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FIELD OF THE INVENTION  20         The present invention generally relates
to microfabrication and integrated       circuit techniques and, in
particular, to a system and method for microfabricating       liquid
crystal displays by creating cavities within microfabricated devices and
filling       the cavities with liquid crystal.         WO 98/45751
PCT/US98/06587   



25                         BACKGROUND OF THE INVENTION
Conventional liquid crystal displays (LCDs) include a substrate with a
transparent cover connected thereto and disposed thereover. A cavity is
formed       between the substrate and the transparent cover, and the
cavity is filled with liquid       crystal. Optical properties of the
liquid crystal change as an electric field that is  30   applied across the
liquid crystal changes. Therefore, by controlling the electric field
appearing across portions of the liquid crystal, the optical properties of
the liquid       crystal can be changed in order to display information in
the form of characters or       numbers, for example.
However, many prior art techniques of manufacturing a liquid crystal
display  35  individually connect the transparent cover to each substrate.
Therefore, production of       many substrates in parallel, at the
wafer-scale, of liquid crystal displays is hindered.       Furthermore,
application of a separate transparent cover is subject to error in the
thickness uniformity of the liquid crystal material, deriving from
imperfect flatness or       parallelism of the substrate and cover.
Therefore, the process of individually  40   connecting a transparent cover
oftentimes requires precise tolerances, which can be       difficult to
obtain.               Furthermore, in creating conventional liquid crystal
displays, as well as many       other types of microfabricated devices, a
sacrificial layer is oftentimes deposited and       then later removed
through conventional microfabrication techniques, such as etching.  45
The deposition and later removal of the sacrificial layer enables cavities
or other       hollow areas to be formed during the manufacturing process.
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WO 98/45751
PCT/US98/06587               One prior art method for forming hollow areas
within microfabricated devices        includes the step of forming a porous
material to encapsulate sacrificial material. The        porous material
includes many thousands of tiny holes that allow gases to pass  50  through
the porous material. Oxygen or an oxygen-plasma is allowed to move
through the porous material, thereby vaporizing the sacrificial layer when
the device is       exposed to high temperatures (e.g., greater than 100
degrees Celsius). The gaseous       sacrificial material egresses through
the pores of the porous material leaving a hollow       area where the
sacrificial material once resided. The opening is usually plugged  55
during a subsequent deposition step in order to seal the microfabricated
device.               However, this type of technique for removing a
sacrificial layer through a       porous material requires the extra steps
of exposing the device to oxygen plasma. The       exposure of the device
to oxygen-plasma can be potentially damaging to other       elements of the
device. Furthermore, the process of forming a suitable porous  60
material can be difficult, since thousands of tiny holes need to be formed
in order to       develop a porosity sufficient for allowing sacrificial
material to escape. Furthermore,       as the porosity of the material is
increased, the mechanical stability of the material is       typically
decreased. Therefore, manufacturing a sufficiently porous material that can
withstand the high pressures associated with dissipating sacrificial
material can be  65   very difficult and costly.               Due to many
difficulties, including the difficulties of forming cavities for
liquid crystal displays, prior art techniques of manufacturing liquid
crystal displays are       inefficient and do not usually integrate liquid
crystal displays onto a single substrate
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WO 98/45751
PCT/US98/06587        where mechanical components, such as the covers
mentioned hereinbefore, are not  70  separately attached. Thus, a
heretofore unaddressed need exists in the industry for       providing a
system and method to efficiently microfabricate a fully integrated liquid
crystal display.                                 SUMMARY OF THE INVENTION
75           The present invention overcomes the inadequacies and
deficiencies of the prior       art as discussed herein. The present
invention provides a system and method for       efficiently
microfabricating a fully integrated liquid crystal display.
The present invention utilizes a base, a conductive pad, permeable
material,       liquid crystal, a contact and a transparent conductor. The
conductive pad is formed on  80  the base, and the permeable material is
formed on sacrificial material, which is       configured to dissolve into
and dissipate through the permeable material when the       sacrificial
material is heated. Liquid crystal is formed in the cavity which is between
the conductive pad and permeable material. The transparent conductor is
formed such       that the liquid crystal resides between the transparent
conductor and the conductive  85  pad. The transparent conductor is coupled
to a voltage contact, and the voltage       difference between the
transparent conductor and the conductive pad creates an       electric
field that appears across the liquid crystal. By varying the electric field
applied across the liquid crystal, the optical properties of the liquid
crystal can be       changed in order to change the appearance of the
liquid crystal to an observer.  90           In accordance with another
feature of the present invention, the sacrificial       material is
preferably formed on the conductive pad and on exposed portions of the   



4         WO 98/45751
PCT/US98/06587         base prior to formation of the permeable material.
The sacrificial material is        preferably patterned in order to expose
portions of the base. Once the permeable layer        is formed, the
sacrificial material is preferably dissipated through the permeable  95
material in order to form a cavity. The cavity is then filled with the
liquid crystal.                The present invention can also be viewed as
providing a method for        microfabricating a liquid crystal display.
Briefly described, the method can be broadly        conceptualized by the
following steps: forming a conductive pad on a base; forming
sacrificial material on the pad; patterning the sacrificial material to
expose a portion of  100   the base; forming permeable material on the
sacrificial material and the exposed        portion of the base;
dissipating the sacrificial material through the permeable material
in order to form a cavity; filling the cavity with liquid crystal; forming
a transparent        conductor; and creating a voltage difference between
the transparent conductor and        the conductive pad to apply an
electric field across the liquid crystal.  105           The present
invention has many advantages, a few of which are delineated
hereafter, as mere examples.                An advantage of the present
invention is that liquid crystal displays can be        microfabricated on
a wafer-scale.                Another advantage of the present invention is
that liquid crystal displays can  110 be efficiently microfabricated.
Another advantage of the present invention is that liquid crystal displays
can        be efficiently microfabricated without forming a multitude of
openings to allow        sacrificial material to dissipate.  



