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7) ABSTRACT

A small transparent display with a silicon active backplane
on a transparent substrate, an array of pixel transparent
electrodes on top of and controlled by the silicon active
backplane, a transparent common plate, a liquid crystal
material between alignment layers on the backplane and
common plate, and a polarizer fabricated on the silicon
active backplane. The polarizer corrects for depolarization
of light passing through the transparent substrate and the
silicon active backplane to improve the contrast of the
display.
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MICRODISPLAY
RELATED APPLICATIONS
[0001] This application claims priority to Provisional

Application Ser. No. 60/610,672 filed Sep. 12, 2004.

FIELD OF THE INVENTION

[0002] This invention relates to a microdisplay with an
integrated polarizer.

BACKGROUND OF THE INVENTION

[0003] A typical transparent liquid crystal display (LCD)
includes a layer of liquid crystal material sandwiched
between front and back transparent plates. The back plate
includes transparent electrodes forming pixels on a trans-
parent substrate such as glass. The front plate includes a
transparent ITO electrode forming a common plate. The
front and back transparent electrodes are coated with poly-
imide alignment layers. In active matrix displays, there is a
silicon active backplane layer with electronic pixel address-
ing circuits on top of the transparent substrate of the back
plate, and the transparent pixel electrodes are on top of and
controlled by this silicon layer. In order for a liquid crystal
display to function properly, the light incident on the liquid
crystal material must be polarized. Thus, polarizers are
typically used with LCD displays.

[0004] The applicants hereof have noted the advantages of
using sapphire as the substrate for the silicon active back-
plane. Notably, sapphire is transparent and promotes the
growth of single crystal silicon in which the electronic
circuits are formed. See U.S. Pat. Nos. 6,190,933; 6,312,
968; 6,365,936; 6,521,950, and 6,617,187, all of which are
incorporated herein by this reference. Unfortunately, sap-
phire de-polarizes the light that also passes through the
liquid crystal material.

[0005] The active matrix pixel addressing circuits can also
depolarize the light, in which case the liquid crystal is
prevented from controlling the light to obtain a high on/off
contrast ratio. As this electrode circuitry is made smaller and
smaller, as is the case with microdisplays, the depolarization
effect is even greater.

[0006] A microdisplay is typically a tiny display measur-
ing less than 1.5" diagonally that can be used with lenses to
display the image of a full-size computer monitor or tele-
vision. Microdisplays are used to create the image in such
products as conference room projectors, rear-screen large
format televisions, and camcorder viewfinders. Most micro-
displays have electronic pixel addressing circuits fabricated
as integrated circuits in a silicon layer. The active silicon
layer is generally on a round substrate wafer that is typically
made of silicon, glass, quartz, or sapphire. A number of
complete microdisplay active backplanes are repeated over
the surface of the wafer, which is ultimately cut up to make
individual microdisplays.

[0007] Furthermore, the undesired depolarization effects
of the transparent substrate and pixel addressing circuits
tend to depend on the illumination incident angle, and this
depolarization can be severe at certain angles. A microdis-
play intrinsically has a large cone angle of light because the
periodic small scale active matrix backplane structure dif-
fracts light into a cone of off-axis diffraction order direc-
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tions. In addition, obtaining high optical system throughput
in microdisplay applications such as a projectors generally
requires low f/# optical systems that transmit light having a
large cone angle of transit directions through the microdis-
play.

[0008] Tt is known to coat a polarizing material over one
or both of the inner surfaces of a liquid crystal cell in order
to protect the polarizers from mechanical damage and to
eliminate the additional manufacturing step of attaching
polarizers to a display. See U.S. Pat. Nos. 3,941,901, 6,630,
289, and 6,399,166. In some instances, the polarizing mate-
rial may also serve as the liquid crystal alignment layer.

[0009] Ttis also known to incorporate a wire grid polarizer
behind the layer of liquid crystal material for passing light
of one polarization orientation through the wire grid polar-
izer and reflecting light of another polarization orientation
back through the layer of liquid crystal material to allow the
display to operate either with ambient illumination or inter-
nal illumination. See U.S. Pat. No. 5,986,730 incorporated
herein by this reference. It is also known to incorporate a
wire grid polarizer behind the layer of liquid crystal material
to act as an electrode, polarizer, and a mirror. See U.S. Pat.
No. 4,688,897 also incorporated herein by this reference.

[0010] No prior art, however, teaches or suggests a tech-
nique for improving the contrast of a microdisplay incorpo-
rating a sapphire substrate.

SUMMARY OF THE INVENTION

[0011] TItis therefore an object of this invention to provide
a microdisplay with improved contrast.

[0012] Tt is a further object of this invention to provide
such a microdisplay which incorporates a sapphire substrate.

[0013] The invention results from the realization that a
liquid crystal display with improved contrast is achieved by
the incorporation of a wire grid or other polarizer on the
active silicon backplane to correct for the depolarization of
light passing through the backplane sapphire substrate and
also to correct for the depolarization of that light caused by
the small closely spaced circuitry on the backplane.

[0014] The subject invention, however, in other embodi-
ments, need not achieve all these objectives and the claims
hereof should not be limited to structures or methods
capable of achieving these objectives.

[0015] A transmissive display in accordance with the
subject invention comprises an electrically-controlled polar-
ization modulating material, an addressing backplane that
changes the polarization of light and electrically controls the
polarization modulating material, and an internal polariza-
tion isolator to isolate the desired polarization effects of the
polarization modulating material from the undesired polar-
ization effects of the addressing backplane. The addressing
backplane often included a transparent substrate, such as
sapphire. Sapphire is optically birefringent.

[0016] A typical polarization isolator is a linear polarizer
interposed between the electrically-controlled polarization
modulating material and the addressing backplane. The
linear polarizer can be configured to absorb polarized light
which it does not transmit. The polarization isolator may
include an electrically-insulating linearly-polarizing mate-
rial coated onto the electrically controlling side of the active
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backplane. One polarization isolator is a linear polarizer
formed by patterning a one-dimensional wire grid array of
closely-spaced metal lines on the electrically controlling
side of the addressing backplane. The wire grid polarizer
conducting layer can be patterned into transparent pixel
electrodes, with an interconnection of the wire grid lines
within a pixel, isolating gaps between pixels, and an elec-
trical connection from each pixel to the addressing back-
plane. The conducting layer containing the wire grid polar-
izer can also be patterned with solid areas that serve to block
light from passing from the polarization modulating material
into specific regions of the active matrix integrated circuit.
In some instances, it is desirable to coat the wire grid
polarizer conducting layer with a silicon dioxide layer,
which is then made flat and smooth by chemical mechanical
polishing.

[0017] The addressing backplane may include a silicon
layer containing an active-matrix integrated circuit. The
polarization isolator may be a linear polarizer integrated as
part of the active-matrix integrated circuit. This polarizer
may be formed from a conducting layer in the integrated
circuit which is patterned as a one-dimensional array of
closely-spaced metal lines. As another alternative, the polar-
ization isolator can be formed from a resistive conducting
layer deposited on the on the electrically controlling side of
the active backplane, and patterned as a one-dimensional
array of closely-spaced lines to produce a wire grid polarizer
which absorbs most of the polarized light which it does not
transmit. Typically, the resistive conducting layer is made of
polysilicon or nichrome.

