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METHODS FOR RUGGED ATTACHMENT OF FIBERS TO
INTEGRATED OPTICS CHIPS AND PRODUCT THEREOF .
BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates generally to fiberoptic:
devices and techniques and, more particularly, to B
methods for attaching fibers to integrated optics chips
and the devices resulting from such methods.

2. Description of the Related Art ‘

Short lengths of optical fibers called "pigtails"
are bonded to integrated optics chips to aid in coupllng
to devices on the chips. Once installed, a plgtall
allows fiber-to-fiber splicing to be carried out.

Previous methods for attaching optical fibers to.
integrated optics chips involve the use of epoxy
adhesives or metal-to-metal welding. an example of the
latter is the method dlsclosed in U.S. Patent
Application Serial No. 006,164, entitled : ,
"Microattachment of Optical Fibers," filed Janu5r§'23,
1987, and assigned to the assignee of the present l
invention, which application is hereby 1ncorporated by
reference herein. A

Epoxy bonds tend to be limited by the ,
characteristics of the epoxy (for example, by changes in
light-transmitting and mechanical properties in the
desired operating temperature range), are slow to set .
up, and are difficult to use in an automated production
environment. Past methods of metal-to-metal welding
have involved structurally asymmetric attachment ;
arrangements which result in undesirably high thermal
sensitivities of the optical splices. In an asymmetric
attachment, the disparity in coefficients of thermal
expansion between adjacent dissimilar materials results
in thermally--induced stresses on the fiber. It would
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be a great advance in the art of attaching optical
fibers to integrated optics chips if a method could be
found which is suited for batch processing and provides
a joint which is symmetric and thermally insensitive.
SUMMARY OF THE INVENTION

A method for providing a rugged attachment of an
optical fiber to an integrated optics chip comprises
attaching a first plate to a first major surface of the
chip substrate on which the optical circuits reside,
removing material from a second major surface of the
chip to leave a chip thickness smaller than the diameter
of the fiber to be attached to the chip but of
sufficient optical thickness so that the evanescent
field of a guided mode has a negligibly small value
outside the chip, attaching a second plate to a second
major surface of the reduced-thickness chip, coaxially
jacketing an end portion of the fiber with a material
suited for attachment to the first and second plates,
positioning an end face of the fiber with respect to the
chip so that the fiber is properly optically coupled to
a desired portion of an end face of the chip, and
attaching the jacket of the fiber end face symmetrically
to both the first and second plates at a plurality of -
locations.

Alternatively, a single plate can be attached to
the first major surface of the chip without reducing the
thickness of the chip, and the jacket of the fiber end
face can be attached symmetrically to both the plate and
the chip substrate at a plurality of locations. 1In this
embodiment the material of the plate must be the same as
the material of the chip substrate. In a variation on
this alternative embodiment, the single plate and the
chip substrate comprise materials which are suitable for
attachment to the curved periphery of an unjacketed
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fiber, so that the fiber itself can be symmetricaily

attached to the plate and the substrate at a’ plurallty
of locations.

The resulting connection between the opﬁical fiber

~ and the integrated optics chip is rugged, thermally

insensitive, and suited for batch production processes.
In particular, a wafer comprising a plurallty of chlps
can be sandwiched between first and second plates or
reinforced with a single top plate, and subseqﬁently
subdivided into individual chips to which optlcaI fibers
are then attached by the method disclosed. _

Techniques of attaching the sandwiching pléﬁes or
reinforcing plate include using an adhesive, anodic
bonding, and laser welding. Jacketing of the optical
fiber can be accomplished either by sliding an end of
the fiber into a coaxial sleeve of the jacketing -
material or by coating an end portion of the flber with-
a coaxial layer of the material. Suitable coatlng,
procedures include electroplating, electroless
deposition, vapor deposition, and the appllcatlon of the
coating material in ligquid form. N

In the embodiment in which the integrated optics -
chip is reduced in thickness, removal of material ﬁrom
the chip can be done by polishing. Monltorlng of the
thickness of the chip during the pollshlng proceas can
be effected in a variety of ways’ 1nclud1ng
electro-acoustic techniques.

BRIEF DESCRIPTION OF THE DRAWINGS

The various features and advantages of the present
invention will become apparent from the follow1ng
detailed description taken together w1th the
accompanying drawings, in which:

Fig. 1 is a top plan view of an integratedudbflcs
chip which is to be pigtailed; the chip contalns ay
circuit typically used in fiberoptic gyroscopes; ,

Fig. 2 is an end elevational view of the chlp of
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Fig. 3 is an end elevational view of an integrated
optics chip with a first plate attached in accordance
with the invention using an epoxy adhesive;

Fig. 4 is an end elevational view of an integrated
optics chip with a first plate attached according to the
invention using an anodic bonding technique;

Fig. 5 is an end elevational view of a chip with
plate attached after polishing of the chip to remove
material;

Fig. 6 is an end elevational view of an integrated
optics chip with a second plate attached to the chip
after its thickness has been reduced;

Fig. 7 is an end elevational view of an optical
fiber jacketed according to the present invention;

Fig. 8 is a side elevational view, in section, of
an optical fiber end being inserted into a sleeve of
jacketing material;

