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(57) Abstract

An improved liquid crystal display cell (34) comprising two substrates (108, 124) spaced apart and containing a quantity of liquid
crystal mixture (18) therebetween, in which the substrates have facing surfaces (108’, 124°) coated with a continuous, electrically conducting
material (38, 36), is provided with an array of spacer pads (40) at a pre-selected distance apart from each other, having a pre-selected
height to maintain a given spacing between the substrates, and having a pre-selected cross section that avoids substantial interference with
the display properties of the liquid crystal display cell.
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Liquid crystal cell with spacers and method
of manufacturing same

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates generally to liquid

crystals, and, more particularly, to an improved configura-
tion in a liquid crystal light valve which includes a new
spacing technique for uniform and controllable liquid crys-

tal layer thicknesses.

2. Description of Related Art

One type of liquid crystal electro-optical device is
constructed by placing a thin layer of liquid crystal be-
tween two transparent plates, or one transparent plate and
one mirrored plate, that have each been coated with a layer
of an electrical conductor on its interior face. When no
electric field is applied (field-OFF) between the conduc-
tive layers, the director of the liquid crystal is in one
state. (The "director" of the liquid crystal is the macro-
scopic direction of the long molecular axis of the liquid
crystal molecules.) When an electric field is applied
(field-ON), the director reorients to another state. Be-
cause the liquid crystal is birefringent, the two states
will have different refractive indices. The movement of
the director causes a polarization re-orientation as the
light passes through the liquid crystal layer. The state
change responsive to an applied electric field is the basis
for liquid crystal devices that control light, such as dis-

plays and projectors.
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In its usual form, a liquid crystal light valve (.LCLV)
is a device that modulates a polarized projection light
beam on a pixel-by-pixel basis as it passes through a lig- |
uid crystal layer. A photoactivated LCLV performs the pix-
elized modulation with a writing beam directed against the
backside of a reflective-mode liquid crystal layer.

A simplified version of a photoactivated LCLV includes
a transparent input substrate, usually comprising glass,
upon which is formed a transparent back electrode layer,
such as indium tin oxide or P** semiconductor, and a layer
of photoconductor material, such as silicon or cadmium sul-
fide. A light-blocking layer, such as Si0O, or CdTe, pre-
vents light entering the readout side of the device from
entering the photoconductor, while a dielectric or metal
matrix mirror on the readout side of the light-blocking
layer reflects a readout beam. A liquid crystal layer is
sandwiched between alignment layers on the readout side of
the mirror, with a counter-electrode layer and a front
transparent substrate formed in turn on the readout side of
the liquid crystal cell.

An AC voltage source is connected across the back
electrode and counter electrode to establish a bias that
sets an operating point for the liquid crystal. In opera-
tion, an input image from an optical source such as a cath-
ode ray tube (CRT), a scanning laser, or the like is ap-
plied to the input side of the LCLV, while a linearly po-
larized readout beam is transmitted through the LC cell and
reflected back from the mirror through a crossed polarizer.
The input image produces a corresponding spatial voltage
distribution across the LC layer, altering the localized
alignment of the liquid crystal in accordance with the ap-
plied voltage pattern. This results in a spatial modula-
tion of the readout beam, permitting a transfer of informa-
tion from the input image to the readout beam.

The operation of this and other types of liquid crys-
tal light valves is discussed in greater detail in numerous

technical publications; see, for example, "Progress in Lig-
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uid Crystal Light Valves", by W.P. Bleha, in Laser Focus/-
Electro-Optics, October 1983, pages 111-120.

Previous versions of liquid crystal 1light valves
(LCLVs) had relatively poor LC layer thickness uniformity,
but due to the slower response and >4 um thick liquid crys-
tal (LC) layers, spacer pads on the perimeter of the dis-
play satisfied operational requirements.

Proposed liquid crystal light valves operating at TV-
rates will have an LC thickness in the range of 3 to 4 m.
A desire to reduce the size of the LCLV projector has re-
sulted in high temperatures that may cause the substrates
of the LCLV to bend. For these reasons, it has become nec-
essary to place spacers into the LC layer throughout the
viewing area of the display. A fast, inexpensive, and de-
pendable method for placing these spacers into the display
is an important factor in the success of the commercial
venture.

