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(57) Abrége/Abstract:

An Interconnection system Is shown that enables an optical circuit board [300] having a number of optical devices [400, 500] to
be easlily connected to and disconnected from a backplane [100]. The optical devices are positioned along a side edge [311 ] of
a substrate [310] and are adapted to interconnect with a like number of optical connectors [200] that are arrayed on the
backplane in a row or column. Each optical plug is held in a holder [120], which Is retained in backplane [100] by a clip [110].
Each of the optical connectors Is a plug that includes a ferrule [24], which encloses an optical fiber and projects from one end of
the plug. Each of the edge-mounted optical devices includes a jack receptacle [410, 510] at its front end and has a cavity [401,
501] that Is shaped to receive the optical plug. All of the jack receptacles are similarly shaped. Each cavity further includes a
boss [421, 521 ] for recelving the ferrule. The plugs and jack receptacles are arranged to engage, but not interlock with, each
other. The optical devices include two or more downward-extending pins [430, 530] that are received In corresponding holes
[334, 335] In the substrate board for accurate positioning. lllustratively, optical device [400] includes a jack receptacle In its front-
end portion [410] and its back-end portion [420]; whereas optical device [500] includes a jack receptacle In its front-end portion
[510] and one or more transducers [550], for converting between electrical and optical signals, In its back-end portion [520].
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INTERCONNECTION SYSTEM
FOR OPTICAL CIRCUIT BOARDS

Abstract

An 1nterconnection system is shown that enables an optical circuit board [300]
having a number of optical devices [400, 500] to be eastly connected io and
disconnected from a backplane [100]. The optical devices are positioned along a side
edge [311] of a substrate [310] and are adapted to interconnect with a like number of
optical connectors [200] that are arrayed on the backplane in a row or column. Each
optical plug is held in a holder [120], which is retained in backplane [100] by a clip
[110]. Each of the optical connectors is a plug that includes a ferrule [24], which
encloses an optical fiber and projects from one end of the plug. Each of the edge-
mounted optical devices includes a jack receptacle [410, 510] at its front end and has a
cavity [401, 501] that is shaped to receive the optical plug. All of the jack receptacles
are similarly shaped. Each cavity further includes a boss [421, 521] for receiving the
ferrule. The plugs and jack receptacles are arranged to engage, but not interlock with.
each other. The optical devices include two or more downward-extending pins [430,
530] that are received in corresponding holes [334, 335] in the substrate board for
accurate positioning. Dlustratively, optical device [400] includes a jack receptacle in

its front-end portion [410] and its back-end portion [420]; whereas optical device

[500] includes a jack receptacle in its front-end portion [510] and one or more

transducers [550], for converting between electrical and optical signals, in its back-end

portion [520].
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INTERCONNECTION SYSTEM
FOR OPTICAL CIRCUIT BOARDS

Technical Field

This invention relates to system for interconnecting optical circuit boards with

optical connectors, which are arrayed (row or column) on a mounting panel.

Background of the Invention

For a variety of reasons, modern communication equipment is now being
designed to process data at progressively higher speeds. Perhaps the most significant
reason relates to the desire to transfer video information between computers. Such
data transfer has grown exponentially in recent years because of the Internet, and no
decrease in growth 1s anticipated In the foreseeable future. In order to handle this

growth, only optical circuitry appears capable of meeting the demand because of the

enormous bandwidth that an optical fiber can provide. Nevertheless, distribution
equipment 1s still needed to route optical signals to the same locations, and this means
that optical connecting hardware needs to be sufficiently small to accommodate large
numbers of individual fiber connections.

One particular location where congestion occurs is on circuit boards that
contain optical components (i.e., optical circuit boards) where individual input/output
ports must be provided to make connections on a per-fiber basis. Moreover, it is
desirable to plug these circuit boards into a panel, or backplane, that accommodates a
number ot other circuit boards similar to the way electrical circuit boards are mounted
In an equipment bay. However, electrical circuit boards can tolerate substantial
displacement in the X, Y and Z directions while still providing reliable electrical
connections, but optical circuit boards cannot. (It 1s noted that the X, Y and Z
directions are mutually orthogonal, and that the Z direction coincides with the general
direction of signal flow through the connection). Indeed, the primary vehicle for
optical connection is the "butt” connector where the end face of one fiber is pressed
against the end face of another fiber. In such a connection, there should be no air gap

between the fiber end faces and there should be no fiber displacement inthe X and Y
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directions -- otherwise there would be too much signal loss. (It is noted that a

singlemode optical fiber has a light-carrying region that is only about 8 microns (zm)
in diameter, and that 1t must be precisely aligned in an axial direction with another
fiber.) It is therefore a challenging task to provide a number of optical devices on a
plug-in optical circuit board that accurately mate with a corresponding number of
stationary optical connectors.

