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ATOMIC BEAM ALIGNMENT OF LIQUID CRYSTALS
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U.S. Patent Application Serial No. __ [ 44748 ' entitled, 'METHOD AND
APPARATUS FOR FORMING AN ALIGNMENT PATTERN ON A SURFACE
USING A PARTICLE BEAM USEFUL FOR A LIQUID CRYSTAL?, the teaching

of which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention is directed to exposing a surface to a particle beam, such as an
atomic or ion beam so that the surface will act as an alignment layer for a liquid crystal

material which can be used to form a liquid crystal display cell.

BACKGROUND

Aligned liqﬁid crystals are widely used in flat panel display technology. They are
aligned by inducing anisotropy on the surface of a substrate. This surface is usually a
pdiymer such as polyimide, coated on a glass substratc' There are a number of ways
of introducing anisotropy on the surface: rubbing?, stretching a polymer?, a
Langmuir-Boldgett film*, a grating structure produced by microlithography?®, oblique
angle deposition of SiO¢, and polarized UV radiation of polymer films”. The pervasivc
method used in aligning liquid crystal displays availablc on the market today is rubbing

a polyimide film with a velvet cloth. This method has some drawbacks®. Thesc inclnde
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The' present invention is directed to exposing a surface to a particle beam

such as an atomc or ion beamso that the surface will act as an alignnent
layer for a liquid crystal material which can be used to forma liquid
crystal display cell. BACKGROUND Aligned liquid crystals are wdely

used in flat panel display technology. They are aligned by inducing

ani sotropy on the surface of a substrate. This surface is usually a

pol ymer such as polyimde, coated on a glass substrate[err]. There are a
nunber of ways of introducing anisotropy on the surface: rubbing[err],
stretching a polyner[err], a Langnuir-~ Boldgett filnferr], a grating
structure produced by mcrolithography[err], oblique angle deposition of
Sigerr] and polarized WV radi ation of polyner fiInB[err] The pervasive
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some dr awbenked mefiliesacedrn oithddectrostatic discharging and its influénce on the electronic
circuitry Bel_ow the thin polyimide film; and rubbing, beiﬁg é macroscopic process,' does
not readily lend itself to aligning liquid crystals in different directions at the spatial size
of a pixel, which is usually of the order of a hundred micrometers. This local alignment
is desirable to obtain a ﬁlultidomain structure, which significantly increases the angle
of viewing of the display. The limited angle of viewing of current liquid crystal displays
is one of the limitations of this technology. We describe a new non-contact method of

aligning liquid crystals. This method circumvents the problems posed by the rubbing

technique.

References Cited i

1. See, for example, D.-S. Seo, H. Matsuda, J. Ishizaki, Y. Lamura, and-é. Kobayashi,
SID Digest 1993; p. 953.

2. See O. Kehmann (1906) and P. Chatelain (1943), cited by P. G. deGennes and J.
Prost, “The Physics of Liquid Crystals,” Clarendon Press, Oxford (1993) p. 109, 161.

3. H. Aoyama, Y. Yamazaki, M. Matsuura, H. Mada, and S. Kobayashi, Mol. Cryst.
Liq. Cryst. 72, 127 (1981)." '

4. H. Ikeno, A. Oshaki, M. Nitto, N. Ozaki, Y. Yokoyama. K. Kakaya, and S.
Kobayashi, Jpn. J. Appl. Phys., 27, L475, (1988). '

5. M. Nakamura and M. Ura, J. Appl. Phys,, 52, 210 (1981).



REPLACENENT SHEET : 2

the debris left by the cloth during the rubbing process in an otherw se

cl ean room environnent; concern with electrostatic discharging and its

i nfluence on the electronic circuitry below the thin polyimde film and
rubbi ng, being a macroscopi c process, does not readily lend itself to
aligning liquid crystals in different directions at the spatial size of a
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alignment is desirable to obtain a ti domain structure, which
significantly increases the angle
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It is an object of the present invention to provide an improved method of providing a

characteristic to a surface to which liquid crystal molecules align.

It is another object of the present invention to provide such characteristic using a

particle beam, such as an atomic or ion beam.

SUMMARY OF THE INVENTION

An aspect of the present iﬁvention is a method of generating an alignment direction on
an alignment surface for é liquid crystal display cell by directing a particle beam at the
alignment surface, wherein the particlc beam is directed at the surface at an adjustable
energy, at an adjustable angle with respcct to the alignment surface and at an adjustable

time to adjust the pretilt angle of a liquid érystal molecule with tespect to the alignment

surface.



of fviewng of the display. The limted angle of viewng of current liquid
crystal displays is one of the limtations of this technol ogy. W descri be
a new non-contact method of aligning liquid crystals. This nethod

ci rcunvents the problens posed by the rubbing technique. Ref er ences
Cted 1. See, for exanple, D.-S. Seo, H Matsuda, J. Ishizaki, Y. Lanura,
and S. Kobayashi, SID Digest 1993, p. 953. 2. See O Kehmann (1906) and

P. Chatelain (1943), cited by P. G deCennes and J. Prost, "The Physics of
Liquid Crystals,” darendon Press, Oxford (1993) p. 109, 161. 3. H
Aoyama, Y. Yamazaki, M Matsuura, H WMa, and S. Kobayashi, Ml . Cryst.
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DETAILED DESCRIPTION

A low energy beam of Argor; ions is used to boml;ard the sutface of a polyimide film.
The Argon beam produces directional aliénment when the beam is at an angle other
than perpendicular to the surface. The advantages of atomic beam induced a'I.ignment
over the other techniques are (i) non-contact alignment, (ii) a low energy beam ensures
that only the surface.layers are effected so that the number of radicals induced by
broken bonds, as for example under UV radiation, are a minimum. This avoids charge
build up when a voltage is applied across a liquid crystal cell, and (iii) large area unifofm
and parallel beams can be readily obtained; a problem with oblique deposition of SiOx
and, (iv) atomic beams are well known (o the electronics manufacturing community and
are compatible with a ‘clean room environment, (v) atomic beams can be used to align

both surfaces of a thin polymer film, which is self-supportiﬁg.

