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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to optical fibres devices and methods for making such devices.

[0002] There are many optical applications and geometries in which precise positioning and bonding of an optical fibre
onto a planar optical substrate is desired. A variety of techniques and materials for bonding are known, including solder,
glass fit, glues and epoxies. These are associated with a range of drawbacks and disadvantages, such as mechanical
weakness in harsh environments (including high temperatures, high pressures, and exposure of common chemicals),
and poor optical characteristics (including high optical loss, significant scattering, and modal and refractive index mis-
match between the bonding material and the optical fibre).

[0003] For example, US 7,058,275 and US 7,620,277 describe securing optical fibres to a substrate by placing the
fibres in grooves on a substrate or chip and applying a glue to hold the fibres in the grooves. Index matched adhesive
has been used to assist in coupling light into the cladding of an optical fibre [3], including in a top access geometry
without transmission through the polymer adhesion layer [4]. Problems with these latter arrangements include the lack
of a planar format for the adhesive layer so that one cannot take advantage of planar hybridisation, and the inability of
polymer adhesive to form a mechanically robust composite able to withstand environmental rigours such as elevated
temperatures owing to factors including thermal expansion coefficient mismatch. Also, the adhesive layer is not inherently
conducive to the addition of dopants, so cannot be tailored for properties such as optical gain.

[0004] In other work, epoxy and ceramic filler has been used to bond and encapsulate a fibre Bragg grating for strain
sensing [5], and glass frit bonding has been proposed for wafer level hermetic encapsulation and packaging of MEMS
components [6]

[0005] An alternative bonding process is fusion splicing, used to secure an optical fibre to a silicon wafer with the aim
of integrating optical fibres to MEMS components [7].

[0006] JP SB63 69734 describes fixing optical fiber to a glass substrate by drying a metal alkoxide sol gel coated
between the optical fiber and the substrate, gelling the sol, and vitrifying the gel by local heating to fix the fiber. WO
99/06859 describes an optical device comprising an optical waveguide component affixed to a substrate with a glass
frit fusion seal formed and locked within a recessed void in the substrate, the glass frit fusion seal being the fused product
of a low melting glass frit. WO 03/023480 describes a fiber optic array comprising a substrate and an optical fiber that
includes an un-jacketed, un-buffered optical core segment which is placed in contact with substrate surface. A solder
glass is chemically bonded to the optical core segment and the substrate surface so that the optical core segment is
secured to the substrate at a predetermined location. US 6,143,108 describes compositions of carboxylated silicone
precursors such as carboxylated polysiloxanes and carboxylated polygermanosiloxanes and glassy and crystalline
compositions to bind, couple or connect waveguide structures to one another and/or substrate surfaces. US 6,549,713
describes a method that comprises placing fibers in grooves of an alignment substrate that define relative positions and
orientations of the fibers, placing a substrate over the fibers and the alignment substrate, bonding the fibers to the
alignment substrate prior to bonding the fibers to the substrate, and removing the alignment substrate to leave the fibers
bonded to said substrate.

[0007] In view of the various disadvantages of existing bonding materials and techniques, there is a requirement for
an improved method.

SUMMARY OF THE INVENTION

[0008] Accordingly, the present invention is directed to a method of forming an optical fibre assembly, comprising
providing a planar substrate made of a first material; positioning an optical fibre with an outer layer of a first glass material
on a surface of the substrate to form a pre-assembly; depositing a further glass material onto the pre-assembly, over at
least a part of the optical fibre and adjacent parts of the substrate surface; and heating the pre-assembly to consolidate
the further glass material into an amorphous volume in contact with at least parts of the surface of the substrate and the
outer layer of the optical fibre, thereby bonding the optical fibre to the substrate to create the optical fibre assembly;
wherein the further glass material is a soot deposited using flame hydrolysis deposition.

[0009] The first glass material and the further glass material may be substantially the same material or are miscible
alloys of each other. Further, the first material may be substantially the same as or a miscible alloy of the first glass
material and/or the further glass material. By suitable choice of materials, an interface between the outer layer and the
amorphous volume and/or an interface between the amorphous volume and the planar substrate may be made optically
transmissive to wavelengths of light supported by the optical fibre. Also, anisotropic stress will typically exist in the
consolidated glass, which contributes to mechanical and environmental robustness. This stress can be tuned through
selection and manipulation of the thermal expansion coefficient of the substrate material and the consolidated material
to achieve desired structural properties. Hence, the invention can provide optically and structurally superior fibre assem-
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blies compared to those fabricated by known methods.

[0010] The further glass material may comprise silica or a non-silicate glass.

[0011] The substrate may have an oxide layer on its surface. This can reduce or prevent unwanted reactions between
the substrate material and components of the further glass material during the consoclidation step. The oxide layer may
be thermally grown, and the method may further comprise forming the oxide layer on the surface of the substrate.
[0012] The further glass material may include one or more dopants. In this way, the function and operation of the fibre
assembly can be tailored for a variety of optical applications. The method may hence further comprise adding one or
more dopants to the further glass material after depositing it, for example by solution doping or pressurised gas saturation.
Alternatively, if flame hydrolysis deposition is used, the method may further comprise adding one or more dopants to
the soot by injecting precursor vapours containing the one or more dopants into the flame hydrolysis deposition flame.
The one or more dopants may comprise one or more of germanium, phosphorus, boron, aluminium, lead, bismuth,
erbium, titanium, tin, ytterbium, neodymium, sodium, barium, calcium, lanthanum, holmium and silver.

[0013] Positioning the optical fibre on the surface of the substrate may comprise laying the optical fibre in a trench or
groove in the substrate surface. Then, the method may further comprise positioning one or more further optical fibres
on the surface of the substrate by laying the one or more further optical fibres in one or more further trenches or grooves
in the substrate surface, where at least two trenches or grooves have different depths. Both complex and simple multi-
fibre geometries can thereby be realised.

[0014] Other techniques for positioning the optical fibre onto the surface of the substrate include fusion splicing the
optical fibre into its position, passing the optical fibre through one or more holes in the substrate, and holding the optical
fibre in position with one or more shims or mechanical clips.

[0015] If the optical fibre includes a Bragg grating, and the substrate includes a planar waveguide having a Bragg
grating, positioning the optical fibre on the surface of the substrate may include monitoring light reflected or transmitted
from the Bragg gratings.

[0016] The method may further comprise masking one or more areas of the substrate surface and/or the positioned
optical fibre before depositing the further glass material to prevent deposition of the further glass material onto the
masked areas. The masking may be combined with the use of shims to hold the optical fibre in position, where the shims
perform both the masking and the holding functions.

[0017] Additionally or alternatively, the method may further comprise, after consolidation, machining the optical fibre
assembly to remove a part or parts of the substrate and/or the optical fibre.