Presently, spacer particles, such as glass fibers or
spheres, are employed. See, for example, K. Shimizu, et
al, "Optical Display Cell of Even Thickness Using Adhesive
Means and Separate Adhesive-Free Spacers," U.S. Patent
4,390,245, issued June 28, 1983.

However, spacer particles tend to cluster, resulting
in overcrowding in some regions, which reduces the active
area of the display, while leaving other regions depleted,
causing a possible thickness variation in the display. De-
positing spacer particles in a consistently uniform manner
can be very expensive. In these techniques, dust particles
are also trapped on the substrate surface along with the
spacer particles. Finally, in order to safely maintain a
uniform separation between two substrates, too many spacers
are often deposited, resulting in a poor display or device.
Machines to perform this task with reasonable repeatability
are very expensive.

Peripheral spacers, which have been used in the prior

art, are not sufficient means to maintain uniform separa-

tion when the substrates bend.
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Thus, there remains a need for a means for spacihg the
substrates employed in liquid crystal display cells a fixed
distance without substantially interfering with display

properties.

SUMMARY OF THE INVENTION

In accordance with the invention, an improved liquid
crystal display cell comprising two substrates spaced apart
and containing a quantity of liquid crystal mixture there-
between, in which the substrates have facing surfaces coat-
ed with a continuous, electrically conducting material, is
provided with an array of spacer pads at a pre-selected
distance apart from each other, having a pre-selected
height to maintain a given spacing between the substrates,
and having a pre-selected cross-section that avoids sub-
stantial interference with the display properties of the
liquid crystal display cell.

The liquid crystal display cell is assembled by

(a) providing a first of the substrates;

(b) in either order, forming an array of spacer
pads and the continuous, electrically conducting, material
on a major surface of the first substrate;

(c) forming a layer of silica over the major sur-
face of the substrate;

(d) providing a second of the substrates coated
with (1) the continuous, electrically conducting, material
on a major surface thereof and (2) the layer of silica
therebn;

(e) assembling the substrates so that the coated
surfaces are facing each other and are maintained spaced
apart by the spacer pads to provide a region bounded by the
perimeter of the two substrates; and

(f) sealing the perimeter of the two substrates
and filling the region with the liquid crystal mixture to

provide the display cell.
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The advantages of fixed spacers over spacer particles,
such as glass fibers or spheres, are significant. The
fixed spacers of the present invention can be deposited in
line with techniques already incorporated into the manufac-
turing of liquid crystal light valves. Spacer pads of SiO,
can be deposited using the technique of ion-beam spﬁttering
in existing apparatus, which is already commercially avail-
able. Ion-beam sputtering is a simple, low cost, and rela-
tively fast method. The spacer pads can also be formed by
reactive etching techniques, either chemical or plasma,
that are well-known. The spacers of interest in this in-
vention range from 1 to 25 um in height, and from 1 to 250
pm in diameter. The actual diameter of the spacer is de-
termined to be less than the resolution of the specific

display or device application.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified diagram of a known photoacti-
vated liquid crystal light valve;

FIG. 2 is a side elevational view of one configuration
of the liquid crystal layer in a liquid crystal light valve
employing one embodiment of a spacer of the present inven-
tion; and

FIG. 3 is a side elevational view of another configu-
ration of the liquid crystal layer in an LCLV employing a
second embodiment of a spacer of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The simplified version of a photoactivated LCLV 6 de-
scribed earlier is depicted in FIG. 1 and includes a trans-
parent input substrate 8, usually comprising glass, upon
which is formed a transparent back electrode layer 10, such
as indium tin oxide or P** semiconductor, and a layer 12 of
photoconductor material, such as silicon or cadmium sul-
fide. A light-blocking layer 14, such as Si0, or CdTe, pre-
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vents light entering the readout side 6a of the device 6
from entering the photoconductor 12, while a dielectric or
metal matrix mirror 16 on the readout side of the light-
blocking layer 14 reflects a readout beam 32. A liquid
crystal layer 18 is sandwiched between alignment layers
20a, 20b on the readout side 6a of the mirror 16, with a
counter-electrode layer 22 and a front transparent sub-
strate 24 formed in turn on the readout side of the liquid
crystal cell 6.

