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properties of an optically transmissive material such as an
optical fibre (1) which comprises applying an electric field
by means of electrodes (4) to the optical fibre and subjecting
the material to UV radiation (9).
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INDUCING OR ENHANCING ELECTRO-OPTICAL PROPERTIES IN
OPTICALLY TRANSMISSIVE MATERIAL
Field of the Invention

This invention relates to a process for inducing or
enhancing electro-optic properties in optically
transmissive material and to optical devices comprising
or incorporating material that has been subjected to such
process. More particularly but not exclusively, the
present invention relates to a process for producing an
optically transmissive material having electro-optic
properties for use in an optical waveguide such as an
optical fibre.

Background of the Invention

Electro-optic materials, i.e. materials whose
refractive index (RI) varies with application of an
electric field currently are known, an example of such a
material being Lithium Niobate (LiNbO,) . The existence
of the electro-optic property provides for the
development of various optical/light transmitting devices
whose RI may be controlled by the application of an

electric field.

Lithium Niobate waveguide modulators are
commercially available but there are limitations inherent
in relation to the existing technology. Fabrication of
devices employing Lithium Niobate is complex and the
materials are expensive. Its high dielectric constant is
not entirely appropriate for the realisation of high
speed, low voltage devices and the differences between
Lithium Niobate and silica optiéal fibre both in terms of
linear refractive index and of waveguide geometry make
low loss coupling to standard fibre systems difficult.
Furthermore, at short (e.g. blue) wavelengths 1lithium
niobate suffers from photorefractive damage.

By far the most practical and readily available
material for optical devices is silica or silicate glass
(referred to herein for convenience as "silica glass" or
"glass"), but unfortunately, silica glass displays little
Oor no electro-optic properties.

An attempt has been made to enhance electro-optic
properties in doped silica glass devices by heating the

SUBSTITUTE SHEET (RULE 26)
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devices in the presence of an applied electric field.
This has had some effect but the resultant electro-optic
effect has proved to be insufficient for practical
purposes.

Attempts have also been made at enhancing the
electro-optic properties of doped silica glass utilising
visible 1light in the presence of an applied electric
field. "Generation of Permanent Optically Induced
Second-Order Nonlinearities in Optical Fibers by Poling"
by Bergot et al appearing in Optics Letters, Volume 13,
No. 7, July 1988 at pages ©592-594 (Bergot et al)
discusses a process of inducing a second order optical
nonlinearity in germanosilicate fibres by applying a
transverse DC electric poling field in the presence of a
high intensity light. Bergot et al discloses utilising a
pulsed laser operating at 485nm and a CW argon laser
operating at 488nm. It further discloses launching light
from these lasers axially into the core of the fibre in
the presence of a DC electric field. This has had some
effect but again, the resultant electro-optic effect has
proved insufficient for practical purposes.

Summary of the Invention

In contrast, in the present invention, it has been
found that, by utilisation of electromagnetic radiation
of higher frequencies, for example, ultra violet (UV)
substantially improved results are obtained. Further,
Bergot et al in utilising lower frequency visible light,
allows for the 1light to be launched axially into the
fibre. However, electromagnetic radiation in the UV
portion of the spectrum is highly absorbed in silica
glass. However, by launching the 1light transversally
into the fibre, the UV light can be caused to have effect
in producing an optically transmissive material having
enhanced electro-optic properties.

Therefore, the present invention provides a process
for inducing or enhancing electro-optic properties in an
optically transmissive material and which comprises
applying an electric field to the optically transmissive
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material and subjecting the material to incident
electromagnetic radiation in the ultra violet portion of
the spectrum.

The present invention further provides an optical
device which comprises or includes an optically
transmissive material which has been subjected to the
above defined process.

The intensity or phase of the UV electromagnetic
radiation may be varied either in time or spatially along
the device to produce a non-uniform enhanced electro-
optic response. Also or alternatively the electric field
may be varied either spatially or in time.

- The material subjected to this process would
normally comprise silica glass and, in a preferred
embodiment, the process may be applied directly to a
silica glass optical fibre. The wavelength of the
electromagnetic radiation used in irradiating an optical
fibre must be such that, when irradiated in a transverse
direction through the cladding, the cladding of the
optical fibre will not totally absorb the radiation, so
that the radiation will penetrate, and be substantially
absorbed in, the core region of the fibre.

In the preferred embodiment, the electromagnetic
radiation is selected such that it interacts strongly
with the core of the silica glass optical fibre.
Alternatively, the radiation can be selected so that it
interacts strongly with the core and a portion of the
cladding glass that the propagating mode will extend
into. In order for a strong interaction to take place,
the electromagnetic radiation must be absorbed. The
absorption edge of silica is deep in the UV (around
160nm) . However, the presence of defects in the silica
glass, especially due to doping in the core, results in
absorption bands at longer wavelengths. For instance, in
germanosilicate optical fibres, strong absorption bands
are found at approximately 193nm and 240nm.
Electromagnetic radiation at these wavelengths will be
absorbed significantly. Typically, half the power of the
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radiation will be absorbed within a few tens or hundreds
of wavelengths which is in the order of a typical single
mode fibre core diameter. At longer wavelengths, such as
that wutilised in Bergot et al, the electromagnetic
radiation has only a weak interaction with the optical
fibre core as the wavelength is spectrally remote from
any absorption peak, with the resulting absorption being
approximately one million times smaller. Further, when
using radiation at a wavelength remote from an absorption
peak, light will generally have to propagate a
substantial distance along a fibre to create any useful
induced effect and that utilising transverse projected
radiation through the side of an optical fibre is not
practical because of the low level of absorption as the
light transverses the core whose dimensions will be small
compared with the absorption length. Therefore,
radiation wavelengths as illustrated in Bergot et al
produce an impractically small electro-optic effect.

