Office de la Propriete Canadian CA 2869678 A1 2013/10/17

Intellectuelle Intellectual Property
du Canada Office (21) 2 869 678
(Lj’,[‘ng[%?rfi“esgaena i mjgtf;‘éyaﬁ; i 12y DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2013/04/11 (51) ClL.Int./Int.Cl. G02B 6/36 (2006.01),

G02B 6/42 (2006.01)

(71) Demandeur/Applicant:
NANOPRECISION PRODUCTS, INC., US

(72) Inventeurs/Inventors:

(87) Date publication PCT/PCT Publication Date: 2013/10/17
(85) Entree phase nationale/National Entry: 2014/10/03
(86) N° demande PCT/PCT Application No.: US 2013/036227

(87) N° publication PCT/PCT Publication No.: 2013/155337 LI SHUHE, US:
(30) Priorités/Priorities: 2012/04/11 (US61/623,027): VALLANCE, ROBERT RYAN, US;
2012/09/10 (US61/699,125): 2013/03/05 (US13/786,448) BARNOSKI, MICHAEL K., US

(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : ASSEMBLAGE D'ALIGNEMENT DE FIBRES OPTIQUES HERMETIQUE AYANT UN ELEMENT OPTIQUE INTEGRE
(54) Title: HERMETIC OPTICAL FIBER ALIGNMENT ASSEMBLY HAVING INTEGRATED OPTICAL ELEMENT

FIG. 4B

(57) Abrege/Abstract:

A hermetic optical fiber alignment assembly includes a ferrule portion (40) having a plurality of grooves (34) recelving the end
sections of optical fibers, wherein the grooves define the location and orientation of the end sections with respect to the ferrule
portion. The assembly includes an integrated optical element for coupling the input/output of an optical fiber to the opto-electronic
devices In the opto-electronic module. The optical element can be In the form of a structured reflective surface. The end of the
optical fiber Is at a defined distance to and aligned with the structured reflective surface. The structured reflective surfaces and the
fiber alignment grooves can be formed by stamping.

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




WO 2013/155337 A1 [ OAPL O E 0000 0RO RO R0 A

CA 02869678 2014-10-03

(19) World Intellectual Property
Organization

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

[nternational Bureau e . o
?:_f/)) (10) International Publication Number
(43) International Publication Date =" WO 2013/155337 Al
17 October 2013 (17.10.2013) WIPO | PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
GO02B 6/36 (2006.01) G02B 6/42 (2006.01) kind of national protection available). AE, AG, AL, AM,
51y Tnt tional Aonolication Number- AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/US2013/036227 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
11 April 2013 (11.04.2013) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME., MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(26) Publication Language: English RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(30) Priority Data: /M, ZW.
61/623,027 11 April 2012 (11.04.2012) US . S
61/699,125 10 September 2012 (10009'2012) US (84) Demgnated States (unless otherwise mdzcated, fO?" every
13/786.448 5 March 2013 (05.03.2013) US kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(71) Applicant: NANOPRECISION PRODUCTS, INC. UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
[US/US]; 411-B Coral Circle, El Segundo, CA 90245 TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(US). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Inventors: LI, Shuhe; 1038 La Presa Drive, Pasadena, CA MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, 51, SK, SM,
91107 (US). VALLANCE, Robert, Ryan: 5220 Via ﬁ’}‘j A?IQP;IEBFSNB%[():FT’ (EJ:)G’ CL, CM, GA, OGN, GQ, GW,
Patrica, Newbury Park, CA 91320 (US). BARNOSKI, Mi- ’ S '
chael, K.; 16652 Charmel Lane, Pacific Palisades, CA Published:
ez (U). —  with international search report (Art. 21(3))
(74) Agent: LIU, Wen; LIU & LIU, 350 S. Figueroa Street, _

Suite 975, Los Angeles, CA 90071 (US).

before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: HERMETIC OPTICAL FIBER ALIGNMENT ASSEMBLY HAVING INTEGRATED OPTICAL ELEMENT

FIG. 4B

(57) Abstract: A hermetic optical fiber alignment
assembly includes a ferrule portion (40) having a
plurality of grooves (34) receiving the end sec-
tions of optical fibers, wherein the grooves define
the location and orientation of the end sections
with respect to the ferrule portion. The assembly
includes an mtegrated optical element for coup-
ling the input/output of an optical fiber to the op-
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HERMETIC OPTICAL FIBER ALIGNMENT ASSEMBLY
HAVING INTEGRATED OPTICAL ELEMENT

BACKGROUND OF THE INVENTION

1. Priority Claim

This application claims the priority of U.S. Provisional Patent Application No.
61/623,027 filed on April 11, 2012, and U.S. Provisional Patent Application No. 61/699,125
filed on September 10, 2012. Further, this application claims the priority and 1s a continuation-
in-part of U.S. Patent Application No. 13/786,448 filed on March 5, 2013, which claims the
priority of U.S. Provisional Patent Application No. 61/606,885 filed on March 5, 2012. These
applications are fully incorporated by reference as 1f fully set forth herein. All publications

noted below are fully incorporated by reference as if fully set forth herem.

2. Field of the Invention
[0001] The present invention relates to optical fiber ferrule structures, in particular a hermetic

optical fiber alignment assembly including a ferrule for aligning optical fibers.

3. Description of Related Art

[0002] Given the mcreasing bandwidth requirements for modern day data transmission (¢.g., for
high definition video data), fiber optic signal transmissions have become ubiquitous for
communicating data. Optical signals are transmitted over optical fibers, through a network of
optical fibers and associated connectors and switches. The optical fibers demonstrate a
significantly higher bandwidth data transmission capacity and lower signal losses compared to
copper wires for a given physical size/space.

[0003] In fiber optic signal transmission, conversions between optical signals and electrical
signals take place beyond the terminating end of the optical fiber. Specifically, at the output end
of an optical fiber, light from the optical fiber 1s detected by a transducing recerver and
converted into an electrical signal for further data processing downstream (1.¢., optical-to-

clectrical conversion). At the input end of the optical fiber, electrical signals are converted into
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light to be input 1nto the optical fiber by a transducing transmatter (1.¢., electrical-to-optical
COnversion).

