant ainsi
"l'angle mort" existant avec un rétroviseur normal.
Ces deux miroirs sont juxtaposés et incorporés dans un "bloc" "ré -

-troviseur",mais peuvent avoir une position adaptée snit par ur d4¢placemenrt

latéral ou vertical,manuel ou électrique au mnyen d'un moteur électrigue.

La forme et la taille du rétroviseur et des miroirs seront variables

et adaptées aux besoins.

Le dispositif comporte un grand miroir (I) ayant un champ de vision
plus grand et plus large situé sur la partie gauche (5) et d'un miroir plus
petit (2) couvrant le secteur de l'anciinne "zdne morte" (6).

Le dispositif peut se présenter par la juxtavositior de 2 miroirs
(2) et (3) séparés et orientables séparément.

La figure 2 reprisente le dispositf. .
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REVENDICATIONS

I)-Dispositif comprenant un grand mirecir () 2t un deuxidme rlus
petit (3),sépards et juxtapo=fs,encastrés dans ur "hloc rétraviseuvr" (1),

2)-Dispositif selon la revendicatior (1) rcaractérisé en ce que chaque
miroir peut se mouvoir sépariment et s'orienter de mani®re manuelle ou élen-
—que, latéral ou vertical.

3)-Dispositif selon la revendication (2) caractérisé par le fait
que chaque miroir permet de "couvrir" une 28ne différente complémentaire
(5) et (6),qui vuent simultanément ensemble permet d'avoir ure vision totale
de la zdne considérée.

4)-Dispositif selon la revendication (2) qui permet d'accroitre
la vision et la sécurité d'une personne qui est amende A surveiller une
z8ne morte" qu'il ne voit pas directement et completement,zdnes situédes par
cdté (droite et gauchedet derriire lui.

5)=Dispeositif selon la revendication (4) caractétisé par con usage
sur tout vsdhicule ou engin ,mntor{sé ou non,se dénlaca=nt =ur terre,mer,air:
aoto-motn=véla=-camion....bBteau....,avion....cu pour surveiller un sectev~

donné d'un point donné.
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(32) Filed 27 June 1968 in’
(45) Complete Specification published 28 June 1972 )

(21) Application No. 32282/69
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(33) Germany (DT)

(51) International Classification B60R 1/08
(52) Index at acceptance
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4 DRIVING-MIRROR ASSEMBLY FOR A VEHICLE

(71)  'We, KUrRT HACKER of 7 Stuttgart-
Zuffenhausen, Wollinstrasse 37, Germany
and REINHOLD WEIGELE of 7015 Korntal,
Hindenburgstrasse 52, Germany, both
German citizens, do hereby declare the in-
vention, for which we pray that a patent
may be granted to us, and the method by
which it is to be.performed, to be parti-
cularly -described in and by the following
statement:— - -
. This invention is concerned with a driv-
ing-mirror .assembly for a vehicle.

It is known, from British patent specifi~
cations Nos. 827,336 and 1,133,005, to pro-
vide such a driving-mirror assembly ‘in the
form of a plane mirror alongside a convex
mirror. These known arrangements are
such that it is possible for the assembly
when in use to give double-representation
of an. object viewed by means of the as-
sembly, one such representation being given
by reflection by the plane mirror and the
other representation being given by reflec-
tion by the convex mirror. The existence
of such double-representation is confusing
to the driver, and is hence a possible source
of danger, the more so because the plane
mirror gives distortionless reproduction of
the object at full-size, whilst the convex
mirror pictures the object with at least
some of its dimensions reduced in size and
is a possible source of apparent distortion
of the shape of the object.

According to the invention there is pro-
vided a driving-mirror assembly for a
vehicle, the assembly comprising a planar
first mirror reflecting surface formed upon
a first member, and at least ome second
mirror reflecting surface which is curved
so as to be convex towards the viewer and
which is formed upon a second member,
the first and second members being sepa-
rate bodies fixedly interconnected to form
a unit, the second mirror reflecting surface

having, as a portion of its periphery, a line

which lies in a plane which is a tangent
plane to that second mirror reflecting suz-
face and which follows a corresponding
portion of the periphery of the first mirror
reflecting surface, the said tangent plané
being arranged . to coincide with or be
parallel to the plane of the first mirror
reflecting  surface, whereby the assembly
does not give double-representation of an
object viewed by means of the assembly.-

This arrangement,. according to the in-
vention, effectively provides what will be
referred to. herein as a “bend-free merger”
between, or a “tangential transition” be-
tween, the (planar) first and the (convex)
sscond mirror reflecting surfaces; for, with
this arrangement, the first mirror reflecting
surface is caused to effectively merge tan-
gentially into the second mirror reflectin
surface without the interposition of a bend-
ing line. This effective bend-free merger. or
tangential transition ensures that the said
double-representation does not occur, and,
moreover, can be so arranged that the field
of view provided by the driving-mirror
assembly is uninterrupted: thus, when an
object (viewed by means of the assembly)
passes across the field of view of the as-
sembly, the object mnever appears to be
duplicated and is seen as moving, without
interruption, from the first to the second
mirror reflecting surface (or vice versa).

The arrangement according to the inven-
tion is also convenient, in that experience
has shown that whereas a plane mirror, or
a convex mirror, can be manufactured in
a relatively simple manner with high pre-
cision and with high surface-quality, the
same does not apply to a single mirror
which is required to exhibit a transition
from a plane-mirror. part to a convex-
mirror part.

There may be two of the second mirror
reflecting surfaces formed upon a single

said second member and similarly arranged 90
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respectively at relatively opposite peripheral
portions of the first mirror reflecting surface.

Conveniently, the second member has a
portion which extends behind the first mir-
tor reflecting surface so as to form a rear
support for the first member.

Conveniently, the said portion of the
second member also affords a protective
tim for a peripheral portion of the first
member.

In one arrangement the assembly may be
such that, in a plane which is normal to
the first mirror reflecting surface and ex-
tends from that surface to intersect the sec-
ond mirror reflecting surface(s) across the
width thereof, the radius of curvature of
the or each second mirror refiecting surface
decreases with the distance from the first
mirror reflecting surface.

In an alternative arraugement the as-
sembly may be such that, in a plane which
is normal to the first mirror reflecting sur-
face and extends from that surface fo inter-
sect the second mirror refiecting surface(s)
across the width thereof, the radius of cur-
vature of the or each second mirror re-
flecting surface incréases, at least initially,
with the - distance from the first mirror

_ reflecting surface.
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‘The invention will now be described with
reference to and as illustrated in the ac-
companying drawings, wherein:—

Fig. 1 is a diagrammatic top view of a
passenger car with an inside driving-mirror
assembly according to the invention;

Fig. 1a is- a partial top view similar fo
that of Fig. 1 but with an outside driving-
mirror assembly;

Fig. 2 is an enlarged central section, in
a horizontal plane, of the inside driving-
mirror assembly when in position in Fig. 1;
. Fig. 2a is a vertical cross-section through
the driving-mirror assembly, said section
being taken along the line A-A of Fig. 2;

Figs. 2b and 2c are respectively vertical
cross-sections taken along the lines B-B
and C-C of Fig. 2;

Figs. 3, 4, 5 and 6 are similar to Fig. 2
but relate to modified arrangements;

Fig. 7 is an explanatory drawing;

Fig. 8 is-similar to Fig. 2 and relates to
one structural arrangement according fo the
invention; and

Fig. 9 is similar to Fig. 8 but relates to
an outside driving-mirror assembly.

Referring now fo the drawings in detail,
Fig. 1 shows a passenger car 1 with a wind-
shield between roof posts 2 and 3 and with
the driver’s seat F on the left-hand side of

60 the vehicle. The normal direct field of view

n of the driver is at both sides limited by
the marginal lines of vision 20 and 21 and
comprises, for instance, a viewing angle of
approximately 150°. In the central area of
the windshield there is mounted an inside

driving-mirror assembly S which permits
the viewing of an indirect field of view z
by means of a central plane mirror, this
indirect field of view extending behind the
vehicle and being limited by a rear window
8 laterally defined by the roof posts 6
and 7.

At each side of the plane mirror there
is provided a corresponding convexly
curved mirror via which a lateral indirect
viewing range, s or r, can be observed.
The corresponding front marginal lines of
vision 10 and 11 intersect the marginal lines
of vision 20, 21 of the direct field of view
at the points P, T at such a distance later-
ally of the vehicle that practically no blind
lateral angle remains.

In a manner to be described, the central
plane mirror merges by bend-free merger
and tangential transition, into the two con-
vexly curved mirrors,

Fig. 1a shows the corresponding arrange-
ment of an outside driving-mirror assembly
Sa the field of view of which, defined by
the marginal lines 10g and 10b, deals with
not only the rearward blind angle ¢ of the
inside rear-view mirror S but also the
lateral blind angle behind the direct mar-
ginal line of vision 20.

In the case of Fig. 1a, the driving-mirror
assembly Sa comprises a plane mirror Sa2
which (see below) merges by bend-free
merger and tangential tramsition, into a
convex mirror Sal.

Figs. 2 and 2a-2c show one possible form
of the driving-mirror assembly S of Fig. 1.
A ceniral plane mirror reflecting surface 15
merges, at each of its opposite sides, into a
respective convex mirror reflecting surface
16, 17 associated with the viewing ranges
s and r (Fig. 1) respectively. As indicated
in Fig. 2 by the decreasing radii of curva-
ture U, V and W, each of the convex mirror
reflecting surfaces 16, 17 is progressively
more curved (in the plane of the Fig. 1
drawing) with distance from the plane
mirror reflecting surface 15. In addition, as
indicated by Figs. 2b and 2¢, which are
cross-sections of a convex mirror reflecting
surface (16,17) in planes which are normal
to the mirror section of Fig. 2, the radius
of curvature of each such convex mirror
reflecting surface, in those normal planes,
also decreases progressively with distance
{of the said normal plane) from the plane
mirror reflecting surface 15.

In Fig. 2, the chain lines 100 and 101
indicate the extent of the central plane

mirror reflecting surface 15. It will thus -

be understood that there is, at each side
of the central plane mirror reflecting sur-
face 15, a boundary line which forms the
common boundary of that surface and the
convex mirror reflecting surface in question.
At each such boundary line, the central
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plane mirror reflecting surface 15 merges

into the relevant convex mirror reflecting

surface tangentially, without the interposition

of a bending line; this bend-free merger
5 or tangential transition ensures that the
said double-representation does not occur
and also ensures that the field of view
provided by the driving-mirror assembly is
uninterrupted.

Figs. 3-6 show other possible forms of
the driving-mirror assembly. Here, in each
case, there is a plane mirror reflecting
surface E which merges, at one side, into
a convex mirror reflecting surface; in each
15 case, the convex mirror reflecting surface
is a surface of revolution of which the
generatrix is the curved horizontal section
shown in the drawing and of which the
axis of rotation is an axis Z which is
normal to the plane mirror reflecting sur-
face E. Moreover, in each case the gener-
ated surface of revolution (a part-annulus)
is arranged to merge tangentially into the
plane mirror reflecting surface E, without
the interposition of a bending line: again,
this bend-free merger or tangential tram-
sition ensures that the said double-repre-
sentation does not occur and also ensures
that the field of view provided by the
driving-mirror assembly is uninterrupted.

In the case of Fig. 3, the generatrix of
the convex mirror reflecting surface has a
first portion W3g which lies adjacent to
the plane mirror reflecting surface E and
which has a radius of curvature R3g, this
portion merging into a second portion which
has a radius of curvature R3b which is less
than R3q. In this case, the radius R3a is
so selected that when the driver pictures
an object via the first portion W3g, that
picture is not greatly reduced in size as
compared with the full-size picture which
would be presented by the plane mirror
reflecting surface E; in the case of the sec-
ond portion W35, the apparent reduction
in size of the object is greater but this is
unimportant for that part of the field of
view of the driving-mirror assembly with
which the portion W3b is concerned.

In the case of Fig 4, the generatrix of
the convex mirror reflecting surface has a
curvature which decreases progressively
with distance from the plane mirror re-
flecting surface E, as indicated by the in-
creasing radii of curvature Rda and R4b.

In the case of Fig. 5, the generatrix of
the convex mirror reflecting surface has a
first portion W5a which lies adjacent to
the plane mirror reflecting surface E and
which has a radius of curvature R5a, this
portion merging into a second portion W5b
which has a radius of curvature R5p which
is greater than RSg. With this arrangement,
which is suitable for an inside driving-
65 mirror assembly, the first portion W5a pro-
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duces a relatively large apparent reduction
in size of an object viewed by the driver
via that portion which is, however, intended
to correspond to a part of the field of view
which is covered up by, or includes, the
driver himself, the first portion being thus
of lesser importance in the arrangement;
the second portion W3b produces relatively
less apparent reduction in size of an object
viewed by the driver via that portion.

In the case of Fig. 6, the generafrix of
the convex mirror reflecting surface has
inner and outer strongly curved sections
W6a and W6c and a central, less strongly
and uniformly curved section W6b.

Experience has shown that an almost dis-
tortion-free mirroring in the curved mirror
reflecting surface is obtained when the ratio
between the maximum and the minimum
radii of curvature at any point of the mirror
reflecting surface, does not exceed a certain
value. Surprisingly, relatively high valugs
of this ratio are tolerable, without a dis-
turbing distortion of the width-height ratio
of an object mirrored by the part of the
mirror reflecting surface concérned.

Fig. 7 shows the surface normal N at a
point Q of a curved mirror reflecting sur-
face W. Thére is drawn, in the tangential
plane at the point Q. a polar plot of the
radii of curvature of the mirror reflecting
surface W at the point Q; such a polar
plot indicates, for the point Q concerned,
the largest radius of curvature Rmax and
the smallest radius of curvature Rmin, The
mirror reflecting surface W is preferably
so arranged that the ratio of these radii of
curvature nowhere exceeds 5:1. Experience
has shown. however, that ratios of up to
7:1 are possible without disturbing distor- 105
tions.

Fig. 8 shows a constructional arrange-
ment of an inside driving-mirror assembly
according to the invention. The plane mirror
reflecting surface E is formed upon a body 110
Fe and is flanked, at its opposite sides, by
the two convex mirror reflecting surfaces
Ws and Wr which are respectively formed
upon curved opposite sides of the body Fa.

The body Fa is shaped to receive the body 115
Fe which is inserted into it and fixed in
position. The body. Fe, which provides the
plane mirror reflecting surface E which is
required to give true mirroring, may be
made of glass so as to provide a high-grade 120
mirror reflecting surface.. The body Fa is
preferably made of fracture-resistant mate-

rial in case of accidents, and may be made

of sheet metal, or may be cast, or may be
made of synthetic plastics material. Loops: 125
K may be provided which make it possible

to mount the driving-mirror assembly on

to a simple rear-view mirror already in-
stalled in the vehicle concerned.

Fig. 9 shows a constructional arrange- 130
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ment of an outside driving-mirror assembly
according to the invention. The plane mir-
ror reflecting surface E is formed upon 2
body Fe and is flanked, at ope side, by
5 the convex mirror reflecting surface W
which is formed upon a curved side Fw
of a body Fi. The body F~ is shaped to
receive the body Fe which is inserted into
it and fixed in position; thus, the body Fh
10 has a rim Fr which forms a part-frame for
the body Fe. The body Fe may be made
of glass. The body F~ may be made of
easily deformable and shock-absorbing
material, and may be made of sheet metal.

15

WHAT WE CLAIM 1S:— -

1. A driving-mirror assembly for a
vehicle, the assembly comprising a planar
first mirror reflecting surface formed upon

20 a first member, and at least ome seoond
mirror reflecting surface which is curved so
as to be convex towards the viewer and
which is formed upon a second member, the
first and second members being separate

25 bodies fixedly interconnected to form a
unit, the second mirror reflecting surface
having, as a portion of its periphery, a
line which lies in a plane which is a tangent
plane to that second mirror reflecting sur-

30 face and which follows a corresponding
portion of the periphery of the first mirror
reflecting surface, the said tangent plane
being arranged to coincide with or be
parallel to the plane of the first mirror re-

35 flecting surface, whereby the assembly does
not give double-representation of an object
viewed by means of the assembly. -

2. An assembly according to Claim 1,
wherein there are two of the second mirror

40 reflecting surfaces formed upon a single
said second member and similarly arranged
respectively at relatively opposite peri-
pheral portions of the first mirror reflecting
surface. -

45 3. An- assembly according to Claim 1
or Claim 2, wherein the second member
has a portion which extends behind the
first mirror reflecting surface so as to form
a rear support for the first member.

50 4. An assembly according to Claim 3,
wherein the said portion of the second
member also affords a protective rim for a
peripheral portion of the first member.
--5. An assembly according to any pre-

55 ceding Claim, wherein the first member is
made of glass and the second member is
made of a material resistant to fracture.

6. An assembly according io any pre-
ceding Claim, wherein, in a plane which is
normal to the first mirror reflecting surface
and extends from that surface to infersect
the second mirror reflecting surface(s)
across the widt hthereof, the radius of cur-
vature of the or each second mirror re-
flecting surface decreases with the distance
from the first mirror reflecting surface.

60

65

7. An assembly according to Claim 6, °

wherein the said radius of curvature has a
first constant value over an initial region
adjacent to the first mirror reflecting sur-
face and has a second constant value, less
than the first constant ‘value, over a further
region more distant from the first mirror
reflecting surface.

8. An assembly according to any one of
Claims 1-5, wherein, in a plane which is
normal to the first mirror reflecting surface
and extends from that surface to intersect
the second mirror reflecting surface(s) across
the width thereof, the radius of curvature
of the or each second mirror reflecting sur-
face increases, at least initially, with the
distance from the first mirror -reflecting
surface. o

9. - An assembly according to Claim &,
wherein the said radius of curvature has a
first constant value over an initial region
adjacent to the first mirror reflecting sur-
face and has a second constant value,
greater than the first constant valne, over
a further region more distant from the first
mirror reflecting surface.

10. An assembly according to Claim
8, wherein the said radius of curvature is
decreased, over a marginal region most
distant from the first mirror reflecting
surface.

11. An assembly according to any pre-
ceding Claim, wherein, at any point upon
the or each second mirror reflecting surface;
the ratio of the maximum to the minimum
radius of curvature does not exceed 7:1.

12. An assembly according to Claim
11, wherein the said ratio does not exceed

13. A driving-mirror assembly substan-
tially as specifically described herein with
reference to the accompanying drawings.

Agents for the Applicants,
SYDNEY E. M’'CAW & CO.,
Chartered Patent Agents,
“Saxone House”,
52-56 Market Street,
Manchester 1.
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(57) A vehicle rear view mirror (10)
has a composite surface including a
primary reflecting surface {11) which
may be planar and formed therewith a
secondary or auxiliary mirror section
{14), that has an arcuately curved
reflecting surface, in a corner area of
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effectively non-obstructing in normal
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sufficient size and configuration as to
produce a reflected image of a
relatively large angular field of view in
a horizontal plane with respect to that
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mirror is integrally formed with the
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SPECIFICATION
Rear view mirror for vehicles

BACKGROUND OF THE INVENTION

Vehicle mirrors as conventionally provided
comprise a planar reflecting surface of sufficient
area to meet the normal requirements for
establishing a field of view with respect to the
vehicle operator. These mirrors may be either
installed in the interior of the vehicle for rearward -
vision through a window at the back of the vehicle
or attached to the side door panels at either side
for primarily enlarging the field of view ina
sideward or lateral direction. This invention is
directed primarily to the exterior mounted side
view mirrors that are attached to the doors of the
vehicle or may be mounted on the front fender.
While the objective of such auxiliary mirrors in the
form of a side mounted type is to enlarge and
enhance the lateral directed field of view with
raspect to the vehicle operator, the mirrors
presently available and on the market remain
inherently incapable of providing the optimum
field of view with a positive referance to the
vehicle itself.

Attempts have been made to improve the
performance of such mirrors by providing auxiliary
mirror structures that may either be independently
mounted on the vehicle or attached to the
conventional side mounted mirrors. The usual type
of auxiliary mirror heretofore provided comprises a
circular segment of a spherical surfaced shell that
may be adhesively bonded onto a surface of the
primary mirror if the primary mirror is sufficiently
large as in the case of truck mirrors. Alternatively,
a spherical segment mirror may be mounted
exteriorly on the vehicle in independent
relationship to any of the other mirrors. :

While these spherical segment mirrors provide
a large field of view, it will be Fecognized that such
mirrors provide an enlarged field of view through
360 degrees of viewing angle. The disadvantage
of this enlargement of the field of view is that the
operator of the vehicle is necessarily presented

‘with a vastly distorted peripheral field of view

which includes substantial portions that are
immaterial from a safety standpoint. It will be
readily apparent that such a mirror provides a field
of view which includes an extensive and
unimportant view of the side of the vehicle and
which alsa extends substantially upwards as well
as downwards with respect to the vehicle, and
these areas are of no real interest or significance
to safe operation of the vehicle.

Accordingly, it will be seen that the circular
spherical segment mirrors, as well as others, such
as cylindrical convex type which have been
devised in attempts to overcome the inherent
blind spot that occurs with the standard planar
reflecting surface mirrors have not succeeded in
achieving this desirable objective, While such
mirrars attempt to obtain a fleld of view adequate
for the purposes of the driver, they inherently
incorporate and produce a substantially greater
area of viewing that tends to detract from their
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usefulness and accordingly tend to detract and
decrease the safety features that were originally
attempted to be achieved.

SUMMARY OF THE INVENTION . )

In accordance with this invention a composite
mirror is provided in which the major portion or
primary section of the mirror conforms to the
usual standards of having a planar reflecting
surface for producing a relatively narrow angular
field of view in a harizontal plane immediately
adjacent to the vehicle when utilized at a side of
the-vehicle. The composite mirror of this invention
has the further objective of enabling the operator
to Independently view a specified area at the side
of the vehicle which includes a lateral angle of
substantial extent and optimally approaches a 80
degree angle to the longitudinal axis of the vehicle.
Achievement of this objective thus produces a
mirror wherein a vehicle operator may readily
ascertain the presence of a vehicle in an area
which would otherwise not be seenin a
conventional planar mirtor propetly adjusted in
accordance with specified standards to view an
area which extends angularly outward from a side
of the vehicle to only a relatively limited extent.

Accomplishment of this objective is achieved
through the combination of a planar mirror surface
and a segment of an arcuately curved mirror that
is incorporated in a relatively small portion of the
area of the planar mirror. This arrangement places
the arcuately curved segment in an area with
respect to the primary mirror such that the field of
view of the primary mirror is substantially
unobstructed by the addition of this auxiliary
mirror. Specifically, the auxiliary mirror is
preferably located in the lower right corner, that is,
the side edge next adjacent to the vehicle body as
to a mirror mounted on the driver’s side of the
vehicle whereas a similar type of mirror on the
opposite side would have the mirror segment
located ifrthe lower left corner, This location and
arrangement is for a vehicle having the driver
seated on the left side and it will be understood
that the arrangement would be appropriately
modified for a vehicle having the driver seated on
the right side.

This invention illustrates the various techniques,
providing a composite mirror to effectively obtain
and achieve the two distinct and separate fields of
view regarding the side areas of a motor vehicle. A
technique for providing a mirror incorporating the
concepts of this invention is the integral formation
of an auxiliary mirror surface with the primary
mirror. This integrally formed auxitiary mirror
surface may appear either on the exterior or
outwardly facing surface of the primary mirror or
may be incorporated in the rear surface, The only
difference between these two technigues is that
the silvering for forming the reflecting surface in
onhe instance is applied to the outer surface
whereas in the other it would be applied to the
rear surface of the primary mirror.

These and other objects and advantages of the
invention will be readily apparent from the
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. following detailed description of the several

embodiments thereof and the accompanying
drawings.

DESCRIPTION OF THE DRAWING FIGURES

Figure 1 is a front view of a mitror embodying
this invention.

Figure 2 is a fragmentary vertical sectional view
on an enlarged scale taken along line 2-—2 of
Figure 1.

Figure 3 is a fragmentary vertical sectional view
on an enlarged scale taken along line 3—3 of
Figure 1.

Figure 4 is a diagrammatic plan view of the
field of view of the mirror.

Figure 5 is a front view of a modified mirror
embodying this invention.

Figure 6 is a fragmentary vertical sectional view
on an enlarged scale taken along line 6—6 of
Figure B.

Figure 7 is a fragmentary vertical sectional view
on an enlarged scale taken along line 7—7 of
Figure 5.