In a preferred embodiment of the process as applied
to an optical fibre, the radiation can be selected to lie
between 150nm and 400nm and, preferably, to lie in the
range 150nm to 350nm. The important factor is that the
radiation wavelength used must be capable of
significantly inducing or enhancing the required electro-
optic effect when the optical fibre is exposed to the
electric field. Expressed in more general terms, the
wavelength and the energy of the incident ultra violet
electromagnetic radiation can be determined by the glass
composition and the type and concentration of dopant (s)
within the glass.

The dopant species for inclusion in the silica glass
can be selected for optimum enhancement of the electro-
optic effect. The range of the preferred dopant (s)
includes those commonly used in the manufacture of
optical fibre. Such dopant compounds include those
capable of being converted to at least one metal oxide
selected from groups IA to VA, IB to 1IVB and the
transition metals, rare earths and actinides.
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Furthermore, P,05 is commonly used as a dopant. Typically
dopants to be incorporated may be germanium, aluminium,
boron and/or rare earths (or lanthanides) such as erbium.
Hydrogen is also known to increase the sensitivity of
silica and/or silicate glass to electromagnetic radiation
and may be introduced by storing the structure in a high
pressure hydrogen atmosphere. Other dopants that can be
utilised are H,0 and hydroxide ions.

The electric field preferably is applied across at
least a part of the region of the material to be exposed
to radiation in a direction transverse to the intended
direction of propagation of light through the material.
Field strengths of around 100 V/um may be applied. In
the preferred embodiment, as applied to a silica glass
fibre, it is possible that field strengths greater than
100 V/um may cause dielectric breakdown of the silica but
it is possible that much higher field strengths may be
applied. 1In general, a preferred field strength range is
1 V/pym to 1000 V/um, and more preferably, in particular
as applied to a silica glass optical fibre, between 10
V/pum and 150 V/um.

In one embodiment of the present invention, as
applied to an optical fibre, the application of such high
field strengths is facilitated by including electrodes
within the optical fibre cladding alongside the doped
silica glass core. It has been found in practice that it
is preferable to maintain the anode electrode as close as
possible to the core of the optical fibre. This appears
to give improved poling results.

The provision of electrodes in proximity to the
fibre core also facilitates subsequent application of the
treated fibre as an electro optic device, the electrodes
facilitating application of an electric field to control
light transmitting properties of the fibre.

Optical fibre with electrodes embedded in the
cladding running close and parallel to the core may be
fabricated by:

(1) Drawing fibre with holes running parallel, close
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and placed diametrically across the core and
then inserting fine wires (or other conductors
or conducting materials) ;

(ii) Drawing fibre from a preform with electrodes
already in holes running parallel, close and
placed diametrically across the core, where the
electrode material typically has thermal
properties sufficiently close to that of silica

to allow both materials to be drawn

simultaneously.

In some instances it may be advantageous to have the
electrodes non-parallel (with respect to each other
and/or the core) and/or the axes of the electrodes may be
contained in a plane which is displaced with respect to
any plane containing the axis of the core. Furthermore
in some applications of the invention more than two
electrodes may be employed. There are many applications
where multi-core fibre would benefit from this processing
technique. It is also preferable that at least one
electrode, preferably the anode, is in contact or near
contact with the core of the optical fibre. It should be
noted that the electrodes may or may not be used as
modulating electrodes in a final device. In some
applications they may only be present for the sole
purpose of applying the poling electric field. A simple
example of such an application is utilising the induced
electro-optic behaviour for its optical non-linear
properties in the area of second harmonic generation.
Further, such use will also apply to other optical non-
linearities and to quasi-phase matched second harmonic
generation in a periodically poled device.

The present invention can also be readily extended
to a planar waveguide structure. Application of higher
field strength can take place via buried electrodes.
Alternatively, high field strength poling may be possible
with exposed electrodes. In this case, it may be
necessary to apply the electric field in vacuum or with a
high pressure gas (for example SFg) to avoid electrical
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breakdown of the atmosphere. It may also be necessary to
treat the surface with a modifier layer to avoid tracking
across the surface. A modified atmosphere can also be
useful for further enhancement in the processing of the
optical fibre embodiment.

Preferably, the electromagnetic radiation and
electrical fields are applied simultaneously.
Alternatively, it is possible that pulsed electromagnetic
radiation and pulsed electric field could be used to
induce the electro-optic effect. The pulses of the
electromagnetic radiation and electric field may be
alternated.

The non-linearity obviously allows an electric field
to modify the refractive index of a material. Of course,
light itself consists of oscillating electric and

magnetic fields. The intrinsic electric field of light
can thus also act through the non-linearity to modify the
refractive index. This allows for the generation of

higher optical harmonics of the light and mixing of light
of different frequencies to produce sum and difference
frequencies.