[0004] The opto-clectronic devices (receiver and transmitter and associated optical elements and
clectronic hardware) are contained 1n an opto-clectronic module or package. The optical fiber 1s
introduced from outside the housing of the opto-clectronic module, through an opening provided
in the housing wall. The end of the optical fiber 1s optically coupled to the opto-electronic
devices held within the housing. A feedthrough element supports the portion of the optical fiber
through the wall opening. For a variety of applications, 1t 1s desirable to hermetically seal the
opto-clectronic devices within the housing of the opto-clectronic module, to protect the
components from corrosive media, moisture and the like. Since the package of the opto-
clectronic module must be hermetically sealed as whole, the feedthrough element must be
hermetically sealed, so that the electro-optic components within the opto-electronic module
housing are reliably and continuously protected from the environment.

[0005] Heretofore, hermetic feedthrough 1s 1n the form of a cylindrical sleeve defining a large
clearance through which a section of the optical fiber passes. The optical fiber extends beyond
the sleeve 1nto the opto-clectronic module. The end of the optical fiber 1s terminated 1n a ferrule
(separate from the sleeve) that 1s aligned with the opto-electronic devices provided therein. A
sealing material such as epoxy is applied to seal the clearance space between the optical fiber
and 1nside wall of the sleeve. The sleeve 1s inserted into the opening 1n the opto-clectronic
module housing, and the opening 1s sealed, typically by soldering the exterior wall of the sleeve
to the housing. The outside wall of the sleeve may be gold plated to facilitate soldering and
Improve corrosion resistance.

[0006] Given the large clearance between the sleeve and the optical fiber and the use of epoxy to
scal such clearance (1.¢., a layer of epoxy between the external fiber wall and the 1nside wall of
the sleeve), the sleeve does not support the optical fiber with any positional alignment with
respect to the sleeve. Given the sealing material provides stress and strain relief for the section
of optical fiber held therein, the brittle fiber does not easily break during handling. The sleeve
essentially functions as a grommet or conduit that 1s sealed to the opto-electronic module
housing and that passes through the optical fiber in a hermetic seal within the sleeve. As noted
below, the end of the optical fiber needs to be aligned to the opto-clectronic devices to within

acceptable tolerances by means of a ferrule.

_0
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[0007] To optically couple the mmput/output of the optical fiber to the opto-electronic devices in
the opto-clectronic module, optical clements such as lenses and mirrors are required to collimate
and/or focus light from a light source (¢.g., a laser) into the input end of the optical fiber, and to
collimate and/or focus light from the output end of the optical fiber to the recerver. To achieve
acceptable signal levels, the end of the optical fiber must be precisely aligned at high tolerance to
the transmitters and receivers, so the optical fiber are precisely aligned to the optical elements
supported with respect to the transmitters and receivers. In the past, given the internal optical
clements and structures needed to achieve the required optical alignments at acceptable
tolerance, coupling structures including a connection port 1s provided within the hermetically
scaled opto-clectronic module housing to which a ferrule terminating the end of the optical fiber
1s coupled. The transmitters and receivers and associated optical elements and connection
structures are therefore generally bulky, which take up significant space, thereby making them
not suitable for use 1n smaller electronic devices. Heretofore, opto-electronic modules
containing transmitters and receivers are generally quite expensive and comparatively large 1n
s1ize for a given port count. Given optical fibers are brittle, and must be handled with care during
and after physical connection to the coupling structure within the opto-electronic module and to
avold breakage at the feedthrough sleeve. In the event of breakage of the optical fiber, 1t has
been the industry practice to replace the entire opto-clectronic module to which the hermetic
optical fiber feedthrough 1s soldered. The connection and optical alignment of the optical fibers
with respect to the transmitters and receivers must be assembled and the components must be
fabricated with sub-micron precision, and should be able to be economical produced 1n a fully
automated, high-speed process.

[0008] The above noted drawbacks of existing fiber optic data transmission are exacerbated in
multi-channel fiber transmission.

[0009] OZ Optics Ltd produces multi-fiber hermetically sealable patchcord with glass solder
having multiple optical fibers passing through a sleeve, with the optical fibers extending beyond
the sleeve, with the ends of the optical fibers held 1n an alignment ferrule separate from the
sleeve. OZ Optics Ltd further produces a multi-fiber hermetically sealable patchcord with metal
solder, in which the optical fibers are coated with a metal (metalized fibers). The optical fibers
are terminated with a silicon ferrule that 1s supported within a sleeve, which 1s a component

separate from the ferrule. The outside wall of the sleeve 1s gold plated for sealing to an opto-
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clectronic module housing. However, these multi-fiber hermetic feedthrough configurations do
not appear to resolve the drawbacks of the prior art noted above, and introduce additional
complexity and cost at least from a manufacturability perspective.

[0010] What 1s needed 1s an improved hermetic optical fiber alignment assembly, which
improves optical alignment, manufacturability, ease of use, functionality and reliability at

reduced costs.
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SUMMARY OF THE INVENTION

[0011] The present invention provides an improved hermetic optical fiber alignment assembly,
which improves optical alignment, manufacturability, case of use, functionality and reliability at
reduced costs, thereby overcoming many of the drawbacks of the prior art structures.

[0012] In one aspect, the present invention provides a hermetic optical fiber alignment assembly,
comprising: a first ferrule portion having a first surface provided with a plurality of grooves
recerving at least the end sections of a plurality of optical fibers, wherein the grooves define the
location and orientation of the end sections with respect to the first ferrule portion; a second
ferrule portion having a second surface facing the first surface of the first ferrule, wherein the
first ferrule portion 18 attached to the second ferrule portion with the first surface against the
second surface, wherein a cavity 18 defined between the first ferrule portion and the second
ferrule portion, wherein the cavity 1s wider than the grooves, and wherein a suspended section of
cach optical fiber 1s suspended 1n the cavity, and wherein the cavity 1s sealed with a sealant. The
scalant extends around the suspended sections of the optical fibers within the cavity. At least one
the first surface of the first ferrule portion 1s provided with a well defining a first pocket in the
first ferrule portion, wherein the first pocket and the second ferrule section together define the
cavity. An aperture 1s provided in at least one of the first ferrule portion and the second ferrule
portion, exposing the cavity, wherein the sealant 1s feed through the aperture.

[0013] In another aspect of the present invention, the hermetic optical fiber alignment assembly
provides optical alignment and a hermetic feedthrough for an opto-clectronic module. In a
further aspect of the present invention, the hermetic optical fiber alignment assembly provides
alignment and a terminal for access to an opto-electronic module.

[0014] In yet another aspect of the present invention, an improved hermetic optical fiber
alignment assembly includes an integrated optical element for coupling the input/output of an
optical fiber to the opto-electronic devices in the opto-electronic module. In one embodiment,
the integrated optical element comprises a reflective element that 1s stamped with the alignment
groove for the optical fiber.