Fig. 9 is a side elevational view of a jacketed
optical fiber attached to an end face of a sandwiched
integrated optics chip according to the present
invention;

Fig. 10 is a sectional view as indicated in
Fig. 9;

Fig. 11 is a side elevational view of a jacketed
optical fiber attached to a reinforced integrated optics
chip according to the present invention;

Fig. 12 is a sectional view as indicated in
Fig. 11;

Fig. 13 is an end elevational view of a sandwiched
integrated optics wafer; and

Fig. 14 is an end elevational view of a reinforced
integrated optics wafer.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 shows a top plan view of an integrated
optics (IO) chip 2, which is to be ‘pigtailed, compr151ng
an optical Y circuit 4 on a substrate. The v optlcal
circuit 4 is of a type typically used in flberoptlp
gyroscopes. The standard circuit has an acoustic
transducer 6 placed in an unused portion of the chip 2.
Transducer 6 consists of an electrode pattern which 1s
designed to launch acoustic waves into the substrate of
chip 2 over a broad bandwidth (a few hundred MHz to 1
GHz). Such an electrode pattern is deposited via
conventional photolithographic and vacuum deposition
techniques on the substrate of the'chip; The spaclnq
between the branches of Y circuit 4 at an end face 11 of
chip 2 is typically on the order of 200 to 400 °
micrometers.

Fig. 2 shows an end elevational view of IO chip 2
as seen from the right in Fig. 1. Optical wavegulde end
faces 12 and 14 are the terminations of the two branches
of ¥ circuit 4 at the end face 11 of chip 2. 1In these
figures the center-to-center distance 8 can be about 350
micrometers, the height 16 of chip 2 can be about 1 mm, -
and the width 18 of chip 2 can be about 3 mm. :

The first step in a method for providing rugged
attachment of an optical fiber to integrated optlcs chip
2 is to attach a suitable glass, ceramic, or metal plate
20 to the top surface of chip 2 as shown 1n Fig. 3,
substantially flush with end face 11. Varlous bondlng
techniques which include the use of epoxy glues’ and
anodic techniques can be employed. - The use of an epoxy
adhesive to bond plate 20 to the top surface of chip 2
is illustrated in Fig. 3, where reference numeral 22
represents a thin layer of adhesive between plate 20 and
chip 2. Fig. 4 illustrates the use of an anodic bending
technique to join plate 20 with chip 2. In anodic
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bonding, a suitable dielectric buffer layer 24 is
deposited on the top surface of chip 2. Dielectric film
24 is typically about 5,000 angstroms thick. A metal
plate can then be bonded to dielectric film 24 by
applying pressure between the plate and the film and
simultaneously applying an electric field to produce
migration of metal atoms into the film.

The next step in the process of the invention is to
reduce the thickness of chip 2 by removing material from
bottom surface 26. One method for deing this would be
to polish bottom surface 26. The resulting thickness
should be less than a fiber diameter but should be of
sufficient optical thickness to contain the guided mode
with negligible "leakage" from the waveguide. In other
words, the evanescent field of the guided mode should
have negligible strength outside the bottom surface 26
of chip 2, where "negligible" means that the light loss
can be tolerated in a particular application.

Fig. 5 shows an end elevational view of a
plate-chip combination with reduced-thickness chip 28
having a final thickness of about 10 micrometers. The
thickness of reduced-thickness chip 28 can be measured
by determining the acoustic resonance frequencies of the
transducer deposited in the beginning of the process or
by several other techniques.

Next, as shown in Fig. 6, a second metal, glass, or
ceramic plate 29 similar in dimensions to first plate 20
in dimensions is attached to the bottom surface of
reduced-thickness IO chip 28 using the same technique as
was used to attach first plate 20. The resulting
sandwiched chip 30 is then ready for attachment of an
optical fiber.

Before attachment to sandwiched chip 30, an optical
fiber 32 is prepared as follows. As shown in Fig. 7
which is an end view of a fiber prepared for chip
attachment, the outer surface of fiber 32 must be coated

7
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with a material that is capable of being laser welded,
E-beam welded, or otherwise attached to plates 20 and'29
which form a sandwich of reduced-thickness chip 28. The
metal, glass, or ceramic jacket 34 can be formed“on

- fiber 32 in a variety of ways. Jacket 34 may: be ‘flush

with the end of fiber 32 or it may protrude Beyond the
end in a clip-like structure. The fiber shown in Flb 7
is a particular type of polarization maintaining (PM) .
fiber (Corning PRSM (for "polarizatiohn retaining
single-mode")) but any type of fiber can be used’in
general with this technique. Fiber core 36 and stress
members 38 and 40 are contained in claddlng 42 of*flber
32. '

In the case of a metal jacket, a jacket coating 34
can be applied by a vapor transport process (such as by
evaporation), by electroplating, by an electroless
process, or by fitting a coaxial sleeve of the’metal
over the fiber. A coaxial sleeve arrangement also works
well with other materials such as glasses, plastlcs, or
ceramics. Fig. 8 is a side view, in sectlon, of an
optical flber end being inserted into a sleeve of
jacketlng material. ,

As shown in the side view of Fig. 9, a jacketed )
fiber end face is next positioned adjacent a narrow end
face of sandwiched chip 30 so that light from a N
waveguide 12 can properly transmit light to or rédeive
light from fiber core 36. The end of jacket 34 on fiber
32 is then joined (for example, by welding) to the
narrow end faces 44 and 46 of top plate 20 and bottom
plate 29, respectively. The welding is done
symmetrically with respect to a plane through the center
of fiber 32 parallel to either surface of Chlp 28.: One
possible symmetric pattern of welds is shown in the
sectional view of Fig. 10. The plurality of symmetrlcal
welds 48 comprise a rugged attachment of fiber 32'to ‘
chip 28 which will not result in thermal stresses on
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either fiber 32 or chip 28 when the ambient temperature
changes.