However, in spite of their many advantages, neutral beams of energetic particles can
also cause damage of the polyimide resulting in broken bonds which provide a
deleterious time dependent response in the liquid crystal when a voltage is applied o
operate the display. For this reason it is highly desirable to use a low energy beam; in -
fact, of energies comprising greater than 25 volts, rather than thc hundreds of voits
described in the literature®'%, These low energy beams modify the surface layer
sufficiently to induce alignment without any measurable degradation. We shall present

experimental data to support this conclusion.

A schematic drawing of the ion beam-system used for the purposes of this invention is
shown in Figure 1. The ion source is commercially available and the accelerating voltage

in this source could be varied from 75V to 500V. The current density, or the number
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of ions, per square cm was approximately 100-500uA per sq. cm. and was one of the
variables that was investigated. The substrate, which was bombarded with the atomic
‘beam was made of glass on which indium tin oxide and polyimide films had been
deposited. Substrates containing thin film transistors covered by a polyimide film were
also investigated. A mylar film, which is self-supporting was investigated. These are
exemplary only and not limiting. These substrates were placed at various angles to the
incoming atomic beam shown in Figure 1. Argon gas was used as the plasma source.
The ion beam apparatus and its operation are well known in the semiconductor

industry.

Figure 1 shows a schematic of the physical and electrical configuration of a Ion Source.
The principals of operation are best understood by realizing that an ion source consists
of three regions. lons are generated in the discharge plasma region ( 12), accelerated

through the extraction region (6) and travel trough the beam plasma region (44).

lons are generated in the discharge plasma region (12) by electron bombardmcﬁt of
neutral gas atoms. Electrons are emitted by a hot filament, cathode (8), and accclerated
by a potential difference, Vd (20), between the cathode (8) and anode (14). This voltage
is typically about 40V, which is several times higher then the Ar ionization voltage of
15.8 €V, and is used to establish a glow discharge. Before the discharge starts, the source
body (2) is at the anode (14) potential. After the discharge starts, however, the
connecting resistor (22) allows the source body (2) and the screen grid (4) to float to the
cathode potential, directing the discharge current (o the anode. The discharge plasma
(12) establishes itself between the cathode (8), anode (14), chamber walls (16, 18, 36 and
32) and the screen grid (4). |
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9. U S. Patent Docunent 5030322, July 1991, Shinada et al. 10. Japan JP
3217823, August 1991. It is an object of the préesent invention to-
provi de an inproved nethod of providing a characteristic to a surface to
which liquid crystal nolecules align. It is another object of the

present invention to provide such characteristic using a particle beam
such as an atom c or ion beam

To extract the ion beam from the discharge plasma, we raise the anode voltage, Vanode
(26) to a positive voltage above ground. Raising the anode potential increases the plasma
potential to nearly the same value. Thus any ion leaving'tﬁe discharge plasma and
striking the grounded target (24) surface arrives with the énergy determined by the
anode potential. The accelerator grid (6) is held at a negative potential and the-ions pass
through the apertures (34) in the accelerator grid without striking it and form a
collimated beam (44), eventually striking the target (24) which is held at ground
potential (30). '

Since the substrates we use are insulating, when the ion beams hit the substrates, there
is no current path available for the electron flow to meet the incoming flux of positive
ions and the insulatin-g surface would charge positive. To eliminate this chargiﬁg, a hot
filament or neutralizer (42) is immersed in the beam plasma (44) which adequately

supplies electrons to any region of the beam or the substrate surface which would charge

positive.

After exposure to ion beams a pair of glass plates were assembled together with a five
micron spacer. The space between the two plates was evacuated and subsequently filled
with a nematic liquid crystal. It was observed that the liquid crystal was aligned by the

atomic beam in much the same way that rubbing by a cloth does.

The alignment was strong and a measure of considerable interest to the display
technology community, called the tilt angle, was also determined as a function of the
angle, time, and energy of the beam. For active matrix liquid displays it is desirable to
have the pretilt angle be larger than a few degrees. The operation of a liquid crystal

display and tilt angle are described in U.S. application Serial No. 08/194,239 filed



SUMVARY ‘OF THE | NVENTI ON An aspect of the present invention is a nethod
of generating an alignnment direction on an alignnment surface for a liquid
crystal display cell by directing a particle beamat the  alignnent
surface, wherein the particle beamis directed at the surface at an

adj ustable energy, at an adjustable angle with respect to the alignnment
surface and at an adjustable tine to adjust the pretilt angle of a liquid
crystal nolecule with respect to the alignnment surface.
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February 20, 1994 and assigned to the assignee of the present invention, the teaching
of which is incorporated herein by reference. Figure 7 schematically shows substrate 54
~ of Figure 6 with the alignment directory 56 formed by the method of the present
invention with a liquid crystal molecule schematically shown as 58 which make an angle
60 with respect to surface. 62 of substrate 54. Angle 60 is the pretilt angle. We show in
Figure 2 that pretilt angle as a function of the angle 50 of the incident beam 52 with
respect to substrate 54. This is shown for two accelerating voltages. There is a
maximum in the value of the pretilt at 45 degr_ees. We show in Figure 3 that the
variation in the value of pretilt angle with time of exposure at a constant beam current.