[0015] In one embodiment, the hermetic optical fiber alignment assembly, comprises a first

ferrule portion defining an optical clement and an optical fiber retention structure (¢.g., an
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alignment groove having an open structure) such that an end face of the optical fiber 1s located at
a predetermined distance from the optical element along the axis of the optical fiber, wherein an
end face of the optical fiber 1s located at a predetermined distance from the optical element along
the axis of the optical fiber, and wherein the optical fiber retention structure accurately aligns the
optical fiber with respect to the optical element, so that output light from the optical fiber can be
directed by the optical element to outside the first ferrule portion or input light from outside the
first ferrule portion incident at the optical element can be reflected towards the optical fiber; and
a second ferrule portion hermetically attached to the second ferrule portion, wherein the first
ferrule includes an extended portion beyond an edge of the second ferrule portion, on which the
optical element 1s located beyond the edge of the second ferrule portion.

[0016] In another embodiment, the hermetic optical fiber alignment assembly comprises a first
ferrule portion having a first surface defining at least a groove receiving at Ieast an end section of
an optical fiber, wherein groove defines the location and orientation of the end section with
respect to the first ferrule portion; a second ferrule portion having a second surface facing the
first surface of the first ferrule, wherein the first ferrule portion 1s hermetically attached to the
second ferrule portion with the first surface against the second surface, wherein the first ferrule
includes an extended portion beyond an edge of the second ferrule portion, on which the groove
extends and terminates at an optical element located beyond the edge of the second ferrule
portion, wherein an end face of the optical fiber 1s located at a predetermined distance from the
optical element along the axis of the optical fiber, and wherein the groove accurately aligns the
optical fiber with respect to the optical element, so that output light from the optical fiber can be
directed by the optical element to outside the ferrule or mnput light from outside the ferrule

incident at the optical element can be directed towards the optical fiber.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0017] For a fuller understanding of the nature and advantages of the invention, as well as the
preferred mode of use, reference should be made to the following detailed description read in
conjunction with the accompanying drawings. In the following drawings, like reference
numerals designate like or similar parts throughout the drawings.

[0018] Fi1g. 1 1s a schematic perspective view of an opto-clectronic module housing, to which
hermetic optical fiber assemblies are hermetically sealed, in accordance with one embodiment of
the present invention.

[0019] Fig. 2 1s a schematic perspective view 1llustrating an optical jumper patchcord having
hermetic optical fiber assemblies, 1n accordance with one embodiment of the present invention.
[0020] Fig. 3 1s a schematic diagram 1llustrating the optical jumper patchcord 1n Fig. 2 with the
hermetic optical fiber assembly hermetically sealed to an opto-electronic module housing, in
accordance with one embodiment of the present invention.

[0021] Figs. 4A to 4C are perspective views of the hermetic optical fiber assembly, 1n
accordance with one embodiment of the present invention.

[0022] Figs. 5A to 5C are plan views of the hermetic optical fiber assembly 1n Fig. 4; Fig. 5D
illustrates an alternate embodiment.

[0023] Fi1g. 6 1s an exploded perspective view of the hermetic optical fiber assembly 1n Fig. 4, 1n
accordance with one embodiment of the present invention.

[0024] Figs. 7A to 7E are plan views of the cover of the hermetic optical fiber assembly.

[0025] Figs. 8A to 8E are plan views of the ferrule of the hermetic optical fiber assembly.
[0026] Figs. 9A to 9E are sectional views taken along lines 9A-9A to 9E-9E in Fig. 5A.

[0027] Figs. 10A and 10B are perspective views of a light directing element at the exit end of the
optical fibers in the hermetic optical fiber assembly, 1n accordance with one embodiment of the
present invention; Fig. 10C 1s a sectional view taken along line 10C-10C 1n Fig. 10B.

[0028] Fig. 11 1s a schematic perspective view of an opto-¢lectronic module housing, to which
hermetic optical fiber assemblies are hermetically sealed, in accordance with another
embodiment of the present invention.

[0029] Fig. 12 1s a photographic sectional view of a prototype of the hermetic optical fiber

assembly.
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[0030] F1g. 13 1s a sectional view showing addition detail of the mounting of the hermetic
optical fiber assembly to the opto-clectronic module housing, in accordance with another
embodiment of the present invention.

[0031] Fi1g. 14 1s a schematic perspective view of a hermetic optical fiber alignment assembly
having an integral optical element, in accordance with one embodiment of the present invention.
[0032] Fig. 15 1s a schematic perspective view of the underside of the hermetic optical fiber
alignment assembly of Fig. 14.

[0033] Fig. 16 1s an enlarged perspective view of the extended portion of the ferrule, 1n
accordance with one embodiment of the present invention.

[0034] F1g. 17A 1s a sectional view of the fiber alignment groove along a longitudinal axis of the
optical fiber; F1g. 17B 1s a perspective sectional view thereof.

[0035] Fig. 18 1s a sectional view 1illustrating reflection of light between optical fiber and an
opto-clectronic device, in accordance with one embodiment of the present invention.

[0036] Fig. 19 1s a sectional view 1llustrating reflection of light between optical fiber and an

opto-clectronic device, in accordance with another embodiment of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0037] This invention 1s described below 1n reference to various embodiments with reference to
the figures. While this invention 1s described 1n terms of the best mode for achieving this
invention’s objectives, 1t will be appreciated by those skilled in the art that variations may be
accomplished in view of these teachings without deviating from the spirit or scope of the
invention.

[0038] The present mnvention provides an improved hermetic optical fiber assembly, which
improves optical alignment, manufacturability, ease of use, functionality and reliability at
reduced costs, thereby overcoming many of the drawbacks of the prior art structures.

[0039] Fig. 1 1s a schematic diagram of an opto-clectronic module 12, to which hermetic optical
fiber assemblies 10 are hermetically sealed, 1n accordance with one embodiment of the present
invention. The opto-clectronic module 12 includes a housing 14, which includes a base 16 and a
cover hermetically sealed to the housing, protecting the interior of the housing from the
environment external of the housing. For simplicity, the cover of the opto-clectronic module 12
1s omitted 1n Fig. 1. Enclosed within chambers 1n the housing are opto-¢clectronic devices 17 and
18 (e.g., transmitter and receiver and associated electronics and/or optical elements (not
specifically shown m Fig. 1, but schematically shown in Fig. 3). The electronics within the opto-
clectronic module 12 are electrically coupled to an external circuit board 20 via flexible
clectrical connection pins 19.