[0018] The substrate may be a silica, silicon or sapphire substrate, or be made from other glass or crystal materials.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] For a better understanding of the invention and to show how the same may be carried into effect reference is
now made by way of example to the accompanying drawings in which:

Figure 1 shows a flow chart of steps in a method according to an embodiment of the invention;

Figure 2 shows a flow chart of steps in a method according to a further embodiment of the invention;

Figure 3 shows a schematic representation of steps in a method according to an embodiment of the invention;
Figure 4 shows a SEM image of a fibre assembly fabricated using a method according to an embodiment of the
invention;

Figure 5 shows a cross-sectional end view of an optical fibre positioned on a substrate in a step of a method according
to the invention, using a v-groove for positioning;

Figure 8 shows a cross-sectional end view of two optical fibres positioned on a substrate in a step of a method
according to the invention, using trenches for positioning;

Figures 7(a) and 7(b) show a cross-sectional end view and a plan view of an optical fibre positioned on a substrate
in a step of a method according to the invention, using shims for positioning;

Figures 8(a), 8(b) and 8(c) show plan views of steps in a method according to the invention in which shims are used
to position and mask fibres on a substrate;

Figures 9(a) and 9(b) show a perspective view and a cross-sectional side view of an optical fibre positioned on a
substrate in a step of a method according to the invention, using a through hole for positioning;

Figure 10 shows an end view of apparatus for positioning an optical fibre onto a substrate in a step of a method
according to the invention using fusion splicing;

Figures 11(a), 11(b) and 11(c) show cross-sectional side views of steps in a method according to the invention, for
bonding an optical fibre to a substrate having a planar waveguide;

Figure 12(a) shows a cross-sectional side view of a method for aligning an optical fibre to a planar waveguide in
the method shown in Figure 11, using Bragg gratings; and Figure 12(b) shows an example spectrum measured
from the Bragg gratings during alignment;
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Figures 13(a), 13(b) and 13(c) show cross-sectional end views and a perspective view of optical fibre assemblies
fabricated according to embodiments of the invention and further processed by machining;

Figures 14(a) and 14(b) show perspective views of optical fibre assemblies in the form of fibre matrix arrays;
Figure 15 shows a perspective view of an optical fibre assembly not forming part of the invention having a cooling
channel in its substrate;

Figure 16 shows a perspective view of an optical fibre assembly not forming part of the invention and configured
for backplane coupling;

Figures 17A and 17B show perspective views of two optical fibre assemblies not forming part of the invention which
include optical fibres having tilted Bragg gratings;

Figure 18 shows a perspective view of an optical fibre assembly not forming part of the invention having two optical
fibres configured for cross-coupling;

Figures 19(a) and 19(b) shows a perspective view and a close-up cross sectional view of an optical fibre assembly
not forming part of the invention which includes a MEMS structure membrane;

Figures 20(a), 20(b) and 20(c) shows plan views of optical fibre assemblies incorporating other MEMS structures;
Figure 21 shows a perspective view of an optical fibre assembly not forming part of the invention configured for side
or end pumping of the optical fibre; and

Figure 22 shows a perspective view of an optical fibre assembly not forming part of the invention configured for end
pumping of the optical fibre.

DETAILED DESCRIPTION

[0020] The invention addresses the issue of bonding optical fibres to substrates to make fibre assemblies by proposing
the use of a glass material applied over an optical fibre positioned on a substrate which is then consclidated into an
amorphous form and thereby secures the optical fibre to the substrate in a manner which is both mechanically and
optically robust. Precise placement of the optical fibre can be achieved, and the glass material can be selected to provide
many desirable optical properties and functions, such as good transmission characteristics between the fibre, the glass
material and the substrate, and doping to modify optical gain and refractive index. Appropriate choices for the substrate
material, the outer layer of the fibre and the glass material to be consolidated can produce a uniform optical composition.
For example, the three materials might be the same or might be miscible alloys of each other or otherwise chemically
compatible. The consolidation stage then produces a fused glass structure which is free from abrupt mechanical or
optical boundaries.

Methods

[0021] Figure 1 shows a flow diagram detailing various steps in a method according to an embodiment of the invention.
[0022] In a first step S1, a suitable substrate is provided. The substrate will typically be a planar substrate or wafer,
and should comprise a material suitable for the intended optical purpose of the final fibre assembly. For example, the
substrate may be silica, silicon or sapphire, although other crystal or glass based substrate materials are not precluded.
A substrate of an optical material which is the same as, similar to, a miscible alloy of, or otherwise chemically compatible
with, the materials from which the optical fibre and the fusing glass material are made will provide good results.

[0023] In a second step S2, the optical fibre is placed onto a surface of the substrate and arranged into a desired
location and position to create a pre-assembly. The optical fibre will have an outer layer (typically the cladding layer)
made from a glass material, and this may be selected as discussed above with regard to the substrate material, if desired.
Various techniques may be used to secure the fibre into the desired position; some examples are discussed further below.
[0024] In a third step S3, the glass material which is to be used to bond the optical fibre to the substrate is deposited
onto the pre-assembly, over all or parts of the fibre and the substrate. At least part of the optical fibre and at least part
the substrate surface which is adjacent to the optical fibre, the parts being contiguous, receive the deposited glass
material. Hence, there is formed at least one region of deposited glass material which extends over both part of the
optical fibre and part of the substrate. |f desired, the full length of the optical fibre which is supported by the substrate
may receive the deposited glass material, but this is not essential. Similarly, the deposited glass material might extend
across the full width of the substrate surface on either side of the optical fibre, but again this is not essential.

[0025] The glass material may, if desired, be selected as discussed above with regard to the substrate material, so
that it is the same as, similar to, chemically compatible with, or a miscible alloy of, either or both of the substrate material
and the fibre outer layer material. Preferably, the glass material is an optical grade glass material, so as to provide high
quality optical performance in the final fibre assembly. An "optical grade" material is typically understood to be a material
having low propagation loss, including low scattering. While there is no formal numerical definition to classify a material
as "optical grade"”, as an example silica for use in a telecommunication applications might typically have a loss of less
than 5 dB/cm to be considered as optical grade. Additionally, materials and optical components considered to be optical
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grade will generally have consistent or uniform refractive index and thickness. Optical grade substrates, for example,
will have uniform refractive index and thickness across a wafer and also from wafer to wafer. Also for the present
invention, the glass material is selected so as to be able to undergo a consolidation phase in a subsequent heating step,
during which the applied heat acts to turns the deposited glass material into a single amorphous volume of glass. Any
glass material with the appropriate properties can be used; the invention is not limited to glasses of any particular chemical
composition. As an example, the glass material might be silica, but non-silicate based glasses, for example those based
on germanium or other elements, are not precluded.

[0026] The form of the deposited glass material will depend on the method used to deposit it. The glass material has
the form of a soot, such as a silica or non-silicate soot. A soot of optical material, such as silica, comprises a particulate
form of the material, with particle sizes typically of the order of micrometre diameters, although the actual size will depend
on the deposition technique. The deposition step thus creates a thin layer of soot particles that overlies the optical fibre
and adjacent areas of the substrate surface. The layer, may have a thickness in the range of less than a micrometre
(suitable for mechanical tacking, discussed further later) up to tens of micrometres or more if one wishes to partially or
completely bury the optical fibre in the amorphous volume.

