
;pqe3ejvjs\xH6~THL"_:1 _ BACKLIGHTING DEVICE FOR AN
INFORMATION DISPLAY ELEMENT OF A PORTABLE OBJECT The
present invention relates to a backlighting device for
an information display element of a portable object
such as a wristwatch. The backlighting device
comprises a light guide plate having a front face and
a rear face, a light reflector located on the rear
face of the light guide plate and a source of visible
light. This source of visible 5 light feeds light
beams at the edge or boundary of the light guide
plate. These light beams spread in the light guide
plate between its two faces to be directed for
illumination of the display screen located above the
front face of the light guide plate. The device
comprises further a layer located from the side of the
front face of the light guide plate intended to face a
rear face of the display element of the portable
object. 10 Said layer has at least one zone with
partial opacity decreasing from a limit located close
to the boundary area of the light guide plate, which
receives the light beams of the light source. This
allows the intensity of the light crossing said zone
to be attenuated. In the case of an object such as a
wristwatch, the display element is 15 understood to be
a watch face, on which the hands indicate the time, a
liquid crystaltype display screen, where time, text or
image information can be displayed, or a combination
of watch face and screen. Devices for illumination
from the back, which are referred to as backlighting
devices, for display screens in particular of the
liquid crystal type have already been 20 described in
the prior art. Such devices are encountered in
particular in objects such as cordless mobile phones,
portable computers or other types of portable objects
in current use. In these objects of relatively large
dimension, it is generally simple to illuminate a
display element uniformly from the back over its
entire visible surface. To do this, 25 illumination
from the back is achieved by one or a plurality of
light sources disposed to face layers of a light guide
plate. These light sources feed light beams into the
light guide plate so that the light is directed
towards the display element. With several light
sources spaced at a relatively substantial distance in
relation to the visible portion of the display
element, the display element can be illuminated
relatively uniformly. 30 In the case of a wristwatch,
it is difficult to provide several light sources to
illuminate the display element from the back, since
the area available inside the case is limited. Since
the number of components to be mounted in said case
must be reduced to fulfil all the desired functions of
the watch, a single light source is generally provided
to ensure illumination of the display element.   _2_
In the case of a traditional backlighting device, this
light source is mounted in the case of the watch below
the display element in a position close to the visible
portion of the display element. Even if the light
source is partially concealed below the display
element, its radiation of light causes a halo around
the position of the light 5 source, which is visible
to the outside via the display element. Illumination
of the display element from the back is therefore not
uniform, since the light intensity of this halo is
greater than the light intensity illuminating the rest
of the display element. This is major disadvantage of
such a backlighting device, if it is provided, for
example, to fit an upmarket type of watch. 10 The
document US 2,823,476 describes a backlighting device
of a watch dial. This device includes a light guide
plate at the boundary of which is located a light
source for spreading light beams into the plate
between a rear face and a front face of said plate. A
compensating film is placed on the front face of the
light guide plate in order to make homogeneous the
luminosity of the watch dial. The opacity of said 15
compensating film is decreasing from the edge of the
plate which receives light beams: For realizing said
compensating film, it is firstly necessary to spread a
photographic emulsion on the film, to place it on the
device, to switch on the light 



source, and to develop the emulsion in a black room in
order to obtain a zone with a 20 decreasing opacity.