DESCRIPTION OF THE ILLUSTRATIVE
EMBODIMENT

Having reference to the drawings, a basic form
of the invention is shown in Figures 1,2 and 3. In
Figure 1, a conventionally shaped side view mirror
is shown in elevation without the auxiliary

- supporting or mounting frames or bracket
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components, Those structural components bear
no relationship to this invention other than to
provide the necessary support for the mirror in the
attachment or mounting thereof on the side of the
vehicle. However, since such mounting
components are well-known, it is not deemed
necessary to illustrate or describe those structures
in conjunction with the illustrative embodiments.

The side view mirror includes a primary mirror
10 comprising a flat plate formed from glass or
other optically transmissive material having planar
front and rear surfaces 11 and 12, respectively. A
coating of silvering material 13 is applied to the
surface 12 thereof as indicated in Figures 2 and 3.
The illustrated primary mirror 10 is of
conventional rectangular configuration and may
be of the generally conventional size of 7.6 x 12.7
centimeters and mounted with the long axis
horizontally disposed. However, it will be
understood that the primary mirror size may be
otherwise dimensioned.

Integrally formed with the primary mirror 10 is
a secondary or auxiliary mirror structure which is
generally designated by the numeral 14 and can
be best seen with references to Figures 2 and 3. In
this illustrative embodiment, the secondary mirror
14 is formed in the body of the glass plate forming

_ the primary mirror and comprises a surface 15

having a generally rectangular configuration in
plan view as will be noted in Figure T. A coating of
silvering material 16 is applied to the surface 14
thereby forming the reflecting surface.

The secondary mirror 14 is most
advantageously located in a corner area of the
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primary mirror and is substantially smaller so as to
minimize the loss of effective viewing area of the
primary mirror. In this illustrative embodiment, the
secondary mirror has the exemplary planar area
dimensions of 4.8 centimeters in its longer
dimension extending horizontatly and 2.9
centimeters in its vertical or height dimension with
respect to the vertical of the primary mirror. Also,
the secondary mirror is preferably located with
one of its longer sides adjacent to, or coextensive
with, the bottom edge 17 of the primary mirror
and its one vertical side adjacent to, or
coextensive with, the one vertical side edge 18 of
the primary mirror. This vertical side edge 18 is
that which is intended to be positioned next
adjacent the side of the vehicle on which the
mirror is to bé mounted. Locating the secondary
mirror in this area results in the cavity formed in
the bady of the primary mitror by generation of the
mirror surface 16 being open at both the bottom
edge 17 and vertical side edge 18 of the primary
mirror. A planar surface 19 defining the other
longitudinal side of the secondary mirror is also
generated, but the inner side edge of the
secondary mirror surface 15 lies in the plane of
primary mirror's rear surface 12 deflning a
juncture line 20.

It will be further nated with reference to Figures
2 and 3 that the secondary mirfor surface 15 is a
non-planar surface and comprises a segment of a
curved surface. This surface in the illustrative
embodiment is a spherical surfaced segment
having a radius of curvature of the order of 12
centimeters. As previously stated, the one end of

-this surface segment intersects the rear surface

12 of the juncture line 20 and it will be noted with
reference to Figure 2 that the opposite end, at its
juncture with the vertical side edge 18, to be
displaced about 0.8 centimeters from the rear
surface 12 of the primary mirror. This specific
dimensional configuration is considered exemplary
as providing particularly useful fields of view and
resulting in a compaosite mirror structure capable
of achieving the intended objective as explained in
further detail hereinafter. It will also be apparent
that, while the secondary mirror surface is
described as being a spherical surface segment of
specific radius of curvature, this radius of
curvature may be increased to the extent that it
approaches Infinity and the surface may effectively
be planar, but disposed at an angle with respect to
the front and rear surfaces 11, 12 of the primary
mirror 10. However, the curved surface is deemed
a'dvantageous in that it provides a larger field of
view.

Functional objectives achieved by the
aforedescribed structural combination of a primary
and a secondary mirror 10, 14 are
diagrammatically illustrated in Figure 4. In that
drawing figure, a side view mirror comprising the
primary mirror and secondary mirror is shown
mounted on a left side of a vehicle which is
diagrammatically shown in top plan view. The
respective fields of view that are provided by the
reflecting surfaces of the primary mirror 10 and

@
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3
secondary mirror 14 are diagrammatically shown concern to his operating decisions. It is only the
in Figure 4. These angular fields of view are lateral position of a vehicle in this "blind spot" that
referenced to a horizontal plane with the field of is essential for the operator’'s safe performance
view for the primary mirror designated X and and mansuvering of his vehicle. Furthermore, this
§ includes a horizontal angular space extending 70 abservation can be accomplished without the
|aterally outward from a base or reference line A disadvantageous head and eye movement that
which is effectively aligned with the side of the would otherwise be required and could adversely
vehicle. Preferably, this limiting line of sight affect the proper and safe control of the vehicle.
overlaps portions of the side of the vehicle to A modified form of the mirror embodying this
10 better provide the vehicle operator V with a 75 invention is shown in Figures 5, 6 and 7. This
reference in determining relative locations of modified mirror structure comprises an integrally
objects that appear within that field. The angular formed combination of a primary mirror 21 and a
extent of this field of view designated X is secondary mirror 22. The primary mirror 21 may
effectively of the order of 35 degrees. be of the same dimensional configuration
15 Consequently, it will be readily seen that the field 80 described with reference to Figure 1, but may be
of view is clearly inadequate to provide an formed from a material that is not optically
operator, indicated to be located at a position transmissive. The front surface 23 of the primary:
designated V within the vehicle with reflected mirror is either formed to directly provide
images of objects or vehicles that may be laterally adequate reflectivity or, as is illustrated, is
20 spaced further forward with respect to the vehicle 8§ provided with a thin layer 24 of a suitable material
and are outside the angular field of view capable of producing a high degree of reflsctivity.
designated by the letter X. Also, the secondary mirror 22 is formed in a lower
It is the objective of the secondary mirror 14 to corner area of the primary mirror and thus
increase this lateral angular field of view to that provides the same advantageous viewing of fateral
256 which is designated Y in Figure 4. This 90 areas as obtained with the Figure 1 embodiment.
substantially greater angular field of view in a While the reflecting surfaces 23 and 25 are
horizontal plane with the mirror construction advantageously provided with a reflective coating,
utilizing a secondary mirror surface 15 comprising neither the peripheral edges of the primary mirror
a segment of a spherical segment oriented as 21 nor an upper horizontally extending edge
30 previously described, extends from the base line A g5 surface 27 of the secondary mirror 22 would be
to substantially a line which will be 80-90 degrees provided with such a coating. Preferably, the edge
displaced from the side of the vehicle. surface 27 would be treated or conditioned to
An extremely important advantage of the minimize its reflectivity, This would tend to
specific structural configuration of the auxiliary minimize extraneous reflections that could
36 mirror 14 of this invention is the presentation of a 100 possibly be generated by the adjacent and
relatively wide field of view in a horizontal plane of angularly disposed edge surface 27 and primary
a particularly impottant area whereas the field of mirror front surface 23.
view is limited in its vertical extent to a relatively The mirrors of this invention were previously
narrow band. The effective viewing area laterally described as being formed from glass. It will be
40 relative to the vehicle includes a nearly 90 degree 105 understood that glass was suggested as an
horizontal field of view in the region where the appropriate material, but it is also suggested that
operator of the vehicle will be readily able to other materials may be suitable. For example,
detect the presence of other vehicles at a position there are certain plastic materials which possess
where greater detail is unimportant. This display of the desired structural characteristics and, in the
45 a vehicle in the so-called-blind spot area is of 110 case of the Figure 1 embodiment, have the
substantial advantage in that the field of view necessary optical transmission characteristics.
does cover an area which would otherwise require Plastics may enable a greater economy to be
the vehicle operator to physically turn his head affected in manufacture as they may be better
and directly view that area. In the matter of adapted to molding techniques to achigve the
50 changing lanes on multilane highways, this is a 1156 necessary smaooth surface for purposes of
particularly important feature. Merely checking the reflection.
primary planar mirror 10 only indicates whether a It will be readily apparent from the foregoing
vehicle Is in a substantially rearward position with detailed descriptions of the embodiments of this
respect to the operator's own vehicle, There is inventlon that a particular novel and useful mirror
55 really no indication in that mirror of the presence 120 is provided for automotive vehicle purposes. The
and location of a vehicle immediately sideways of mirror of this invention is specifically designed and
the vehicle, but still sufficiently rearward that a inherently capable of providing the substantially -
person's normal peripheral vision is unable to increased field of view necessary to eliminate the
detect such a vehicle. present blind spot that exists in the case of
60 A further impartant advantage of this mirror 125 conventional mirrors having a single, flat, planar
construction is that the field of view in a vertical surface, The mirror construction of this invention
plane is relatively limited in its vertical extent, both limits the field of view provided by the secondary
upwardly and downwardly, and thus the operator mirror surface 1o a specifically defined area that is
is not presented with a substantial amount of of exceptional interest to the vehicle operator in
65 extraneous information and dstail that is of no 130 ascertaining the presence of an object or vehicle
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immediately laterally positioned with respect to
his own vehicle. The segment of spherical surface
is of considerable advantage in this respect as it
provides a slight vertically upward and downward
field of view to better form reference or a
relationship to the image reflected by the primary
mirror for the operator. The angular disposition of
the vertical segment with respect to the primary
planar mirror surface results in this segment being
particularly capable of illustrating the extreme
lateral extent of this field of view as well as
providing a fine of sight in reference with respect
to the side of the vehicle. It will also be apparent
that a mirror embodying this invention may be
constructed to be positioned on either side of a
vehicle for providing the advantageous field of
view.

70

75

CLAIMS

1. An optical mirror comprising

a primary mirror having a reflecting surface that
includes a side edge and which is adapted to be
normally viewed from a position displaced in
laterally outward offset relationship with respect
to said side edge, said primary reflecting surface
providing a primary angular field of view of
predetermined extent in a first plane oriented in
generally perpendicular relationship to said side
edge and said primary reflecting surface, and

a secondary mirror integrally formed with said
primary mirror, said secondary mirror beirg
substantially lesser in dimension that said primary
mirror and disposed closely adjacent said side
edge of said primary mirror and terminating in
spaced relationship to an opposite side edge of
said primary mirror to thereby leave a substantial
primary reflecting surface area therebetween, said
secondary mirror having a reflecting surface
providing a secondary angular field of view of
predetermined extent in said first plane oriented in
generally perpendicular relationship to said side
edge and said primary reflecting surface of said
primary mirror with the secondary angular field of
view being substantially greater than the primary
angular field of view provided by the reflecting
surface of sald primary mirror, said secondary
angular field of view being at least partially
coextensive with the primary angular field of view
and extending beyond the primary angular field of
view of said primary mirror only In a direction
away from said side edge and across the reflecting 110

86

105

" surface of sald primary mirror with respect to the

point of viewing.

2. An optical mirror according to claim 1
wherein said primary mirror has a front viewing
surface and said secondary mirror Is formed to
position its reflecting sutface at the front surface
of said primary mirror. ’

3. An optical mirror according to.claim 2

115

100,

wherein each of said primary and secondary
mirrors has a reflecting surface formed at a front
surface thereof.

4. An optical mirror according to claim 3
wherein the front surfaces of each of said primary
and secondary mirrors have a coating of reflective
material applied thereto, .

5. An optical mirror accarding to claim 1
wherein said primary mirror has a front viewing
surface and is formed from an optically
transmissive material, and said secondary mirror
has its reflecting surface formed in rearwardly
spaced relationship to the primary mirror front
viewing surface.

6. An optical mirror according to claim B
wherein said primary mirror has a rear surface
forming a reflective surface.

7. An optical mirror according to claim 6
wherein each of said primary and secondary mirror
reflective surfaces have a coating of reflective
material applied thereto.

- 8. An optical mirror according to claim 1
wherein said secondary mirror reflecting surface is

" oriented with respect to the reflecting surface of

said primary mirror such that said planes of the
respective angular fields of view are coplanar.

9. An optical mitror according to claim 8
wherein the angular field of view of said secondary
mirror includes substantially all of the angular field
of view of said primary mirror in said planes.

10. An optical mirror according to claim 9
wherein the respective angular fields of view are
coincident at one limiting extent.

11. An optical mirror according to claim 1
wherein the reflecting surface of said secondary
mirror is arcuately curved to provide a greater
angular field of view than that of said primary
mirror reflecting surface in a second plane
oriented substantially perpendicular to said first
mentioned plane.

12. An aptical mirror according to claim 11
wherein the angular field of view of said secondary
mirror reflecting surface in said second plane
includes the angular field of view of said primary
mirror reflecting surface.

" 13. An optical mirror according to claim 12
wherein the angular field of view of said secondary
mirror reflecting surface in said second plane
extends beyond the field of view of said primary
mirror in only one direction with respect to said
first plane.

14. An optical mirror according to claim 1
wherein said secondary mirror is substantially
smaller than said primary mirror and is positioned
closely adjacent said side edge thereof and an
edge perpendicular to said side edge.

15. An optical mirror according to claim 1
wherein said secondary mirror's reflecting surface
has a dimension in said first plane that is greater
than the dimension thereof in said second plane.
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SPECIFICATION
Rear-view mirror device for vehicles

The present invention relates to a rear-view
mirror device for automotive vehicles and the
like.

The well-known rear-view mirrors installed
outside of automotive vehicles and the like,
for example at the front wings or front fenders
of automobiles have a single-plane mirror sur-
face. With such a single-plane structure of the
conventional rear-view mirror, the field of view
of the driver in his seat is limited to a range
from the end of the car body to a lateral
position a little away from the car body. Any
object existing on the lateral side or lateral
rear side of the car body will not get into the
field of view of the driver via the prior-art rear-
view mirror device. When one is about to shift
from one lane to another while driving a car
along a motorway, for example, and if another
car running in the latter lane is approaching
your car of which you are not aware, a
disastrous accident will possibly result. One
reads and sees almost everyday such acci-
dents in newspapers and television newscasts.
Further, the conventional rear-view mirror de-
vice used on an automotive vehicle such as
tractor trailer assures the view of the tractor
rear, but not the view of the trailer rear, when
the tractor trailer turns along a curve or
around a corner. The range from the rear end
of the tractor to the trailer’s rear end cannot
be covered by the driver’s sight via the con-
ventional rear-view mirror. If a person or bicy-
cle is standing at that curve or corner when
such a large automotive vehicle turns there,
he or it will possibly be caught under the
chassis of the vehicle because of the relatively
long distance between the front and rear
wheels. This is a critical problem in the field
of traffic safety.

The present invention seeks to provide a
rear-view mirror device for automotive vehi-
cles and the like which assures a wider field
of view.

According to the present invention there is
provided a rear-view mirror device for vehicles
comprising a mirror body and means for sup-
porting said mirror body on a vehicle body,
the surface of said mirror body including a
first reflective face which is arranged to reflect
in use substantially the vehicle body side and
its neighborhood, and a second reflective face
which adjoins the edge of the first reflective
face and is inclined with respect to the first
reflective face so as to cover a substantial
range which cannot be covered by the first
reflective face and extends further outwardly
from the range covered by the first reflective
face.

The second reflective face is preferably
formed as a convex mirror contiguous to the
first reflective face.

106

The apparatus may also comprise a third
reflective face which is contiguous to the first
reflective face and so arranged with respect to
the first reflective face that it can cover, in

70 use, a side lower range of the car body to
produce an image thereof contiguous to the
image produced by the first reflective face.

The third reflective face is also preferably
formed as a convex mirror.

Preferred embodiments of the present in-
vention will now be described, by way of
example only with reference to the accompa-
nying drawings of which:

Figure 1 shows a front view of a mirrar
80 device in accordance with a first embodiment

of the present invention;

Figure 2 is a partly sectional side view
taken along the line li-Il of Fig. 1;

Figure 3 is a sectional view taken along the

85 line Il1-1ll of Fig. 1 and showing only the
mirror;

Figure 4 is a front view of a mirror device in
accordance with a second embodiment of the
present invention;

Figure 5 is a partly sectional side view
taken along the line V-V of Fig. 4;

Figure 6 is a sectional view taken along the
lines VI-VI of Fig. 4 and showing only the
mirror;

Figure 7 illustrates the functioning of the
mirror device shown in Figs. 4 to 6; and

Figure 8 illustrates the rearward field of
view of the mirror devices of Figs. 1 to 6.

Referring now to the drawings, Figs. 1 to 3
show a first embodiment of the rear-view
miror device according to the present inven-
tion. In the Figures, the reference numeral 11
denotes a mirror housing which is provided
therein with an opening 12. A mirror 13 is
disposed within said housing 12 of the hous-
ing 11. The mirror 13 is fixed to an appropri-
ate backing material which is supported
through a universal joint (not shown} on the
housing 11. A stay 14 is integrally formed
with the housing 11 which is fixed at a
portion (not shown) thereof to the body of a
car or other automotive vehicle.

The mirror 13 consists of a transparent
plate member on the one face of which a
reflective layer is formed. The mirror 13 com-
prises a first reflective face 13a and a second
reflective face 13b which forms an angle 8
with the first reflective face 13a. The first
reflective face 13a is formed like a plane
mirror as shown in Fig. 2.

The second reflective face 13b is contigu-
ous to the first reflective face 13a and formed
like a convex mirror of an appropriate radius
of curvature.

This example of rear-view mirror apparatus
is to be installed on the front fender or front
wing of a car at a certain distance, for exam-
ple, 1 meter, from the windscreen 21, as
shown in Fig. 8. In the illustration, the mirror
130 device as a whole is indicated by reference
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numeral 20. Before the car is driven, the
mirror device is manually pivotted about the
universal joint for the first reflective face to
reflect the car body side and its surroundings
(for example, a range defined by the broken
line A and the body side face) as in the case
of conventional rear-view mirror. The angle 8
of the second reflective face 13b with respect
to the first reflective face 13a is so selected
that the second reflective face 13b can give
the driver (sitting in the seat to the right of
the driving direction in the illustration) a field
of view defined by the line A and two dot-
dash line B.

The first reflective face 13a of this rear-view
mirror device permits the driver to visually
check the range including the car body side
face and its surrounding quite the same as by
the conventional rear-view mirror devices. Ac-
cording to the present invention, the second
reflective face 13b further permits the driver
to visually check the lateral side and lateral
rear side, indicated by C and D, respectively,
of the car. In addition, the driver of a car
running along a main road can visually locate,
by means of the rear-view mirror of the pre-
sent invention, a car coming along a road
which joins the main road obliquely. Thus, the
driver can view, from the position of his seat,
a range which could not be covered by the
conventional rear-view mirror devices. The
present invention is very advantageous for
traffic safety. Since the first and second reflec-
tive faces 13a and 13b are contiguous to
each other, the correlation between the im-
ages on these reflective faces is clear to the
driver who will judge and act quickly and
correctly at the occurrence of any imminent
danger.

Figs. 4 to 7 show a second embodiment of
the present invention. In the first embodiment
described above, one reflective face is formed
as contiguous to the lateral edge of another
reflective face, to permit the driver to view a
range which cannot be covered by the con-
ventional rear-view mirror. In the second em-
bodiment, however, two reflective faces are
formed as contiguous to the lateral and lower
edges of a mirror 13, to cover, respectively,
ranges which cannat be viewed by conven-
tional rear-view mirrors. In Figs. 4 to 7 the
elements similar to those in the first embodi-
ment are indicated with like reference numer-
als and symbols. As shown in Figs. 5 and 6,
the above-mentioned two reflective faces are
formed as convex mirros which are contiguous
to the first refliective face 13a and are indi-
cated at 13b and 13c. The second reflective
face 13b is so formed as to permit the driver
to view a range including the lateral and
lateral rear sides of a car, the range being
defined by the dotted line in Fig. 8, similarly
to the first embodiment. The third reflective
face 13c is so curved with respect to the first
reflective face 13a as to provide a view of the

side lower range of the car as contiguous to

the view from the first reflective face 13a,

when the rear-view mirror device is installed
on a car body. The bending angle and radius
of curvature of the third reflective face 13c
are so selected that a range from the rear tyre

(indicated at E) to the rear position of the door

(indicated at F) as shown in Fig. 7 can be

covered.

With this embodiment of the present inven-
tion, provision of two reflective faces contigu-
ous to the first reflective face 13a for covering
the ranges which cannot be viewed by the

- conventional rear-view mirror minimize such
80 range as cannot be seen when driving a car
etc. It will be clear to those skilled in the art
that the mirror device permits the driver to
view the lower zone of a car which is not
viewable to the driver by any conventional
rear-view mirror.

In the foregoing, examples of rear-view mir-
ror for use on passenger cars have been
described. However, it is possible to apply the
present invention to larger cars and other
vehicles. When the present invention is ap-
plied to a large car, it will be apparent to
those skilled in the art than an accident of the
type in which a person or bicycle standing at
a corner is caught in under the car around the
corner because the distance between the front
and rear wheels is relatively long, can be
prevented.

As described in the foregoing, a rear-view
mirror device according to the present inven-
100 tion comprises a mirror and means for sup-

porting said mirror to the body of a car, said
miror including a first reflective face to view a
substantial range including the car body side
face and its surroundings, and a second

105 reflective face so formed as contiguous to and
curved with respect to the first face that an
outer range compared with that covered by
the first reflective face can be viewed as
contiguous to the image on the first face.

110 Thus, the driver can view, from his seat, a
range which could not be viewed by the
conventional rear-view mirror. Since the first
and second reflective faces are formed as
contiguous to each other, also the images on

115 these reflective faces are contiguous to each
other, so the driver can easily know the rela-
tion between the image on the first reflective
face and that of a range which cannot be
viewed by the conventional rear-view mirror.

120 He can act quickly and correctly at the occur-
rence of any imminent danger. Because of the
contiguity between the first and second reflec-
tive faces, if the reflective face for viewing the
range which is invisible by the conventional

125 rear-view mirror is narrow or the image
thereon is somewhat distorted, the driver will
be able to make a correct judgement. Further,
since a single mirror can attain the above-
mentioned effects, the rear-view mirror appa-

130 ratus according to the present invention has a
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simple construction and can be easily manu-
factured.

CLAIMS

1. A rear-view mirror device for vehicles
comprising a mirror body and means for sup-
porting said mirror body on a vehicle body,
the surface of said mirror body including a
first reflective face which is arranged to reflect
in use substantially the vehicle body side and
its neighborhood, and a second reflective face
which adjoins the edge of the first reflective
face and is inclined with respect to the first
reflective face so as to cover a substantial
range which cannot be covered by the first
reflective face and extends further outwardly
from the range covered by the first reflective
face.

2. A rear-view mirror device as claimed in
claim 1, wherein the second reflective face is
formed as a convex mirror contiguous to the
first reflective face.

3. A rear-view mirror device as claimed in
claim 1 or 2, furrher comprising a third reflec-
tive face which is contiguous to the first
reflective face and so arranged with respect to
the first reflective face that it can cover, in
use, a side lower region of the car body to
produce an image thereof contiguous to the
image produced by the first refiective face.

4. A rear-view mirror device as claimed in
claim 3, wherein the third reflective face is
formed as convex mirror together with the
second reflective face.

5. A rear-view mirror device as claimed in
any preceding claim wherein the first reflec-
tive face is formed as plane mirror.

6. A rear-view mirror device substantially
as herein described with reference to Figs.
1,2,.3 and 8, or 4,5,6,7 and 8 of the accom-
panying drawings.

Printed for Her Majesty’s Stationery Office

by Burgess & Son {Abingdon) Ltd..—1882.

Published at The Patent Office, 25 Southampton Buildings,
London, WC2A 1AY, from which copies may be obtained.

SMR USA
Exhibit 1009
Page 0415



PATENT ABSTRACTS OF JAPAN

(11)Publication number : 55-051637
(43)Date of publication of application : 15.04.1980

§

(51)Int.Cl. BGOR 1/08

B6OR 1/06
(21)Application number : 53-124495 (71)Applicant : KATSUMATA GIKEN:KK
(22)Date of filing : 09.10.1978 (72)Inventor : KATSUMATA ISAMU

(54) REAR-VIEW MIRROR FOR AUTOMOBILE

(67)Abstract:

PURPOSE: To prevent the images on a rear view confirmation mirror
and a front side view confirmation mirror from being confused with each
other, by partitioning the mirrors from each other by a holding plate.
CONSTITUTION: A rear view confirmation mirror 3, which is shaped as
a vertical oblong and has a large radius of curvature, and a vehicle front
side view confirmation mirror 4, which is hemispherical and has a small
radius of curvature, are attached to a support frame 2, which is provided
on a support rod 1 so that support frame can be fixed or adjusted. The
mirror 4 is located just under the other mirror 3. The boundary edges of
the mirrors 3, 4 are fixed in the fitting grooves of a holding frame 5. The
images on the mirrors 3, 4 are prevented by the presence of the holding
frame 5 from being confused with each other.
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JAPANESE PATENT OFFICE

PATENT ABSTRACTS OF JAPAN

{513 Int. Gl B50R 1/06

53148552
29.11.1878

[21) Application nurmbar:
[22) Data of filing:

(54) BACK MIRROR

[57) Abstract:

FURPQEZE: To provide a back mirrar having no blind
araa and rigidity with a ready fabrication by adhering a
spherical inside transparent plate ento the limted arsa
on the inside surace of a spherical outside transparent
plata and theh traating thin gilvar film adharad ama tha
inside surfaces of the respective transparent plates.

