SRR ""'.
:.‘\‘h"..".‘.“ \‘\
::E:: o ‘}'\-.“

N S b oy e A il
o s 2N :\_: g
.\. ‘%:‘\.'.".\‘4‘ .\ ‘n";‘l'.\"l \‘!\
s_\' ‘,: '\ o .\\‘\.o:s:b‘i:\;‘:'o

can et N ‘\'}'s' o

.‘t N “.Q\ ‘5\‘\'\:‘:‘:"Q “n :‘

-5 'a' l:;’:o’Q:Q:O:'o‘\? e w » \\‘
O . 3 e Y
FFICE DE LA PROPRIETE AR

INTELLECTUELLE DU CANADA 3 PROPERTY OFFICE

(72) Ingwall, Richard T., US

(72) Troll, Mark A., US

(72) Whitney, Duncan H., US

(73) POLAROID CORPORATION, US

12) 19 cay Brevet-Patent

(CANADIAN INTELLECTUAL

(11) (21) (C) 2,046,858

(86) 1991/01/08
(87)1991/07/13
(45)2001/04/03

51y Int.C1.5 GO3H 1/02, GO2B 5/32, GO3H 1/18, GO2F 1/13, GO3F 7/00

(30) 1990/01/12 (464,427) US

54) HOLOGRAMME DONT LES MICROVIDES ENTRE LES
FRANGES D'INTERFERENCE SONT REMPLIS DE CRISTAUX

LIQUIDES

(54) VOLUME PHASE HOLOGRAM WITH LIQUID CRYSTAL IN

MICROVOIDS BETWEEN FRINGES

LIQUID CRYSTAL

14

TRANSMISSION
HOLOGRAM

FLANE

0

FILLED MICROVOID

12

(57) L'mvention concerne de hologrammes composites
dans lesquels des microcavites entre les {franges
d'mterférence holographiques sont remplies d'un cristal
liquide. L'efficacit¢ de diffraction et d'autres proprictes
holographiques de tels hologrammes composites
peuvent étre modifices par des stimulis externes, p.ex.,
l'application d'un champ ¢lectrique ou d'une ¢nergie
thermique.

I*I Industrie Canada  Industry Canada

(57) Composite holograms are disclosed wherein
microvolds between the holographic interference fringes
are filled with a liquid crystal. The diffraction efficiency
and other holographic properties of such composite
holograms may be varied by external stimuli, e.g.,
application of an electric field or thermal energy.



2046858

PCI‘ WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 5 : k r-(11) International Publication Number: WO 91/10926
G02B 5/32, GO3H 1/18 Al | , o .
GO2F 1/13, GO3F7/00 . (43) Intemational Publ:eatlon Date: 25 July 1991 (25.07.91)

( (21) International Application Number: PCT/US91/00142 | (81) Designated States: AT (European patent), AU, BE (Euro-
| . . pean patent), CA, CH (European patent), DE (Euro-

(22) International Filing Date: 8 January 1991 (08.01.91) pean patent), DK, DK (European patent), ES (European

patent), FI, FR (European patent), GB (European pa-
| e | | tent), GR (European patent), IT (European patént), JP,
(30) Priority data: | | - KR, LU (European patent), NL (European patent), NO, |
| 464,427 12 January 1990 (12.01.90) US - SE (European patent).

(71) Applicant: POLAROID CORPORATION [US/US] 349 Pubhshed - *

S Technology Square Cambridge, MA 02139 (US) - With international search report.
B - Before the expiration of the time limit for amending rhe‘
L (‘72) Inventors INGWALL Richard, T. ; llS Dartrnouth Street I claims and 1o be republished in the event of the receipt

Newton, MA 02165 (US). TROLL Mark,; A, ; 11 Bolton | of amendments
Street Somemlle MA 02143 (US) WHITNEY Dun-| o

~can, H 24 Whitney Avenue, Beverly, MA 01915 (US) -
| i (74) Agent MERVIS Stanley, H.; Polaroid Corporanon 549
Technology Square Cambndge MA 02139 (US) -

' '(54) Title: VOLUME PH ASE HOLOGRAMWITH L.IQUID' CRYSTAL IN MICROVOIDS BETWEEN FRINGES

TRANSPARENT
“”’.I“CONDUCTIVE . L . |
- COATING — ALIGNMENT |
~LlQuip CRYSTAL g LAYER
~ VOID-FILLED __ |
HOLOGRAM - 20 |
24 |
TRANSPARENT 30
SUPPORT
22
_(57)Abstract o o - .. |

| Compos1te holograms are dlsclosed wherem mtcrovmds between the holographic interference fringes are filled with a li-
| quid crystal. The diffraction efficiency and other holographic properties of such composite holograms may be varied by external
ﬁ stxmuh e.g. applncatnon of an electric field or thermal energy.




