
;e3eu^r(6 T^LR* 2 ~ .say 200 *166166* - 1  i METHOD AND DEVICE FOR TRANSFER
OF POLYRIZING PATTENS The invention relates to an optical component for
producing linearly polarized light having a predetermined polarization
direction from incident light, the component being of use as a polarization
mask in the exposure of polarization-sensitive layers, to the preparation
of such components and to their preferred use. The term "producing" is to
be understood for the purposes of this description as denoting both the
actual production of linearly polarized light from unpolarized light and
changing the polarization direction of incident light which has already
been linearly polarized. t Various processes and materials have recently
become known in which anisotropic material properties are induced by
irradiation with linearly polarized light. The anisotropic property - i.e.,
the preferred direction of the material in microscopically small zones -
can be varied by location of the polarized light. In addition to optical
anisotropy it is more particularly the steric anisotropy which gives these
materials their interest for industry. Liquid crystals in contact with a
polymer material are oriented in accordance with the preferred direction
thereof by the steric anisotropy of such material. These photostructurable
polymers are therefore eminently suitable as orientation layers for liquid
crystals, it being possible for the orientation direction to be varied in
the micrometre range. US-A-4 974 941 describes a process based on a
guest-host system wherein a preferred direction is induced by irradiation
with linearly polarized light of an appropriate wavelength by the
cis-trans-isomerization of dyes. Liquid crystals in contact with a surface
thus irradiated are oriented in accordance with this preferred direction.
This orientation process is reversible - i.e., by further irradiation of
the layer with light of a second polarization direction, the orientation
direction already written in can be turned again. This reorientation
process can be repeated    21 Jllf~l )0~1 2 as often as required and is
therefore particularly interesting in connection with re-alignable optical
memories. US-A-5 389 698 discloses photostructurable orientation 5 layers
in which, in contrast to the reversible orientation process hereinbefore
described, an irreversible anisotropic polymer network is built up. The
optical and orienting properties induced in the network during the exposure
with linearly polarized light are photostable and so cannot be further
re-oriented by further 1 o exposures. These photo-oriented polymer networks
(PPN) can therefore be used wherever stable, structured or unstructured LC
orientation layers or optical elements such as non-absorptive colour
filters, linear and cholesteric polarization filters, optical 1~ delay
layers or the like are needed. 15 As a rule, in the exposure of a
photostructurable orientation layer at least two different polarization
states of the light have to be used to write in a definite pattern. Various
exposure ,. r processes for impressing polarization patterns into 20
photostructurable layers are known at present. All the known processes have
the disadvantage that the total information cannot be transmitted in
parallel fashion but must be transmitted serially - i.e.) in more than a
single exposure step. The known processes are therefore complex, costly and
time-consuming. 25 



For instance, a scanner can be used to apply the information to the
photostructurable layer in dot form. In this case the polarization
direction can be varied from dot to dot. However, in the transfer of
high-information-content patterns only a very 30 short exposure time is
available for each dot if the total exposure time for the pattern is not to
exceed acceptable limits. Consequently, the energy necessary for the
orientation must be applied to a small region of the layer in a short time,
so that the heat loadability of the photostructurable material is severely
3 s stressed. Another possibility) described in US 5 389 698, is for the
layer to be irradiated with polarized light through a mask. This   3 21 ,l
U N 2002 enables all the zones or regions of a layer which have the same
orientation direction to be exposed simultaneously. Many different
orientation directions can therefore be written into a layer by the use of
further masks. An exposure step is necessary 5 in this process for each
orientation direction, the transmission direction of the polarization
filter having to be adjusted and the mask having to be changed and
positioned each time. Positioning the mask is a particularly time-consuming
operation. Since a particular transmission direction of the polarizer is
associated with each mask in this stepwise exposure process, the polarizer
itself can be part of the mask. A polarizing mask of this kind can be
produced in various ways by known technologies, for example, by laminating
a film on to a polarization film. A ~ 5 polarizing mask of this kind can be
produced in various ways by known technologies, for example, by laminating
a film on to a polarization film. A polarizing mask of this kind could be
improvied if all the necessary polarization directions could be ,. r
integrated in a single mask so that a complete polarization 20 pattern
could be transferred to a photostructurable layer in a single exposure
step. A polarization mask of this kind for the preparation of LC
orientation layers is mentioned in EP-A-632 311 but no indication is given
about how such a polarization mask might be produced. In fact the
stretching 25 process conventional in the preparation of polarization films
automatically leads to a consistent polarization direction over ' large
areas. US-A-5 327 285 discloses a process for producing 30 polymerizers
having two polarization directions which differ zonewise in the micrometre
range. The process is based on the technology for producing polarizer
films. The polarizing properties of two polarizer films are extinguished
zonewise by chemical or mechanical treatment and stuck together accurately
3 5 at a 90~ offset from one another. However, due to the stringent
requirements for positioning the two films and sticking them together the
differently polarizing zones cannot be made as small as required. Also,
parallax errors caused by the stacking of the   z ~ .uN Zoo2 4 relatively
thick polarization films on one another limit the number of possible
polarization directions to two. It is the object of the invention to devise
an optical 