An AC voltage source 26 is connected across the back
electrode 10 and counter-electrode 22 to establish a bias
that sets an operating point for the liquid crystal. 1In
operation, an input image 28 from an optical source 30 such
as a cathode ray tube (CRT), a scanning laser, or the like
is applied to the input side 6b of the LCLV 6, while a lin-
early polarized readout beam 32 is transmitted through the
LC cell 18 and reflected back from the mirror 16 through a
crossed polarizer (not shown). The input image 28 produces
a corresponding spatial voltage distribution across the LC
layer 18, altering the jocalized alignment of the liquid
crystal in accordance with the applied voltage pattern.
This results in a spatial modulation of the readout beam
32,\permitting a transfer of information from the input
image 28 to the readout beam.

In the present invention, spacers (as used herein, the
term "spacers" refers to any object used to maintain a set
distance between two substrates) can be placed above and
beneath a continuous conductive layer of indium-tin oxide
(ITO) and a liquid crystal alignment layer such as dis-
closed in previous patents issued to the same assignee as
the present application. These patents include 5,011,267;
4,464,134; and 4,030,997,

In a preferred alignment process, which is disclosed
in application Serial No. 07/715,537, filed June 14, 1991,
and assigned to the same assignee as the present applica-
tion, a substrate is treated prior to use to induce a near-

perpendicular orientation of the liquid crystal director
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relative to the substrate. A layer of silica is depoéited
on the substrate surface by, e.g., in-line magnetron sput-
tering as the substrate is moved past the sputtering tar-
get. The silica-coated substrate is subsequently treated
with a long-chain alcohol. The alcohol-treated substrate
is then covered with a layer of liquid crystal, the direc-
tor of the liquid crystal assuming a field-OFF state tilted
about 1° to 3° from the perpendicular toward an azimuthal
direction parallel to the direction of movement of the sub-
strate during deposition. This approach is referred to
herein as the "moving deposition" (MD) alignment method.

The spacers in accordance with the present invention
can be fixed in a predetermined distribution pattern, with
a density sufficient to maintain the separation distance,
and sparse enough so as to not degrade the quality of the
display or device. The spacers can be deposited or created
on the substrate before the alignment layer is deposited
because, with the MD alignment method, it is possible to
uniformly align liquid crystal (LC) on curved, uneven, and
stepped surfaces. An insulating layer of SiO, prevents
shorting between the substrates when the spacer is beneath
the ITO or when the spacer is composed of a conductive
material.

The method of maintaining uniform separation between
two substrates described in this invention is inexpensive
and reliable. It will maintain the separation when the
substrates bend due to extreme thermal changes, or any oth-
er stress inducing process. The procedure can be easily
incorporated into the LCLV production processes.

Two examples of the configuration of this invention
are illustrated in FIGS. 2 and 3. FIG. 2 shows the spacer
pads placed on the substrate with continuous layers of ITO
and an SiO,-based LC alignment layer deposited above. FIG.
3 shows the spacer pads placed between the continuous ITO
and Si0, layers.

In FIGS. 2 and 3, a liquid crystal display cell 34 in-
cludes two glass substrates 108, 124. On the surface 124’
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of substrate 124 is formed an electrically conducting'layer
36, such as indium tin oxide (ITO). A similar electrically
conducting layer 38 is formed on the surface 108' of sub-
strate 108. A layer of silica 20a is formed on the ITO
layer 36. A similar layer of silica 20b is formed on the
ITO layer 38. The formation of the silica layers is taught
in the above-mentioned patents and patent application, and
is used to orient the liquid crystal (not shown in the Fig-
ures), as described therein.

In accordance with the invention, a plurality of spac-
er pads 40 is formed over the surface 124' of substrate
124. While FIGS. 2 and 3 depict a row of such spacer pads
40, it will be appreciated that the spacer pads in fact
form a 2-dimensional array across the surface of the sub-
strate 124.

The spacer pads 40 may be formed directly on the sur-
face 124', as shown in FIG. 2, or may be formed on the ITO
layer 36, as shown in FIG. 3. 1In either event, once the
spacer pads 40 have been formed, the top substrate 108 may
be placed on top of the spacer pads so that the silica lay-
er 20b contacts the tops of the spacer pads. The edges
around the perimeter of the two substrates 108 and 124 are
then sealed and the space between them is filled with the

liquid crystal (not shown in FIGS. 2 and 3, but shown in

FIG. 1), as taught in the above-mentioned patents and pat-
ent application, to form the liquid crystal display cell
34.