[0027] Then soot material is deposited using flame hydrolysis deposition.

[0028] Flame hydrolysis deposition (FHD) involves injecting precursor gases or vapours comprising the constituent
elements of the required material into a flame of hydrogen and oxygen produced by a torch. To deposit undoped silica,
the precursor is usually silicon trichloride (SiCl,) or silicon tetrachloride (SiCl,). Other precursors can be used as appro-
priate for depositing non-silicate glasses. The flame is passed over the substrate, for example by mounting the substrate
onto a turntable and linearly traversing the flame along the turntable radius as the turntable rotates. The torch may be
arranged above or below the substrate, and other mechanisms for directing the flame onto the substrate may be employed.
Redox reactions of the gases occur within the flame; these produce the soot particles which deposit onto the substrate
and the supporting turntable. The soot particle size and composition depend on the conditions in the flame and the
choice of precursor gases. FHD is an established technique which the skilled person will be able to implement without
difficulty. An advantage of FHD in the present context is its ability to quickly deposit relatively thick layers of material
(tens of micrometres).

[0029] Usefully, the FHD flame may be traversed over the substrate and the optical fibre positioned thereon before
the precursor gases are introduced. This acts to clean the substrate and the fibre by removing any organic material that
might be present on the substrate and fibre surfaces from prior manufacturing and handling stages. Other cleaning
techniques might be used instead, however, or the cleaning may be omitted. Cleaning helps to ensure good deposition
and subsequent consoclidation, however.

[0030] In step S4, the pre-assembly with the deposited glass material is heated so as to consolidate the deposited
glass material. Any heating method may be used which is capable of raising the deposited glass material to a sufficient
temperature for an appropriate period to produce the required consolidation into an amorphous glass material. The
resulting material has the form of a single amorphous volume of glass which is in contact with, and therefore has interfaces
with, both the optical fibre and the substrate. This acts to join the optical fibre to the substrate both mechanically and
optically. For example, the pre-assembly may be heated in a furnace. For silica soot, the temperature might be elevated
to 1100°C or above, and maintained at that temperature for a dwell time of several hours during which the consolidation
takes place. The pre-assembly may be inserted into the furnace at a temperature above room temperature, for example
at about 500°C. The heating and subsequent cooling of the furnace may be achieved slowly, for example at a rate of
5°C per minute, to avoid damage to the furnace. The actual maximum temperature and dwell time required for consol-
idation will depend on the composition and nature of the deposited glass material. The furnace may optionally be purged
with helium to remove bubbles forming in the glass, and/or with oxygen to control the oxidation state and vapour pressure
of the composition. After consolidation, the fibre assembly may be removed from the furnace at a temperature above
room temperature, perhaps substantially above room temperature, for example 500°C or above. Removal at an elevated
temperature can prevent or reduce crystallisation or phase separation of the glass; the temperature and requirement
for this again depends on the glass material composition.

[0031] The resulting optical fibre assembly comprises the substrate with the optical fibre permanently secured into
position by the amorphous glass material. The bond is more mechanically robust that known techniques using solder,
epoxy or glue. The use of a glass material to bond a glass fibre to a substrate made from glass or crystal gives an
improved uniformity of structure so that optical coupling between the various components is enhanced and can be
tailored. The glass materials atthe interfaces between the components will fuse and blend somewhat during consolidation
so that abrupt boundaries are avoided. For example, the various materials can be chosen such that the interface between
the outer layer of the fibre and the amorphous volume of glass material, and/or the interface between the amorphous
volume and the substrate surface are optically transmissive to wavelengths of light supported by the optical fibre. In this
way, light can be efficiently coupled into and out of the fibre, depending on the intended function of the optical fibre
assembly.

[0032] The example method depicted in Figure 1 can be enhanced and extended by various other steps.
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[0033] Figure 2 shows a flow diagram detailing various steps in a method according to a further embodiment of the
invention.

[0034] This embodiment includes the steps S1-5S4 of the Figure 1 embodiment, plus some additional steps which can
be optionally included.

[0035] Forexample, a step S1b may follow the step S1 of providing the substrate. In step S1b, a buffer layer is formed
on the substrate. The buffer layer comprises a thin layer, typically about 1 to 10 pum in thickness, of oxide on the surface
of the substrate. The oxide layer may be thermally grown, for example. The buffer layer is useful in that it acts as a buffer
between the deposited glass material and the substrate for various dopants which might be included in the deposited
glass material. In the absence of the oxide, undesirable chemical reactions involving the dopants can occur between
the substrate and the doped glass material during consolidation. Observations suggest that, for a silicon substrate, these
reactions may largely be due to the presence of a PCl; precursor during FHD, since fabrication without this gas has not
shown the reactions. The formation of the buffer layer can be implemented as a separate step in the method, or a
substrate already having a buffer layer might be obtained.

[0036] It may also be necessary to perform some preparation work on the optical fibre before positioning it onto the
substrate surface. For example, the method may include an additional step S2a in which an outer coating, such as a
polymer coating, may need to be removed (using fibre strippers or a chemical bath, for example) from the optical fibre
to expose the glass outer layer. Some or all of a cladding layer of the fibre might also be removed, if it desired that the
core of the fibre be directly or closely bonded to the substrate. Thus, the fibre is prepared by removing as much of any
outer coatings or layers as desired, to reveal a layer of glass material which is going to be in placed in contact with the
substrate surface during positioning of the fibre in step S2. Cleaning of the fibre might also be appropriate after coating
and/or cladding removal, to remove any residual material. For example, acetone may be used to remove remaining
traces of polymer.

[0037] Afurtheroptional step is the addition of dopants to the deposited glass material, indicated as step S3b. Dopants
can be included to provide a variety of characteristics by which the fibre assembly can be tailored. For example, some
dopant materials are useful for providing optical gain (such as erbium, ytterbium, neodymium and holmium), others can
provide photosensitivity (such as germanium, tin, lead, silver and boron), and still others can control or modify melting
temperature, thermal expansion, stress and refractive index. Other potential dopant species include aluminium, bismuth,
titanium, sodium, barium, calcium and lanthanide. The use of dopants inthe engineering of optical materials is well-known.
[0038] Depending on the doping process used, the doping step S3b may be a separate stage or may be integral with
the depositing step S3. For example, if FHD is used to deposit the glass material in step $3, a convenient way to introduce
dopant materials is to add precursor gases which include the required dopants during the FHD process. For example,
gases such as germanium tetrachloride (GeCl,), phosphorous oxychloride (POCI,), phosphorous trichloride (PCl;) and
boron trichloride (BCl;) are common examples in FHD deposition, and other precursor dopant gases may also be used
as described later.