Optical devices are known that might be adapted to mount on an optical circuit
board, but their construction is relatively complex and/or their attachment to an optical
circuit board requires expensive and time-consuming manual labor. More importantly,
there 1s a need to standardize the optical interface for plug-in optical circuit boards.
The interface should provide accurate optical alignment and be suitable for high

density interconnections.

Summary of the Invention

The present invention is for an interconnection system that enables an optical
circuit board, having a number of optical devices, to be easily connected to and
disconnected from a backplane. The optical devices are positioned along a side edge
of a generally planar surtace of the circuit board and are adapted to interconnect with a
like number of optical plugs that are arrayed on the backplane in a row or column.
Each of the plugs includes a ferrule having an end face that projects from a connector
end of the plug. The front-end portion of each optical device is a jack receptacle that
includes: (1) a cavity having a generally rectangular opening for receiving the optical
plug, (11) a boss that extends into the cavity for receiving the ferrule, and (iii) an optical
plane where the end face of the ferrule resides when installed within the boss. All of
the jack receptacles are positioned on the circuit board such that their individual
optical planes are substantially coincident with each other and are parallel to the side
edge of the circuit board. The optical plugs and jack receptacles are arranged to
engage, but not interlock with, each other.

In an 1llustrative embodiment of the invention, the ferrules are cylindrical and
enclose a single optical fiber. Additionally, the jack receptacles are molded from a

plastic material as a single part and include two or more downward-extending pins that
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are received in corresponding holes in the circuit board for accurate positioning.
Accurate positioning is important because plug-in circuit boards make "blind"
connections, which is to say that the installer 1s generally unable to see the connection
being made during installation and 1s, therefore, unable to make minor positional
adjustments to facilitate connection.

In one 1llustrative embodiment of the invention, the back-end portion of the
edge-mounted optical device also includes a jack receptacle and thus forms a coupling
device for interconnecting a pair of optical plugs. Alternatively, the back-end portion
of the optical device may include one or more transducers for converting optical
signals into electrical signals and/or electrical signals into optical signals.

Plug-in circuit boards that house optical components will soon be as familiar as
circuit boards that house electrical components. The plug-in concept has been widely
accepted because such circuit boards provide a large and manageable amount of
hardware on an easily replaceable device. Circuit boards frequently include diagnostic
hardware and software that can alert service personnel when a board is not working
properly. And because a defective board can be quickly replaced by pulling out one
circuit board and plugging in another, maintenance is facilitated and downtime is
minimal. This 1s particularly useful in large and complex systems where removal of a
single board affects a large number of customers. The convenience of plug-in circuit
boards 1s largely attributable to the fact that all connections between the board and a
backplane can be non-destructively severed by merely pulling the circuit board from
the slot where it operatively resides. By "backplane” is meant, generally, a wall that
separates internal apparatus from external apparatus, and through which a
connection(s) 1s made.

In the present invention, the backplane comprises a mounting panel with
optical plugs installed in one side and optical circuit boards installed in the other. In
particular, the optical circuit boards only use jack receptacles affixed to the edge of the
circuit board for making connection to the backplane, which contains an array (row or
column) of optical plugs. Unlike prior art interconnection systems, a transceiver

device can now be edge mounted on the optical circuit board with its jack receptacle
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positioned to receive an optical plug, thereby eliminating the need for additional

optical jumpers and adapters on the circuit board. And whereas known optical plugs

and jack receptacles individually interlock when connected, the present invention

avoids individual interlocking of the optical plugs and jacks to facilitate removal of the

optical circuit boards from the backplane.