CONSTITUTION: The outside 5 of a spherical inside
transparent plate 2 is adhared onto the lowar portion
of the inside racess surface 2 of a epherical outsida
transparent plate 1. This is adhered by a transparent
adhesive so that tha transparancy batwaan tha outzida
transparant plate 1 and tha insida tranzparant plata 3
may not be obstructed at the position of the adhersd
partion &. Sikvar thin film is formad by vacourm esvap-
otation procass or the like on tha insida surfaces of

{11] Publication nurnhat: 55076721 A
(43) Data of publication of application: 10.06.1980

(71) Applicant: NIKKEN KOGYQ KK
(72) Invancr. YANAGIHARA TAKEQ

the transparent plates 1 and 3 in thus adhered state
to thershy form mirrar treatment on the plates 1 and
3. The peripheral edges of the back palts 8 laminated
with the back of the transparent plate 1 are fixed via
edgawiza member 2 to tha transparant plate 1.

CORYRIGHT: {C)1880, JPO&.Japic

P
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1. Name of Invention
Back Mirror
2. Scope of Patent Claim

(D This is a back mirror characterized as after a smaller spherical inside plate
is adhered to a specific area inside of the larger spherical outside
transparent plate, the inner surfaces of both plates are treated with silver
thin film.

@ This back mirror is a proposal application as indicated above in scope of
patent claim (D; characterized as a spherical inside transparent plate that
is adhered onto the lower inner area of spherical outside transparent plate.

@ This back mirror is a proposal application as indicated above in scope of
patent claim O and @); characterized by spherical outside transparent
plate made of glass material and a spherical inside transparent plate made
of molded rigid acrylic material.

3. Detailed explanation of Invention

This invention is an automobile back mirror which expands the visible area
reflected in the mirror and minimizes blind areas that do not appear in the back
mirror.

In past automobile back mirrors, especially for large vehicles, there were blind
areas that did not appear in the back mirror, causing accidents where a person or
object standing in this blind area gets run over. In order to prevent such accidents,
various improvements have been made on recent back mirrors, but there were
drawbacks such as production costs being too expensive, mirrors cracking, etc.

This invention is to solve the above issues, and the intent is to attach a smaller
spherical inside plate onto a specific area inside of the larger spherical outside
transparent plate. Both inner surfaces of the plate are treated with silver thin film.
This expands the visible area in the back mirror while simultaneously removing
blind areas. Also, this back mirror is low in cost, is simple to manufacture and is also
a robust structure.

Below is the explanation of the invention along with its pictures.

@D is a spherical outside transparent plate made of glass or synthetic resin etc.
or equivalent material. Its inner recess surface @ has a curvature radius of 500mm.
@ is a spherical inside transparent plate molded from rigid acrylic material. The
inner recess surface @ has a smaller curvature radius than the spherical outside
transparent plate @), where the ideal curvature radius is about 200mm. The outer

surface @ of spherical inside transparent plate @ is adhered to the lower inside
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surface @ of spherical inside transparent plate . This is adhered by a
transparent adhesive so that the transparency between the outside transparent
plate D and the inside transparent plate @ may not be obstructed at the position
of the adhered portion ®.

With the spherical inside transparent plate (3 adhered to the inner surface @
of spherical outside transparent plate ) as mentioned above so that the
transparency is not obstructed, a silver thin film is formed by vacuum evaporation
process or the like on the inner surfaces of spherical outside transparent surface @
and spherical inside transparent surface @ and both transparent plates O and @
are mirror treated. is a back plate layered behind the spherical inside
transparent surface, and the peripheral edges of the back plate and spherical
outer transparent plate O are fixed via edgewise member ©).

According to the invention of this back mirror, the mirror of the spherical inside
transparent plate @ with a smaller curvature radius has a greater imaging area
than that of the outside mirror (. Therefore, areas that would be blind areas in
previous back mirrors are now reflected on this new mirror. Thus, when the vehicle
is in motion or turning, especially when turning left, those objects or persons in this
blind area that would cause accidents in the past will already be in the field of vision
of the driver, preventing accidents from occurring. When the inside mirror @ is
located on the lower portion of outside mirror (O so that it takes up 1/3 of its area,
previous back mirrors would only reflect within span of dotted area (arrow A) but
this invention of the back mirror would greatly expand this visible area to (arrow B)
(See picture 4).

This invention adheres the entire surface on the spherical inside transparent
plate to the inside surface of the spherical outer transparent plate, so adhesion
process is simple and extremely robust, making it a back mirror with long term
durability. Furthermore, after adhesion of the inside transparent plate to the
outside transparent plate, both inside surfaces are simultaneously treated with
silver thin film, resulting in an even-surface mirror effect. Also, since the spherical
inside transparent plate is effectively protected by the spherical outside transparent
plate, its surface is completely protected even if the spherical inside transparent
plate is made of transparent rigid acrylic material which is a relatively low cost
material fit for mass production. Furthermore, since the spherical inside mirror has
a greater image field than that of the spherical outside mirror, areas which would
have remained blind areas in previous back mirrors will now be visible to the driver,

thus, allowing prevention of accidents that in the past would occur due to these
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blind areas in the back mirror.

4. Simple Explanation of Pictures

The pictures show examples of this invention. Picture 1 shows the front view as

it is installed, picture 2 shows the vertical section, Picture 3 shows the section

of component parts, and picture 4 shows comparison of the field of vision to

current back mirrors.

O

O O o o o o

Spherical outside transparent plate
Inside recess surface of outside transparent plat
Spherical inside transparent plate

Inside recess surface of inside transparent plate

Adhesion area

Silver thin film
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DOUBLE SIDE MIRROR FOR AUTOMOBILE

Publication number: JP 14186443
Publication date:  1989-07-25

Inventor: KITSUMOTO NORIHIKO

Applicant: KITSUMOTO NORIHIKO

Classification:

- International: B60R1/06; B60R1/08; B60R1/06; B60OR1/08; (IPC1-7):
B60R1/06

- European: B6OR1/08D

Application number: JP 19880012348 19880121
Priority number(s): P19880012348 19880121

Report a data error here

Abstract of JP1186443

PURPOSE:To contribute to traffic safety by
constituting side mirrors to be arranged at the
opposite sides of an automobile with master
and stave mirrors thereby limiting dead angle
of driver. CONSTITUTION:The side mirror
comprises a master mirror 2 and a slave mirror
3, suitable for confirmation of rear and side
views of an automobile, fixed to a side mirror
frame 1 which is fixed to the body at a base
fixing section 4. Since conditions at 4 % 2
immediately rear section or side section, which
conventionally come within dead angle, can be
confirmed reliably, the side mirror contributes
to safe driving.

m—

sy
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VISION MIRROR OF VEHICLE

Publication number: JP1208245 (A)

Publication date: 1989-08-22

Inventor(s): MORIWAKE TAKUMI +

Applicant(s): MORIWAKE TAKUM! +

Classification:

- international: B60R1/06; B60R1/08; B60R1/06; B60R1/08; (IPC1-7): B60OR1/06
- European: BB0OR1/08D2

Application number: JP19880034760 19880217

Priority number(s): JP19880034760 19880217

Abstract of JP 1208245 (A)

PURPOSE:To allow safe checking of a wide field of
sight covering side fields by equipping a back vision
mirror at its side edges with a side vision mirror.
CONSTITUTION:A mirror 1 is equipped with a side
vision mirror, which is bent in the direction of
widening the mirror surface to the right edge of a
smaller back vision mirror 2 in a plane or with a
radius of curvature near plane. The mirror surface of
this side visions mirror 3 may be flat, curved, or
hyperbolic. This widens the field of sight greatly to
the side view ranges 6, compared with the
conventional arrangement which permits checking
merely the back view range 5 from the point of sight
7 of the maneuverer, that accomplishes safe
maneuvering of a vehicle.
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PAT-NO: JP362075619A

DOCUMENT-IDENTIFIER: JP 62075619 A

TITLE: GLARE-PROOF MIRROR
PUBN-DATE: April 7, 1987
INVENTOR-INFORMATION:

NAME

TOMITA, MASAAKI

ASSIGNEE-INFORMATION:
NAME COUNTRY
NIFCO INC N/A

APPL-NO: JP60217718

APPL-DATE: September 30, 1985

INT-CL (IPC): G02F001/133, B60R001/04 , G02B005/08 , GO2F001/133

US-CL-CURRENT: 359/603

ABSTRACT:

PURPOSE: To improve the uniformity of thickness of a liquid crystal of a
curved dazzleproof mirror by forming one electrode substrate with a curved hard
material and using a flexible plate-shaped body to curve the other electrode
substrate along the curved hard material.

CONSTITUTION: Since an electrode substrate 11 consisting of a flexible plate
material is curved along a curved hard electrode substrate 10 and has both ends
held, the gap between two electrode substrates 10 and 11 is kept approximately
uniform, and as the result, the thickness of a liquid crystal layer 14 is
approximately uniform throughout. Plural ball-shaped spacers 15 which consist
of a glass material and have the same particle size are scattered in the liquid
crystal to form the liquid crystal 14 with a uniform thickness throughout more
surely. ,
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CONVEX REFLECTION MIRROR

Publication number: JP62105103 (A)
Publication date: 1987-05-15

Inventor(s): MIYAKE SHINYA +

Applicant(s): MIYAKE SHINYA; YAMADA MASAHIRO; KUNO KOICHI +

Classification:

~ international: B60R1/06; G02B5/10; B60R1/06; G02B5/10; (IPC1-7); B6OR1/06; GO2B5/10
- European:

Application number: JP19850246703 19851031
Priority number(s): JP19850246703 19851031

Abstract of JP 62105103 (A)

PURPOSE:To obtain a natural reflected image
without generating a distortion by constituting a
surface area of a mirror body by dividing it into
plural spherical areas consisting of a radius of
curvature which has been set optionally in
accordance with a use purpose, and forming a ; - )
discontinuous area as a gradated area for e Sy
continuing smoothly mutual spherical areas.
CONSTITUTION:Radiuses of curvature Ra, Rb... of
spherical areas 3, 3a... of a surface area 2 of a
mirror body 1 are set optionally in accordance with a
use purpose. For instance, when it is desired to
catch as a larger image than an expanse of a visible
area in the center part, and to secure a visible area
of a wide range in the end part, the radius of
curvature Rb of the center part, and the radiuses of
curvature Ra, Rb of the end are set to as to become
large and small, respectively. Also, the spherical
area 3 of the radius of curvature Ra is set extending
over a wide range, and in an optional interval
position in the remaining area, the spherical areas
3a, 3b... of the radiuses of curvature Rb, Rc... are
set as paints, and between the points of each
spherical area 3a, 3b..., it is migrated by gradated
areas 5, 5a... whose radius of curvature is varied
continuously. In this way, an image is not distorted
excessively and a natural reflected image can be
obtained, and also a distance sense can easily be
grasped.
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"Achteruitkijkspiegel”

De uitvinding heeft betrekking op een achteruit-
kijkspiegel, in het bijzonder voor motorvoertuigen, omvattende
een vlak hoofdspiegeldeel en een hulpspiegeldeel voor het
vergroten van het gezichtsveld van de gebruiker.

Een dergelijke achteruitkijkspiegel is bekend
uit de Nederlandse ter inzage gelegde octrooiaanvrage
No. 77.11500. Bij deze bekende achteruitkijkspiegel is het
hulpspiegeldeel uitgevoerd als vlakke spiegel. Dit brengt
een aantal problemen en beperkingen met zich mee, die de
uitvinding beocogt op te lossen resp. op te heffen. Bij
juiste instelling van de bekende spiegel kan inderdaad worden
bereikt, dat het gezichtsveld van de gebruiker zodanig wordt
vergroot, dat de "dode hoek" door het hulpspiegeldeel wordt
bestreken, hetgeen de verkeersveiligheid ten goede komt.

Bij deze bekende -spiegel is evenwel een juiste instelling
van net uiterste belang, aangezien bij zelfs geringe ver-—-
stellingen het gevaar bestaét, dat de gebruiker misleid wordt
door de door hem in de spiegel waargenomen beelden. Bovendien
is het hulpspiegeldeel bij de bekende achteruitkijkspiegel
relatief klein uitgevoerd, zodat slechts zeer beperkte
informatie over de verkeerssituatie in de dode hoek wordt
verkregen. Zoals verder blijkt uit de beschrijving van de
bekende spiegel, is deze spiegel beperkt tot toepassing bij
een buitenspiegel aan de zijde van de bestuurder, en wel in
het bijzonder voor het bestrijken van de dode hoek. 7

De uitwvinding stelt zich ten doel, een achteruit-
kijkspiegel te verschaffen, die de gebruiker meer uitgebrei-
de informatie over de verkeerssituatie achter hem verschaft
en zich bovendien leent voor toepassingen, waarbij de
gebruiker gebaat kan zijn bij extra visuele informatie.

Met het cog daarop stelt de uitvinding een
achteruitkijkspiegel van het in de aanhef vermelde type
voor, die volgens de uitvinding het kenmerk vertoont, dat

het hulpspiegeldeel bol is.

7908257
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Van voordeel is die uitvoeringsvorm, waarbij het
hulpspiegeldeel is uitgevoerd als op het hoofdspiegeldeel
aanbrengbaar, los element. Op deze wijze kan een bezitter
van een reeds van een achteruitkijkspiegel voorzien Voertuig
een hulpspiegeldeel aanbrengen, zaodat hij een samengestelde
achteruitkijkspiegel verkrijgt met een hoofdspiegeldeel en
een hulpspiegeldeel.

Praktisch is die uitvoeringsvorm van een los
hulpspiegeldeel, waarbij dit hulpspiegeldeel is voorzien
van een vlakke achterplaat, waarop een klevend element is
aangebracht. Bij voorkeur is dit klevende element uitgevoerd
als dubbelzijdig klevende, veerkrachtige plaat. Dit heeft
het voordeel dat, indien door een ongeval het hoofdspiegel-
deel beschadigd raakt, het hulpspiegeldeel met redelijke
waarschijnlijkheid intact blijft, zodat de gebruiker zijn
reis zoﬁder gevaar kan voortzetten. 7 o

Verder geniet de voorkeur die uiﬁvoeringsvorm,

waarbij het hulpspiegeldeel rond is en zijn rand ‘ten minste

enigszins vloceiend aan het oppervlak van het hoofdspiegeldeel
aansluit. Deze uitvoeringsvorm is van voordeel aangezien -
daarbij, anders dan bilj de-consStructie van de bekende spiegel
volgens de Nederlandse octrociaanvrage No. 77.11500, geen
kans bestaat, dat bijvoorbeeld bij het wassen van het ’
voertuig de hulpspiegel losraakt. o
In een verdere variant is het hulpspiegeldeel
als &é&n geheel met het hoofdspiegeldeel uitgevoerd.
Bijvoorbeeld kan ée'sgiegel een &faagpléat met )
een vlak en een bol deel omvatten, op welke draagplaat een
spiegelende laag is aangebracht. Deze spiegelende laag kan
op de achterzijde van de draagplaat zijn aangebracht, waarbij .~
de draagplaat transparant is. In dit geval dient de draag-
plaat tevens als beschermlaag voor de spilegelende laag. Cok
kan de'spiegelende laag aan de voorzijde van de draagplaat
zijn aangebracht. In dat geval kan de draagplaat zijn .
uitgevoerd als geheel vlakke plaat, met een bolvormig,
verdikt deel, hetgeen de stevigheid van de plaat ten goede
komt, maar de spiegelende laag onbeschermd Iaat.4
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Een verdere variant is die, waarbij het hoofd-
spiegeldeel en het hulpspiegeldeel zijn ?itgevoerd als een
plaat met een vlak en een bol deel, het oppervliak van welke
plaat glad is. Bijvoorbeeld kan deze plaat van gepolijst
aluminium zijn.

Zoals reeds is opgemerkt, biedt de spiegel
volgens de uitvinding nog verder gaande toepassingsmogelijk-—
heden. Niet alleen de horizontale gezichtshoek van de ge-
bruiker wordt namelijk vergroot, maar ook de verticale.
Hiervan kan gebruik worden gemaakt door bijvoorbeeld een
spiegel volgens de uitvinding aan de van de gebruiker
afgewende zijde van de auto aan te brengen, waardoor hij
bijvoorbeeld bij achteruit parkeren ook lager geplaatste
obstakels, bijvoorbeeld kilometerpalen of dergelijke,
kan waarnemen. Verder kan een spiegel volgens de uitvinding
als binnenspiegel in een voertulg worden geplaatst. Op deze
wijze heeft de chauffeur steeds een goed zicht op'de in het
veoertuig achter hem plaatsvindende gebeurtenissen, bijvoor-
beeld spelende kinderen.

De uitvinding zal nu worden toegelicht aan de
hand van de bijgaande tekening. Hierin tonen:

fig. 1 een aanzicht van een uitvoeringsvoorbeeld
van een spiegel volgens de uitvinding;

fig. 2 een dwarsdoorsnede langs de lijn II-II
in fig. 1; _ '
fig. 3 een tweede uitvoeringsvorm van de spiegel

volgens de uitvinding;
fig. 4 een derde uitvoeringsvorm van de spiegel

volgens de uitvinding;

_ fig. 5 een schematisch bovenaanzicht van een
auto met een spiegel volgens de uitvinding, waarbij de
horizontale gezichtshoek vén de chauffeur is weergegeven; en

fig. 6 een schematisch zijaanzicht van een auto,

waarbij de verticale gezichtshoek van de chauffeur is

weergegeven.
Fig. 1 toont een aanzicht van een eerste uit-

voeringsvorm van een achteruitkijkspiegel volgens de uit-—

vinding. Deze spilegel omvat een vlak hoofdspiegeldeel 1 en
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een bol hulpspiegeldeel 2, welk hoofdspiegeldeel 1 is inge-
bed in een huis 3, waarvan de rand 4 in fig. 1 zichtbaar is.
Het hulpspiegeldeel 2 beslaat slechts een reiatief klein .
gedeelte van het spiegeloppervlak van het hoofdspiegeldeel

1, waardoor de normaal met een vlakke spiegel verkregen
informatie praktisch geheel behouden blijft. Door de bolle
vorm van de spiegel 2 wordt een grotere gezichtshoek verkre-
gen, een en ander zoals schematisch in fig. 1 is weergegeven
in de vorm van het in de achteruitkijkspiegel door de gebrui-
ker waargenomen beeld.

Fig. 2 toont een dwarsdoorsnede door de spiegel
volgens fig. 1 langs de lijn II-ITX. In dit uitvoeringsvoor-
beeld is de hulpspiegel 2 uitgevoerd als los op het hoofd-
spiegeldeel 1l .aangebracht element, omvattende het eigenlijke
hulpspiegeldeel 2, een hulpspiegeldeelhuis 5, bijvoorbeeld
uit aluminium, met een vlak achteroppervlak, waarop een
tweezijdig klevend, veerkrachtig element 6 is aangebracht.
Zoals uit deze figuur blijkt, is de omtreksrand van het
hulpspiegeldeelhuis 5 zodanig gevormd, dat, te zamen met het
tweezijdige kleefelement een enigszins vloeiende aansluiting
op het oppervlak van het hoofdspiegeldeel 1 wordt verkregen.

Fig. 3 toont een tweede uitvoeringsvoorbeeld van
de spiegel volgens de uitvinding, waarin het spiegelhuis niet
is weergegeven. In deze uitvoeringsvorm omvat de spiegel een
draagplaat 7,..aan de achterzijde waarvan een spiegelende
laag 8 is aangebracht. De draagplaat 7 moet in dit geval
uit transparant materiaal bestaan; de spiegelende laag 8
kan zijn uitgevoerd als reflecterende kunststof, aluminium-
folie, spiegelende kunststof of door een cpdamptechniek op
de draagplaat 7 zijn aangebracht.

Fig. 4 toont een derde'variant van de spiegel
volgens de uitwvinding, waarbij een draagplaat 9, waarvan
het achteroppervlak geheel vlak is en het wvoorvlak ten delae
vliak en ten dele bol, aan zijn voorzijde is voorzien van
een spiegelende laag 10. Deze spiegelende laag 10 kan in
principe op dezelfde wijze zijn uitgevoerd als reeds aan
de hand van fig. 3 is besproken.
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Opgemerkt wordt, dat in het uitvoeringsvoorbeeld
volgens fig. 3 de spiegelende laag 8 door de draagplaat 7
tegen beschadiging is beschermd. In het uitvoeringsvoorbeeld
volgens f£ig. 4 is dat niet het geval; de spiegelende laag
10 is derhalve bij voorkeur een weinig steviger, dikker,
uitgevoerd dan de spiegelende laag 8.

Ten overvlioede wordt opgemerkt, dat het uit-
voeringsvoorbeeld volgens de fig. 1 en 2 in die zin van de
uitvoeringsvoorbeelden volgens de fig. 3 en 4 verschilt, dat
bij de fig. 1 en 2 sprake is van een hoofdspiegeldeel met
een daarop aanbrengbaar los hulpspiegeldeel, terwijl in de
fig. 3 en 4 sprake is van een achteruitkijkspiegel, waarbij
het hoofdspiegeldeel en het hulpspiegeldeel geintegreerd
zijn uitgevoerd.

Fig. 5 toont, hoe de horizontale gezichtshoek
van een dgebruiker vergroot door toepassing van een spiegel
volgens de uitvinding. Met getrokken lijnen zijn de grenzen
van het gezichtsveld in horizontale riéhting van de gebruiker
bij gebruik van het hoofdspiegeldeel weergegeven; de onder-
broken lijnen tonen de grenzen van het gezichtsveld van de
gebruiker, indien hij in het hulpspiegeldeel kijkt. Duidelijk
is, dat geen enkele wezenlijke informatie voor de gebruiker
verloren gaat, terwijl, zelfs bij een aanzienlijke verstel-
ling van de gehele achteruitkijkspiegel, een voldocend groot
gezichtsveld overblijft. Het behoeft geen betoog, dat dit
een zeer belangrijke eigenschap is, die is verkregen door
toepassing van een bol hulpspiegeldeel volgens de uitvinding.

De in fig. 6 getekende situatie heeft betrekking
op het geval, waarin de chauffeur gebruik maakt van de
achteruitkijkspiegel volgens de uitwvinding om bijvoorbeeld
in achterwaartse richting te parkeren. Behalve de reeds aan
de hand van fig. 5 beschreven horizontale vergroting van
zijn gezichtshoek blijkt uit fig. 6 de aanzienlijke vergro-
ting van de verticale gezichtshoek, die in het bijzonder van
belang is wvoor het waarnemen van laag geplaatste cbstakels,
overstekende kinderen, of dergelijke. De getrokken lijnen
duiden, evenals in fig. 5, het gezichtsveld met het hoofd-
spiegeldeel aan, terwijl de onderbroken lijnen het gezichts-

veld van het hulpspiegeldeel weergeven.
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De uitvinding beperkt zich niet tot de beschreven
uitvoeringsvoorbeelden. Diverse wijzigingen in de onderdelen
en in hun onderlinge samenhang kunnen worden aangebracht, o
zonder dat daardoor het kader wvan de uitvinding wordt
overschreden.

Bijvoorbeeld is in de tekening slechts het geval .
aangeduid, waarbij het hulpspiegeldeel rond is uitgevoerd.
Het zal evenwel duidelijk zijn, dat elke andere gewenste
vorm ook kan worden toegepast.