[0040] In the 1llustrated embodiment, the housing base 16 includes two openings 21 and 22
through which the hermetic optical fiber assemblies 10 are inserted. In accordance with one
aspect of the present invention, each hermetic optical fiber assembly 10 serves as a hermetic
feedthrough for optical fibers 24 1n a fiber ribbon 23. In the 1llustrated embodiment, there are
four optical fibers 24 1n the fiber ribbon 23. The hermetic optical fiber assembly 10 also serves
as a ferrule, which supports the ends (1.¢., a section or “end section’) of the optical fibers 24 1n a
fixed position with respect to each other and with respect to the external surfaces of the hermetic
optical fiber assembly 10. As will be elaborated further below, once the hermetic optical fiber

assembly 10 1s fixed attached to the housing 14 (e.g., by soldering at the opening (21, 22) 1in base
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16), the ends of the optical fibers 24 would be fixed 1n position (i.¢., precisely aligned) with
respect to the opto-electronic devices (17, 18) in the housing 14.

[0041] Fig. 2 1s a schematic diagram 1llustrating an optical jumper patchcord 30 having hermetic
optical fiber assemblies 10, in accordance with one embodiment of the present invention. Fig. 3
1s a schematic diagram illustrating the optical jumper patchcord 30 with the hermetic optical
fiber assemblies 10 hermetically sealed to an opto-electronic module housing, 1n accordance
with one embodiment of the present invention. In the illustrated embodiment, the optical jumper
patchcord 30 includes two fiber ribbons 23, each terminating at one end with a hermetic fiber
optic assembly 10, and commonly terminating at another end with a connector 25 for coupling to
a fiber network. The connector 25 and the opto-¢electronic module 12 may be part of an opto-
clectronic peripheral board, comprising a circuit board (not shown) that supports the opto-
clectronic module 12 and the connector 25 at an edge of the circuit board. In which case, the
optical jumper patchcord 30 serves as a short optical fiber connection from the opto-electronic
module 12 to a built-in terminal (1.¢., the connector 25) of the opto-¢clectronic peripheral board
for external connection to the fiber network or backplane printed circuit board.

[0042] Figs. 4 to 9 illustrate the detail structures of the hermetic optical fiber assembly 10, 1n
accordance with one embodiment of the present invention. The hermetic optical fiber assembly
10 1s essentially a ferrule assembly, having parallel open grooves provided therein for aligning
the ends of the optical fibers 24.

[0043] Figs. 4A to 4C are perspective views of the hermetic optical fiber assembly 10. Figs. SA
to 5C are plan views of the hermetic optical fiber assembly 10. Fig. 6 1s an exploded perspective
view of the hermetic optical fiber assembly 10. Figs. 9A to 9E are sectional views taken along
lines 9A-9A to 9E-9E 1n Fig. SA. In the 1llustrated embodiment, the ferrule assembly 10
comprises two ferrule portions, of which a first ferrule portion (hereinafter referred to as a ferrule
40) 1s provided with optical fiber alignment grooves 34 and a second ferrule portion (heremafter
referred to as a cover 42) 1s not provided with any alignment grooves. The ferrule portions each
have a generally planar structure (as compared to a tube or sleeve).

[0044] Figs. 7A to 7E are plan views of the cover 42 of the hermetic optical fiber assembly 10.
Referring to Fig. 7A, the underside 38 of the cover 42 (the side facing the ferrule 40) 1s provided
with a shallow well forming a pocket 44 near the center and a cutout 45 at one longitudinal end

of the cover 42. Chamfers 46 are provided on the longitudinal edges.

- 10 -
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[0045] Figs. 8A to 8E are plan views of the ferrule 40 of the hermetic optical fiber assembly 10.
Referring to Fig. 8A, the underside 39 of the ferrule 40 (the side facing the cover 42) 1s provided
with a shallow well forming a pocket 54 near the center and a cutout 55 at one longitudinal end
of the ferrule 40, matching the pocket 44 and cutout 45. Parallel longitudinal grooves 34 1n a
horizontal plane parallel to the underside 39 are provided between the end face 56 and the pocket
54. Additional parallel longitudinal grooves 35 1n a horizontal plane parallel to the underside 39
arc provided between the pocket 54 and cutout 55. Referring also to Fig. 9E, the grooves 34 and
35 are s1zed to recerve the terminating end sections of cach optical fiber 24 (1.¢., a short section
of cach optical fiber bear an end, 1n 1ts bare state exposing the cladding layer, with protective
buffer layer and jacket removed). Specifically, the grooves 34 are precisely sized to precisely
position the ends of optical fibers 24 1n relation to one another and the external surfaces of the
ferrule 40. Upon attaching the hermetic optical fiber assembly 10 to the housing 14 (e.g., by
soldering at the opening (21, 22) 1in base 16), the ends of the optical fibers 24 would be fixed 1n
position (1.¢., precisely aligned) with respect to the opto-clectronic devices (17, 18) in the
housing 14.

[0046] As more clearly shown in Fig. 9E, when the cover 42 and the ferrule 40 are mated
together with the underside 38 of cover 42 and underside 39 of ferrule 40 against cach other, the
pockets 44 and 45 together define a cavity 48 through which a section of cach optical fiber 24 1s
suspended (i.e., not touching the ferrule 40 and the cover 42. The ferrule 40 1s provided with an
aperture 41, through which sealant can be feed into the cavity 48. Referring also to Fig. 9B, the
width of the aperture 41 1s substantially wider than the diameter of an optical fiber 24, and
extends across the ferrule to expose all the optical fibers 24 arranged 1n parallel (see Fig. 4C; 1.¢.,
the width of the aperture 41 1s wider than all the grooves 34 combined 1n the plane of the ferrule
40). Further, the cutouts 45 and 55 together form a pocket 49 that receives a strain relief 43,
which supports the fiber ribbon 24 (including protective layers over the bare optical fibers 24) at
the other end of the assembly 10.