All these operations are relatively complicated and
costly to obtain such a compensating film, which is a
drawback. Therefore, the main aim of the invention is
to remedy the above-mentioned disadvantages by
providing a backlighting device for an information
display element of a portable object, which allows the
illumination of the display element to be uniform, in
25 particular in a zone located around the light
source, and easy to be realized. On this basis, the
invention relates to an aforementioned backlighting
device for an information display element of a
portable object such as a wristwatch, which is
characterised in that the zone with partial opacity is
obtained by a shading white or silver dye applied to
the layer or integrated into the layer, or by a
semi-transparent 30 metal covering of variable
thickness, or by a metal covering pierced by a
plurality of holes of varying diameter and spacing,
which are smaller in size than the resolution of the
human eye, or by a metal covering formed from a
plurality of metal dots of varying diameter and
spacing so that light beams are partially reflected
and returned into the light guide plate to reduce the
losses of useful photons. 35 An advantage of the
backlighting device according to the invention lies in
the fact that the halo caused by a light source
located below and close to the visible portion of the
display element is attenuated by the zone with
decreasing opacity   -3 obtained by such a dye or such
a covering. Hence, it is possible, because of this
zone of decreasing opacity, to illuminate the display
element of the portable object uniformly, which can
also depend on the angle of vision of the display
element. Therefore, a single light source can be
sufficient to illuminate the display element. This 5
light source can be a light emitting diode, which is
mounted on a printed circuit board and is located in a
compartment open at the top of a crosspiece mounted on
the printed circuit board. Naturally, as the light
intensity of this halo decreases when moving away from
the light source to a determined distance from this
source, the partial opacity of the 10 zone of the
layer must also decrease when moving away from said
source. This decrease in opacity of the zone, which
extends to a given distance on the layer, can be
non-linear, since the decrease in intensity of the
halo as a function of the distance is also non-linear.
The zone with decreasing partial opacity is preferably
obtained by a dye 15 applied to or integrated into the
layer, or by an offset, or by a semi-transparent metal
covering of variable thickness, or by a metal covering
pierced by a plurality of holes or formed by metal
dots of variable diameter and spacing as a function of
the resolution of the human eye. The dye used can be a
colour shade of black or white or silver. This dye is,
for example, the ink applied by a printing machine.
The white colour can be 20 used advantageously where
the layer with the partially opaque zone forms an
integral part of the front face of the light guide
plate for a diffuse reflection of a portion of the
light to be redistributed in the light guide plate. 



The layer with the partially opaque zone can also be a
light diffuser film or a light rectifier film located
on the front face of the light guide plate. 25
Advantageously, on its periphery, the light guide
plate has a rounded corner covered by a
light-reflecting layer, which can be a completely
opaque white paint coating or a metal covering. The
light emitting diode is thus disposed below the
rounded corner in order to feed the light beams in a
vertical direction. In this way, the beams are
reflected by the reflecting layer at the edge of the
light guide plate in order 30 to spread into the light
guide plate between the front and rear faces. A joint
of silicon material can also join the upper portion of
the light emitting diode to a lower surface of the
rounded corner of the printed circuit board in order
to limit optical losses. This joint is selected to
have an intermediate refractive index between the
refractive index of the transparent material of the
light emitting diode and 35 the refractive index of
the light guide plate. The aims, advantages and
features of the backlighting device for an information
display element of a portable object will be more
clearly evident from the   4 following description of
at least one embodiment of the invention in
association with the drawings, wherein: Figure 1 shows
a three-dimensional exploded view of the backlighting
device according to the invention; 5 Figures 2a and 2b
show a plan view and a three-dimensional view of the
backlighting device according to the invention with
all the elements assembled; Figures 3a and 3b show a
plan view of two embodiments of the diffuser film of
the backlighting device according to the invention;
Figure 4 shows a schematic view in partial section of
a first embodiment of the 10 backlighting device
according to the invention at the level of the light
source; Figure 5 shows a schematic view in partial
section of a second embodiment of the backlighting
device according to the invention at the level of the
light source; and Figure 6 shows a simplified graph of