WO 91/10926

10

15

20

VOLUME PHASE HOLOGRAM WITH LIOUID CRYSTAL
' IN. MICROVOIDS BETWEEN FRINGES

This invention is concerned with composite
volume phase hologtams and other holographic optical
elements, and.more particularly with the'provision of
holographic elements having a discontinuous distribution
of a separate phase containing a liquid crystal. - These
novel composite holographic optical elements exhibit
different diffraction efficiency as a function of
external étimuli, such as an applied electric field.

Background of the Invention
U.5. Patent No. 4,970,129, issued November 13,

1990, of Richard T. Ingwall and Mark A. Troll,
(corresponding to PCT Published Application WO 88/04796

published June 30, 1988), discloses and claims volume
- Phase holograms characterized by the fact that

microvoids between the fringes of the recorded
interference pattern are at least partially filled with

a material having an index of refraction different from

that of the matrix. These void-filled holograms may be
referred to as composite holograms. The material
filling the microvoids changes the properties of the

204685 8 PCT/US91/00142 |
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holographic element, e.g., it may provide enhanced
stability, or it may modify the optical properties by
changing the average refractive index. The nature and
properties of such composite holograms have been
described by R.T. Ingwall and M.A. Troll 1n "Mechanlism
of Hologram Formation in DMP-128 Photopolymer', Optical
Engineering, Vol. 28, No. 6, pp. 586-591 (June 1989).
It 1s known to form a polymer film having a
ligquid crystal dispersed therein; see, for example, H.G.
Craighead et al, "New Display Based On Electrically
Induced Indek Matching In An Inhomogeneous Mediun',

Appl. Phys. Lett., Vol. 40, No. 1, pp. 22-24 (1 January

- 1982), and Bao-Gang Wu et al, "Angular Discrimination of

Light Transmission Through Polymer-Dispersed Liquid-
Crystal'Films", J. Appl. Phys., Vol. 62, No. 1, pp.
3925-3931 (1 November 1987). Such polymer-dispersed
liquid crystal films may be prepared, e.g., by _
polymerization-induced phase separation or by thermally-
induced phase separation. In either process, a ‘
homogeneous solution containing the liquid crystal and
the polymer or polymer precursor is converted into a
film or polymer matrix having liquid crystal droplets
homogeneously dispersed therein. The utility of such
films is based upon light scattering.

It'also has been proposed to modulate a
hologram by providing a ligquid crystal in the surface
grooves of a holographic diffraction grating. See
Simeon Sainov et al, "Holographic Diffraction Grating
Controlled By Means of Nematic Liquid Crystal", Mol.
Cryst. Lig. Cryst., Vol. 152, pp. 609-615 (1987).
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Summary of the Invention

In accordance with the present invention, holographic

optical elements are provided having a discontinuous, non-
scattering distribution of a separate liquid crystal phase
between the fringes. Such holographic optical elements exhibit
changes in diffraction efficiency as a function of changes in
the orientation of the liquid crystal by application of an
electric field. These holographic optical elements therefore
have the ability of acting as switchable holographic optical

elements.

The invention may be summarized as a volume phase
holographic element, in which information 1s recorded as a
pattern of fringes of a material having a different index of
refraction than the material between the fringes, characterized
in that microvoids between said fringes are at least partially

filled with a ligquid crystal.

According to another aspect, the invention provides a
volume phase holographic element, in which information 1is
recorded as a pattern of fringes of a material having a
different index of refraction than the material between the
fringes, characterized in that the material between the fringes
contains a discontinuous, non-scattering distribution of a

separate liquid crystal phase.