5 component enabling linearly polarized light to be produced with zonewise
differing polarization directions for use, for example, to prepare masks
enabling a polarization orientation pattern to be written into a
polarization-sensitive layer in a single exposure step. 1o To this end,
according to the invention, zones are present which are limited from one
another on the light output side and which have at least intermittently
different polarization 'i directions. 15 Accordingly, in a preferred
embodiment of the invention a liquid crystal layer is so oriented in
different directions zonewise that incident light is polarized after
passing through the liquid crystal layer, the polarization plane of the
light 20 varying in accordance with the orientation pattern. Preferably)
the zones have different powers of optical rotation so that in such zones
the polarization plane of incident linear polarized light is rotated
through different angles. The 25 term "powers of rotation" is to be
understood as denoting herein both the ability of twisted liquid crystals
to rotate the polarization direction of the light and also to produce a
different polarization direction by birefringency. 30 The orientation of
the liquid crystal layer can be determined either permanently, by a
correspondingly structured orientation layer, or dynamically, in a liquid
crystal cell which has electrodes. In the latter case the orientation
pattern can be altered very simply by electrical activation of the discrete
35 picture dots. The switch feature of these polarization masks provides
great flexibility enabling masks to be altered under computer control in
fractions of seconds. Individual items of   5 information such as text,
numbers or images can therefore be transferred rapidly. 21 J ll N ?.002 On
the other hand; permanency of the polarization pattern 5 can be achieved
either by a cross-linked liquid crystal layer on an individual substrate
having the orientation layer or by a liquid crystal cell, in which latter
case at least one of the two orientation layers of such cell must have a
structured orientation. 10 Since the polarization direction provided by
polarization masks having a permanent polarization pattern must be
adjustable as required, pixel by pixel, the use of such masks is ' i
particularly useful in cases in which it is required to transfer ~ 5
patterns having more than two different polarization directions. Various
technologies can be used to produce the structured orientation necessary
for this purpose. Preferably, photostructurable materials exposed through
masks with light of a different polarization direction can be used in this
case too. 2o Also, this one-off process of preparing polarization masks can
be carried out by technologies, for example, rubbing in different
directions, the zones which are not to be rubbed being covered, or
impressing an orientation pattern with a mechanical stamp, which would be
too elaborate for mass-production of orientation 25 layers. i In the case
of exposure through a polarizing mask the incident light can be polarized
either by a conventional polarizer disposed in front of the liquid crystal
layer and having a 



30 consistent transmission direction or by doping the liquid crystal layer
with dichroic molecules, the same being chosen in accordance with the
spectral sensitivity of the photostructurable material. 35 Embodiments of
the invention will be described hereinafter with reference to the
accompanying drawings wherein: ,   6 z ~ ~uN iooz Fig.1 shows an
arrangement for producing a layer of cross-linked LC monomers with
differing orientations zonewise; Fig.2 shows an arrangement in which the
layer prepared in 5 accordance with Fig.1 is used as a birefringent mask;
Fig.3 shows an arrangement in which a structurally oriented LC cell is used
as polarization-rotating mask, and Fig.4 shows an electrically switchable
polarization-rotating mask. Example 1 ~ 5 Preparation of photostructured
PPN layer Cinnamic acid derivatives can be considered) for example, as PPN
material. A material having a high glass point (Tg=1 33C) was chosen for
the examples having PPN layers: 20 O Photopolymer: C ~ ~ ~ ~ / C N n~o The
PPN material was dissolved in NMP to a concentation of 5%. This solution
was then used to apply a PPN layer to a glass 25 plate by spincoating at
2000 rpm. The layer was then dried at 130C on a heat bench for 2 hours and
at 130C in vacuo for a further 4 hours. The layer was then exposed for 5
minutes at room temperature with the linearly polarized light of a 200 W Hg
very high pressure lamp, whereafter the layer could be used as an 30
orientation layer for liquid crystals.   7 Example 2 