[0039] Dopingis not limited to this technique, however, and other processes may be employed if desired. For example,
dopant species may be added to the glass material in a separate step after deposition, by processes such as solution
doping and pressurised gas saturation.

[0040] If desired, various post-processing stages in a step S5 may be performed on the optical fibre assembly after
the consolidation in step S4, to produce a finished optical fibre device or component. Additional components such as
further fibres and lenses can be added. Machining can be performed to cut the assembly into portions, or to grooves or
trenches into the assembly. Wet or dry etching can be used to remove parts of the amorphous glass volume, for example
to include photolithographic integrated optical features or microfluidics. Some of these stages are described further
below with regard to particular examples of optical fibre assembly according to embodiments of the invention.

[0041] Figure 3 showsa series of cross-sectional views through an assembly at various stages of the methods described
with reference to Figures 1 and 2. Figure 3(a) shows the pre-assembly, comprising an optical fibre 1 having a glass
material outer layer 1a (the cladding in this example) and a core 1b positioned on the surface of a planar silicon substrate
2 having a buffer layer 3 of thermal oxide on its surface. In Figure 3(b) the glass material 4, in this example soot deposited
by FHD, such as silica soot, has been deposited onto the fibre 1 and the substrate 2. Hence, the soot 4 is on the top of
the fibre 1, and lies on the substrate 2 in areas adjacent to the fibre 1. Figure 3(c) shows the optical fibre assembly 20
after consolidation, in which the soot 4 has consolidated into the amorphous material 5. The amorphous material 5 forms
a volume which is in contact with and consolidated with the surface of the substrate 2 and the optical fibre 1, so as to
bond the fibre 1 to the substrate 2.

Example
[0042] As an example, an optical fibre assembly has been fabricated using FHD to deposit silica soot. A section of

SMF-28 optical fibre was cut and the outer polymer coating removed mechanically using fibre strippers. After cladding
removal the fibre was cleaned with acetone to remove residual polymer. The fibre was next positioned upon a silicon
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wafer substrate. The silicon wafer had a 1 um thermally grown oxide buffer layer.

[0043] To secure the fibre in position on the wafer, a silicon shim was used, which rested on top of the fibre and kept
it in situ under gravitational force. Alternative methods of fixture and/or shims made of different materials are possible;
options are described further later. Then, FHD was carried out. To ensure that the fibre and wafer were free from organics
prior to deposition, the hydrogen oxygen FHD flame was traversed over the sample. After this cleaning pass, subsequent
passes of hydrogen oxygen flame with precursors of SiCl,, PCl; and BCl; were made to deposit soot. Table 1 shows
the quantities of precursor gas used for depositing silica soot in two successful demonstrations of fibre in FHD and the
potential range of precursor quantities that could be implemented as derived from existing FHD recipes ranges.

Table 1
Gas Demonstration#1 | Demonstration#2 | Possible Ranges
H, 6.5 I/min 6.5 I/min 2-10 l/min
o 1.9 I/min 1.9 I/min 2-10 l/min
Ar 8.0 l/min 8.0 l/min 2-10 l/min
SiCly 139 scem 139 scem 0-200 scem
GeCl, 0 scem 0 scem 0-200 scem
PCl, 31 scem 31scem 0-50 seem
BCl, 70 sccm 0 scem 0-100 scem

[0044] Following soot deposition a thermal consolidation was made, using a Severn Thermal Solutions vertical furnace
to consolidate the soot. The consolidation cycle began at 500°C, raising the wafer temperature by 5°C per minute to a
maximum temperature of 1100°C. This temperature was maintained for a dwell time of 4 hours. The temperature was
then reduced at the same rate to 600°C, at which point the completed fibre assembly was unloaded.

[0045] Figure 4 shows a scanning electron microscope image of the fibre assembly made using the FHD gas compo-
sition shown as "Demonstration #1" in Table 1. The image is an axial cross-section through the optical fibre, showing
how it is mechanically secured to the silica-on-silicon planar wafer substrate using a 2p.m layer of FHD silica soot that
has been deposited and consolidated.

[0046] By further experimentation, it has been found that an optical fibre placed on the substrate prior to soot deposition
becomes adhered to the substrate in the composite glass structure formed by the consoclidation step. However, if the
optical fibre is placed on the substrate after soot deposition, the consolidation does not bond the fibre to the substrate.

Fibre placement

[0047] Once the optical fibre has been placed on the substrate, it needs to be held in position sufficiently securely to
maintain its placement during the depositing and consolidating steps. There are various techniques to achieve this,
some of which will now be described, and others of which will be apparent to the skilled person. Any technique compatible
with the subsequent depositing and consoclidating can be used.

[0048] Figure 5 shows a cross-sectional view of a placement method using a groove. A v-shaped groove 8 is cut into
the surface of the substrate 2, and the optical fibre 1 is laid in the groove 8. In this example, a buffer layer 3 is included,
which has been extended so as to line the groove 6 so that the fibre 1 lies on the buffer layer.

[0049] Figure 6 shows a cross-sectional view of a similar method, in which a straight-sided vertical trench 7 cut into
the substrate 2 is used to position the optical fibre 1. As with the Figure 5 embodiment, the buffer layer 3 is extended to
line with inside surface of the trench 7. A useful feature of groove or trench laying is that two or more trenches can be
cut to different depths on a single substrate, thereby allowing fibres to be bonded at different depths in one device. Figure
6 shows two fibres 1 in different depth trenches 7 which are adjacent. However, more complex geometries in which
fibres at different depths pass over one another can also be implemented.

[0050] Figure 7 shows views of a placement method using one or more shims. Figure 7(a) shows a cross-sectional
view. A silicon carbide holder 9 holds the substrate 2 in a recess, and three (in this example) optical fibres 1 are placed
on the substrate surface. A shim 8 is placed on top of the fibres to hold them in place more securely under gravitational
force. In this example, the shim is made of silicon, although other materials can be used. Clearly, the shim 8 will obscure
those parts of the fibres and substrate over which it is placed, so the glass material for consolidation will be deposited
elsewhere. The size, shape and position of the shim 8 should therefore be selected with care. This is apparent from
Figure 7(b), which shows the fibre assembly from above after deposition and consolidation. The shaded area is where
the glass material has been deposited, and the dotted lines indicate the location of the optical fibres 1 under the deposited
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and then consolidated glass. The unshaded area corresponds to the position of the shim, and no glass material was
deposited in this region. The optical fibres 1 are therefore exposed in this region, which may be desirable for some
applications.