[0018] The subject invention also features a polarization
modulation isolator which isolates the desired polarization
effects of a polarization modulating material from the undes-
ired polarization effects of an addressing backplane in a
transmissive display. The polarization isolator may be a
linear polarizer interposed between the polarization modu-
lating material and the addressing backplane. Alternatively,
the polarization isolator can be a linear polarizer that absorbs
the polarized light which it does not transmit, and is inter-
posed between the electrically-controlled polarization
modulating material and the addressing backplane. As
another alternative, the polarization isolator can be an elec-
trically-insulating linearly-polarizing material that is coated
on the side of the addressing backplane that faces the
modulating material. Still another polarization isolator is a
linear polarizer formed by patterning a one-dimensional
wire grid array of closely-spaced metal lines on the side of
the addressing backplane that faces the modulating material.
This wire grid polarizer conducting layer can be patterned
into transparent pixel electrodes, with: interconnection of
the wire grid lines within a pixel, isolating gaps between
pixels, and an electrical connection from each pixel to the
addressing backplane.

[0019] The subject invention also features a microdisplay
comprising a polarization modulating material, a silicon
layer containing an active-matrix integrated circuit for con-
trolling the polarization modulating material, and a polarizer
included in the integrated circuit. The integrated circuit, in
one example, includes a conducting layer patterned as a
one-dimensional array of closely-spaced metal lines to form
a wire grid polarizer. The polarizer may be formed from a
fabrication process where a conducting layer in the inte-
grated circuit is patterned as a one-dimensional array of
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closely-spaced metal lines. The microdisplay may be con-
figured as a transmissive microdisplay. The microdisplay
may also be configured as a reflective microdisplay wherein
light enters through the polarization modulating material, is
reflected from the wire grid polarizer, and exits back through
the modulating material. The silicon layer containing active-
matrix integrated circuits can be on a single crystal silicon
wafer. The integrated wire grid polarizer conducting layer
may be patterned into transparent pixel electrodes, with an
interconnection of the wire grid lines within a pixel, isolat-
ing gaps between pixels, and an electrical connection from
each pixel to the active-matrix. The wire grid polarizer
conducting layer is typically the top metal layer in the
active-matrix integrated circuit. Alternatively, the top most
conducting layer in the active-matrix integrated circuit may
be coated with an electrically insulating polarizing material,
where the top most conducting layer in the active-matrix
integrated circuit can be an array of indium tin oxide
transparent pixel electrodes.

[0020] The polarizer can be configured to absorb the
polarized light which it does not transmit. This can be
accomplished by coating the top most conducting layer in
the active-matrix integrated circuit with an electrically insu-
lating polarizing material which absorbs the polarized light
which it does not transmit. Alternatively, an absorbing
polarizer can be formed from a resistive conducting layer in
the integrated circuit which is patterned as a one-dimen-
sional array of closely-spaced lines to produce a wire grid
polarizer which absorbs most of the polarized light which it
does not transmit. The resistive conducting layer is typically
made of polysilicon. The resistive conducting layer may be
made of nichrome. The silicon layer is typically disposed on
a transparent substrate such as sapphire.

[0021] The conducting layer containing the wire grid
polarizer may also be patterned with solid areas that serve to
block light from passing from the polarization modulating
material into specific regions of the active matrix integrated
circuit. The polarization modulating material can be a liquid
crystal or other electro-optical material. The active matrix
integrated circuit includes CMOS circuits with a transistor
and a capacitor controlling each pixel.

[0022] The subject invention also features a method of
fabricating a transparent display. Silicon is deposited on a
sapphire substrate and active matrix pixel addressing circuits
are fabricated in the silicon. An array of closely spaced metal
conducting lines are patterned in the active matrix pixel
addressing circuits to form a wire grid polarizer. An align-
ment layer is applied to the wire grid polarizer. Liquid
crystal material is deposited adjacent the alignment layer.
Preferably, patterning of the wire grid polarizer includes
forming a conducting structure common to all the conduct-
ing lines within a pixel. The wire grid polarizer may be
formed into transparent pixel electrodes by additionally
removing the grid lines from the space between adjacent
pixels and fabricating a via to electrically connect the wire
grid to the active matrix pixel addressing circuits. The
common conducting structure can be formed by sequentially
exposing a negative photoresist to two patterns of light: one
pattern of light with the conducting structure, and a second
pattern of light with the wire grid lines. Alternatively, the
conducting structure can be formed of small metallic islands
in an integrated circuit interlayer dielectric below the wire
grid conducting layer, such that each island spans at least
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two wire grid lines and the islands are positioned so that as
a group they cause all the wire grid lines within a pixel to be
electrically interconnected. One possible method for remov-
ing the grid lines from the space between adjacent pixels
includes the steps of sequentially exposing a positive pho-
toresist to two patterns of light, one pattern of light for where
the grid lines are to be removed and one pattern of light for
the spaces between the wire grid lines.

[0023] A transmissive microdisplay in accordance with
the subject invention features a transparent substrate, a
silicon addressing circuit on the transparent substrate includ-
ing an array of pixel transparent electrodes on top of and
controlled by the silicon active backplane, an alignment
layer adjacent the addressing circuit, a transparent common
plate, an alignment layer on the common plate, a liquid
crystal material between alignment layers, and a polarizer on
the silicon addressing circuit to correct for depolarization of
light passing through the transparent substrate and the
silicon active backplane to improve the contrast of the
microdisplay. In some embodiments, the transparent sub-
strate is sapphire.

[0024] The polarizer may be a layer coated over the
backplane but preferably the polarizer is a one dimensional
array of conductive lines patterned on the active silicon
electrode backplane. The array of conductive lines typically
have a pitch less than half the wavelength of visible light and
the array is patterned to form an isolated island over every
pixel. The lines over each pixel may be interconnected to
form an electrode. In a preferred embodiment, the conduct-
ing lines are deposited on top of small metallic islands that
each span between at least two lines and are positioned so
that as a group they cause all the lines over one pixel to be
interconnected to form an electrode. One or more of the
metallic islands include a via that connects to the silicon
active backplane. The metal used to form the conducting
lines may include solid metal areas that block light from
entering regions of the underlying silicon addressing circuit.

[0025] This subject invention features a transparent dis-
play comprising a polarization modulation material, an
addressing circuit for controlling the polarizing modulation
material, and a polarizer between the addressing circuit and
the polarization modulating material. The polarizing modu-
lation material may be a liquid crystal material, or other
electro-optic crystal material. Typically, the addressing cir-
cuit is an active matrix pixel addressing integrated circuit
including CMOS circuits fabricated in a silicon substrate
with a transistor and a capacitor for each pixel of the
substrate. In one preferred embodiment, the polarizer
includes a one dimensional array of wires patterned as part
of the active matrix integrated circuit, forming both a
polarizer and the pixel electrodes. To form pixel electrodes,
the array of wires is segmented between pixels and may be
interconnected within each pixel by a common conducting
structure or by underlying metallic vias spanning at least two
wires. In another embodiment, the wire grid polarizer may
be configured to suppress reflection. There may be an oxide
layer between the pixel addressing circuits and the array of
wires, and a transparent substrate adjacent to the other side
of the addressing circuits. In one preferred embodiment, the
transparent substrate is made of sapphire.

[0026] One preferred transparent display in accordance
with the subject invention features a polarization modulation
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material, an addressing circuit for controlling the polarizing
modulation material, and a wire grid polarizer between the
addressing circuit and the polarization modulating material.
The wire grid polarizer is segmented between pixels to
eliminate the need for a separate transparent electrode, and
the wires of the wire grid polarizer are interconnected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Other objects, features and advantages will occur
to those skilled in the art from the following description of
a preferred embodiment and the accompanying drawings, in
which:

[0028] FIG. 1 is a highly schematic side view of a
transparent polarization modulating microdisplay in accor-
dance with the subject invention,

[0029] FIG. 2 is another highly schematic side view of a
more complete example of a trasmissive display in accor-
dance with the subject invention;

[0030] FIG. 3 is a schematic three-dimensional view of a
microdisplay in accordance with the subject invention incor-
porating a polarizer;

[0031] FIG. 4 is a schematic three-dimensional view of a
microdisplay backplane in accordance with the subject
invention incorporating a conducting polarizing layer;

[0032] FIG. 5 is a schematic three-dimensional view
showing a microdisplay pixel with an example of a wire grid
polarizer in accordance with the subject invention;

[0033] FIG. 6 is another schematic three-dimensional
view of a microdisplay backplane incorporating a wire-grid
polarizer in accordance with the subject invention; and

[0034] FIG. 7 is a schematic top view of a microdisplay
pixel in accordance the subject invention where vias are
used to interconnect the lines of a wire grid transparent
electrode.