7. 1 JtIN 2002 Preparation of a layer consisting of cross-linked LC
monomers see Fi .1 5 A PPN layer 1 was prepared as in Example 1, the
substrate 2 used being a plate of UV-permeable borosilicate glass. The
polarization direction of the UV light was offset by 45~ for the radiation
of the left and right plate half. 10 As described in the still unpublished
Patent Application RAN 4701 /152, a mixture of cross-linkable LC monomers
was dissolved in anisole to a 20% concentration and applied to the exposed
PPN layer by spincoating at room temperature. 1' S For the photo-induced
cross-linking the layer was irradiated in vacuo with isotropic light from a
150 W xenon for 30 minutes. The cross-linked liquid crystal layer (LCP) 3
was stable in respect of mechanical, heat and UV stressing. When the 2o
cross-linked layer was observed under crossed polarizers it was found to be
birefringent. The optical axes 4, 5 of the left and right plate halves
formed an angle of 45. The liquid crystals had taken over the orientation
of the PPN layer and retained it during the cross-linking process. 25
Example 3 Exposure of a PPN layer through a birefringent mask see Fig.2) 3o
The optical delay of the layer prepared in Example 2 was approximately 170
nm near the 336 nm mercury line. This plate 1 , 2, 3 was then so placed as
a birefringent mask on a glass plate coated with the PPN material such that
the layer sides contacted one another. The PPN layer was then irradiated
through the 35 birefringent mask with polarized UV light 6 having the
wavelength 336 nm for 5 minutes. The polarization direction of the UV light
was adjusted parallel to the optical axis of the left half of the
birefringent mask. The polarization direction of the UV   ~ .u ~ o02 8
light is therefore maintained in its passage through the left half of the
mask while the right plate half acted as a ~,/2 delay plate and thus
rotated in the polarization direction through 90~. 5 After exposure a
liquid crystal layer was applied to the PPN layer by spincoating as in
Example 2. It was found by means of a tilt compensator that the liquid
crystals on the left and right plate halves were perpendicular to one
another in the plane of the plate. 10 Birefringent masks which rotate the
polarization plane of the incident light through less than 90~ can be
prepared similarly. For this purpose the angle between the differently
oriented optical axes must be less than 45~. This method can also be used
15 to produce polarizing masks which have many zones each differing from
one another in the direction of their optical axes. Example 4 



,. 20 Structurally oriented LC cell as polarization-rotating mask (see Fib
As in Example 2, a PPN-coated borosilicate glass plate 7 was irradiated
with linearly polarized UV light, the polarization 25 direction thereof
being rotated through 45~ between the irradiation of the left half and
right half of the plate. A polyimide orientation layer was applied to a
second borosilicate glass plate 8 and the same was rubbed with a cloth
parallel to its longitudinal edge. The two glass plates were then combined
to 3o form a 6 ~.m thick LC cell such that the left half of the PPN plate
together with the polyimide plate formed a parallel cell. Correspondingly,
the orientation directions of the right PPN half and of the polyimide layer
formed an angle of 45~. The cell was then filled with a nematic liquid
crystal. When a polarizes 9 was 35 placed on the back of the
polyimide-coated glass plate with its transmission direction parallel to
the direction of rubbing, the left half of the cell was at maximum darkness
when the transmission direction of an analyser above the polarizes was
.lug zoos 9 arranged perpendicularly to the transmission direction of the
polarizer. However, the right cell half was at maximum darkness when the
analyser was rotated through 45~. Consequently, the polarization plane of
the incident tight remained unchanged in the 5 passage through the left
cell half but was rotated through 45~ in the right half. This cell was
mounted by way of the PPN side on another PPN-coated glass plate. The PPN
layer was then irradiated through the cell with UV light polarized parallel
to the polyimide rubbing direction. A liquid crystal layer was then applied
by spincoating to the PPN layer. When the latter layer was observed under
crossed polarizers, it was seen that the liquid crystal had been oriented,
the orientation direction differing by 45~ between ~ 5 the left and right
plate halves. Example 5 ..;' Electrically switchable polarization-rotating
mask see Fig.4) 20 Polyimide layers 14, 1 5 were applied by spincoating to
two borosilicate glass plates 10) 11 having 1 x 1 cm ITO electrodes 12, 13.
An orientation direction 16, 17 was predetermined on each plate by rubbing
the polyimide layers with a cloth. The 25 rubbing direction differed by 45~
between the two plates. They were then mounted by means of a 6 ~,m thick
spacer to form a ~i liquid crystal cell such that the two electrode
surfaces overlapped. The cell was then filled with a nematic liquid crystal
mixture 18. Because of the different wall orientations a rotating 30 cell
having a 45~ twist was created. When the transmission direction of a
polarizer 19 on the bottom of the cell was arranged to be parallel to the
rubbing direction, an analyser placed above the cell had to be rotated 3 5
through 45~ for maximum brightness. Further rotation of the analyser
through 90~ produced maximum darkness of the cell. When a sufficiently
large voltage was applied to the two ITO electrode, the liquid crystal
molecules near the electrode surface  