According to yet another aspect, the invention
provides a switchable cell comprising, in sequence, (a) a first
transparent support carrying an electrically conductive
coating, (b) a volume phase holographic element, in which
information is recorded as a pattern of fringes of a material
having a different index of refraction than the material

between the fringes, wherein microvoids between fringes are at

St M 4 L] : 0 L b 1€ 1R bt APIIN Y L AR s ARk AN AR DA derTe AR S 31T 1 ST Py h B d D L A O LIPS A PN R 1o AT 1 MR ML TR TN b AT UL SN UL LA ORI £ CLPOH A AW W H M GRS
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least partially filled with a liquid crystal, and (c) a second
transparent support carrying an electrically conductive
coating, and means to supply an electric current to said

electrically conductive coatings.

According to still another aspect, the invention
provides a method of forming a composite volume phase
holographic element, said method comprising: (a)
holographically exposing a photosensitive element to record a
holographic interference pattern in the form of fringes
comprising a material having a different index of refraction
than the material between the fringes, (b) processing said
holographically exposed photosensitive element to form a volume
phase holographic element having microvoids between said
fringes, and (c¢) imbibing a liquid crystal which has been
heated into said volume phase holographic element to at least

partially fill said microvoids with said liquid crystal.

Brief Description of Drawing

This invention may be further understood by reference
to the drawing, wherein Fig. 1 illustrates a transmission
hologram viewed from the top with a liquid crystal oriented 1in
microvoids between the fringes with the long axis perpendicular
to the fringes, and Fig. 2 illustrates a switchable cell

containing a liguid crystal filled holographic composite layer.

Detailed Description of the Invention

Volume phase holograms or holographic optical

elements record information as a modulation of the refractive
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index of the medium in which the holographic recording is
effected. Thus, the polymerization of a monomer present in a
photopolymerizable film records the laser holographic exposure
as a pattern of “fringes” or “strata” of polymer. The fringes
are relatively perpendicular to the support in a volume phase
transmission hologram, and relatively parallel to the support
in a volume phase reflection hologram. The polymer comprising
the fringes has a different index of refraction than the
material between the fringes, and the resulting index

differences permit reconstruction of the hologram.

As disclosed and claimed in the above mentioned U.S.
Patent No. 4,970,129, it is possible to form volume phase
holograms wherein microvoids are present between the fringes
(such microvoids amplify the index modulation from that which
would be obtained in thelr absence), and to modify the optical
or other properties of the hologram by replacing air in the
microvoids with a different material. In accordance with this
invention, such microvoids are at least partially filled with a
liquid crystal. The orientation of the liquid crystal within
the microvoide may be changed by the application of an electric
field. Liquid crystals are characterilized by having one index
of refraction along the long axis and a different index along
the short axis. The change 1n refractive 1ndex upon
reorientation is a function of the birefringence of the liquid
crystal. By selecting a liquid crystal which has one of 1its
indices of refraction substantially matching the 1index of
refraction of the medium, it is possible to substantially
reduce the diffraction efficiency of the hologram, even to the
point of substantially eliminating the hologram, when the
liquid crystal is appropriately oriented. Orilentation 1n the
opposite manner, e.g., by application of an electric field,

provides a different index of refraction compared with that of
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the medium, thus providing an index difference. The resulting
hologram therefore may be “switched” between the two

diffraction efficiency conditions.
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More specifically, Fig. 1 shows a transmission
hologram 10, viewed in the plane of the hologram, with
the fringes 12 perpendicular to the plane of the
hologram. For ease of understanding, only a single
liquid crystal filled microvoid 14 is shown between the
fringes 12, with the microvoid, shown for illustration
as generally ellipsoid in shape, also enlarged to more
Clearly 1illustrate the long axis extraordinary index ('"n
ex") and the short axis ordinary index ("n ord") of the
liquid crystal. The x, y and z directions also are
indicated.

Fig. 2 illustrates a switchable cell 20
incorporating a liquid crystal void-filled hologram 24
(similar to hologram 10 of Fig. 1). The hologram 24 is

transparent, e.g., glass, support 22. A second
transparent support 28, carrying a conductive coating 30
on 1its inner surface, also carries an alignment layer 26
1n contact with the surface of the hologram 24. Means,
not shown, are provided to supply electrical voltage to
form an electric field to change the alignment of the
liquid crystal.