DISCLOSURE OF THE PREFERRED
EMBODIMENT

[0035] Aside from the preferred embodiment or embodi-
ments disclosed below, this invention is capable of other
embodiments and of being practiced or being carried out in
various ways. Thus, it is to be understood that the invention
is not limited in its application to the details of construction
and the arrangements of components set forth in the follow-
ing description or illustrated in the drawings. If only one
embodiment is described herein, the claims hereof are not to
be limited to that embodiment. Moreover, the claims hereof
are not to be read restrictively unless there is clear and
convincing evidence manifesting a certain exclusion, restric-
tion, or disclaimer.

[0036] FIG. 1 shows transparent substrate 10, typically
sapphire supporting active matrix pixel addressing circuit 12
which controls polarization modulating material 14, typi-
cally a liquid crystal, or other electro-optic material,
between pixel addressing circuit 12 and transparent substrate
16, typically glass.

[0037] As explained in the background section above, the
use of sapphire as the material supporting the silicon active
matrix pixel addressing circuitry is advantageous because it



US 2006/0061519 Al

is transparent and promotes the growth of single crystal
silicon in which the addressing circuits are formed.

[0038] But, the sapphire material also disadvantageously
de-polarizes the light entering or exiting liquid crystal
material 14. In addition, the active matrix pixel addressing
circuit 12 itself can depolarize light incident on liquid crystal
material 14. As the pixels are made smaller, a larger fraction
of the light is reflected from the circuits and may be
depolarized.

[0039] Thus in the subject invention, a polarizer 18 is
typically integrated on the addressing circuitry 12 in order to
isolate the undesired backplane polarization effects of the
addressing circuitry 12 and the sapphire substrate 10 from
the desired polarization modulation of the liquid crystal 14.

[0040] If polarizer 18 is a wire grid polarizer as is pre-
ferred, the polarizer is actually integrated with the active
matrix pixel addressing circuitry as shown in FIG. 2,
wherein the circuitry in silicon is shown at 20 and the wire
grid polarizer 18' is patterned on an interlayer dielectric 22
disposed over the circuitry. Typically CMOS circuits includ-
ing a transistor and a capacitor for each pixel of the
substrate.

[0041] FIG. 2 also shows the additional elements of a
typical display including transparent electrodes 24 and 26,
polyimide alignment layers 28 and 30, and glass substrate 32
known to those skilled in the art. Electrical drive signals
cause the active-matrix pixel-addressing circuits 20 to place
a voltage on the transparent pixel electrode 24 associated
with each pixel. This voltage creates an electric field
between the transparent pixel electrodes and the uniform
transparent common plate electrode 26. This electric field
causes the electrically-controlled modulating layer 14 to
change the polarization of illumination passing through each
pixel. External polarizers change this polarization into a
viewable image, where the intensity at each point in the
image is a function of the polarization modulation of the
corresponding pixel in the microdisplay. The polarizers
external to the microdisplay can have different polarization
axes, depending on the characteristics of the specific elec-
trically-controlled modulating layer that is used.

[0042] TIllumination can be applied from either the left or
the right in FIG. 2. When uniform illumination is applied
from the left, the illumination exiting to the right is modu-
lated by the image in the microdisplay pixels. Similarly,
when uniform illumination is applied from the right, the
illumination exiting to the left is modulated by the image in
the microdisplay pixels.

[0043] Sapphire substrate 10 has undesirable polarization
modulation characteristics, due to its birefringence, which
causes undesired changes in the polarization passing through
the microdisplay, and corrupts (or “depolarizes”) the desired
polarization changes imposed by the electrically-controlled
modulating layer 14.

[0044] Active-matrix pixel addressing circuits 20 can also
cause undesirable changes in the polarization of the light
passing through the microdisplay. These undesired polariza-
tion effects are due to light being reflected, scattered, and
diffracted as it passes through the active-matrix pixel
addressing circuits. These effects become more pronounced
as the pixels become smaller, and hence this polarization
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corruption (or “depolarization”) is a serious problem in the
very small pixels of a microdisplay.

[0045] In one specific embodiment (See U.S. Pat. Nos.
6,190,930; 6,312,968; 6,365,936; 6,521,950; and 6,017,
187), substrate 10 is a single sapphire crystal whose atoms
are spaced by about the same distance as the atoms in a
silicon crystal lattice. This allows very high quality single
crystal silicon to be grown on the sapphire. The active matrix
backplane circuits 20 are CMOS circuits that are built in
single crystal silicon which is grown directly on the sapphire
substrate.

[0046] Alignment layers 28 and 30 orient the liquid crystal
at each surface so that the liquid crystal responds properly to
an applied electric field to impose the desired polarization
modulation on light passing through the liquid crystal mate-
rial.

[0047] Polarizing materials or polarizing wire grids serve
to interpose a polarizer between the liquid crystal and the
addressing circuits to remove the depolarization effects of
the sapphire and microdisplay pixel structure, and thereby
allows the liquid crystal to control the light to obtain a high
on/off contrast ratio.

[0048] The pixel address circuits 12 in a transparent
microdisplay control a transparent electrode 24 that applies
control voltages to the liquid crystal cell. The most common
transparent electrode material is an Indium Tin Oxide (ITO)
electrode. ITO electrodes add complexity and expense to the
manufacturing process, since ITO deposition, patterning,
and etching is not a standard process in integrated circuit
manufacturing. The ITO electrodes are typically connected
to the pixel addressing circuits by tungsten vias. Aluminum
vias cannot be used because aluminum reacts with ITO to
degrade the ITO. In addition there is light loss in the ITO
layer which reduces the optical transmissivity of a micro-
display.

[0049] Wire grid polarizer 18' can also serve as the trans-
parent electrode over the active matrix. This simplifies
backplane manufacture by eliminating the non-standard ITO
transparent electrode fabrication process. When wire grid
polarizer 18' is used for the transparent pixel electrodes, it is
patterned as an intrinsic part of the backplane manufacturing
process into isolated islands over each pixel, and additional
metal structure is added to electrically interconnect all the
wires in a pixel.

[0050] Using the wire grid polarizer 18' as the transparent
electrode increase optical throughput of the microdisplay.
When wire grid polarizer 18" also serves as the transparent
electrode, light loss in the ITO layer is eliminated. Wire grid
polarizer 18' does not generally add additional light loss,
since it eliminates an external polarizer that the ITO system
would require. Wire grid polarizer 18' can be a very efficient
polarizer, passing over 45% of randomly polarized input
light.

[0051] The preferred wire-grid polarizer is integrated as an
intrinsic part of the silicon active backplane pixels and can
be incorporated as part of a standard CMOS fabrication
process at a number of foundries. Typical wire grid polarizer
pitches are less ¥ wavelength (<0.25 um). After an oxide
layer 22 is deposited over the backplane circuits and made
smooth by chemical mechanical polishing (CMP), the wire-
grid metal layer is deposited and patterned. This same
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metalization layer could be patterned with a black-matrix
between pixels and a light shield over the active matrix
circuits, in addition to the wire-grid polarizer on top of
pixels. In addition, the wire grid polarizer could serve as a
transparent electrode, and thereby eliminate the need for
tungsten vias and ITO electrodes 24 as noted above. Each
pixel can be connected by an ordinary aluminum contact-via
to a metal edge or frame connecting all the wires in that
pixel’s wire-grid.