5          WO 98/45751
PCT/US98/06587                Another advantage of the present invention is
that cavities within liquid crystal  115  displays can be formed and filled
with liquid crystal with only one hole punctured into        the liquid
crystal display.                Other features and advantages of the
present invention will become apparent to        one skilled in the art
upon examination of the following detailed description, when        read in
conjunction with the accompanying drawings. It is intended that all such
120  features and advantages be included herein within the scope of the
present invention,        as is defined by the claims.
BRIEF DESCRIPTION OF THE DRAWINGS               The invention can be better
understood with reference to the following  125  drawings. The elements of
the drawings are not necessarily to scale relative to each        other,
emphasis instead being placed upon clearly illustrating the principles of
the        invention. Furthermore, like reference numerals designate
corresponding parts        throughout the several views.               Fig.
1A is a side view of a device having conductive pads formed thereon in  130
accordance with the principles of the present invention.               Fig.
1B is a top view of the device shown in Fig. 1A.               Fig. 2A is a
cross sectional view of the device shown in Fig. 1 after a
sacrificial layer has been formed. 



Fig. 2B is a top view of the device shown in Fig. 2A.  135        Fig. 3A
is a cross sectional view of the device shown in Fig. 2 after a
permeable layer has been formed on the sacrificial layer.
6          WO 98/45751
PCT/US98/06587                Fig. 3B is a top view of the device shown in
Fig. 3A.               Fig. 4A is a cross sectional view of the device
shown in Fig. 3 after the        sacrificial layer has been removed from
the device.  140          Fig. 4B is a top view of the device shown in Fig.
4A.               Fig. 5A is a cross sectional view of the device shown in
Fig. 4 after a        transparent conductor has been formed on the
permeable layer.               Fig. 5B is a top view of the device shown in
Fig. 5A.               Fig. 6A is a cross sectional view of the device
shown in Fig. 5 after another  145   permeable layer and an antireflective
coating have been formed.                Fig. 6B is a top view of the
device shown in Fig. 6A.                Fig. 7 is a top view of the device
shown in Fig. 1 after a sacrificial layer has        been formed, wherein
the sacrificial layer of Fig. 7 is of a different configuration than
the sacrificial layer depicted by Fig. 2.  150          Fig. 8 is a top
view showing a configuration of multiple devices depicted in        Figs. 2
and 7 that can be easily batch fabricated on a wafer scale.
DETAILED DESCRIPTION OF THE INVENTION                Generally described,
the present invention provides a system and method for 



155  efficiently forming fully integrated liquid crystal displays. Since
the liquid crystal         displays are fully integrated, they can be
easily and efficiently manufactured on a         wafer-scale at a
tremendous reduction in manufacturing cost. As used herein, the term
"fully integrated" device is defined as a device formed through known
microfabrication techniques, such as layer deposition, without the
attachment of  160  separate mechanical components.
7          WO 98/45751
PCT/US98/06587                Fig. 1 depicts a liquid crystal display (LCD)
device 20 in initial stages of        manufacture according to the
principles of the preferred embodiment of the present        invention.
Fig. 1A shows a side view of a substrate 21 having a dielectric or
insulator        layer 24 formed on a top surface of the substrate 21. The
substrate 21 is preferably  165   monolithic, and the insulator layer 24
preferably acts as a base for forming additional        layers or
structures, as will be discussed in further detail hereinbelow.
Conductive pads 27 are preferably formed or deposited on the insulator
layer        24, according to Figs. 1A and 1B. The material of conductive
pads 27 is preferably a        metal in order to allow the voltage of the
pads 27 to be easily changed. The  170  conductive pads 27 can be
constructed with normal microfabrication techniques        known in the
art. Consistent with conventional mcirofabrication practices, circuitry
for addressing the pads 27 is located beneath insulator layer 24 and
connects to the        pads 24 through electrical vias that pass through
the insulator layer 24. In addition,        voltage contacts 29 are
preferably formed on insulator layer 24 and are connected to a  175  common
voltage so that each contact 29 has the same voltage potential.
Although not necessary for implementation of the present invention, it may
be 



desirable to form a molecular alignment layer on the surface of conductive
pads 27.        The molecular alignment layer may facilitate the
preferential molecular alignment        needed for proper crystal light
modulator operation. Inorganic alignment layers, such as  180  obliquely
evaporated oxides, should be compatible with the device 20, which is
described in further detail hereinafter.               Once the conductive
layers 27 are formed, a sacrificial layer 31 is preferably        formed or
deposited on top of the conductive layers 27 and exposed portions of the
insulator layer 24, as depicted by Figs. 2A and 2B. The sacrificial layer
31 is preferably                                                8
WO 98/45751
PCT/US98/06587   185   patterned to completely remove the sacrificial layer
31 at various locations. In the        preferred embodiment, the
sacrificial layer 31 is removed in order to form circular holes        in
various areas that expose the insulator layer 24, as depicted by Fig. 1B.
For        illustrative purposes, Fig. 2B depicts, via dashed reference
lines, the conductive pads 27        which are located beneath the
sacrificial layer 31, as depicted by Fig. 2A. It should be  190   apparent
to one skilled in the art that the sacrificial layer 31 may be removed at
various         other locations without departing from the principles of
the present invention.                After formation of the sacrificial
layer 31, a permeable layer 35 is preferably         formed on the device
20 through microfabrication techniques, as shown by Figs. 3A and
3B. For illustrative purposes, Fig. 3B shows, via dashed reference lines,
the portions of  195   sacrificial layer 31 and contacts 29 that underlie
permeable layer 35. In addition to         covering the sacrificial layer
35, the permeable layer 35 is configured to fill in the holes
patterned in the sacrificial layer 31. Furthermore, in the preferred
embodiment, the         permeable layer 35 is designed as an insulator.  