Brief Description of the Drawing

The invention and its mode of operation will be more clearly understood from
the following detailed description when read with the appended drawing in which:
FIG. 1 discloses a top-side perspective view of an optical circuit board having

jack receptacles about to be connected to an array of optical plugs that are mounted on

a backplane 1n accordance with the invention;

FIG. 2 discloses a bottom-side perspective view of the optical circuit board and
optical plug array shown in FIG. [;

FIG. 3 shows an exploded perspective view of a circuit board having edge-
mounted optical jack receptacles in accordance with the invention;

FIG. 4 shows a perspective view of an optical adapter;

FIG. 5 is a cross-section view of the optical adapter shown in FIG. 4;

FIG. 6 1s a cross-section view of an optical transceiver; and

FIG. 7 1s an exploded perspective view of an elongated optical plug showing its

basic elements.

Detailed Description

FIG. 1 and FIG. 2 respectively show top-side and bottom-side perspective
views of an optical circuit board 300 having optical devices 400, 500 about to be
connected to an array of optical connectors 200 that are attached to a mounting panel
100 (generally referred to as a backplane) in accordance with the invention. In
particular, the optical devices 400, 500 are mounted on a substrate 310, which i1s
frequently referred to as a printed wiring board (PWB). Because these devices are
mounted along a side edge 311 of the substrate 310, they are referred to as edge-

mounted devices. In the present invention, all of the optical connectors comprise
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optical plugs 200, which are inserted into a holder 120 that attaches to the backplane
100 by means of a clip 110. The clip 110 and the holder 120 are designed to provide
the optical plug with a small but limited amount of travel in the X and Y directions so
that the plug 200 can accommodate positional variations of the optical devices 400,
500 that are attributable, for example, to an accumulation of manufacturing tolerances
on circuit board 300. The construction of the clip 110 and the holder 120 is detailed in
concurrently filed U.S. Patent Application Serial Number (Lampert 42). The
optical plugs 200 interlock with the holder 120, but do not interlock with the optical
devices 400, 500 on the optical circuit board 300. The circuit board 300 is typically
contained in a circuit pack and is mounted on a shelf (not shown) using card guides.
The circuit pack is plugged into the shelf and is typically held in place with a latch on
its taceplate, which 1s mounted to a side edge of the PWB 310 that is opposite side
edge 311. The latch on the faceplate is designed to overcome the cumulative spring
forces of the optical plugs 200 on backplane 100.

[lustratively, each optical plug 200 terminates a single optical fiber that is
contained in each of optical cables 131-134, although connectors containing multiple
optical fibers are contemplated within the scope of the present invention. Each optical
fiber extends through a bore in the optical plug 200 and is held within a cylindrical
ferrule 24 that protrudes through the connector end 14 of the plug 200 (see FIG. 7).

Optical device 500 comprises a front-end portion 510, which is a jack
receptacle, and a back-end portion 520, which contains transducers. Optical signals
are delivered to optical cable 131 via transmit (Ty) port 501, and optical signals are
received from optical cable 132 via receive (Ry) port 502. Optical-to-electrical
conversion is performed by a photodiode in the back-end portion 520 of the device 500
that responds to input optical signals on the Ry port 502. Electrical-to-optical
conversion is performed by a semiconductor laser in the back-end portion 520 of the
device 500 that provides output optical signals on the T, port 501.

Optical device 400 comprises a front-end portion 410, which is a jack
receptacle, and a back-end portion 420, which is also a jack receptacle.

Advantageously, the front-end portion 410 of optical device 400 is substantially
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identical to the front-end portion 510 of optical device 500. This allows identical
optical plugs 200 to be used with either device, which is extremely important to
designers of such equipment since it simplifies board layout and facilitates design
changes, and allows for connections to new, unforeseen PWB-mounted optical devices
using jack receptacles. Device 400 1s an adapter for connecting a possibly different
style of optical plug 340 to optical plug 200. Whether the optical plugs are similar or
not, the goal to interconnect optical fibers 133, 134 with optical fibers 343, 344
respectively.