[0052] Since the wire-grid is at an extremely fine pitch, the
liquid crystal in a pixel is subject to a uniform potential. The
wire grid polarizer may possibly aid LC alignment to an
overlying polyimide layer. However, if the wire grid polar-
izer metal topology (<0.15 um thickness) interferes with LC
alignment, a thin oxide can be deposited over the wire grid
polarizer and made flat by a CMP process. In many instances
a CMP oxide layer is not required because the polyimide
layer itself tends to fill in between the grid lines and
significantly smooths the wire grid structure.

[0053] Wire grid polarizer 18' significantly improves the
contrast of a transparent microdisplay built on sapphire
substrate 10. When illuminated from the sapphire side, the
input illumination is depolarized by sapphire substrate 10
and by active matrix 20 but is then linearly polarized by wire
grid polarizer 18' just before it enters liquid crystal 14. The
light then exits through glass substrate 32 and passes
through an optical second polarizer (not shown) to produce
a high contrast intensity image. In the prior art, which did
not use a wire grid polarizer, linearly polarized input illu-
mination is no longer purely linearly polarized when it
arrives at the liquid crystal and the liquid crystal cannot
modulate it to produce a high contrast image after passage
through the second polarizer.

[0054] In the prior art which did not use a wire grid
polarizer, the microdisplay illumination must enter the sap-
phire side and be linearly polarized along a sapphire bire-
fringent axis, so that the birefringence does not change the
polarization of collimated input illumination. If the input
polarizer was rotated by more than a few degrees from the
sapphire axis, the sapphire birefringence produced enough
elliptical polarization to reduce the image contrast below
1000:1. Maintaining this tolerance in a mass manufactured
product could be difficult. The wire grid polarizer 18'
removes this constraint on the polarization of the input
illumination, and therefore makes it much easier to manu-
facture products incorporating a transparent microdisplay on
a sapphire substrate.

[0055] Wire grid polarizer 18' also makes it much easier to
manufacture a transparent microdisplay on sapphire by
eliminating the requirement for tight alignment between the
sapphire birefringent axes and the liquid crystal alignment
axis. The microdisplay must be fabricated with the liquid
crystal alignment layer also oriented along a sapphire bire-
fringent axis, so that this input illumination is correctly
polarized to obtain maximum contrast from the liquid crys-
tal. A misalignment of few degrees between the alignment
layer and the sapphire birefringent axis can significantly
reduce the image contrast. In practice this precise alignment
is very difficult to achieve. For example, circular sapphire
wafers have an orientation flat cut on one side that indicates
the direction of the birefringent axes, and this flat generally
has a £2° tolerance or worse.
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[0056] Wire grid polarizer 18' improves image contrast in
applications with low f/# optics, such as projectors. In the
prior art which did not use a wire grid polarizer, the
microdisplay was preferably illuminated from the sapphire
side with linearly polarized light aligned along one of the
sapphire birefringent axes. However, when this input illu-
mination is not highly collimated, but instead enters the
sapphire from a diversity of angles, the polarization of the
angular rays no longer precisely aligns with a birefringent
axis. The liquid crystal then sees elliptically polarized input
light which results in reduced image contrast. The wire grid
polarizer of this invention intercepts this elliptically polar-
ized light and restores it to linear polarized light before
entering the liquid crystal.

[0057] Wire grid polarizer 18' also makes it possible to
obtain high contrast when the display is illuminated from the
side of glass substrate 32. In prior art which did not use a
wire grid polarizer, the microdisplay is preferably illumi-
nated from the sapphire side with linearly polarized light
aligned along one of the sapphire birefringent axes. When
illuminated from the glass side, the input linearly polarized
light is changed by the liquid crystal layer into elliptically
polarized light before entering the sapphire, and therefore
cannot be oriented exclusively along one sapphire axis. The
sapphire birefringence then greatly changes the polarization
from the liquid crystal and reduces contrast. The wire grid
polarizer of this invention converts the light leaving the
liquid crystal into an intensity image, and then any addi-
tional polarization effects of the sapphire and active matrix
no longer reduce image contrast.

[0058] One may desire to illuminate the display from the
glass side for a number of reasons, including: shielding the
backplane circuits from intense illumination, left-right mir-
roring of the image to correct for a mirror inverting optical
system, or getting the liquid crystal layer closer to an
external illumination optical system.

[0059] By enabling high contrast when the microdisplay is
illuminated from the glass side, wire grid polarizer 18'
makes it possible to more effectively shield the electrical
circuits in the back plane from performance degrading
electrical currents induced by intense illumination. Silicon
layer 20 is directly deposited on the sapphire. The side of the
silicon away from the sapphire is coated with metal traces
during the circuit fabrication process. When illuminated
from the sapphire side, there is nothing to block light from
reaching the light sensitive silicon. However, when illumi-
nated from the glass side, the metal layers can efficiently
shield the silicon circuits from light.

[0060] The ability to operate with intense illumination is
particularly important in projector applications, because
projectors typically apply very intense illumination to the
microdisplay in order to get adequate brightness in the
projected image. Allowing higher brightness on the micro-
display also makes it possible obtain adequate image bright-
ness in lower-cost, time-sequential-color projector designs,
where all the colored light goes through one microdisplay.
For a given luminous flux in the projected image, a one
microdisplay projector puts about three times more light
through the microdisplay than a three display projector,
where each display is dedicated to a different color (i.e., red,
green, and blue). In addition, the ability of the microdisplay
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to handle higher brightness also makes it possible to put all
the light through smaller sized microdisplays, which tend to
cost significantly less.

[0061] By enabling high contrast when the microdisplay is
illuminated from the glass side, wire grid polarizer 18’
facilitates the use of a microlens array (MLA) to improve
performance of the microdisplay. To be effective, the light
must enter through the MLA. The MLA must often be placed
on the glass side of the microdisplay where a thin glass
substrate 32 can be used, in order to position the MLA close
enough to the active circuits to be effective. Furthermore, the
MLA is often incorporated directly in the cover glass, and is
impractical to fabricate in the sapphire substrate.

[0062] In the MLA, a small lens is placed over each pixel
to intercept input light entering a larger fraction of the pixel
area and focus the light through the pixel without hitting the
active matrix circuits. This results in a higher light trans-
mission through the microdisplay. This also reduces the light
that hits the circuits and allows higher illumination levels to
be used without degrading the circuit operation.

[0063] Additional black matrix structures can be patterned
in the same metalization layer as wire grid polarizer 18"
These light blocking structures can serve functions such as:
a) shielding the electrical circuits in the active matrix from
the performance degrading effects of intense illumination, b)
blocking light from passing through the space between
pixels where the liquid crystal may not be modulated with
the correct voltage, and ¢) shaping the overall pixel aperture.

[0064] Wire grid polarizer 18' also simplifies the applica-
tion of the microdisplay to products by eliminating an
external polarizer. This reduces cost and complexity in
product applications of the microdisplay. In some applica-
tions, a plastic polarizer is adhered to the microdisplay, and
the adhesion process can harm image quality. In addition
plastic polarizers often have a large number of pinhole and
particle defects, which harm image quality. Furthermore,
this internal polarizer is also protected from scratches, dust,
and other degradation.