The material of the permeable layer 35 is configured to allow the
sacrificial layer  200   31 to pass through the permeable layer 35 when the
sacrificial layer 31 is heated. The         permeable layer 35 is
preferably comprised of silicon dioxide which can be formed on         the
device 20 by chemical vapor deposition or other suitable process. However,
other         materials for the permeable layer 35 are also possible. For
example, many chemicals in         the polymide class of chemicals are
suitable for allowing sacrificial material to dissolve  205  into and
diffuse through it. Any material capable of allowing the material of the
sacrificial layer 31 to dissipate through it is sufficient for the purposes
of the present         invention. Since, the sacrificial layer 31 is
capable of dissipating through the permeable
9          WO 98/45751
PCT/US98/06587         layer 35, an opening does not need to be created to
allow the sacrificial layer 31 to        egress from the device 20.  210
In the preferred embodiment, the permeable layer 35 is fully dense, unlike
the        porous material described hereinbefore in the Background
section. Therefore, the        material of the permeable layer 35 is a
low-porosity solid, and tiny holes do not have to        be formed in the
material of the permeable layer 35 in order to increase the layer's 35
porosity for allowing sacrificial material to egress.  215
Furthermore, although not necessary for successful implementation of the
present invention, the permeable layer 35 may be thinned by polishing,
etching or any        other suitable technique to reduce the layer's 35
thickness and/or to improve the layer's        35 planarity. In this
regard, reduction in the thickness of the permeable insulator layer
35 increases the electric field applied across the liquid crystal, which
will be discussed in  



220  further detail hereinafter. In addition, improved planarity of the
permeable insulator        layer 35 can improve the optical performance of
the device 20.                It may be desirable to form alignment layers
during the manufacturing process in        order to properly align the
layers of the structure 20. In this regard, alignment layers can        be
formed through deposition and rubbing of polymers or by evaporation of
oxide layers  225   onto an obliquely oriented surface. For example, a
polymer alignment layer can be        formed by spin-depositing polymer
onto the conductive pads 27 and buffing the        deposited polymer prior
to the formation of the sacrificial layer 31. Alternatively, the
polymer alignment layer can be formed on the sacrificial layer 31 once the
sacrificial        layer 31 has been formed on the conductive contacts 27.
An oxide, or other suitable,  230   alignment layer can be similarly formed
on the conductive pads 27 or the sacrificial        layer 31. Furthermore,
deposition of a separate alignment layer can be avoided by
10          WO 98/45751
PCT/US98/06587         rubbing or polishing the surface of the sacrificial
layer 31 after formation of the        sacrificial layer 31.
Once the sacrificial layer 31 and the permeable layer 35 are formed, the
device  235   20 is heated to a sufficient temperature to convert the
sacrificial layer 31 from a solid        state to a gaseous state. The
gaseous state of the sacrificial material is configured to        permeate
through the permeable layer 35 as the sacrificial material is heated. Since
the        permeable layer 35 is preferably of a low porosity, the material
of the sacrificial layer 31        dissolves into and diffuses through the
permeable layer 35 until the sacrificial material  240   escapes from the
permeable layer 35 and, hence, the device 20.                The removal of
the sacrificial layer 31 leaves a cavity or a hollow area 37 within  



the device 20, as depicted by Fig. 4. In this respect, the permeable layer
35 acts as a        canopy suspended over the conductive pads 27 and
supported by the portion 39 of the        permeable layer 35 which
previously filled in the holes of the sacrificial layer 31.  245
Therefore, the portion 39 of the permeable layer 35 which filled in the
holes of the        sacrificial material 31 now acts as pillars 39 that
support the permeable layer 35. As a        result, the area 37 vacated by
the sacrificial layer 35 should define a cavity 37 within        device 20,
and formation of this cavity 37 does not require the layer 35 to be
punctured        in order to allow the sacrificial layer 31 to egress from
the device 20.  250           Although it is preferable to remove the
sacrificial layer 31 through vaporization        as described hereinabove,
other techniques for removing the sacrificial layer are also
possible. For example, layer 35 may be comprised of porous material rather
than dense        permeable material. Therefore, it is possible to remove
all or some of the sacrificial        layer 31 through the pores of the
porous material, as described in U.S. Patent No.  255   5,461,003 filed on
May 27, 1994 by Havemann et al., which is incorporated herein by
WO 98/45751
PCT/US98/06587          reference as if set out in full hereinbelow.
Although different techniques may be more         desirable than others,
any technique for removing the sacrificial layer 31 should be
sufficient.                After the sacrificial layer 31 is removed, a
transparent conductor 42 is preferably  260  formed or deposited on the
permeable layer 35, as depicted by Figs. 5A and 5B. The        transparent
conductor 42 may be comprised of any suitable material sufficient for
conducting electricity and allowing light to pass. For example, the
transparent        conductor 42 may be comprised of a conductive oxide,
such as indium tin oxide        (In[err]Sn[err]O), or a conductive film
that is thin enough to be transparent. Furthermore, the  



265  transparent conductor 42 should be coupled to the contacts 29, which
are at a common        voltage.                A small opening is
preferably etched or punctured into the permeable layer 35        and into
the transparent conductor 42 in order to allow liquid crystal to be
inserted into        the cavity 37. The permeable layer 35 can be punctured
by lithography or dry etching,  270  for example. After puncturing the
permeable layer 35, the cavity 37 is preferably filled        with liquid
crystal by capillary filling. In this regard, the device 20 is preferably
heated        to a temperature above the isotropic phase transition
temperature of the liquid crystal.        The device 20 is then placed in a
vacuum chamber, which is evacuated. By introducing        the crystal
material to the opening of the cavity under these conditions, the liquid
crystal  275  should fill the cavity 37 completely. The temperature of the
device may then be        lowered, and  the vacuum chamber may be
pressurized. Preferably, the temperature is        lowered along a
carefully controlled trajectory in order to induce favorable molecular
alignment of the liquid crystal. The opening may be sealed, if desired.
It should be apparent to one skilled in the art that the insertion of
liquid crystal                                                12
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PCT/US98/06587   280  can be performed subsequent to the formation of the
permeable layer 35 and prior to the        formation of the transparent
conductor 42. In this regard, only the permeable layer 35 is
punctured to admit the liquid crystal. However, in either embodiment, only
one        puncture hole is sufficient for completely inserting the liquid
crystal, but multiple        puncture holes may be formed in order to
expedite the process of filling the cavities 37.  285           Although
not necessary for implementation of the present invention, further
processing steps can be performed on the device 20 in order to improve the
performance  