[0047] Referring to Figs. 8D and 9A, the walls of the grooves 34 define a generally U-shaped
cross-section. The depth of each groove 34 1s sized to completely retain an optical fiber without
protruding above the groove 34, with the top of the optical fiber substantially in line with the top
of the groove (1.¢., at substantially the same level as the surface of the underside 39). When the

cover 42 and the ferrule 40 are mated together with the underside 38 of cover 42 and underside

- 11 -
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39 of ferrule 40 against cach other, the underside 48 of cover 42 just touches the top wall of the
optical fibers as 1t covers over the grooves 34, thus retaining the optical fibers 24 1n the grooves
34,

[0048] The grooves 34 are structured to securely retain the optical fibers 24 (bare section with
cladding exposed, without protective buffer and jacket layers) by clamping the optical fibers 24,
¢.g., by a mechanical or interference fit (or press fit). For example, the width of the grooves 34
may be sized slightly smaller than the diameter of the optical fibers 24, so that the optical fibers
24 are snuggly held in the grooves 34 by an interference fit. The interference fit assures that the
optical fibers 24 1s clamped 1n place and consequently the position and orientation of the ends of
the optical fibers 24 are set by the location and longitudinal axis of the grooves 34. In the
illustrated embodiment, the grooves 34 has a U-shaped cross-section that snuggly receive the
bare optical fibers 24 (1.¢., with the cladding exposed, without the protective buffer and jacket
layers). The sidewalls of the groove 34 are substantially parallel, wherein the opening of the
orooves may be slightly narrower than the parallel spacing between the sidewalls (1.¢., with a
slight C-shaped cross-section) to provide additional mechanical or interference fit for the optical
fibers 24. Further details of the open groove structure can be found 1n copending U.S. Patent
Application No. 13/440,970 filed on April 5, 2012, which 1s fully incorporated by reference
herein. The ferrule 40 having the grooves 34 1s effectively a one-piece open ferrule supporting
the optical fibers 24 with their ends 1n precise location and alignment with respect to each other
and to the external geometry of the ferrule 40.

[0049] The grooves 34 may be provided with a rounded bottom 1n cross-section (sece, Fig. 9A),
which would conformally contact as much as half the cylindrical wall (1.e., semi-circular
cylindrical wall) of the optical fibers. In any event, the wall of the optical fibers 24 would come
into contact (€.g., compressive contact) with at least the side walls of the grooves 34, with at
lcast the lateral sides of the optical fibers 1n tight contact (¢.g., substantially tangential contact in
cross-section) with the side walls of the grooves 34. Such lateral contact between the optical
fibers and adjacent sidewalls of the grooves 34 ensures a gecometry that defines the necessary
horizontal alignment positioning/spacing of the optical fibers 24 with respect to each other and
with respect to at least the lateral sides of the ferrule 40. The precise sizing of the depth of the

ogrooves 34 1n the ferrule 40 ensures a geometry in reference to the cover 42 that defines the
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necessary vertical alignment positioning of the optical fibers 24 with respect to at least the
external surface (top surtace opposite to the underside 39) of the ferrule 40.

[0050] Concerning the grooves 35 for retaining the section of the optical fibers 24 further away
from the ends of the optical fibers 24 on the other side of the cavity 48, they may have similar
gcometries and/or design considerations as the grooves 34. However, 1t 18 noted that for purpose
of optical alignment of the optical fibers, 1t 1s only necessary to provide alignment grooves 34
having tight tolerance for supporting the terminating end section of the optical fibers 24. The
grooves 35 provided nearer to the strain relief 43 need not have as strict a tolerance compared to
that of the grooves 34, as the tolerance of the grooves would have no bearing on the optical
alignment of the ends of the optical fiber 24 with respect to an external optical component.
[0051] The hermetic sealing of the assembly 10 can be implemented by the following procedure,
in accordance with one embodiment of the present invention. With the protective buffer and
jacket layers removed at the end section, the optical fibers 24 1s positioned into the grooves 34
and 35 1n the ferrule 40. The cover 42 1s mated against the ferrule (e.g., by an external clamping
fixture) in the configuration 1llustrated generally by Fig. 9E. The cover 42 and ferrule 40 are
soldered together using gold-tin solder. The chamfer 46 provides some clearance to allow
bleeding of excess solder. It 1s noted that the chamfer 46 1s shown not to extend along the entire
length of the cover 42, to reduce potential clearance to facilitate soldering between the assembly
10 and the module housing 14.

[0052] Referring also to Fig. 13, a scalant 37 such as glass solder (or other sealant suitable for
hermetic sealing) 1s feed through the aperture 41 1n the ferrule 40 as vacuum 1s applied to the
pocket 49, thus drawing glass solder to fill the cavity 48 and available spaces/clearance between
the optical fibers 23, the grooves 35 and the cover 42, given the grooves are generally U-shaped
in cross-section. (See Fig. 13). Some of the glass solder also flows to fill available spaces
between the optical fibers, alignment grooves 34 and the cover 42. It 18 not necessary to draw
glass solder completely through the grooves 34 or 335, as long as there 1s sufficient sealant drawn
to a sufficient distance to plug available spaces at least at a region near the entry from the cavity
into the respective grooves. Given the pockets 44 and 54 have depths deeper than the depths of
the grooves 34 and 35, the sealant wraps around the sections of the optical fiber 24 suspended in
the cavity 48. The sealant essentially forms a hermetic plug in the cavity 48, restricting leakage

through the assembly 10. The structure of the assembly 10 can be hermetically sealed without
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requiring any external sleeve, beyond the two ferrule portions (ferrule 40 and cover 42 1n the
above described embodiment). The structure of the hermetic assembly 1s thus very simple,
which provides an effective hermetic seal.

[0053] It 1s noted that given the tight contact between the wall of the optical fibers and the walls
of at least the grooves 34, the secalant does not come between the contact surfaces between the
optical fibers 24, the cover 42 and the walls of groove 34 which were present prior to applying
the scalant. It 1s mtended that the sealant plugs available spaces and/or clearance between the
optical fibers 24, grooves 34 and cover 42, but do not form an intermediate layer between the
optical fibers and the groove walls at the contact poits prior to applying the sealant, which
could otherwise affect the alignment of the optical fibers by the grooves 34.

[0054] After scaling with the glass solder, an epoxy material 1s applied into the pocket 49 to
form the strain relief 43. The exposed ends of the optical fiber 24 may be polished to be
substantially coplanar with the end face 56 of the ferrule 40 to finish the hermetic assembly 10.
The ends of the fibers 24 may protrude slightly (by at most a few microns) beyond the end face
56 of the ferrule 40 but do not extend appreciably beyond the end face 56 because there 1s no
protective buffer and jacket layers at the respective ends of the optical fibers 24. To facilitate
soldering of the assembly to the module housing 14 and to improve corrosion resistance, the
surfaces of the cover 42 and/or the ferrule 40 may be gold plated.