A variation on the process enables the production of
devices with predetermined tailored electro-optic
properties. In one variation, the incident
electromagnetic radiation can be varied, for example by
variation of the beam position, power, spatial
distribution or pulse rate to "write" a specifically
tailored structure to produce a desired optical device.
Alternatively or additionally, the applied electric field
can be varied to produce the desired device properties.
Such "tailored” devices can have any number of
applications, depending upon the properties incorporated.

The present invention may be applied to materials
other than silica or silicate glasses. Other possible
optically transmissive materials include fluorozirconate
or chalcogenide glasses and optically transmissive
plastic material. Different wavelengths and perhaps
different dopants may be required.
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The invention may be realised in various practical
embodiments and be applied to various light transmitting
devices, including optical fibres and planar waveguides.

Brief Description of the Drawings

Features and advantages of the present invention
will become apparent from the following description of an
embodiment thereof in optical fibre form, by way of
example only, with reference to the accompanying
drawings.

In the drawings:

Figure 1 is an end view of an optical fibre adapted
for processing in accordance with an embodiment of the
present invention;

Figure 2 is a side view of the optical fibre of
Figure 1, having electrodes inserted within the optical
fibre cladding; and

Figure 3 shows a method of applying the ultra violet
electromagnetic radiation to the core of an optical

fibre.

Description of the Preferred Embodiments

With reference to the drawings, an optical fibre,
generally designated by reference numeral 1, comprises a
doped silica glass core 2, surrounded by a cladding 3 of
silica or doped silica glass. The silica glass core 2
was doped (prior to drawing out the fibre 1). Dopants
used in this example were concentrations of 12 mol% Ge,
3 mol%¥ Al and 350ppm of Er.

The optical fibre 1 was drawn out with a pair of
hollow channels 4 bracketing the optical fibre 2.

Fine wire electrodes 5, 6 (Figure 2), in the order
of 3-4cm long were inserted in the channels 4 so that
they lay alongside the core 2 slightly spaced therefrom.
The dimensions specified in the drawings being exemplary
only.

The electrodes 5 and 6 were excited by the
application of an electrical poling field at a strength
of approximately 80 V/um while radiation of a wavelength
of 193nm at a power of 35 mJ/cm? was focused transversely
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onto the fibre core at a rate of 10pps (pulse per
second), from a pulsed laser source 9, for around 10
minutes. '

This treatment produced a significant apparently
linear electro-optic coefficient of around 6 pm/V in the
doped silica glass, far more significant than that
reported by Bergot et al.

The application of the ultra violet electromagnetic
radiation and the electric field may be varied to create
numerous types of devices with pre-determined properties.
Further, the presence of electrodes adjacent the fibre
optic core enables their subsequent wuse in the
application of a modulating electric field.

Figure 3 shows the preferred method of applying the
UV electromagnetic radiation to a core of an optical
fibre in a direction transverse to the direction of
propagation of light through the optical fibre.

In a second embodiment, a poled Bragg grating having
a periodic structure was created. A fibre was
constructed in accordance with Fig. 1 however, this time
the fibre had an outside diameter of 300 pum. The
diameter of hollow channels 4 was 70 pm with the two
hollow channels 4 being separated by 18 pum and a central
core 2 having an 8 um diameter being located between the

two hollow channels 4. Two electrodes, having diameters
50 um were inserted into the optical fibre having a
length of approximately 6 cm. A voltage was applied

between the electrodes so as to set up an electric field
strength of approximately 100 V/um.

The structure was then irradiated at 240nm from an
excimer pumped frequency doubled dye laser for about 1
hour at 0.8 mJ (25 mJ/cm?) and at 20 Hz. The laser
irradiation was passed through a phase mask (not shown)
S0 as to create a periodic pattern of irradiation
corresponding to a Bragg grating structure having an in
fibre reflection wavelength in the region of 1.53 pum.
The resulting tunable Bragg grating reflector was
modulated by applying up to +/-300 V to the electrodes
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and Reflectivity changes of approximately 15 dB and Bragg
wavelength shifts of approximately 0.5nm were observed.
These observations being consistent with an induced
electro-optic coefficient of approximately 1 pm/V in the
nominally unexposed regions and approximately 10 pm/V in
the exposed regions.

The foregoing description of the preferred
embodiments is by way of illustration only.
Modifications, obvious to those skilled in the art can be
made thereto without departing from the scope of the

invention.
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Claims:
1. A method for inducing or enhancing

electro-optic properties in an optically transmissive
material comprising applying an electric field to the
optically transmissive material and subjecting the
material to incident ultra violet electromagnetic
radiation.

2. A method as claimed in claim 1 wherein
said optically transmissive material is adapted to allow
a first direction of transmission of an optical
electromagnetic signal and said incident ultra violet
electromagnetic radiation is applied substantially

transverse to said first direction.
3. : A method as claimed in claim 2 wherein

said optically transmissive material comprises an optical
fibre and said first direction is substantially along a

transmission axis of said optical fibre.
4. A method as claimed in claim 1 wherein

said ultra violet electromagnetic radiation is
substantially absorbed by said optically transmissive

material.
5. A method as claimed in claim 4 wherein the

absorption length of said optically transmissive material
is substantially one half the thickness of said optically

transmissive material.
6. A method as claimed in claim 1 wherein

said wultra violet radiation is between 150 and 400

nanometres.
7. A method as claimed in claim 1 wherein

said ultra wviolet radiation is between 150 and 350

nanometres.
8. A method as claimed in claim 1 wherein

said ultra violet radiation is substantially equal to 240

nanometres.