the light intensity of the light emanating from the
backlighting device without attenuation and with
attenuation of intensity as a 15 function of the
distance from the light source. In the following
description, those elements of the backlighting device
that are well known to the person skilled in the art
in this technical field will not be explained in
detail. The embodiment described specifically relates
to a backlighting device for an information display
element of a wristwatch. This display element can be a
liquid 



20 crystal translucent-type screen or a watch face
with sections transparent to visible light. Figure 1
shows a three-dimensional exploded view of an
embodiment of the backlighting device 1 for fitting a
wristwatch. In this embodiment, the backlighting
device 1 for an information display element (not
shown) firstly comprises a printed 25 circuit board 3,
on which a light source such as a vertically
illuminating light emitting diode 2 and at least one
electronic component 4 are fixed. The light emitting
diode is fed by a power source (not shown) such as a
battery or accumulator, which is electrically
connected to the printed circuit board 3. A crosspiece
12 in the form of a frame made of plastic material,
preferably 30 black or white in colour, is detachably
mounted on the printed circuit board. This crosspiece
is positioned by means of fitting means formed by legs
26 in contact with the edge of the printed circuit
board 3. A compartment 5 on the outer section of the
crosspiece is provided to house the light emitting
diode. This compartment has a number of vertical walls
partially surrounding said diode 2. 35 This
compartment could naturally also be provided with
vertical walls that completely surround the light
emitting diode to enable it to only feed light beams
in a   -5 vertical direction. An opaque frame (not
shown) could also be inserted between the walls of the
compartment and the light emitting diode. The
backlighting device 1 for a display element also
comprises a light guide plate 7, a diffuse (specular)
or mirror-type light reflector 6 mounted on the rear
face of 5 the light guide plate and a layer having a
partially opaque zone 10' disposed between the front
face of the light guide plate and the display element.
A lens arrangement T, which may be of nanometre or
other size, for example, is provided on one portion of
the front face of the light guide plate 7. This fens
arrangement could also be provided on a portion of the
rear face of the light guide plate 7. 10 The light
guide plate 7 also has a rounded corner 8, which is
covered with an opaque white paint coating or a metal
covering. The light emitting diode 2 in its
compartment 5 is disposed just below the rounded
corner at the edge of the light guide plate. The light
emitting diode feeds light beams vertically in the
direction of the rounded corner, so that these beams
are reflected in a diffuse manner by the white 15
paint coating or in the manner of a mirror by the
metal covering. After reflection at the rounded
corner, the light beams spread between the front and
rear faces of the light guide plate to be reflected by
the reflector and deflected by the nanometre lens
arrangement. The light guide plate 7 with its
nanometre lens arrangement can be made of PC 20
(polycarbonate) or PMMA (polymethylmethacrylate). In
this embodiment, the layer with the partially opaque
zone is a flexible light diffuser film 9, on which a
flexible light rectifier film 11 can be mounted. This
flexible light rectifier film 11 can be a T-BEF 90I24
film manufactured by 3M. This rectifier film is
composed of micro-prisms on its front or rear face to
rectify and orient the light 



25 towards the display element. Lines of micro-prisms
can preferably be disposed perpendicularly to the axis
of light transmission in the light guide plate for
better rectification of the light and to maximise its
intensity. Two rectifier films with crossed prism
lines could also be used to maximise the light
intensity in a pre-defined angle of vision of the
display element. 30 The partially opaque zone extends
over the diffuser film 9 to a limit 25, which
represents a boundary line of the visible portion of
the display element up to a determined distance d1
from the light source, as may be seen more clearly by
referring to Figures 3a and 3b. This distance d1 can
depend on a natural angle of vision of the display
element, which is not necessarily perpendicular to the
display 35 element in the case of a wristwatch. It
should be noted that the visible portion of the
display element is preferably defined by an opaque
raised support of the watch glass (not shown), which
holds the   -6 display element. In case where the
raised support and the bezel or case of the watch are
essentially transparent, it can be necessary to
provide a partially or completely opaque layer 10, for
example with black colour as shown in Figure 3b, on
the diffuser film 9 surrounding the visible portion of
the display element. 5 The light intensity of the
halo, which is caused by the light source and is
visible from outside the display element, decreases
non-linearly from the limit 25 up to a distance di,
from which the light intensity is essentially uniform.
