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(57) Claim

1. A single mode to single mode optical fioer ferrule connecting 
system, which has provisions for attenuation with low reflectance to the 
system, said connector system comprising a first plug having a 
passageway for receiving an end portion of one optical fibre and which 
terminates said one optical fiber, a second plug having a passageway for 
receiving an end portion of another optical fibre and which terminates 
said another optical fiber, and a sleeve having a longitudinal slot 
through the wall thereof, the sleeve receiving one of the plugs in each 
end thereof, said connecting system being characterized by

a low reflection attenuating element comprising a plate-like 
portion being made of a material having an index of refraction 
substantially equal to that of glass, and a rail including a depending 
portion from which said plate-like portion is supported, said depending 
portion adapted to be received in said slot with said plate-like portion 
so that major parallel faces of said plate-like portion are 
perpendicular to a longitudinal axis of said sleeve and with a portion 
of said rail disposed adjacent to an outer surface of said sleeve, said 
attenuating element being capable of being moved longitudinally along 
said sleeve as each said plug is inserted into said sleeve and said 
element being engaged by each said plug when said plugs are seated in 
said sleeve.
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OPTICAL FIBER CONNECTING DEVICE 
INCLUDING ATTENUATOR

Technical Field
This invention relates to an optical fiber connecting device

5 including an attenuator.
Background of the Invention

Often, attenuators are needed in the transmission path to reduce 
the strength of an incoming signal to a required level. Many optical fiber 
communication systems require a method of decreasing optical power at a

10 reducing station to avoid the saturation of receivers. Such a reduction in 
power may be accomplished by introducing into the system a device known 
as an attenuator which is designed to dissipate or to attenuate a controlled 
fraction of the input power while allowing the balance to continue through 
the system.

15 Attenuators for biconic optical connectors are available
commercially in various configurations. See U. S. Patent No. 4,900,124.

Prior art fixed attenuators generally fall into four classes. First, 
there is an air gap attenuator with various fixed filter elements suspended 
in the air gap and in which a coupling sleeve includes means for preventing

20 contact between two fiber ends or with the various filter elements
suspended in the air gap. A second class design is one which comprises an 
air gap in which attenuation is increased by increasing the gap. In a third 
type, a high density, translucent, laminated element that varies in the 
thickness of a carbon layer thereof for different attenuation levels is

25 mounted in a transverse slot. In one such design, an alignment sleeve 
includes an attenuating element capable of transverse movement in the 
alignment sleeve. See for example, U.S. 4,717,234 Such a design is intended 
primarily for multimode-to-multimode connections. A fourth class of 
attenuator for use in a biconic arrangement includes an index matched

30 spacer. None of these appear to be suitable for use with cylindrical ferrule, 
single mode to single mode connecting arrangements where low reflectance 
is important.

A very much used ferrule connector for terminating and 
connecting two optical fibers is one which is referred to as an ST®

35 connector, ST being a registered trademark of AT&T. The ST® connector 
is disclosed, for example, in U.S. patent 4,934,785. ·
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An ST connector includes a cylindrical plug or ferrule, as it is 
often called, having a passageway therethrough for receiving an end portion 
of an optical fiber to be terminated. The plug which is received in a cap is 
spring-loaded. When two of the plugs are received end-to-end in a coupling

5 sleeve, one or both of the plugs bodies is moved along its longitudinal axis to 
make the connection.

' Complicating matters for attenuating cylindrical ferrule
connections is the recognition that there is no universally accepted ferrule 
connector. Also available is a connector referred to as the FC connector.

10 Desirably, the sought after attenuator may be used for either connector. 
What is needed and what does not seem to be available is an attenuator 
which may be used in single mode to single mode ferrule type connecting 
arrangements, such as for example, ST connector to ST connector, ST 
connector to FC connector or FC connector to FC connector.

15 Another problem in arriving at an attenuator having the
sought-after features is that during the connection process for the ST 
connector, movement occurs in a plug which is first inserted into a coupling 
sleeve when another plug is inserted into the sleeve. Any widely accepted 
attenuator system must be able to accommodate such movement.