[0065] Wire grid polarizer 18' can form part of a system to
recover polarized light that would otherwise be lost. The
wire grid reflects most of the light that is orthogonally
polarized to the light that it passes. When the microdisplay
is illuminated from the sapphire substrate side, some of this
reflected light passes back through the sapphire and is
reflected by the sapphire-air interface and other external
optical surfaces to reenter the microdisplay through the
sapphire. The two passes through the sapphire birefringence
can change the polarization orientation or ellipticity of this
light, so some of it can now pass through the wire grid
polarizer. Since the thickness of the sapphire is not precisely
known, a superior approach is to minimize the sapphire
effect by aligning the input light along a sapphire birefrin-
gent axis, and then coating a quarter wave retarder layer
directly under the wire grid or as a separate external com-
ponent before light enters the sapphire substrate.

[0066] As areflective polarizer, wire grid polarizer 18' will
not be excessively heated by absorbing intense illumination.
This is particularly important in high lumen projection
applications.

[0067] As mentioned above, a wire grid polarizer tends to
reflect the light that it does not transmit. In some applica-
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tions, reflection from the wire grid polarizer is not desirable.
The reflected light can follow paths that reflect off other
surfaces to reduce contrast and create ghost images. For this
reason, a reflective polarizer is almost never used on the
light exit side of a microdisplay in an image projector. More
specifically, if the light enters through the glass substrate 32
and then passes through the liquid crystal 14 before passing
through the wire grid polarizer 18, the wire grid polarizer
can reflect light back through the liquid crystal toward the
source, and this light can be re-reflected from various
surfaces to come back through the wire grid.

[0068] It is therefore sometimes desirable to design the
internal polarizer to absorb, rather than reflect the polariza-
tion that it does not transmit. This can be accomplished by
making the wire grid lines from a poor conductor. Light
polarized along the grid lines then induces currents, which
are dissipated in the resistance of the wire grid rather than
causing emission of reflected light. Light polarized perpen-
dicular to the grid lines passes through the polarizer without
losses. Aresistive wire grid can be made from such materials
as nichrome or polysilicon. Polysilicon has the advantage of
being compatible with the fabrication process of the back-
plane transistors.

[0069] Another possibility is to coat the active matrix
substrate with a non-metallic polarizing material that
absorbs, instead of reflecting, the polarized light that is not
transmitted. An example of suitable coatable absorbing
polarizer material is discussed in U.S. Pat. Nos. 6,399,166,
and 3,941,901.

[0070] The subject invention is thus a solution to many
problems more specific to transparent microdisplays. For
example, the prior art teaches using a wire grid polarizer as
an efficient transmissive reflector in a transflective display. A
transflective display can be used either with ambient
reflected light or with a transmitted backlight. The prior art
also teaches increasing the performance of a reflective
display by placing a wire-grid polarizer between the light
that has passed through the liquid crystal and the light that
is reflected back out.

[0071] In distinction, the current invention solves prob-
lems specific to a transmissive microdisplay. One issue
addressed by this patent is depolarization by the small scale
structures in the transmissive active matrix backplane.
Another issue is removing depolarization caused by bire-
fringence in the transparent substrate, such as sapphire, used
in a transparent microdisplay. By addressing these issues,
wire grid polarizer 18' significantly increases the contrast of
a transparent microdisplay. These contrast reducing depo-
larization effects can become more severe for light passing
through the display at non-normal angles to the display
surface. This is the case in a typical projector application,
where low f/# optics are generally used. For example, with
/2 optics, the sapphire substrate can reduce the contrast
below 250:1. This invention can therefore be critical to the
use of transmissive microdisplays in projector applications.

[0072] As shown in FIG. 3, a polarizing layer 18 is
incorporated between the active-matrix pixel addressing
circuits 20 and the electrically-controlled phase modulating
material 14. One possible location for this polarizing layer
18 is between transparent pixel electrodes 24 and alignment
layer 28. This is a desirable location for an electrically
insulating polarizing layer. In this location, polarizing layer



US 2006/0061519 Al

18 will not block the electrical contact between the address-
ing circuits and the transparent pixel electrodes. One disad-
vantage of this location is that some of the voltage between
the transparent pixel electrodes and the transparent common
plate electrode is dropped in the polarizing layer. This could
necessitate that undesirable higher supply voltages be used
to drive the microdisplay.

[0073] One solution is to place the polarizing layer
between addressing circuits 20 and transparent pixel elec-
trodes 24. This configuration requires a more complex
manufacturing process where conducting vias between the
addressing circuits and transparent pixel electrodes are fab-
ricated through holes formed in the polarizing layer.

[0074] Another embodiment is to use conducting polariz-
ing layer 18", as shown in FIG. 4. This has the advantage of
merging the transparent pixel electrodes and polarizing layer
into a single layer. Very good polarization characteristics can
be obtained by using an array of one-dimensional closely
spaced conductors 40 as shown in FIG. 5. When the pitch
from wire to wire is less than % wavelength (<025 um),
light with its electric vector polarized along the grid wires
induces electric currents in the grid wires that cause the light
to be reflected and absorbed. A wire pitch of <0.15 um is
preferable for good performance in blue light. Very little
light passes through the wire grid. On the other hand, over
90% of light with its electric vector polarized perpendicular
to the wires passes through the wire grid. As fabrication
techniques for making small structures have improved, wire
grids have been scaled down to polarize infrared and visible
light. See, for example: Larson, “A Survey of the Theory of
Wire Grids”, FRE Trans MTT, 1962, pp. 191-201; Auton
and Hutley, “Grid Polarizers for Use in the Near Infrared,”
Infrared Physics, 1972, vol. 12, pp. 95-100; Auton, “Infrared
Transmission Polarizers by Photolithography,” Applied
Optics June 1967, vol. 6, No. 6, pp. 1023-1027, and U.S. Pat.
Nos. 0,224,224 and 3,426,143. In more recent years, a
number of improvements have been made in wire grid
fabrication techniques and performance, see for example
U.S. Pat. Nos. 6,122,103; 6,243,199; 6,288,840; 6,452,724;
6,532,111; and 6,665,119.

[0075] In order to do double duty as the transparent pixel
electrode and polarizer, wire grid polarizer 18", in FIGS. 4-6
is cut between pixels to electrically isolate each pixel. The
pixel addressing circuit in each pixel is electrically con-
nected by a contact 42 to a frame, perpendicular wire, or
other conducting structure, 44, in FIG. 5, that electrically
interconnects all the wires over a pixel. Since the wire-grid
is at an extremely fine pitch, the liquid crystal in a pixel sees
a uniform potential.

[0076] This discussion has been directed toward transmis-
sive microdisplays. However, the integrated wire grid pixel
electrode structure shown in FIG. 5 could also be integrated
into a reflective microdisplay. Since a wire grid polarizer
reflects the light that it does not transmit, the wire grid
becomes a polarizing mirror in a reflective microdisplay.

[0077] A reflective microdisplay often requires a polariz-
ing beamsplitter, since the input beam is typically polarized
in one orientation and the output beam must be passed
though an orthogonal polarizer. This integrated polarizer
allows the polarizing beamsplitter to be eliminated. In
operation, incident light passes through an external polar-
izer, then through the liquid crystal, then reflects from the
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wire grid which is oriented to reflect only polarization
orthogonal to the input polarization, then passes back
through the liquid crystal, and then passes back through the
same external polarizer. This configuration could also poten-
tially increase the contrast of a reflecting microdisplay by, in
effect, putting in series two liquid crystal cells between
polarizers. One possible system configuration is to mount a
polarizer on the surface of a reflective microdisplay and to
illuminate the microdisplay with a slightly off-axis incident
beam, so that the modulated reflected beam path is also off
axis.