Finally, in Figure 4 we show how the pretilt angle changes with the accelerating voltage.

) It is clear from these measurements that the pretilt angle satisfies the needs of display
technology and that its variation with atomic beam' parameters such as voltage and
current are controllable. We next investigated the effects of ion beam accelerating
voltages on the temporal response of a display device under a voltage. In this crucialtest
we search for stray charge either in the polyimide or the liquid crystal cell.

As we keep the latter constant, i.e. independent of the ion beam processing paramcters
any time dependént effect we observe is associated with charge migration in the
polyimide. The results of a test carried out after a 75V ion beam alignment procedure
showed no evidence of charge accumulation whereas the results from a 200V-did. This
is-shown in Figure 5(a) and 5(b). |
These measurements clearly show that the atomic beam alignment technique can be
used to align liquid crystal displays provided the accelerating voltage is kept low. For

polyimide and argon ions this is below_ 200V.



DETAI LED DESCRI PTI ON A |l ow energy beam of Argon ions is used to bonbard
the surface of a polyimde film The Argon beam produces directional
~alignnent when the beamis at an angle other than perpendicular to the
surface. The advantages of atom c beaminduced alignnent over the other
techni ques are (i) non-contact alignment, (ii) a |ow energy beam ensures
that only the surface | ayers are effected so that the nunber of radicals

i nduced by broken bonds, as for exanple under UV radiation, are a m ni mum
This avoids charge build up when a voltage is applied across a liquid
crystal cell, and (iii) large area urgform and parallel beans can be
readily obtained; a problemw th oblique deposition of SiOx and, (ivV)
atom c beans are well known to the electronics nmanufacturing comunity and
are conpaWdhaveviothd shatinedar otgjenticemalso bamedttp align liquidrorystde aAgtwoamictom used
to align both surfaces of a thin polynmer film which is self-supporting.
However, FHHDSpeatof Mylamwas strstehpd Asiosh f deaneuias framg andhath Yrfageeridbei ¢

particles nfy M} were exposed to a 200V beam. This mylar sheet was then sandwiched between

two polyimide coated glass plates to form a paper-like display as taught in U'S.

Application Seria) No. LaHssd entitled, “STACKED PARALLAX-FREE
LIQUID CRYSTAL DISPLAY CELL", to A. Lowe filed on the same day herewith,

the teaching of which is incorporated herein by reference.

While the present invention has been described with respect to preferred embodiments,
numerous modifications, changes, and improvements will occur to those skilled in the

-art without debarting from the spirit and scope of the invention.

i

BRIEF DESCRIPTION OF THE DRAWINGS

Further objects, features, and advantages of the present invention will become apparent
from a consideration of the following detailed description of the invention when read in

conjunction with the drawing FIGs., in which:

Fig. 1 is a schematic drawing of the ion beam system used for the purpose of this

invention.

Fig. 2 is a plot of pretilt angle as a function of the angle of incidence of the incident

beam as shown in Figure 6.

Fig. 3 is a plot of pretilt angle with time of exposure to incident beam.
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al so cause damage of the polyimde resulting in broken bonds which provide
a deleterious tine dependent response in the liquid crystal when a vol tage
is applied to operate the display. For this reason it i's highly desirable
to use a |l ow energy beam in fact, of energies conprising greater than 25
volts, rather than the hundreds of volts described in the literature[err].
These | ow energy beans nodify the surface layer sufficiently to induce

al i gnnment wi t hout any measur abl e degradati on. W shall present

experinmental data to support this concl usion. A schematic drawi ng of the
i on beam system used for the purpose® of this invention is shown in Figure
1. The ion source is comercially available and the accelerating voltage in
this source could be varied from 75V to 500V. The current density, or the

nunber Fig. 4 is a plot of pretilt angle with accelerating voltage.

Fig. 5 show the brightness vs. time of a substrate exposed according to the present

invention used in a liquid crystal cell.

Fig. 6 schematically shows a beam according to the present invention incident on a

surface of a substrate being exposed.

Fig. 7 schematically shows the pretilt angle of a liquid crystal molecule.



5 ¢« of ions, per square cmwas approxi mately 100-500[err] A per sg. cm and
was one of the variables that was investigated. The substrate, which was
bonmbarded with the atom ¢ beam was made of glass on whi'ch indiumtin oxide
and polyimde filnms had been deposited. Substrates containing thin film
transi stors covered by a polyimde filmwere also investigated. A nylar
film which is self-supporting was investigated. These are exenplary only
and not limting. These substrates were placed at various angles to the

i ncom ng atom c beam shown in Figure;d. Argon gas was used as the plasma
source. The ion beam apparatus and its operation are well known in the

sem conduct or industry. Figure 1 shows a schematic of the physical and
el ectrical configuration of a |lon Source.
_ , CLAIMS

1. A method of generating an alignment direction on an alignment surface for a liquid

crystal display cell comprising:

directing a particle beam at said alignment surface;

said particle beam is directed at said surface at an adjustable energy, at an
adjustable angle with respect to said alignment surface and at an adjustable time to

adjust the pretilt angle of a liquid crystal molecule with respect to said alignment

surface.
2. A method according to claim 1, wherein said alignment surface is a polymer surface.
3. A method according to claim 2, wherein said polymer is a polyimide.