20 Typically, fixed air gap, non-plug contacting or high density
filter elements have been used in optical transmission systems and data 
links that use multimode-to-multimode or single mode-to-multimode 
connections. The latter case uses the multimode fiber at the detector in a 
single mode system as a photon bucket. Although systems of less than 1.0

25 Gb/s are not typically affected adversely by high reflected power, in some 
cases, systems of less than 1.0 Gb/s, such as, for example, in two-way 
transmission on a fiber, can be adversely affected.

What is needed and what has not been provided by the prior art 
is an in-line, low-reflection attenuator for ferrule connectors such as the ST

30 or FC connector which overcomes the foregoing problems and which may be 
used, for example, in single mode-to-single mode connector arrangements.
The sought-after attenuator is required for high speed lightwave 
transmission systems with distributed feedback lasers, and amplitude 
modulated cable television transmission where unwanted reflections in the

35 network can result in optical feedback into the laser causing laser instability 
and receiver noise. Also, the sought-after low reflection attenuator is 
needed to minimize systems degradations due to multiple path interference.
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The sought after in-line attenuator must be structured keeping in mind 
that the level of reflected power can be affected adversely by a 
mismatch in index of refraction in the transmission path, by the length 
of the gap between optical fiber ends, by laser line width, by frequency

5 and by the distance between the two connections.
Summary of the Invention

Accordingly the invention, in one aspect, provides a single mode 
to single mode optical fiber ferrule connecting system, which has 
provisions for attenuation with low reflectance to the system, said

10 connector system comprising a first plug having a passageway for
receiving an end portion of one optical fibre and which terminates said 
another optical fiber, and a sleeve having a longitudinal slot through 
the wall thereof, the sleeve receiving one of the plugs in each end 
thereof, said connecting system being characterized by

15 a low reflection attenuating element comprising a plate-like
portion being made of a material having an index of refraction 
substantially equal to that of glass, and a rail in including a 
depending portion from which said plate-like portion is supported, said 
depending portion adapted to be received in said slot with said

20 plate-like portion so that major parallel faces of said plate-like
portion are perpendicular to a longitudinal axis of said sleeve and with 
a portion of said rail disposed adjacent to an outer surface of said 
sleeve, said attenuating element being capable of being moved 
longitudinally along said sleeve as each said plug is inserted into said

25 sleeve and said element being engaged by each said plug when said plugs 
are seated in said sleeve.
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According to a second aspect, the invention provides a single mode 
to single mode optical fiber ferrule connector for connecting an optical 
fiber of an optical fiber cable to optical means, said connector 
comprising a first plug assembly which includes an entrance end for an

5 optical fiber cable comprising an optical fibre and a connection end, a 
plug having passageway for receiving an end portion of the optical fibre 
and adapted to terminate the optical fiber, a cap which is assembled to 
said plug, and resilient means for urging said plug outwardly of said 
cap in a direction away from said optical fiber entrance end, said plug

10 assembly adapted to be connected to said optical means at said
connection end, and sleeve means for receiving said plug of said plug 
assembly in one end thereof and said optical means disposed adjacent to 
said plug to cause the optical fiber terminated by said plug to become 
connected operatively to said optical means, said sleeve having a wall

15 which conforms to the configuration of the plug to be received therein 
with said wall having a slot formed longitudinally therethrough, said 
connector being characterized by

a low reflection attenuating element which is adapted to be 
moveable slideably along a substantial length of said sleeve, said

20 attenuating element including a plate-like portion disposed within said 
sleeve so that major parallel faces of said plate-like portion are 
perpendicular to a longitudinal axis of said sleeve and supported by a 
rail which includes a portion extending through said slot, said portion 
of said attenuating element within said sleeve adapted to be engaged by

25 said plug when said plug is inserted into said sleeve.
Brief Description of the Drawing

FIG. 1 is a perspective view of a ferrule connector system of this 
invention which includes an attenuator;