The technique described above is well suited to
attaching fibers to single-crystal integrated optics
chips such as those made of lithium niobate (LiNbO;),
gallium arsenide (GaAs), and potassium titanyl phosphate
(KTP) . An alternative technique in accordance with the
invention can be used for attaching a fiber (jacketed or
unjacketed) to a glass substrate. In this alternative
process the attachment of only a top plate is required,
as shown in Fig. 3. The step of polishing the bottom
surface of the substrate to remove material is
unnecessary, as is attachment of a bottom plate.

Fig. 11 shows a side elevational view of chip
substrate 2 reinforced with a top plate 20, and an
optical fiber 32 (jacketed or unjacketed) positioned
next to substrate 2 and plate 20 in preparation for
attachment. In the sectional view of Fig. 12, optical
fiber jackets 34a and 34b are shown attached to top
plate 20 and substrate 2 by a plurality of welds 48 at
symmetrical locations with respect to a plane parallel
to the top surface of substrate 2 which passes through
the centers of fiber cores 36a and 36b. The fibers 32a
and 32b in this alternative technigue need not be
jacketed if their curved surfaces are made of a material
which can be directly attached to top plate 20 and chip
substrate 2.

The methods described above produce stable,
thermally rugged, and symmetric attachments between I0
chips and coated or uncoated optical fibers.

Fibers and waveguides can be of any type including
rib waveguides. For a rib waveguide or an electroded
chip, a layer is placed on the top surface of the chip,
and perhaps polished, to assure a flat surface for
attachment of a top plate.
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The processes of the invention can be carried out
on chips and on wafers. A wafer comprising a plurality
of integrated optics chips can be attached to a ‘top
plate, reduced in thickness, and then attached to a
bottom plate as described above. The sandwiched,
reduced-thickness wafer can subsequently be cut into;
individual IO chips for attachment of optical fibers in
the manner described above.

Fig. 13 is a side elevational view of a sandwiched
wafer 50 before subdivision into individual chips.
Similarly, a wafer comprising a plurality of 1o ch;pscon
a glass substrate can be attached to a single top plate
without being reduced in thickness, as shown in Fig. 14.
The resulting reinforced wafer 52 can then be cut,into a
plurality of individual IO chips to which optical fibers
can be attached by the methods described above. These
wafer methods are well suited for fabrication on a
production basis. :

The rugged optical fiber attachments and thermally
insensitive connections produced in accordance w1th the
invention are well matched to single~crystal and
amorphous IO substrates. The choice of material for the
top and bottom plates covers a wide range (glasses,
ceramics, and metals), with the bonding technology .being
chosen for the particular selections of plate and
substrate materials. Since the bonding methods can be
applied to chips or wafers, fabrication of chlp-flber
devices can be done readily at high rates of productloh.
The techniques described above permit rapid attachment
of multiple fibers to a single end face of an intégrated
optics chip. The multiple fibers can be located ln
close proximity to each other, a feature which 1s
vitally important for fiber optic gyroscope manufacture

The above-described embodiments of the invention
are furnished as illustrative of its principles, and are
not intended to define the only embodiments possible in

Fr
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accordance with our teaching. Rather, the invention is
to be considered as encompassing not only the specific
embodiments shown, but also any others falling within
the scope of the following claims.

"
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WHAT IS CIAIMED IS:

1. A method for attachment of an optical fiber to
an integrated optics chip comprising: &

(a) attaching a first surface of a first plate to a
first surface of a substrate of said chip hav1ng a llght
conduit thereon ending at an end face thereof so that an
end face of said first plate extends substantially to
said end face of said chip;

(b) removing material from a second surface of .said
chip opposite said first surface to leave a thlckness of
said chip less than a diameter of said fiber;

(c) attaching a first surface of a second plate to
said second surface of said chip, an end face of said
second plate extending substantially to said end face of
said chip; ‘

(d) coaxially jacketing at least a portion of sa1d
fiber with a material suitable for attachment’ to both
said first and second plates; ;

(¢) positioning an end face of said fiber adjacent
to said end face of said chip so that said fiber can
properly transmit light to and receive light from sald
conduit; and

(£) attaching a jacket resulting from step d) at
said end face of said fiber to said end faces of Sald
first and second plates at a plurality of symmetrlcal
locations. ‘

2. The method of claim 1 wherein said locatlons in
step (f) are symmetrically disposed with respect to the
central plane of said chip, said plane being parallel to
said first and second surfaces of said chlp. v

3. The method of claim 1 wherein sald attachlng in
step (a) is done with an adhesive. i

4. The method of claim 1 wherein said attachlng 1n
step (c) is done using an adhesive.
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5. The method of claim 1 wherein said attaching in
step (a) is done by anodic bonding.