2 ~ JIJN 70D2 10 oriented themselves with their longitudinal axis
perpendicular to the glass surface. In this zone the transmitted light
retained the polarization direction predetermined by the polarizer - i.e.)
the analyser had to be adjusted parallel to the polarizer far maximum 5
brightness. This cell was mounted on a PPN coated glass plate. A polarizer
was mounted on the back of the cell such that its transmission direction
was parallel to the rubbing direction of o the glass plate near the
polarizer. While the PPN layer was then exposed through the polarizer and
cell, the cell remained active. After irradiation a liquid crystal layer
was applied to the PPN layer by spin coating. When this liquid crystal
layer was arranged ' i below crossed polarizers it could be seen that the
liquid crystal ~ 5 had been oriented. The orientation direction of the
region exposed through the switched part of the liquid crystal cell
differed by 45~ from the direction in the other zones. 20 Example 6 LCP
polarizer As in Example 2) a PPN layer on a borosilicate glass plate was
oriented by irradiation with polarized light parallel to the 2s
longitudinal edge in the left half and at 45~ in the right half. i A
mixture of cross-linkable LC monomers was doped with 3% of the following
cyanoterphenyl molecule: Cyanoterphenyl: \ / \ / \ / C N 30 Cyanoterphenyl
was chosen because maximum absorption occurs at the same wavelength as in
the case of the PPN material used (~,max=310 nm). The doped mixture was
dissolved in anisole 3 5 to a 40% concentration and applied by pincoating
to the exposed PPN layer at room temperature. The liquid crystals took over
the orientation determined by the PPN exposure and retained such   1 1 '-'
'i ,~LJN 2U02. orientation after the subsequent cross-linking. The cyano
terphenyls had oriented themselves in accordance with the liquid crystal
matrix, as was shown by the fact that the transmission measured at 31 0 nm
parallel to the director was 20 times less 5 than the transmission
perpendicular to the director. Since the cross-linkable liquid crystal
molecules used do not contribute to absorption in the range above 300 nm,
this must be due to the dichroism of the cyanoterphenyls. The resulting
plate was mounted as a polarizing mask with the layer side downwards on a
PPN coated glass plate and irradiated with isotropic UV light from the mask
side. A liquid crystal layer was then applied to the PPN layer by
spincoating. ' ( When the spincoated layer was placed under crossed
polarizers) it ~ 5 could be seen that the liquid crystal had been oriented,
the orientation directions of the left and right halves of the plate
differing from one another by 45~. 