FIG. 2 is an elevational view partially in section of a connector
30 system of this invention; x

rhk/0838E
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FIG. 3 is an enlarged end view of an optical Fiber;
FIG. 4 is an end view partially in section of the connective

arrangement of FIG. 2;
FIG. 5 is an enlarged perspective view of an attenuator element 

5 which is disposed with two plugs to be received in a sleeve of the connector
arrangement;

FIG. 6 is an end view in section of an alternative embodiment of 
an attenuator element of the connective arrangement of this invention;

FIG. 7 is a graph which depicts the relationship between the
10 attenuator thickness and insertion loss;

FIGS. 8-10 depict graphs of performance characteristics of an
attenuator system of this invention;

FIG. 11 is a view of another embodiment of an attenuator of an
FC connector system which includes an attenuator element disposed b a

15 sleeve with one plug being received in the sleeve and a second plug 
positioned for insertion; and

FIG. 12 is a view of another embodiment of an attenuator system 
of this invention with an ST connector to FC connector arrangement. 
Detailed Description

20 Referring now to FIGS. 1 and 2 there is shown a portion of an
optical fiber connector arrangement 20 for providing an optical fiber 
connection between two optical fibers. The connector 20 is exemplary and 
others may include the arrangement of this invention. Each of two optical 
fibers 21-21 (see FIG. 3) to be connected includes a core 25 and a cladding

25 27, together designated 26, enclosed in a coating 28. The optical fiber may
be enclosed in a tube of polyvinyl chloride (PVC) to provide what is referred 
to as a buffered fiber which may be terminated and connected in 
accordance with this invention. The connective arrangement of this 
invention also may be used to connect single fiber cables 30-30 (see again

30 FIG. 1) in which covering a tube 31 of PVC is a strength member 33 such as 
one made of aramid fibrous material, for example, and an outer jacket 35 
which may be comprised of PVC.

Referring to FIGS. 1 and 2, it can be seen that the connector 20 
comprises two optical fiber terminations or plug assemblies, each designated

35 generally by the numeral 37. Corresponding elements of the terminations 
37-37 are identified with the same numerals. The connector 20 is such that 
longitudinal axes 38-38 of the terminations are coaxial. In addition to an end
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portion of an optical fiber 21, each termination 37 comprises an optical fiber 
terminus or plug 40, having a passageway 41 (see FIG. 2) and being made of 
a glass, plastic or ceramic material. The plug 40 has an outer diameter of 
about 2.5 mm. An end face 39 of the plug 40 includes an opening of the

5 passageway 41.
In terminating a cable 30, the'coating 28, as well as the tube 31, 

strength member 33 and outer jacket 35, is removed from an end portion of 
an optical fiber 21 prior to its termination with a plug 40. Then the 
uncoated end portion of the optical fiber is inserted into the passageway 41

10 of each plug 40. The uncoated end portion of the optical fiber 21 is secured 
within the passageway 41 of the plug 40 and the end faces of the optical 
fiber are cleaved and polished.

Each termination also includes a connector body 42 or barrel (see 
FIGS. 1 and 2) made of a plastic or metallic material, a compression spring

15 44 and a tubular cap 45 made of a plastic or a metallic material. It should
be observed that the plug 40, the connector body 42 and the cap 45 each 
has a cylindrical cross-section. The connector body 42 includes a separate 
orienting or alignment key 43 which projects radially from the longitudinal 
axis 38 and which can be installed at any one of a number of positions.

20 The connector body 42 includes a small diameter portion 46 (see
FIG. 2) which extends through an opening 47 in an internally disposed 
collar 48 in the cap 45. A retaining washer 49 circumscribes the small 
diameter portion on the outer side of the collar. The spring 44 is disposed 
about the smaller diameter portion 46 of the connector body 42 between the

25 collar and a large diameter portion 51. As a result of this arrangement, the 
spring 44 biases the connector body 42 outwardly from the cable to hold the 
connector body within the cap 45.