of the device 20. For example, as depicted by Figs. 6A and 6B, another
insulator layer        52 can be formed on the transparent conductor 42 in
order to protect the transparent        conductor 42 and to provide
mechanical robustness or abrasion resistance. Additionally,  290  an
antireflective coating 55 can be formed on the insulator layer 52 in order
to improve        optical performance of the device 20.                In
order to provide mechanical support to the device 20 during dissipation of
the        sacrificial layer 31, a supporting layer can be formed on the
permeable layer 35 prior to        dissipation of the sacrificial layer 31.
The supporting layer and the permeable layer 35  295   may define a single
composite layer, and the supporting layer may or may not have
undesirable properties that would adversely affect the performance of the
device 20.        Once the dissipation of the sacrificial layer 31 is
complete, the supporting layer can be        removed through etching or
other suitable techniques known in the art. Then, the
13           WO 98/45751
PCT/US98/06587          transparent conductor 42 can be formed on the
permeable layer, as discussed  300   hereinabove.                It should
be noted that other configurations of forming the sacrificial layer 31
and, hence, of forming the permeable layer 35 are possible. In this regard,
the patterning         of the sacrificial layer 31 determines the
configuration of permeable layer 35. Since 



round holes are patterned into the sacrificial layer 31 in the preferred
embodiment, the  305  filling of the holes during the formation of the
permeable layer 35 forms pillars 39 of         permeable material which
support the permeable layer 35, as depicted by Fig. 4A.         However,
one skilled in the art should realize that different patterning of
sacrificial layer         31 may occur without departing from the
principles of the present invention. For         example, Fig. 7 shows a
top view of device 20 after patterning of a sacrificial layer 31  310  and
before a formation of permeable layer 35. As can be seen by reference to
Fig. 7, the        permeable layer 35, when formed on sacrificial layer 31,
should form a plurality of walls        capable of supporting the permeable
layer 35 once the sacrificial layer 31 is removed. It        should be
apparent to one skilled in the art upon reading the present disclosure that
many other variations are also possible without departing from the
principles of the  315  present invention.                Since the present
invention enables microfabrication of a fully integrated device        20
on a monolithic substrate 21, the device 20 can be easily batch fabricated
on a wafer-        scale. Fig. 8 shows multiple devices 20a, 20b, 20c, 20d
and 20e that can be disposed on        a wafer though microfabrication
techniques, as described hereinbefore. For simplicity,  320   Fig. 8
depicts a top view of the devices 20 subsequent to formation of the
sacrificial        layer 31 but prior to the formation of the permeable
layer 35. For illustrative purposes,        devices 20a, 20b and 20c are
manufactured according to the preferred embodiment of
14          WO 98/45751
PCT/US98/06587         the present invention, and devices 20d, 20e and 20f
are manufactured according to Fig.        7. Upon viewing Fig. 8, it should
be apparent to one skilled in the art that once the  325   permeable layer
35 is formed, the sacrificial layer 31 for each device can be 



simultaneously removed. Furthermore, liquid crystal can be inserted into
each device 20        through a single puncture of the permeable layer 35.
This puncture, for example, may        be located at point 62. Once a wafer
containing multiple devices 20 has been formed,        the devices 20 can
be sawn apart using a dicing saw as commonly employed in the  330
industry, or the devices 20 can be separated into individual devices 20
according to other        batch fabrication techniques known in the art.
Accordingly, the manufacturing costs        associated with each device 20
can be significantly reduced.               It should be apparent to one
skilled in the art that each layer discussed herein        may be comprised
of multiple sub-layers of the same or other types of material as may  335
be desired. Furthermore, the substrate 21 may be used as the base layer for
supporting        the other layers of the present invention.
Alternative Embodiments                It should be noted that it is not
necessary for the transparent conductor 42 to be  340  formed on a
permeable insulator 35. For example, the transparent conductor 42 can be
formed directly on the sacrificial layer 31 with the permeable insulator 35
later formed        on the transparent conductor 42.
Alternatively, the transparent conductor 42 can be formed between two
permeable insulator layers 35 prior to dissipation of the sacrificial layer
31. In this  345  regard, a first permeable insulator 35 is formed on the
sacrificial material, and the        transparent conductor 42 is then
formed on the first permeable insulator 35. Then, a
15          WO 98/45751
PCT/US98/06587         second permeable layer 35 is formed on the
transparent conductor 35, and the sacrificial 



material 31 is then dissipated through each of the three layers. This
configuration        enables the first permeable insulator 35, which is
formed on the sacrificial layer 31, to be  350   polished thin while
mechanical stability is preserved by the addition of the second
permeable insulator 35 formed on the transparent conductor 42.
In another embodiment, the sacrificial layer 31 can be completely
dissipated        from the device 20 subsequent to the formation of the
transparent conductor 42 on the        permeable insulator 35.  355
Since the sacrificial layer 31 is dissipated from the device 20 subsequent
to the        formation of the transparent conductor 42 in each of these
alternative embodiments, the        transparent conductor 42 should also be
designed as a permeable material in order to        allow the sacrificial
layer 31 to egress from the device 20. It is possible to design
transparent conductor 42 to be thin enough to maintain adequate
conductivity and still  360  allow the sacrificial layer 31 to dissipate.
Indium tin oxide is an example of a material        having properties
suitable for this type of conductor 42. Furthermore, the permeability
of the transparent conductor 42 can be enhanced by adjusting the formation
rate of the        conductor's 42 material. The permeability of the
conductor 42 can also be enhanced by        systematically creating pores
(at the nanometer scale) in the material, such that (a) the  365  conductor
42 remains contiguous and retains adequate conductivity, (b) the pores are
sufficiently small that the uniformity of the electric field across the
liquid crystal is        negligibly degraded, and (c) the pores are
sufficiently dense that the sacrificial layer 31        can adequately pass
through the transparent conductor 42. Such material can be formed        by
bombardment of airborne abrasive powders, by rubbing, by polishing, by  370
nanolithography or any other suitable technique.
16       