9. A method as claimed in claim 1 wherein
said ultra violet radiation is substantially equal to
193nm.

10. A method as claimed in claim 1
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wherein said optically transmissive material comprises a
silicate optical waveguide.

11. A method as claimed in claim 10 wherein
said silicate optical waveguide comprises an optical
fibre having a doped core.

12. A method as claimed in claim 11 wherein
said ultra violet electromagnetic radiation is
substantially absorbed by said silicate optical waveguide
and the absorption length of said optical waveguide is
substantially within an order of magnitude of the
diameter of said core.

13. A method as claimed in claim 10 wherein
said silicate optical waveguide is doped with a doping
compound which includes at least one metal oxide selected
from the groups IA to VA, IB to 1IVB, the transition
metals, rare earths and actinides. ‘

14. A method as claimed in claim 13 wherein
said doping compound is selected from the group of P,0g,
germanium, aluminium, boron and erbium.

15. A method as claimed in claim 10 further
comprising storing said silicate optical waveguide in a
hydrogen atmosphere.

16. A method as claimed in claim 1 wherein
said optically transmissive material comprises a planar
waveguide.

17. A method as claimed in claim 16 wherein
said electric field is created by at least two electrodes
buried in a surface of said planar waveguide.

18. A method as claimed in claim 16 wherein
said electric field is created by at least two electrodes
exposed on a surface of said planar waveguide and said
planar waveguide is placed in a vacuum or high pressure
gas to avoid electrical breakdown of the atmosphere
surrounding said electrodes.

19. A method as claimed in claim 2 wherein
said electric field is applied substantially transverse
to the direction of said optical electromagnetic signal.

20. A method as claimed in claim 1 wherein the
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strength of said electric field is substantially in the
range of 1 to 1000 Volts/Micrometer.

21. A method as claimed in claim 1 wherein the
strength of said electric field is substantially in the

range of 10 to 150 Volts/Micrometer.
22. A method as claimed in claim 1 wherein the

strength of said electric field is approximately 100
Volts/Micrometer. '

23. A method as claimed in claim 11 wherein
said electric field is created by at least two electrodes
and wherein an anode electrode is in close proximity with
said doped core.

24. A method as claimed in claim 23 wherein
said at least two electrodes are contained in a plane
which is displaced with respect to a plane containing the
axis of the fibre.

25. A method as claimed in claim 1 wherein
said electric field is applied substantially at the same
time as said electromagnetic radiation.

26. A method as claimed in claim 1 wherein the
intensity or phase of said ultra violet electromagnetic
radiation is subjected to variation in time.

27. A method as claimed in claim 1 wherein the
intensity or phase of said ultra violet electromagnetic
radiation is subjected to variation over different
portions of said optically transmissive material.

28. A method as claimed in claim 1 wherein
said optically transmissive material comprises one of the
group fluorozirconate glass, chalcogenide glass or
plastic.

29. A method as claimed in claim 2, wherein
said method is utilised for second harmonic generation of
said optical electromagnetic signal.

30. A method as claimed in claim 29 wherein
said second harmonic generation of said optical
electromagnetic signal is quasi-phase matched.

31. A method as claimed in claim 1 wherein
said electric field comprises the oscillating electric
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field of electromagnetic radiation.

32. A method as claimed in claim 31 wherein
said oscillating electric field is utilised to generate
higher optical harmonics of 1light passing through said
optically transmissive material.

33. A method as claimed in claim 31 wherein
said oscillating electric field is utilised to generate
light having sum and difference frequencies of the
frequency of 1light passing through said optically
transmissive material.

34. A device having electro-optic properties
comprising an optically transmissive material being
altered to create predetermined electro-optic properties
by means of first subjecting said optically transmissive
material to an electric field by an electric field
creation means and ultra violet radiation by an ultra
violet radiation source so as to create said
predetermined electro-optic properties.

35. A device as claimed in claim 34 where said
ultra violet radiation source emits ultra violet
radiation substantially transverse to the intended path
of 1light to be transmitted through said optically
transmissive material.

36. A device as claimed in claim 35 wherein
said optically transmissive material comprises an optical
fibre and said light transmitted through said optically
transmissive material is transmitted substantially along
a transmission axis of said optical fibre.

37. A device as claimed in claim 34 wherein
said ultra violet electromagnetic radiation is
substantially absorbed by said optically transmissive
material.

38. A device as claimed in claim 37 wherein
the absorption 1length of said optically transmissive
material is substantially one half the thickness of said
optically transmissive material.

39. A device as claimed in claim 34 wherein
said wultra violet radiation is between 150 and 400
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40. A device as claimed in claim 34 wherein

said wultra violet radiation 1is between 150 and 350

nanometres.
41. A device as claimed in claim 34 wherein

said ultra violet radiation is substantially equal to 240

nanometres.
42. A device as claimed in claim 34 which said
ultra violet radiation is substantially equal to 193nm.
43, A device as claimed in claim 34 wherein

said optically transmissive material comprises a silicate
optical waveguide.