In view of this, the opacity of the zone must
therefore decrease non-linearly, like the light
intensity of the halo, from the limit 25 up to a
distance d1 from the light source to ensure a uniform
10 illumination of the entire display element. The
partial opacity of the zone can be about 80% from the
limit 25 to 0% at the distance d1. Figure 6 shows a
simplified representation of the light intensity
across the display element as a function of the
distance in relation to the position of the light
source. It can be seen that the light intensity of the
halo decreases non-linearly as far 15 as a distance
di, from which it may be considered that the light
intensity is more or less constant. Without a layer
with a partially opaque zone, the light intensity
through the display element is shown by curve a. With
this layer, the light intensity is shown as uniform by
curve b attenuated by said opaque zone, as shown by
the hatched section. As a result of this, the opacity
at each point of the zone must correspond to the level
of 20 intensity shown on curve a. The partially opaque
zone 10', shown in a simplified manner in Figures 1,
3a and 3b, on the diffuser film 9, can be obtained by
a dye deposited on or integrated into the flexible
film of the diffuser, or by an offset. The dye used
can be a colour shade of black, silver or white. This
black dye is ink applied by a printing machine, for
example. 25 In the case of a black colour, the light
passing through the partially opaque zone is partly
absorbed but lost, whereas with a white colour, the
light is partially reflected in a diffuse manner and
returned into the light guide plate to reduce the
losses of useful photons. These recovered photons can
be directed towards other less luminous zones of the
light guide plate 7. 30 In place of a dye, the
partially opaque zone 10' can also be obtained by a
semitransparent metal covering of variable thickness,
or by a metal covering pierced by a plurality of holes
of variable diameter and spacing as a function of the
resolution of the human eye, or by a metal covering
formed by a plurality of metal dots of variable
diameter and spacing, which are obtained via a
template with pierced holes. This 35 metal covering
can be made by a vacuum metallisation process and the
holes of the thin covering or of the template can be
pierced by a laser beam or other 



photolithographic process.   -7 As shown in Figure 3b,
it can be provided that the diffuser film includes
another zone with partial opacity so to produce a
particular pattern 19, for example at least one
alphabetic character, at least one symbol or a picture
in the background of the display element. According to
the opacity variation of said zone, a monochrome
picture can be 5 represented. The partially opaque
zone can, of course, be formed by a different layer
from the diffuser film. This zone can be formed
directly on the front face of the light guide plate,
on the rectifier film 11 or on the rear face of the
display element. In the case of a zone on the light
guide plate, it would be preferable to select a white
dye shading from 10 a limit corresponding to the
boundary line of the visible portion of the display
element from the side of the fight source. With this
white colour deposited directly on the light guide
plate, the light is partially reflected in a diffuse
manner and thus allows useful photons to be recovered,
as explained above. Since the backlighting device must
be easily manipulated in assembly 15 operations in a
wristwatch case, all the elements forming it must be
assembled beforehand. To do this, with reference to
Figure 1, the crosspiece in the form of frame 12
firstly comprises a first inside shoulder 13 having
two flexible fingers 15 disposed on side walls of the
first shoulder 13. The reflector 6 and the light guide
plate 7 are held between a support face of the first
shoulder and the two flexible fingers 15. 20 The
crosspiece also comprises a second inside shoulder 14
above the first shoulder 13, in the case where it is
provided to mount a diffuser film 9 and/or a rectifier
film 11. The diffuser film 9 is firstly placed in
abutment against the second shoulder and is held by
means of a tab 20 inserted into a housing 16 of a side
wall of the second shoulder. The rectifier film 11 is
then placed in abutment against the diffuser 25 film 9
and is held, as in the case of the diffuser film, by
means of a tab 21, which is also inserted into the
housing 16. In this way, all the light transmitting or
reflecting elements are held in the crosspiece, which
is itself assembled on the printed circuit board, on
which the light emitting diode 2 is fixed. The
reflector 6, the light guide plate 7, the diffuser
film 9 and the rectifier film 11 30 each have a
surface area greater than or equal to the surface area
of the visible portion of the display element. It is
also evident from Figure 1 that the diffuser film, on
which the zone with decreasing opacity has been
provided, has a section of the diffuser film, which is
located on the rounded corner 8. This section of the
diffuser film is covered with a 35 completely opaque
black layer 10, which extends as far as the limit of
the start of the zone with decreasing opacity, as
shown also in Figure 3a.   _g_ A clearer impression of
the shape of the backlighting device with all its
elements assembled can be seen from Figures 2a and 2b.