WO 98/45751
PCT/US98/06587           Sacrificial Material                The
sacrificial layer 31 should be comprised of a material capable of
dissipating        through the permeable layer 35 in response to an
increase in temperature. In this regard,  375  the preferred sacrificial
material for carrying out the above-described method        preferably is
selected from the cyclic olefin class of compounds and more preferably
is a bicyclic olefin with a norbomene-type polymer being most preferred. By
norbornene-type polymer is meant polycyclic addition homopolymers and
copolymers        comprising repeating units set forth under Formulae I, II
and III below. Copolymers  380   useful in practicing the invention can
include repeating units selected from the group         comprising and/or
consisting of Formulae I, II and III, or combinations thereof. The
polymer comprises silyl substituted repeating units represented by the
structure set         forth under Formula I below.    385
[err]             wherein R[err] and R[err] independently represent
hydrogen; linear or branched (C[err] to C[err])
17 
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PCT/US98/06587         alkyl; R[err] and R[err] independently represent
hydrogen, linear or branched (C[err] to C[err])  390  alkyl or the group:
[err]          R9 independently is hydrogen, methyl, or ethyl; R[err],
R[err], and R[err] independently        represent linear or branched
(C[err] to C[err]) alkyl, linear or branched (C[err] to C[err]) alkoxy,
395 linear or branched (C[err] to C[err]) alkyl carbonyloxy (e.g.,
acetoxy), and substituted or        unsubstituted (C[err] to C[err] )
aryloxy; m is a number from 0 to 4; and n is a number fiom        0 to 5.
In Formula I at least one of substituents R[err] and R[err] must be
selected from the        silyl group represented by the formula set forth
under Ia.                Preferably, at least one of R[err], R[err], or
R[err] is selected from a linear or branched  400  (C[err] to C[err])
alkoxy group and R[err] is hydrogen. More preferably, each of R[err],
R[err], and        R[err] are the same and are selected from methoxy,
ethoxy, propoxy, butoxy, and        pentoxy. Most preferably, n is 0 and
R[err], R[err], and R[err] are each ethoxy groups, e.g., R[err]
and/or R[err] is most preferably a triethoxysilyl substituent. When n is 0,
it is evident that        the silyl functionality is connected directly to
the polycyclic ring through a silicon-  405   carbon bond wherein the
carbon atom of said silicon-carbon bond is supplied by a         carbon
atom on the polycyclic ring (i.e., a ring carbon atom).                In
Formula I above, m is preferably 0 or 1 as represented by structures Ib and
Ic, respectively, below:                             [err]       



wherein R[err] to R[err] are as previously defined and at least one of
R[err] and R[err] must be a
18         WO 98/45751
PCT/US98/06587        silyl substituent represented by Ia. Repeating units
where m is 0, i.e., repeating units       of structure Ib, are especially
preferred.  415         In Formulae I, Ib, and Ic R[err] and R[err] can
taken together with the two ring carbon       atoms to which they are
attached to represent a saturated cyclic group of 4 to 8 carbon
atoms. When R[err] and R[err] are taken together to form a saturated cyclic
group, the cyclic       group is substituted by R[err] and R[err] at least
one of which must be a silyl group       represented by Ia. Generically
such monomers are represented by the following  420 structure:      [err]
425 wherein B is a methylene (i.e., -CH[err]-) group and q is a number from
2 to 6. It should        be apparent that when the methylene group
represented by B contains an R[err] or R[err]        substituent, one of
the hydrogen atoms of the -CH2- group is replaced by the R[err] or R[err]
substituent. Representative repeating unit structures are set forth below:
[err] 430       



wherein R[err], R[err] and m are as previously defined.  435
Illustrative examples of monomers of Formula I include 5-triethoxysilyl-
norbornene, 5-trimethylsilyl norbornene, 5-trimethoxysilyl norbornene,
19            WO 98/45751
PCT/US98/06587        5-methyldimethoxysilyl norbornene, 5-dimethylmethoxy
norbornene.                In another embodiment of the present invention,
the sacrificial polymer        comprises hydrocarbyl substituted polycyclic
repeating units selected from units  440  represented by Formula II below:
[err]       445  wherein R[err], R[err], R[err], and R[err] independently
represent hydrogen, linear and branched        (C[err] to C[err]) alkyl,
hydrocarbyl substituted and unsubstituted (C[err] to C[err]) cycloalkyl,
hydrocarbyl substituted and unsubstituted (C[err] to C[err]) aryl,
hydrocarbyl substituted and        unsubstituted (C[err] to C[err])
aralkyl, (C[err] to C[err]) alkynyl, linear and branched (C[err] to C[err])
alkenyl, or vinyl; any of R[err] and R[err] or R[err] and R[err] can be
taken together to form a  450  (C[err] to C[err]) alkylidenyl group, R[err]
and R[err] when taken with the two ring carbon atoms to        which they
are attached can represent saturated and unsaturated cyclic groups
containing 4 to 12 carbon atoms or an aromatic ring containing 6 to 17
carbon atoms;        and p is 0, 1, 2, 3, or 4. The hydrocarbyl
substituents on the foregoing substituents are        composed solely of
carbon and hydrogen atoms, such as, for example, branched and  



455  unbranched (C[err] to C[err]) alkyl, branched and unbranched (C[err]
to C[err]) alkenyl, and (C[err] to         C[err]) aryl.
20           WO 98/45751
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substituted monomers include        2-norbornene, 5-methyl-2-norbornene,
5-hexyl-2-norbornene, 5-cyclohexyl-2-        norbornene,
5-cyclohexenyl-2-norbornene, 5-butyl-2-norbornene,  460
5-ethyl-2-norbornene, 5-decyl-2-norbomene, 5-phenyl-2-norbornene,
5-naphthyl-2-        norbornene 5-ethylidene-2-norbornene, vinylnorbornene,
dicyclopentadiene,        dihydrodicyclopentadiene, tetracyclododecene,
methyltetracyclododecene,        tetracyclododecadiene,
dimethyltetracyclododecene, ethyltetracyclododecene,        ethylidenyl
tetracyclododecene, phenyltetracyclododecene, trimers of cyclopentadiene
465  (e.g., symmetrical and asymmetrical trimers). An especially preferred
hydrocarbyl        repeating unit is derived from 2-norbornene.
In another embodiment of the invention, a sacrificial polymer useful in
carrying out the invention comprises repeating units represented by Formula
III below:   [err]       