6. The method of claim 1 wherein said attaching in
step (c) is done by anodic bonding.

7. The method of claim 1 wherein said removing
material from said second surface of said chip in step
(b) is done by polishing. 7

8. The method of claim 1 wherein saig jacketing in
step (d) comprises sliding an end of said fiber into a
coaxial sleeve of said material open at both ends
thereof.

9. The method of claim 1 wherein said jacketing in
step (d) comprises coating said fiber with a coaxial
layer of said material.

10. The method of claim 9 wherein said coating is
done by an electroplating process.

11. The method of claim 9 wherein said coating is
done by an electroless deposition process.

12. The method of claim 9 wherein said coating is
done by a vapor deposition process.

13. The method of claim 9 wherein said coating is
done by applying said material as a liquid.

14. The method of claim 1 wherein said jacketing
in step (d) leaves a jacket which extends slightly
beyond said end face of said fiber.

15. The method of claim 1 wherein saig attaching
in step (f) is done by electron beam welding.

16. The method of claim 1 wherein saig material in
step (d) is metallic and said attaching in step (£f) is
done by laser welding.

17. The method of claim 1 wherein said material in
step (d) is glass and said attaching in step (f) is done
by laser welding.

18. The method of claim 1 wherein said thickness in
step (b) is monitored electroacoustically.
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19. The method of claim 1 wherein saig chip
comprises a monocrystalline material chosen from the
group consisting of lithium niobate (LiNbO5); gallium
arsenide (GaAs), and potassium titanyl phosphate (KTP).

20. The method of claim 1 wherein said chip

- comprises a glass. g o

21l. The method of claim 1 wherein said thlckness
of said chip following step (b) corresponds to an
optical thickness that is sufficient to make the‘
evanescent field of a guided mode negligibly small
outside said chip.

22. A method for attachment of at least one )
optical fiber to an integrated optics chip comprlslng

(a) attaching a first surface of a plate to a first
surface of a substrate of said chip having a llght
conduit thereon ending at an end face thereof so that an
end face of said plate extends substantially to sald end
face of said chip, said plate comprising a materlal the-
same as that of said substrate;

(b) coaxially jacketing at least a portion of said
fiber with a second material suitable for attachment to
both said plate and said substrate of said chip;

(c) positioning an end face of said fiber adjacent
to said end face of said chip so that said fiber ‘can
properly transmit light to and receive light from sald
conduit; and

(d) attaching said jacket at said end face: of said
fiber to said end faces of said substrate and sald plate
at a plurality of symmetrical locations. :

23. The method claim 22 wherein said locatlons in
step (d) are symmetrically disposed with respect *o the
plane in which said first surface of said ch1p
substantially 1lies.

24. The method of claim 22 wherein said attachlng
in step (a) is done with an adhesive.
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25. The method of claim 22 wherein said attaching
in step (a) is done by anodic bonding.

26. The method of claim 22 wherein said substrate
comprises a glass and said second material comprises a

" glass also.

27. The method of claim 22 wherein said attaching
in step (d) is done by laser welding. '

28. The method of claim 22 wherein said jacketing
in step (b) comprises sliding an end of said fiber into
a coaxial sleeve of said second material open at both
ends thereof so that said end face of said fiber extends
substantially to an end of said coaxial sleeve.

29. The method of claim 22 wherein said jacketing
in step (b) comprises sliding an end of said fiber into
a coaxial sleeve of said second material open at both
ends thereof so that said end of said fiber is nearly
flush with an end of said sleeve, said sleeve extending.
beyond said end of said fiber.

30. The method of claim 22 wherein said jacketing
in step (b) comprises coating said fiber with said
second material.

31. The method of claim 30 wherein said coating
comprises applying said second material as a liquid.

32. The method of claim 30 wherein saig coating
comprises depositing said second material by a vapor
transport process.

33. The method of claim 22 wherein step (b) is
omitted and in step (d) an unjacketed curved periphery
of said end face of said at least one fiber is attached
to said plate and said substrate as described.’

34. A method for facilitating the attachment of
optical fibers to integrated optics chips on a
production basis comprising:

(a) starting with a wafer comprising a plurality of
integrated optics chips on a first surface of a
substrate, attaching a first surface of a first plate to

(e
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said first surface of said wafer so that a perlpheral

edge of said first plate is substantlally flush w1th a

peripheral edge of said wafer substrate; ‘ : .
(b) removing material from a second surfhce of said

- substrate opposite said first surface to leave a

thickness of said substrate less than a dlameter -of one-
of said optical fibers; L

(c) attaching a first surface of a second plate?io
said second surface of said wafer so that said
peripheral edge of said substrate is substantially flush
with a peripheral edge of said second plate; :

(d) subdividing a sandwiched wafer resulting frem
step (¢) into a plurality of individual sandW1ched
integrated optics chips;