' Tevens is een variant denkbaar, waarbij het
hulpspiegeldeel vloeiend, met een geleidelijke overgang
aansluit op het hoofdspiegeldeel, zodat in het hoofdspiegel-
deel en het hulpspiegeldeel geen van elkaar gescheiden
beelden worden waargenomen, maar slechts &&n beeld, dat
evenwel aan de vloeiend verlopende omtreksrand van het

hulpspiegeldeel vervormd is.
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CONCLUSIES

1. Achteruitkijkspiegel, in het bijzonder voor
motorvoertuigen, omvattende een vlak hoofdspiegeldeel en
een hulpspiegeldeel voor het vergroten van het gezichtsveld
van de gebruiker, met het kenmerk, dat het hulpspiegeldeel

bol is.
2. Achteruitkijkspiegel volgens conclusie 1,

met het kenmerk, dat het hulpspiegeldeel is uitgevoerd als
op het hoofdspiegeldeel aanbrengbaar, los element.

3. Achteruitkijkspiegel volgens conclusie 2,
met het kenmerk, dat het hulpspiegeldeel is voorzien van
een vlakke achterplaat, waarop een klevend element is

aangebracht.
4. Achteruitkijkspiegel volgens conclusie 3,

met het kenmerk, dat het klevende element is uitgevoerd

als dubbelzijdig klevende, veerkrachtige plaat.

5. Achteruitkijkspiegel volgens conclusie 3 of 4,
met het kenmerk, dat het hulpspiegeldeel rond is en ziijn
rand ten minste enigszins vloeiend aan het oppervlak van

het hoofdspiegeldeel aansluit.

6. Achteruitkijkspiegel volgens conclusie 1,
met het kenmerk, dat het hulpspiegeldeel is uitgevoerd als
&&n geheel met het hoofdspiegeldeel.

7. Achteruitkijkspiegel volgens conclusie €,
gekenmerkt door een draagplaat met een vlak en een bhol deel,

waarop een spiegelende laag is aangebracht.
8. Achteruitkijkspiegel volgens conclusie 7,
met het kenmerk, dat de draagplaat transparant is en de
spiegelende laag op de achterzijde daarvan is aangebracht.
9. Achteruitkijkspiegel volgens conclusie 7,
met het kenmerk, dat de spiegelende laag op de voorzijde
van de draagplaat is aangebracht.
10. Achteruitkijkspiegel volgens conclusie 6,
met het kenmerk, dat het hoofdspiegeldeel en het hulpspiegel-
deel zijn uitgevoerd als plaat met een vlak en een bol deel,

het opperviak wvan welke plaat glad is.
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11. Hulpspiegeldeel als omschreven in &&n der

conclusies 2, 3, 4 of 5.
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Compound Automotive Rearview Mirror

Field of Invention

The present invention relates generally to mirrors having multiple
surfaces of differing magnification and, particularly, to the application of such

mirrors as external side rearview automotive operator aides.

Background of the Invention

Originally, motor vehicles, particularly passenger cars, did not have
mirrors to assist the driver. Early in this century however, both inside and
outside mirrors were added to automotive vehicles to provide rearward and
limited lateral visibility. As the number of vehicles and driving speeds

increased, rearward visibility became ever more important.

Today, all passenger cars have a mirror centrally located inside the
vehicle. This mirror is the primary mirror. It provides a wide viewing angle,
giving an excellent view to the adjacent lanes at a distance of two or more car
lengths to the rear. However, it is deficient in that it is unable to view the
adjacent lanes at distances of less than one to two car lengths to the rear. In
an effort to eliminate this deficiency and to provide rearward visibility when the

rear window is blocked, outside mirrors were added to vehicles.

Presently, passenger cars are required by law to have a unit
magnification outside rearview mirror on the driver’s side. A unit magnification
mirror is a plane mirror which produces the same size image on the retina as
that which would be produced if the object were viewed directly from the same
distance. Furthermore, as provided in Federal Motor Vehicle Safety Standard
111 (FMVSS 111), “The mirror shall provide the driver a field of view of a level
road surface extending to the horizon from a line perpendicular to a
longitudinal plane tangent to the driver’s side of the vehicle at the widest point,

extending 8 feet out from the tangent plane 35 feet behind the driver’s eyes,
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with the seat in the rear most position.” FMVSS 111 thus effectively
determines the size of the mirror, which a manufacturer must provide. The
size will vary among different manufacture’s vehicles because of the

placement of the mirror on the vehicle with regard to the driver's seat location.

Unfortunately, outside mirrors meeting FMVSS 111 still do not provide
adequate adjacent lane visibility to view cars that are in the range of one car
length to the rear. That is, a blindzone exists where a vehicle is not visible in
either the inside mirror or the outside mirror. Even a glance over the shoulder
may not be adequate to observe a vehicle in the blindzone. For many
vehicles, the door pillar between the front and rear doors obscures the view to
the blindzone. Furthermore, this obstruction is not obvious to most drivers,
and they may assume that the “over the shoulder glance” has allowed them to

see the blindzone when in reality it has not.

Rearward vision in automobiles is mathematically described in a paper
published by the Society of Automotive Engineers (SAE) in 1995. That paper
is designated as SAE Technical Paper 950601. It is entitled, The Geometry of

Automotive Rearview Mirrors — Why Blindzones Exist and Strategies to

Overcome Them, by George Platzer, the inventor of the present invention.

That paper is hereby incorporated by reference.

A common method of overcoming the blindzone is to add a spherically
convex blindzone-viewing mirror to the required plane main mirror.
Spherically convex mirrors provide a wide field of view, but at the penalty of a
reduced image size. However, this may be acceptable if the mirror is only
used to indicate the presence of a vehicle in the blindzone and it is not used
to judge the distance or approach speed of vehicles to the rear. Simply
placing a round segment of a convex mirror on the main mirror surface, as is
commonly done with stick-on convex mirrors, does not solve the problem.
Doing so can provide a view to the rear which inciudes the blindzone, but it
will also show much of the side of the car, the sky and the road surface, which
are distracting and extraneous to the safe operation of the vehicle. Whatis

required is a convex blindzone-viewing mirror that shows the driver primarily

(]
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only the blindzone. In this way, if the driver sees a vehicle in the blindzone-
viewing mirror, he knows it is unsafe to move into the adjacent lane. All
extraneous and distracting information should be removed from the blindzone-
viewing mirror. Furthermore, by eliminating the irrelevant portions of the
bull's-eye mirror, the remaining portion can have a larger radius of curvature,
thereby increasing the image size for the given amount of area that is to be

allocated to the convex mirror.

Other problems with add-on mirrors are that they:

= may interfere with the requirements of FMVSS 111;

* may substantially decrease the plane main mirror viewing angle;

* interfere with cleaning, especially when there is ice on it; and

= appear as an unsightly excrescence on the main mirror. A blindzone-
viewing mirror that is provided by a car manufacturer must not appear

to be an afterthought, but rather an integral part of the mirror.

Summary of the Invention

One object of the present invention is to provide a unit magnification
main mirror, which meets the requirements of FMVSS 111 and simultaneously
provides a blindzone-viewing mirror having a magnification of less than unity

that is in application able to show an automobile driver's side blindzone.

Another object of the invention is to provide a less than unit
magnification mirror that meets the requirements of FMVSS 111 on the
passenger’s side and simultaneously provides a blindzone- viewing mirror
having a magnification of less than unity that is able to show the driver the

blindzone on the passenger’s side.

Yet another object of the invention is to provide a mirror having a
combination of two surfaces of different magnification that is not objectionable

in appearance.

(e}
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Still another object of the invention is to provide a mirror having a
combination of two surfaces of different magnification that is inexpensive and

easy to manufacture.

in a preferred embodiment of the invention, a less than unit
magnification mirror is located in the upper and outer region of a unit
magnification mirror, and it is optimized in size and orientation to provide
primarily only a view of the blindzone while leaving the region surrounding it
available to meet the requirements of FMVSS 111. The less than unit
magnification mirror is integral with the unit magnification mirror. In yet
another preferred embodiment of the invention, the unit magnification main
mirror includes means operative to selectively vary the intensity of the
reflection from the main mirror while maintaining a relatively fixed reflection

intensity characteristic of the auxiliary mirror.

Brief Description of the Drawings

In the drawings, wherein for clarity certain details may be omitted from
one or more views:

Figure 1, is a plan view of an automobile on a three-lane highway
depicting the field of view of the outside mirrors and the blindzones;

Figure 2, is a diagram showing the requirements of FMVSS 111 for the
horizontal field of view of the driver’s outside mirror;

Figure 3, is a diagram showing the requirements of FMVSS 111 for the
vertical field of view of the driver's outside mirror;

Figure 4, is an image of the road as seen in the driver’s outside mirror
showing the effect of the requirements of FMVSS 111 on the horizontal width
and the vertical height of the mirror;

Figure 5, is a perspective drawing showing how a less than unit
magnification mirror can be placed on the driver’s outside mirror to avoid
conflicting with the requirements of FMVSS 111 and yet provide a wide angle
mirror to observe the blindzone;

Figure 6, is a front view of the mirror of Figure 5;
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Figure 7, is side sectional view of the mirror of Figure 6 in the plane
along line 7-7 in the direction of the arrows showing the proper location of the
center of the sphere on which
the surface of the blindzone mirror lies, so as to produce vertical centering of
the image of a vehicle that is in the blindzone;

Figure 8, is a top sectional view of the mirror of Figure 6 in the plane
along line 8-8 looking in the direction of the arrows showing the proper
location of the center of the sphere
on which the surface of the blindzone mirror lies, so as to produce horizontal
centering of the image of a vehicle that is in the blindzone;

Figure 9, is a plan view of a two-lane highway showing a vehicle in the
right lane equipped with the mirror of Figure 5 and four positions of an
overtaking vehicle in the left fane;

Figure 10a, shows the image of an overtaking vehicle in Figure 9, in a
mirror like that of Figure 5;

Figure 10b, is like Figure 10a except that the overtaking vehicle is
farther to the rear; Figure 10c, is like Figure 10b except that the overtaking
vehicle is farther to the rear;

Figure 10d, is like Figure 10c except that the overtaking vehicle is
farther to the rear;

Figure 11, is a front view of a driver's side mirror embodying the
teachings of this invention;

Figure 12, is an enlarged top sectional view of the mirror of Figure 11
taken in the plane along line12-12 in the direction of the arrows.

Figure 13, is a top view of a circular segment of a spherical mirror;

Figure 14, is a side view of the mirror of Figure 13;

Figure 15, is a top view of the mirror of Figure 13 wherein the mirror
has been cut into square elements;

Figure 16, is a side sectional view of the mirror of Figure 15 taken in
the plane along line 16-16 locking in the direction of the arrows;

Figure 17, depicts how the mirror of Figures 15 and 16 can be
rearranged into a planar array of reflecting facets;

Figure 18, shows how light is reflected from the mirror of Figure 14;
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Figure 19, shows how light reflected from the mirror of Figure 17
simulates the reflections from the mirror of Figure 14;

Figure 20, shows a mirror alternatively embodying the teachings of the
invention;

Figure 21, is an enlarged side sectional view of the mirror of Figure 20
taken in the plane along line 21-21 and locking in the direction of the arrows;

Figure 22, is a diagram comparing a directly reflected ray from a front
surface mirror to a refracted ray from a second surface mirror;

Figure 23, is a diagram comparing the radius of curvature of a front
surface mirror to the radius of curvature of a second surface mirror;

Figure 24, shows another embodiment of a mirror using the teachings
of the invention;

Figure 25, shows an enlarged top sectional view of the mirror of Figure
24 in the plane along line 25-25 looking in the direction of the arrows;

Figure 26, shows yet another embodiment of a mirror employing the
teachings of the invention;

Figure 27, is an enlarged top sectional view of the mirror of Figure 26 in
the plane along line 27-27 looking in the direction of the arrows;

Figure 28, shows still another embodiment of a mirror employing the
teachings of the invention;

Figure 29, is an enlarged top sectional view of the mirror of Figure 28 in
the plane along line 29-29 and looking in the direction of the arrows;

Figure 30, shows another embodiment of a mirror using the teachings
of the invention;

Figure 31, is an enlarged top sectional view of the mirror of Figure 30
taken in the plane along line 31-31 looking in the direction of the arrows;

Figure 32, shows yet another mirror embodying the teachings of this
invention;

Figure 33, is an enlarged top sectional view of the mirror of Figure 32
taken in the plane along line 33-33 and looking in the direction of the arrows;

Figure 34, shows another mirror incorporating the teachings of the
invention;

Figure 35, shows still another mirror incorporating the teachings of the

invention;
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Figure 386, is a front view of a prior art mirror having variable reflectivity;

Figure 37, is a top sectional view of the mirror of Figure 36 in the plane
along line 37-37 looking in the direction of the arrows;

Figure 38, is a front view of a variable reflectivity mirror embodying the
present invention;

Figure 39a, is a top sectional view of the mirror of Figure 38 in the
plane along line 39-39 looking in the direction of the arrows;

Figure 39b, shows another embodiment of a variable reflectivity mirror
employing the teachings of the present invention similar in a number of
respects to the embodiment of Figure 39a;

Figure 40, is a front view of an alternative embodiment variable
reflectivity mirror;

Figure 41, is a top sectional view of the mirror of Figure 40in the plane
along line 41-41 looking in the direction of the arrows;

Figure 42, is a front view of another alternative embodiment variable
reflectivity mirror;

Figure 43, is a top sectional view of the mirror of Figure 42 in the plane
along line 43-43 looking in the direction of the arrows;

Figure 44, is a front view of ancther alternative embodiment variable
reflectivity mirror similar in a number of respects to the embodiment of Figures
42 and 43;

Figure 45, is a top sectional view of the mirror of Figure 44 in the plane
along line 45-45 looking in the direction of the arrows;

Figure 46, is a front view of another alternative embodiment variable
reflectivity mirror;

Figure 47a, is a broken, top sectional view of the mirror of Figure 46 on
an enlarged scale in the plane along line 47-47 looking in the direction of the
arrows;

Figure 47b, shows another embodiment of a variable reflectivity mirror
similar in a number of respects to the embodiment of Figure 47a;

Figure 47¢, shows yet another embodiment of the variable reflectivity

mirror similar in a number of respects to the embodiment of Figure 47a;
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Figure 48, is a front view of ancther alternative embodiment variable
reflectivity mirror similar in a number of respecits to the embodiment of Figures
46 and 47a,;

Figure 49, is a top sectional view of the mirror of Figure 48 in the plane
along line 49-49 looking in the direction of the arrows;

Figure 50, is a front view of another alternative embodiment variable
reflectivity mirror similar in a number of respects to the embodiment of Figure
46 and 47c¢;

Figure 51, is a top sectional view of the mirror of Figure 50 in the plane
along line 51-51 looking in the directions of the arrows;

Figure 52, is a front view of yet another alternative embodiment
variable reflectivity mirror;

Figure 53, is a top sectional view of the mirror of Figure 52, in the plane
along line 53-53 Iooking in the direction of the arrows;

Figure 54, is an exploded perspective view of the mirror of Figure 52;

Figure 55 is a front view of another embodiment of a mirror employing
the teachings of this invention;

Figure 56 is an enlarged sectional view of the mirror of Figure 55 taken
along section line 56-56 in the direction of the arrows;

Figure 57 is an exploded view of a mirror assembly of the present

invention; and

Figure 58 is a cross-sectional side view of a mirror and bezel.

Detailed Description of the Preferred and Alternative Embodiments

Referring now in greater detail to the drawings, Figure 1 shows a mid-
sized passenger car 10 in the middie lane of a three-lane highway with 12-foot
wide lanes. The vehicle 10 is equipped with a driver’'s side outside mirror 12.
The driver's eyes are shown centered at point 14, from which the driver has a
field of view to the rear in the horizontal plane encompassing the acute angle
formed by lines 16 and 18. Line 20 defines the rearward limit of the driver's
peripheral vision when looking at mirror 12. Thus, the area bounded by lines
18 and 20 is a blindzone, shown crosshatched, which cannot be observed in

either the driver's direct forward vision or indirectly in the mirror.
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SAE Technical Paper 950601 describes the horizontal field of view of a
plane mirror in a mathematical equation as a function of the mirror’s
dimensions and the position of the eyes reiative to the mirror. Typically, the
angle 0 subtended by lines 16 and 18 is in the order of 15° to 20 °. Angle 6 is
given by Eq. 1, and it is,

.| weosA+D |

an” | ——— ,
A 12 2
syt 87|

6 =2t

where: w = mirror width;
D = interpupiliary distance;
S| = the longitudinal distance along the axis of the vehicle form
the driver's eyes to the center of the mirror;
St = the transverse distance perpendicular to the longitudinal
axis from the driver's eyes to the center of the mirror; and

A =Yatan ! (st/s).

As described in SAE Technical Paper 950601, the peripheral vision line
20 cannot be precisely located. It depends on the location of the drivers’ eyes
relative to the mirror 12 and several other factors. For example, Burg (Journal
of Applied Psychology, Vol.5, No. 12, 1968) has shown that the angular extent
of peripheral vision is a function of age. At age 20 it extends 88° from

straight-ahead to the side. At 70 years, this angle has dropped to 75°.

Angle ¢ in Figure 1 is the angle of the peripheral vision line 20 relative
to line 22, which is perpendicular to the longitudinal axis of vehicle 10.

Typically this angle will be in the range of 40 degrees.

Figure 2 shows the requirement imposed on the width of mirror 12 by
FMVSS 111. As previously stated, the mirror 12 must be able to show a
point, as 24, which is 244 cm (8 feet) out from a plane 26 tangent 1o the side
of the vehicle and 1067 cm (35 feet) behind the driver's eyes with the seat in
the rear most position. Point 28 is 1067 cm behind the driver’'s eyes and in
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plane 26. Points 24 and 28 are on the road surface. Angle 6 in Figure 2 is
obviously,

0=t 2] Eq.2
S, +1067

Angle 6 has a value of about 11.5° for almost any passenger car, and the
variation in 6 produced by variations in s, is a second order effect. Hence, the

width of the mirror required by FMVSS 111 can be calculated by solving
Equation 1 forw. Then,

2./s; +S§(tan§;—}—- D

w =

- Eq.3
COs /A

Angle 0 in this case is equal to 11.5°. Using values of S| =45.7cm, St =
70cm, and D = 6.4cm, w is found to be 9.4cm. This value can vary
significantly among vehicles, since in  Eq.3, S_ and St variations no longer
produce only second order effects as in Eq. 2. In practice, vehicle
manufactures will specify mirror widths in excess of the FMVSS 111

requirements to further reduce the blindzone size.

Figure 3 shows the requirements imposed on the vertical dimension of
mirror 12 by FMVSS 111. In the vertical plane, vision is monocular since the
eyes are not separated as they are in the horizontal plane. SAE Technical
Paper 950601 shows that for monocuiar vision, the interpupillary distance D

drops out of Equation 1, so that it becomes,

9= 2ran{ﬂ—ﬂ“—} . EqQ.4

2w!Sf+S$

Then,
AT o
S, + 87 tan7

w= = . Eq.5

cosA

10
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In Figure 3, h is the height in cm of mirror 12 above the ground, and it can
vary significantly from a sports car to a sedan to a van. Angle 6y is the angle
that determines what the vertical dimension, wy, of mirror 12 must be, in
conjunction with the distance of the eye from the mirror. Angle 6y replaces
angle 0 in Equation 5 when calculating the vertical dimension of the mirror.

Applying Equation 5 to the required vertical dimension of the mirror, w, ,

. 8,
2.8, + 50 tanT‘
w, = = Eq.6
! CosA,

where: S, = vertical distance in the vertical plane from the eye to the

mirror;

v = Y2 tan (Sv/Sy); and

Ov=tan™ 1
S, +1067

Substituting measured values of h, S;, and Sy from one mid-size passenger

car gave a value for w, of 6.4cm.

The FMVSS 111 requirement for the vertical dimension of the mirror is
only a minimum, and it does not provide a satisfactory mirror. Drivers usually
set their mirrors so that if the car is on a straight and level road, the horizon
will be in about the center of the mirror. This means that if point 24 is to be
visible with the horizon centered, the mirror should be about 12.7cm high.
Most passenger car mirrors are not this large vertically, and are closer to

10.2cm to 11.4cm. However, the requirements of the standard are met.

Figure 4 shows mirror 12 adjusted so that the horizon 30 lies at its
center. Point 24 is shown in the lower left-hand corner. Alsc shown is point
28 in the right-hand corner. Line 32 represents the dashed yellow lane
marker between the two left lanes. Line 34 represents the left edge of the left

lane. Lines 32 and 34 converge at infinity on the horizon. The mirror has

11
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been adjusted so that point 28 is just visible, i.e. rotating the mirror farther

outward would make point 28 disappear from view.

As previously mentioned, a mirror constructed to just meet the
requirement in its horizontal field of view would have an excessively large
blindzone. This could be remedied by providing an auxiliary biindzone-
viewing mirror of less than unit magnification with a wide field of view, located
such that it does not interfere with line 34. Such an auxiliary mirror 36 is
shown in Figure 5 attached to a plane main viewing mirror 40. Mirror 36 is a
spherically convex mirror having dimensions and an orientation such that its
field of view encompasses the region in Figure 1 between lines 18 and 38.
Mirror 36 can be made small enough so that is does not excessively encrocach
on the plane area of the main viewing mirror 40 above line 34. For example, if
mirror 40 is 10 cm wide, mirror 36 could easily be 4.4 X 4.4 cm square. Using
4.4 cm as the horizontal dimension for mirror 38, the radius of curvature
required to encompass the blindzone can be calculated from another equation
in SAE Technical Paper 950601. There it is shown that the field of view of a

convex mirror is,

6=2 2tan’1;—1;+ tan™ %\/_A-;ZDW Eq.7

< 28, 50|
All of the variables in Equation 7 are the same as Equation 1 except forr,
which is the radius of curvature of the convex mirror. Angle 6 in Equation 7 is
to be taken as the angle between lines 18 and 38 in Figure 1. Line 38 is seen
to extend from mirror 12 and intersect the peripheral vision line 20 in the
center of the adjacent lane. The angle between lines 18 and 38 is about 25°.
Using w=4.5cm, S = 46.0cm, St=61.0cm and D = 6.4cm, r calculates out
to be 29.9cm. Selection of 25° as the blindzone width is partially subjective.
It involves the choice of the peripheral vision angle, the positioning of the
mirror and an estimate of how much of the geometrically defined blindzone

must be included to assure that a driver is able to see a vehicie in the
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blindzone. In general a radius of curvature in the range of 20cm to 35cm will
be satisfactory depending upon the vehicle.

A key factor in the shaping and positioning of the blindzone-
viewing mirror is the required location of the center of the sphere from which
the segment is taken. A vehicle in the blindzone should appear centered in
the auxiliary blindzone-viewing mirror. Figures 6, 7 and 8 comprise a
geometric orthographic projection showing the proper orientation of a
spherically convex mirror segment 36 relative to a plane mirror 40. A radius
42 and an arc 44 of the sphere from which segment 36 is taken, must pass
through the center 46 of the face of segment 36. The location of the center of
the sphere must be specified so that centering of the image of a vehicle in the

blindzone will occur.

As previously stated, most drivers adjust their mirrors so that if
they were on a straight and level road, the horizon would be approximately
centered in the mirror. Vertical centering of an image in the blindzone-viewing
mirror 36 then requires that the image of the horizon pass through center 46
of mirror 36. This simply requires that radius 42 lie in a plane perpendicular to
plane mirror 40, and that the plane also pass through center point 46, as
shown in Figure 7.

Horizontal centering of the view of the blindzone in mirror 36
requires that radius 42 be located such that it passes through center 46 of
mirror 36 and also falls along line 48 in Figure 1 which bisects the acute angle
formed by lines 18 and 38. The actual position of radius line 42 in Figure 8
relative to the vehicle is dependent upon how the driver has positioned the
mirror relative to the vehicle. However, the position of line 42 relative to line
50 in Figure 8 is constant. If the driver is instructed to position the plane
mirror so that the side of the car is just visible, the position of line 42 is then
effectively constant relative to the side of the vehicle, and the blindzone view

is effectively centered about line 48 in Figure 1.

13
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The field of view in the plane main viewing mirror is 6 degrees wide
as shown in Figure 1. If the driver so chooses, he or she could readjust the
main viewing mirror so angle 6 straddles line 48. Then, the plane mirror view
would be centered on the blindzone. Many drivers actually set their mirrors
this way to view the blindzone. Since the angle of reflection is equal to the
angle of incidence, rotating the field of view outward by say 30°, would require
rotating the mirror outward by 15°. Hence, to make the plane mirror look into
the center of the blindzone requires that it be rotated by 1/2 of the angle
between line 48 and line 52, where line 52 bisects angle 6. Again selecting
the blindzone width as 25°, and using a value of 15° for 6, the field of view
would have to be rotated 2 (25° +15% = 20°. This would require rotating the

mirror 10° to look into the center of the blindzone with the plane mirror.

