Description The invention relates to a m cronechani cal process for
structuring a polynmer orientation layer which is on a plate and,which has
been oriented in a preferred direction by friction. For the purpose of this
description, fine structures-are defined ak two- di mensi onal or

t hree- dlnen5|od%$S©Np§H3nons in the order of 0.1 to about 100 [err]. It is
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Orientation patterns can uce liquid crystal by different

nol ecul ar al i gnnent ésee Swi ss Pat ent Applications Nos. 2244/91, 2245/91
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Crystal Layers"célNsU WIlff, W Geubel and H Kruger describes a process .
for the preparation of I|qU|d crystal.cells in. Wmch a predetermned -
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light is therefWalh orientation of the I|qU|d crystal molecules is brought-about |
by oriented photopolymers. Orientation patterns can be produced
in the liquid crystal by different molecular alignment (see Swiss -
Patent Applications Nos. 2244/91, 2245/91 and 2246/91 of 26
July 1991; 2244/91 correspondlng to EP-A-525.477, 2245/91
correspondmg to EP-A-525 473 and 2246/91 correspondlng to

- EP-A-525'478).
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. _ DE-A-3 234 074 discloses. a liquid crystal cell in which one -
i of the two plates has regions which orientate adjacent liquid
crystal molecules in various preferred directions. There are -
therefore regions in which the liquid crystal molecules.are
aligned differently from in the remaining liquid crystal layer.
The regions of the orientation layer can be structured by
stampmg

The publication "The Homogenous Alignment of Liquid’
Crystal Layers" by U. Wolff, W. Greubel and H. Kriiger describes a
process for the preparation of liquid crystal cells in which a
predetermined surface region of the glass plate is structured
mechanically in a conS|stent direction by means of a moving
stylus.

EP-A-O 249 311 discloses liquid crystal cells in which
strip-like photoconductors are formed. The light is therefore
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2 propagated -parallel to the plates bounding the liquid crystal |ayer.
*Phot oconduct-i on bn both sides of the strip is produced by the difference
~ between the refractive indices of the differently oriented vol ume regions
of the liquid crystal and on.the underside by the |ower refractive index of
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ferroelectric liquid crystals are used extrenely short switching tines (<<
1 ns via the Pockelss'is e'bimelyas:mplbshoeprtadune whotocdinguctore froghthener gy
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the boundary surfaces of the photoconductor, i.e., these boundary
surfaces are distinguished by a change of the refractxve index

from a relatively high value inside the-photoconductor to a lower
value outsnde :

o o Liquid crystals have propertles which are mterestlng for
the production of photoconductor structures. They have a high
optical anisotropy, their orientation can be controlled by
boundary. conditions and they have very powerful electro-optical
effects in quasi-static operation. Some recently developed
ferroelectric liquid crystals also have high optical non-linearity.
Also, liquid crystals can be used in a simple manner to produce
thm layers.

Slow (static) switching networks can therefore be produced
by means of conventional (nematic) liquid crystals. However,
when ferroelectric liquid crystals are used, extremely short
swntchmg times (<< 1 ns via the Pockels' effect) are also attain-
able. ~ Also, the light energy is concentrated in a very small
volume in light conducting structures, so that efficient frequency
doubling and frequency mixing are possible.



i3 An enbodi nent of the invention will be described hereinafter with

ref erence to.the acconpanyi ng drawi ngs.: Fig. 1 shows a di agrammtic vi ew of
‘aliquid crystal cell having differently oriented regions. Fig. 2 shows a
~di agrammatic view of a device for |nscr|%rng m crostructures. The liquid
~crystal cell shown in Fig. 1 consists of two parallel spaced-apart glass
.plates 1, 4. The boahosmBlodimentad thehirventiod Willl betdestribedt i ng 2