[0051] Figure 8 shows views of a fibre assembly from above, to further illustrate the use of shims, to show how they
may be used to intentionally mask or expose regions of the fibre assembly to create a particular device geometry. In
Figure 8(a), two optical fibres 1 are placed parallel to each other on a substrate 2, and held in place with two shims 8.
A first shim is larger and placed so that it extends over both fibres 1. The second shim is smaller and is placed so that
it extends over only one fibre 1, and is spaced apart from the first shim. In Figure 8(b), the glass material 4 has been
deposited over the whole substrate surface, covering the substrate 2, the fibres 1 and the shims 8. In Figure 8(c), the
shims 8 have been removed and the glass material 4 has been consolidated. The protection afforded by the shims 8
during deposition has created two "windows" in the consolidated amorphous material through which the optical fibres 1
are exposed. This technique provides access to the fibres for processes such as cleaving and splicing.

[0052] Figure 9 shows views depicting a placement method using through-holes in a substrate. Figure 9(a) shows a
perspective view of a substrate 2 having a hole 10 cut through it. An optical fibre 1 has been fed through the hole 10.
This can be used to hold the fibre 1 in position with respect to the substrate 2, and also to implement more complex fibre
geometries. Multiple fibres might be fed through multiple holes, or one fibre might pass through two or more holes at
different points along its length. Figure 9(b) shows a side view of the arrangement of Figure 9(a).

[0053] Figure 10 shows a cross-sectional view of a substrate and fibre arranged for positioning the fibre by fusion
splicing. The fibre 1 is placed onto the substrate 2 with a buffer layer 3. The substrate 2 is earthed, and a pair of electrodes
11 are located so that an electric arc can be formed at a point where the optical fibre 1 is in contact with the substrate
2 (anodic fusion splicing). A small amount of melting is produced in the optical fibre and/or substrate materials, sufficient
to fuse the fibre 1 and the substrate 2 at a splice 12. Further splices may be formed. This is sufficient to tack the fibre 1
into position for depositing the glass material. Fusion splicing methods using heat provided in other ways, such as from
localised laser exposure (typically a CO, laser), may alternatively be used. Positions and configurations of the various
components differing from those depicted in Figure 10 may also be used.

[0054] As a further alternative, tungsten clips may be used to secure the optical fibre in position on the substrate.
[0055] Figures 11 and 12 illustrate the use of Fibre Bragg Gratings (FBGs) and Planar Bragg Gratings (PBGs) to assist
in fibre positioning and alignment of a fibre to a planar waveguide. A simple type of fibre/substrate assembly is a fibre
pigtail, in which an optical fibre is bonded to a substrate containing a planar waveguide such that the fibre and waveguide
are in optical alignment and light can travel from one to the other. The present invention can be used to fabricate
assemblies of this type, with FBGs and PBGs used to aid alignment.

[0056] Figure 11 shows a series of side views of a pigtail assembly during and after manufacture. In Figure 11(a), an
optical fibre 1 having a core 1b is placed into a trench 7 cut into a substrate 2 to make a pre-assembly. The substrate
2 has a planar waveguide 13 formed within it, and the trench 7 is located such that a fibre in the trench 7 can be brought
into alignment with the waveguide 13. In Figure 11(b), glass material (silica soot) 4 has been deposited over the surface
of the pre-assembly, using FHD for example. In Figure 11(c), consolidation has been carried out and the amorphous
glass 5 has formed over the fibre 1 and the substrate 2 to bond them together.

[0057] Figure 12 shows how Bragg gratings may be used to assist in this fabrication. Figure 12(a) shows an optical
fibre 1 placed in a trench 7 in a substrate 2 having a planar waveguide 13, as in Figure 11(a). In this example, however,
both the planar waveguide 13 and the optical fibre 1 have Bragg gratings (BG) defined therein. For alignment, the optical
fibre 1 may manipulated by any or all of rotation (as shown by the arrow), linear movement in any or all of the x, y and
z directions, and tilting (pitch and yaw) while light is directed along the fibre 1 or the waveguide 13. The degree of
alignment between the fibre 1 and the waveguide 13 affects how much light passes from one to the other, and this can
measured by monitoring the light reflected or transmitted by the gratings. Figure 12(b) shows an example of spectra
measured from the two gratings BG1 and BG2. When the spectra indicate that optimum alignment has been achieved,
the fibre can be secured in position, and the deposition and consclidation performed as in Figures 11(b) and 11(c). The
gratings can be erased by the consolidation stage if not required in the intended optical device.

[0058] Note that the various fibre placement and positioning techniques described above are not mutually exclusive,
and may be employed in combination if convenient or appropriate.

Machining

[0059] Figure 13 shows various views of fibre assemblies which have been physically modified by machining to enable
different optical devices to be implemented. Figure 13(a) shows a cross-sectional view of a fibre assembly 20 made
according to the invention, and which will have an upper portion of the optical fibre 1 removed by a horizontal cut (by
milling, for example), indicated by the shading portion. Figure 13(b) shows a cross-sectional view of a similar fibre
assembly 20 in which it is intended that a vertical portion of material parallel to the fibre length is cut away, thereby
removing a side of the fibre 1. The optical fibres 1 are thereby made D-shaped. In this way, the core 1b of the fibre 1
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can be made closer to the fibre surface, or exposed completely if more material is removed. Also, the smooth flat surface
formed by the machining can be desirable for some applications, such as in sensors and actuators that rely on evanescent
field exposure.

[0060] Figure 13(c) shows a perspective view of a fibre assembly 20, in which a vertical cut has been made in the
orthogonal direction, perpendicular to the fibre length and optical propagation direction. Thus, a trench or cavity 14 is
formed passing through the diameter of the fibre 1 that may be extended into the substrate 2. Cavities such as these
can be used to receive samples or modifying materials, the presence of which affects light propagating in the fibre in a
measurable manner so that the fibre assembly can be used for applications such as particle counting (free space detection
in the cavity), microfluidic detection (fluid sample in the cavity), and optical manipulation (polarising, waveplate, doped,
graphene, quantum dot, carbon nanotube, semiconductor, filter, dye or nonlinear materials in the cavity).

Devices and applications

[0061] The methods of the present invention can be used to fabricate optical fibre assemblies not forming part of the
invention that can be designed for and used in a wide range of applications. A first category of devices uses precision
layup of the fibres, for example to form matrix fibre arrays.

[0062] Figure 14 shows perspective views of example devices. Multiple fibres 1 have been bonded to a substrate 2
in a densely packed parallel configuration, to form a matrix. The fibres can all be positioned in a single step, followed
by a single depositing step and a single consolidation step to form a single amorphous volume of consolidation glass
material 5 securing the fibres 1 to the substrate 2. In Figure 14(a) a single row of fibres has been packed on a substrate,
whereas Figure 14(b) shows a device comprising two rows of fibres. In this way, multiple fibres can be packed and
environmentally homogenised by being secured to the same planar optical substrate. The silicon junction or interface
layer formed by the consolidated glass can be utilised to manipulate cladding modes in the fibres, or for tolerance to
extreme environments.

[0063] A matrix format of multiple fibres provides high mechanical robustness, which can be utilised for applications
such as beam delivery and fibre packing. High temperature tolerance could be achieved, which is of benefit in large
optical power handling systems.