Optical devices 400 and 500 each include a jack receptacle having an
assoclated optical plane 42 where the end face of an optical plug 200 will terminate
when it 1s installed into the jack receptacle. It is important that the optical planes 42 of
all jack receptacles be coincident with each other. Moreover, the optical plane 42
must be parallel to the side edge 311 of the circuit board so that all optical plugs 200
can be arranged to protrude from the mechanical reference plane 101 on the front
surface of backplane 100 by the same predetermined distance -- irrespective of
whether the optical device on the associated circuit board is an adapter 400, a
transceiver 500 or other kind of device.

FIG. 3 shows an exploded perspective view of circuit board 300 in greater
detail. Substrate board 310 1llustratively includes an integrated circuit 350 that
processes electrical signals and exchanges same with an edge-mounted electrical
connector 360 and with optical device 500 which, as discussed hereinabove, provides
conversion between electrical and optical signals in 1ts back-end portion 520 and
interconnection with optical plugs in its front-end portion 510. Positioning of the
optical devices 400, 500 along edge 311 1s accomplished via downward-extending
pins 430 and 530 which are installed into corresponding holes 334 and 335 in the
substrate board 310. At least two such pins are used by each device to achieve
acceptable accuracy. Note that optical circuit board 300 comprises temale receptacles
that are normally "blind" connected to male plugs without the installer having the
benefit of being able to see and guide the interconnection. Accordingly, accuracy in

the positioning of the optical devices 400, 500 on the substrate board 310 is important.
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As indicated in FIG. 3, 1t 1s frequently desirable, although not necessary, to
include different kinds of optical devices 400, 500 on the same optical circuit board.
In the example embodiment of FIG. 3, optical device 500 is taller than optical device
400. In order to position all front end optical receptacles 410 and 510 at the same
height, a standoff block 320 may be provided to change the height of one of the
receptacles. Here, device 400 is raised. FIG. 3 also illustrates that the back-end
portion 420 of optical device 400 includes a jack receptacle that accommodates a
different style of optical plug 340 Such plugs are disclosed in U.S. Patent 5,719,977.

Although optical device 400 includes front-end 410 and back-end 420 portions,
both of which comprise jack receptacles, it 1s molded as a single part as shown in FIG.
4 and FIG. 5. The front end 410 and back-end 420 portions are separated at the optical
plane 42-42 where the ferrules of optical plugs 200, 340 meet (see FIG. 1 and FIG. 2).
Each jack receptacie includes a cavity 401, 402 having a generally rectangular opening
that 1s shaped to receive an optical plug such as the L.C type discussed above and
shown in FIG. 7. A common longitudinal axis 41-41 extends through cavities 401,
402, which are positioned back-to-back with bosses 421, 422 projecting into each
cavity. Illustratively, the boss 422 within cavity 402 includes a flexible bifurcation
425 that enables an alignment sleeve 440 to be installed without damage to the boss
422. The alignment sleeve 440 includes a shit 441 along its length so that it can be
made with a slightly smaller diameter than the terrules it will ultimately surround and
hold in axial alignment. Bosses 421, 422 surround and capture the alignment sleeve
440, which extends through the optical plane 42 where the end faces of a pair of
optical plugs touch each other. Moreover, the alignment sleeve 440 has a central axis
that 1s collinear with the longitudinal axis 41-41 that extends between pairs of back-to-
back cavities. Although specifically not used in the present invention, each cavity
further includes internal latching surtaces 451, 452 for interlocking with lugs on a
latching arm of a conventional LC-type connector. Such internal latching surfaces are
formed during the molding process by a tool that creates and extends through holes
450 in the top surface of the device 400. Alternatively, such holes might also be

located on the side surfaces of the device 400 for the same purpose. The cost of this
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device 400 1s significantly reduced over known similar structures such as the one
shown in U.S. Patent 5,647,043, by molding 1t as a single part, using a suitable plastic
material, and by forming the downward-extending pins 430 during molding.