[0078] The basic wire grid structure and fabrication pro-
cess for a reflective or a transmissive microdisplay is essen-
tially the same. A wire grid could be integrated, for example,
in the top metal layer of the pixel addressing integrated
circuits. With light incident from the liquid crystal side, one
polarization exiting the liquid crystal will be transmitted
though the microdisplay backplane; orthogonally polarized
light will be reflected back out through the liquid crystal.
When the substrate is opaque silicon, this becomes a reflec-
tive liquid crystal on silicon (LCOS) microdisplay. For a
reflective microdisplay, performance could be improved by
integrating an additional light absorbing layer under the wire
grid layer, in order to suppress reflections from the active
matrix circuits back though the wire grid polarizer layer.

[0079] A preferred method for interconnecting the grid
lines is shown in FIG. 7 wherein vias 50 from the underlying
pixel circuit form of a staggered array of vias. Each via has
the size to span at least 2 wire grid lines. These vias then
short adjacent lines and cause all the lines within a pixel to
be shorted to each other. In practice, only one via need
contact the underlying pixel circuit. The remainder of the
vias can be very shallow, since their only function is to
interconnect wire grid lines. These vias are normally created
as tungsten plugs which are polished to be level with the
surrounding oxide. This has the significant benefit of pro-
ducing a very flat surface for the wire grid to be deposited
on.

[0080] The basic manufacturing steps to make a transpar-
ent microdisplay are listed below. Most of the routine lowest
level steps, such as cleaning, applying photoresists, expos-
ing to mask patterns, etching, and the like are omitted.

[0081] First, single crystal silicon is deposited on the
sapphire substrate 10, in FIG. 2 and recrystalized and
annealed to improve it as described in U.S. Pat. Nos.
6,190,933; 6,312,968; 6,365,936; 6,521,950; and 6,617,187.
CMOS active-matrix pixel addressing circuits 20 are then
fabricated at a standard silicon foundry. The top-most silicon
dioxide passivation layer 22 is smoothed by a chemical-
mechanical polish (CMP) process. The tungsten via connec-
tions are then made that will go between pixel addressing
circuits 20 and transparent electrodes 24. The via openings
are etched, a liner metal is deposited, the tungsten is depos-
ited, and tungsten outside the via plugs is polished off.

[0082] There are other options, such as using conventional
aluminum vias. Aluminum reacts with ITO and therefore
may not be used if ITO is used to make the transparent
electrodes. Other modifications may also be desirable, such
as modifying the vias to also interconnect the wire grids
lines within a pixel, as described below.

[0083] The combined wire grid polarizer 18' and transpar-
ent electrode 24 is then formed as the top metal layer in the
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integrated circuit fabrication process by patterning an array
of closely spaced metal conducting lines on the flat CMP
oxide layer, where the wire lines in the array are electrically
interconnected over each pixel, connected to the via from the
underlying pixel circuit, and electrically isolated between
pixels as illustrated by 18" in FIG. 5. These lines have a
pitch of less than 0.25 um and a width on the order of half
of that.

[0084] A few possible methods for fabricating the inte-
grated, combined wire grid polarizer and transparent elec-
trode 18" will be described in more detail. Aluminum can be
uniformly deposited over the surface of the silicon wafer
containing the flat silicon backplane circuits, covered with
photoresist, and exposed to a pattern of closely spaced metal
lines. This line pattern can be created by a high-resolution
UV phase-shift mask aligner or by exposure to two inter-
fering laser beams. The mask pattern may also include
isolation between pixels, and a perpendicular line as shown
at 44 in FIG. 5 or a frame to interconnect the lines within
a pixel. The undesired photoresist is etched away, aluminum
not covered by photoresist is etched away, and residual
photoresist is removed.

[0085] Inone variation of the fabrication process, the wire
grid transparent electrodes can be created in two or more
steps. This is particularly useful, when a high-resolution
mask aligner, capable of printing less than 0.15 um line
width, is not available. First, a continuous array of one-
dimensional metal conducting lines are created over the
whole wafer surface. The high-resolution photo pattern for
this could be created by interfering two laser beams, by
direct writing on the wafer with a laser or e-beam, or by a
conventional high resolution mask aligner. Second, a low-
resolution photomask is used to pattern the wire grid into an
isolated island over each pixel. Next, a shorting bar 42, in
FIG. 5, frame, or other metal structure is formed to inter-
connect the grid lines within a pixel.

[0086] It is desirable to use a method for fabricating the
shorting bar 44 that does not produce height variations in the
combined wire grid polarizer and pixel electrode structure
18". Such height variations could interfere with the liquid
crystal alignment layer and fill processes. This generally
precludes fabrication methods where the shorting bar 44 is
fabricated beneath or on top of the grid lines 40.

[0087] One preferred method for fabricating the combined
wire grid polarizer and pixel electrode structure 18" is to
successively expose a negative photoresist layer to two
patterns: the wire grid pattern and the shorting bar pattern.
The negative photoresist is then removed from unexposed
regions, and remains in the exposed regions. The aluminum
is then etched from regions with no photoresist, leaving
behind the combined wire grid 40 and shorting bar 44
patterns in FIG. 5. The wire grid isolation between pixels
can then be created by a second application of photoresist,
exposure to a mask with isolated pixel islands, and etch of
aluminum not covered by photoresist.

[0088] Another preferred method for interconnecting the
grid lines in shown in FIG. 7, wherein vias 50 from the
underlying pixel circuit form a staggered array of vias. Each
via has the size to span at least two wire grid lines. These
vias are normally created as tungsten plugs which are
polished to be level with the surrounding oxide. The wire
grid is patterned on top of the oxide containing these via
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openings. The vias then short adjacent lines and thereby
cause all the lines within a pixel to be shorted to each other.
In practice, only one via need contact the underlying pixel
circuit. The remainder of the vias can be very shallow, since
their function is only to interconnect wire grid lines.

[0089] The wire grid isolation between pixels can then be
created by a second application of photoresist, exposure to
a mask with isolated pixel islands, and etch of aluminum not
covered by photoresist. Alternatively, a single positive pho-
toresist could be used with two exposures: the wire grid
pattern and interpixel isolation pattern. The positive photo-
resist is removed from exposed regions. Then an aluminum
etch would simultaneously create the wire grid and remove
aluminum from the regions between pixels.

[0090] If the wire grid structure has height variations that
interfere with the liquid crystal alignment layer and fill
processes, an additional oxide layer can be applied over the
grid and smoothed by a CMP process. However, some of the
applied voltage will be dropped across this insulating layer.
If the voltage drop is too large, an ITO transparent electrode
layer could be coated over the insulating layer. This structure
thus divides the wire grid polarizer 18 and transparent pixel
electrodes 24 into two distinct layers. One fabrication pro-
cess for this structure is: create a uniform wire grid polarizer
over whole wafer, etch a hole in the wire grid at each pixel
to allow a via from the back plane to pass through, deposit
silicon oxide, smooth with CMP, open via holes down to the
active matrix, fill the via holes with tungsten, remove excess
tungsten with CMP, deposit ITO over the silicon oxide, and
pattern ITO into an isolated island over each pixel.

[0091] The next manufacturing steps to make a microdis-
play involve liquid crystal processing. A thin polyimide
layer, 28 in FIG. 2, is applied to the surface of the trans-
parent pixel electrodes 24 uniformly over whole wafer. The
polyimide layer is rubbed so that it can align the liquid
crystal molecules for the desired operating mode. A poly-
imide layer 30 is also applied uniformly over the surface of
a uniform ITO transparent common plate electrode 26
deposited on one side of transparent cover glass wafer 32.
This polyimide layer is also rubbed so that it can align the
liquid crystal molecules for desired operating mode. A
spacer scaling gasket (not shown) is applied around outside
of pixel array on each display die on a wafer. The cover glass
wafer 32 containing the rubbed polyimide layer 30 and the
ITO transparent electrode 30 on its inner surface is then
attached to the active matrix wafer. The spacing between the
active matrix wafer and the glass wafer is largely determined
by tiny beads in the sealing gasket around the pixel array on
each display die.