wherein R[err] to R[err] independently represent a polar substituent
selected from the group:        -(A)[err]-C(O)OR", -(A)[err]-OR,
-(A)n-OC(O)R", -(A)[err]-OC(O)OR",  475  -(A)[err]-C(O)R",
-(A)[err]-OC(O)C(O)OR", -(A)n-O-A'-C(O)OR",
-(A)[err]-OC(O)-A'-C(O)OR", -(A)[err]-C(O)O-A'-C(O)OR",
-(A)[err]-C(O)-A'-OR",        -(A)[err]-C(O)O-A'-OC(O)OR",
-(A)[err]-C(O)O-A'-O-A' -C(O)OR",        -(A)[err]-C(O)O-A-OC(O)C(O)OR",
-(A)[err]-C(R)[err]CH(R")(C(O)OR"), and
-(A)[err]-C(R")[err]CH(C(O)OR")[err]. The moieties A and A' independently
represent a  480 divalent bridging or spacer radical selected from divalent
hydrocarbon radicals,                                             21
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oxygen containing radicals, and divalent         cyclic ethers and cyclic
diethers, and n is an integer 0 or 1. When n is 0 it should be
apparent that A represent a single covalent bond. By divalent is meant that
a free         valence at each terminal end of the radical are attached to
two distinct groups. The  485   divalent hydrocarbon radicals can be
represented by the formula -(C[err]H[err])- where d        represents the
number of carbon atoms in the alkylene chain and is an integer from 1
to 10. The divalent hydrocarbon radicals are preferably selected from
linear and        branched (C[err] to C[err]) alkylene such as methylene,
ethylene, propylene, butylene,        pentylene, hexylene, heptylene,
octylene, nonylene, and decylene. When branched  490  alkylene radicals are
contemplated, it is to be understood that a hydrogen atom in the
linear alkylene chain is replaced with a linear or branched (C[err] to
C[err]) alkyl group.               The divalent cyclic hydrocarbon radicals
include substituted and unsubstituted        (C[err] to C[err])
cycloaliphatic moieties represented by the formula:  [err]    



wherein a is an integer from 2 to 7 and R[err] when present represents
linear and        branched (C[err] to C[err]) alkyl groups. Preferred
divalent cycloalkylene radicals include        cyclopentylene and
cyclohexylene moieties represented by the following structures:  500
X-G        wherein R[err] is defined above. As illustrated here and
throughout this specification, it        is to be understood that the bond
lines projecting from the cyclic structures and/or
22           WO 98/45751
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and indicate the points at which        the carbocyclic atoms are bonded to
the adjacent molecular moieties defined in the        respective formulae.
As is conventional in the art, the diagonal bond line projecting
from the center of the cyclic structure indicates that the bond is
optionally connected        to any one of the carbocyclic atoms in the
ring. It is also to be understood that the  510  carbocyclic atom to which
the bond line is connected will accommodate one less        hydrogen atom
to satisfy the valence requirement of carbon.               Preferred
divalent cyclic ethers and diethers are represented by the structures:
[err]   515               The divalent oxygen containing radicals include
(C[err] to C[err]) alkylene ethers        and polyethers. By (C[err] to
C[err]) alkylene ether is meant that the total number of carbon
atoms in the divalent ether moiety must at least be 2 and can not exceed
10. The  



divalent alkylene ethers are represented by the formula
-alkylene-O-alkylene- wherein  520  each of the alkylene groups that are
bonded to the oxygen atom can be the same or        different and are
selected from methylene, ethylene, propylene, butylene, pentylene,
hexylene, heptylene, octylene, and nonylene. The simplest divalent alkylene
ether of                                                          23
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Preferred polyether moieties include divalent       radicals of the
formula:  525           wherein x is an integer from 0 to 5 and y is an
integer from 2 to 50 with the proviso         that the terminal oxygen atom
on the polyether spacer moiety can not be directly         linked to a
terminal oxygen atom on an adjacent group to form a peroxide linkage. In
530   other words, peroxide linkages (i.e., -O-O-) are not contemplated
when polyether         spacers are linked to any of the terminal oxygen
containing substituent groups set         forth under R[err] to R[err]
above.                R[err] to R[err] can also independently represent
hydrogen, linear and branched         (C[err] to C[err]) alkyl, so long as
at least one of the remaining R[err] to R[err] substituents is 



535  selected from one of the polar groups represented above. In the
formula above pis an         integer from 0 to 5 (preferably 0 or 1, more
preferably 0). R" independently         represents hydrogen, linear and
branched (C[err] to C[err]) alkyl (e.g., -C(CH[err])), -Si(CH[err]), -
CH(R[err])OCH[err]CH[err], -CH(R[err])OC(CH[err])[err], linear and branched
(C[err] to C[err])         alkoxyalkylene, polyethers, monocyclic and
polycyclic (C[err] to C[err]) cycloaliphatic  540   moieties, cyclic
ethers, cyclic ketones, and cyclic esters (lactones). By (C[err] to C[err])
alkoxyalkylene is meant that a terminal alkyl group is linked through an
ether oxygen         atom to an alkylene moiety. The radical is a
hydrocarbon based ether moiety that can         be generically represented
as -alkylene-O-alkyl wherein the alkylene and alkyl groups
independently contain 1 to 10 carbon atoms each of which can be linear or
branched.                                                        24
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formula:
-(CH[err](CH[err])[err]O)[err]-R"          wherein x is an integer from 0
to 5, y is an integer from 2 to 50 and R[err] represents  550  hydrogen or
linear and branched (C[err] to C[err]) alkyl. Preferred polyether radicals
include poly(ethylene oxide) and poly(propylene oxide). Examples of
monocyclic        cycloaliphatic monocyclic moieties include cyclopropyl,
cyclobutyl, cyclopentyl,        cyclohexyl, dicyclopropylmethyl (Dcpm) and
dimethylcyclopropylmethyl (Dmcp),  