The elements forming said device in Figures 2a and 2b
will not be described, since they have already been
described above in particular with reference to Figure
1. 5 Two variants of the backlighting device are
additionally explained with reference to Figures 4 and
5. Those elements explained above naturally have
identical reference numerals and will only be
explained in a simplified manner. The backlighting
device shown in partial section comprises the printed
circuit board 3, the light emitting diode 2 fixed to
the printed circuit board, the crosspiece 12 



10 with the compartment 5 of the diode 2, the
reflector 6, the light guide plate 7, the diffuser
film 9 and finally the rectifier film 11. As shown in
Figure 4, the fight emitting diode 2 is positioned at
a short distance from the rear face of the light guide
plate directly below the rounded corner. An air gap
thus separates the upper face of the diode 2 from the
rounded corner 8. An edge of 15 the reflector 6 comes
to lie flush with an upper edge of the compartment.
The edge of the reflector could preferably be directly
on the edge of the light outlet of the light emitting
diode so as not to lose the reflected light through
the rounded corner. Because of the zone 10' of partial
opacity decreasing as the distance from the diode
increases, the light F~ redirected and oriented by all
the light transmitting and 20 reflecting elements has
an intensity, which is essentially equal at every
point to thus illuminate the display element
uniformly. In a variant shown in Figure 5, a joint
made of silicon 17 is provided to join the upper
portion of the light emitting diode 2 to a lower
surface of the rounded comer of the printed circuit
board. The joint preferably has an intermediate
refractive index 25 between the refractive index of
the transparent material of the light emitting diode
and the refractive index of the light guide plate. The
portions of the crosspiece 12, which define the
compartment 5, in which the light emitting diode 2 is
completely housed, can define a completely opaque
cage. This allows to avoid to have parasitic light
effects if the bezel or case of the watch is 30
transparent. It would, of course, also be conceivable
to place the diode in the same plane as the light
guide plate so that it feeds light beams via an edge
of the light guide plate in a horizontal direction. In
this case, the light guide plate is no longer provided
with a rounded corner. 35 Working from the above
description, numerous variants of the backlighting
device may be conceived by a person skilled in the art
without departing from the framework of the invention
as defined by the claims. One or more other partially
_g_ opaque zones can be provided on the layer in the
case where it is desirable to intentionally attenuate
the light intensity to give particular effects through
the display element. These other zones can be located
from the side of the front or rear face of the light
guide plate. Said partially opaque zones can be
realized by a dye of bright 5 colour. A possible
provision for the device is to only use the reflector
with the light guide plate, on which one or more
partially opaque zones are provided, to limit
production costs. The reflector and the plate may form
only a single element.  



-10 CLAIMS 1. Backlighting device (1) for an
information display element of a portable object such
as a wristwatch, said device comprising a light guide
plate (7) having a front face and a rear face, a light
reflector (6) located on the rear face of the light
guide plate, a source of visible light (2) feeding
light beams to a boundary or edge of the light 5 guide
plate, which spread in the light guide plate between
its two faces, and a layer located from the side of
the front face of the light guide plate intended to
face a rear face of the display element of the
portable object, said layer having at least one zone
(10') with partial opacity decreasing from a limit
(25) located close to the boundary area of the light
guide plate, which receives the light beams of the
light source, in 10 order to attenuate the intensity
of the light crossing said zone, characterised in that
the zone with partial opacity is obtained by a shading
white or silver dye applied to the layer or integrated
into the layer, or by a semi-transparent metal
covering of variable thickness, or by a metal covering
pierced by a plurality of holes of varying diameter
and spacing, which are smaller in size than the
resolution of the human eye, or by a 15 metal
coveririg formed from a plurality of metal dots of
varying diameter and spacing so that light beams are
partially reflected and returned into the light guide
plate to reduce the losses of useful photons. 2.