[0092] The wafer is then diced into individual displays.
The sapphire and glass are cut separately so that the circuits
on the transparent substrate overhang the glass on one side
to allow for electrical contact to the circuits, and the glass
overhangs on the opposite side of the display to allow for
electrical contact to the transparent common plate electrode
on the transparent cover glass.

[0093] Liquid crystal 14 is then passed into a small hole in
the spacer sealing gasket in each display die to fill the
display area with liquid crystal. This small fill hole is then
sealed.

[0094] Tt should be noted that it is possible to make some
variations to the above described processing steps. For
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example, one can fabricate dielectric spacers in the active
matrix array area rather than using spacers mixed with the
gasket material. It is also possible to fill the entire panel with
LC material before it is diced into individual panels. One can
also use a VAN (vertically aligned nematic) mode liquid
crystal. In this case, the organic polyimide layer would be
replaced with an inorganic alignment layer.

[0095] Although specific features of the invention are
shown in some drawings and not in others, this is for
convenience only as each feature may be combined with any
or all of the other features in accordance with the invention.
The words “including”, “comprising”, “having”, and “with”
as used herein are to be interpreted broadly and comprehen-
sively and are not limited to any physical interconnection.
Moreover, any embodiments disclosed in the subject appli-
cation are not to be taken as the only possible embodiments.
Other embodiments will occur to those skilled in the art and
are within the following claims.

[0096] In addition, any amendment presented during the
prosecution of the patent application for this patent is not a
disclaimer of any claim element presented in the application
as filed: those skilled in the art cannot reasonably be
expected to draft a claim that would literally encompass all
possible equivalents, many equivalents will be unforesee-
able at the time of the amendment and are beyond a fair
interpretation of what is to be surrendered (if anything), the
rationale underlying the amendment may bear no more than
a tangential relation to many equivalents, and/or there are
many other reasons the applicant can not be expected to
describe certain insubstantial substitutes for any claim ele-
ment amended.

What is claimed is:
1. A transmissive display comprising:

an electrically-controlled polarization modulating mate-
rial;

an addressing backplane that changes the polarization of
light and electrically controls the polarization modu-
lating material; and

an internal polarization isolator to isolate the desired
polarization effects of the polarization modulating
material from the undesired polarization effects of the
addressing backplane.

2. The transmissive display of claim 1 in which the
polarization isolator is a linear polarizer interposed between
the electrically-controlled polarization modulating material
and the addressing backplane.

3. The transparent microdisplay of claim 1 in which the
polarization isolator is a linear polarizer configured to
absorb polarized light which it does not transmit, and is
interposed between the electrically-controlled polarization
modulating material and the addressing backplane.

4. The transparent microdisplay of claim 1 in which the
polarization isolator includes an electrically-insulating lin-
early-polarizing material coated onto the electrically con-
trolling side of the addressing backplane.

5. The transparent microdisplay of claim 1 in which the
polarization isolator is a linear polarizer formed by pattern-
ing a one-dimensional wire grid array of closely-spaced
metal lines on the electrically controlling side of the address-
ing backplane.
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6. The transparent microdisplay of claim 5 in which the
wire grid polarizer conducting layer is patterned into trans-
parent pixel electrodes, with an interconnection of the wire
grid lines within a pixel, isolating gaps between pixels, and
an electrical connection from each pixel to the addressing
backplane.

7. The transmissive display of claim 1 in which the
addressing backplane is a silicon layer containing an active-
matrix integrated circuit.

8. The transmissive display of claim 7 in which the
polarization isolator is a linear polarizer integrated as part of
the active-matrix integrated circuit.

9. The transparent microdisplay of claim 8 in which the
polarizer is formed from a conducting layer in the integrated
circuit which is patterned as a one-dimensional array of
closely-spaced metal lines.

10. The transparent microdisplay of claim 5 in which the
wire grid array is coated with a chemical mechanical pol-
ished silicon dioxide layer.

11. The transparent microdisplay of claim 1 in which the
polarization isolator is formed from a resistive conducting
layer deposited on an electrically controlling side of the
addressing backplane and patterned as a one-dimensional
array of closely-spaced lines to produce a wire grid polarizer
which absorbs most of the polarized light which it does not
transmit.

12. The transparent microdisplay of claim 11 in which the
resistive conducting layer is made of polysilicon or
nichrome.

13. The transparent microdisplay of claim 1 in which the
addressing backplane includes a transparent substrate.

14. The transparent microdisplay of claim 13 in which the
transparent substrate is sapphire.

15. The transparent microdisplay of claim 5 in which a
conducting layer containing the wire grid polarizer is also
patterned with solid areas that serve to block light from
passing from the polarization modulating material into spe-
cific regions of the active matrix integrated circuit.

16. The transparent microdisplay of claim 1 in which the
electrically-controlled polarization modulating material is a
liquid crystal or other electro-optical material.

17. The transparent microdisplay of claim 7 in which the
active-matrix integrated circuit includes CMOS circuits with
a transistor and a capacitor controlling each pixel.

18. A polarization modulation isolator which isolates the
desired polarization effects of a polarization modulating
material from the undesired polarization effects of an
addressing backplane in a transmissive display.

19. The polarization modulation isolator of claim 18 in
which the polarization isolator is a linear polarizer inter-
posed between the polarization modulating material and the
addressing backplane.

20. The polarization modulation isolator of claim 18 in
which the polarization isolator is a linear polarizer that
absorbs the polarized light which it does not transmit, and is
interposed between the electrically-controlled polarization
modulating material and the addressing backplane.

21. The polarization modulation isolator of claim 18 in
which the polarization isolator includes an electrically-
insulating linearly-polarizing material that is coated on the
side of the addressing backplane that faces the modulating
material,

22. The polarization modulation isolator of claim 18 in
which the polarization isolator is a linear polarizer formed
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by patterning a one-dimensional wire grid array of closely-
spaced metal lines on the side of the addressing backplane
that faces the modulating material.

23. The transparent microdisplay of claim 22 in which the
wire grid polarizer conducting layer is patterned into trans-
parent pixel electrodes, with: interconnection of the wire
egrid lines within a pixel, isolating gaps between pixels, and
an electrical connection from each pixel to the addressing
backplane.

24. A microdisplay comprising:

a polarization modulating material;

a silicon layer containing an active-matrix integrated
circuit for controlling the polarization modulating
material; and

a polarizer included in the integrated circuit.

25. The microdisplay of claim 24 in which the integrated
circuit includes a conducting layer patterned as a one-
dimensional array of closely-spaced metal lines to form a
wire grid polarizer.

26. The microdisplay of claim 24 in which the polarizer
is formed from a conducting layer in the integrated circuit
patterned as a one-dimensional array of closely-spaced
metal lines.

27. The microdisplay of claim 24 in which the microdis-
play is configured as a transmissive microdisplay.

28. The microdisplay of claim 24 in which the microdis-
play is configured as a reflective microdisplay and light
enters through the polarization modulating material, is
reflected from the wire grid polarizer, and exits back through
the modulating material.

29. The microdisplay of claim 24 in which the silicon
layer containing an active-matrix integrated circuit is on a
single crystal silicon wafer.

30. The microdisplay of claim 25 in which the integrated
wire grid polarizer conducting layer is patterned into trans-
parent pixel electrodes, with an interconnection of the wire
grid lines within a pixel, isolating gaps between pixels, and
an electrical connection from each pixel to the active-matrix.