Reference is now made to FIG. 6 for a cross-section view of optical device
500, which includes front-end portion 510 and back-end portion 520 that are separated
at the optical plane 42-42 where the end face of a ferrule of an optical plug installed
within cavity 501 etfectively resides. The jack receptacle portion 510 of device 500
includes a cavity 501 having a generally rectangular opening that is shaped to receive
an optical plug such as the LC type. A longitudinal axis 51-51 extends through cavity
501 and boss 521, which supports the terrule of the optical plug. The central axis of
the boss 521 is collinear with the longitudinal axis 51-51. [lustratively, an electrical-
to-optical transducer 550, such as a semiconductor laser, 1s mounted in the back-end
portion 520 of the optical device 500. It i1s positioned to emit light substantially along
the central axis 51-51. Because bi-directional optical transmission is desirable, optical
device 500 generally comprises a pair of side-by-side receptacles: one for transmitting
optical signals and the other for receiving optical signals. Accurate positioning of the
device 500 on an optical circuit board 1s facilitated by the presence of two or more
downward-extending pins 530 that fit into mating holes in the optical circuit board as
discussed above. Accurate positioning 1s important because the optical planes 42 of
all edge-mounted optical devices 400, 500 must coincide with each other and be
parallel to the side edge 311 of circuit board 300 (see FIG. 1).

FIG. 7 1s an exploded perspective view of an LC plug connector (optical plug)
200, which 1s usetul 1n the present invention. The optical plug 200 comprises a unitary
housing 12, which has a length from the cable entrance end 13 to the connector end 14
that is sufficient to make the plug 200 usable over a wide range of backplane
thicknesses. As such, the plug 200 1s considerably longer than the standard LC
connector. A latching arm 16, having first and second latching lugs 17, 18 extends
from housing 12, tor latching the plug 200 within the holder 120 (see FIG. 1). In
addition to the holder 120 and its associated clip 110 being capable of a limited

amount travel in the X and Y directions, which are perpendicular to a longitudinal axis

b U i 1tk G TR 9L OO B34 MRS L RUTIICE DI ONDTERNAEO O U U el 0N 45 SO OO OO VPO i o B 1 o 13 AT AT D3 RATIOAT  ERAITMGR A 19 M 0 120 1111 e A VIS0 86000 400 0 e I s St e

s 4 TS e SN MM



10

15

20

25

CA 02332780 2001-01-26

G. J. Grimes 86-41-26 Q.

of plug 200, the connector end 14 of the housing 12 includes a chamfer 49 that
provides further assistance mating the plug 200 to the associated optical device on
circuit board 300. Furthermore, plug 200 is fixed in the Z direction, by holder 120, to

the same mechanical reference plane 101 on the front surface of backplane 100 --

regardless of backplane thickness.

Housing 12 and latching arm 16 are made from a suitable plastic material such
as polyetherimide, and are preferably molded as a one-piece structure. The plastic
material should have sufficient resilience to allow the latching arm 16 to be depressed
and to spring back to its non-depress (latching) position, thereby forming a "living"
hinge. It is noted that optical plug 200 latches to holder 120, which is installed on
backplane 100, and not to any of the edge-mounted devices 400, 500 on the optical
circuit board 300 (see FIG. 1). This allows the circuit board to be easily installed or
removed from the backplane 100. Housing 12 has an axial bore 19 extending
therethrough that accommodates a ferrule-barrel assembly 21. Assembly 21 comprises
a hollow tubular member 22 having an enlarged flange 23 on the barrel member from
which extends a ferrule 24, which may be of a suitably hard and wear-resistant
material such as ceramic, glass or metal and which functions to contain an optical fiber
therein. A coil spring 26 surrounds tubular member 22 and seats against the rear of
flange 23 at its forward end, and against an insert 27 at its rear end. Insert 27 is
tubular and accommodates tubular member 22.

Insert 27 includes an enlarged-diameter section 28 having first and second flats
29 (only one 1s shown) thereon that cooperate with corresponding flat surfaces (not
shown) within the cable entrance end 13 of the housing 12 to prevent rotation. Insert
277 also has a tlange 31, which functions as a stop to prevent the insert 27 from being
inserted too far into the housing 12.