‘4. A method according to claim 1, wherein said particle beam is a beam of selected

from the group consisting of ions and neutral particles.

5... A method according to claim I, wherein said particles are sclected from the group
consisting of atomic beams, ion bcams, molecular bcams, clectron beams and

elementary particle beams.

6. A .method according to claim I, wherein said particle beam-has a value of said

adjustable energy, a value of said adjustablc angle, and a value of said adjustable

This Sheef Has Beenr Replaced THIS SHEET HAS BEEN
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The princi pals of operation are best understood by realizing that an ion
source consists of three regions. lons are generated in the discharge

pl asma region (12), accelerated through the extraction region (6) and
travel trough the beam plasma region (44). lons are generated in the

di scharge plasma region (12) by el ectron bonbardnment of neutral gas atons.
El ectrons are emtted by a hot filanment, cathode (8), and accelerated by a
potential difference, Vd (20), between the cathode (8) and anode (14). This
voltage is typically about 40V, which is several tines higher then the Ar
ionization voltage of 15.8 eV, and isysed to establish a gl ow discharge.
Before the di scharge starts, the source body (2) is-at the anode (14)

potential. After the discharge starts, however, the, 6 connecting resistor
(22) allows tHEeLBIFE ‘Béﬂ@ Re3licle hearp Hpteractinganly ithin 2)distanqel f5em saidl t he

cat hode pot en§dr?§ce(slh'§c?e%t 0k SEIIIE'%'I g8 %n@fr?&b%m Yn%ﬂﬁ'cLe&t %‘gﬁ@gg‘g‘z gsf;:rc ibde

di scharge pl asna est abl | shes
(14), chanbersaMlalignrhdifi,subfratd6 and 32) and the screen grid (4).

\-

7. A method according to claim 6, wherein said defects is charge stored in said

alignment substrate.
8. A method according to claim 1, wherein said voltage is greater than 10 volts.

9. A method according to claim 1, wherein said voltage is from about 50V to about

200V.
10. A method according to claim I, wherein said angle is from about 0° to about 90°.
I1. A method according to claim 2, wherein said polymer is a mylar sheet.

12. A method of generating an alignment direction on an alignment surface for a liquid

crystal display cell comprising:
~-directing a particle beam at said alignment surface;

said particle beam is directed at said surface at an adjustable energy to adjust the

pretilt angle of a liquid crystal molecule with respect to said alignment surface;

incorporating said alignment surface in a liquid crystal display cell.

This Sheet Has Been RTlaced

R




6 " To éxtract the ion beamfromthe discharge plasma, we raise the anode
vol tage, Vanode (26) to a positive voltage above ground. Raising the anode
potential increases the plasma potential to nearly the sane value. Thus
any ion | eaving the discharge plasma and striking the grounded target (24)
surface arrives with the energy determ ned by the anode potential. The
accel erator grid (6) is held at a negative potential and the ions pass
through the apertures (34) in the accelerator grid wthout striking it and
forma collimted beam (44), eventually striking the target (24) which is
hel d at ground potential (30). 12

13. A method of generating an alignment direction on an alignment surface for a liquid

crystal display cell comprising:
directing a particle beam at said alignment surface;
said particle beam is directed at said surface, at an adjustable angle with respect to
said alignment surface to adjust the pretilt angle of a liquid crystal molecule with
respect to said alignment surface;
incorporating said alignment surface in a liquid crystal display cell.
14. A method comprising: f '
directing a particle'beam at a surface at an energy, angle and for a time sufficient

to generate at said surface sufficient surface propertics to induce molecules to align

at said surface when said surface is exposed to said molecules.

15. A method of generating an alignment direction on an alignment surface for a liquid

crystal display cell comprising:
" directing a particle beam at said alignment surface;

said particle beam is directed at said surface for an adjustable time to adjust the

pretilt angle of a liquid crystal molecule with respect to said alignment surfacc;

incorporating said alignment surface in a liquid crystal display cell.
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Since the substrates we use are insulating, when the ion beans hit the
substrates, there is no current path available for the electron flowto
nmeet the incomng flux of positive ions and the insulating surface would
charge positive. To elimnate this charging, a hot filanent or neutralizer
" (42) is imersed in the beam plasma (44) which adequately supplies ,

el ectrons to any region of the beamor the substrate surface which would
charge positive. After exposure to ion beans a pair of glass plates
wer e assenbl ed together with-a five nicron spacer. The space between the
two plates was evacuated and subsequentljgfilled wth a nematic |iquid
crystal. It was observed that the liquid crystal was aligned by the atomt
beam in nmuch the sane way that rubbing by a cloth does. The al i gnnment
was st rongl@rft methedacepeding todaisn dduebereintindiogdntorperating salil afigrent

surface in a liquid crystal display.

17. A method of generating an aTignmént direction on an alignment surface for a liquid

crystal display cell comprising:
directing a particle beam at said alignment surface;

said particle beam is directed at said surface to adjust the pretilt angle of a liquid

crystal molecule with respect to said alignment surface.