[0064] Figure 15shows a perspective view of a further matrix fibre assembly. In this example, the temperature tolerance
is assisted by the addition of one or more cooling loops 15 integrated into the substrate 2 carrying the matrix of closely
packed fibres 1.

[0065] The invention enables precise layering of fibres onto a planar substrate, which offers repeatable precision when
fabricating devices with set lengths of optical fibre waveguide. This is particularly useful in applications such as delay
lines, Sagnac interferometers, laser gyroscopes, precision fibre length devices, and phase control devices in which the
phase of light in a set length of fibre can be manipulated through integrated actuation, for example using thermal or
piezoelectric elements.

[0066] Fibre matrix arrays may also be useful in optical lantern arrangements [8]. Optical lanterns rely on two-dimen-
sional matrices of fibres, and this can be achieved by stacking rows of fibres sequentially between substrates as in
Figure 14(b), or by positioning two or more rows of fibres on a first row of fibres on a substrate. All the components can
be bonded using consolidated glass material according to the invention.

[0067] Forming a matrix by using a small diameter fibre having a thin cladding thickness around a regular diameter
core will allow high density precision layering of fibres to be achieved. This offers greater density for optical patching
applications.

[0068] Figure 16 shows a perspective view of an optical fibre device using backplane coupling which may be fabricated
according to the present invention. The substrate 2 includes a silicon wedge 16 arranged at an angle (in this example
45°) to the planar substrate surface and formed, for example, by machining of the substrate. A collection of ribbon fibres
1 is bonded to the substrate with their ends abutting or adjacent to the wedge 186, so that light in the fibres can couple
directly into a microelectronic chip (optical backplane coupling). Lateral propagation of the light is reflected perpendicular
to the chip and detectors or in reverse emitters.

[0069] A second category of devices for which the invention is useful are hybrid fibre planar devices, which use
propagation of light in optical fibres and also in planar waveguides to which the fibres are coupled.

[0070] Figure 17A shows a perspective view of a fibre Bragg grating device. Two fibres 1, which each have a tilted
Bragg grating 17 written into the core 1b, are bonded to a single substrate 2. Such a design might be of use in Bragg
fibre positioning ("layup"), which can be used to locate and environmentally stabilise Bragg gratings. These gratings
could be written prior or post fabrication, and the tilted configuration can be used for coupling to other fibres or planar
waveguides. They could also be used in a hybrid fibre planar device for sensing based applications or chip based
telecommunication processing.

[0071] Figure 17B shows a perspective view of another fibre Bragg grating device, similar to yet simpler than that of
Figure 17A. Afibre 1 is bonded to a substrate 2, and has a Bragg grating 17 written into the core 1b, tilted at about 45°
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to the light propagation direction. The fibre 1 may be a pre-aligned polarisation maintaining fibre. The device can operate
as a fibre polariser. When light is injected into the fibre 1, the grating 17 acts to selectively eject optical power from one
orthogonal polarisation while propagating the other polarisation (as indicated by the arrows in the Figure). This has
application in high power lasers, to ensure lasing of one polarisation. Unlike conventional fibre polarisers, a device of
this type according to the invention would be able to efficiently handle removal of power (via the ejected polarisation)
with a reduced risk of failure, largely due to the reduced amount of inherent structural defects achievable by the invention.
Furthermore, the substrate, for example being of silicon, can thermally stabilise the system and act to strip optical power
from the consolidated glass, for example silica, due to the higher refractive index of silicon.

[0072] In another application, existing fibre components such as fibre couplers may be environmentally and mechan-
ically stabilised by attaching or integrating them "on chip”, i.e. onto a substrate using methods of the invention. Greater
component density could be achieved. Selection of the various glass materials can be used to tailor devices for particular
applications. For example, depositing a glass material for consolidation which has a higher refractive index than the
cladding of the optical fibre components can be used to strip unwanted cladding modes from a system.

[0073] The applications discussed thus far typically use fibres with a relatively thick cladding layer. However, if the
fibre used consists solely of a core or has minimal cladding, the core guiding mode has its evanescent field exposed,
which can be exploited for particular application. The present invention could be used with such fibres to fabricate low-
loss photonic circuits. In this instance, the consolidated amorphous glass material acts as the cladding material.
[0074] Figure 18 shows a perspective view of an example photonic circuit of this type. Two fibres 1 are positioned on
the substrate 2 such that one fibre passes over the other, with the fibres in near or actual contact, to realise a cross
coupler. The fibres might be positioned using trenches of different depths as illustrated in Figure 6, for example.
[0075] During layup of the fibres on the substrate according to the invention, the alignment of the fibre surface with
respect to the planar substrate surface can be manipulated. For example, one can arrange a set twist along the fibre.
Applications for this include the manipulation of polarisation (i.e. TE to TM), or inducing a set chiral stress within the
fibre. Additionally, anisotropic stress fields can be applied during layering up and before consolidation. These concepts
can also be used to build components in optical circuit fabrication.

[0076] The invention facilitates the direct integration of planar optical processing (i.e. in a planar waveguide on a
substrate) to an optical fibre platform. Possibilities of this type include but are not limited to phase manipulation using
thermo-optic (e.g. heating elements), stress-optic (e.g. electro-restrictive and magneto-restrictive elements); and electro-
optic (e.g. electro-optic elements) devices, where the various elements are materials directly inserted into the propagation
direction of the waveguide or to positioned to access the evanescent field of a guided core or cladding mode.

[0077] Themechanicalrobustness ofdevicesfabricated accordingtothe inventionis appropriate foracoustic packaging
applications. For example, the robustness can be exploited to enable the acoustic focusing of a vibrational input (e.g.
via an acousto-optic modulator) into the core and/or cladding of an optical fibre of a fibre assembly.

[0078] The fibre assemblies also have microfluidic compatibility. Planar processing can be used to form microfluidic
channels in, on or through the optical fibre, or fibres in combination with one or more planar waveguides defined in the
substrate, to realise a range of microfluidic devices.

[0079] The fabrication process of the invention lends itself to the manipulation of cladding modes of the optical fibre
or fibres, which is of use in various optical devices. Cladding modes could either stripped altogether by depositing a
glass material for consolidation that has a composition with a refractive index greater than the cladding of the fibre, or
might be coupled into via guiding in the planar layer.

[0080] The invention can also be utilised for the manufacture of optical MEMS devices, where MEMS-like optical
components can be introduced to the fibre assembly through planar processing.

[0081] Figure 19 shows views of a first example of such a MEMS device. Figure 19(a) is a perspective view. A fibre
1 bonded to a substrate 2 overlies a membrane structure 18, created by the partial removal of underlying substrate
material and consolidated glass material 5. Through dopant manipulation in the deposited glass material, stress properties
in the membrane can be tailored for particular applications. Figure 19(b) shows a cross-section through the device along
line I-I.