..;' The use of an LCP polarizing mask to produce orientation 20 patterns
in photosensitive materials does riot require the use of an external
polarizer. Polarization and the determination of the polarization plane is
dealt with pixel by pixel by the polarizing mask. 25 Example 7 '
Structurally oriented liquid crystal cell as polarizing mask As in Example
2, a PPN layer on a borosilicate glass plate 30 was oriented by irradiation
with polarized light so as to be parallel in the longitudinal edge in the
left half and 45~ to the longitudinal edge in the right half. A polyimide
orientation layer was applied to a second 35 borosilicate glass plate and
rubbed with a cloth parallel to the longitudinal edge. The two glass plates
were then combined to form a 6 ~,m thick LC cell such that the left half of
the PPN plate together with the polyimide plate formed a parallel cell.
12 Correspondingly, the orientation directions of the right PPN half and of
the polyimide layer formed an angle of 45~ to one another. The cell was
then filled with a liquid crystal mixture doped with 1 % cyanoterphenyl.
When a polarizes was placed on the back of 5 the polyimide-coated glass
plate such that its transmission direction was parallel to the rubbing
direction, the left half of the cell was in maximum darkness when the
transmission direction of an analyser above it was perpendicular to the
transmission direction of the polarizes. However, the right half 10 of the
cell was at maximum darkness when the analyser was rotated through 45~. The
polarization plane of the incident light remained unchanged in the passage
through the left half of the cell and was rotated through 45~ in the
passage through the right half. 15 This cell was mounted by way of its PPN
side on another PPN-coated glass plate. The PPN layer was then irradiated
with isotropic UV light through the cell, whereafter a liquid crystal ,. i
layer was applied to the PPN layer by spincoating. When this 20 layer was
then placed below crossed polarizers, it could be seen that the liquid
crystal had been oriented, the directions of orientation in the left half
and right half of the plate differing from one another by 45o. This example
shows that the exposure with a structurally oriented LCD polarizing mask
requires no 25 additional external polarizes. l Example 8 Self-polarizing
switchable LCD mask 



30 l ~ JUi~ 200 Finger electrodes of ITO were prepared in an area of 1 cm2
on a borosilicate glass plate. The width of the electrode paths, which were
disposed parallel to the plate edge, was 20 p.m and the distance between
the paths was 40 p,m. A polyimide layer 3 s was then applied on top and
rubbed with a cloth at 45~ to the direction of the electrode paths. A
second borosilicate plate without any electrode was also coated with
polyimide and rubbed at 45~ to the longitudinal edge such that after
assembly of the   13 ~ ~ Jlli~ 2002 two plates a parallel cell arose. The
between-plates distance was 6 p.m. A nematic liquid crystal mixture having
a negative dielectric anisotropy was doped with 1 % cyanoterphenyl and
charged into the cell. When an appropriately high voltage was 5 applied to
the finger, electrodes molecules near the electrode plate oriented
themselves parallel to the electrode paths. Consequently, the liquid
crystal had a structure with a 45~ twist near the finger electrodes,
whereas the parallel confirmation remained in the unswitched zone outside
the electrodes. 10 The cell was then mounted on a PPN-coated glass plate.
The PPN layer was then irradiated through the switched cell with isotropic
UV light, whereafter a liquid crystal layer was applied n to the PPN layer
by spin coating. When the liquid crystal layer ~ 5 was then placed below
crossed polarizers, it could be seen that the liquid crystal had been
oriented and the orientation direction in the zone covered by the finger
electrode area differed by 45~ from the orientation direction in the outer
zone. No external polarizes was needed in this construction either. The UV
light is 2o polarized by the doped liquid crystal mixture, the polarization
plane being switchable through 45~ by activation of the cell. It is
therefore unnecessary to change the mask between transfers of different
items of information.   JU~d zbUZ 14 C1a1111S: 1. A method of generating
anisotr opic pr open ties in a photostr ucturable hater ial by inepressing
a locally varying polarisation pattern on a light beam wJlich comprises
providing a polarisation mask for producing linearly polarised light having
a predeterlnined polarisation direction from incident light and leaving a
light input side and light output side, which comprises a plurality of
zones which are delimited fiom each other on the light output side and
which have different polarisation directions at least at certain times, and
radiating a light through the component to impress a locally varying
polarisation pattern on tile light beam to irr adiate the photostructur
able neater ial by the light beam and to generate the anisotropic
properties. 2. A method of selectively exposing a polarisation-sensitive
znaterial to linearly polarised light of more than one polar isation dir
ection, which comps ises a) providing a polarisation mask with an input
side and output side, the polarisation mask having a plurality of zones
which are delimited from each other on the 