and the like. Examples of cycloaliphatic polycyclic moieties include,
norbomyl,  555  adamantyl, tetrahydrodicyclopentadienyl
(tricyclo[5.2.1.0[err]] decanyl), and the like.        Examples of cyclic
ethers include tetrahydrofuranyl and tetrahydropyranyl moieties.        An
example of a cyclic ketone is a 3-oxocyclohexanonyl moiety. An example of a
cyclic ester or lactone is a mevalonic lactonyl moiety. Structures for
representative        cyclic groups set forth above include:  560
[err]           565   wherein R[err] in the above formulae and cyclic
groups represents hydrogen or a linear or
25           WO 98/45751
PCT/US98/06587         branched (C[err] to C[err]) alkyl group. The Dcpm
and Dmcp substituents are represented,        respectively, as follows:
[err] ,and     [err]  570                The sacrificial polymers useful in
practicing the present invention preferably  



encompass homopolymers and copolymers containing random repeating units
derived        from a monomer unit or monomer units represented by Formula
I, or homopolymers        or copolymers containing random repeating units
derived from monomer unit or units  575  represented by Formula II,
homopolymers or copolymers containing repeating units        derived from a
monomer unit(s) represented by Formula III and copolymers        comprising
a combination of repeating units represented by Formulae I and II,
Formulae I and III, Formulae II and III or Formulae I, II and III.
Preferred sacrificial polymers according to the present invention may
contain  580  from about 0.1 to 100 mole percent of silyl functional
polycyclic repeating units,        preferably from about 1 to 50 mole
percent, more preferably from about 3 to 25 mole        percent, and most
preferably from about 5 to 20 mole percent, with the remainder of
the polymer preferably comprising repeating units described under Formula
II and/or        Formula III. An especially preferred polymer comprises
repeating units polymerized  585  from norbornene and
triethoxysilylnorbonene in a mole percent ratio of 80/20
norbornene/triethoxysilylnorbonene.                Preferred sacrificial
polymers according to present invention are addition        polymers
comprising polycyclic repeating units that are connected to one another via
2,3-linkages that are formed across the double bond contained in the
norbomene-type                                                26
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[err]                  The polymers may be polymerized from appropriately
functionalized 



595  norbornene-type monomers in the presence of a single or
multi-component Group VIII        transition conductive catalyst system as
described in International Patent Application        Publication No. WO
97/20871 to The BFGoodrich Company, published on June 12,        1997,
which is hereby incorporated herein by reference in its entirety.
The polynorbornene-type polymer is particularly beneficial because it has a
600  high (>350 degrees C) glass-transition temperature (Tg) and sufficient
thermal        stability to accommodate a number of commonly employed and
other semiconductor        manufacturing steps such as plasma enhanced
chemical vapor deposition (PECVD) of        SiO2 and low temperature copper
annealing, and has a decomposition temperature        approximately equal
to its Tg, thereby limiting movement which might damage the  605
semiconductor device.               It is believed that the polycyclic
olefinic polymers utilized in practicing this        invention are uniquely
suited as sacrificial materials in semiconductor device
manufacturing because the material thermally decomposes close to its Tg. In
other        words, the polymer remains mechanically stable until the
decomposition temperature  610  is reached enabling the polymer to endure
the rather harsh processing steps (e.g.,        repeated heat cycles)
during semiconductor manufacture. The disadvantage with the        prior
art polymers is that their Tg's are well below their decomposition
temperatures,        leading to mechanical failure before the decomposition
temperature is reached.                                             27
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polycyclic olefinic repeating units that  615  contain pendant hydrocarbyl
(Formula II) and/or pendant polar (Formula III)        substituents into
the sacrificial polymer backbone the decomposition temperatures of 