The same reasoning applies to the convex blindzone-viewing mirror.
If radius 42 were perpendicutar to the surface of plane mirror 40, the field of
view of the convex mirror would be centered about line 52 in Figure 1. But we
want the spherical mirror’s field of view to be centered about line 48 when the
plane mirror is adjusted to just see the side of the vehicle. Therefore in Figure
8, line 42 should be at an angle of 10° to line 50. The exact angle chosen will
be dependent upon the vehicle and the assumptions made for the position of
line 48 in Figure 1.

The criteria required to size, place and orient the less than unit
magnification auxiliary blindzone-viewing mirror have now been established.
Using these criteria will provide a mirror which conforms with FMVSS 111,
centers the image of a vehicle in the blindzone in the less than unit
magnification mirror, and optimizes the image size for the space allocated to
the less than unit magnification mirror. Mirror 36 in Figure 5 may be
visualized as a spherically convex bul’'s-eye mirror wherein all extraneous
portions of the bull’s-eye have been removed, leaving only that portion which
will show a vehicle in the blindzone. When driving with a mirror so configured,
a vehicle overtaking on the driver’s side will be seen in the main viewing

mirror when the vehicle is to the rear of the blindzone. As the vehicie

14
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approaches, it appears to slide outwardly off of main viewing mirror 40 and
onto blindzone-viewing mirror 36. Figure 9 shows an overtaking vehicle at
various distances behind vehicle 10 of Figure 1. Figures 10a, 10b, 10c and
10d show the position of the image of the overtaking vehicle on mirror 12 in
Figure 9. Note that a small portion of the left rear fender of vehicle 10 is seen
in the lower right-hand corner of the plane main mirror. Figure 10d shows the
image of the overtaking vehicle at a position 11d in Figure 2 about 12 car
lengths to the rear of vehicle 10. Figure 10c shows the image of the vehicle
at a position 11c about 3.5 car lengths to the rear. Figure 10b shows the
image of the vehicle at position 11b about 1.25 car length back, and it is seen
mostly in the plane main viewing portion of the mirror, but partially in the
auxiliary blindzone-viewing portion. Figure 10a shows the image of the
overtaking vehicle in position 11a, which is entirely in the blindzone, and it is
seen that the image is entirely in the blindzone-viewing mirror. Thus, the
image of the approaching vehicle moves from inside to outside across the
mirror, and this is one reason why the auxiliary mirror is placed in the upper
and outer quadrant of the rearview mirror. Placing it on the inner quadrant
would disturb the apparent flow of the image of the overtaking vehicle as it

moves across the main mirror from inside to outside.

Next, various ways of implementing the combination of the main
viewing mirror and the blindzone-viewing mirror will be shown. One simple
way is to adhere a glass or plastic segment of a spherically convex mirror to
the plane mirror as shown in Figure 5. However, the stick-on mirror is
objectionable in its appearance, its vulnerability to damage, and its
interference with cleaning the mirror. It would be highly desirable to reduce its
protrusion above the surface of the main mirror. One way of doing this is
shown in Figures 11 and 12. Figure 11 is a front view of a plane mirror 54 to
which an auxiliary blindzone-viewing mirror 56 has been adhered. Mirror 56 is
a planar array of small square refiecting facets that simulate the reflection
from a segment of a spherically convex mirror such as the auxiliary blindzone-
viewing mirror 36 in Figure 5. As will be shown, the planar array of reflecting
facets provides a very thin mirror compared to the spherically convex mirror it

simulates. Figure 12 is an enlarged top sectional view of mirrors 54 and 56
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taken along section line 12-12 in Figure 11. Figure 12 shows that the facets
are progressively more canted relative to the plane surface of mirror 54 in
moving from right to left across mirror 56. For clarity, the facets in Figures 11
and 12 are shown larger than they really are. While sixty-four facets are
shown, a practical mirror will have several hundred facets, and with that many
facets the mirror may be as thin as 0.5 mm.

Figures 13 to 17 show the concept of creating a planar array of
reflecting facets, which will perform the function of a spherically convex mirror.
Figure 13 is plan view of a spherically convex mirror 58 of the familiar bull’s-
eye type having a radius r. Figure 14 is a side view of mirror 58 showing how
it is a solid segment of a sphere of radius R. The surface of mirror 58 is highly
polished and has a reflective coating. In Figure 15, the mirror of Figure 13 is
cut into an array of squares by an imaginary infinitely thin knife. All of the cuts
are perpendicular to the base 60 of mirror 58, as shown in Figure 16, which is
a sectional side view of Figure 15 taken along section line 16-16. Only one
material is present in the cross-section, so crosshatching is not used since

this would make the drawing confusing.

Next, imagine that we take the mirror of Figure 15, which is now cut up
into an array of square rods, turn it upside down, and let the reflecting ends all
drop to the same plane surface. Then the rods are adhered together is some
manner at the end opposite the polished end so that the reflecting facets stay
in the same plane. Now the array may be turned back over to give the planar
array of facets of Figure 17. In this array of facets, the highest point of each
facet is located on a reference plane 62. Notice that the slope of each facet in
Figure 17 has the slope of each corresponding segment in Figure 16. Figures
18 and 19 correspond with Figures 14 and 17 redrawn to show that the
convex mirror and the planar array of facets reflect light in the same way.
Parallel light rays reflecting off of corresponding points on the two mirrors
reflect in the same direction. For example, ray 64 reflects off of point 66 as
ray 68, and ray 70 reflects off of point 72 on the facet as ray 74, which is
parallel to ray 68. Likewise, rays 76 and 82 reflect off of points 78 and 84 as
parallel rays 80 and 86.
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The planar array shown in Figure 17 is derived from convex mirror 15
that was cut up into squares. However, the facets do not all need to be
squares of the same size, or for that matter, even be square. A factorin
determining the size of a square is the depth of the facet below line 62 in
Fig.17. This depth determines the practical thickness of an array that can be
formed in a thin sheet of plastic. For example, if the maximum depth of a
facet at the perimeter of the convex mirror is say 1.0mm, an injection molding
incorporating the facet should be at least 2.0mm thick. Thus, the planar array
shown in Figure 19 could be 2.0mm thick with a facet depth of 1.0mm. Noting
in Fig.17 that the depth of a facet when the squares are all the same size,
varies directly with the distance from the center of the mirror, it is obvious that
a square starting at the center of the mirror can be much larger before its
depth equals that of a square farther away from the center. In fact, it is seen
that about three squares in Fig. 19 are required to produce the depth of the
outer square if the individual depths of the first three are added up. While the
square size depicted in Fig.15 is not intended to be a practical size, the fact
that the squares closer to the center can be larger than the squares farther

from the center is verified.

The advantage of using larger squares where possible is that the
image quality is better with fewer squares, i.e., the mirror does not have to be
divided up into as many pieces to simulate the convex mirror. Also, larger
squares have less ability to produce discernable diffraction effects. Finally,
the fewer the number of squares required to simulate the convex mirror, the
easier it is to build the mold to form the mirror.

The depth of any given facet below line 16 in Fig.17 is easily

determined. Line 60 in Fig.16 is the chord of arc 58. The distance, d, along
the convex mirror axis from the center of the mirror to the chord is:

d= R{l - cos(sin - %H ) Eqg. 8
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where R = radius of curvature of the convex mirror(see Fig.14)
¢ = the distance along the chord from the mirror axis to the

point where the facet depth is to be determined.

Or, solving Eq.8 for c:

-

|
¢ = Rsin cosl(l —%ﬂ . Eq.8

Now let’s construct a mirror having different sized squares, but formed
so that they all have the same depth. Let's select the depth of the facets as
1.0mm and the radius of curvature of the mirror as 180mm. We will calculate
the distance along the chord, starting at the center of the mirror, and going out
from the center in both directions, for successive squares, each having a
depth of 1.0mm. The table below shows the result of this calculation, and
Figures 16a and 17a, which are like Figures 16 and 17, pictorially show the

size of the required

d,mm | C,mm (Cn-Cn-1),mm
1 19 19
2 27 8
3 33
4 38 5
5 42 4
8 46 4

squares along a diameter. Off of the horizontal or vertical axis, the squares
cannot be placed precisely to maintain a depth of 1.0mm. A slight variation of
the depth will not matter. Figure 15a shows an array of squares comprised of
elements that differ from each other in steps of ¥ of the previous square’s
dimension, e.g., the largest square is 20mm square, the next is 10mm, then

5mm and finally 2.5mm. This dimensioning is desirable to allow the elements
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to fit together. Again, the depth of the elements will not all be 1.0mm, but
exactness is not required.

The array of Fig. 15a is made by the process described for making
the array of Figure 17. Square metal rods are assembled in a frame, and the
ends are machined and polished as group to a convex shape. Then, the
frame is slightly loosened and the machined rod ends are all pushed to the
same plane, and the frame is tightened. This array can be used in several

ways to make a tool to duplicate the array in a transparent material.

Figure 15a also shows another way to make a planar array, but
with circular array elements. First, a solid cylinder is machined for the center
element. Then, a group of hollow cylinders are machined to overlap each
other with a slight clearance. These cylinders are then pinned at one end and
machined and polished on the other end to form a convex surface. The
cylinders are then unpinned, the machined end is pushed to the same plane
and the cylinders are repinned. Again, this array becomes the basis of a

forming tool.

Mirror 58 in Figure 18 and the planar array of Figure 19 would
correspond exactly if the number of facets could be made infinite. With finite
dimensions, there will be some distortion, and the array pattern will be
discernible. However, a very good approximation is produced with facets that

are in the order of 0.5mm to 1.5mm square.

The planar array of facets shown in Figure 19 simulates the convex
bull’'s-eye mirror of Figure 14. Any portion of convex bull’'s-eye mirror 58 may
be simulated by a planar array of facets. For example, the convex mirror 36
of Figure 5, which is actually a portion of a bull’s-eye mirror, is easily

represented by a planar array.

To show the principal of the planar array of reflecting facets, a
convex mirror was imagined being cut up into square elements with an

infinitely thin knife. Of course this cannot be done in the real world, but there
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are practical ways of fabricating such an array. One way is to assemble a
group of square steel wires held together by a frame. The wires may be, for
example, 3cm or so long and .75mm square. One end of the assembly is
machined to the desired convex shape and then polished to a mirror finish.
Next, the pressure on the frame is released just enough to be able to push the
machined and polished ends to same plane. The assembly may be re-
secured by a variety of methods. Such an assembly can be used in a plastic
injection mold to replicate the surface, or it might be used to press the pattern
into a plastic or glass surface. The surface of the replica is then coated with a
reflective metal by one of several common methods such as sputtering,

vacuum deposition or chemical deposition.

The choice of material used for the square wires depends upon the
application. For short run injection molding, aluminum wire could be used.

For greater durability in an injection mold, hard steel or nickel is required.

The assembly just described was machined to a convex shape.
Any replication in another surface formed by the assembly is the negative of
the machined surface. That is, looking directly at the pressed or molded
surface produced by a convex surface would appear as a concave surface.
However, if the pattern is pressed into a thin sheet of transparent plastic or
glass and the pattern is viewed through the glass or plastic, it appears as a

convex mirror.

Depending upon whether a first surface convex mirror (the reflective
coating is on the front or first surface) is desired, or if a second surface
convex mirror (the reflective coating is on the back or second surface) is
desired, determines if the rod assembly is machined convex or concave.
Obviously, a tool used to form a convex mirror on a first surface mirror should
be machined concave. Likewise, a tool used to form a mirror appearing

convex in a second surface mirror should be machined convex.

While the planar array just described used square facets, other

arrays of facets may be used. For example, the facets may be rectangles,
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parallelepipeds, rings and even irregular random shapes as described by
Blom in U.S. Patent 4,674,850. Part of the method used to make a Fresnel
lens could be used tc make a convex mirror. Fresnel lenses are made by
machining very narrow concentric rings in a soft metal with a special diamond
tool. The surface of each ring is slightly canted relative to the plane of the
lens. As the rings progress outward from the center, the cant angle
increases. Atthe center the cant angle is zero, and at the outer edge of the
lens the cant angle may be for example 30°. A section through the center of a
Fresnel lens will look like the section of Figure 17. The machined rings are
used to press the ring pattern into a transparent plastic. The surface can then
be converted to a mirror by applying a reflective coating to it. As with the
planar array of square facets, the mirror 36 which is a portion of a bull’s-eye
mirror, may be simulated by using a portion of a Fresnel bull’s-eye pattern.
That is, the mirror 36 could be simulated by segments of concentric circular

rings.

While the rings of a Fresnel lens are evenly spaced and a fraction of
a millimeter apart, the rings do not have to be evenly spaced or close
together. A circular array of rings can be made by the process just described
for making an array of square facets, but instead of using a bundle of square

rods, a bundle of concentric cylinders is used.

Having developed the concept of the planar array of reflecting
facets, various ways of using such an array will be shown. While arrays of
squares are shown in these examples, it should be understood that any
suitable type of array might be used. Figure 11 has already shown a planar
array 56 adhered to mirror 54. The array in this case is molded or pressed
into a thin plate of a thermoplastic material. The thermoplastic plate can be
quite thin. The thickness depends on the number of facets per square
centimeter. Referring to Figure 19, it is obvious that if more facets are used to
simulate the convex mirror of Figure 16, the depth of the facets will decrease.
For exampie, with facets that are 0.75mm square, the maximum depth of the

edge facets will be in the range of .05mm. Thus, array mirror element 56 in
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Figure 12 can have a thickness in the range of 0.5mm thick and still provide

adequate material in which to form the .05mm deep facets.

Figure 20 is a front view of a plane main viewing mirror 88 to which
an auxiliary blindzone-viewing mirror 90 has been adhered. Mirror 90 in this
embodiment is a thin second surface planar array of reflecting facets as
opposed to the first surface planar array of Figure 11. Figure 21 is an
enlarged top sectional view of mirrors 88 and 90 taken along the section line
indicated by 21-21 in Figure 20. Here, the material of array mirror 90 must be
transparent, being glass or plastic. If a plastic is used, it should be one of the
optical grades plastics, e.g.: an acrylic such as Lucite manufactured by E.I. du
Pont; a polycarbonate such as Lexan manufactured by General Electric; or a
cyclic olefin copolymer such as Topas manufactured by the Ticona division of
Hoechst. The facets formed in the thin plate of mirror 90 have a reflective
metal coating 92 applied to them. Also, if mirror 90 is implemented in a plastic
material, its plane first surface may be protected by an optically transparent
abrasion resistant coating such as a siloxane. Several companies including
G. E. Silicones (Waterford, NY) and Dow Chemical Co (Midiand, Ml)
manufacture siloxanes used as transparent hardcoats on plastics. This
embodiment has the advantage of protecting the faceted surface and its

reflective coating.

Any second surface faceted mirror will produce additional deviation
of an incident ray of light due to the fact that the front surface of the glass or
plastic and the reflecting second surface of the material are not parallel. In
fact, the glass or plastic between the front and back surfaces form a prism.
As is well known, a prism produces a deviation of an incident ray which is
proportional to the prism angle and the index of refraction of the material of
which the prism is composed. Thus, the deviation of a ray caused by a
second surface faceted mirror varies from facet to facet, and it is necessary
compensate the mirror for this deviation by changing the prism angles relative
1o the flat front surface.

b2
9
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If the faceted second surface mirror of Figure 21 is to have the
same field of view as the first surface mirrors of Figures 5,6,7,8 and 12, it can
be shown that 1o a first approximation, its element’s angles should correspond
to those of a convex mirror similar to that of Figure 5, except that radius 42 in
Figures 7 and 8 should be greater by a factor of u, the index of refraction of
the glass or plastic, and the angle  between lines 42 and 50 in Figure 8
should be less by a factor of 1/u. This results from the fact that the angle of a
second surface facet mirror element relative to the plane of the front surface
of the thin plate in which the faceted mirror has been formed must be less
than the angle of a corresponding element on a first surface faceted mirror
due to refraction. Figure 22 shows why this is so. Here, a line 94 represents
the edge a plane parallel to the plane of the unity gain mirror {o which the
faceted mirror is adhered. Line 96 is a first surface mirror element at an angle
a to line 94, and line 98 is a second surface mirror element at an angie o' to
line 94. Line 100 represents a ray of light that reflects off of surface 96,
becoming ray 102 going to an observer's eye. Line 100 is at an angle y to the
perpendicular to line 94. Line 102 is at an angle ¢ to the perpendicular to line
94. Knowing that the sum of the angles in a triangle is 180°, it is seen that for

the first surface mirror,

a:y—(o_ Eq.9

For the second surface mirror, the region between lines 94 and 98 is a
refracting medium having an index of refraction n. Ray 100 is refracted at line
94 such that the angle of refraction,y’, is related to incident angle y by the

familiar equation,

Rt N Eq.10
siny
Solving for y’,
y':sin-‘[ﬂ]. Eq.11
7

23

SMR USA
Exhibit 1009
Page 0479



10

15

20

25

WO 01/81956 PCT/US01/13283

The refracted ray reflects off of surface 98, and at line 94 again
undergoes refraction, emerging along line 102. In leaving the refractive
medium at line 94, the ray bends away from the perpendicular to line 94, so
that,

¢  =sin” sme Eqg.12
u
Again using the geometry of triangles, it can be shown that
o =L "? ;4"’ , Eq.13

Substituting Eg. 11 and 12 into Eq. 13,

i ing )
Oc'=l sin” Smy}—sinl M;‘ . Eq.14
2 M u

/

Using the power series expansion for the arcsine and sine, and assuming vy

o=l Lﬂ};i{u)zz. Eq.15
2{p p)opl 2 u

Hence, to a first approximation, the angle of a given facet on a second

and ¢ are small,

surface mirror is reduced by a factor of 1/u compared to a corresponding facet

on a first surface mirror.

Since the angle of each facet on a second surface mirror is reduced by
a factor of 1/u, this obviously increases the spherical radius of the second
surface mirror as compared to the first surface mirror. In fact, we can guess
that the radius is increased by a factor of u, but to verify this, let’s return to
Figure 8 and examine the top view of mirror 36 repeated in Figure 23. Arc 44
includes the surface of the front surface spherical mirror 36 in Figure 8. That
sphere is centered at point 104 and it has a radius indicated by line 42. Line

42 is at an angle B to line 50, which is perpendicular to mirror 40. If a second
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surface mirror is to produce the same view as mirror 36, B must be reduced by
a factor of 1/u since radii 42 and 110 are respectively perpendicular to arcs 44
and 112 at point 46, and the lines tangent to arcs 44 and 112 at point 46 are
related by Eqg. 15. Hence, the radius 110 of the sphere generating the second
surface mirror must be at an angle p/u to line 50, and its center 108 must lie
on line 114 for arc 112 to pass through point 46 in the direction of line 110.
Second surface 106 must be interpreted in view of second surface 134 in
Figure 31. In Figure 23, a refracting medium is not shown in front of surface
106 since the drawing would then become confusing. Since spherical arcs 44
and 112 both pass through point 46, and both spheres are symmetrical about
axis 114, then

d=RsinB=R'sinE, Eqg.18
u
where: d = the distance between line 50 and line 114;

R = radius 42 of first surface mirror 36; and
R' = radius 110 of second surface mirror 106.

Solving for R,

sin B

R =R . Eq.19
sin ﬁ
u
Again using the power series approximation,
R = uR. Eq.20

Equation 17 and Equation 20 are approximations. Accurate values of o' and

R' are obtained using a computer solution.

Figures 24 and 25 show another embodiment of this invention wherein
a faceted mirror 116 is adhered to the back of a first surface plane mirror 118.
Figure 24 is a front view of mirror 118. Figure 25 is an enlarged top sectional
view of mirrors 116 and 118 taken along section line 25-25 in Figure 24.
Since mirror 118 is a first surface mirror having a reflective Coating 120 on the
front surface, the metallization in front of mirror 116 must be removed for

mirror 116 to be visible from the front. Thus, a window 122 in the
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metallization is provided for this purpose. The faceted mirror 116 is a second
surface mirror, and it is adhered to mirror 118 with a clear adhesive,
preferably having an index of refraction near that of the glass to avoid
reflections at the adhesive interface. An example of such an adhesive is an
ultraviolet cured acrylic adhesive manufactured by the Loctite Corporation of
Rocky Hill, Connecticut. This particular product is designated as their 3494
adhesive, and it has an index of refraction of 1.48. The embodiment shown in
Figures 24 and 25 provides protection for the faceted mirror and keeps the
plane mirror a first surface mirror, which is the common type of mirror in use.
The arrangement shown in Figures 24 and 25 could also be implemented with

mirror 118 being a second surface mirror.

Figures 26 and 27 are like Figures 24 and 25, and like elements are
identified with like reference numbers. The difference lies in the fact that the
adhered faceted mirror 124 has the facets formed on the inner face. Here,
care must be taken to assure that the clear adhesive is applied so that no air
is trapped between the main mirror 118 and auxiliary blindzone-viewing mirror
124 since air bubbles would interfere with the reflections seen. This
arrangement provides additional protection for the facets. It should be noted
that with this arrangement of using a clear adhesive uniformly applied
between the facets and the back surface of mirror 118, mirror 124 becomes a
second surface mirror. Additional care must be taken when designing this
mirror since the glass and the adhesive may have different indices of
refraction. Mirror 124 could also be adhered only along its perimeter, in which
case it is optically a first surface mirror in the sense that the angle of a
reflected ray is not influenced by the refraction that occurs as the ray passes
through 118.

Figures 28 and 29 are also like Figures 24 and 25, and again like
elements are denoted by like reference numbers. The difference here is that
the faceted blindzone-viewing mirror has been replaced by solid clear plastic
element 126 having a spherically concave rear face with a reflective coating
128. It is also adhered to the main viewing mirror 118 with a transparent

adhesive, again having an index of refraction near that of the glass and the
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plastic to minimize reflections at the plane of the adhesive. Mirror surface128
is viewed through window 122 where it is séen as a spherically convex mirror.
The advantage of this embodiment is that use of the planar array can be
avoided in those applications where there is adequate space behind the main
viewing mirror 118 to accommodate the volume of element 126 without

interfering with the mirror positioning mechanism.

Figures 30 and 31 show a rearview mirror 130 formed in a
transparent material wherein a concave portion is molded integrally with a
plane portion. The entire back surface of mirror 130 is coated with reflective
material so that mirror 130 is a second surface mirror. Figure 30 is a front
view of mirror 130. Area 132 is the region in which concave portion 134 is
visible. Figure 31 is an enlarged top sectional view of mirror 130 taken along
section line 31-31 in Figure 30. In Figure 30, concave surface 134 appears as
a segment of a spherical convex mirror lying in region 132 when viewed from
the front. Second surface 136 appears as a plane mirror when mirror 130 is
viewed from the front. The advantage of this embodiment is that the use of

adhesives is avoided, and it is a single component.

Figures 32 and 33 depict a mirror 138 having a faceted blindzone-
viewing portion 140 formed integrally with a plane main viewing portion. The
entire back surface of mirror 138 has a reflective coating 142, making it a
second surface mirror. Figure 32 is a front view of mirror 138, showing
faceted portion 140 and plane portion 144. Figure 33 is an enlarged top
sectional view of mirror 138 taken along the section line indicated by 33-33.
Faceted portion 140 is formed in the material of which mirror 138 is made.
Mirror 138 may be plastic or glass. It may be a molding, or the facets may be
pressed into sheet stock. If the material of 138 is a plastic, the front surface
may be protected with a hardcoat as previously described. The advantage of
this embodiment is that it requires no additional space, and the current mirror
glass can be directly replaced with mirror 138. '

Preferably, the faceted portion 140 in Figure 32 should have as high

a reflectivity as possible, being coated with aluminum or silver. Since the
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blindzone-viewing portion is a second surface mirror, the first surface will have
a reflection of about 4%, which will be faintly visible over the reflection from
the blindzone-viewing portion. The two refiections are in different directions,
and are of different magnifications. By Keeping the reflection from the less
than unit magnification mirror as high as possible, the reflection from the first
surface is less noticeable. This applies to any of the embodiments utilizing a

second surface blindzone-viewing mirror.

Figure 34 shows a truck type of mirror incorporating some of the
principles described above. Most truck mirrors are taller than they are wide
as indicated in Figure 34. Many of these mirrors use a large bull's-eye convex
mirror attached at the lower end to increase the horizontal field of view so that
the blindzone may be seen. Figure 34 shows a convex faceted mirror 146 on
the lower end of a main unit magnification mirror 148. Mirror 146 has been
optimized to view primarily the blindzone. Any of the methods described
above may be used to form the mirror of Figure 34.