(e) coaxially jacketing at least a portisn‘of each
of said plurality of fibers with a material suitable for
attachment to portions of said first and second plates
remaining as part of an individual sandwiched chlp,

(£f) positioning an end face of each said fiber
adjacent to an end face of each said sandwiched chip so
that said fiber can properly transmit light to and
receive light from a light conduit ‘of said sandW1ched
chip ending at said end face; and

(g) attaching each of a plurality of jackéts
resulting from step (e) at each of said end faces of
said plurality of fibers positioned at each of said end
faces of said plurality of sandwiched chips to sald
remaining portions of said first and second plates at a
plurality of symmetrical locations. o

35. The method of claim 34 whereln said locatlons
in step (g) are symmetrically disposed with respect to
the central plane of each said sandwiched chip; said
plane being parallel to said first and second’ surfaces
of said chip. ’

36. The method of claim 34 wherein said- attachlng
in step (a) comprises using an adhesive.
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37. The method of claim 34 wherein saig attaching
in step (c) comprises using an adhesive.

38. The method of claim 34 wherein said attaching
in step (a) comprises anodic bonding.

39. The method of claim 34 wherein said attaching
in step (¢) comprises anodic bonding.

40. The method of claim 34 wherein said removing
material from said second major surface of said wafer
substrate in step (b) is done by polishing.

41. The method of claim 34 wherein said thickness
of said chip following step (b) corresponds to an
optical thickness that is sufficient to make the
evanescent field of a guided mode negligibly small
outside said chip.

42. A method for facilitating the attachment of
optical fibers to integrated optics chips on a
production basis comprising:

(a) starting with a wafer comprising a plurality of
integrated optics chips on a first surface of a
substrate, attaching a first surface of a plate
comprising a material the same as that of said substrate
of said wafer to said first surface of said wafer so
that a peripheral edge of said plate is substantially
flush with a peripheral édge of said wafer substrate;

(b) subdividing a reinforced wafer resulting from
step (a) into a plurality of individual reinforced
integrated optics chips;

(c) coaxially jacketing at least a portion of each
of said plurality of fibers with a material suitable for
attachment to said substrate and to a portion of said
plate remaining as part of an individual reinforced
chip;

(d) positioning an end face of each said fiber
adjacent to an end face of each said reinforced chip so
that said fiber can properly transmit light to and
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receive light from a light conduit of said reinforced
chip ending at said end face; and

(e) attaching each of a plurality of jackets
resulting from step (c) at each of said end faces of .

~ said plurality of fibers positioned at each of said end'

faces of said plurality of reinforced chips to said
substrate and said remaining portlon of said plate at a
plurality of symmetrical locations.

43. The method of claim 42 wherein said locations
in step (e) are symmetrically disposed with respect to
the central plane of each said reinforced chip, said
plane being parallel to said first and second surfaces
of said chip.

44. The method of claim 42 wherein said attachlng
in step (a) comprises using an adhesive.

45. The method of claim 42 wherein said attaching
in step (a) comprises anodic bonding.

46. The method of claim 42 wherein said substrate
comprises a glass and said second material comprises a
glass also. »

47. The method of claim 42 wherein said attaching
in step (e) comprises laser welding.

48. An optical device comprising: :

an integrated optics chip having a substrate with
at least one waveguide on a first surface thereof, a
first plate with a first surface thereof attached to
said first surface of said chip, and a second plate with
a first surface thereof attached to a second surféce of
said chip opposite said first surface thereof, said
first and second plates having end faces which extend
substantially to each end face of said chip thxough
which light coming from and leaving each sald wavegulde
would exit and enter said chip; and

at least one optical fiber, each said fiber havlng
an end face positioned adjacent said waveguide at one .of
said end faces of said chip so that said fiber can

L
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properly transmit light to and receive light from said
waveguide, said fiber having a coaxial jacket on at
least a portion thereof adjacent said fiber end face
attached to said first and second plates at a plurality

- of symmetrical locations.

49. The device of claim 48 wherein said locations
are symmetrically disposed with respect to the central
plane of said chip, said plane being parallel to said
first and second surfaces of said chip.

50. 2n optical device comprising:

an integrated optics chip having a substrate with
at least one waveguide on a first surface thereof, and
having a first plate with a first surface thereof
attached to said first surface of said chip so that an
end face of said first plate extends substantially to an
end face of said chip on which said waveguide ends; and

at least one optical fiber, each said fiber having
an end face positioned adjacent a location of each said
at least one waveguide at one of said end faces of said
chip so that said fiber can properly transmit light to
and receive light from said waveguide, said fiber having
a coaxial jacket on at least a portion thereof adjacent
said fiber end face attached to said first plate and to
said substrate at a plurality of symmetrical locations.

51. The device of claim 50 wherein said locations
are symmetrically disposed with respect to the plane in
which said first surface of said chip substantially
lies.

52. 2n optical device comprising:

an integrated optics chip having a substrate with
at least one waveguide on a first surface thereof, and
having a plate with a first surface thereof attached to
said first surface of said chip so that an end face of
said plate extends substantially to an end face of said
chip on which said waveguide ends; and

[
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at least one optical fiber, each sald flber having
an end face positioned adjacent a locatlon of sald
waveguide in said end face of said Chlp so that sald
fiber can properly transmit light to and recelve llght

- from said waveguide, said fiber hav1ng an outer core of

material attached to said plate and to sald substrate at
a plurality of symmetrical locations. Lo

53. The device of claim 52 whereln‘sald locatlons
are symmetrically disposed with respect to the plane in

which said first surface of said chip substantlally
lies.