[0055] According to on¢ aspect of the present invention, the ferrule 40 and/or the cover 42 may
be formed by precision stamping a metal material. In one embodiment, the metal material may
be chosen to have high stiffness (e.g., stainless steel), chemical inertness (e.g., titanium), high
temperature stability (nickel alloy), low thermal expansion (¢.g., Invar), or to match thermal
expansion to other materials (¢.g., Kovar for matching glass). Alternatively, the material may be
silicon, a hard plastic or other hard polymeric material.

[0056] The above disclosed open structure of the ferrule 40 and cover 42 lends themself to mass
production processes such as stamping, which are low cost, high throughput processes. A
precision stamping process and apparatus has been disclosed m U.S. Patent No. 7,343,770,
which was commonly assigned to the assignee of the present invention. This patent 1s fully
incorporated by reference as if fully set forth herein. The process and stamping apparatus

disclosed therein may be adapted to precision stamping the features of the ferrule 40 and cover
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42 of the present invention. The stamping process and system can produce parts with a tolerance
of at least 1000nm.

[0057] Fig. 5D 1llustrates an alternate embodiment, 1n which complementary alignment grooves
34° and 34" (¢.g., grooves having C-shaped or semi-circular cross-section) are provided on the
ferrule portions 40° and 42°, respectively. The grooves 34° and 34 may be symmetrical or
asymmetrical with respect to the contact interface between the ferrule portions 40° and 427 1n the
end view of Fig. 5D (or sectional view orthogonal to the longitudinal axis of the grooves). The
ferrule portions 40 and 42”° may be 1dentical in an alternate embodiment. Alternatively, grooves
having V-shaped cross-section could be used 1nstead of U-shaped or C-shaped grooves in the
ferrule 40, cover 42, and/or ferrule portions 40° and 42°.

[0058] Instead of providing an aperture 1n the ferrule 40 for feeding glass solder, such aperture
may be provided in the cover 42 instead, or in addition. Further, the cavity 48 may be defined by
a pocket provided 1n only one of the ferrule 40 and the cover 42. Alternatively, instead of wells
defining the pockets 44 and 54, grooves of significant larger size may be provided in the cover
42 and/or ferrule 40 bridging the grooves 34 and 35 (1.¢., large clearances between optical fibers
24 and the larger grooves to facilitate flow of sealant to hermetically, internally plug the
assembly).

[0059] While the above embodiments are directed to a hermetic multi-fiber ferrule assembly, the
present inventive concept 18 equally applicable to a hermetic single-fiber ferrule assembly.
[0060] Figs. 10A and 10B are perspective views of a light directing element at the end of the
optical fibers 24 1n the hermetic optical fiber assembly 10 discussed above; Fig. 10C 1s a
sectional view taken along line 10C-10C 1n Fig. 10B. A separate mirror assembly 57
(schematically shown) 1s positioned and aligned with the ends of the optical fibers 24, to direct
light input/output between the fiber ends and an opto-clectronic device 58 (schematically
shown), such as a transmutter (¢.g., a laser such as a VCSEL — Vertical Cavity Surface-Emitting
Laser) or a receiver (€.g., photodetector). These opto-clectronic devices convert between
clectrical signals and optical signals, and are contained in the opto-clectronic module 12. Fig.
13 1s a sectional view showing additional detail of the mounting of the hermetic optical fiber
assembly 10 through the openings (21, 22) 1n the base 16 of opto-clectronic module housing 14,

in accordance with another embodiment of the present invention.
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[0061] The mirror assembly 57 may be attached to the assembly 10, and the input/output of the
mirror assembly 57 18 positioned and aligned with respect to the opto-electronic device 38.
Alternatively, the mirror assembly 57 1s supported within the module 12 and aligned with respect
to the opto-clectronic device 58, with the hermetic assembly 10 aligned to the mirror assembly
57. Reference also to Fig. 3, the hermetic assembly 10 1s hermetically sealed to the module
housing base 16. The hermetic assembly 10 may be deemed to function both as a feedthrough
and as an alignment ferrule for the optic fiber ribbon 23.

[0062] While the above described embodiments are described 1n reference to a hermetic ferrule
assembly that has a generally rectangular cross-section, other cross-sectional gecometry may be
implemented without departing from the scope and spirit of the present invention.

[0063] Referring to embodiment 1llustrated in Fig. 11, the hermetic ferrule assembly may have a
generally oval cross-section. The structure of the hermetic assembly 60 may be similar to the
hermetic assembly 10 in the earlier embodiments, except that the external cross-sectional profile
1s generally oval. The hermetic assembly 60 includes two ferrule portions which together make
up the hermetic assembly having the oval cross-section. One of the ferrule portions may
correspond to the cover 42 1n the prior embodiment (having similar surface features as the
underside 38) and the other one of the ferrule portions may correspond the ferrule 40 1n the prior
embodiment (having similar surface features as the underside 39). In this embodiment, instead
of providing the hermetic ferrule assembly connected to a optic fiber ribbon 23 as in the prior
embodiments, the hermetic ferrule assembly 60 1s hermetically attached to the housing 14 of the
opto-clectronic module 12, having only bare optical fibers 24 (1.¢., without buffer and protection
layers) held within the assembly 60 without extending at both ends appreciably beyond the
assembly 60 (1.¢., the optical fibers held 1n the assembly 60 terminates substantially coplanar
with both end faces of the assembly 60; one of the end faces of the assembly 60 being 1nside the
module housing 14). In this embodiment, the fiber alignment grooves would be precisely
formed (e.g., by stamping) at high tolerance for both ends of the optical fibers. Alternatively, the
oval hermetic assembly 1n Fig. 11 may be replaced with the hermetic assembly 10 1n the prior
embodiment, 1n which case an alignment sleeve having a generally rectangular cross-section
would be required.

[0064] Accordingly, in this embodiment, the hermetic ferrule assembly 60 provides a

demountable terminal for the module 12, for coupling to another optical device, such as an
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optical fiber ribbon (e.g., a patch cord 63 having similarly shaped ferrules having oval cross-
section), by using an alignment sleeve 62 (e.g., a split sleeve having complementary shape sized
to recerve the ferrule assembly 60 and the ferrule on the patch cord 63). In this embodiment, the
hermetic assembly 60 may be deemed to be a hermetic terminal of the module 12 having an
alignment ferrule for optical alignment to external devices. With this embodiment, a defective
external optical fiber ribbon may be replaced by plugging a replacement fiber ribbon onto the
hermetical ferrule terminal.