\.\
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t echinol bgy community, called the tilt angle, was al so determined as a
function of the angle, tine, and energy of the beam For active matrix
liquid displays it is desirable to have the pretilt angle be larger than a
few degrees. The operation of a liquid crystal display and tilt angle are
described in U S. application Serial No. 08/194,239 filed

7 February 20, 1994 and assigned to the assignee of the present

invention, the teaching of which is incgporated herein by reference.
Figure 7 schematically shows substrate 54 of Figure 6 with the alignnment
directory 56 fornmed by the nethod of the present invention with a |liquid
crystal nolecule schematically shown as 58 which nake an angl e

ATOMIC BEAM ALIGNMENT OF LIQUID CRYSTALS
ABSTRACT

We have found that liquid crystals can be aligned on a polyimide surface exposed to a
low energy and neutral Argon ion beam (52). The energy of the incident ions were
varied between 75 and 500 eV, the integrated current density from 100pA/cm2 to
500mA/cm2, and the angle of incidence over which alignment was measured was
between 10 and 80 degrees. The pretilt angle (60) of:the liquid crystals (58) could be
varied between O and 8 degrees, by controlling the processing conditions. Degradation
of the polyimide, which leads to charge migration, can be avoided by operating at low
accelerating voltages.

Fig. 6.

e
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60, with respect to surface 62 of substrate 54. Angle 60 is the pretilt
aﬁ@TET W showin Figure 2 that pretilt ‘angle as a function of the angle
50 of the incident beam52 with respect to substrate 54. This is shown for
two accelerating voltages. There is a nmaxinmumin the value of the pretilt
at 45 degrees. W show in Figure 3 that the wvariation in the val ue of
pretilt angle with tinme of exposure at a constant beamcurrent. Finally,
in Figure 4 we show how the pretilt angle changes with the accel erating

vol t age. It is clear fromthese nmeasurenents that the pretilt angle
satisfies the needs of display technology and that its variation with
atonmi’c beam paraneters such as voltage and current are controllable. W -
next investigated the effects of ion b&am accel erating voltages, on the
tenporal response of a display device under a voltage. In this crucial test
we search for stray charge either.in the polyimde or the liquid crystal

cell. As we keep the latter constant, i.e. independenf of the ion beam
processi ng paranmeters any tine dependent effect we observe is associated
with charge mgration in the FIG {
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polylnkde
proocedure
froma 200V did. This

The results of a test carried out after a 75V ion beam al i gnnment
showed no evi dence of charge accunul ati on whereas the results
is shown in Figure 5(a) and 5(b).

These

nmeasurenents clearly show that the atom ¢ beam ali gnnment techni que can be

used to align liquid crystal
kept | ow. For
8

di spl ays provided the accelerating voltage is

polyi m de and argon ions this is bel ow 200V.
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We have found that nylar object can also be used to align liquid crystals.
Atw mcron thin sheet of nylar was stretched across a rectangul ar frane
and both surfaces of the nylar were exposed to a 200V beam This nylar’
sheet was then sandw ched between two polyim de coated glass plates to
forma paper-like display as taught in U S Application Serial No.

644556 entitled, "STACKED PARALLAX- FREE LI QUI D CRYSTAL DI SPLAY CELL",
to AL Lowe filed on the sane day herewith, the teaching of which is

i ncorporated herein by reference. Wil e the present invention has been
described with respect to preferred &f®odi ments, numer ous nodi ficati ons,
changes, and inprovenents will occur to those skilled in the art wthout

departing fromthe spirit and scope of the invention. BRI EF DESCRI PTI ON
OF THE DRAW NGS '
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Further objects, features, and advantages of the present invention wl|
becon® apparent froma consideration of the follow ng detail ed description
of the invention when read in conjunction with the drawing FIGs., in

whi ch: Fig. | is a schematic drawing of the ion beam system used for the
purpose of this invention. Fig. 2 is a plot of pretilt angle as a
function of the angle of incidence of the incident beamas shown in Figure

6. Fig. 3is a plot of pretilt angle with time of exposure to incident
beam
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9 Fig. 4 is a plot of pretilt angle wth accel erating voltage.

Fig. 5

show t he brightness vs. tinme of a substrate exposed according to the

pr esent

substrate being
a liquid crystal
10

exposed.
nol ecul e.

4

3
Brightness

i nvention used in a liquid crystal

shows a beam according to the present
Fig. 7 schematically shows the pretilt angle of

cell.
i nvention incident on a

Fig. 6 schematically -

surface of a

2

5/6
FIG.5a .
! ! l . 1 T
 _ M
N '- ] i i | -
Time in min,
F1G.5b
- ) i { T _—
P T TTTTTNG )
1 I { | ]
° 0 40 60 g0
Time in min,



1... .A nmethod of generating an alignnment direction on an alignnment surface
for a liquid crystal display cell, said nethod conprising the steps of:
directing a particle beamat said alignment surface; and directing said-
particle beamat said surface at an adjustable energy using a voltage |ess
t han 200V, at an adjustable angle with respect to said alignnment surface
and at an adjustable tine to adjust the pretilt angle of a liquid crystal
nol ecule with respect to said alignnment surface to be larger than a few

degrees and to which said liquid crystal nolecules are aligned. 2. The
nmet hod according to claim1, wherein q@%d al i gnment surface is_a polyner
surface. 3. - The method according to claim2, wherein said pol yner

surface is a polyimde surface.