54. A sandwiched wafer compr1s1ng a plurallty of
integrated optics chips on a first surface of a ‘
substrate, fabricated as an intermediate product_befdre
optical fibers are attached to individual chips .
comprising: . 5

A wafer having a substrate with said first surface
of said substrate attached to a first surface of-a. flrst
plate and a second surface opp051te said flrst surface
thereof attached to a flrst surface of a second plate,
said substrate having a thickness less than a dlameter
of an optical fiber to be attached.v - B

55. The wafer of claim 54 wherein sald substrate
is of sufficient optical thickness so that the
evanescent field of a guided mode is negllglbly small
outside said chip.

56. A reinforced wafer comprlslng a, plurallty of
integrated optics chips on a first surface of a
substrate, fabricated as an 1ntermed1ate product hefcre\p
optical fibers are attached to 1nd1v1dua1 chips
comprising: S

A wafer substrate having said first surface thereof
attached to a first surface of a plate, said plate
comprising a material the same as that of said .
substrate.
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57. A connection between an optical fiber having a
coaxial jacket on at least a portion thereof adjacent an
end face and a sandwiched integrated optics chip with
first and second plates attached to first and second

. opposite surfaces thereof comprising:

A plurality of localized junctions between an end
of said jacket and first and second end faces of said
first and second plates, respectively.

58. The connection of claim 57 wherein said
junctions are symetrically located with respect to the
plane in which said first surface of said chip
substantially 1lies.

59. A connection between an optical fiber having a
coaxial jacket on at least a portion adjacent an end
face thereof and a reinforced integrated optics chip
having a substrate with a first surface thereof attached
to a first surface of a plate comprising:

A plurality of localized junctions of an end of
said jacket with first and second end faces of said
substrate and said plate, respectively.

60. The connection of claim 59 wherein said
junctions are symmetrically located with respect to the
plane in which said first surface of said substrate
substantially lies.

61. A connection between an optical fiber and an
1ntegrated optics chip having a substrate with a first
surface attached to a first surface of a plate
comprising:

A plurality of localized junctions of an outer core
of material of said fiber at an end thereof with first
and second end faces of said plate and said substrate,
respectively.

62. The connection of claim 61 wherein said
junctions are symmetrically located with respect to the
plane in which said first surface of said substrate
substantially lies.
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AMENDED CLAIMS ,
[received by “thezInternatidnal Bureau
on 20 April 1990 (20.04.90);
original claims 1-4, 19-62 amended; other claims unchanged (14 pages

i

1. A method for attachmehnt of an optlcal‘flber}
having a predetermined diameter, to an integrated
optics chip having a light conduit thereon endlng at an
end face thereof, characterized by: .

(a) attaching a first surface of a first ﬁlate'to
a first surface of a substrate of said chip so that an 
end face of said first plate extends substantiélly to
said end face of said chip; '

removing material from a second surface of said
chip oppoiste said first surface to leave a thickness
of said chip less than said predetermined diameter of
said fiber;

(c) attaching a first surface of a second plate to
said second surface of said chip, an end face of said
second plate extending substantially to said end face
of said chip;

(d) coaxially jacketing at least a portion of said
fiber with a material suitable for attachment to both
said first and second plates; e

e

(e) positioning an end face of said fiber adjacent
to said end face of said chip so that said fiber can
properly transmit light to and receive light from sald
conduit; and :

(f) attaching a jacket resulting from step d)'ét
said end face of said fiber to said end faces of said
first and second plates at a plurality of symmetrlcal
locations.

2. The method of claim 1 wherein said locations in
step (f) are symmetrically disposed with respect to the
central plane of said chip, said'plane being parallel
to said first and second surfaces of said chip. |

3. The method of claim 1 wherein said attachiﬁg in
step (a) is done using an adhesive.
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4. The method of claim 1 wherein saigd attaching in
step (c) is done using an adhesive.

19. The method of claim 1 wherein said chip
comprises a monocrystalline material chosen from the
group consisting of lithium niobate (LiNbO3) gallium
arsenide (GaAs), and potassium titanuyl phosphate
(KTP) .

20. The method of claim 1 wherein said chip
comprises a glass.

21. The method of claim 1 wherein said thickness
of said chip following step (b) corresponds to an
optical thickness that is sufficient to make the
evanescent field of a guided mode negligibly small
outside said chip.

22. A method for attachment of an integrated
optics chip which has a light conduit thereon ending at
an end face thereof to at least one optical fiber,
characterised by:

(a) attaching a fist surface of a plate to a first
surface of a substrate of said chip so that an end face
of said plate extends substantially to said end face of
said chip, said plate comprising a meterial the same as
that of said substrate;

(b) cpoaxially jacketing at least a portion of
said fiber with a second material suitable for
attachment to both said plate and said substrate of
said chip;

(c) positioning an end face of said fiber adjacent
to said end face of said chip so that said fiber can
properly transmit light to and receive light from said
conduit; and

(d) attaching said jacket at said end face of said
fiber to said end faces of said substrate and said
plate at a plurality of symmetrical locations.

