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DIGITAL CAMERA WITH LIGHT SPLITTER

[0001] An embodiment of the invention relates to a digital camera component
having a light splitter cube that splits incident light from a camera scene into three
color components, and three image sensors each being positioned to receive a
respective one of the color components. Other embodiments are also described and

claimed.

BACKGROUND
[0002] Personal consumer electronic devices that have a small profile such as
smart phones and tablet computers have a very limited z-height or thickness (distance
in the direction of the z-axis), in which to fit an integrated digital camera module. This
is in contrast to the relatively deep housing of a dedicated handheld camcorder or high-
end digital SLR camera. The small profile, however, presents a problem in view of the
continuing trend to deliver digital pictures that have increasing resolution using larger
color pixel sensor arrays. Despite improvements in pixel density, the overall area of the
pixel array increases substantially for higher resolution sensors, e.g. 5 megapixels and
greater. This may not be a large issue if the pixel array can be oriented within the
device housing to lie within the x-y plane, i.e. perpendicular to the z-axis. However, in
that configuration the limited z-height of the device housing places a constraint on the
length of the optical subsystem, e.g. an autofocus lens, a zoom lens, which in turn limits

camera performance.

SUMMARY
[0003] An embodiment of the invention is a digital camera component that has a
light splitter cube having an entrance face to receive incident light from a camera scene.
The cube splits the incident light into three color components that emerge from the
cube through respective faces of the cube. Three image sensors are also provided,
where each sensor is positioned to receive a respective one of the color components that
emerge from the respective face of the cube. The image sensors may be clear pixel
array sensors that have no color filter array or color separation capabilities, making
them relatively inexpensive yet more accurate (due to no color interpolation or

demosaicing required). In such a color splitting architecture, the amount of light
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incident on each pixel is about three times greater than in a conventional Bayer-pattern
color filter array (CFA) sensor. Also, the color splitting cube may essentially avoid the
color-crosstalk that is typical of traditional Bayer-pattern CFA sensors.

[0004] The cube may be built using four, essentially identically dimensioned
transparent polyhedrons. In one embodiment, each of the polyhedrons has a right
isosceles triangular base, a right isosceles triangular top, and three faces joining
corresponding sides of the triangular base and top. The three faces are a hypotenuse
face, a left leg face, and a right leg face. The hypotenuse face of the first polyhedron is
the entrance face of the light splitter cube. The right leg face of the first polyhedron
adjoins the left leg face of the second polyhedron at a first dichroic interface. The first
dichroic interface reflects the third color component in the first polyhedron, and
transmits the first and second color components into the second polyhedron. The left
leg face of the first polyhedron adjoins the right leg face of the fourth polyhedron at a
second dichroic interface. The second interface reflects the first color component in the
first polyhedron, and transmits the second and third color components into the fourth
polyhedron.

[0005] The light splitter cube may be combined with a deflector that is
positioned to reflect the incident light from the camera scene, and an optical lens
system, such as a zoom lens, an autofocus lens, or a fixed focus lens, that is positioned
in the path of the deflected incident light between the deflector and the entrance face of
the light splitter cube. The deflector may be oriented to deflect the incident light by
about 90 degrees. This arrangement allows a z-height of the combination deflector,
optical lens system, light splitter cube and image sensors as a whole to be in the range
of 3mm - 9mm. In addition, the x-length of that combination may be in the range of
18mm - 32mm. Such an arrangement yields a particularly compact digital camera
module that may have not only optical zoom but also relatively high resolution (due to
not requiring demosaicing or color interpolation). Furthermore, the arrangement
enables a greater x-length, so that the incident angles of the light rays on any anti-
reflection coating or infrared filter, used in the zoom lens or other optical lens system

between the deflector and the entrance face of the cube, are reduced. This may lead to
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several benefits, including reduced color shading and reduced stray light, ghosts, and
flares.

[0006] A folding mirror can be used as the deflector. The folding mirror may be
one that can be tilted and tipped (or rolled) by a powered actuator under automatic
control, as part of an optical image stabilization (OIS) mechanism. Such an OIS
mechanism may be used instead of a conventional one that requires a moveable sensor
or a moveable lens.