j light output side of the polarisation lnaslc and which have different
polarisation directions at least at certain times: b) providing a
polarisation-sensitive nlaterial; and c) exposing the polarisation nlask to
light so tllat the light enters the input side of the polarisation mask and
exits the output side of the polarisation mask selectively exposing the
polar isation-sensitive neater ial to linear ly polar ised light of snore
than one polar isation dir ection.   Z 1 JUN 2002 ~s 3. A method according
to claim 1 or 2 wherein at least some of the polarisation d it ections of
the polar isation mask ar a var ied befog a exposing a sample of
photostructur able material. 4. A polar isation mask treated by the method
of any pr eceding claim, the mask being configured such that said zones
radiate in said process simultaneously light barring different polarisation
directions. 5. A polarisation mask treated by the method of any of claims 1
to 3, wherein the polarisation mask is configured to be connected separably
with said photosti-uctural mater ials. 6. An arrangement including a
polarisation mask treated by the method of any of claims 1 to 3 or
according to claims 4 or s , and a photostructur able material adapted to
be made anisotr opic by passing light tlu ough the polarisation maslc,
wherein the polarisation mask and the photostructurable material consist of
separable members. 7. The arrangement according to claim 6, wherein the
photostructurable material is 



configured to form an or ientation layer having an orientation pattern for
a liquid crystal . 8. A method according to claim 1, wherein at least two
zones of said photosti-uctur able mater ial ar a simultaneously it r
adiated by portions of said light beam having different polarisation
directions.   21 J U N 20n IG 9. A method according to claim l, wherein
said polarisation mask and said photostructurable material are formed by
separate members which are colvlected with one another for it r adiating
said photostr ucturable hater ial and are separ aced after the genes ation
of said anisotropic properties. 10. A 111CthOd as claimed 111 C1a1111 1,
v~herein said photostructurable material is adapted for forming an
orientation pattern on an orientation layer for a liquid crystal. 11. A
method according to claim 2, wherein said polarisation-sensitive material
is simultaneously exposed to said linearly polarised light of more than one
polarisation direction. 12. A method accor ding to claim 2, when ein said
polarisation n Zask and said polar isationsensitive mater ial are formed by
separ ate members which ar a connected with one another for exposing the
polarisation-sensitive material to said linearly polarised light and are
separated after the exposition of the polarisation-sensitive mater ial. 13
. A method accor ding to claim 2 when ein said polar isation-sensitive
material is adapted for forming an orientation patter n of an or ientation
layer for a liquid crystal. 14. Use of an optical component, the optical
component being for pr oducing linear ly polar ised light having a predeter
mined polar isation direction from incident light, when ein zones are
present which are delimited from one another on the light output side and
which have different polarisation directions at least at certain times, the
use being to impress a   2 i J ll N 2002 17 locally varying or a
dynamically variable, polarisation pattern on an optionally unpolarised
light beam. 



15. Use of an optical component, the optical component being fox producing
linear ly polarised light having a p redetermined polarisation direction
from incident light, wherein zones are present which are delin sited from
one another on the light output side and which have different polarisation
directions at least at certain times, the use being to effect parallel
transfer of information by polarisation-code light. 16. Use of an optical
component, the optical component being for producing linearly polarised
light having a predetermined polar isation dir ection from incident light,
wherein zones are present which are delimited from one another on the light
output side and which have different polarisation directions at least at
certain times, the use being as a mask for the simultaneous tr ansfer of a
complete polar isation pattern onto a polar isation-sensitive
photostructural layer. 17. Use according to claim 16, wherein the
photosti-ucturable layer consists of a PPN material. .A9.A.Aa.AL.A
.A.AR.Al.AF,.Ay; .A,.Af(y.AN.AuS .Ay5
.Ae.AyAKMNT/2ad-/>4ortk|wqlgb]X]ca]c&a]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca
]caU]c a]ca]ca]ca]ca]ca]ca]cRa]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a!Wbe4!)#+#}##$$)@*B*O**4++++++,,,,,)-...zupkfa\V]c^a]ca]ca]ca]ca]ca]ca]ca]
c^a]c^a]ca]c^a]ca]ca]ca]ca]c&a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca!..,/6/8/001 1"3%3/3n3555{6779 9 999U9P;
J=T=V=>@@@|wrmhc]Xkfa\V]]ca]c^a]ca]ca]ca]c(a]ca]ca]c^a]c^a]ca]ca]c^a]ca]ca]
ca]ca]c(a]c(a]ca]c^a]c^a]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca
@@@JBC3CDDDDFHHHIJ&JKMsOPPPPPQRRR'V*VVV}xsnid_Ykfa\V]]U]c
a]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]caV]
ca]ca]ca]ca]ca]ca]ca]c^a VXXXXXXZZ\\:]+`5`8`C`;
ccc#d|ddd,eeeGfVfcffffg$gzg{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]c^a]ca]ca!zgggDhhhXiii
Ijjk[kwkkklm\mmnnioopqqqqrsuuu}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!T {Y7!-
10%  &'()-!@& M$10%&'()-R!!& M$10%##&'()-R! 9S10% h&'()-
k'10%%&'()-@!N`'10%nhnh&'()-@ bC!  10%H&'()-zY10%H&'()-l%m10%H&'()-  10 h
10 h 10 h;10% h&'()-`- 10% h&'()-
/2z[9bC!!@"10%@H@H&'()-&10%H&'()-0$10%C&'()-L!0$10%HH&'()-L!$_`$10%$H$H&'()
-L!$10%&'()-L(ad^zX6bC!0'$10%HH&'()- !'$10%HH&'()- 