4.3
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23. The method of claim 22 wherein said 10catiéns
in step (d) are symmetrically disposed with respeét. to
‘the plane in which said first surface of said~chip"
substantially lies. :

24. The method of claim 22 wherein said aﬁtaéhing7

in step (a) is done with an adhesive.

R
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25. The method of claim 22 wherein said attaching
in step (a) is done by anodic bonding.

26. The method of claim 22 wherein said substrate
comprises a glass and said second material comprises a
glass also.

27. The method of claim 22 wherein said attaching
in step (d) is done byh laser welding.

28. The method of claim 22 wherein said
jacketing in step (b) comprises sliding an end of said
fiber into a coaxial sleeve of said second material
open at both ends thereof so that said end face of said
fiber extends beyond said end of said fiber.

29. The method of claim 22 wherein said jacketing
in step (b) comprises sliding an end of said fiber into
a coaxial sleeve of said second material open at both
ends thereof so that said end of said fiber is nearly
flush with an end of said sleeve, said sleeve extending
beyond said end of said fiber.

30. The method of claim 22 wherein said jacketing
in step (b) comprises coating said fiber with said
second material.

31. The method of claim 30 whreein said coating
comprises applying said second material as a liquid.

32. The method of claim 30 kwherein said coating
comprises depositing said second material by a vapor
transport process.

33. The method of claim 22 wherein step (b) is
omitted and in step (d) an unjacketed curved periphery
of said end face of said at least one fiber is attached
to said plate and said substrate as described.

34. A method of attaching a plurality of
integrated optics chips, initially on a first surface
of a substrate of a wafer to a plurality of optical



DA MRETD VR

o
i
1r( N

WO 90/09606 PCT/US89/03069

25

fibers having predetermined diameters, characterised -
by:

(a) attaching a first surface of a first plate to
said first surface of said wafer so that a periphefal
edge of said first plate is sustantially flush with a
peripheral edge of said wafer substrate; ,

(b) removing material from a second surface of
said substrate opposite said first surface to leave a
thickness of said substrate less than a predetermined
diameter of one of said optical fibers;

(c) attaching a first sface of a second plate to
said second srface of said wafer so that said g“
peripheral edge of said substrate is substantially
flush with a peripheral edge of said second plate;

(d) subdividing a sandwiched wafer resultlng from
step (c) into a plurality of individual sandwiched
integrated optics chips;

(e) coaxially jacketing at least a portion of each
of said pluralithy of fibers with a material suitablé |
for attachment to portions of said first and second
plates remaining as part of an individual sandw1ched—
chip;

(f) positioning an end face of each said fiber
adjacent to an end face of each said sandwiched chip so«
that said fiber can properly transmit light to and _J«
receive light from a light conduit of said sandw1ched n
chip ending at said end face; and : !

(g) attaching each of a plurality of jackéts
resulting from step (e) at each of said end faces of
said plurality of fibers positioned at each of éaid'end
faces of said plurality of sandwiched chips to said <
remaining portions of said first and second plates at a
plurality of symmetrical locations.
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35. The method of claim 34 wherein said locations
in step (g) are symmetrically disposed with respect to
the central plane of each said sandwiched chip, said
plane being parallel to said first and second surfaces
of said chip.

36. The method of claim 34 wherein said attaching
in step (a) comprises using an adhesive.
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37. The method of claim 34 wherein -said aﬁtaching
in step (c) comprises using an adhesive. ) '

38. The method of claim 34 wherein said attaching
in step (a) comprises anodic bonding.

39. The method of claim 34 wherein said attaching'
in step (c) comprises ganodic bonding.

40. The method of claim 34 wherein said remoﬁing
material from said second major surface of said wafer
substrate in step (b) is done by polishing.

41. The method of claim 34 wherein said thicknéss
of said chip following step (b) corresponds to“anyl‘
optical thickness that is sufficient to make the
evanescent field of a guided mode negligibly small ~
outside said chip.

42. A method for facilitating the attachment of a
plurality of integrated optics chips on a first surface
of a substrate of a wafer to a plurality of optical
fibers, characterised by:

(a) attaching a first surface of a plate
comprising a material the same as that of said
substrate of said wafer to said first surface so that a
peripheral edge of said plate is substantially flush
with a peripheral edge of said wafer substrate; i

(b) subdividing a reinfoced wafer resulting from.
step (a) into a plurality of individual reinforced
integrated optics chips;

(c) coaxially jacketing at least a portion of each
of said plurality of fibers with a material suitabie
for attachment to said substrate and to a portion of
said plate remaining as part of an individual ~f$.;i
reinforced chip;

(d) positioning an end face of each said fibers
adjacent to an end face of each said reinforced chf% so
that said fiber can properly transmit light to;éndT% ‘
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receive light from a light conduit of said reinforced
chip ending at said end face; and

(e) attaching each of a plurality of jackets
resulting from step (c) at each of said end faces of
said plurality of fibers positioned at each of said end
faces of said plurality of reinforced chips to said
substrate and said remaining portion of said plate at a
plurality of symmetrical locations.