44. A device as claimed in claim 43 wherein
said silicate optical waveguide comprises an optical
fibre having a doped core.

45. A device as claimed in claim 44 wherein
the absorption length of said core is substantially equal
to ten times the thickness of said core.

46. A device as claimed in claim 43 wherein
said silicate optical waveguide is doped with a doping
compound which includes at least one metal oxide selected
from the groups IA to VA, IB to IVB, the transition
metals, rare earths and actinides.

47. A device as claimed in claim 46 wherein
said doping compound is selected from the group of P,0g,
germanium, aluminium, boron and erbium.

48. A device as claimed in claim 43 wherein
said silicate optical waveguide is stored in a hydrogen
atmosphere. ,

49. A device as claimed in claim 34 wherein
said optically transmissive material comprises a planar
waveguide.

50. A device as claimed in claim 49 wherein
said electric field is created by at least two electrodes
buried in a surface of said planar waveguide.

51. A device as claimed in claim 49 wherein
said electric field creation means comprises at least two
electrodes exposed on a surface of said planar waveguide
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and said planar waveguide is placed in a vacuum or high
pressure atmosphere to avoid electrical breakdown of the
atmosphere surrounding said electrodes.

52. A device as claimed in claim 35 wherein
said electric field is applied substantially transverse
to the direction of said optical electromagnetic signal.

53. A device as claimed in claim 34 wherein
the strength of said electric field is substantially in
the range of 1 to 1000 Volts/Micrometer.

54. A device as claimed in claim 34 wherein
the strength of said electric field is substantially in
the range of 10 to 150 Volts/Micrometer.

55. A device as claimed in claim 34 wherein
the strength of said electric field is approximately 100
Volts/Micrometer.

56. A device as claimed in claim 34 wherein
said electric field creation means comprises at least two
electrodes and wherein an anode electrode is in contact
with said doped core.

57. A device as claimed in claim 56 wherein
said at least two electrodes are contained in a plane
which is displaced with respect to a plane containing the
axis of the fibre.

58. A device as claimed in claim 34 wherein
said electric field creation means Creates said electric
field substantially at the same time as said ultra violet
irradiation.

59. A device as claimed in claim 34 wherein
the intensity or phase of said ultra violet
electromagnetic radiation is subjected to variation in
time.

60. A device as claimed in claim 34 wherein
the intensity or phase of said ultra violet
electromagnetic radiation is subjected to variation over
different portions of said optically transmissive
material.

61. A device as claimed in claim 34 wherein
said optically transmissive material comprises one of the
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group fluorozirconate glass, chalcogenide glass or
plastic.

62. A device as claimed in claim 35 wherein

said device is utilised for second harmonic generation of
an optical electromagnetic signal.

63. A device as claimed in claim 62 wherein
said second harmonic generation of said optical
electromagnetic signal is quasi-phase matched.

64. A device as claimed in claim 34 wherein .
said optically transmissive material is subjected to
further irradiation by an oscillating electric field of
electromagnetic radiation when in use.

65. A device as claimed in claim 64 utilised
Lo generate higher optical harmonics of light passing
through said optically transmissive material.

66. A device as claimed in claim 64 wherein
said oscillating electric field is utilised to generate
light having sum and difference frequencies of the
frequency of 1light passing through said optically
transmissive material.

67. A  method for inducing or enhancing
electro-optic properties in an optically transmissive
material utilising an electric field and ultra violet
electromagnetic radiation, substantially as hereinbefore
described with reference to the accompanying drawings.
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AMENDED CLAIMS

[received by the International Bureau on 1 April 1996 (01.04.96);
original claims 1-5,10,16,32-38,43,49,60,61 and 64-67 amended;

remaining claims unchanged (7 pages)]

1. A method for inducing or enhancing
electro-optic properties in an optically transmissive
silicate material comprising applying an electric field
to the optically transmissive silicate material and
subjecting the material to incident ultra violet
electromagnetic radiation.

2. A method as claimed in claim 1 wherein
said optically transmissive silicate material is adapted
to allow a first direction of transmission of an optical
electromagnetic signal and said incident ultra violet
electromagnetic radiation is applied substantially
transverse to said first direction.

3. A method as claimed in claim 2 wherein
said optically transmissive silicate material comprises
an optical fibre and said first direction is
substantially along a transmission axis of said optical
fibre.

4. A method as claimed in claim 1 wherein
said ultra violet electromagnetic radiation is
substantially absorbed by said optically transmissive

silicate material.
5. A method as claimed in claim 4 wherein the

absorption length of said optically transmissive silicate
material is substantially one half the thickness of said

optically transmissive material.
6. A method as claimed in claim 1 wherein

said wultra violet radiation is between 150 and 400

nanometres.
7. A method as claimed in claim 1 wherein

said ultra violet radiation is between 150 and 350

nanometres.
8. A method as claimed in claim 1 wherein

said ultra violet radiation is substantially equal to 240

nanometres.
9. A method as claimed in claim 1 wherein

said ultra violet radiation is substantially equal to
193nm.
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10. A method as claimed in claim 1
wherein said optically transmissive silicate material

comprises a silicate optical waveguide.
11. A method as claimed in claim 10 wherein

said silicate optical waveguide comprises an optical

fibre having a doped core.
12. A method as claimed in claim 11 wherein

said ultra violet electromagnetic radiation is
substantially absorbed by said silicate optical waveguide
and the absorption length of said optical waveguide is
substantially within an order of magnitude of the
diameter of said core.