At the cable-receiving end of insert 27 1s a groove 32, which 1s designed to
receive fibrous strength members, usually aramid fibers, which are affixed thereto by
means of a crimping member, thereby anchoring an incoming fiber cable to the plug

200. Each of the sidewalls of housing 12 (only one i1s shown) has an opening 37
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therein for receiving the enlarged diameter portion 28 of insert 27 and which functions
to affix the insert 27 longitudinally, i.e., in the Z direction within the housing 12.
The front end of flange 23 has a polygonal shape, preferably hexagonal, with a
slope 38 that is adapted to seat in a corresponding shaped sloped recess portion of the
5  bore 19 which provide six positions for tuning the optical plug 200. Additional detail
regarding the design of the optical plug 200 is contained in concurrently filed U.S.
Patent Application Serial Number (Andrews 6-7-43-4-5-10).
Although various particular embodiments of the present invention have been
shown and described, modifications are possible within the scope of the invention. In
10 particular, 1t 1s noted that whereas the present invention precludes individual
interlocking of the optical plugs and jack receptacles by using an elongated plug whose
latching arm does not enter the jack receptacle, this could also be accomplished by
designing a jack receptacle that does not include a retaining surface for the latching
arm. Other modifications include, but are not limited to the use of optical plugs and
15  jack receptacles that accommodate more than a single optical fiber, and the use of

optical devices having more (or less) than two jack receptacles.
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Claims

1. An interconnection system for optical circuit boards comprising a plug-in
circuit board [300] having a plurality of optical devices [400, 500], which are
positioned along a side edge [311] of a substrate [310], each optical device including a
front-end portion [410, 510] for receiving an optical connector [200], said system
further comprising a backplane [100] having a linear array of optical connectors
mounted thereon

CHARACTERIZED IN THAT

each optical connector comprises an optical plug housing [12] having a ferrule
[24] disposed therein, said ferrule having an optical fiber disposed along its
longitudinal axis and an end face that projects from one end of the housing; and

the front-end portions of all of the edge-mounted optical devices comprise
similarly shaped jack receptacles, each jack receptacle including: (i) a front cavity
[401, 501] having a generally rectangular opening for receiving the optical plug, (ii) a
first boss [421, 521] that extends into the front cavity for receiving the ferrule, and (iii)
an optical plane [42] where the end face of the ferrule resides when installed within the
boss, all of said jack receptacles being positioned on the circuit board such that their
individual optical planes are substantially coincident with each other and are parallel to

the side edge of the circuit board.

2. The interconnection system of claim 1 wherein said optical plugs [200] and
the jack receptacles {410, 510] are adapted to engage, but not interlock with, each

other.

3. The interconnection system of claim | wherein the optical devices [400,
500] are rigidly attached to the substrate [310] , and the optical plugs are attached to
the backplane [100] with a smalil but limited amount of travel in the X and Y

directions, which are perpendicular to a longitudinal axis of the plug [200].
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4. The interconnection system of claim | wherein the ferrules [24] of the

optical plugs [200] are substantially cylindrical and enclose a single optical fiber.

S. The interconnection system of claim | wherein at least one of the edge-
mounted optical devices [400, 500} comprises a housing with front and back ends
(410, 420] and a bottom side, said housing including at least two pins [430] that
extend downward from the bottom side to engage corresponding holes [334] in the

substrate [310] for accurately positioning the edge-mounted optical device thereon.

6. The interconnection system of claim 5 wherein the optical device [400]
comprises a pair of side-by-side jack receptacles at the front end [410] and a pair of
side-by-side jack receptacles at the back end [420], each jack receptacle at the back
end including a back cavity [402] having a generally rectangular opening for receiving
a second optical plug and having a second boss [422] that extends into the back cavity,
said front and back cavities being coaxially aligned with each other, said first and
second bosses being coaxially aligned to provide an opening between the front and

back cavities.

7. The interconnection system of claim 6 wherein the first and second bosses
[421, 422] enclose an alignment sleeve [440], and wherein one of the bosses [422]
includes a tlexible bifurcation [425] that facilitates installation of the alignment sleeve

therein

8. The interconnection system of claim 5 wherein the optical device [400]

comprises a one-piece, molded plastic structure.

9. The interconnection system of claim 5 wherein the housing includes a pair

of side-by-side jack receptacles at the front end [510] and a pair of side-by-side optical

transducers [550] at the back end {520], one of said transducers providing electrical-to-
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optical conversion and the other of said transducers providing optical-to-electrical

conversion.

10. The interconnection system of claim | wherein the circuit board [300]
5  further includes a plurality of electrical components [350] mounted thereon, and an
electrical connector [360] that is positioned along the side edge [311] of the substrate

[311] for making electrical connections with a mating electrical connector mounted on

the backplane [100].
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