‘ ·«« Each plug assembly also may be provided w.ith means for
limiting the allowable rotation of the cap 45 with respect to the connector

30 body 42. In order to accomplish this, the cap may include a stud (not 
«.«·’ shown) which projects inwardly from said annular collar 48 into a camming

- ,° race provided in the connector body. .
Viewing again FIG. 1, it can be seen that the cap 45 includes a 

longitudinally extending slot 55 which at one end communicates with a
35 circumferentially extending slot 57. The slot 57 is formed so that the

tubular wall of the housing which defines it includes a latching projection 
58. These slots 55 and 57 are used for securing a termination 37 to another
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portion of the connector 20.
Completing the connector termination 37, there is shown a 

portion 59 (see FIG. 1) which may extend from the cap 45 along the optical 
fiber cable in a conically shaped configuration. This portion of the

5 connector 20 provides strain relief for the termination and ensures that the 
cable can withstand repeated bends in use after interconnection with 
another cable without undue stresses being imparted to the optical fibers.

The connector arrangement also includes an attenuator 
arrangement which cooperates with a sleeve 60 (see FIGS 1 and 2) having a

10 longitudinal slot 61. In a preferred embodiment, the sleeve is made of 
zirconia.

The sleeve 60 is disposed within a housing 63 and maintained 
therein by a retainer 64 (see FIG. 2). The housing includes oppositely 
extending keyways 66-66 with each keyway 66 being associated with and

15 adapted to receive a key 43. Further, associated with each keyway 66 at 
each end portion of the housing 63 are two diametrically opposed radially 
extending latching pins 67-67 each of which is displaced 90° from the 
associated keyway.

When a plug of one connector is to be inserted into the sleeve 60,
20 the alignment key 43 thereof is aligned with a keyway 66 in the sleeve 60. 

The plug 40 is inserted into the sleeve as the alignment key 43 is moved 
along the keyway 66. At the same time, each latching pin 67 enters and 
moves along a slot 57. At the end of the travel of the plug 40, each latching 
pin becomes disposed behind a latching projection 58.

25 Ideally, to achieve minimum loss, the plugs 40-40 disposed within
* . . the sleeve 60 should have their longitudinal axes aligned and end faces of« *

the fibers with the end faces 39-39 of the plugs contacting an attenuator 
element 70 (see FIGS. 1 and 2). The outer surface of each plug 40 and the 
surfaces of the walls of the sleeve cavities are associated conformable

30 alignment surfaces which are intended to cause desired positioning of the 
plugs when the end portions of the plugs are received in the sleeve 60.
When disposed in the alignment sleeve 60, the plugs should have a desired 
end separation.

As mentioned hereinbefore, the connector 20 includes an
35 attenuator arrangement for adding attenuation and reducing return loss.

The sleeve 60 includes the longitudinally extending slot 61 which performs a 
dual function. Not only does the slot 61 allow the sleeve to be compliant
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with different plug diameters within a tolerance range, but also it allows the 
attenuator element 70 to be moved longitudinally along the sleeve to be 
repositioned during insertion of the plugs 40-40. As can be seen in FIGS. 4, 
5 and 6, the attenuator element 70 in side elevational view is T-shaped and

5 includes a head 72 and a disc 74 which is engaged by each of the plugs 40-40 
when the plugs are seated in the sleeve. The head 72 extends longitudinally 
along the slot 61 of the sleeve 60 and includes a neck 76 which is capable of 
being received in the sleeve slot. The head 72 and the neck 76 cooperate to 
form a rail-like configuration. On the other hand, the disc is plate-like and

10 has a circular configuration in a plane normal to the longitudinal axis 38 of 
the connector. The head 72 is disposed within a channel 75 (see FIG. 2) 
which is formed in the housing 63.