The spacer pads 40 can be formed with heights ranging
from about 1 to 50 um, with cross-sections covering a range
of about 1 to 250 um; the cross-sectional shape of the
spacer pads is immaterial, and may be, for example, circu-
lar or square. The spacing between the spacer pads 40
ranges from about 0.010 to 2.5 cm.

The size of the spacer pads 40 and the spacing between
the spacer pads is dictated by the use. If the device 34
is small or is required to respond very quickly, then the

spacer pads 40 should be rather closely spaced. If speed
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of the device is not a factor, then the spacer pads 40 can
be made larger and spaced further apart. As an example,
for a liquid crystal light valve, the cross-sectional di-
mension may be about 3 to 4 um and the spacing may be about
500 um on center, while for a quarter-wave plate (out of
the focal plane of the device), the cross-sectionai dimen-
sion can be made somewhat larger than for the LCLV and the
spacing may be about 1 cm on center.

A variety of materials may be used to form the spacer
pads 40, including an oxide, such as silica or indium tin
oxide, a metal, such as chromium, aluminum, or gold, and
polymers, such as polyimides or photoresist materials. The
spacer pads 40 are formed by depositing a layer of one of
the foregoing materials to the desired thickness, such as
by sputtering or evaporation or other conventional deposi-
tion process, and, employing conventional photolithographic
techniques of patterning, exposing, and developing, the un-
wanted material is removed, leaving the spacer pads of the
desired cross-sectional dimension and spacing.

Both FIGS. 2 and 3 depict a layer (ITO layer 36 and
silica layer 20a in FIG. 2; silica layer 20a in FIG. 3) on
top of the spacer pads 40. This arises from the blanket
deposition of these materials on the surface 124' of sub-
strate 124 and plays no role in the operation of the de-

vice.

EXAMPLES

Example 1:
An experiment was performed to show evidence of re-

duction to practice. The experiment would also determine
if the Si0, layer would prevent shorting between top sub-
strate and the ITO on top of (or in) the spacer pads, and
if the spacer pad would distort the LC alignment by affect-
ing the alignment layer or by producing stray field lines
in the voltage-ON state of the device. The device fabri-

cated was similar to that shown in FIG. 2.




WO 94/17438 PCT/US94/00508

10

15

20

25

30

35

10

The test cell was assembled from two optical i/4-l
flats of BK7A glass. The dimensions of the substrates were
1.24 inch x 1.75 inch x 0.5 inch (3.15 cm X 4.45 cm x 1.27
cm). SiO, spacer pads 2.5 um high and 250 um in diameter
were deposited by electron-beam sputtering. Next, a con-
tinuous 400 A layer of ITO was deposited over the entire
substrate. Then, a 1,300 A layer of $i0, was deposited for
the MD alignment and to electrically isolate the two sub-
strates. Next, the substrate was treated with an alcohol
for inducing tilted-perpendicular alignment of liquid crys-
tals. Finally, the test cell was pre-sealed and vacuum
filled with a negative dielectric anisotropy liquid crystal
material.

The test cell had very low transmission with no ap-
plied voltage when it was viewed between crossed polar-
izers. This result demonstrated that the MD alignment lay-
er could be applied after the spacers were formed with no
distortion. A 10 KHz AC voltage was applied to the sub-
strates of the test cell. The transmission of the cell in-
creased uniformly to a maximum at about 7 Vppg. There was
no observable misalignment around the spacers. This result
is significant when the spacers are in the viewing area of

the display or device.

Example 2:
A similar experiment to that described in Example 1

was performed. In this experiment, a test cell was assem-
bled from two optical 1/4-R flats of BK7A glass. The di-
mensions of the substrates were 1.24 inch x 1.75 inch x 0.5
inch (3.15 cm x 4.45 cm x 1.27 cm). Aluminum spacers were
formed by a chemical etching process. The resulting spac-
ers were 3 um high with a square cross-section of 3.3 x 3.3
pm. ITO and the MD alignment layer were deposited in the
same manner as mentioned above. The test cell was filled
with another liquid crystal material. This test cell also

had positive results. Misalignment regions surrounding the
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3.3 um wide spacers could not be detected at a magnifica-
tion of 200X in either the voltage-ON or -OFF states.