43. The method of claim 42 wherein said locations
in step (e) are symmetrically disposed with respect to
the central plane of each said reinforced chip, said
plane being parallel to said first and second surfaces
of said chip.

44. The method of claim 42 wherein said attaching
in step (a) comprises using an adhesive.

45. The method of cliam 42 wherein said attaching
in step (a) comprises anodic bonding. '

46. The method of claim 42 wherein said substrate
comprises a glass and said second material comprises a
glass also.

47. The method of claim 42 wherein said attaching
in step (e) comprises laser welding.

48. An optical device with an integrated optics
chip having a substrate with at least one waveguide on
a first surface thereof, and at least one optical
fiber, characterised by:

a first plate with a first surface thereof
attached to said first surface of said chip, and a
second plate with a first surface therof attached to a
second face of said chip opposite said first suface
thereof, said first and second plates having end faces
which extend substantially to each end face of said
chip through which light coming from and leaving each
said waveguide would exit and enter said chip; and
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at least one optical fiber, each said fiber héﬁin@
an end face positioned adjacent said waveguide at one

of said end faces of said chip so that said fiber can



WO 90/09606 PCT/US89/03069
30

properly transmit light from said waveguide, said fiber
having a coaxial jacket on at least a portion thereof
-adjacent said fiber end face attached to said first and
second plates at a plurality of symmetrical locations.

49. The device of claim 48 wherein said locations
are symmetrically disposed with respect to the central
plane of said chip, said plane being parallel to said
first and second surfaces of said chip.

50.An optical device including an integrated
optics chip having a substrate with at least one
waveguide on a first suface thereof, and at least one
optical fiber, characterised by:

a first plate with a first surface thereof
attached to said first surface of said chip so that an
end face of said first plate extends substantially to
an end oface of said chip on which said waveguide ends;
and

each said fiber having an end face positioned
adjacent a location of each said at least one waveguide
at one of said end faces of said chip so that said
fiber can properly transmit light to and receive light
from said waveguide, said fiber having a coaxial jacket
on at least a portion thereof adjacent said fiber end
face attached to said first plate and to said sustrate
at a plurality of symmetrical locations.

51. The device of claim 50 wherein said locations
are smmetrically disposed with respect to the plane in
which said first surface of said chip substantially
lies.

52.An optical device including an integrated
optics chip having a substrate with at least one
waveguide on a first surface thereof, and at least one
optical fiber, characterised by:
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a plate with a first surface thereof attached to.
said first surface of said chip so that an end. face *b_f
said plate extends substantially to an end face of s.s%éid
chip on which said waveguide ends; and R
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each said fiber has an end face positioned
adjacent a location of said waveguide in said end face
of said chip so that said fiber can properly transmit
light to and receive light from said waveguide, said
fiber having an outer core of material attached to said
plate and to said substrate at a plurality of
symmetrical locations.

53. The device of claim 52 wherein said locatios
are symmetrically disposed with respect to the plane in
which said first surface of said chip substantially
lies.

54. A sandwiched wafer having a plurality of
integrated optics chips on a first surface of a
substrate; and first and second plates, characterised
by:

a first surface of said sustrate being attached to
a first surface of said first plate, and a second
surface opposite said first surface thereof attached to
a first suface of a second plate, said substrate having
a predetermined thickness less thn a diameter of an
optical fiber to be attached.

55. The wafer of claim 54 wherein said substrate
is of sufficient optical thickness so that the
evanescent field of a guided mode is negligibly small
ouside said chip.

56. A reinforced wafer having a plurality of
integrated optics chips on a first surface of a
substrate, characterised by:

said first surface of said substrate being
attached to a first surface of a plate, said plate
comprising a material the same as that of said
substrate.
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57. A connection between an optical fiber hving a
coaxial jacket on at least a portion theof adﬂadent an
‘end face and a sandwiched integrated optics chip with
first and second plates attached to firs; and secgnd
opposite surfaces thereof, characterised by: |

a plurality of localized junctionw between an end
of said jacket and first and second end faces of said
first and second plates, respectively.

58. The connection of claim 57 wherein said
junctions are symmetrically located with respect to the
plane in which said first surface of said c¢ hip '
substantially lies. .

59. A connection between an optical fiber ha&ing a
coaxial jacket on at least a portion adjacent an end
face thereof and a reinforced integrated optics,cﬁip
having a substrate with a first surface thereof
attached to a first surface of a plate, characterised
by: B

a plurality of localized junctions of an end of
said jacket with first and second end faces of said
substrate and said plate, respectively.

60. The connection of claim 59 wherein said
junctions are symmetrically located with respect to the
plane in which said first srface of said substrate
substantially lies.

61. A connection between an optical fiber and an
integrated optics chip having a substrate with a first
surface attached to the first surface of a plate,
characterised by:

a plurality of localized junctions of an outer
core of material of said fiber at an end thereof with
first and second end faces of said plate and said‘
substrate, respectively
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62. The connection of claim 61 wherein said
junctions are symmetrically located with respect to the
- plane in which said first surface of said substrate
substantially lies.
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