[0082] Figure 20 shows schematic representations of other examples of MEMS-like structures achievable on fibre
assemblies made using the invention. In Figure 20(a), a fibre 1 passes over a membrane 19, in Figure 20(b) a fibre 1
sits on a cantilever structure 19, and in Figure 20(c) a fibre 1 is supported on a bridge 21.

[0083] Other applications for which the invention may be used include devices configured for stress manipulation on
an optical fibre such as by physical bulk actuation, to produce optical interactions such as four wave mixing; the packaging
of preprocessed fibre components such as fibre couplers; and narrow line laser devices, enabled due to the environmental
stabilisation offered by fibre assemblies according to embodiments of the invention (mechanical robustness, acoustic
engineering, high temperature tolerance, and cooling offered by a configuration such as that of Figure 15).

[0084] A third category of applications for which the invention is well-suited is that of optical pump schemes, both for
fibre lasers and for amplification applications. Configurations which may be produced using the invention include as-
semblies arranged for side pumping of an optical fibre; for end pumping of an optical fibre, plus a ridge structure to
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laterally confine the pump beam; and for end pumping with some glass material etched away after assembly fabrication
to vertically confine the beam with a high numerical aperture.

[0085] Figure 21 shows a perspective view of a device configured for side or end pumping of the optical fibre 1.
Consolidation of deposited silica 5 to secure the fibre 1 also forms a thick underclad layer for guiding of a pump mode.
Then, a planar core layer 22 with a tailored refractive index difference compared to the underclad layer is deposited onto
the underclad layer. The core layer 22 is in a plane with the fibre's core 1b. Pump light can be propagated in the core
layer 22 and will couple into the fibre core 1b by an end geometry (arrow D) or a side geometry (arrow C).

[0086] Figure 22 shows a perspective view of a device configured for end pumping of the optical fibre. A end pumped
geometry with the planar core layer not in plane to the fibre's core. The deposited and consolidated material is again
configured to provide a planar core layer for pump propagation, but in this example the core layer is not in plane with
the core 1b of the fibre 1. Grooves 23 are etched into the consolidated layers 5, 22 and the substrate 2 to confine the
pump beam.

[0087] Finally, inthe above and other devices, thermal conductivity offered by the substrate can be utilised to achieve
thermal stabilisation of the bonded fibres. This can be combined with integrated cooling loops as illustrated in Figure
15. Examples of uses include uniform thermal management of a devices, thermally and environmentally stabilised fibres,
and stress manipulation in the consolidated medium.

[0088] The present invention therefore provides an improved method for fabricating assemblies comprising one or
more optical fibres bonded to a substrate, capable of producing assemblies which are both mechanically and optically
superiorto devices produced by known methods. Appropriate selection of materials can be used to tailor device properties
for a range of applications, and additional processing steps and components can be incorporated to produce a large
variety of optical devices.
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Claims
1. A method of forming an optical fibre assembly (20), comprising:

providing a planar substrate (2) made of a first material;

positioning an optical fibre (1) with an outer layer (1a) of a first glass material on a surface of the substrate to
form a pre-assembly;

depositing a further glass material (4) onto the pre-assembly, over at least a part of the optical fibre and adjacent
parts of the substrate surface; and

heating the pre-assembly to consolidate the further glass material into an amorphous volume (5) in contact with
at least parts of the surface of the substrate and the outer layer of the optical fibre, thereby bonding the optical
fibre to the substrate to create the optical fibre assembly;

characterised in that the further glass material is a soot deposited using flame hydrolysis deposition.

2. A method according to claim 1, wherein the first glass material and the further glass material are substantially the

1"



10

15

20

25

30

35

40

45

50

55

10.

11.

12.

13.

EP 3 158 374 B1
same material or are miscible alloys of each other.

A method according to claim 2, wherein the first material is substantially the same as or a miscible alloy of the first
glass material and/or the further glass material.

A method according to any one of claims 1 to 3, wherein an interface between the outer layer and the amorphous
volume and/or an interface between the amorphous volume and the planar substrate are optically transmissive to
wavelengths of light supported by the optical fibre.

A method according to any one of claims 1 to 4, wherein the further glass material comprises silica.

A method according to any one of claims 1 to 4, wherein the further glass material comprises a non-silicate glass.
A method according to any preceding claim, wherein the substrate has an oxide layer on its surface.

A method according to claim 7, wherein the oxide layer is thermally grown.

A method according to claim 7 or claim 8, further comprising forming the oxide layer on the surface of the substrate.

A method according to any preceding claim, wherein the further glass material includes one or more dopants, the
method further comprising adding one or more dopants to the further glass material after depositing it, by solution
doping or pressurised gas saturation.

A method according to any one of claims 1 to 9, further comprising adding one or more dopants to the soot by
injecting precursor vapours containing the one or more dopants into the flame hydrolysis deposition flame.

A method according to any one of claims 1 to 11, wherein positioning the optical fibre on the surface of the substrate
comprises laying the optical fibre in a trench (7) or groove (8) in the substrate surface, or comprises fusion splicing
the optical fibre into its position, or comprises passing the optical fibre through one or more holes (10) in the substrate,
or comprises holding the optical fibre in position with one or more shims (8) or mechanical clips, or includes monitoring
light reflected or transmitted from a Bragg grating (BG2) included in the optical fibre and a Bragg grating (BG1) in
a planar waveguide (13) included in the substrate and having said Bragg grating (BG1).

A method according to any preceding claim, further comprising masking one or more areas of the substrate surface
and/or the positioned optical fibre before depositing the further glass material to prevent deposition of the further
glass material onto the masked areas.

Patentanspriiche

1.

Verfahren zur Herstellung einer optischen Fasereinheit (20), Folgendes umfassend:

Bereitstellen eines planaren Substrats (2), das aus einem ersten Material angefertigt ist;

Positionieren einer optischen Faser (1) mit einer &uReren Schicht (1a) eines ersten Glasmaterials auf einer
Oberflache des Substrats, um eine Vormontageeinheit auszubilden;

Abscheiden eines weiteren Glasmaterials (4) auf der Vormontageeinheit Gber mindestens einem Teil der opti-
schen Faser und benachbarten Teilen der Substratoberflache; und

Erhitzen der Vormontageeinheit, um das weitere Glasmaterial zu einem amorphen Volumen (5) zu konsolidieren,
das mit mindestens Teilen der Oberflache des Substrats und der &ulReren Schicht der optischen Faserin Kontakt
steht, wodurch die optische Faser mit dem Substrat verbunden wird, um die optische Fasereinheit zu erzeugen;
dadurch gekennzeichnet, dass das weitere Glasmaterial ein Rul} ist, der unter Verwendung von Flammen-
hydrolyseabscheidung abgeschieden wird.

Verfahren nach Anspruch 1, wobei das erste Glasmaterial und das weitere Glasmaterial im Wesentlichen das gleiche
Material sind oder mischbare Legierungen voneinander sind.