covered by a RRRARRY! WRIR RIS toStheidedctpanyinke drewinggss pl ate 4

has an I TO el coat 1 ng and pol ymer orienta n layer 6. A nematic
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ori ent ates thd’laaldngcdrlftfeﬁ@ﬂﬂyupé@ntﬁdt ﬁ@lqnéfw d crystal 7 in the direction
shown by chain lines 8 The polyner layer 6 in the top plate 4 has a
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orientations ofmgere] phﬂ& el sin a known manner in uniform .
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‘direction diffg Ftsfrsrrhﬂ ne' fb;mglaée Plate & hasdtan [T elegwbde to the
plate 1 The 5oRkiflacsy l'§ 2GR lafir B!, A Bt@ﬁ‘éf“ aed in
"t héwaf or ement | O¥S§ak ?%?/ nls $QQ§9 et ﬁ@aﬁ% et(W?q%'ﬁ gW% dctgg The
~co-operating interacting forces of the I iquid crystal nolecules, the
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optical conduct @retﬂﬂe iRafalleh ligament (9‘f ?’lel ng
“brought about - twot platesf resudtsiiinf@rknawn i manser aatuméormdaltgnment
_ - entire liquid crystal 7. This liquid crystal structure rs called

o ' 'homogeneous or planar.
Th|s homogeneous quurd crystal layer, onented in one
~ direction, is provided according to the invention with a strip a
- few um wide having a different orientation and- produced- -accord-
~ ing to the invention as follows: the, polymer layer 3 is structured .
W into "a ‘direction different from the remaining area, e.g. at right- -

- angles to the orientation 8, in a given limited region 9 on'the
surface of the bottom plate 1. The liquid crystal molecules
adjacent .the region 9 are aligned in the aforementioned different
direction by the wall orientation forces.

The co-operating interacting forces of the liquid crystal
molecules, the aforementioned different alignment extends into
the liquid crystal. The wall orientation at the opposite side, i.e.
on the top plate, is not altered, i.e. is parallel to direction 8. The
result is a twisted molecular arrangement (TN or rotary cell
configuration) in the space 11 defined by the area 9 and shown by
chain lines. This strip-like space 11 acts as an optical
conductor, the optical conduction of both sides of the strip being
brought about by the defined difference in refractive index
between the differently oriented spatial regions of the liquid



between the di.fferently oriented spatial regions of the liquid 4 crystal
and, on the underside, by the lower refractive index of the glass. At the
top, the twi sted nol ecul ar arrangenent results in a refractive- |ndex,
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“di sposed aboveregmrplbl ewillrines unifar nalyneligneds ries pURExially + he known
'scanning neans in a power scanning nicroscope. By el ectrical excitation of

the piezo-tube 12, tAt}R)tEHéH ﬂ%eﬁrf’atf\?e igvegivecbaet b doth plaves arbitrary
ESﬁZ' Lg?yg{e;ef;hg)ﬁggg%p%yl ead d1°3 @ﬁmﬁhg@ efggz’\ﬁgllbdrléﬁ’c"éﬁ?éﬁcaﬂ'h@“ over
‘plabe 1,. at a m 9\? aﬁo%angﬁ“? &fﬁ%éﬁ%o% (&W&h%ﬁégﬁloﬁg
‘orientation 8. ﬁhéﬁs’(h%sﬁﬂc%tlﬂ Us 14 can be nonitored as in the afore
‘menti oned power scanning microscope.. The mbtion of the stylus 14-in
‘contact with the polmrarbaysr:s?:sm\tuﬁm fdwekamlewmhtrm fotlowing ewapi ch
ga“ bte 'mig:c neg, X ntl Fi gi €S The en!! whodee =
.direction o
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indicated by double arrows. A stylus 14 a tach o a plezo-tube
12 by a spring 13 is disposed above the plate. This arrangement
~ corresponds to the known scannmg means in a power scannmg
mlcroscope : :

"By electrical excitation of the plezo-tube 12, the stylus 14
is_moved selectively in any arbitrary desired direction. The
_ stylus 14 can be simply moved by reciprocation over the polymer
L - layer 3 at a right angle to the direction of motion of the plate 1,
- - at a right angle slowly moved in the direction of the existing
orientation 8. The pressure on stylus 14 can be monitored as in
‘the aforementioned power scanning microscope.

The motion of the stylus 14 in contact with the polymer
layer 3 provides the layer with a structure which can be imagined
as fine engraved lines, the lines extending in the direction of
motion of the stylus. The space between lines, which is typlcally
in the nm region, depends on the speed at which the plate is
moved.