31. The microdisplay of claim 25 in which the wire grid
polarizer conducting layer is the top metal layer in the
active-matrix integrated circuit.

32. The microdisplay of claim 24 in which a top most
conducting layer in the active-matrix integrated circuit is
coated with an electrically insulating polarizing material.

33. The microdisplay of claim 32 in which the top most
conducting layer in the active-matrix integrated circuit is an
array of indium tin oxide transparent pixel electrodes.

34. The microdisplay of claim 24 in which the polarizer
is configured to absorb the polarized light which it does not
transmit.

35. The microdisplay of claim 34 in which a top most
conducting layer in the active-matrix integrated circuit is
coated with an electrically insulating polarizing material
which absorbs the polarized light which it does not transmit.

36. The microdisplay of claim 34 in which the polarizer
is formed from a resistive conducting layer in the integrated
circuit which is patterned as a one-dimensional array of
closely-spaced lines to produce a wire grid polarizer which
absorbs most of the polarized light which it does not
transmit.

37. The microdisplay of claim 36 in which the resistive
conducting layer is made of polysilicon.
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38. The microdisplay of claim 36 in which the resistive
conducting layer is made of nichrome.

39. The microdisplay of claim 24 in which the silicon
layer containing an active matrix integrated circuit is on a
transparent substrate.

40. The microdisplay of claim 39 in which the transparent
substrate is sapphire.

41. The microdisplay of claim 25 in which the conducting
layer containing the wire grid polarizer is also patterned with
solid areas that serve to block light from passing from the
polarization modulating material into specific regions of the
active matrix integrated circuit.

42. The microdisplay of claim 24 in which the polariza-
tion modulating material is a liquid crystal or other electro-
optical material.

43. The microdisplay of claim 24 in which the active
matrix integrated circuit includes CMOS circuits with a
transistor and a capacitor controlling each pixel.

44. The transparent display of claim 30 in which the wires
are interconnected by a common conducting structure.

45. The transparent display of claim 30 in which the wires
are interconnected by vias spanning at least two wires.

46. A method of fabricating a transparent display, the
method comprising:

depositing silicon on a sapphire substrate;

fabricating active matrix pixel addressing integrated cir-
cuits in the silicon;

patterning an array of closely spaced metal conducting
lines integrated on the active matrix pixel addressing
circuits to form a wire grid polarizer;

applying an alignment layer on the wire grid polarizer;
and

placing liquid crystal material adjacent the alignment

layer.

47. The method of claim 46 in which the patterning of the
wire grid polarizer includes forming a conducting structure
that electrically interconnects to all the conducting lines
within a pixel.

48. The method of claim 47 in which the wire grid
polarizer is formed into transparent pixel electrodes by
removing the grid lines from the space between adjacent
pixels and fabricating a via to electrically connect the wire
grid to the active matrix pixel addressing circuits.

49. The method of claim 47 in which the patterning of the
wire grid polarizer includes the steps of sequentially expos-
ing a negative photoresist to two patterns of light, one
pattern of light for the conducting structure and one pattern
of light for the wire grid lines.

50. The method of claim 48 in which the patterning of the
wire grid polarizer includes the steps of sequentially expos-
ing a positive photoresist to two patterns of light, one pattern
of light for removing the grid lines from the space between
adjacent pixels and one pattern of light for the wire grid
lines.

51. The method of claim 47 in which the conducting
structure is formed of small metallic islands in an integrated
circuit interlayer dielectric below the wire grid conducting
layer, such that each island spans at least two wire grid lines
and the islands are positioned so that as a group they cause
all the wire grid lines within a pixel to be electrically
interconnected.
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52. A transmissive microdisplay comprising:
a transparent substrate;

a silicon addressing integrated circuit on the transparent
substrate including an array of pixel transparent elec-
trodes on top of and controlled by the silicon active
backplane;

an alignment layer adjacent the addressing circuit;

a transparent common plate;

an alignment layer on the common plate;

a liquid crystal material between alignment layers; and

a polarizer integrated into the silicon addressing circuit to
isolate the undesired polarization effects of the trans-
parent substrate and the silicon active backplane from
the desired polarization effect of the liquid crystal.

53. The microdisplay of claim 52 in which the polarizer
is a one dimensional array of conductive lines patterned in
the active silicon electrode backplane.

54. The microdisplay of claim 53 in which the array of
conductive lines have a pitch less than half the wavelength
of visible light.

55. The microdisplay of claim 53 in which the array is
patterned to form an isolated island over every pixel.

56. The microdisplay of claim 53 in which the lines over
each pixel are interconnected to form an electrode.

57. The microdisplay of claim 52 in which the polarizer
is a layer coated over the pixel transparent electrodes.

58. The microdisplay of claim 52 in which the transparent
substrate is sapphire.

59. The microdisplay of claim 56 in which the conducting
lines are deposited on top of small metallic islands that each
span between at least two lines and are positioned so that as
a group they cause all the lines over one pixel to be
interconnected to form an electrode.

60. The microdisplay of claim 59 in which one or more of
the metallic islands include a via that connects to the silicon
active backplane.

61. The microdisplay of claim 53 in which the metal used
to form the conducting lines includes solid metal areas that
block light from entering regions of the underlying silicon
addressing circuit.

62. A transparent display comprising:

a polarizing modulation material;

an addressing circuit for controlling the polarizing modu-
lation material; and

a polarizer between the addressing circuit and the polar-
ization modulating material.
63. The transparent display of claim 62 in which the
polarizing modulation material is a liquid crystal, or other
electro-optic crystal material.
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64. The transparent display of claim 62 in which the
addressing circuit is an active matrix pixel addressing inte-
grated circuit including CMOS circuits fabricated in a
silicon layer with a transistor and a capacitor for each pixel.

65. The transparent microdisplay of claim 62 in which the
polarizer is a one-dimensional array of wires integrated as
part of the active matrix pixel addressing integrated circuit.

66. The transparent microdisplay of claim 65 in which the
integrated wire grid polarizer is patterned into transparent
pixel electrodes, including interconnection of the wire grid
lines within a pixel, isolating gaps between pixels, and an
electrical connection from each pixel to the active-matrix.

67. The transparent display of claim 65 in which there is
an interlayer dielectric between the pixel addressing circuit
and the wires.

68. The transparent display of claim 62 further including
a transparent substrate adjacent to the addressing circuit.

69. The transparent display of claim 68 in which the
transparent substrate is made of sapphire.

70. The transparent display of claim 62 in which the
polarizer is a wire grid polarizer.

71. The transparent display of claim 70 in which the wire
grid polarizer is configured to suppress reflection.

72. The transparent microdisplay of claim 71 in which the
wire grid polarizer has low conductivity which causes it to
absorb most of the polarized light which it does not transmit.

73. The transparent microdisplay of claim 72 in which the
low conductivity wire grid polarizer is patterned in polysili-
con.

74. The transparent microdisplay of claim 72 in which the
low conductivity wire grid polarizer is patterned in
nichrome.

75. The transparent display of claim 70 in which the wire
grid polarizer is segmented between pixels.

76. The transparent display of claim 75 in which the wires
of the wire grid polarizer are interconnected.

77. The transparent display of claim 76 in which the wires
are interconnected by a common conducting structure.

78. The transparent display of claim 76 in which the wires
are interconnected by vias spanning at least two wires.

79. A transparent display comprising:

a polarizing modulation material;

an addressing circuit for controlling the polarizing modu-
lation material; and

a wire grid polarizer integrated in the addressing circuit
and located at the interface between the addressing
circuit and the polarization modulating material, the
wire grid polarizer is segmented between pixels to
eliminate the need for a separate transparent electrode;
and

the wires of the wire grid polarizer are interconnected.
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