The passenger’s side outside mirror is also subject to restrictions
imposed by FMVSS 111. Because that mirror is so far away from the driver,
the field of view of a unit magnification mirror of the same size as the mirror
on the driver’s side would be only about 10°. This would result in a very large
blindzone on the passenger’s side. For this reason, FMVSS 111 allows a
convex mirror having a wider field of view to be used. This of course reduces
the size of the images seen in the mirror. FMVSS 111 says that the radius of
curvature used on passenger’s side mirrors “shall be not less than 34 inches
and not more than 65 inches.” It also requires that the mirror be inscribed
with the statement, “Objects in Mirror are Closer Than They Appear.” Ata
radius of curvature of 1651 mm (65 inches), the magnification is about 0.30,
and the field of view is about 27°. A radius of curvature of 1016 mm (40
inches) is in common use. Using the largest possible radius of curvature

increases the image size, but it also increases the size of the blindzone.
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Returning to Figure 1, lines 150 and 152 define the viewing angle of
a 1651 mm radius convex mirror 154. When the driver is looking at mirror
154, the peripheral vision line is approximately shown by line 156. However,
because passengers and the vehicle structure block the driver's peripheral
vision to the road, the peripheral vision line cannot be used to define the
blindzone as on the driver’'s side. A line 158 extending from the driver's eyes
through the right rear door window is about the limit of the driver’s vision to
the rear. A blindzone then exists between lines 152 and 158, and it is shown
crosshatched. This blindzone may be removed by providing an auxiliary
blindzone-viewing mirror as in Figure 5, except that such an auxiliary mirror
must be placed in the upper right hand corner, as shown in Figure 35.

In Figure 35, a passenger’s side mirror 160 has a surface 162 that
is a spherically convex mirror having a radius of curvature falling within the
requirements of FMVSS 111, and mirror 164 is a less than unit magnification
mirror designed to view generally only the blindzone. Mirror 164 should have
a field of view encompassing the region between lines 152 and 158, and that
will require a field of view in the range of 25 to 30 degrees. If the width for
mirror 164 is to be 4.5cm with a viewing angle of 30 degrees and Sy = 140cm,

its required radius of curvature calculated from Eq. 7 is 20cm.

While being able to use the largest possible radius of curvature for
mirror 164 is an advantage, the main advantage of having a right side
blindzone-viewing mirror is that such a mirror unambiguously tells you that
you cannot change lanes if a vehicle is visible in that mirror. Without the
blindzone viewing mirror, it is necessary to try to judge the position of a
vehicle seen in a mirror which has an image size 1/3 of that in direct vision.
Mirror 160 can be implemented by any of the arrangements used on the
driver's side mirror. And obviously, main viewing mirror 162 which is also a
less than unit magnification mirror, may be implemented as a planar array of
reflecting facets, with or without the blindzone-viewing mirror. '

Figures 55 and 56 show an arrangement similar to that shown in

Figures 26 and 27, both of which show a discrete first surface planar array of
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reflecting facets adhered to the second surface of a first surface plane mirror
having a window in the first surface refiective coating through which the planar
array is viewed. Figure 55 is a front view of a first surface plane mirror 310
having a faceted mirror 312 adhered to its back surface. The faceted mirror
312 is viewed through a window 314 in the first surface reflective coating 316
on mirror 310. Figure 56 is an enlarged partial sectional view of the mirror of
Figure 55 taken along section line 56-56 in the direction of the arrows. Here it
is seen that a recess 318 is ground in the back surface of mirror 310, and
faceted mirror 312 is adhered in the recess. Again, an adhesive having an
index of refraction near that of the glass and the plastic of the discrete mirror
is used to prevent reflections at the interface of the glass and the faceted
mirror. Having the index of refraction near that of the glass also allows the
recess to be rough ground and not polished, since the adhesive will fill all of
the surface asperity making the grind marks invisible. The ground recess is
shown starting at the left edge and proceeding only far enough to accept the
size of the planar array. If the array fills the whole upper corner, the recess is
obviously ground accordingly. The advantage of providing the recess is that it
allows the faceted discrete mirror to be flush with the back surface of the
mirror. Remembering that the discrete mirror can be as thin as 0.5 mm,
removing this much from the back of a 2mm thick glass is quite feasible.
Hence, the mirror of Figures 55 and 56 can directly replace a standard mirror
without requiring any modification to the outside mirror assembly. While a thin
first surface faceted mirror is shown in Figures 55 and 56, obviously, a thin

second surface faceted mirror may also be used.

So far, all of the mirrors shown have had a constant reflectivity. Itis
also possible to use the blindzone viewing technology herein disclosed in
conjunction with the technology used to provide variable reflectivity mirrors.
Various unique combinations of the two technologies combine to provide a

new and novel category of mirrors.

Figures 36 and 37 show the generic structure of prior art variable
reflectivity mirrors. In general, such mirrors are comprised of a transparent

front plate, a rear plate which may or may not be transparent, and a chamber

30

SMR USA
Exhibit 1009
Page 0486



10

20

25

30

WO 01/81956 PCT/US01/13283

between the two plates which is sealed at their perimeter. Not shown is the
manner in which the two plates are held together and their spacing
maintained. The chamber is filled with a material that is able to effect a
change in the intensity of the reflection from such a mirror. The material may
be liquid, gel or solid. Figure 36 is a front view of such a prior art mirror 165
showing a front plate 166 and a perimeter seal 168. Figure 37 is the section
indicated by section line 37-37 in Figure 36 in the direction of the arrows. In
addition to front plate 166, a rear plate 170 is shown that has a reflective
coating 172 applied to its second surface. Perimeter seal 168 is also seen. A
chamber 174 exists between the plates. Several materials can be used to fill
chamber 174. At present the most extensively used filling is a so-called
electrochromic material. This material changes its ionization state when an
electric current is passed through it, and in this state it changes its color to a
deep bluish green. The material in this state absorbs visible light photons.
They are absorbed as light passes through the front plate and into the
electrochromic layer and again as the light passes through the rear plate,
reflects at coating 172 and exits through the electrochromic material and the
front plate 166. The density of the ionized material, and hence the intensity of
the light reflected from reflective coating 172, is controlled by the current.
Electrically conductive transparent coatings 176 and 178 are applied to the
second surface of the front plate 166 and to the first surface of the rear plate
170, respectively. Coatings 176 and 178 are required to obtain uniform
current flow through the electrochromic material. A commonly used material
for transparent electrically conductive coatings is indium tin oxide, known as
ITO. Also indicated in Figures 36 and 37 are wires 180 and 182 connected to

the ITO by methodaclogies not shown, but which are well known in the art.

in Figure 36, mirror 165 is connected electrically in-circuit with a
reflectivity control circuit 300 typically comprised of a series interconnected
activation switch 302, an electronic control circuit 304, a rear facing light
sensor 306 and an ambient light sensor 308. Control circuit 300 is in circuit
with mirror 165 via wires 180 and 182 to establish an electric current therein
and thus selectively vary the ionization state of the electrochromic material.

As the illumination from the rear and the ambient illumination vary, electronic
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control circuit 304 produces a variation in the current to the electrochromic
material thereby altering the reflectivity of the mirror in such a way as to keep
the illumination reaching the driver’s eyes below the annoyance level. A
discussion of the relationship between illumination from the rear and ambient
ilumination in automatic control of rearview mirrors is found in U. S. Patent
3,601,614 Aug. 24,1971; G.E.Platzer, Jr.

In addition to electrochromics, liquid crystals have been used.
Liquid crystals change their ability to polarize light under the influence of an
electric field, and when used with a polarizer, the intensity of light passing
through such a cell can be controlled by the electric field strength. The liquid
crystal mirror controller suffers from a low maximum reflectivity due to an
immediate 50% loss due to a polarizer. Furthermore, a loss of power puts it in
the minimum reflectivity state.

Another method for controlling reflectivity uses an electroplating
process. Here, the chamber is filled with an electrolyte containing ions such
as silver which when plated out on either inside surface of the cell produces a
reflective surface. The reflectivity is controlled by controlling the amount of
silver plated out of the electrolyte. The process is reversible, so the reflectivity
can be reduced by removing silver from the surface of the plate chosen to be
the mirror.

In the future, additional materials that change their optical
transmission in response to an applied electric field or current will probably be
discovered, and the teachings of this invention apply to any variable

reflectivity mirror.

As with the generic variable reflectivity mirror just described, none of
the following mirror configurations will show the manner in which the front and
rear plates are held together or how the spacing is maintained. The intent is
to delineate the types of mirrors that can be used in a variable reflectivity
mirror having a main viewing mirror and an auxiliary blindzone viewing mirror

and the unique relationship of the reflective surfaces used in such mirrors.
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Figures 38, 39a and 38b show two different configurations, but in a
front view they both look the same. Like elements have been given like
identification numbers. Figure 38 is a front view of a variable reflectivity mirror
184 that has a plane mirror region 186 and an auxiliary blindzone viewing
mirror 187 at the outer end (generally indicated at 189) formed by a planar
array of reflecting facets 188 simulating a convex mirror. The advantage of
this configuration is that many European and Asian drivers have become
accustomed to a mirror with an aspheric mirror at the outer end of the mirror

184, and an aspheric mirror is easily simulated by the planar array.

Figure 39a is a sectional view of Figure 38 taken aleng line 39-39 in
the direction indicated by the arrows showing one way of implementing mirror
184. Here, a planar array of reflecting facets 190 is integral with and on the
first surface of rear plate 192. Reflective coatings 194 and 195 are applied to
the second surface of the rear plate192 and to the surface of planar array 190
respectively. Transparent electrically conductive coatings 196 and 198 are
applied to the second surface of front plate 186 and to the first surface of rear
plate 192, respectively. A seal 200 between the front and rear plates 186 and
192 provide a chamber 202 which is filled with one of the electrically active
materials capable of changing the intensity of the light reflected from mirror
surface194. Note that in Figure 39a the transparent electrically conductive
coatings 196 and 198 do not extend in front of planar array 190. While the
region between the plates 186 and 192 in front of auxiliary mirror 187 is filled
with an electrically active material, a current cannot flow nor can a field exist
in that region, and for that reason the reflection from mirror 187 remains
unaffected. This is desirable since a convex mirror already has a reduced
reflectivity in comparison to a plane mirror, and as shown in SAE Paper
950601, the relative illuminance of a convex mirror is equal to the square of
the relative magnification. For example, if the relative magnification of a
convex mirror is 0.2, the relative illuminance is 0.04. Dimming such a low
magnification mirror is undesirable. If mirror 184 is very large, it is possible
that the radius of curvature simulated by planar array 188 may be large

enough to produce a relative iluminance which would make it desirable to dim
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the light reflected from planar array 188. In this case the ITO layers would be
extended to the area in front of array 190.

Figure 39b shows mirror 185 which is a variation of the mirror of
Figure 39a wherein the planar array of reflecting facets 204 is a second
surface mirror on a discrete element 206 whose first surface is adhered to the
second surface of a rear plate 208. A reflective coating 210 has been applied
to the second surface of rear plate 208 which is similar to coating 194 in
Figure 39a. Again, the reflectivity from planar array 204 may be controlled or
uncontrolied depending upon the placement of the ITO coating.

A non-dimming mirror in the configuration of Figure 38 is shown
generally at 211 in Figures 40 and 41. As in Figure 38, the planar array of
reflecting facets 220 is shown at the outer end of this mirror. A plane main
viewing mirror 212 is provided by means of second surface reflective coating
214 applied to plane plate 216. An auxiliary blindzone viewing mirror is
provided by a discrete element 218 carrying a second surface planar array of
reflecting facets 220. The first surface of element 218 is adhered to the
second surface of plate 216. Planar array 220 may simulate either a spherical
or aspherical convex mirror. The advantage of this non-dimming configuration
is that it may be desirable to retain some features of the European and Asian
mirrors as described in the discussion of Figure 38. The vast majority of
European and Asian mirrors are non-dimming, so it is desirable to be able to
provide the mirror of Figures 40 and 41. While a discrete adhered mirror is
shown in Figure 41, any of the previously described methods of providing a

planar array may be used.

For the US market, use of the blindzone mirror in the upper and
outer quadrant of a mirror is preferred for reasons previously described.
Therefore, various ways of modifying the variable reflectivity mirror to accept
an auxiliary blindzone viewing mirror in this configuration will be shown.
Figure 42 shows a variable reflectivity mirror 221 with a plane main viewing
portion 222 and a blindzone viewing portion 224 comprised of a planar array

of reflecting facets. Figure 43 is a sectional view of the mirror of Figure 42
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taken along section line 43-43 and in the direction of the arrows. A front plate
226 covers the entire area defined by the perimeter of the mirror shown in
Figure 42. A rear plate 228 is notched out to accept blindzone viewing mirror
224 which is a second surface planar array mirror formed in transparent
discrete element 230. The first surface of mirror element 230 is planar, and it
is adhered to the second surface of front plate 226. A seal 232 must now
cover the perimeter of plate 228, so it will be seen as shown in Figure 42 with
a jog around mirror element 230. A reflective coating 234 is applied to the
second surface of rear plate 228, and ITO coatings 236 and 238 are applied
to the inside surfaces of plates 226 and 228, respectively. Since mirror
element 230 is adhered to the second surface of front plate 236, there is no
electrically active material in front of the planar array, so the reflection from
the planar array does not dim. Conductive leads (not shown), such as in
Figures 36 and 37 could be used to place mirror 221 in circuit with a power

supply and controt circuit.

Figures 44 and 45 show a modification of the mirror of Figures 42
and 43 wherein a variable reflectivity mirror 239 has the planar array mirror
element 230 replaced with a solid clear element 240 having a spherically
concave rear surface with a reflective coating 242. Like elements in these
Figures are identified with like numbers. From the front, element 240 appears
as a spherically convex mirror, and as such it performs the function of
providing a wide angle view of the blindzone, as does the planar array of
Figures 42 and 43.

Figures 47a, 47b and 47c¢ show three alternative configurations
243a, 243b and 243c of a mirror depicted generically in Figure 46 and
identified as 243. All of the alternative configurations 243a, 243b and 243c
use a planar array and appear the same from the front. In Figure 48, region
244 has a magnification of unity, providing a reflection from a plane mirror.
Region 246 has a magnification of less than unity, providing a reflection from
a planar array of facets simulating a convex mirror. Also seen in Figure 46 is
seal 248 that seals in the electrically active material which dims the reflection
from the mirror. In Figures 46 through 47c¢, like elements will be identified by
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like numbers. Figures 47a, 47b and 47c¢ are enlarged sectional views taken
along section line 47-47 in the direction indicated by the arrows. All three
drawings show a front plate 250, a seal 248, a chamber 252 retfaining the
electrically active dimming material and ITO coatings 254 and 256 on the
inside surfaces of the chamber. Figure 47a has a rear plate 258 with an
integrally formed planar array 260 having a reflective coating. Planar array
260 may be made dimming or non-dimming depending upon whether or not

the ITO coating is used in the region in front of array 260.

Variable reflectivity in both region 244 and 246 of mirror 243 can be
accomplished by providing a second seal (not illustrated) around the
periphery of region 246 to define two separate chambers (such as chamber
252), each filled with electrochromic material. In addition, separate electrically
isolated ITO coatings would be provided in the front and rear plate surfaces
within the chamber co-extensively with region 246. Lastly, a separate set of
wires would interconnect the additional ITO coatings with a second reflectivity
control circuit. Thus arranged, the primary mirror and the auxiliary blindzone
viewing mirror could each have a characteristic reflectivity independent of one

another.

Figure 47b has a planar array mirror 262 formed in the second

surface of rear plate 264. Again, the array may be dimming or non-dimming.

Figure 47c uses a separate element 266 having a planar array
mirror 268 formed in its second surface. lIts first surface is adhered to the
second surface of rear plate 270. This configuration has the advantage of
allowing the use of a standard variable reflectivity mirror. However, if dimming
of the blindzone mirror is not desired, the ITO coating must not extend in front
of mirror 268. Planar arrays 260, 262 and 268 are coated with a reflective
surface as described earlier in conjunction with aforementioned embodiments

of the invention.

The mirror 271 of Figures 48 and 49 is very similar to the mirror of
Figures 46 and 47a. Again, like numbers will be used to identify like
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elements. The only difference between these mirrors is that the planar array
of reflecting facets 272 is integrally formed in the second surface of front plate
274 rather than in the first surface of the rear plate 276. In this configuration,
the planar array is non-dimming since the array is in front of the electrically
conductive material. Also, since the array is in front of the chamber, the seal
248 does not show behind the array 272 which has its second surface coated
with a reflective material. Alternatively, rear plate 276 can be provided by a
thin reflective layer deposited directly upon the rear surface of the

electrochromic layer.

Figures 50 and 51 show a mirror 275 similar to Figures 46 and 47c,
and again like numbers will be used to identify like elements. The difference
is that element 266 carrying planar array 268 has been replaced with the
concave mirror element 240 of Figure 45 which is now adhered to the second
surface of rear plate 270. This configuration is an alternate method to using

the planar array of Figure 47c.

Figures 52, 53 and 54 show yet another alternative to producing a
blindzone viewing mirror 276 with a flat front face, and in this case itis
incorporated with a variable reflectivity mirror. Figure 52 is a front view of the
mirror. It has a unity magnification region 278 and a less than unity
magnification mirror 280 for viewing primarily only the blindzone. Figure 53 is
a sectional view of the mirror 276 of Figure 52 taken along section line 53-53
in the direction of the arrows. A customarily constructed variable reflectivity
mirror is indicated by front plate 282, rear plate 284, chamber 286 containing
an electrically active material and a chamber seal 288. The upper and outer
corner of the variable reflectivity mirror is noiched out to provide space for the
blindzone viewing mirror 280. Like mirror 240 of Figures 45 and 51, mirror
280 is a segment of a second surface concave mirror. A plastic or metal case
290 supports the variable reflectivity mirror and the concave mirror in such a
manner that the first surface of mirror 280 is coplanar with the first surface of
front plate 282. Figure 54 is an exploded view of Figure 53 showing the
construction of case 290 and how the components fit into it. Case 290 has a

sidewall 292 extending around its perimeter, a back wall 294 and a shelf 296
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which matches the concave surface of mirror 280. The height of shelf 296 is
such that when the variable reflectivity mirror and mirror 280 are in place in
the case, the first surfaces of the mirrors are coplanar. These first surfaces
may be contiguous or they may be separated by a thin additional wall that
may be molded into case 290. Thus, a variable reflectivity mirror and a
blindzone viewing mirror are combined to produce a mirror with a flat front
tace. This same type of structure may be used to combine an ordinary plane
non-dimming mirror and a second surface plano-concave blindzone viewing
mirror to also have a flat front face.

If any of the mirrors shown which utilize a second surface blindzone
viewing mirror are to be used in conjunction with a passenger’s side mirror,
the first surface of the blindzone viewing mirror must be changed to a

spherical surface to match the curvature of the main viewing mirror.

The invention in its broader aspects is not limited to the specific details
shown and described, and departures may be made from such details without
departing from the principles of the invention and without sacrificing its
advantages. For example, the present invention can be applied in other
applications such as heavy off-road vehicles and the like where a clear
unobstructed wide field of view is required for safe operation, and yet the size
of the mirror must be limited.

A mirror assembly 300 utilizing a two zone mirror element 302 of the
type previously described as shown in Figure 57. Mirror assembly 300 is
made up of a mirror housing 304, a mirror position motor 306 which can be
remotely actuated by the vehicle occupant using an electrical switch within the
vehicle to position face plate 308. Face plate 308 is provided with a series of
posts 310 and a lock on lock lever 312. Posts 310 are adapted to cooperate
with a series of apertures 314 and mirror bezel 316. Mirror bezel 316 is a
plastic molding adapted to securely retain two zone mirror 302 as illustrated in
the Figure a cross-section. Bezel 316 is provided with a series of clips 318
adjacent apertures 314 and bezel 316 for engaging posts 310 on face plate
308. With clips 318 cooperating with posts 310, the lock unlock lever is
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moved to the lock or unlock position as desired to retain or release the bezel
relative to the face plate. In instances when mirror 302 is of the
electrochromic or heated variety, an electrical connector not shown in the

mirror will be coupled to electrical connector 320 within housing 304.
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What is claimed is:

1. A mirror for automotive rearview application comprising a main
viewing outside mirror and an auxiliary blindzone viewing mirror, said auxiliary
blindzone viewing mirror defining a reflective surface comprised of a planar
array of reflecting facets simulating a convex mirror and having a radius of
curvature and a magnification less than that of said main viewing outside
mirror, wherein said auxiliary blindzone viewing mirror is located generally in
an upper and outer quadrant of said main viewing outside mirror, and said
radius of curvature of said auxiliary blindzone viewing mirror lies in a plane
generally perpendicular to said main viewing outside mirror, and said plane
passes through the center point of said auxiliary blindzone viewing mirror so
that its viewing angle primarily encompasses the region between the outer
limit of the viewing angle of said main viewing outside mirror and the rearward

limit of the driver’s peripheral vision when said driver is looking at said mirror.

2. The mirror of claim 1 wherein said main viewing mirror having a first
surface and a second surface, said second surface incorporating a recess in
which said blindzone viewing mirror is adhered such that said blindzone

viewing mirror is flush with the second surface of said main viewing mirror.

3. The mirror of claim 2, wherein said auxiliary blindzone viewing mirror

is located generally in an upper and outer quadrant of said mirror.

4. The mirror of claim 1 further comprising a reflective layer and an
electrochronic layer oriented forward of the reflective layer for selectively

varying the intensity of the reflection from at least a portion of said mirror.

5. The mirror of claim 3, wherein said main viewing outside mirror and

said auxiliary blindzone-viewing mirror are both first surface mirrors.
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6. The mirror of claim 3, wherein said main viewing outside mirror is a
first surface mirror and said auxiliary blindzone-viewing mirror is a second

surface mirror.

7. The mirror of claim 3, wherein said main viewing outside mirror and

said auxiliary blindzone-viewing mirror are both second surface mirrors.

8. The mirror of claim 3, wherein said auxiliary blindzone-viewing mirror

is a separate element attached to said main viewing outside mirror.

9. The mirror of claim 3, wherein said main viewing outside mirror and

said auxiliary blindzone-viewing mirror are an integral structure.

10. The mirror of claim 9 wherein said mirror is protected with an
optically transparent hardcoat.

11. The mirror of claim 3, wherein said reflecting facets are formed in

an optically transparent material.

12. The mirror of claim 3, wherein said reflecting facets are squares
lying in a plane generally parallel the main viewing outside mirror and each

square being a segment of convex mirror.

13. The mirror of claim 12, wherein the facet squares have sides
dimensioned in the range of 1.5 mm to 0.5 mm.

14. The mirror of claim 3, wherein said reflecting facets are segments
of concentric circular rings.
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15. The mirror of claim 14, wherein the width of said rings is in the

range 1.5 mm to 0.2mm.

16. The mirror of claim 3, wherein the characteristic reflectivity of said
auxiliary blindzone-viewing mirror is greater than the characteristic reflectivity

of said main viewing outside mirror.

17. The mirror of claim 3, wherein said main viewing outside mirror is a
first surface mirror and said auxiliary blindzone-viewing mirror is attached to a
back surface of said main viewing outside mirror, said auxiliary blindzone-
viewing mirror, in application, being viewed through a region of said main

viewing outside mirror which is devoid of reflective material.

18. A mirror for automotive rearview application comprising:

a main viewing outside mirror and an auxiliary blindzone-viewing mirror,
said auxiliary blindzone viewing mirror , said auxiliary blindzone-viewing mirror
defining a segment of a convex mirror having a radius of a curvature and a
magnification less than that of said main viewing mirror and located behind a
first surface of said main viewing outside mirror, wherein said auxiliary
blindzone viewing mirror is located generally in an upper and outer quadrant
of said main viewing outside mirror, and said radius of curvature of said
auxiliary blindzone viewing mirror lies in a plane generally perpendicular to
said main viewing outside mirror, and said plane passes through the center
point of said auxiliary blindzone viewing mirror so that its viewing angle
primarily encompasses the region between the outer limit of the viewing angle
of said main viewing outside mirror and the rearward limit of the driver’s

peripheral vision when said driver is looking at said mirror.

19. The mirror of claim 18, wherein said main viewing mirror is a first
surface mirror and said auxiliary blindzone viewing mirror is attached to a

back surface of said main viewing mirror and, in application, viewed through a
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region of said main viewing outside mirror which is devoid of reflective

material.

20. The mirror of claim 18, wherein said auxiliary blindzone-viewing

mirror is a second surface mirror.