Backlighting device (1) according to claim 1,
characterised in that the partial opacity of the zone
decreases non-linearly from the limit close to the
edge of 20 the light guide plate. 3. Backlighting
device (1 ) according to claim 2, characterised in
that the layer with the partially opaque zone (10')
forms an integral part of the front face of the light
guide plate (7) or is used like a polarising film for
the display element. 4. Backlighting device (1)
according to claim 2, characterised in that the 25
layer with the partially opaque zone (10') is a light
diffuser film (9) or a light rectifier film (11 )
located on the front face of the light guide plate. 5.
Backlighting device (1) according to one of the
preceding claims, characterised in that it comprises a
single light source, such as a light emitting diode,
to illuminate the display element from the back. 30 6.
Backlighting device (1 ) according to claim 4,
characterised in that it comprises a crosspiece (12)
forming a frame, in which the reflector (6), the light
guide plate and a diffuser are held, and a printed
circuit board (3) on which is fixed the light source,
which is a light emitting diode, and in that a
compartment (5) is cut into the periphery of the
crosspiece to house the light emitting diode (2), the
crosspiece being 35 detachably mounted and positioned
by fitting means (26) on the printed circuit board.
11 7. Backlighting device (1 ) according to claim 6,
characterised in that the crosspiece (12) comprises
two flexible fingers (15) disposed on side faces of a
first inside shoulder (13) to hold the reflector (6)
and the light guide plate (7) inserted between a
support face of the first shoulder and each flexible
finger. 



5 8. Backlighting device (1) according to claim 7,
characterised in that above the flexible fingers (15),
the crosspiece comprises a second inside shoulder (14)
to receive a flexible diffuser film (9), which is held
by means of a tab (20) inserted into a housing (16)
cut into a side face of the second shoulder of the
crosspiece, and in that a flexible transparent light
rectifying film (11 ) is located on a diffuser film
and held by 10 another tab (21 ) in the housing (16)
of the second shoulder. 9. Backlighting device (1)
according to one of the preceding claims,
characterised in that on its periphery, the light
guide plate (7) has a rounded corner (8) covered by a
light-reflecting layer (8') and an arrangement (T) of
micro-prisms or lens of nanometre size on a section of
its front or rear face, and in that the light source,
15 such as a light emitting diode (2), is disposed
below the rounded corner in order to feed the light
beams in a direction perpendicular to the rear face of
the light guide plate so that said beams are reflected
by the reflecting layer at the edge of the light guide
plate and spread into the light guide plate between
the front and rear faces. 10. Backlighting device (1 )
according to claim 9, characterised in that a 20
portion of a diffuser film (9) is located on the
rounded corner (8), that the portion of the diffuser
film is covered with a completely opaque black layer
(10), which extends as far as the limit of the start
of the zone with decreasing opacity, and in that the
rounded corner is covered with an opaque white layer
or with a metal covering. 11. Backlighting device (1)
according to claim 6, characterised in that the 25
light emitting diode (2) is housed in the compartment
of the crosspiece comprising side walls, which
partially or completely surround said diode from an
upper surface of the printed circuit board (3), and in
that an edge of the reflector comes to lie flush with
an upper edge of the compartment. 12. Backlighting
device (1) according to claim 6, characterised in that
ajoint 30 of silicon material (17) joins the upper
portion of the light emitting diode (2) to a lower
surface of the rounded corner of the printed circuit
board, said joint having an intermediate refractive
index between the refractive index of the transparent
material of the light emitting diode and the
refractive index of the light guide plate (7). 13.