[0007] The color splitting cube architecture may also be used in polarization
imaging, advantageously without “throwing away” 50% of the incident light, as would
be the case in a conventional polarization imaging technique. Use the color splitting
cube may also be advantageous in polarization sum and difference imaging in order to
improve contrast and enhance visibility of targets in scattering media and assist in
improved detection and feature extraction of targets in scattering media (e.g., imaging
through clouds, fog, smog, and rain).

[0008] Yet another application of the color splitting cube may be in combined
visible and infrared imaging. The cube may be designed so that one of its exit faces
produces one or more visible color components of the incident light from the camera
scene while suppressing the infrared component, while another one of its exit faces
suppresses visible color components but does not suppress the infrared component.
[0009] The above summary does not include an exhaustive list of every aspect of
the present invention. It is contemplated that the invention includes all systems and
methods that can be practiced from all suitable combinations of the various aspects
summarized above, as well as those disclosed in the Detailed Description below and
particularly pointed out in the claims filed with the application. Such combinations

have particular advantages not specifically recited in the above summary.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The embodiments of the invention are illustrated by way of example and
not by way of limitation in the figures of the accompanying drawings in which like
references indicate similar elements. It should be noted that references to "an" or “one”
embodiment of the invention in this disclosure are not necessarily to the same

embodiment, and they mean at least one.
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[0011] Fig. 1 is a top view through a cross-section of a light splitter, in

accordance with an embodiment of the invention.

[0012] Fig. 2 is a 3-D perspective view of a polyhedron.
[0013] Fig. 3 is a 3-D perspective view of the light splitter.
[0014] Fig. 4 shows example graphs of transmission and reflection vs.

wavelength, describing characteristics of two dichroic interfaces within the light
splitter.
[0015] Fig. 5 shows the combination of a light splitter, zoom lens and deflector

within a camera module.

[0016] Fig. 6 depicts operation of a zoom lens that has been combined with the
light splitter.
[0017] Fig. 7 is an elevation view through a cross-section of a light splitter and

image sensor combination.
[0018] Fig. 8 is a 3-D perspective view of a portable wireless communications

device in which a camera module is integrated.

DETAILED DESCRIPTION
[0019] Several embodiments of the invention with reference to the appended
drawings are now explained. Whenever the shapes, relative positions and other
aspects of the parts described in the embodiments are not clearly defined, the scope of
the invention is not limited only to the parts shown, which are meant merely for the
purpose of illustration. Also, while numerous details are set forth, it is understood that
some embodiments of the invention may be practiced without these details. In other
instances, well-known circuits, structures, and techniques have not been shown in
detail so as not to obscure the understanding of this description.
[0020] Fig. 1 is a top view through a cross-section of a light splitter 2, in
accordance with an embodiment of the invention. The light splitter 2 may be externally
dimensioned and shaped so as to define essentially a cube, as shown. Fig. 1 shows a
top view of the cube looking down into the structure, showing how incident light from
a camera scene (not shown) is received through an entrance face 6 of the cube. As
depicted by three different line shadings, the light splitter 2 acts to split the incident

light into first, second and third color components that emerge from the cube through
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respective exit faces 7, 8, 9. Any reference to “colors” or “color components” here is
understood as referring to light within a wavelength band, all of which may be in the
visible spectrum, or some of which may overlap with ultraviolet or infrared bands. For
instance, a common list of colors identifies six main bands, namely red, orange, yellow,
green, blue, and violet.

[0021] The light splitter 2 is made essentially of identically sized or dimensioned
tirst, second, third and fourth transparent polyhedrons 11, 12, 13, 14. Each of the
polyhedrons may be made of a solid piece of light transparent material such as glass or
polycarbonate. As also seen in the 3-D perspective view of Fig. 2, each of the
polyhedrons 11-14 has a right isosceles base, a right isosceles top, and three faces
joining corresponding sides of the triangular base and top. The three faces of the
polyhedron are a hypotenuse face 16, a left leg face 17, and a right leg face 18. These
dimensions yield a cube when the polyhedrons have been joined as shown in Fig. 3. As
seen in Fig. 1, the hypotenuse face 16 of the first polyhedron 11 is the entrance face 6 of
the light splitter 2.