~

4. < .The.nethod according to clains 1, 2, or 3 wherein said particle beam

is a beamof particles selected fromthe group consisting of ions aftyp ?45 <
neutral particles. 5. The net hod according to clains 1, 2 or 3 mherﬁ@p
said particle beamis selected fromthe group consisting of atom c bea

I on beans, nol ecul ar beans, electron beans and el enentary particle beans. fﬂé
6. The nmethod according to clains 1, 2 or 3 wherein said particle beam

has a value of said adjustable energy, d value of said adjustable angle,

and a value of said adjustable tinme to result in said particle beam _
interacting only wtlk suff|C|ent toresult in
sai d alignnent but i 10 mejeatiacan: = '—¢L~I|gnnent
surface. 7. The nethod accordlng to cIa|n16 mhereln sai d

defects are charge stored in said

U.S. Patent Application Serial No.__644788 _ filed on May 10, 1996, entitled,
"METHOD AND APPARATUS FOR FORMING AN ALIGNMENT PATTERN ON A
SURFACE USING A PARTICLE BEAM USEFUL FOR A LIQUID CRYSTAL", the

teaching of which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention is directed to exposing a surface to a particle beam, such as an
atomic or ion beam so that the surface will act as an alignment layer for a liquid crystal
i

material which can be used to form a liquid crystal display cell.

BACKGROUND

Aligned liquid crystals are widely used in flat panel display technology. They are
aligned by inducing anisctropy on the surface of a substrate. This surface is usually a
polymer such as poiyimide, coated on a glass substrate!. There are a number of ways of
introducing anisotropy on the surface: rubbing2, stretching a polymer3, a Langmuir-
Boldgett film4, a grating structure produced by microlithography3, oblique angle
deposition of SlO6 and polarized UV radiation of polymer films?. The pervasive
method used in aligning liquid crystal displays available on the market today is rubbing a

polyimide film with a velvet cloth. This method has some drawbacks3. -These include
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-~al tgnment surface. 8. - The nethod according to clainms 1-7, wherein said
voltage is greater than 10 volts. 9. The met hod according to clains 5,
1-7, wherein said voltage is greater than 25 wvolts. - 10. The net hod
according to clainms 5, 1-9, wherein said adjustable angle is fromO degree
to about 90 degrees. 11. The met hod according to claim2, wherein said
pol ymer surface is a mylar surface. 12. A net hod of generating an
alignnment direction on an alignment surface for a liquid crystal display
cell, said nmethod conprising the steps of: directing a particle beam at
said alignnent surface at a voltage | ess than 200V; directing said
particle beam.at said surface at an a8justable energy to adjust the pretilt
angle of a liquid crystal nolecule with respect to sald allgnnent surface

o al i gnedrednge TR B o el o it uplBAY R R AR ©
di splay celnin sheet of mylar was stretched across a rectangu]ar frame and both surfaces of the
| mylar were exposed to a 200V beam. This mylar sheet was then sandwiched betwecn
two polyimide coated glass plates to form a paper-like display as taqght in U.S. i
Application Seria; No. 644556 . entitled, “STACKED PARALLAX-FREE
LIQUID CRYSTAL DISPLAY CELL", to A. Lowe filed on the same day herewith,

the teaching of which is incorporated herein by reference.

While the present invention has been described with respect to preferred embodiments,
numerous modifications, changes, and improvements will occur to those skilled in the

art without departing from the spirit and scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Further objects, features, and advantages of the present invention will become apparent
from a consideration of the following detailed description of the invention when read in

conjunction with the drawing FIGs., in which:

Fig. | is a schematic drawing of the ion beam system used for the purpose of this

invention.

F(g 2 is a plot of pretilt angle as a function of the angle of incidence of the incident

bcam .as shown in Figure 6.
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Fig.3is a ploi‘q{ pretilt angle with time of exposure to incident beam. . .REPLACEMENT SHEEF
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.13, A met hod of generat| ng an ali gnrrent direction on an ali gnrrentqfsw&aeex
_for a |Tquidcrystat—disptay céll,. said method conprising the steps of;
“directing at said ali gnnenf surface at a voltage | ess thﬁ
200V, and ﬂ iﬂ"‘&ﬁlﬁﬂﬂi@%eam is directed at said surface, at an adjusta 5‘9’
angl e V\nth*respe * alignment symfafige to adjust the pretilt angle

~of va lirquid crystal nolecule with respect to said ali gnnment surface to be
| arger than a few degrees and to which said liquid crystal nolecules are.

allgned ' or por,at i nnent.. surf e m a I| ub,d crysta d|spIay
‘cell, said quwd %&Ia% e&t&g ; rﬂ!ﬂgﬁm& tfﬁ’é a

f ew degrees A et hod_conpri sing the steps of
12 directi n@qaxdmssal@sal%alb meﬁodsegmsm&emmﬁoov at a surface at
an energy; angle and

directing a paxficlebgam at said alignment surface; and

directing said particle beam at said surface. at an adjustable energy using a voltage less
than 200V, at an adjusteble angle with respect to said alignment surface and at an
adjustable time to adjust the pretilt angle of a liquid crystal molecule with respect 10 said
alignment surface to be larger than a few degreies and to which said liquid crystal
molecules are aligned.