Backlighting device (1) according to claim 1,
characterised in that the 35 light guide plate (7),
the reflector (6) and the partially opaque zone form a
single element.   _12_ 14. Backlighting device (1)
according to claim 1, characterised in that it
includes one or more other zones with partial opacity
(19) on the layer to attenuate voluntarily the light
intensity through these other zones in order to
produce a particular effect or pattern through the
display element. /N/NM/N0p/N/N0p/NM/Nf/NfMT/N4;
/NIf/Nfj=/NS0=@R
6:Zlpgk&:"$8$|$$$%%'m'|wrmhc^Y]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]ca]ca]c^a]ca!m''((*+I,o-j..P/T/5112344V66&89
9::<==>?g?@AC}xsnid_Z]]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]c
a]ca]ca]ca]ca!CDDEEF#F'FGGI)JO
PP`QdQRoSU{XYWZgZZl[|[[o\s\\r]^^|wrmhc^Y]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca!^^a>bGdldd(ete
gOggii7jlmppt;
u@uujv\r]^^|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]c^aR_m~\:!BHI$10%pp&'()-/!\HI$10%&'()-/!rtHI$
10%FF&'()-/!I$10%&'()-/!10%`&'()-]]10%`&'()- O
wU3!HI$10%||&'()-/!#HI$10%&'()-/!8HI$10%jj&'()-/!8HI$1
0%tt&'()-/!,HI$10%`X`X&'()-/!NHI$10%&'()-/   



6:}uV4!!H"10%&'()-@"10%D*&'()-@!@"10%&'()-@y10%D&'()-1
0%D&'()- 10|| 10|| 10||aZ}[9uV4!!!1S#S#10%DyDy&'()-!
L!10%D%D%&'()-])10%D&'()-HV#10%D&'()-C!*HV#10%nn&'()-C
!@V#10%&'()-C:5|];uV4!!!!*.#10%nn&'()-
-@10%D&'()-H(S#10%D&'()-!(S#10%``&'()-!HS#S#10%>4>4&'(
)-
*HS#S#10%n{n&'()-sijklpgrP4!!!!*.#10%n!s"10%&'()-i10%`
&'()- 10XrXr 10XrXr
10XrXr!H.#10%XrXr&'()-!H.#10%``&'()-gkx}[9P4!!!
H"10%mm&'()-!"10%``&'()-Y10%`&'()-610%`&'()-!H
"10%EE&'()-! "10%``&'()-&::#  }[9P4!!!8H@#10%;
;&'()-!GH@#10%&'()-!G@#10%&'()-
10%`&'()-10%`&'()-!"10%tt&'()- c"""$8$|$z[<P4!!!
:10%`&'()-9s10%`&'()-!S5#10%||&'()-!H@#10%DD&'()-H@#10
%`#&'()-!*H@#10%&'()-|$$$$$$F%%%_>!!!  "10%h&'()-@!H9
10%[[&'()-9 10%`j&'()-10%`&'()- 10` 10` 10`i<I
10%`&'()-%%&&'m''}^?_>!!!  '10%`&'()-c10%`&'()-!Hl
10%>>&'()--Hl 10%`w&'()--!7l 10%E0E0&'()--H
"10%`&'()-@'c(((D***}^=_>!!!
0%M!10%&'()-H|#10%`I&'()-!#|#10%&'()-#Z10%`&'()-H
10%`&'()-!0
10%EE&'()-*+I,,o-j..z[9_>!!!*8S#10%&'()-@3M!10%`&'()-!