13. A method as claimed in claim 10 wherein
said silicate optical waveguide is doped with a doping
compound which includes at least one metal oxide selected
from the groups IA to VA, IB to IVB, the transition
metals, rare earths and actinides.

14, A method as claimed in claim 13 wherein
said doping compound is selected from the group of P,0s,
germanium, aluminium, boron and erbium.

15. A method as claimed in claim 10 further
comprising storing said silicate optical waveguide in a
hydrogen atmosphere.

16. A method as claimed in claim 1 wherein
said optically transmissive silicate material comprises a

planar waveguide.
17. A method as claimed in claim 16 wherein

said electric field is created by at least two electrodes
buried in a surface of said planar waveguide.

18. A method as claimed in claim 16 wherein
said electric field is created by at least two electrodes
exposed on a surface of said planar waveguide and said
planar waveguide is placed in a vacuum or high pressure
gas to avoid electrical breakdown of the atmosphere
surrounding said electrodes.

19. A method as claimed in claim 2 wherein
said electric field is applied substantially transverse
to the direction of said optical electromagnetic signal.
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20. A method as claimed in claim 1 wherein the
strength of said electric field is substantially in the
range of 1 to 1000 Volts/Micrometer.

21. A method as claimed in claim 1 wherein the
strength of said electric field is substantially in the
range of 10 to 150 Volts/Micrometer.

22. A method as claimed in claim 1 wherein the
strength of said electric field 1is approximately 100
Volts/Micrometer.

23. A method as claimed in claim 11 wherein

said electric field is created by at least two electrodes
and wherein an anode electrode is in close proximity with
said doped core.

24. A method as claimed in claim 23 wherein
said at least two electrodes are contained in a plane
which is displaced with respect to a plane containing the
axis of the fibre.

25. A method as claimed in claim 1 wherein
said electric field is applied substantially at the same
time as said electromagnetic radiation.

26. A method as claimed in claim 1 wherein the
intensity or phase of said ultra violet electromagnetic
radiation is subjected to variation in time.

27. A method as claimed in claim 1 wherein the
intensity or phase of said ultra violet electromagnetic
radiation is subjected to variation over different
portions of said optically transmissive material.

28. A method as claimed in claim 1 wherein
said optically transmissive material comprises one of the
group fluorozirconate glass, chalcogenide glass or
plastic.

29. A method as claimed in claim 2, wherein
said method is utilised for second harmonic generation of
said optical electromagnetic signal.

30. A method as claimed in claim 29 wherein
said second harmonic generation of said optical
electromagnetic signal is quasi-phase matched.

31. A method as claimed in claim 1 wherein

AMENDED SHEET (ARTICLE 19)
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said electric field comprises the oscillating electric
field of electromagnetic radiation.

32. A method as claimed in claim 31 wherein
said oscillating electric field is utilised to generate
higher optical harmonics of light passing through said
optically transmissive silicate material.

33. A method as claimed in claim 31 wherein
said oscillating electric field is utilised to generate
light having sum and difference frequencies of the
frequency of 1light passing through said optically
transmissive silicate material.

34. A device having electro-optic properties
comprising an optically transmissive silicate material
being altered to create predetermined electro-optic
properties by means of first subjecting said optically
transmissive silicate material to an electric field by an
electric field creation means and ultra violet radiation
by an ultra violet radiation source SO as to create said
predetermined electro-optic properties.

35. A device as claimed in claim 34 where said
ultra violet radiation source emits ultra violet
radiation substantially transverse to the intended path
of 1light to be transmitted through said optically
transmissive silicate material.

36. A device as claimed in claim 35 wherein
said optically transmissive silicate material comprises
an optical fibre and said light transmitted through said
optically transmissive silicate material is transmitted
substantially along a transmission axis of said optical
fibre.

37. A device as claimed in claim 34 wherein
said ultra violet electromagnetic radiation is
substantially absorbed by said optically transmissive

silicate material.
38. A device as claimed in claim 37 wherein

the absorption 1length of said optically transmissive
silicate material is substantially one half the thickness
of said optically transmissive silicate material.
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39. A device as claimed in claim 34 wherein
said ultra violet radiation is between 150 and 400
nanometres.

40. A device as claimed in claim 34 wherein
said wultra violet radiation is between 150 and 350

nanometres.
41 . A device as claimed in claim 34 wherein

said ultra violet radiation is substantially equal to 240

nanometres.
42. A device as claimed in claim 34 which said
ultra violet radiation is substantially equal to 193nm.
43, A device as claimed in claim 34 wherein

said optically transmissive silicate material comprises a
silicate optical waveguide.

44. A device as claimed in claim 43 wherein
said silicate optical waveguide comprises an optical

fibre having a doped core.
45, A device as claimed in claim 44 wherein

the absorption length of said ccre is substantially equal
to ten times the thickness of said core.

46. A device as claimed in claim 43 wherein
said silicate optical waveguide is doped with a doping
compound which includes at least one metal oxide selected
from the groups IA to VA, IB to IVB, the transition
metals, rare earths and actinides.