&10%H&'()-!;0"10%;H;H&'()-&!D"10%D{D{&'()-&!"10%&'()-&*+,-/>9tU3!;F %10%[;
[;&'()-f&G10% h&'()-Fs10% h&'()- 10HH 10HH 10HH!0 6l10%HH&'()- `'$10%&'()-
94rotkwU3tU3!0y$10%  &'()-!;
y$10%&&&'()-!y$10%&'()-!A0y$10%aa&'()-!Fy$10%fhfh&'()-!(l0F
%10%HhHh&'()-fkrS4!F10%M&'()-y&Z10%M&'()- 10[h[h 10[h[h 10[h[h!;
0`-"10%[h[h&'()-`!;`-"10%[[&'()-`+10% h&'()-WSb}[<rS4!0 f#10%M&'()-!3
f#10%&'()-`"10%Mc&'()-!@^0"10%&'()-!;"10%&'()-10%M&'()-beYI 4!j"}[9rS4!!Ns-
"10%&'()-!A0l"$10%&'()-:!Al"$10%vv&'()-:0!10%M&'()-!I!10%&'()-10%M&'()-j"&#
'#(#)#+#}###uV4!!("10%&'()-sy&Z10%`&'()-F:10%`&'()-Fy10%`&'()- 10 10
10!N0s-
"10%&'()-#$$%%&I(}[9uV4!!!0$10%\\&'()-!<0$10%&'()-0$10%`~&'()-!A$10%&'()-0"
10%`c&'()-s!1c0"10%&'()-sI(()=*>*?*@*B*O*~_@!!!%Z10%'o&'()-
Y10%'o&'()-10`10`10`34"10%`&'()-!)0$10%&'()-!)$10%PP&'()-O**4++++,}^?~_@!!!
`g10%'o&'()-10%'o&'()-!@f 10%gogo&'()-@
10%'o&'()-y!f:10%'o'o&'()-Y10%'o&'()-,,,,,)--{\:~_@!!!!N($10%&'()-s&'10%'o&
'()-!p  Y10%&'()- @  Y10%''&'()- 10%'o&'()-!9
10%'o'o&'()-3-........vW8!!y&Z10%:&'()-310%:&'()- 3f10%:&'()-101010-
0($10%&'()-s!0($10%=o=o&'()-s.6/8/001 1^?vW8!!10%:&'()-!)"10%cc&'()-Tf
10%:&'()-!f 10%::&'()-SSF `10%:&'()- 10%:&'()-
11"3%3/3n34}^<vW8!!!6-m"10%pp&'()-s9* 10%:&'()-
'10%:&'()-@&10%:&'()-!10m"10%kk&'()-!;m"10%uKuK&'()-4555555{67rS1!6cF
"10%J\J\&'()-Fl10%\&'()-10%\&'()-!S&lm10%\\&'()-  