21. The mirror of claim 18, wherein said main viewing outside mirror

and said auxiliary blindzone-viewing mirror are an integral structure.

22. The mirror of claim 18, wherein said main viewing outside mirror

and said auxiliary blindzone-viewing mirror are both second surface mirrors.

23. The mirror of claim 18, wherein the characteristic reflectivity of said
auxiliary blindzone-viewing mirror is greater than the characteristic reflectivity

of said main viewing outside mirror.

24. An auxiliary blindzone-viewing mirror for attachment to an
automotive outside rearview mirror wherein said blindzone viewing mirror is
comprised of a thin plate in which a planar array of reflecting facets has been
formed, said planar array of reflecting facets simulating a convex mirror
wherein said auxiliary blindzone viewing mirror is located generally in an
upper and outer quadrant of said main viewing outside mirror, and said radius
of curvature of said auxiliary blindzone viewing mirror lies in a plane generally
perpendicular to said main viewing outside mirror, and said plane passes
through the center point of said auxiliary blindzone viewing mirror so that its
viewing angle primarily encompasses the region between the outer limit of the
viewing angle of said main viewing outside mirror and the rearward limit of the

driver’s peripheral vision when said driver is looking at said mirror.
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25. The mirror of claim 24, wherein said thin plate is optically
transparent and said planar array is formed in the second surface of said thin
plate, and said thin plate is adhesively attached to said outside rearview

mirror.

26. The mirror of claim 24, wherein said thin plate comprises a

thermoplastic material.

27. The mirror of claim 25, wherein the front surface of said thin plate is

protected with an optically transparent abrasion resistant coating.

28. A mirror adapted for automotive rearview application comprising a
main viewing mirror and an auxiliary mirror, said auxiliary mirror defining a
reflective surface comprised of a planar array of reflecting facets simulating a
convex mirror and having a characteristic magnification less than that of said
main viewing mirror, said auxiliary mirror being shaped and positioned for
viewing primarily a vehicle in the vehicle blindzone, said mirror having means
for selectively varying the intensity of the reflection from at least a portion of
said mirror, and said means for selectively varying the intensity of the
reflection comprising an electrically modifiable medium intermediate a
transparent front plate and a rear plate such that the intensity of the reflection
from said mirror varies in response to an electrical signal applied to

conductive coatings on said front plate and said rear plate.

29. The mirror of claim 28, wherein said planar array of reflecting

facets is defined by the second surface of said front plate.

30. The mirror of claim 28, wherein said planar array of reflecting

facets is defined by the first surface of said rear plate.

31. The mirror of claim 28, wherein said planar array of reflecting

facets is defined by the second surface of said rear plate.
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32. The mirror of claim 28, wherein said planar array of reflecting
facets comprises a discrete second surface mirror, and the first surface of
said discrete second surface mirror is adhered to the second surface of said

front plate.

33. The mirror of claim 28, wherein said planar array of reflecting
facets comprises a thin discrete mirror, and the second surface of said front
plate incorporates a recess in which said thin discrete mirror is adhered such
that the second surface of said thin discrete mirror is flush with the second

surface of said front plate.

34. The mirror of claim 28, wherein said planar array of reflecting
facets is a discrete second surface mirror adhered to the first surface of said
second plate and the first surface of said discrete second surface mirror is

coplanar with the first surface of said front plate.

35. The mirror of claim 28, wherein said planar array of reflecting
facets comprises a thin discrete mirror, and the first surface of said rear plate
incorporates a recess in which said thin discrete mirror is adhered such that
the first surface of said thin discrete mirror is approximately flush with the first

surface of said rear plate.

36. The mirror of claim 28, wherein said planar array of reflecting
facets comprises a discrete second surface mirror adhered to the second

surface of said rear plate.

37. The mirror of claim 28, wherein said planar array of reflecting
facets comprises a discrete first surface mirror adhered to the second surface

of said rear plate.

38. The mirror of claim 28, wherein said electrically conductive coating
is selectively deposited to avoid changing the intensity of the reflected light

from said planar array of reflecting facets.
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39. A mirror adapted for automotive rearview application comprising a

main viewing mirror and an auxiliary mirror, said auxiliary mirror defining a
transparent solid element having a first surface and a concave reflective
second surface appearing as a segment of a convex mirror when viewed from
the first surface and having a characteristic magnification less than that of
said main viewing mirror, said auxiliary mirror being shaped and positioned for
viewing primarily a vehicle in the vehicle blindzone, and said mirror having
means for selectively varying the intensity of the reflection from at least a

portion of said mirror.

40. The mirror of claim 39, wherein said auxiliary mirror is located

generally in the upper and outer quadrant of said mirror.

41. The mirror of claim 39, wherein said main viewing mirror and said
auxiliary mirror are both retained in a retaining frame such that the first
surface of said auxiliary mirror is retained coplanar with the first surface of

said front plate.

42. The mirror of claim 39, wherein the first surface of said main
viewing mirror and the first surface of said auxiliary mirror both have the same
radius of curvature and are retained in a retaining frame such that the first
surface of said auxiliary mirror is tangent to the first surface of said main

viewing mirror.

43. A mirror adapted for automotive rearview application comprising a
main viewing mirror and an auxiliary mirror, said auxiliary mirror defining a
transparent solid element having a first surface and a concave reflective
second surface appearing as a segment of convex mirror when viewed from
the first surface and having a characteristic magnification less than that of
said main viewing mirror, said auxiliary mirror being shaped and positioned for
viewing primarily a vehicle in the vehicle blindzone, said mirror having means
for selectively varying the intensity of the refiection from at least a portion of

said mirror, and said means for selectively varying the intensity of the
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reflection is comprised of an electrically modifiable medium intermediate a
transparent front plate and a rear plate such that the intensity of the reflection
from said mirror varies in response to an electrical signal applied to electrically

conductive coatings on said front plate and said rear plate.

44. The mirror of claim 43, wherein the first surface of said auxiliary

mirror is adhered to the second surface of said front plate.

45. The mirror of claim 43, wherein the first surface of said auxiliary

mirror segment is adhered to the second surface of said rear plate.

46. The mirror of claim 43, wherein said electrically conductive coating
is selectively deposited to avoid changing the intensity of the reflected light

from said auxiliary mirror.

47. A mirror adapted for automotive rearview application comprising a
main viewing mirror and an auxiliary blindzone viewing mirror having a
magnification less than that of said main viewing mirror wherein said auxiliary
blindzone viewing mirror is located at an outer end of said mirror, said
auxiliary blindzone viewing mirror being comprised of a planar array of
reflecting facets.

48. The mirror of claim 47, wherein said planar array of reflecting

facets simulates a convex mirror.

49. The mirror of claim 47, wherein said planar array of reflecting

facets simulates an aspheric convex mirror.

50. A mirror adapted for automotive rearview application comprising a
main viewing mirror and an auxiliary mirror, said auxiliary mirror defining a
transparent solid element having a first surface and a concave reflective
second surface appearing as a segment of a convex mirror when viewed from
the first surface and having a characteristic magnification less than that of

said main viewing mirror, said auxiliary mirror being shaped and positioned for
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viewing primarily a vehicle in the vehicle blindzone, and said main viewing
mirror and said auxiliary mirror are both retained in a retaining frame such that
the first surface of said auxiliary mirror is retained tangent with the first

surface of said main viewing mirror.

51. A mirror adapted for automotive rearview application comprising a
first exterior viewing portion characterized by a first refiectivity characteristic
and a second exterior viewing surface portion characterized by a second

reflectivity characteristic.

52. The mirror of claim 51 wherein said viewing surface portions have

different magnification characteristics.

53. The mirror of claim 51, wherein said first reflectivity characteristic is
relatively fixed and said second reflectivity characteristic is selectively

variable.

54. The mirror of claim 51, wherein both of said reflectivity

characteristics are variable, independently of one another.

55. An automotive outside rearview mirror assembly comprising;
a housing adapted to be affixed to the exterior of a vehicle
having an enclosed chamber with a rearwardly facing opening;
a mirror adjustment mechanism mounted within the housing
enclosed chamber and provided with a remotely positionable face
plate; and

a mirror element affixed to the face plate, said mirror element
comprising a main viewing outside mirror and an auxiliary blindzone
viewing mirror, said auxiliary blindzone viewing mirror defining a
reflective surface comprised of a planar array of refiecting facets
simulating a convex mirror and having a radius of curvature and a
magnification less than that of said main viewing outside mirror,

wherein said auxiliary blindzone viewing mirror is located generally in
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an upper and outer quadrant of said main viewing outside mirror, and
said radius of curvature of said auxiliary blindzone viewing mirror lies in
a plane generally perpendicular to said main viewing outside mirror,
and said plane passes through the center point of said auxiliary
blindzone viewing mirror so that its viewing angle primarily
encompasses the region between the outer limit of the viewing angle of
said main viewing outside mirror and the rearward limit of the driver's

peripheral vision when said driver is looking at said mirror.
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PATENT
DONO01 FP-1109 (PCT)
Express Mail No. EV327021890US

MIRROR REFLECTIVE ELEMENT ASSEMBLY
CROSS REFERENCE TO RELATED APPLICATIONS

The present application claims priority of U.S. provisional applications, Ser.
No. 60/412,275, filed Sep. 20, 2002 by McCabe for ELECTROCHROMIC MIRROR
ASSEMBLY (Attorney Docket DONO1 P-1011); Ser. No. 60/424,116, filed Nov. 5, 2002 by
McCabe for ELECTROCHROMIC MIRROR ASSEMBLY (Attorney Docket DONO1 P-
1045); and Ser. No. 60/489,816, filed Jul. 24, 2003 by McCabe for ELECTROCHROMIC
MIRROR ASSEMBLY (Attorney Docket DONQ1 P-1099), which are all hereby
incorporated herein by reference in their entireties.

FIELD OF THE INVENTION

The present invention relates to a mirror reflective element assembly for a

vehicle, such as an electro-optic mirror reflective element assembly, such as an
electrochromic interior or exterior rearview mirror reflective element assembly, and, more
particularly, to a rearview mirror reflective element assembly which provides transmission of
display information or illumination or radiant energy through the reflective element of the
mirror reflective element assembly, while providing sufficient reflectance of the reflective
element. Aspects of the present invention are equally applicable to interior and exterior
mirror reflective element assemblies, as well as to prismatic mirror reflective element
assemblies or other mirror reflective element assemblies having a single glass substrate.

BACKGROUND OF THE INVENTION

Variable reflectivity mirror assemblies, such as electrochromic mirror
assemblies are known and are widely implemented in vehicles. The reflective element of the
mirror assemblies often include two substrates or glass elements. The back or outer surface
of the second substrate (commonly referred to as the "fourth surface" of the reflective
element) may include a silvered coating to provide reflectance of an image. In embodiments
where the mirror assembly may include a display, a window may be formed, such as by sand
blasting, laser etching or the like, through the silvered coating, such that display information
may be transmitted through the window for viewing by the driver. The window provides a
highly transmissive, generally spectrally neutral window for the display. However, the

window defines an area of the reflective element that no longer has the reflective coating,
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such that reflectivity is lost in the window area. Therefore, the size and the qumlﬁty of
displays that can be provided at the mirror reflective element is limited.

It is known to provide a metallic reflective layer on an inward surface of the
second substrate of the electrochromic reflective element (commonly known in the art as a
"third surface" of the reflective element), such as disclosed in U.S. Pat. No. 3,280,701, which
is hereby incorporated herein by reference. An electrochromic medium may be positioned
between the metallic layer and a transparent electrically conductive layer on the inward
surface of the first substrate (i.e., the "second surface" of the reflective element). However,
there are concerns with the electrochromic medium of such mirror assemblies contacting the
metallic layer, since chemical and/or electro-chemical attack on the metallic layer may result
in corrosion of the metallic layer.

As disclosed in U.S. Pat. No. 5,724,187, which is hereby incorporated herein
by reference, a metallic conductive layer may be disposed on the third surface, with a
protective layer, such as a transparent semi-conductive layer of indium tin oxide, disposed on
the metallic layer. The electrochromic medium is then positioned between the protective
layer and a conductive layer on the inward surface of the first substrate. It is preferable for
such designs to include an adhesion layer, such as a second transparent semi-conductive
layer, such as indium tin oxide, or another metallic layer, between the metallic layer and the
inward surface of the second substrate, in order to enhance adhesion of the metallic layer to
the second substrate.

In electrochromic mirror assemblies which include a display that may transmit
through the substrates of the reflective element, the metallic layer or coating must be thin
enough to be transmissive to allow viewing of the display through the metallic coating. Itis
known to provide a thinner metallic coating in a display area to provide increased
transmissivity (but with a consequently reduced reflectivity) only in the display area or areas
of the reflective element, such as disclosed in U.S. Pat. No. 6,356,376, which is hereby
incorporated herein by reference. However, such designs have layers or coatings that are
relatively thin (often less than 150A or thereabouts in thickness) and so any variation in
metallic layer thickness may lead to a significant variation in light transmission through such
thin metallic coatings. Thus, such significantly thin metallic coatings or layers may have a
substantially low variability tolerance for the thickness and may require a substantially
uniform thickness coating, in order to provide the desired results. Such tolerances and

uniformity may be difficult to achieve through sputter coating or other coating processes

2.
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typically used in the manufacture of such reflective elements. Therefore, such significantly
thin metallic coatings may be difficult and costly to manufacture.

An example of a known electrochromic reflective element is shown in FIG. 1.
The reflective element includes an electrochromic (EC) medium layer and a metallic
reflective layer sandwiched between conductive layers at the front and rear glass substrates.
A display is positioned at a rear surface of the rear substrate (the fourth surface of the
reflective element). The display emits light through the substrates and layers therebetween so
as to be viewable by a person viewing the first surface of the reflective element. Such known
reflective elements provide little or no spectrally selective transmission characteristics of
visible light, as can be seen with reference to FIG. 1A (which shows the transmissivity of the
ITO and silver layers at the rear substrate versus the wavelength of the radiant energy), and
may be subject to chemical/electrochemical corrosion through contact with the EC medium.

Sometimes it is desired to have an illumination source and/or a camera or
imaging device or sensor at an interior rearview mirror assembly for illuminating and/or
capturing images of the interior cabin of the vehicle, such as part of a cabin monitoring
system, a driver alertness/drowsiness detection system, an intrusion detection system, a seat
occupancy detection system and/or the like. The illumination sources and imaging device, if
provided at the interior rearview mirror assembly, are typically positioned around the bezel,
chin or eyebrow portion of the mirror casing or at a pod or module associated with the mirror
assembly or elsewhere in the vehicle. The illumination sources and imaging device cannot
typically be positioned within the mirror casing due to the difficulties encountered in
projecting light or illumination through the reflective element to the cabin and allowing light
from within the cabin to pass through the reflective element to the imaging device.
Typically, such transmissivity of light, even of infrared or near infrared light, through the
reflective element may not be achieved utilizing reflective coatings that comprise a metallic
layer, such as a thin silver or silver alloy or aluminum or aluminum alloy layer or the like. In
such applications, the infrared or near infrared light emitted by the illumination source may
reflect back into the cavity of the mirror casing, such that a desired amount of light may not
reach the cabin and such that the imaging device may be adversely affected by the reflectant
light.

Therefore, there is a need in the art for an electrochromic mirror assembly

which provides sufficient reflectivity and sufficient transmissivity to allow for transmission

3-
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of display information or illumination through the reflective element, and which overcomes
the above disadvantages and shortcomings of the prior art.
SUMMARY OF THE INVENTION

The present invention provides an interior or exterior rearview mirror

assembly that has a mirror reflective element that may be spectrally tuned to substantially
transmit light having a particular wavelength or range of wavelengths, while substantially
reflecting other light. The mirror reflective element may comprise a third surface reflective
element having a particular combination or stack of at least partially conductive layers (such
as semi-conductive layers formed of at least partially conducting inorganic oxides, such as
doped or undoped indium oxide, doped or undoped tin oxide, doped or undoped zinc oxide,
doped or undoped nickel oxide, and/or doped or undoped tungsten oxide or the like) and
metallic layer(s) at the third surface. The mirror assembly is suitable for including a display
element which emits and transmits viewable information through the reflective element of the
mirror assembly. More particularly, the mirror assembly of the present invention is suitable
for including a display on demand (DOD) type of display. The mirror assembly of the
present invention provides a particular combination of reflector design or designs suitable for
a display on demand type of display which are economical and which match and/or make
most beneficial use of a particular light emitting display element and color thereof. The
present invention thus provides a spectrally selective transmission of visible light
characteristic to the reflective element of the mirror assembly, while maintaining a
substantially non-spectrally selective, substantially untinted reflectant characteristic, and
while maintaining a relatively high photopic reflectance, such as greater than approximately
60% photopic reflectivity, more preferably greater than approximately 70% photopic
reflectivity, and most preferably greater than approximately 80% photopic reflectivity. The
spectrally selective transmissivity of the reflective element may thus be selected or tuned to
optimize transmission of a particular spectral band or range of light wavelengths at least
primarily emitted by the display element.

According to an aspect of the present invention, a mirror assembly for a
vehicle comprises a mirror element including at least one substrate having a forward surface
facing towards a viewer of the mirror assembly and a rearward surface facing away from a
viewer of the mirror assembly. The mirror element comprises at least one substantially
reflective metallic layer sandwiched between a respective pair of substantially transparent

non-metallic layers. Each of the substantially transparent non-metallic layers and the

4
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substantially reflective metallic layer have a selected refractive index and a selected physical
thickness such that the reflective element is selectively spectrally tuned to substantially
transmit at least one preselected spectral band of radiant energy therethrough while
substantially reflecting other radiant energy. A radiant energy emitting element is disposed at
or near the rearward surface of the at least one substrate. The radiant energy emitting
element is operable to emit radiant energy towards the rearward surface and through the
mirror element. The radiant energy emitting element is operable to emit radiant energy with
a peak intensity within the at least one preselected spectral band.

Optionally, the at least one preselected spectral band may comprise a
preselected band of visible light, while the radiant energy emitting element may be operable
to emit visible radiant energy or light with a peak intensity within the preselected spectral
band of visible light. The radiant energy emitting element thus may provide a display on
demand type of display for viewing of displayed or emitted information through the reflective
element.

Optionally, the at least one preselected spectral band may comprise first and
second preselected bands of radiant energy, while the radiant energy emitting element
comprises first and second radiant energy emitting elements. The first radiant energy
emitting element may be operable to emit radiant energy with a peak intensity within the first
preselected spectral band of radiant energy and the second radiant energy emitting element
may be operable to emit visible radiant energy with a peak intensity within the second
preselected spectral band of radiant energy.

Optionally, the at least one preselected spectral band may comprise a
preselected band of near infrared radiant energy, while the radiant energy emitting element
may be operable to emit near infrared radiant energy with a peak intensity within the
preselected spectral band of near infrared radiant energy. The mirror assembly may include
an imaging sensor at or near the rear surface that may be sensitive to near infrared radiant
energy.

Optionally, the mirror reflective element may comprise an electro-optic or
electrochromic mirror element, and may comprise an electrochromic medium sandwiched
between a pair of substrates. The non-metallic and metallic layers may be disposed on a third
surface (the surface of the rear substrate that opposes electrochromic medium and the front

substrate).
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Optionally, the mirror reflective element may comprise a prismatic mirror
element. The alternating non-metallic and metallic layers may be disposed on a rear surface
of the prismatic element or substrate. The radiant energy emitting element may be positioned
at a rear layer of the alternating layers and operable to emit radiant energy or light through
the layers and the prismatic substrate, such that the information displayed or emitted by the
radiant energy emitting element is viewable through the prismatic reflective element by a
driver or occupant of the vehicle, while the prismatic reflective element substantially reflects
light having other wavelengths or spectral bands. The radiant energy emitting element thus
may provide a display on demand type of display to the prismatic mirror element.

According to another aspect of the present invention, an electrochromic mirror
assembly for a vehicle comprises an electrochromic mirror element comprising a first
substrate having first and second surfaces and a second substrate having third and fourth
surfaces. The first and second substrates are arranged so that the second surface opposes the
third surface with an electrochromic medium disposed therebetween. The third surface of the
second substrate comprises a transflective reflector comprising a first substantially
transparent semi-conductive non-metallic layer contacting the electrochromic medium, a
second substantially transparent semi-conductive non-metallic layer, and a substantially
reflective metallic conductive layer sandwiched between (and electrically in contact/
connection with) the first and second substantially transparent semi-conductive non-metallic
layers. When the mirror element is viewed from outside the first surface (such as by a driver
or passenger within the vehicle), the mirror element is substantially spectrally untinted (i.e., is
substantially spectrally unselective in photopic reflectivity) when no voltage is applied across
the electrochromic medium. The mirror element is at least partially spectrally selective in
transmission (i.e., is at least partially tinted for transmittant light) and exhibits a spectrally
selective transmission characteristic, which is established by the refractive indices and
physical thicknesses of the first and second substantially transparent semi-conductive non-
metallic layers and the substantially reflective metallic conductive layer. The mirror
assembly includes a light emitting or display element disposed at the fourth surface of the
second substrate which is operable to emit light having an emitted spectral characteristic
through the mirror element. The transflective reflector is configured to exhibit a spectrally
selective transmission characteristic so as to substantially transmit light having a spectral
band in regions at or near the emitted spectral characteristic and to substantially reflect other

light.
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Optionally, the second substantially transparent semi-conductive non-metallic
layer may contact the third surface of the second substrate. Optionally, the transflective
reflector may comprise two or more substantially reflective metallic conductive layers. Each
of the two or more substantially reflective metallic conductive layers may be sandwiched
between a respective pair of substantially transparent semi-conductive non-metallic layers
disposed between the electrochromic medium and the second substrate.

Optionally, the transflective reflector may substantially transmit light or
radiant energy having a spectral band in the near infrared region of the spectrum, while the
light emitting or display element may emit near infrared light or radiant energy through the
transflective reflector. The mirror assembly may include an imaging sensor at the fourth
surface that is operable to sense near infrared light.

Optionally, the transflective reflector may substantially transmit light having a
first spectral band at a first visible region of the spectrum, and may also substantially transmit
light having a second spectral band at a second visible region of the spectrum. The light
emitting or display element may emit light that has a peak intensity at or near the first visible
region, while the mirror assembly may include a second light emitting element at the fourth
surface that may emit light that has a peak intensity at or near the second visible region.

According to another aspect of the present invention, an electro-optic mirror
assembly, such as an electrochromic mirror assembly, for a vehicle comprises an
electrochromic mirror element comprising a first substrate having first and second surfaces
and a second substrate having third and fourth surfaces. The first and second substrates are
arranged so that the second surface opposes the third surface, with an electrochromic medium
disposed between the second substrate and the first substrate. The mirror element comprises
a transflective reflector at the third surface, which comprises at least one conductive metallic
reflective layer sandwiched between first and second substantially transparent semi-
conductive non-metallic layers. The first substantially transparent semi-conductive non-
metallic layer contacts the electrochromic medium. The mirror assembly includes a display
element at the fourth surface of the second substrate. A refractive index and a physical
thickness of each of the first and second substantially transparent semi-conductive non-
metallic layers and the substantially reflective metallic conductive layer are selected such that
the transflective reflector is selectively spectrally tuned to substantially transmit at least one

preselected spectral band of visible light therethrough while substantially reflecting other
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visible light. The display element is configured to emit visible light with a peak intensity
within the preselected spectral band.

According to another aspect of the present invention, a mirror assembly for a
vehicle includes a mirror element and a radiant energy emitting element. The mirror element
includes a substrate having a forward surface facing towards a viewer of the mirror assembly
and a rearward surface facing away from a viewer of the mirror assembly. The mirror
element includes at least one substantially reflective metallic layer sandwiched between a
respective pair of substantially transparent non-metallic layers disposed at the rearward
surface of the substrate. Each of the substantially transparent non-metallic layers and the
substantially reflective metallic layer having a selected refractive index and a selected
physical thickness such that the mirror element is selectively spectrally tuned to substantially
transmit at least one preselected spectral band of radiant energy therethrough while
substantially reflecting other radiant energy. The radiant energy emitting element is operable
to emit radiant energy towards the rearward surface and through the mirror element. The
radiant energy emitting element is operable to emit radiant energy with a peak intensity
within the at least one preselected spectral band.

The substrate may comprises a single substrate. The single substrate may
comprise a prismatic or wedge-shaped substrate. The radiant energy emitting element and
alternating layers thus may provide for a display on demand type of display for a prismatic
(or flat or curved) mirror assembly.