Thus, there has been disclosed a liquid crystal dis-
play cell comprising two substrates spaced apart by a two-
dimensional array of spacers. It will be readily épparent
to those of ordinary skill in this art that various changes
and modifications of an obvious nature may be made, and all
such changes and modifications are considered to fall with-
in the scope of the invention, as defined by the appended

claims.



WO 94/17438 ' PCT/US94/00508

10

15

20

25

30

35

12

CLAIMS
What Is Claimed Is:

1. An improved liquid crystal display cell comprising:

two substrates spaced apart;

liquid crystal mixture contained therebetween;

continuous, electrically conducting electrode
material coated on facing surfaces of said substrates;

a liquid crystal alignment layer formed over said
electrically conducting electrode material; and

an array of spacer pads at a pre-selected dis-
tance apart from each other, said spacer pads having a pre-
selected height to maintain a given spacing between said
substrates and having a pre-selected cross-section that
avoids substantial interference with the display properties

of said liquid crystal display cell.

2. The liquid crystal display cell of Claim 1 wherein
said spacer pads comprise a material selected from the

group consisting of oxides, metals, and polymers.

3. The liquid crystal display cell of Claim 2 wherein
said oxides are selected from the group consisting of sil-
jca and indium tin oxides, wherein said metals are selected
from the group consisting of chromium, aluminum, and gold,
and wherein said polymers are selected from the group con-

sisting of polyimides and photoresists.

4. The liquid crystal display cell of Claim 1 wherein
said spacer pads are spaced apart from each other by a dis-

tance ranging from about 0.010 to 2.5 cm.

5. The liquid crystal display cell of Claim 1 wherein
said spacer pads have a cross-sectional area ranging from

about 1 to 250 um.
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6. The liquid crystal display cell of Claim 1 wherein
said spacer pads have a height ranging from about 1 to 50

pm.

7. The liquid crystal display cell of Claim 1 wherein
said spacer pads are supported directly on the surface of

one of said substrates.

8. The liquid crystal display cell of Claim 1 wherein
said spacer pads are supported on the surface of said con-

ducting material.

9. The liquid crystal display cell of Claim 1 wherein
said liquid crystal alignment layer on said electrically

conductive electrode layer comprises silica.

10. A method of spacing substrates apart in a liquid
crystal display cell comprising two substrates separated by
a liquid crystal mixture therebetween and coated with a
continuous, electrically conducting material, the method
comprising:

(a) providing a first of said substrates;

(b) in either order, forming an array of spacer
pads and said continuous, electrically conducting material
on a major surface of said first substrate;

(c) forming a liquid crystal alignment layer on
said continuous, electrically conducting material;

(d) providing a second of said substrates coated
with said continuous, electrically conducting material and
a layer of Si0O, on a major surface thereof;

(e) assembling said substrates so that said coat-
ed surfaces are facing each other and are maintained spaced
apart by said spacer pads to provide a region bounded by
the perimeter of said two substrates; and

(f) sealing said perimeter of said two substrates
and filling said region with said liquid crystal mixture to

provide said display cell.
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11. The method of Claim 10 wherein said spacer pads
comprise a material selected from the group consisting of

oxides, metals, and polymers.

12. The method of Claim 11 wherein said oxides are
selected from the group consisting of silica and indium tin
oxides, wherein said metals are selected from the group
consisting of chromium, aluminum, and gold, and wherein
said polymers are selected from the group consisting of

polyimides and photoresists.

13. The method of Claim 10 wherein said spacer pads

~are spaced apart from each other by a distance ranging from

14. The method of Claim 10 wherein said spacer pads

have a cross-sectional area ranging from about 1 to 250 um.

15. The method of Claim 10 wherein said spacer pads

have a height ranging from about 1 to 50 um.

16. The method of Claim 10 wherein said spacer pads
are formed directly on the surface of one of said sub-

strates.

17. The method of Claim 10 wherein said spacer pads

are formed on the surface of said conducting material.

18. The method of Claim 10 wherein said liquid crystal
alignment layer formed on said electrically conductive

electrode layer comprises silica.
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