2. The method according to claim 1, wherein said alipnment surface is a polymer
surface. | |

3. The method according to claim 2, wherein said polymer surface is a polyimide
surface.

4, The method according to claims 1, 2, or 3 wherein said particle beam is a beam of
particles selected from the group consisting of ions and neutral particles.

5. The method according to claims 1, 2 or 3 wherein said particle beam is selected
from the group consisting of atomic beams, ion beams, molecular beams, electron beams
and elementary particle laeams.

6. The method according to claims 1, 2 or 3 wherein said particle beam has a value.
of said adjustable energy, a value of said adjustable angle, and a value of said adjustable
time to result in said particle beam interacting only with a distance from said surface

sufficient to result in said alignment but insufficient to introduce defects in said alignment

surface.
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:'fc')r atinme to generate at said surface properties to include nol ecules to

~.alirgn at said surface when said surface is exposed t i said .
- nol ecul es having a pretilt angle greater hhan a few'mmw u aml mi ch :
liquid crystal nolecules are aligned. 15. A net hod *of ¢geRer®t ihg *an :

al i gnment dirgcti on an_alignment surface for a_ liquid crystal display
cell’, said rré'hodgﬁlfrﬁﬁ‘F&?iiﬁ &ézé?& £ Wheggin said idafgcts ase charge storadaim said
sai d alignnment surface at a voltage |ess than 200V, directing said
particle bearmalignmeat sirfage.f ace for an adjustable time to adjust the pretilt
~angle . of ra liquid crystal nolecule with respect to said alignnent surface;
and " i ncor por§it i ngTienethad haRFARg toSl&hRAET, Mherkih s 16k EYsSéxeAtexd%F:P' &oiee! |
said particle beam being directed at-said surface at g‘r\% adj ust abl e ogn%l?sgy
to adjust th pre-%-ﬁ'g I : iﬂ#lg ny$t 10] 1 th respect
said ali gnrreﬁ% sur -acfé]e@gglggcé}arngetk ar?(’:-é ?’e‘%e&ggrsg@;%zﬁgé ﬁso%ﬁegﬁ’agaisg
liquid crystal 1 | ecul es ‘are aligned; and incorporating said alignment. -
surface in a Y¥uid crystal display cell. 16. .The nmethod according to

claim1l including the step of further incorporating said
10. ~ The method according to claims 5, 1-9, wherein said adjustable angle is from 0

degree to about 90 degreés.
11.  The method accordipg to claim -2, wherein said polymer surface is a mylar surface.
12, A. method of generatiné an alignment direction on an alignment surface for a
liquid crystal display cell, said method comprising the steps of:

directing a particle beam at said alignment surface at a voltage less than 200V;

directing said particle beam at said surface at an adjustable energy to adjust the pretilt
angle of a liquid crystal molecule with respect to said alignment surface to be larger than a
few degrees and to which said liquid crystal molecule is aligned; and

incorporating said alignment surface in a liquid crystal display cell.

13. A method of generating an alignment direction on an alignment surface for a
liquid crystal display cell, said method comprising the steps of:

directing a particle beam at said alignment surface at a voltage less than 200V; and

said part{clé beam is directed at said surface, at an adjustable angle with respect to said.
alignment surface to adjust the pretilt angle of a liquid crystal molecule with respect to
said alignment surface to be larger than a few degrees and to which said liquid crystal
molecules are aligned;

incorporating said alignnient surface in a liquid crystal display cell, said liquid crystal
molecules having a pretilt angle greater than a few degrees.

REPLACE .
14, A method comprising the steps of: MENT SHEET
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al i gnnment surface inaliquid crystal di spl ay.
. generating an alignment direction on an al ngnment “‘“Qm‘imﬁﬂu(m“‘qw d
crystal display cell, said nethod conprising the steps oft. ®difecting a
particle bea aj surface aj a e l.ess than 200V,
particle bea%ﬁ%miﬁg g?&@te%g%aﬁ %1 Ffﬁ? 2{5@\13@? E’fa?ﬁéaﬁl"’ﬁ?’ﬂ’tm&#ﬁ@
a liquid crystal nolecule with respect to said al i gnment surface to be
| arger than OF @jime 4o generalsat said ﬂﬁfﬁ@h peepertiesi tgunelude molesulesdd aligh e saisl

aligned. 18. Aliquid crystal di splay cell conprising: a first

substrate; . surface when said surface is exposed to said molecules, said molediBes Iavirigdal pﬂ:nlt
crystal layer of liquid crystal nolecul es di sposed between the first

substrate andingleBest@afifitla fetbdégrédsand to which liquid crystal molecules are aligned.

1S. A method of generating an alignment direction on an alignment surface for a
| liquid crystal display cell, said metﬁod comprising the steps of:
directing a particle beam at said alignincnt surface at a voltage less than 200V,
directing said pan-icle beam at said surface for an adjustable time to adjust the pretilt angle
of a liquid crystal molecule with respect to said alignment surface; and
. incorporating said alignment surface in 2 'liquid. crystal displaf cell,
said particle beam being directed at said surface at an adjustable energy to adjust the
pretilt angle of a liqﬁid crystal mblecule with respect to said aiignment surface to be lérger
than a few degrees and to which said liquid crystal molecules are aligned; and
incorporating said alignment surface in a liquid crystal display cell.
16.  The method according to claim 1 including the stép of further incorporating said
alipnment surface in a liquid erystal display. |
17. A method of generating an alignment direction on an alignment surface for a
liquid crystal display cell, said method comprising the steps of:
directing a particle beam at said alignment surface at a voltage less than 200V;
said particle beam being directed at said surface to adjust the pretilt angle of a liquid
crystal molecule with respect to said alignment surface to be larger than a few degrees and
to which said liquid crystal molecules is aligned.
18. A liquid crystal display cell comprising:

a first substrate;

a second substrate; REPLAGEMENT SHEET
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“afirst ali gnment Iaye_r di sposed' bet ween tihe first substrate and the |liquid
_crystal layer, and a second alrgnnent | ayér di sposed between the second