H .S#10%``&'()-!8
.S#10%&'()-!P+7#10%||&'()-@H%M!10%`&'()-..M/N/O/P/T//0
_=!!!!HV"10%DD&'()-!V"10%&'()-i10%D&'()- 10` 10`
10`:M!10%`&'()-H8S#10%`&'()-@05112344}[<_=!!!!-10%D&'(
)-!@#10%CUCU&'()-!)#10%XX&'()-6]10%D&'()-60!10%Dk&'()-
]!HV"10%11&'()-4P5V66&899zX9_=!!910%D&'()-!#f2m"10%gg&
'()-!e+#10%X*X*&'()-)10%D&'()-!*H"#10%nn&'()-!"#10%DD&
'()-9:::::;
<rP=!!910%D!tH"10%&'()-s!"10%&'()-s10%D&'()- 



10DD 10DD 10DD!:
10%DD&'()-]<==>?g?@}^?P=!!!10%Dd&'()-zp#10%D&'()-!-l!1
0%DD&'()-610%D&'()-0S#10%D&'()-!"10%&'()-]@@ABCCEwV4P=
!!1H1#10%uu&'()-
81#10%||&'()-'!GHi*#10%&'()-!Ui*#10%D1D1&'()-!NH!#10%&
'()-!d!#10%DD&'()-EgEEF F!F"F#F'Fuj_@!!1H10%&'()- 10D
10D 10D<  10%D&'()-f;
10%D&'()-H8#10%D&'()-]!*8#10%n8n8&'()-]'FGGHI)JJz[9j_@
!!!P#10%WW&'()-fp10%&'()-!HS#10%&'()-s!
S#10%&'()-si10%&'()-!6s!10%&'()--JLMOOO PwX6j_@!!!Hl3
10%&'()-\l3
10%&'()-\!H#10%&'()-f!1H#10%&'()-f!GH#10%&'()-f!dH#10%
&'()-f
PP]Q^Q_Q`QdQRoSuS1!t"10%&&&'()-!sj!10%&'()--10%&'()-
10 10 10!f`9"10%&'()-yl6 10%n&'()-@oSTTUVWWwU4uS1!
#H\#10%
&'()-'!H\#10%&'()-'!1\#10%yy&'()-'!GHv#10%&'()-s!UHv#1
0%[[&'()-s!dv#10%&'()-sW{XX[YYWZgZwX9uS1! f210%&'()-/
10%&'()-]!H*"10%~~&'()--!H*"10%&'()--!#*"10%&'()--!H\#
10%&'()-'gZZl[|[[l\m\n\o\dYNC!  10 10
10l:d10%&'()-yf|9j!10%&'()- #810%&'()-S5 10%&'()-]v
3]10%&'()-o\s\\r]"^^^^zXJ<C!  10 10!H "10%&'()-J!
"10%zz&'()-J!
"10%11&'()-@!V"10%??&'()-10%z&'()-^^^^*`a>bcoP.C!S#10%
nn&'()-#10%&'()-!H6#10%CC&'()-`!6#10%nn&'()-`69}10%&'(
)-Lf10%&'()- 10cGdldd(ete
fa?.C!S#10!8)p#10%&'()-#c(=10%&'()-!8%P"10%&'()-@@$<10
%&'()-" 10%&'()-HS#10%|&'()- fkf gOggiii}[<1C! 



10HI4#10%&'()-!8I4#10%&'()-,2
10%&'()-]0p10%&'()-!*H)p#10%&'()-!H)p#10%OO&'()-iiii7j
*klmgHC! 10HI10%&'()-!H "10%&&&'()- ! "10%JJ&'()-
VY10%&'()-w10%&'()- 10 10monopkqqrwU3HC!
!8H#10%&'()-i!!4H#10%&'()-i!!UH#10%&'()-i!!PH#10%&'()-
i!!rH#10%ff&'()-i!!|#10%""&'()-i!rtt8u9u:u;u@uu}oP1!@V
10%&'()-i10%&'()- 10 10 10!#f`9
10%&'()-#!H#10%>>&'()-i!!H#10%&'()-i!ujv9u:u;
u@uu}oP1!@V 10%&'()-i10%&'()- 10 10 10!#f`9
10%&'()-#!H#10%>>&'()-i!!S M!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
k!O,7"C_NnY[f:rjsxz|~m'C^jvHIJK g |$%'*.049<@E'FJ
PoSWgZo\^c
fimrujvLMNOPQRSTUVWXYZ[\]^_`abcdefghijklm6Times New
RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmno 