When the hologram is filled with the liquid
crystal, a thin layer of liquid crystal may remain on
the surface. The alignment layer 26 is provided to
align surface liquid crystals, thereby preventing light
scatter. 1In the preferred embodiments discussed below,
1t has been found that such an alignment layer does not

influence or control the alignment of the liquid crystal
in the microvoids.

A0 e e SO R AL R A ] AL L | STV 6 BIb A e e s i s
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In the preferred embodiments of this
invention, the holographic optical element 1s formed in
a photopolymerizable composition comprising a dye
sensitizer such as methylene blue, "a branched
polyethylenimine as a polymerization initiator, and a
free radical polymerizable ethylenic unsaturated
monomer, e.g., an acrylic monomer, and lithium acrylate.
Such photopolymerizable elements are described and
claimed in U.S. Patent No. 4,588,664 issued May 13, 1986
to Herbert L. Fielding'and Richard T. Ingwall. As
disclosed in the cited Ingwall and Troll application and
article, the microvoids are formed during the post-
eXposure processing. Incorporation of the liquid
crystal into the microvoids is effected by heating the
ligquid crystal above its clearing temperature, and
drawing the liquid crystal by capillary action into the
microvoids. The filling of the microvoids is generally
observed by a decrease in the brightness of the
hologram. Liquid crystal switching is observed as a
change in the diffraction efficiency of the liquid
crystal filled hologram as a function of the
birefringence of the liquid crystal and of field-induced
molecular reorientation. Liquid crystal orientation is
confirmed by the observation of different diffraction

~efficiencies depending upon the polarization of the

read-beam used to measure diffraction efficiency.
It has further and surprisingly been found
that liquid crystals will self-align in a particular

~direction when incorporated into a hologram of the above
type, and that the direction of such self-alignment also

may be changed by a simple pre-treatment of the

microvoid surface prior to incorporating the liquid
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crystal. Thus, 1t has been found that an untreated
transmission hologram spontaneously induced a planar
alignment of a nematic liquid crystal with its long axis
directed along the x-direction, i.e., perpendicular to
the fringes, as illustrated in Fig. 1. When such a
transmission hologram was treated, e.g., with stearic
acld, prior to void filling, the spontaneous alignment
was homeotropic, parallel to both the fringe planes and
along the z-direction (film thickness). Reflection
10 holograms not pre-treated with stearic acid exhibit
spontaneous ordering of the liquid crystal such that the
long axis is parallel in the xy-plane, whereas stearic
acld treated reflection holograms spontaneously induced
a homeotropic alignment of the liquid crystal.
15 - The following examples are given for the

purposes of illustration and are not to be considered as
limiting the invention.

Ul

. Examnple 1
A series of holograms were prepared by coating

20 a lithium acrylate/acrylic acid/polyethylenimine
photopolYmer film of the type described in Example 7 of
the above-mentioned U.S. Patent No. 4,588,664 on ITO~-
coated glass. Following humidification to activate the
film, holographic laser exposure, a flood exposure, and

2>  processing (as described in detail below), each hologram
was filled with nematic liguid crystal RO-TN-570
(commercially available from Hoffman-LaRoche, and
equivalent to ligquid crystal E7 commercially available
from E. Merck). Void filling with the liquid crystal

30 was effected by heating the liquid crystal to about 80°C
(1.e., above its clearing temperature) allowing the
heated liquid crystal to imbibe into and fill the voids
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by capillary action, and then cooling the filled
hologram. If necessary, excess liquid crystal was wiped
off while still hot.

The average index of refraction of the
polymeric matrix of the unfilled hologram is about 1.56.
The ordinary index of RO-TN-570 liquid crystal is about
1.52, almost matching that of the unfilled hologram. As
the liquid crystal fills the voids, the hologram appears
to clear due to the reduced index difference. Cooling
the filled hOlOgram allows spontaneous orientation of
the liquid crystal with a resulting increase in index
modulation due to the higher extraordinary index of the
liguid crystal (about 1.74 for RO-TN-570) and the
hologram appeared much brighter.