[0022] The light splitting function of the lighter splitter 2 is achieved as follows.
Referring now to Fig. 1 and to the first polyhedron 11, the right leg face of this
polyhedron adjoins the left leg face 17 of the second polyhedron 12, at a first dichroic
interface. The mixture of light wavelengths arriving at a given sensor can be controlled
by appropriately designing the filtering function of the various dichroic interfaces of
the light splitter 2. A dichroic interface may be formed by coating the adjoining faces of
the first polyhedron 11 and the second polyhedron 12 with an optical coating consisting
of one or more layers of optical material. The dichroic interface reflects one color while
passing other colors, similar to a dichroic mirror or dichroic reflector, and a dichroic
filter. The adjoining faces of the polyhedrons may be optically bonded to each other
with no air gap, using an optical coating selected to produce desired light reflection and
transmission characteristics. Fig. 4 depicts an example graph of reflection and
transmission characteristics vs. wavelength for the first dichroic interface, and one for a
second dichroic interface. The second dichroic interface is formed when adjoining the
tirst polyhedron 11 and, in particular, its left leg face 16, with the fourth polyhedron 14
(and, in particular, its right leg face 18).
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[0023] In the example of Fig. 4, the first dichroic interface is designed to reflect
red while passing (transmitting) blue and green. In contrast, the second dichroic
interface is designed to reflect blue, and pass green and red. This is achieved by
appropriated forming the optical coating at each interface. The graph for the first
interface indicates maximum reflection within the red spectrum (at about 0.65 microns),
but minimal reflection of green (at about 0.525 microns) and blue (at about 0.475
microns). The transmission characteristics of the first dichroic interface are such that
there is full transmission of green and blue, but minimal transmission of red. It should
be noted that the reflection and transmission characteristics shown in the graphs of Fig.
4 are ideal, rather than practical. Thus, in practice, the degree of retlection of a color
component at a given interface may not be the same as at another interface.

[0024] Regarding the second dichroic interface, the optical coating there has been
selected so as to result in full transmission of red and green (or wavelengths above 0.5
microns) while at the same time minimal transmission of blue (below 0.475 microns).
In addition, the reflection characteristics are such that blue is fully reflected, while red
and green (or wavelengths above 0.5 microns) are minimally reflected. This
combination reflection and transmission of the first and second dichroic interfaces
results in essentially only the red component (see Fig. 1, solid rays) emerging from the
hypotenuse face 16 of the fourth polyhedron 14, and, at the same time, essentially only
the blue component (see Fig. 1, dashed ---- rays) emerging from the hypotenuse face 16
of the second polyhedron 12. This allows the pixel sensor array that is part of the
image sensor 3 to produce the image data for the blue channel, while the pixel sensor
array of the third image sensor 5 produces the red channel.

[0025] To obtain the needed green channel (thereby completing the additive
primary color model of red, green and blue) the dichroic interfaces between
polyhedrons 12 and 13, and polyhedrons 14 and 13, have been designed to, referring
now to Fig. 4, pass only the green color component into the polyhedron 13.
Accordingly, the pixel sensor array of the image sensor 4 will produce the green color
channel. In this manner, no demosaicing of color pixel data is needed, and also there is

no need for separate color channel processing at the pixel level. This enables the use of
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relatively low cost, clear pixel sensor arrays for each of the different color channels,
while being able to maximize the pixel sensor array resolution.

[0026] The dichroic interfaces may alternatively be designed to achieve a desired
mix of any two or more colors passing to a cube exit face (and then to the respective
sensor). This may be a desired mix of two primary colors, as desired for the designed
system performance. A mix of two or more colors could be achieved by varying the
percentage of optical energy transmitted by an interface, at different wavelengths of
light. It may thus be desirable to transition the reflection and transmission
characteristics smoothly through the optical wavelengths of light, at a given dichroic
interface. For instance, it may be desirable to add some portion of the red component
of light from the scene to emerge from the exit face that is otherwise associated with the
green sensor (green color channel), while some green may be added to emerge from the
exit face that is otherwise associated with the red sensor (red color channel). A purpose
of such an approach would be to provide more color information to each sensor so that
in the subsequent digital image processing operations of color reproduction, more
accurate and continuous color detection and image representation could be achieved.
[0027] Turning now to Fig. 5, a combination of the light splitter 2, a zoom lens
21, and a deflector 20 within a camera module housing is shown. The camera module
housing (not shown) may be a plastic, or metal, or composite material frame in which
the elements depicted in Fig. 5 are installed in the relative positions and alignment
shown, so as to form a single unit or assembly. The assembly has a z-height defined as
shown, and an x-length defined as shown. The deflector 20 is positioned to deflect
incident light of several colors (e.g., red, blue and green) from the camera scene towards
the light splitter 2. The deflector 20 may be an angled mirror or other optical element
that can perform a similar function. The entrance face of the light splitter 2 is oriented
perpendicular to the center longitudinal optical axis as shown, to receive the deflected
incident light, through the zoom lens 21. In another embodiment the deflector may not
be needed such that the optical path may be straight; in that case, light from the camera
scene could enter the camera module from the edge or side of the end-user device
(rather than from its face as shown in the example of Fig. 8). The zoom lens 21 has one