According to other aspects of the present invention, an electrochromic mirror
assembly for a vehicle includes an electrically variable mirror element. The mirror element
includes a first substrate having first and second surfaces and a second substrate having third
and fourth surfaces. The first and second substrates are arranged so that the second surface
opposes the third surface. The second substrate includes a conductive stack on the third
surface. The conductive stack may comprise a first electrically conductive or semi-
conductive layer deposited on the third surface, a reflective or metallic layer of reflective or
metallic material on the first electrically semi-conductive layer, and a second electrically
conductive or semi-conductive layer on the reflective layer. The mirror element includes an
electrochromic medium disposed between the second electrically semi-conductive layer of
the second substrate and the electrically semi-conductive coating on the second surface of the
first substrate. The thicknesses and materials of the layers are selected to provide or exhibit a

spectrally selective visible light transmission characteristic for a particular spectral band or
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range of wavelengths to provide enhanced transmissivity of the spectral band of light through
the reflective element while providing sufficient reflectivity of other light.

In one form, the electrochromic mirror assembly may include a display
element positioned at the fourth surface, wherein the display element is operable to emit light
through the mirror element for viewing by a driver of the vehicle. The thicknesses of the
particular layers of the conductive stack are selected such that the mirror element is spectrally
tuned to transmit a predetermined spectral band of light therethrough. The spectral band that
is transmittable through the mirror element may be selected to match a spectral band or range
of light wavelengths emitted by the display element, such that the mirror element is spectrally
tuned for the particular display element positioned at the fourth surface of the mirror element.

The mirror element thus may be spectrally tuned to match at least a portion of the
transmissive band or range of wavelengths of the mirror element to a particular band or range
of wavelengths of the light being emitted by the display element. In one form, the peak
transmissivity of the transmissive band of the mirror element is selected to match the peak
intensity of the spectral band emitted by the display element. The conductive stack
preferably provides at least approximately 60 percent photopic reflectance (preferably as
measured in accordance with Society of Automotive Engineers test procedure SAE J964a,
which is hereby incorporated herein by reference in its entirety), more preferably at least
approximately 70 percent photopic reflectance, and most preferably at least approximately 80
percent photopic reflectance, while providing at least approximately 10 percent transmission,
preferably at least approximately 15 percent transmission, more preferably at least
approximately 20 percent transmission, and most preferably at least approximately 30 percent
transmission, of at least a particular spectral band of light. Preferably, the physical
thicknesses of the layers are selected to limit tinting and/or color interference affects as seen
in the mirror element (i.e. to provide a neutral reflector) and to spectrally tune the mirror
element for a transmission characteristic for providing enhanced transmissivity through the
mirror element for a particular spectral band or range of wavelengths, in order to match the
transmissivity of the mirror element to the spectral band of emission of light from the display
element.

The semi-conductive layers and metallic layer of the conductive stack may be
deposited at the third surface via a sputter coating process. The present invention thus may
provide a low cost reflective element which provides for sufficient transmission of a

particular spectral band or bands of visible light and sufficient reflectance at the third surface
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of the mirror assembly (with at least 60% photopic reflectance preferred, more preferably,
with at least 70% photopic reflectance, and most preferably, with at least 75% photopic
reflectance). Preferably, the semi-conductive layers, such as indium tin oxide or the like,
sandwiching the metallic layer are 'formed of the same material. Thus, for example, a
conductive stack of alternating layers may comprise a metallic layer of silver sandwiched
between two semi-conductive layers of indium tin oxide.

According to another aspect of the present invention, an electro-optic or
electrochromic interior rearview mirror assembly comprises an electro-optic or
electrochromic mirror reflective element. The electro-optic mirror element provides a
substantially reflective mirror element having a first region having a first reflectivity and a
first transmissivity and a second region having a second reflectivity and a second
transmissivity. The electro-optic mirror element includes a display element positioned at or
behind the second region and operable to transmit light through the second region. The first
reflectivity is greater than the second reflectivity. Preferably, the second region provides at
least approximately 25% transmissivity of light from the display.

Therefore, the present invention provides a mirror reflective element, such as a
third surface reflective element or mirror element or a fourth surface reflective element or a
prismatic reflective element or the like, which is sufficiently and spectrally selectively
transmissive or spectrally tuned to allow a particular spectral range or band of light to pass
therethrough from a display at the rear surface of the mirror reflective element. The layers of
the reflective element are selected or spectrally tuned to match one or ﬁlo1'e predetermined or
selected spectral bands or ranges of wavelengths and to thus pass the predetermined spectral
bands of light therethrough, while being substantially reflective to other spectral bands or
wavelengths of light, and do not require windows or apertures formed in the reflective
metallic layer of the reflective element.

These and other objects, advantages, purposes, and features of the present
invention will become more apparent from the study of the following description taken in
conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of a conventional electrochromic mirror reflective
element;

FIG. 1A is a graphical depiction of the transmissivity of visible light of the

conventional electrochromic mirror reflective element of FIG. 1;
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FIG. 2 is a perspective view of an interior rearview mirror assembly in
accordance with the present invention;

FIG. 3 is a sectional view of the mirror assembly taken along the line III-III in
FIG. 2;

FIG. 4 is a sectional view of a second substrate and opaque conductive and
reflective layers suitable for use in the mirror assembly of FIG. 2;

FIG. 5 is a front elevation of a second substrate of a reflective element in
accordance with the present invention, with a tab-out portion to facilitate electrical
connection with the conductive layers;

TIG. 6 is a sectional view of the second substrate taken along the line VI-VI in
FIG. 5;

FIG. 7 is a perspective view of another interior rearview mirror assembly in
accordance with the present invention, with a display;

FIG. 8 is a sectional view of a reflective element of the mirror assembly taken
along the line VIII-VIII in FIG. 7;

FIG. 9 is a sectional view similar to FIG. 6 of a second substrate in accordance
with the present invention, which is suitable for use in the mirror assembly of FIG. 7, and
includes a tab-out portion to facilitate electrical connection with the conductive layers;

FIG. 10 is a sectional view of another second substrate and transmissive
conductive and reflective layer or stack in accordance with the present invention suitable for
use in a mirror assembly having a display;

FIG. 11 is another sectional view of a particular embodiment of a reflective
element of the present invention;

FIG. 11A is a graphical depiction of the transmissivity of the reflective
element of FIG. 11;

FIG. 11B is a graphical depiction of the emission spectrum of the display
element for the reflective element of FIG. 11;

FIG. 12 is a sectional view of another particular embodiment of a reflective
element of the present invention;

FIG. 12A is a graphical depiction of the transmissivity of the reflective
element of FIG. 12;

FIG. 12B is a graphical depiction of the emission spectrum of the display
element for the reflective element of FIG. 12;
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FIG. 13 is a sectional view of another particular embodiment of a reflective
element of the present invention;

FIG. 13A is a graphical depiction of the transmissivity of the reflective
element of FIG. 13;

FIG. 14 a sectional view of a particular embodiment of a double stack
reflective element of the present invention;

FIG. 14A is a graphical depiction of the transmissivity of the double stack
reflective element of FIG. 14;

FIG. 14B is a graphical depiction of the emission spectrum of the display
element for the double stack reflective element of FIG. 14;

FIG. 15 a sectional view of another particular embodiment of a double stack
reflective element of the present invention;

FIG. 15A is a graphical depiction of the transmissivity of the double stack
reflective element of FIG. 15;

FIG. 16 a sectional view of a particular embodiment of a multiple stack
reflective element of the present invention; ,

FIG. 16A is a graphical depiction of the transmissivity of the multiple stack
reflective element of FIG. 16;

FIG. 17 a sectional view of another particular embodiment of a multiple stack
reflective element of the present invention;

FIG. 17A is a graphical depiction of the transmissivity of the multiple stack
reflective element of FIG. 17;

FIG. 18 is a forward facing view of another electro-optic mirror reflective
element in accordance with of the present invention;

FIG. 19 is a sectional view of another reflective element in accordance with
the present invention, which is capable of transmitting near infrared illumination
therethrough;

FIG. 20 is a sectional view of another reflective element in accordance with
the present invention;

FIG. 21 is a sectional view of another reflective element in accordance with
the present invention;

FIG. 22 is a graphical depiction of the transmissivity of light through the cover
and rear substrate of the reflective elements of FIGS. 19-21;
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FIG. 23 is a sectional view of another reflective element in accordance with
the present invention, which is capable of transmitting near infrared illumination
therethrough;

FIG. 24 is a sectional view of another reflective element in accordance with
the present invention;

FIG. 25 is a sectional view of another reflective element in accordance with
the present invention;

FIG. 26 is a graphical depiction of the transmissivity of light through the rear
substrate and IRT stack of the reflective elements of FIGS. 23-25;

FIG. 27 is a graphical depiction of the transmissivity of light through the front
substrate and enhanced semi-conductive layers of the reflective element of FIG. 24;

FIG. 28 is a graphical depiction of the transmissivity of light through the front
substrate and enhanced semi-conductive layers of the reflective element of FIG. 25;

FIG. 29 is a sectional view of a reflective element similar to the reflective
element of FI1G. 25, with an anti-reflective stack or layers on a rear surface of the rear
substrate in accordance with the present invention;

FIG. 30 is a sectional view of another reflective element in accordance with
the present invention; and

FIG. 31 is a graphical depiction of the transmissivity of light through the rear
substrate and IRT-DOD stack of the reflective element of FIG. 30; and

FIG. 32 is a sectional view of a prismatic reflective element in accordance
with the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings and the illustrative embodiments depicted

therein, an electrochromic interior rearview mirror assembly 10 is mounted to a mounting
button 12 mounted at an interior surface of a windshield 14 of a vehicle (FIG. 2). Mirror
assembly 10 includes a housing or casing 15 and an electrochromic reflective element or
mirror element or cell 16 which has electrically variable reflectivity. Reflective element 16
includes first and second glass substrates 22, 24, and provides a third surface reflective
element, whereby the reflective coating of the reflective element 16 is deposited on the third
surface 24a of the substrates (FIG. 3). An electrochromic medium 40 and a plurality of
metallic and non-metallic conductive or semi-conductive layers 28 are disposed between the

electrochromic medium 40 and the second substrate 24. The refractive indices and physical
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thicknesses of the layers are selected to maximize transmission of a particular spectral band
of light while substantially reflecting other light to provide a desired degree of photopic
reflectance, while also providing the desired degree of conductivity across the layers.

Although shown and described herein as being implemented in an interior
rearview mirror assembly of a vehicle, the reflective element or mirror element of the present
invention is equally suitable for or applicable to other electro-optic reflective elements, or
reflective elements for exterior rearview mirror assemblies for vehicles or for other mirror
assemblies, without affecting the scope of the present invention. Also, although shown and
described as an electrochromic reflective element, aspects of the present invention may be
equally applicable to prismatic reflective elements (such as described below with respect to
FIG. 32) or to exterior reflective elements, without affecting the scope of the present
invention. Also, the mirror element of the present invention may comprise a substantially flat
element or substrate or may comprise a curved element or substrate, such as a convex
element or aspheric element or the like, without affecting the scope of the present invention.

Electrochromic reflective element 16 comprises a first or front substantially
transparent substrate 22 and a second or rear substantially transparent substrate 24 (which
may be glass substrates or the like). The first substrate 22 includes an electrically conductive
or semi-conductive layer 26, such as a tin oxide (doped or undoped) or indium tin oxide
(ITO) or any other transparent electrically semi-conductive layer or coating or the like (such
as indium cerium oxide (ICO), indium tungsten oxide (IWQ), or indium oxide (IO) layers or
the like or a zinc oxide layer or coating, or a zinc oxide coating or the like doped with
aluminum or other metallic materials, such as silver or gold or the like, or other oxides doped
with a suitable metallic material or the like), deposited on an inward surface 22a of first
substrate 22 (i.e., the second surface 22a of the reflective element 16).

Also, the first (or forward or outermost) surface 22b of front substrate 22
(exposed to the atmosphere exterior of the mirror assembly) may be optionally coated with an
anti-wetting property such as via a hydrophilic coating (or stack of coatings), such as is
disclosed in U.S. Pat. Nos. 6,193,378; 5,854,708; 6,071,606; and 6,013,372, the entire
disclosures of which are hereby incorporated by reference herein. Also, or otherwise, the
first (outermost) surface 22b of front substrate 22 may be optionally coated with an anti-
wetting property such as via a hydrophobic coating (or stack of coatings), such as is disclosed
in U.S. Pat. No. 5,724,187, the entire disclosure of which is hereby incorporated by reference

herein. Such hydrophobic property on the first/outermost surface of electrochromic mirror
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reflective elements (and on the first/outermost surface of non-electrochromic mirror, non-
electro-optical conventional reflective elements) can be achieved by a variety of means, such
as by use of organic and inorganic coatings utilizing a silicone moeity (for example, a
urethane incorporating silicone moeities) or by utilizing diamond-like carbon coatings. For
example, long-term stable water-repellent and oil-repellent ultra-hydrophobic coatings, such
as described in PCT Application Nos. W00192179 and W00162682, the entire disclosures
of which are hereby incorporated by reference herein, can be disposed on the first (outermost)
surface 22b of front substrate 22. Such ultra-hydrophobic layers comprise a nano structured
surface covered with a hydrophobic agent which is supplied by an underlying replenishment
layer (such as is described in Classen et al., "Towards a True Non-Clean' Property: Highly
Durable Ultra-Hydrophobic Coating for Optical Applications", ECC 2002 "Smart Coatings"
Proceedings, 2002, 181-190, the entire disclosure of which is hereby incorporated by
reference herein).

Second or rear substrate 24 includes at least three layers or coatings defining a
reflective and conductive layer or stack or ISI layer or stack 28 (i.e., the combination or stack
of a layer of: a semi-conducting coating, such as an ITO layer or the like; a metallic layer,
such as a layer of silver, aluminum or an alloy of silver or an alloy of aluminum or other
metal or metal alloy; and another layer of a semi-conducting coating, such as an ITO layer or
the like, as discussed below, is referred to herein as an ISI stack or layer) on an inward
surface 24a of second substrate 24 (or the third surface of the reflective element). Thus, an
ISI stack 28 comprises a metallic layer sandwiched between two semi-conducting layers
(both of which preferably are the same material, but either of which can be different from the
other). In the illustrated embodiment of FIG. 4, ISI layer 28 comprises a first semi-
conductive layer 30 disposed on inward surface 24a of second substrate 24, a second semi-
conductive layer or adhesion layer 32 disposed on semi-conductive layer 30, a metallic layer
or coating 34 disposed on semi-conductive layer 32, and a transparent semi-conductive layer
or passivation layer 36 disposed on metallic layer 34. As shown in FIGS. 3 and 4, first semi-
conductive layer 30 extends outwardly from the other ISI layers 32, 34 and 36, in order to
provide for electrical connection with bus bars 38 of mirror assembly 10. Although referred
to herein as an "ISI layer" or an "ISI stack", the conductive and reflective stack or layers of
the present invention may comprise materials or coatings other than ITO, ICO, 10, IWO
layers or coatings or the like and silver or silver alloy layers or coatings, without affecting the

scope of the present invention. For example, a semi-conducting layer of doped zinc oxide, or
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a semi-conducting layer of cadmium stannate, or a semi-conducting layer of titanium nitride
or other titanium compound or the like may be used in the stack, without affecting the scope
of the present invention.

As shown in FIG. 3, the first and second substrates 22, 24 are positioned in
spaced-apart relationship with one another with an electrochromic medium 40 disposed
between semi-conductive layer 26 and semi-conductive layer 36. The electrochromic
medium 40 changes color or darkens in response to electricity or voltage applied to or
through the semi-conductive layers 26 and 30 at either side of the electrochromic medium.
The electrochromic medium 40 disposed between the front and rear substrates 22, 24 may be
a solid polymer matrix electrochromic medium, such as is disclosed in U.S. Pat. No.
6,154,306, which is hereby incorporated by reference herein, or other suitable medium, such
as a liquid or solid medium or thin film or the like, such as the types disclosed in U.S. pat.
application, Ser. No. 09/793,002, entitled VIDEO MIRROR SYSTEMS INCORPORATING
AN ACCESSORY MODULE, filed Feb. 26, 2001 (Attorney Docket DONO1 P-869), and in
U.S. Pat. Nos. 5,668,663 and 5,724,187, the entire disclosures of which are hereby
incorporated by reference herein, without affecting the scope of the present invention. The
electrochromic mirror element may utilize the principles disclosed in commonly assigned
U.S. Pat. Nos. 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 or 4,712,879, which are hereby incorporated herein by reference, 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.
Grandquist, EDS., Optical Engineering Press, Wash. (1990), which are hereby incorporated
by reference herein, and in U.S. pat. application, Ser. No. 09/793,002, filed Feb. 26, 2001 by
Schofield et al. for VIDEO MIRROR SYSTEMS INCORPORATING AN ACCESSORY
MODULE (Attorney Docket DONO1 P-869), which is hereby incorporated herein by
reference. Reflective element 16 may also include a seal 41 positioned around the outer
portions of the layers 32, 34, 36 and the electrochromic medium 40 to seal the layers and

avoid corrosion of the metallic layer 34.

-16-

SMR USA
Exhibit 1009
Page 0544



10

15

20

25

30

WO 2004/026633 PCT/US2003/029776

During operation, a voltage may be applied to reflective element 16 via bus
bars 38 positioned around and engaging the outer edges of the semi-conductive layers 26, 30
(FIG. 3). The voltage applied by bus bars 38 is bled from semi-conductive layer 30 and
through the layers 32, 34, 36 to the electrochromic medium 40. The ISI layer 28 of the
present invention preferably provides for reduced resistance through the layers, which
provides for faster, more uniform coloration of the electrochromic medium 40, since the
electrons applied via bus bars 38 at semi-conductive layer 30 may bleed through the semi-
conductive layers 32, 36 faster due to the enhanced conductivity in the conductive layers 32,
36. Preferably, the ISI layer or stack 28 provides a sheet resistance of less than
approximately 10 ohms per square, more preferably less than approximately 5 ohms per
square, and most preferably less than approximately 2 ohms per square. Desirably, and
particularly for larger area mirrors, the sheet resistance is less than approximately 1 ohm per
square, such as in the range of approximately 0.1 to 0.7 chms per square.

In order to provide enhanced performance of the electrochromic element, each
of the layers of the ISI layer or stack has substantial conductivity and none of the layers
significantly retard electron/electrical conductivity from one layer to the other throughout the
stack, and, thus, do not impede the flow of electrons into the electrochromic (EC) medium.
In this regard, it is desirable that one or more of the metallic layers comprises a metallic
material (which is preferably a highly reflective material, such as silver or silver alloys or the
like) having a specific resistivity of preferably less than approximately 5x10 ohm.cm, more
preferably less than approximately 1x10™ ohm.cm, and most preferably less than
approximately 5x10° ohm.cm. Preferably, such a highly conductive metallic layer or layers
is/are sandwiched between two non-metallic, partially conducting layers, preferably formed
of a non-metallic material (such as a semi-conducting oxide, such as indium oxide, tungsten
oxide, tin oxide, doped tin oxide or the like) having a specific resistivity of less than
approximately 1x10? ohm.cm, more preferably less than approximately 1x10 ohm.cm, and
most preferably less than approximately 5x10 ohm.cm.

In the illustrated embodiment of FIGS. 3 and 4, first semi-conductive layer 30
is deposited on inward surface 24a of second substrate 24. The semi-conductive layer 30
may be deposited on the glass or substrate 24 via any suitable process. The particular
thickness of the conductive layer may vary depending on the particular application of
reflective element 16, as discussed below. In the illustrated embodiments of FIGS. 2-4, the

semi-conductive layer 30 need not be transparent and may comprise a chromium layer or the
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like. However, the semi-conductive layer 30 may comprise a generally transparent semi-

conductive layer of coating, such as a tin oxide layer, an indium tin oxide (ITO) layer or the
like, without affecting the scope of the present invention. In a preferred embodiment, semi-
conductive layer 30 may comprise a chromium layer on surface 24a of second substrate 24.

The transparent semi-conductive layers 32 and 36 of ISI layer 28 on second
substrate 24 may comprise non-metallic transparent electrically conducting or semi-
conducting materials, such as tin oxide, indium oxide, indium cerium oxide, indium tungsten
oxide, nickel oxide, tungsten oxide, indium tin oxide, half-wave indium tin oxide, full wave
indium tin oxide, doped tin oxides, such as antimony-doped tin oxide and fluorine-doped tin
oxide, doped zinc oxides, such as antimony-doped zinc oxide and aluminum-doped zinc
oxide, and/or the like. Both of the semi-conductive layers 32, 36 may comprise the same
type of material for ease of manufacturing, as discussed below.

Metallic layer or coating 34 comprises a thin film or layer of metal, such as
silver, aluminum, or alloys thereof, or the like, with a selected thickness to provide sufficient
reflectivity and/or transmissivity, as discussed below. The selected metallic material may
comprise silver, but may otherwise comprise a material selected from aluminum, silver
alloys, aluminum alloys (such as 6061 or 1100 aluminum alloys or the like), manganese,
chromium or thodium, or any other metallic material which is sufficiently reflective and/or
transmissive at a selected thickness. The thickness of metallic layer 34 is preferably selected
to be thick enough (such as approximately 60-100 nm or 600-1000A) to be substantially
reflective and not transmissive, such that the ISI layer 28 is substantially opaque or non-
transparent.

In a preferred embodiment, the semi-conductive layer 30 comprises indium tin
oxide (ITO) and is deposited onto surface 24a of substrate 24 via a hot deposition process,
involving, for example, sputter deposition onto a heated substrate, with the heated substrate
often being heated to a temperature of greater than about 200°C, sometimes greater than
300°C, as is known in the art. The combination of the semi-conductive layer 30 on the
substrate 24 defines a conductive substrate which may be used for various embodiments of
the present invention, as discussed below.

The semi-conductive layer 32 of ISI layer 28 may be deposited onto semi-
conductive layer 30 via a cold deposition process, such as sputter coating or the like onto an
unheated substrate. Preferably, each of the layers 32, 34, 36 of ISI layer 28 is deposited on
second substrate 24 by a sputter deposition process. More particularly, the substrate 24
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(including the semi-conductive layer 30 already deposited thereon) may be positioned in one
or more sputter deposition chambers with either planar or rotary magnetron targets, and with
deposition of the layers being achieved by either reactive deposition of an oxide coating by
sputtering from a metal target (or from a conductive, pressed oxide target) in an oxygen-rich
atmosphere, or by DC sputtering from an oxide target, such as an 10, IWO, ITO or ICO
target or the like. For example, the substrate 24 may be sputter coated with two targets in a
single chamber, such as by depositing the ITO layer 32 on semi-conductive layer 30, turning
or flipping the targets for sputter coating of the metallic layer 34, and then turning the targets
back to deposit the second ITO layer or passivation layer 36 on the metallic layer 34. With
such a process, it is important that the two ITO layers 30, 34 comprise the same conductive
material. Alternately, two targets may be positioned in a row, such that the substrate 24 is
moved from one target (for the first ITO coating) to the other (for the metallic coating) and
then back to the first (for the second ITO coating). It is further envisioned that three targets
may be positioned in a row, with each target depositing the layer in order on the substrate (in
which case it would not be as important to have the semi-conductive or ITO layers 32, 36
comprise the same material). Other processes for applying or depositing layers of conductive
material or layers and metallic material or layers may be implemented, without affecting the
scope of the present invention. In the illustrated embodiment of FIGS. 2 and 3, semi-
conductive layer 30 may be deposited or applied to substantially the entire surface 24a of
substrate 24, while the outer region or edge of semi-conductive layer 30 and substrate 24 may
be masked during the deposition process so that layers 32, 34, 36 do not cover the outer edge
of substrate 24 and semi-conductive layer 30.

Because the embodiment of the reflective element of the present invention
illustrated in FIG. 4 does not include a display on demand or other type of display
transmitting or projecting through the electrochromic reflective element, it is desirable to
have a thick metallic or silver layer 34, such as in a range of approximately 60-100 nm (600-
1000A), because the metallic layer does not have to be transmissive of any light therethrough.

It is also unnecessary for the second substrate to be transparent. However, it is desirable to
avoid tinting or color interference affects as seen in reflection from the reflector (which may
arise when stacking layers of conductive coatings and/or metallic coatings on top of one
another), because it is desirable to have a neutral or non-colored/non-tinted reflector when no

voltage is applied across the electrochromic medium.
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Optionally, the metallic layer may be absent or removed at portions, such as to
create a local window for placement therebehind of a light emitting display, such as a
compass display or PSIR display or other informational display or the like, such as a display
of the type disclosed in commonly assigned U.S. Pat. Nos. 6,222,460 an