The polarization dependent index of refraction
of the liquid crystal filled hologram in the x, y and z
planes, as measured using a Metricon PC 2000 Prism
Coupler equipped with a HeiNe (6328 Angstrom) laser are
shown below. With the laser beam polarized vertically
(1n the y direction shown in Fig. 1), the ordinary
refractive index of the liguid crystal 1s addressed to
the extent the liquid crystal is aligned,‘whereas when
the laser beam is polarized horizontally the

eXtraordinary index is addressed. The measured indices
were:

~N
q;l_“ ‘ :ﬁa
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Hologram ni{x) n{y) n(z)
1 1.607 1.586 1.544
> 1.579 1.561 1.547
3 1.548 1.548 1.576
4 1.572 1.571 1.539
5 1.562 1.562 1.532
6 1.546 1.546 1.579
7 1.543 1.541 1.571

2046858

Holograms 1-7 (prior to void filling with the liguid
crystal) were prepared as follows:

‘Hologram 1 (transmission): The photopolynmer
layer had a thickness of 2 microns, the photosensitizer
was sodium riboflavin-5-phosphate, and the plate was
humidified for 7 minutes to activate it. Holographic
eXposure:(S seconds, 10 mJ/CmF‘waS'effected at an angle
of 13° using an Argon laser (488 nm), the exposed plate
dipped in a 501ution of 90 cc. methanol, 10 cc. acetic
acid and 4 cc. water for 2 minutes, foliowed by a 2
minute dip in a solution of zirconium acetate (10%),
acetlic acid (4%), methanol (66%) and water (20%) .

o Hologram 2 (transmission): This hologram was
prepared as above described for Hologram 1, except that
the thickness was 5 microns and the exposure angle was

Hologram 3 (transmission): This hologram was
prepared as described above for'hologram 2, except that

the zirconium acetate~treated hologram was rinsed with
isopropyl alcohol, and then soaked in a 5% solution of
stearic acid in xylene for 5 minutes. The hologram was

then rinsed in isopropanol and dried prior to void
filling.
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Hologram 4 (reflection): The'photopolymer
layer was 15 microns thick, and the photosensitizer was
methylene blue. Holographic reflection exposure was
effected with a Krypton laser (647 nm). Processing was
as described for Hologram 1.

Hologram 5 (reflection): This hologram was
prepared as described for Hologram 4 except the
photopolymer layer was 10 microns thick, the |
photosensitizer was sodium-5-phosphate and exposure was

' to an Argon laser (488 nm).

Hologram 6 (reflection): This hologram was
prépared as described for Hologram 5 except that the
photopolymer thickness was 7 microns, and the zirconium
acetate-treated hologram was soaked in stearic acid as
described for Hologram 3.

Hologram 7 (reflection): This hologram was
prepared as described for Hologram 6 except that the
photopolymer thickness was 15 microns, and exposure was
to é Krypton laser (647 nm).

Analysis of the measured indices of refraction
showed that the assigned spontaneous orientation of the
imbibed liquid crystal, and the different spontaneous
orientation as a result of the stearic acid treatment,
were appropriate.

The diffraction efficiencies (DE) of the above
holograms (gratings) were measured and found to be:

Transmission Hologram DE, ., DE,
1 - 29% 64%
2 0.7% 44%

% 0.2%

3 0.5

~ee.
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(DE;,, 1s the diffraction efficilency measured using light
polarized parallel to the direction of the fringes, and
DE, 1ol is the diffraction efficiency measured using light

polarized approximately perpendicular to the direction

of the fringes.

Ui

Reflection Hologram DE
4 78%
5 ' N/A
& 0%
10 ~ 7 ' 29%
Example 2

Switchable liquid crystal cells of the type
shown in Fig. 2 were prepared by coupling an alignment
layer with an E7 liquid crystal filled transmission

15 hologram. The alignment layer was prepared by spin
coating (1 minute at 4000 rpm) ITO-coated glass plate

- with a 1% solution of Nylon 6 in trichloroethylene. ‘The

coated plate was heated at 100°C for 1 hour, cooled, and
then buffed 10 times in one direction on lint-free cloth

20 to make an alignment layer. The diffraction efficiency
of the hologram to p polarized light (parallel to
incident axié) could be increased or decreased as a
function of the applied voltage.