47. A device as claimed in claim 46 wherein
said doping compound is selected from the group of P05,
germanium, aluminium, boron and erbium.

48. A device as claimed in claim 43 wherein
said silicate optical waveguide is stored in a hydrogen

atmosphere.
49, A device as claimed in claim 34 wherein

said optically transmissive silicate material comprises a

planar waveguide.
50. A device as claimed in claim 49 wherein

said electric field is created by at least two electrodes

buried in a surface of said planar waveguide.
51. A device as claimed in claim 49 wherein
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said electric field creation means comprises at least two
electrodes exposed on a surface of said planar waveguide
and said planar waveguide is placed in a vacuum or high
pressure atmosphere to avoid electrical breakdown of the

atmosphere surrounding said electrodes.
52. A device as claimed in claim 35 wherein

said electric field is applied substantially transverse

to the direction of said optical electromagnetic signal.
53. A device as claimed in claim 34 wherein

the strength of said electric field is substantially in

the range of 1 to 1000 Volts/Micrometer.
54, A device as claimed in claim 34 wherein

the strength of said electric field is substantially in

the range of 10 to 150 Volts/Micrometer.

55. A device as claimed in claim 34 wherein
the strength of said electric field is approximately 100
Volts/Micrometer.

56. A device as claimed in claim 34 wherein
said electric field creation means comprises at least two
electrodes and wherein an anode electrode is in contact
with said doped core.

57. A device as claimed in claim 56 wherein
said at least two electrodes are contained in a plane
which is displaced with respect to a plane containing the

axis of the fibre.
58. A device as claimed in claim 34 wherein

said electric field creation means creates said electric
field substantially at the same time as said ultra violet

irradiation.
59. A device as claimed in claim 34 wherein

the intensity or phase of said ultra violet
electromagnetic radiation is subjected to variation in

time.
60. A device as claimed in claim 34 wherein

the intensity or phase of said ultra violet
electromagnetic radiation is subjected to variation over
different portions of said optically transmissive

silicate material.
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61. A device as claimed in claim 34 wherein
said optically transmissive silicate material comprises
one of the group fluorozirconate glass, or chalcogenide
glass.

62. A device as claimed in claim 35 wherein
said device is utilised for second harmonic generation of
an optical electromagnetic signal.

63. A device as claimed in claim 62 wherein
said second harmonic generation of said optical
electromagnetic signal is quasi-phase matched.

64. A device as claimed in claim 34 wherein
said optically transmissive silicate material is
subjected to further irradiation by an oscillating
electric field of electromagnetic radiation when in use.

65. A device as claimed in claim 64 utilised
to generate higher optical harmonics of light passing
through said optically transmissive silicate material.

66. A device as claimed in claim 64 wherein
said oscillating electric field is utilised to generate
light having sum and difference frequencies of the
frequency of 1light passing through said optically
transmissive silicate material.

67. A method for inducing or enhancing
electro-optic properties in an optically transmissive
silicate material utilising an electric field and ultra
violet electromagnetic radiation, substantially as
hereinbefore described with reference to the

accompanying drawings.

AMENDED SHEET (ARTICLE 19)



WO 96/16344
1/1

8-10 M§CEON

4

le— 200 MICRON—

PCT/AU95/00766

_—Z

L

4 A A

e-m RADIATION

SOURCE OF UV | .~ _~9

FIG. 3



INTERNATIONAL SEARCH REPORT International Application No.
PCT/AU 95/00766
A CLASSIFICATION OF SUBJECT MATTER
Int CI%°  GO2F 1/01, 1/035; GO2B 6/16

According to International Patent Classification (IPC) or to both national classification and IPC

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC: GO2F 1/00, 1/01, 1/03, 1/035, 1/37; G02B 6/00, 6/02, 6/10, 6/16, 5/172, 5/14

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
AU: IPC as above

Electronic data base consulted during the international search
DERWENT: IPC as above with k

(name of data base and, where practicable, search terms used)
eywords ELECTROOOPTIC, ELECTRIC FIELD, ULTRA-VIOLET OR UV

JAPIO:
C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
AU 23059/92 (661500) B (INTELLECTUAL PROPERTY DEVELOPMENT
ASSOCIATES OF CONNECTICUT, INC) 25 January 1993
X page 14 lines 13-23, claims 28, 32 1,4-7,31-34,37-40,
64-66
AU 85364/82 A (FLOEHL) 5 January 1984
X page 10 line 1, page 12 line 9-page 13 line 27, pages 26, 27 34-37, figs 7, 8, 12 1,2,4-8,19,25-
28,34,35,37-41,52
,58-61
US 4983324 A (DURR et al) 8 January 1991
X col 1 lines 5-32, col 3 lines 24-42, col 4 line 48- col 5 line 19; Example 1 1,2,4-7,16,17,19,20,25,
28-35,37-40,49,50,52,
53,58,61,63

Further documents are listed in the continuation of Box C

See patent family annex

.
uAn
nEw

"Lﬂ

Nol

nPl

Special categories of cited documents:

document defining the general state of the art which is
not considered to be of particular relevance

earlier document but published on or after the
international filing date

document which may throw doubts on priority claim(s)
or which is cited to establish the publication date of
another citation or other special reason (as specified)
document referring to an oral disclosure, use,
exhibition or other means

document published prior to the international filing
date but later than the priority date claimed