10pp 10pp 10pp!60-m"10%pp&'()-s7789 9 9U9}[9rS1!6c!FM!10%  \
\&'()-f!g10%&'()-mg10%&'()-m!)0$10%==&'()-!$$10%8\8\&'()-0F "10%&'()-U99;P;
N<G=H=I=wUG91!6c 10@@ 10@@!,0."10%@@&'()-!1."10%E E &'()-!0y#$10%\\&'()-
!<0y#$10%P\P\&'()- !<y#$10%PP&'()- I=J=T=V=T>>@@lJ+1&10%H&'()-!y$10%HH&'()-
!Y0Y!10%&'()-g!Y!10%HH&'()-gl10%H&'()-!vS&FF10%vHvH&'()-
10@@@@@AJBC3CzX7+1& 0 $10%0&'()- $!$ $10%$H$H&'()- !$0 $10%$$&'()- !.
$10%..&'()- l 10%H&'()-!D10%&'()-3CCDDDDDDFrS1!,3 "10%&'()-f 10%&'()-&
Z10%&'()- 10DD 10DD
10DD!D00"10%DD&'()-!D0"10%D6D6&'()-FFGHHHHz[<rS1!,`:10%[&'()-Y
10%&'()-!)0$10%&'()-0$10%&'()-!)h0$10%&'()-!.$10%UU&'()-HYIIIJ&JJ|Z8rS1!!;
2"10%&'()--!N,Y"10%&'()-s K0y (#10%&'()-& .y (#10%`!&'()-&0S#!10%E&'()-!;
S#!10%&'()-JKKKKKLMoM1!!;2"10%!T`9Z(10%NN&'()- 



!`9Z(10%EE&'()- !9Z(10%&'()-  10 10
10!D`2"10%&'()--MNsOOPPPwX9M1!!,&10%:&'()-S&10%:&'()-!D0!10%~~&'()-F!o!10%N
N&'()-F! 0f$10%66&'()- !)f$10%cBcB&'()- PPFQQQRRRzX9.1 10:810%:&'()-
!X02G"10%&'()-S!(2G"10%bVbV&'()-S!S0+M!10%
&'()-@!+M!10%::&'()-@`3(#10%:&'()-RRRRS!U'V*VdE1
10:10%&'()-!A09$10%&'()-!Kc09$10%&'()-!P9$10%&'()- 10%&'()- 10:
10:*VVV$WcXXXwX7E1 10: Lf(@10%&'()-0S "10%M&'()-m !I0S "10%&'()-m !SS
"10%&'()-m !S "10%&&&'()-m !SS "10%&'()-m 



XXXXYZZZZ^PB4 10 10 10 10!I`/"10%&'()--!I/"10%&'()--'yF10%&'()- -
10%&'()-@,`10%&'()-ZZ[\\:]]}^<PB4 10 10! $10%ZZ&'()-310%:&'()-
10%:&'()-!^0@!10%&'()-!@!10%&'()-10%:&'()-]C_(`)`*`+`5`8`C`oP1
1D10%\&'()-10%\&'()-!{&SY10%\\&'()-  10BB 10BB
10BB!0$10%BB&'()-!0$10%##&'()-C`;ccc#d|dddEoP1
1D10%'&10%\&'()-%"10%\&'()-$g10%\&'()- "410%\&'()-6
$10%&'()-$10%\&'()-mdd,eeeGfSfTfUfdE:/  10\
10\`310%\&'()-l1#10%\&'()-y/#10%\&'()--s!10%\&'()-+10%\&'()-)-10%\&'()-UfVf
cffffg$gzgxY:/  10\y#10%&'()-9s10%&'()- #10%&'()-L
10%&'()-10%&'()-s$10%&'()-G 10\zgggDhhhXidE:/  10\& &$10%&'()-&F10%&'()-&fS
10%&'()-9s 10%&'()-y10%&'()-y#10%&'()-XiiiIjjk[kdE:/ 



10\Y1&!10%&'()-&S/-#10%&'()-+m"10%&'()-&)!10%&'()-&%
10%&'()-&#"10%&'()-[ktkukvkwkkklmbC
10\#10%\&'()-#10%\&'()-10%\&'()-@&l10%\&'()-  10 10
10L310%&'()-m\mmnnioodEbC  10\)f#10%\&'()-@ $10%\&'()-10%\&'()-y 10%\&'()-f
10%\&'()-G10%\&'()-opqqqqqqqbC  10\,#10%:&'()-10%:&'()-@&Y10%:&'()- 10\ 10\
10\/#10%\&'()-+10%\&'()-qrsuuudbC
10\,#10%:&'()-)s10%:&'()-'&$10%:&'()-S$10%:&'()-h #10%:&'()- <10%:&'()-
Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Font,( ?'+2I:AHOW*]Ucvhnrvxz|~.@VzguLMNOPQ 9kbj"#I(O*,-.
147U9I=@3CFHJMPR*VXZ]C`dUfzgXi[kmoquRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwx
yz{6Times New RomanArialCourier New"h Root EntryWordDocument^
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