[0065] In yet another aspect of the present invention, an improved hermetic optical fiber
alignment assembly includes an integrated optical element for coupling the input/output of an
optical fiber to the opto-clectronic devices 1n the opto-electronic module. Instead of a separate,
external optical module (e.g., mirror module 57) in the embodiments of Figs. 10 and 13, the
improved hermetic optical fiber alignment assembly includes an integrated optical element (e.g.,
the optical element and the ferrule portion are part of the same monolithic structure). In one
embodiment, the integrated optical element comprises a reflective element that 1s stamped with
the alignment groove for the optical fiber in the ferrule portion of the hermetic optical fiber
alignment assembly. In the embodiments discussed below, the optical element 1s a structured
reflective surface that 1s an integral extension from the alignment groove in the ferrule m the
above discussed embodiments of the hermetic optical fiber alignment assemblies. The end of the
optical fiber 1s at a defined distance to and aligned with the structured reflective surface. The
reflective surface directs light to/from the input/output ends of the optical fiber by reflection.
The open structure open structure of the structured reflective surface and fiber alignment groove
lends 1tself to mass production processes such as precision stamping.

[0066] The present invention adopts the concept of stamping optical elements disclosed 1n the
carlier filed copending U.S. Patent Application No. 13/786,448 (to which priority has been
claimed), which had been fully incorporated by reference herein.

[0067] In the embodiment illustrated 1n Figs. 14 and 15, the hermetic optical fiber alignment
assembly 110 has similar structure as the hermetic assembly 10 disclosed above, with the
exception that instead of terminating the optical fibers 24 at an end face of the assembly, the
ferrule 1s extended such that the alignment grooves extends to structured reflective surfaces and
the ends of the optical fibers 24 are positioned 1n relation to the structured reflective surfaces.

The hermetic optical fiber alignment assembly 110 includes a ferrule 140 and a cover 142, which
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arc essentially similar in structure to the ferrule 40 and cover 142 1n the prior embodiments, with
the exception of the extended structure of the ferrule 140. The end of the ferrule 140 near the
terminating ends of the optical fibers 24 1s not coplanar with the end of the cover 142. The
ferrule 142 has a portion 70 that extends beyond the adjacent end of the cover 142. Referring to
Fig. 15, the ferrule 142 1s provided with fiber alignment grooves 134 that extend beyond the
edge of the cover to the extended portion 70. Each groove 134 terminates 1n a structured
reflective surface 113 located beyond the adjacent edge of the cover 142. Each optical fiber 124
extends 1n the groove 134 to beyond the edge of the cover 142, to closer to the structured
reflective surface 113. Fig. 6 illustrates an enlarged view of the extended portion 70.

[0068] Fig. 17A 1s a sectional view taken along the longitudinal axis of the optical fiber 10. Fig.
17B 1s a perspective section view taken along the longitudinal axis of the optical fiber 10. In the
illustrated embodiment, the fiber alignment groove 134 positively receives the optical fiber 24 1n
a manner with the end of the optical fiber 24 at a defined distance to and aligned with the
structured reflective surface 113. The location and orientation of the structured reflective surface
113 1s fixed in relation to the fiber alignment groove 134. In the illustrated embodiment, the
ogroove 134 and the structured reflective surface 113 are defined on the same (e.g., monolithic)
ferrule 140. The groove 134 has a section 124 defining a space between the end face 15 of the
optical fiber 24. In the illustrated embodiment, this section 124 has a similar width but a
shallower bottom as the remaining sections of the groove 134. The section 124 defines a
shoulder 127 that provides a stop against which a portion (end) of the end face 113 of the optical
fiber 24 1s butted. Accordingly, a distance (¢.g., 245 um) along the optical axis 1s defined
between the end face 115 and the structured reflective surface 113. In the illustrated
embodiment, the optical fiber 1s completely received 1n the groove 134, with the exterior surface
of the optical fiber 24 flush with the top surface 139 of the ferrule 140. Given an optical fiber
having a diameter of 125 um, and a VCSEL light source 158 at an effective distance (e.g., from
the flat surface of the VCSEL 158 along the optical axis) of 100 um from the structured
reflective surface 113, the distance of the flat surface of the VCSEL 158 from the top surface
139 of the ferrule would be about 37.5 um.

[0069] The design considerations of the open groove 134 are similar to the grooves 34 1n the

carliecr embodiments (¢.g., a generally U-shaped cross-section that snuggly receive the bare
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optical fiber 24, etc. The design considerations for the structured reflective surface are similar to
those disclosed 1n copending U.S. Patent Application No. 13/786,448.

[0070] The hermetic assembly 110 1s attached to the opening (21, 22) in the base 16 of the
housing 14 of the opto-clectronic module 12, with the extended portion 70 within the module
housing 14. The reflective surface 113 1s 1n optical alignment with the opto-clectronic device
58. Fig. 18 illustrates a close up sectional view of the structured reflective surface region. In
this embodiment, the structured reflective surface 1s a flat mirror surface, which reflects light 159
to/from the optical fiber 24 from/to the opto-clectronic device 58. Fig. 19 1s a sectional view
illustrating the reflection of light between optical fiber 24 and the opto-clectronic device 58 via
structured reflective surface 113 at the extended portion 70, which 1s a concave reflective surface
that reflect incident light in a converging manner.

[0071] The hermetic assembly 110 may be deemed to function as a feedthrough with built-in
optics and an alignment ferrule for the optic fiber ribbon 23, eliminating the need for separate
optical elements for optical coupling with the opto-clectronic devices (e.g., transmitter and
recerver) 1n the opto-electronic module 12.

[0072] The structured reflective surface 113 and the alignment grooves 134 may be formed
integrally by precision stamping a ferrule out of a metal material. A precision stamping process
and apparatus has been disclosed in U.S. Patent No. 7,343,770, which was commonly assigned
to the assignee of the present invention. This patent 1s fully incorporated by reference as if fully
set forth herein. The process and stamping apparatus disclosed therein may be adapted to
precision stamping the features of the ferrule 140 and/or cover 142 of the present invention
(including the structured reflective surfaces and optical fiber alignment grooves). The stamping
process and system can produce parts with a tolerance of at least 1000nm.