or more moveable lens elements whose position along the optical axis can be
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automatically controlled by a motorized actuator (not shown) to achieve variable
magnification (and thus variable angle of view or field of view, FOV). The zooms lens
may be a true zoom lens that can also maintain focus when its magnification or focal
length is changed. These are also referred to as parfocal lenses. Alternatively, the
zoom lens may be a varifocal lens, which has one or more moveable lens elements that
achieve variable magnification, but for which an additional mechanism is needed to
bring the image back into focus after a change in magnification.

[0028] Still referring to Fig. 5, this embodiment of the camera module also
contains a plano-concave lens 22 whose planar side faces the camera scene as shown,
and is positioned to bring the light from the camera scene to the deflector 20 as shown.
In addition, a convex-concave lens 23 is positioned between the deflector 20 and the
zoom lens 21, where the convex side of the lens 23 faces the deflector 20, as shown.
Other suitable lens elements, as alternatives to the plano-concave lens 22 and the
convex-concave lens 23, are possible. These may be designed as part of the overall
optical subsystem of the camera module, in conjunction with the zoom lens 21, and the
allowed z-height and x-length.

[0029] Fig. 6 depicts operation of the zoom lens 21 using ray tracing, at three
different angles of view that can be achieved. Note how, in this case, the deflector 20 is
oriented so as to deflect the incident light from the camera scene by about 90 degrees,
towards the zoom lens along the center optical axis. This arrangement of the camera
module allows the previously defined z-height of the entire combination (see Fig. 5) to
be in the range of 3mm - 9mm. Simulation of such an optical system has shown that,
where the light splitter 2 is a cube of 3.5mm x 3.5mm x 3.5mm, the x-length of the
combination (as defined in Fig. 5) may be in the range 18mm - 32mm, while at the
same time being able to achieve 22° - 66° angle of view. This is a particularly compact
arrangement that is suitable for being integrated within portable wireless
communications devices such as tablet computers and smart phones (e.., see Fig. 8 for
an example smart phone) in which the outer housing of the communications device has
a z-height or thickness within the range of 6mm - 13mm. Of course, the camera
module depicted in Fig. 5 may also be fitted into larger products such as laptop

computers and desktop computers.
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[0030] Turning now to Fig. 7, an elevation view through a cross-section of an exit
face of the light splitter 2 is shown. This depicts an example of how the image sensor
may be attached to the exit face. The image sensor includes an image sensor die in
which an array of photocells are covered with micro lenses, without requiring any color
filters or color separation circuitry. The micro lenses are preferred in order to minimize
optical cross-talk, however it is feasible to achieve acceptable performance without the
micro lenses. The image sensor die is electrically connected to a printed circuit carrier,
in this example a flex circuit that is located behind the sensor as shown, via solder balls.
Other ways of electrically connecting to the circuit carrier are possible, e.g. wire bonds.
The sensor is protected by a transparent cover plate, e.g. a glass or polycarbonate plate;
the plate is located in front of the sensor so as to leave an air gap between the cover
plate and the micro lenses. It is preferred that this transparent cover plate be bonded to
the sensor die for optimal planarity, however it maybe possible with appropriate
methods to achieve the required planarity by bonding the glass to the printed circuit
carrier. The circuit carrier carries electrical image signals from the sensor die to image
data storage and/or an image processor (not shown). Note that the combination of the
printed circuit carrier and the attached protective cover plate, as a single unit or
assembly, may be manufactured separately from the light splitter 2, and then the
exposed face of the protective cover plate may be optically bonded to the exit face of
the light splitter 2.