Verfahren nach Anspruch 2, wobei das erste Material im Wesentlichen das gleiche wie das Glasmaterial und/oder
das weitere Glasmaterial oder eine mischbare Legierung davon ist.
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Verfahren nach einem der Anspriiche 1 bis 3, wobei eine Schnittstelle zwischen der &uReren Schicht und dem
amorphen Volumen und/oder eine Schnittstelle zwischen dem amorphen Volumen und dem planaren Substrat fur
Lichtwellenlangen optisch durchlassig sind, die durch die optische Faser unterstitzt werden.

Verfahren nach einem der Anspriiche 1 bis 4, wobei das weitere Glasmaterial Silikat umfasst.
Verfahren nach einem der Anspriiche 1 bis 4, wobei das weitere Glasmaterial ein Nichtsilikatglas umfasst.

Verfahren nach einem der vorhergehenden Anspriiche, wobei das Substrat eine Oxidschicht auf seiner Oberflache
aufweist.

Verfahren nach Anspruch 7, wobei die Oxidschicht thermisch aufgewachsen ist.
Verfahrennach Anspruch 7 oder 8, weiterhin Ausbilden der Oxidschicht auf der Oberflache des Substrats umfassend.

Verfahren nach einem der vorhergehenden Anspriche, wobei das weitere Glasmaterial einen oder mehrere Dotie-
rungsstoffe umfasst, das Verfahren weiterhin Hinzufligen eines oder mehrerer Dotierungsstoffe zu dem weiteren
Glasmaterial nach seinem Abscheiden durch Lésungsdotieren oder Druckgassattigung umfassend.

Verfahren nach einem der Anspriiche 1 bis 9, weiterhin Hinzufligen eines oder mehrerer Dotierungsstoffe zu dem
RuR durch Injizieren von Vorstufendampfen, die den einen oder die mehreren Dotierungsstoffe enthalten, in die
Flamme der Flammenhydrolyseabscheidung umfassend.

Verfahren nach einem der Anspriiche 1 bis 11, wobei Positionieren der optischen Faser auf der Oberflache des
Substrats Auslegen der optischen Faser in einem Graben (7) oder einer Rille (6) in der Substratoberflache umfasst
oder thermisches SpleilRen der optischen Faser in ihre Position umfasst oder Durchlassen der optischen Faser
durch ein oder mehrere Lécher (10) in dem Substrat umfasst oder Halten der optischen Faser in Position mit einer
oder mehreren Distanzplatten (8) oder mechanischen Clips umfasst oder Uberwachen von Licht umfasst, das von
einem Bragg-Gitter (BG2), das in der optischen Faser enthalten ist, und von einem Bragg-Gitter (BG1) in einem
planaren Wellenleiter (13) reflektiert oder Ubertragen wird, der in dem Substrat enthalten ist und das Bragg-Gitter
(BG1) aufweist.

Verfahren nach einem der vorhergehenden Anspriiche, weiterhin Maskieren eines oder mehrerer Bereiche der
Substratoberflache und/oder der positionierten optischen Faser vor Abscheiden des weiteren Glasmaterials umfas-
send, um eine Abscheidung des weiteren Glasmaterials auf den maskierten Bereichen zu verhindern.

Revendications

1.

Procédé de formation d’'un ensemble fibre optique (20), comprenant :

I'obtention d'un substrat plan (2) constitué d’'un premier matériau ;

le positionnement d'une fibre optique (1) avec une couche externe (1a) d’'un premier matériau vitreux sur une
surface du substrat pour former un pré-ensemble ;

le dépdt d’'un autre matériau vitreux (4) sur le pré-ensemble, par-dessus au moins une partie de la fibre optique
et des parties adjacentes de la surface du substrat ; et

le chauffage du pré-ensemble pour consolider I'autre matériau vitreux a l'intérieur d'un volume amorphe (5) en
contact avec au moins des parties de la surface du substrat et la couche externe de la fibre optique, assemblant
ainsi la fibre optique au substrat pour créer I'ensembile fibre optique ;

caractérisé en ce que I'autre matériau vitreux est une suie déposée au moyen d’'un dépét par hydrolyse a la
flamme.

2. Procédéselonlarevendication 1, dans lequel le premier matériau vitreux et I'autre matériau vitreux sont sensiblement

le méme matériau ou sont des alliages miscibles I'un de l'autre.

3. Procédé selon la revendication 2, dans lequel le premier matériau est sensiblement identique au ou un alliage

miscible du premier matériau vitreux et/ou de I'autre matériau vitreux.
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Procédé selon I'une quelconque des revendications 1 a 3, dans lequel une interface entre la couche externe et le
volume amorphe et/ou une interface entre le volume amorphe et le substrat plan sont optiquement transmissives
pour des longueurs d'onde de lumiére supportées par la fibre optique.

Procédé selon I'une quelconque des revendications 1 a 4, dans lequel I'autre matériau vitreux comprend de la silice.

Procedé selon 'une quelconque des revendications 1 a 4, dans lequel 'autre matériau vitreux comprend un verre
non silicaté.

Procédé selon une quelconque revendication précédente, dans lequel le substrat a une couche d'oxyde sur sa
surface.

Procédé selon la revendication 7, dans lequel la couche d'oxyde est élaborée thermiquement.

Procedé selon la revendication 7 ou la revendication 8, comprenant en outre la formation de la couche d'oxyde sur
la surface du substrat.

Procédé selon une quelconque revendication précédente, dans lequel I'autre matériau vitreux comporte un ou
plusieurs dopants, le procédé comprenant en outre I'ajout d’'un ou plusieurs dopants a |'autre matériau vitreux aprés
son dépét, par dopage en solution ou saturation par gaz sous pression.

Procedé selon I'une quelconque des revendications 1 a 9, comprenant en outre I'ajout d'un ou plusieurs dopants a
la suie par injection de vapeurs de précurseur contenant le ou les dopants dans la flamme de dépét par hydrolyse
a la flamme.

Procédé selon l'une quelconque des revendications 1 & 11, dans lequel le positionnement de la fibre optique sur la
surface du substrat comprend la pose de la fibre optique dans une tranchée (7) ou une rainure (8) dans la surface
du substrat, ou comprend I'épissure par fusion de la fibre optique dans sa position, ou comprend le passage de la
fibre optique a travers un ou plusieurs trous (10) dans le substrat, ou comprend |le maintien de la fibre optique en
position avec une ou plusieurs cales (8) ou attaches mécaniques, ou comporte la surveillance de |la lumiére réfléchie
ou transmise depuis un réseau de Bragg (BG2) contenu dans la fibre optique et un réseau de Bragg (BG1) dans
un guide d'ondes plan (13) contenu dans le substrat et ayant ledit réseau de Bragg (BG1).

Procédé selon une quelconque revendication précédente, comprenant en outre le masquage d'une ou plusieurs

zones de la surface du substrat et/ou de la fibre optique positionnée avant le dépét de 'autre matériau vitreux pour
empécher le dépét de I'autre matériau vitreux sur les zones masquées.
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