[0073] For the hermetic assemblies described above that are configured for optical
alignment/coupling to optical fibers 1n another fiber ribbon, the external surfaces of the hermetic
assemblies should be maintained at high tolerance as well for alignment using an alignment
sleeve. In the embodiments described above, no alignment pin 1s required for alignment of the
ferrules. Accordingly, for stamping of the ferrule portions (ferrules and covers), that would
include stamping the entire body of the ferrule portions, including forming the grooves, mating
surfaces of the ferrule portions, and external surfaces that come into contact with sleeves. The

sleeves may be precision formed by stamping as well. This maintains the required dimensional
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relationship between the grooves and external alignment surfaces of the hermetic assemblies, to
facilitate alignment using alignment sleeves only without relying on alignment pins.
[0074] In all the above described embodiments, the structured reflective surface 113 may be
configured to be flat, concave or convex, or a combination of such to structure a compound
reflective surface. In one embodiment, the structured reflective surtace has a smooth (polished
finish) mirror surface. It may instead be a textured surface that 1s reflective. The structured
reflective surface may have a uniform surface characteristic, or varying surface characteristics,
such as varying degree of smoothness and/or textures across the surface, or a combination of
various regions of smooth and textured surfaces making up the structured reflective surface. The
structured reflective surface may have a surface profile and/or optical characteristic
corresponding to at least one of the following equivalent optical clement: mirror, focusing lens,
diverging lens, diffraction grating, or a combination of the foregoing. The structure reflective
surface may have a compound profile defining more than one region corresponding to a different
cquivalent optical element (¢.g., a central region that 1s focusing surrounded by an annular region
that 1s diverging). In one embodiment, the structured reflective surface 1s defined on an opaque
material that does not transmit light through the surface.
[0075] The hermetic assemblies described in earlier embodiments may be further provided with
an integral optical element 1n stmilar fashion. For example the hermetic assembly 60 1n Fig. 11
may adopt an integral optical element (¢.g., a stamped structured reflective surface) similar to the
assembly 110.
[0076] The hermetic optical fiber alignment assembly 1n accordance with the present invention
overcomes many of the deficiencies of the prior art, which provides precision alignment, high
reliability against environmental conditions, and which can be fabricated at low cost. The
inventive hermetic assembly may be configured to support a single or multiple fibers, for optical
alignment and/or hermetic feedthrough that may include integral optical elements.

I RS
[0077] While the invention has been particularly shown and described with reference to the
preferred embodiments, 1t will be understood by those skilled 1n the art that various changes 1n
form and detail may be made without departing from the spirit, scope, and teaching of the
invention. Accordingly, the disclosed invention 1s to be considered merely as 1llustrative and

l[imited 1n scope only as specified in the appended claims.
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CLAIMS

WE CLAIM:

1. A hermetic optical fiber alignment assembly, comprising:

a first ferrule portion having a first surface defining at least a groove receiving at least an
end section of an optical fiber, wheremn groove defines the location and orientation of the end
section with respect to the first ferrule portion;

a second ferrule portion having a second surface facing the first surface of the first
ferrule, wherein the first ferrule portion 1s hermetically attached to the second ferrule portion
with the first surface against the second surface,

wherein the first ferrule includes an extended portion beyond an edge of the second
ferrule portion, on which the groove extends and terminates at an optical element located beyond
the edge of the second ferrule portion, wherein an end face of the optical fiber 1s located at a
predetermined distance from the optical element along the axis of the optical fiber, and wherein
the groove accurately aligns the optical fiber with respect to the optical element, so that output
light from the optical fiber can be directed by the optical element to outside the ferrule or input

light from outside the ferrule incident at the optical element can be directed towards the optical

fiber.

2. The hermetic optical fiber alignment assembly as 1n claim 1, wherein the optical

clement 18 integral to the ferrule.

3. The hermetic optical fiber alignment assembly as 1n claim 2, wherein the optical

clement and the ferrule are part of a same monolithic structure.
4. The hermetic optical fiber alignment assembly as 1n claim 2, wherein the optical

clement comprises a structured reflective surface, where the groove extends and terminates at the

structured reflective surface, wherein output light from the optical fiber can be reflected by the
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structured reflective surface to outside the ferrule or input light from outside the ferrule incident

at the structured reflective surface can be reflected towards the optical fiber.

5. The coupling device as 1n claim 4, wherein the groove 18 aligned with respect to

the structured retlective surtface.

0. The coupling device as 1n claim 5, wherein the groove includes a shoulder that
defines a stop to which a portion of the end face of the optical fiber can butt against to define the

predetermined distance between the end face of the optical fiber and the structured reflective

surface.

7. The coupling device as in claim 6, wherein the groove 1s precision formed to align

the optical fiber with respect to the structured reflective surface.

8. The coupling device as 1n claim 7, wherein the groove 1s an open groove on the

first ferrule portion.

9. The coupling device as 1in claim 8, wherein the structured reflective surface and

the open groove are formed by stamping a malleable material.

10.  The coupling device as in claim 9, wherein the malleable material 1s metal.

11.  The coupling device as in claim 1, wherein the structured reflective surface 1s
concave.

12.  An opto-clectronic module, comprising:

a housing; and
a hermetic optical fiber alignment assembly as 1n claim 1, hermetically sealed to the

housing.

-0 -



CA 02869678 2014-10-03

WO 2013/155337 PCT/US2013/036227

13.  An opto-clectronic module, comprising:
a housing; and
a hermetic optical fiber alignment assembly as 1n claim 1, hermetically sealed to the

house, forming a terminal for external connection by an alignment sleeve.

14.  The hermetic optical fiber alignment assembly as in claim 1, wherein there are a
plurality of optical fibers and a plurality of grooves each receiving at least the end section of one

of the optical fibers, and each groove terminates at a structured reflective surface.

15. A process of making the hermetic optical fiber alignment assembly of claim 1,
comprising:
stamping a ferrule to form a structured reflective surface and at least an optical fiber

alignment groove, wherein the groove 1s aligned with respect to the structured reflective surface.

16. A hermetic optical fiber alignment assembly, comprising:

a first ferrule portion defining an optical element and an optical fiber retention structure
such that an end face of the optical fiber 1s located at a predetermined distance from the optical
clement along the axis of the optical fiber, wherein an end face of the optical fiber 1s located at a
predetermined distance from the optical element along the axis of the optical fiber, and wherein
the optical fiber retention structure accurately aligns the optical fiber with respect to the optical
clement, so that output light from the optical fiber can be directed by the optical element to
outside the first ferrule portion or input light from outside the first ferrule portion incident at the
optical element can be reflected towards the optical fiber; and

a second ferrule portion hermetically attached to the second ferrule portion,

wherein the first ferrule includes an extended portion beyond an edge of the second
ferrule portion, on which the optical element 1s located beyond the edge of the second ferrule

portion.
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17. A hermetic optical fiber alignment assembly as 1in claim 16, wherein the optical
fiber retention structure comprises an alignment groove sized to receive at least an end section of

the optical fiber.
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