[0031] The cover plate over the sensor die could be bonded to the light splitter
cube to create a sensor-cube sub-assembly. Maintaining planarity for the cover plate to
the sensor plane is an important for the sensor assembly. One way to bond a sensor
assembly to the cube is by a UV curable optical adhesive, which would be applied to
the exposed face of the cover plate. The cover plate or the cube can be moved relative
to each other, and be brought together and pressure applied to them in order to create a
thin adhesive bondline between the two parts. Once in contact with each other, the
relative position of the sensor and the cube can be adjusted by sliding one part relative
to the other part, to achieve the required alignment. The alignment can be determined
by simultaneously reading out the sensor signals while providing a target optical image

input (in the camera scene) to the cube for this alignment purpose. While manipulating
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the parts, the correct alighment may be achieved as revealed by processing the read
sensor signals; at that point, the manipulation stops and the parts are locked in place by
the application of UV light, which will cross-link and cure the UV adhesive.

[0032] Referring now to Fig. 8, a 3-D perspective view of a portable wireless
communications device in which a camera module in accordance with an embodiment
of the invention is integrated. The device in this case may be a smart phone or a tablet
computer, which is a handheld device in the sense of being intended for use while held
in a single hand of the user. Of course, the camera module may alternatively be
integrated in other types of portable wireless devices, such as laptop or notebook
computers, and it may also be integrated within non-portable devices such as desktop
personal computers, television monitors, or any other electronic device that has a
particularly short profile in the z-axis (z-height). In the case of the smart phone or
tablet computer, the device has an outer housing in which is integrated a cellular
network wireless communications circuit that enables the device to function as a mobile
telephony terminal or end station. Also integrated inside the housing as depicted in
Fig. 8 is a digital camera, part of which is the camera module depicted in Fig. 5 and
described above in detail. As suggested above, the portable wireless communications
device may have an outer housing whose z-height is in the range of 6mm - 13 mm,
thereby being particularly fitting to receive therein a camera module that has a z-height
within the range of 3mm - 9mm.

[0033] While certain embodiments have been described and shown in the
accompanying drawings, it is to be understood that such embodiments are merely
illustrative of and not restrictive on the broad invention, and that the invention is not
limited to the specific constructions and arrangements shown and described, since
various other modifications may occur to those of ordinary skill in the art. For
example, although the figures show a light splitter that yields the primary additive
colors of red, green and blue, the light splitter may alternatively be designed to split the
incident light into a different set of color components (e.g., cyan, yellow, green,
magenta, CYGM, and red, green, blue, emerald, RGBE). Also, while Fig. 5 depicts an
embodiment of the invention where the optical lens system is a zoom lens 21, the

camera module containing the light splitter cube may alternatively have a different
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optical lens system such as a smaller Auto Focus lens or even a smaller fixed focus lens.

The description is thus to be regarded as illustrative instead of limiting,.
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CLAIMS
What is claimed is:
1. A digital camera component comprising:

a light splitter cube having an entrance face to receive incident light from a
camera scene, the cube to split the incident light into first, second, and third color
components that emerge from the cube through a first face, a second face, and a third
face of the cube, respectively; and

tirst, second and third image sensors, each being positioned to receive a
respective one of the color components that emerge from the first, second and third

faces of the cube.

2. The digital camera component of claim 1 wherein the light splitter cube
comprises essentially identically sized first, second, third and fourth transparent
polyhedrons, each of the polyhedrons having a right isosceles triangular base, a right
isosceles triangular top, and three faces joining corresponding sides of the triangular
base and top, wherein the three faces are a hypotenuse face, a left leg face, and a right

leg face.

3. The digital camera component of claim 2 wherein the hypotenuse face of the first
polyhedron is the entrance face of the light splitter cube,

the right leg face of the first polyhedron adjoins the left leg face of the second
polyhedron at a first dichroic interface, wherein the first interface reflects the third
color component in the first polyhedron and transmits the first and second color
components into the second polyhedron, and

the left leg face of the first polyhedron adjoins the right leg face of the fourth
polyhedron at a second dichroic interface, wherein the second interface reflects the first
color component in the first polyhedron and transmits the second and third color

components into the fourth polyhedron.

4. The digital camera component of claim 1 further comprising:

a deflector positioned to deflect the incident light from the camera scene; and
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an optical lens system positioned in a path of the deflected incident light

between the deflector and the entrance face of the light splitter cube.