While the above examples have employed
25 holograms made using the photopolymerizable composition
cf U.S. Patent No. 4,588,664, it will be understood that
the invention is not so limited, and one may use any
holographic element having microvoids between the
fringes. Selection of liquid crystals suitable for use
30 in this invention may be effected by routine screening
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- tests, taking into considefation the relationship of the
indices of refraction of the ligquid crystal and of the
unfilled hologram. |

The treatment of holograms with a fatty acid,
5 such as stearic acid, is disclosed in U.S. Patent No.
4,535,041 1ssued to Herbert L. Fielding and Richard T.
Ingwall on August 13, 1985.
o In addition to the use of an electrical field
to vary the liquid crystal alignment, such variations
10 may also be obtained by other known methods, e.g.,
application of thermal energy or a high intensity light
beam.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A volume phase holographic element, in which
information is recorded as a pattern of fringes of a material
having a different index of refraction than the material
between the fringes, characterized in that microvoids between

said fringes are at least partially filled with a liquid

crystal.

2. A volume phase holographic element as defined in

claim 1, wherein said element is a transmission hologram.

3. A volume phase holographic element as defined 1in

claim 1, wherein said element is a reflection hologram.

4 . A volume phase holographic element as defined 1in
claim 1, wherein said liquid crystal is a nematic liquid

crystal.

5. A volume phase holographic element as defined in

claim 4, wherein said element i1s a transmission hologram and
said nematic liquid crystal is oriented with 1ts long axis

perpendicular to said fringes.

6. A volume phase holographic element as defined in

claim 1, wherein said element comprises branched

polyethylenimine and a polymerized ethylenic monomer.

- 13 -

63356-1804
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7. A switchable cell comprising, in sequence, (a) a
first transparent support carrying an electrically conductive
coating, (b) a volume phase holographic element, in which
information is recorded as a pattern of fringes of a material
having a different index of refraction than the material
between the fringes, wherein microvoids between fringes are at
least partially filled with a liquid crystal, and (c¢) a second
transparent support carrying an electrically conductive

coating, and means to supply an electric current to said

electrically conductive coatings.

8. A switchable cell as defined in claim 7, whereiln

said liquid crystal is a nematic liquid crystal.

9. A switchable cell as defined in claim 7, wherein
said volume phase holographic element is a transmission

hologram.

10. A switchable cell as defined in claim 7, wherein
said volume phase holographic element 1is a reflection

hologram.

11. A switchable cell as defined in claim 7, wherein
salid volume phase holographic element comprises branched

polyethylenimine and a polymerized ethylenic monomer.

12. A switchable cell as defined in claim 7, including

an alignment layer positioned between said volume phase

- 14 -

63356-1804
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holographic element and saild second transparent support.

13. A method of forming a composite volume phase
holographic element, said method comprising:

(a) hblographically exposing a photosensitive
element to record a holographic interference pattern in the
form of fringes comprising a material having a different 1ndex
of refraction than the material between the fringes,

(b) processing said holographically exposed
photosensitive element to form a volume phase holographic
element having microvoids between said fringes, and

(c) imbibing a liquid crystal which has been heated
into said volume phase holographic element to at least

partially f£fill said microvoids with said liquid crystal.

14 . A method as defined in claim 13 wherein said volume

phase holographic element is a reflection hologram.

15. A method as defined in claim 13, wherein said volume

phase holographic element is a transmission hologram.

16. A method as defined in claim 13, wherein said liquid

crystal is a nematic liquid crystal.

17. A method as defined in claim 13 wherein said
photosensitive element comprises a transparent support
carrying a photopolymerizable composition comprising a dye

sensitizer, branched polyethylene, a free radical

- 15 -
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polymerizable ethylenic unsaturated monomer, and lithium

acrylate.

18. A method as defined in claim 17 wherein said
microvoid-containing volume phase holographic element 1is
treated with zirconyl écetate and then with stearic acid prior
to imbibing said liquid crystal into said volume phase

holographic element.

19. The method defined in claim 13, wherein said liquid

crystal is heated above i1its clearing temperature.

20. A volume phase holographic element, in which

information is recorded as a pattern of fringes of a material
having a different index of refraction than the material

between the fringes, characterized in that the material
between the fringes contains a discontinuous, non-scattering

distribution of a separate liquid crystal phase.

SMART & BIGGAR

OTTAWA, CANADA

PATENT AGENTS

63356-1804
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