The stylus 14 can also be moved over the polymer layer at
an angle ¢ different from 90° to the motion of the plate 1, so that
the structural lines extend at the angle ¢ to the orientation 8.
This "sloping" structuring is useful, for example, for Sc material



an angle [err]- different from90 to the notion of the plate 1, so that the
structural | i-nes &xtend at the angle [err] to the orientation 8. This _
"sloping" structuring is useful, for exanple, for Sc materi al where 't he
.ol ecul es are at an angle to the wal | orientation. Structuring at the
rappropriate anghere ahe nsolegculss arecat ant angle dosthenwalk orientakioghrent in
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are preferred for ra el ectro optlc SWItCRI ng processes particularly
t hose whi ch have hi opt.ical non I’Jt and whi froozen in
“vitreous state at r'ggﬁh ‘F%G?ch?ecoqﬂggeﬂne ?&%t'cFae{ﬁ'eFQn angnsPﬁ%eﬁW)
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to the product optlcal conductors the fine’ structurlng accordlng to
the invention can al so be used to produce ,
. Instead of nematic liquid crystals other liquid crystals, for

example, ferroelectric liquid crystals, can also advantageously be
used. Nematic liquid crystals form components which are static
or electro-optically relatively slow. Ferroelectric liquid

~ crystals are preferred for rapid electro-optical sthchmg
processes, particularly those which have high optical non- -
linearity and which are frozen in a vitreous state at room

. temperature. :

The electrode layers 2, 5 on the two plates 1, 4 can be
segmented in a suitable manner depending on the mtended use of
the cells, :

The principle described can also be used to produce
complicated structures such as Mach-Zehnder interferometers. In
combination ‘with the substantial electro-optical effects in liquid
crystals, this opens the way to integrated optics with complex
switching networks.

In addition to the production of optical conductors, the fine
structuring according to the invention can also be used to produce
liquid crystal display cells as described in the aforementioned
Swiss Patent Application 2246/91 of 26 July 1991. More
particularly, produce a cell similar to that described therein



liquid crystal display cells as described in the aforenmentioned Sw ss
Patent Application 2246/91 of 26 July-1991. Mre particularly, produce a
cell simlar to that descrl bed therein 6 having a chessboard ar r angenent
of adj acent §/aces Wit h fferent nol ecfl a yrations c be
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m cr omechani ucturing of a polyner ori ent ation layer on a plate -
wherein a polyner layer is first oriented in a preferred direction by
friction, charact@ptically,nthisacetinbebavesr similardysto othe dirstace regi on of

the ori ent ecconmimerciallgy availableMvetls degingy te lingtddl Wlddit@f diquidmensi on
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contrast ePBs% however he present cell is based on a

true fneld effect wuth all the advantages as regards current

consumption, service life, etc.

If the actuating electrodes are suitably segmented, the
aforementioned cells ‘are also ‘suitable for projection purposes.

Claim

A process for the micromechanical structuring of a polymer
orientatiqn layer on a plate wherein a polymer layer is first
oriented in a preferred direction by friction, characterized in that
thereafter at least one surface region of the oriented polymer
layer, of which region at least one lateral dimension is of the
order of magnitude of from 0.1 to about 100 um, is provided
mechanically by means of a piezoelectrically moved stylus with a
structure of recesses which extend parallel to one another.
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one surface re§M6 Kbt the ori ent ed polyrrer | ayer, of which region at |east
one lateral dinension is of the order of nmagnitude of fromO0.1 to about 100

[err], is provided Qystiealiyalthis elmbahaves similgdyetecthe chitdty noved
stylus with a gomfietchallf d\BARDIEScNY durkig etttk ARidal Perid OBE Irfnbher -
- crystal technology, based on the dynamic scattering (DS) effect.
~ The present cell is similar in that it requires no polarizers. In
- contrast to the DS cell, however, the present cell is based on a

" true field effect with all the advantages as regards current
consumption, service life, etc. .

If the actuating electrodes are suitably éegmerit'ed, the
aforementioned cells are also ‘suitable for projection purposes.

p ~ Claim

A process for the micromechanical structuring of a polymer
orientatiqn layer on a plate wherein a polymer layer is first
oriented in a preferred direction by friction, characterized in that
thereafter at least one surface region of the oriented polymer
layer, of which region at least one lateral dimension is of the
order of magnitude of from 0.1 to about 100 um, is provided
mechanically by means of a piezoelectrically moved stylus with a
structure of recesses which extend parallel to one another.