- substrate and ghe,li ., layi erein a surface of at_|east one
al i gnment | ayfebqyd e Mgar éﬁé Qcﬂé#/q?lntql@\a@ééi#ﬁpéfedabﬁ‘”%ﬁ 18 fiags sub s;mfrg@n
using a voltage | ess than 200V so that the liquid crystal nolecul es: .

pr.oxi mat e t hehesscbpd substrate] nduced to a predeterm néed pretilt angle. 19.
The l'iquid crystal display cell according to claim 18 wherei n the first and

second  al i gryfai alighnfentla ?Mépo%&! eetaeérm?ﬁ:sf: gﬁu&mlas& the%x i) mﬂgy(éxh&ﬂ

first and second substrate,. respectively 1 quid

oo Y oot 1 EREY Ehgh ey hA s%b%w%f egewﬂa&aﬁavow@ rﬁﬁamniaﬂ‘swaqa?
particles. glayq IOThe | t quid crystal display cell according to .claim118 or

19, wherein article’ beamis selected froma group consisting of
atom ¢ beans, ion beans, nolecul ar beans,

wherein a surface of at least one ahgnmcnt lajwer is bombarded by 2 particle beam of an

adjustable energy using a voltage less than 200V $0 that the liquid crystal molecules

proximate the surface are induced to 2 predetermined pretilt angle.

19.  The liquid crystal display cell according to claim 18 wherein the first and second
alignment layers. comprise & polymer film which is coated on the first and second
substrate, respectively. |

20. - The liquid -crystal display cell according to élaim 18 or 19 wherein said particle
beam is a beam of particles selected from the group consisting of ions and neutral
particles.

21.  The liquid crystal display cell according to claim 18 or 19, wherein said particle
beam is selected from a group consisting of atomic beams, ion beams, molecular beams,
electron beams and elementary particle beams.

22.  The liquid crystal display cell according to claims 18-21, wherein said particle
beam is directed at an adjustable angle with respect to said surface of said at leasi one
alignment layer and at an adjustable time to adjust said pretilt angle of the liquid crystal
molecules with respect to said surface of said at least one alignment layer to which said
liquid crystal molecules are aligned.

23. The liquid crystal display cell according to claim 22, wherein said particle beam
has a value of said adjustable energy, a valve of said adjustable angle, and & value of sai&

adjustable time to result in said particle beara interacting only with a distance from said
REPLACEMEN'TJSHEET
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el ectron beans and el enentary particle beans. 22. The liquid crystal
~ display cell according to clainms 18-21, wherein said particle beamis
directed at an adjustable angle with respggt to said surface of said at
| east one alignnment |ayer and at an adj ustabl etinme to adjust said pretilt

angle of theI| ui d tal 1l eg Ies res ct to.said surface of sald-
‘| east one$ &&ﬁﬁﬁfﬂé”ﬁé wsult gp 8 4t insyificient WdPEE‘g}‘ﬁ
al igned. 23. The liquid crystal d| spl ay ceI I according to claim 22

wher ei n sai d ipsaid pignmens surfackas a val ue of said adjustable energy, a vaI ue
of -sai d adjustable angle, and a value of said adjustable tine to result in-

said particl @sbeamheniguidietystd dinplay Slll fccardihgs torBlatn 230 Wheais! said defects are
14 surface sufficient to result in said alignient direction but

insufficient chﬁgb%{é&%%ﬁd%&ﬁﬁ&ﬁsuﬂﬂcesa' d al i gnnent surface.

25.  The liquid crystal display cell according to claim 23, wherein said value of said
adjustable energy is greater than 25 eV. |
26.  The liquid crystai display cell according to claim 23, wherein said value of the

adjustable angle is from 0 degree to about 90 degrees.
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24. The liquid crystal display cell according to claim23, wherein said

.-defects are charge stored in said alignnent surface. 25. - The liquid

crystal .display cell according to claim23, wherein said value of said ..
adj ustabl e energy is greater than 25 eV. 1526. The liquid crystal display
cel| according to claim23,- wherein said value of the adjustable angle is
fromO degree to about 90 degrees. ' _

ATOMIC BEAM ALIGNMENT OF LIQUI.D CRYSTALS
ABSTRACT

We have found that liquid crystals can be aligned on a polyimide Surface exposedtoa
low energy and neutral Argon ion beam (52). The energy of the incident ions were
varied between 75 and 500 eV, the integrated current density from 100pA/cm? to
500mA/cm?2, and the angle of incidence over which alignment was measured was
berween 10-and '86 degrees. The'.pretilt angle (60) of the liquid crystals (58) could be
varied between 0 and 8 degrees, by controlling the processing conditions. Degradation

of the polyimide, which leads to charge migration, can be avoided by operating at low

accelerating voltages.

Fig. 6.
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