5. The digital camera component of claim 4 wherein the deflector is oriented to

deflect the incident light by about ninety degrees.

6. The digital camera component of claim 4 wherein a z-height of the deflector,

optical lens system, light splitter cube and image sensors is in the range 3mm-9mm.

7. The digital camera component of claim 6 wherein x-length of the deflector,

optical lens system, light splitter cube and image sensors is in the range 18mm-32mm.

8. The digital camera component of claim 4 wherein the optical lens system is a
zoom lens.
9. The digital camera component of claim 4 wherein the optical lens system is an

auto focus lens.

10.  The digital camera component of claim 4 wherein the optical lens system is a

fixed focus lens.

11.  The digital camera component of claim 4 wherein the deflector comprises a
folding mirror that is coupled to be tilted or rolled by a powered actuator under

automatic control, as part of an optical image stabilization (OIS) mechanism.

12.  The digital camera component of claim 4 wherein each of the image sensors is a)
a clear image sensor having an array of photocells covered with micro lenses but no
color filters, b) electrically connected to a printed circuit carrier located behind the
sensor, and c) protected by a transparent cover plate that is located in front of the

sensor and that leaves an air gap between the cover plate and the micro lenses.

13. A digital camera module comprising:
a camera module housing having integrated therein
a detlector positioned to deflect incident light from a camera scene,
a light splitter having an entrance face to receive the deflected incident

light, the light splitter to split the incident light into first, second and third color
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components, the light splitter being formed of essentially identical first, second, third
and fourth transparent polyhedrons, each of the polyhedrons having a right isosceles
triangular base, a right isosceles triangular top, and three faces joining corresponding
sides of the triangular base and top, wherein the three faces are a hypotenuse face, a left
leg face, and a right leg face, wherein the hypotenuse face of the first polyhedron is the
entrance face of the light splitter, the right leg face of the first polyhedron adjoins the
left leg face of the second polyhedron at a first dichroic interface, wherein the first
interface reflects the third color component in the first polyhedron and transmits the
tirst and second color components into the second polyhedron, and the left leg face of
the first polyhedron adjoins the right leg face of the fourth polyhedron at a second
dichroic interface, wherein the second interface reflects the first color component in the
first polyhedron and transmits the second and third color components into the fourth
polyhedron, the splitter further having a first exit face, a second exit face, and a third
exit face,

tirst, second and third image sensors, each being positioned to face the
first, second and third exit faces, and

an optical lens system positioned in a path of the incident light between

the deflector and the entrance face of the light splitter.

14.  The digital camera module of claim 13 wherein the deflector is oriented to

deflect the incident light by about ninety degrees.

15. The digital camera module of claim 14 wherein z-height of the deflector, optical

lens system, light splitter and image sensors is in the range 3mm-9mm.

16. The digital camera module of claim 14 wherein x-length of the deflector, optical

lens system, light splitter and image sensors is in the range 18mm-32mm.

17.  The digital camera module of claim 14 further comprising;:

a plano-concave lens whose planar side faces the camera scene and is positioned
to bring the light from the camera scene to the deflector; and

a convex-concave lens whose convex side faces the deflector and is positioned

between the deflector and the optical lens system.
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18. A portable wireless communications device comprising:

an outer housing;

cellular network wireless communications circuitry integrated inside the outer
housing; and

a digital camera integrated inside the housing, the digital camera having a
deflector positioned to deflect light from a camera scene by about ninety degrees, a
light splitter having an entrance face to receive the deflected light, the light splitter to
split the incident light into first, second, and third color components that emerge
through a first exit face, a second exit face, and a third exit face, respectively, and first,
second and third image sensors, each being positioned to face the first, second and
third exit faces, and an optical lens system positioned in a path of the light between the

deflector and the entrance face of the light splitter.

19.  The portable wireless communications device of claim 18 wherein the outer

housing has a z-height of 6mm - 13mm.

20.  The portable wireless communications device of claim 18 further comprising;:

a plano-concave lens whose planar side faces the camera scene and is positioned
to bring the light from the camera scene to the deflector; and

a convex-concave lens whose convex side faces the deflector and is positioned

between the deflector and the optical lens system.

21.  The portable wireless communications device of claim 18 wherein the first,

second and third color components are additive primary color components.

22.  The portable wireless communications device of claim 21 wherein the first,

second, and third color components are blue, green, and red components.
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