I‘Tﬂ

ﬂxﬂ

H&H

later document published after the international filing date or
priority date and not in conflict with the application but cited to
understand the principle or theory underlying the invention
document of particular relevance; the claimed invention cannot
be considered novel or cannot be considered to invoive an
inventive step when the document is taken alone

document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such
combination being obvious to a person skilled in the art
document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

5 February 1996 qQ Fes 1990
Name and mailing address of the ISA/AU Authorized officer
AUSTRALIAN INDUSTRIAL PROPERTY ORGANISATION
PO BOX 200
WODEN ACT 2606 M.E. Dixon
AUSTRALIA Facsimile No.: (06) 285 3929

Telephone No.: (06) 283 2194

‘orm PCT/ISA/210 (second sheet) (July 1992) copkod



INTERNATIONAL SEARCH REPORT

International Application No.

PCT/AU 95/00766
C (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.
US 3940201 A (MICHERON et al) 24 February 1976
col 4 line 36- col 5 line 52; Figs. 2, 4 1,6,25,34,39,
X 58
US 3923374 A (MARTIN) 2 December 1975
X col 6 line 1 1,6,16,25,34,
39,49,58
Y 3,8,10-14,
20-24 .41,
43-47,53-57
WO 93/18420 A1 (BRITISH TELECOMMUNICATIONS PLC) 16 September 1993
Y Whole document 3,8,10-14,
41,4347
WO 90/08970 A1 (PLESSEY OVERSEAS LIMITED ) 9 August 1990
Y Whole document 10,11,13,14,
20-24,43,44,
46,47,53-57
US 3815973 A (HAUSSUEHL ) 11 June 1974
X col 2 line 32-50; claim 1 1,2,6,7,19,25,
34,35,39,40,
52,58
WO 86/04996 Al (THE SECRETARY OF STATE FOR DEFENCE IN HER BRITANNIC
MAIJESTY;S GOVERNMENT OF THE UNITED KINGDOM OF GREAT BRITAIN AND
NORTHERN IRELAND) 28 August 1986
page 1 line5, page 2 line 14, page 3 line 24, page 4 lines 1-4, page 5 line 21-23, page 6 lines 1,6,16,25,31,
X 29-31; Figs 1,3 34,39,49,58
EP 0492216 Al (F. HOFFMAN-LA ROCHE AG) 1 July 1992
X Whole document 1,4-9,16,17,
20-22,25,27,
28,31,34,
37-42,49,50,
53-55,58,60,61
DD 214006 A (ADW DER DDR) 26 September 1984
X Whole document 1,16,17,25,34,
49,50,58
Journal of physics D: Applied physics (Institute of Physics and the Physical Society, London),
MOHIJERANI et al, “Stability of NLO chromophores in doped polymer films during electric 1,2,4-8,16,
field poling”, pages 1304-1310 19-21,25,28,
X Fig. 6 29,34,35,37-
41,49,52-
54,58,61,62
A US 5212585 A (NING) 18 May 1993
A US 4877298 A (TENG et al) 31 October 1989

Form PCT/ISA/210 (continuation of second sheet) (July 1992) copkod




INTERNATIONAL SEARCH REPORT .

International Application No.

PCT/ AU 95/00766
C (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A GB 1141512 A (WESTERN ELECTRIC COMPANY) 29 January1969
A

EP 0028538 A1 (XEROX CORPORATION) 13 May 1981

Form PCT/ISA/210 (extra sheet) (July 1992) copkod




INTERNATIONAL SEARCH REPORT Incernational Application No.
PCT/AU 95/00766

Box 1 Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons:

1. [ ] Claims Nos.
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.: 67

because they relate to parts of the international application that do not comply with the prescribed requirements to
such an extent that no meaningful international search can be carried out, specifically:

Claim 67 relies on references to description and drawings (Rule 6.2(a)).

3. [] Craims Nos.: _
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule
6.4(a)

Box I Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims

2. As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite
payment of any additional fee.

3, D As only some of the required additional search fees were timely paid by the applicant, this international search

report covers only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search
report is restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant's protest.
D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet(1)) (July 1992) copkod



\

INTERNATIONAL SEARCH REPORT

Information on patent tamily memoers

This Annex lists the known "A"
in the above-mentioned internati

International Application No.

PCT/AU 95/00766

publication level patent family members ‘relating to the patent documents cited
onal search report. The Australian Patent Office is in no way liable for these
particulars which are merely given for the purpose of information.

Patent Document Cited in Search Patent Family Member
Report
AU 23059/92 CA 2112138 GB 2272072 Us 5157674
WO 9300605 us 5233621 UsS 5479432
WO 9400084
Us 4983324 DE 3710889 EP 308444 WO 8807702
-US 3940201 DE 2425758 FR 2233645 GB 1470215
JP 50022649
Us 3815973 DE 2114741
US 4877298 us 4767169
WO 9318420 WO 9318420 EP 647327 WO 9400784
WO 9008970 EP 408715
WO 8604996 DE 3669208 EP 211855 GB 2170794 .
EP 492216 JP 4303827 Us 5447662
EP 28538 JP 56081816
END OF ANNEX

Form PCT/ISA/210 (patent family annex) (July 1992) copkod




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