the silyl substituted polycyclic olefinic polymer can be significantly
lowered. The        decomposition temperature of polymers containing 80/20
mole percent of        norbornene/triethoxysilylnorbonene (approximately
430 degrees C) can be lowered by  620  approximately 30 degrees C by
replacing the norbornene repeating units in the        copolymer with
repeating units containing pendant linear and/or branched (C[err] to
C[err])        alkyl substituents. For example, the thermal decomposition
temperature for a        copolymer containing
butylnorbornene/triethoxysilylnorbornene in a mole percent        ratio of
95/5 is lowered to 405 degrees C. We expect that the decomposition  625
temperature of the copolymer can be lowered even further (up to
approximately 100        degrees C) by replacing the norbornene repeating
units in the copolymer with        repeating units containing the polar
substituents described under Formula III.        Homopolymers of norbornyl
acetate and norbornyl ethyl carbonate have thermal        decomposition
temperatures of 356 degrees C and 329 degrees C, respectively. The  630
polar groups include ester, carbonate, and acetate substituents and the
like. To effect        lower decomposition temperatures of the silyl
substituted polymers, the polymer        should contain about 50 mole
percent of polycyclic repeating units having pendant        hydrocarbyl or
polar functionality, preferably greater than 50 mole percent, more
28         WO 98/45751
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635   preferably 65 to 80 mole percent.                The aforesaid
sacrificial polymers can be heated to above their decomposition
temperature, typically in the range of about 380 degrees C to about 450
degrees C, to        cause the polymers to decompose into their
decomposition products which can diffuse        through various materials
used to form semiconductor devices including air gaps. The  640   materials
include polymer insulators such as silicon dioxide, silicon nitride,
silicon         oxynitride, and polyimides.  Particularly useful polymers
are those that are         photosensitive, as will become evident from the
following description of other         exemplary methods illustrating other
aspects of the invention.                Utilization of the materials for
sacrificial layer 31 described hereinabove enables  645  the sacrificial
layer 31 to dissolve into and dissipate through the permeable layer 35 in
response to a temperature increase. However, other materials for
sacrificial layer 31 and        permeable layer 35 can be sufficient for
implementing the present invention.      650
OPERATION                The preferred use and operation of the present
invention is described hereafter        with reference to Figs. 1-6.
Conductive pads 27 are formed on a substrate 21 and an insulator layer 24,
as        depicted by Fig. 1. The conductive pads 27 are preferably coupled
to circuitry capable  655   of addressing the conductive pads 27. As
depicted by Fig. 2, sacrificial material 31 is        formed on conductive
pads 27 and exposed portions of insulator layer 24 through        suitable
techniques, such as spin-deposition. Portions of the sacrificial layer 31
are                                                29       
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order to expose portions of the        underlying surface to which the
sacrificial layer 31 is attached.  660           As depicted by Fig. 3,
permeable insulator material 35 is then formed on the        sacrificial
material 31 through suitable microfabrication techniques, such as
deposition. The device 20 is then heated to a sufficient temperature to
cause the        sacrificial material 31 to change into a gaseous state.
The gaseous sacrificial material        31 dissipates through the permeable
material 35 to leave a hollow area 37 in the  665   device, as depicted by
Fig. 4.                The transparent conductor 42 is then formed on the
permeable material 35.        The transparent conductor 42 is preferably
connected to contacts 29 which are at a        common voltage. The
permeable material 35 and the transparent conductor 42 are
punctured, and the hollow area 37 is filled with liquid crystal. The device
20 is  670  completed by forming more insulator material 52 on the
transparent conductor 42 and        by forming an anitreflective coating 55
on the newly formed insulator material 52.                Since transparent
conductor 42 is connected to contacts 29, transparent        conductor 42
is maintained at a particular voltage. When it becomes desirable to
change the optical properties of the liquid crystal residing between a
particular  675   conductive pad 27 and transparent conductor 42, the
circuitry connected to the        particular pad 27 addresses the
particular pad 27. This causes the voltage of pad 27 to        change,
thereby changing the voltage potential between transparent conductor 42 and
the addressed conductive pad 27. As a result, the electric field applied
across the        liquid crystal located between the transparent conductor
42 and the addressed  680   conductive pad 27 changes. This change in the
electric field causes the optical        properties of the liquid crystal
exposed to the electric field to change. Therefore, the
30   
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by an observer, changes. By         controlling the electric field of each
of the conductive pads 27 in a similar fashion, the         liquid crystal
within the hollow area 37 can be configured to display a particular  685
pattern, such as a letter or a number, for example. Therefore, a liquid
crystal display         capable of providing useful information is defined
by the device 20.                 Since the device 20 is fully integrated
on a monolithic substrate and a separate         cover does not need to be
attached to each display unit, the liquid display device 20 of         the
present invention can be manufactured through additive thin-film processing
of the  690  substrate and batch fabricated at a reduced cost. Furthermore,
since the sacrificial         material 31can be dissipated through
permeable layer 35, an opening does not need to         be formed to allow
the sacrificial material 31 to exit the device 20, and potentially
harmful solutions do not have to introduced to the device 20 to react with
the         sacrificial material 31. Therefore, a more efficient and
reliable liquid crystal display  695   20 can be manufactured by utilizing
the principles of the present invention.                In concluding the
detailed description, it should be noted that it will be         obvious to
those skilled in the art that many variations and modifications may be
made to the preferred embodiment without substantially departing from the
principles         of the present invention. All such variations and
modifications are intended to be  700  included herein within the scope of
the present invention, as set forth in the following        claims.



31                                CLAIMS                     Now,
therefore, the following is claimed:     5              1.    A method for
microfabricating a liquid crystal display, comprising the           steps
of:                  forming a conductive pad (27) on a base (21);
forming sacrificial material (31) on said conductive pad (27);
patterning said sacrificial material (31) to expose a portion of said base
(21);  10             forming permeable material (35) on said sacrificial
material (31) and said           exposed portion of said base (21);
dissipating said sacrificial material (31) through said permeable material
(35)           in order to form a cavity (37);                  filling
said cavity (37) with liquid crystal;  15             forming a transparent
conductor (42); and                  creating a voltage difference between
said transparent conductor (42) and said           conductive pad (27) to
apply an electric field across said liquid crystal.                    2.
The method of claim 1, further comprising the step of dissolving said  20
sacrificial material (31) into said permeable material (35).       



32                          3.    A method for forming a fully integrated
liquid crystal display,            comprising the steps of:
depositing a sacrificial material (31) on a surface of a microfabricated
structure            (21);   5               depositing a permeable layer
(35) on said sacrificial material (31);                   dissipating said
sacrificial material (31) through said permeable layer (35) in
order to form a cavity (37) within said liquid crystal display;
inserting liquid crystal into said cavity (37);                   forming a
transparent conductor (42) and a conductive pad (27); and  10
inducing an electric field to appear across said liquid crystal by creating
a           voltage difference between said transparent conductor (42) and
said conductive pad           (27).                     4.    The method of
claim 3, further comprising the step of patterning said  15
sacrificial material (31) to expose said surface.                     5.
The method of claim 3, further comprising the step of dissolving said
sacrificial material (31) into said permeable layer.    20               6.
The method of claim 3, forming said transparent conductor (42) with
said permeable material (31).  



33                           7.    A method for microfabricating a liquid
crystal display, comprising the            steps of:
forming a conductive pad (27) on a base (21) of said liquid crystal
display;                    forming sacrificial material (31) on said
conductive pad (27);   5               forming permeable material (35) on
said sacrificial material (31);                   dissolving said
sacrificial material (31) into said permeable material (35) in
order to form a            cavity (37); and                   filling said
cavity (37) with liquid crystal.  10                   8.    The method of
claim 7, further comprising the steps of:                   patterning said
sacrificial material (31) to form holes (37) in said sacrificial
material (31); and                   filling said holes (37) with said
permeable material (31) during said forming  15               permeable
material step.                     9.    The method of claim 7, further
comprising the step of dissipating said           sacrificial material (31)
from said permeable material (35).  20 



34         10.   The method of claim 7, further comprising the steps of:
forming a transparent conductor (42) on said permeable material (35);
polishing said permeable material (35) in order to reduce said permeable
material (35); and  forming other permeable material (35) on said
transparent conductor (42).                           
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