As a result of the cooperation between the attenuator element 70 
and the sleeve 60, the attenuator element 70 is able to be moved

15 longitudinally within the sleeve. The ST connector is considered a floating 
design in which the two plugs are spring loaded and are aligned with a 
compliant split sleeve located in a coupling housing (FIG. 2). When a first 
plug 40 is inserted into the coupling, the plug overtravels the transverse 
centerline of the coupling and its movement is arrested by the engagement

20 of the plug connection body with a coupling shoulder. When the second 
plug is joined to the other side of the coupling and contact with the 
attenuator element is made by the two plugs, the first plug is pushed 
backwards until equilibrium is reached between the spring loading of the 
two plugs provided by the compression springs 44-44.

25 Consequently, in designing an attenuator element which is
placed between the fiber end-faces of the two plugs, one must either 
prevent the first plug from overtraveling the centerline of the coupling or 
provide an arrangement for the attenuator element to travel with the plug. 
The latter approach is used for the attenuator element 70 by using an

30 attenuator disc which is supported by a rail.
The disc 74 is selected of a suitable thickness, flatness, surface

finish, and parallelism to maintain fiber-end contract and to provide the 
desired attenuation. Viewing again FIGS. 5 and 6, the operative stem 
portion 74 of the attenuator has a thickness which ranges from about 200 to

35 1750 microns for a 5 dB to a 20 dB loss, respectively. Using
polymethylmethacrylate (PMMA) plastic, the attenuator elements 70-70 are 
molded in various thicknesses to attain an attenuation range between 5 and
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20 dB.
The rail, comprising the head and neck, allows the element to be 

moved by sliding along the slot in the ferrule sleeve, which is parallel to the 
fiber axis. The assembly, which is shown in FIG. 4, has the neck riding in

5 the slot of the split coupling sleeve. The rail and slot arrangement act to 
position and support the attenuator disc. Further, it provides freedom of 
longitudinal movement of the disc which is needed in the connection and 
disconnection of the plugs.

What is important is the adjustable nature of the attenuator
10 element 70 in the slot 61. The hereinbefore described attenuator

arrangement requires only that the ST connector coupling housing provide 
clearance for the attenuator support rail 72 to ride in the zirconia split 
sleeve 60. Also, the width of the slot 61 in the sleeve 60 , i.e. about 1.0 mm, 
has been increased over that of a prior art sleeve, i.e. about 0.5 mm, so as to

15 allow the neck of the attenuator element 70 to extend therethrough. As one 
connector plug is inserted into one end of the sleeve 60 and seated therein, 
the attenuator element 70 is engaged by an end of the inserted plug to 
cause the attenuator to be moved slightly in the same direction as the 
direction of insertion, that is in a direction parallel to the longitudinal axis

20 38 of the connector. Then, when the other plug is inserted into the opposite
end of the sleeve 60, the end of the other plug engages the attenuator 
element and causes it to be held securely between the two plugs. The 
floating support of the attenuator element is accomplished by the moveable 
element between fiber ends of two plugs with a material element having a

25 thickness which is equal to a required value. Also, the attenuator element 
has an index of refraction which is similar to that of the transmitting fiber 
core, i.e. glass.

The plug travel allows for greater compression of the spring, 
resulting in additional space for a range of attenuator disc thicknesses. This

30 allows the installation of attenuator elements having thicknesses on the 
order of 1.75 mm or less for a loss of 20 dB or less, while maintaining plug 
contact and float.

Well known splice-loss theory predicts single mode insertion loss 
(IL) for longitudinally displaced fibers. Additionally, Snell’s law of

35 refraction describes how light waves behave between materials with
different indices of refraction, causing bending of light rays. Light accepted 
by a second fiber must impinge the core area and be within the critical



9

angle of the fiber to be received.
For this invention, the attenuator element thickness and

insertion loss (IL) were determined by the following equation:

IL= — lOal og lil -|- ILgap(dB') , (1)[(1 + (Z»/t,wVf J

5 where 2o is the gap between fibers, = 2πη0/2λ,«; = mode field radius 
(MFR) with MFRi3ionm = 4.35μ?η and MFR^Onm — 4.85μτη , and wherein 
correction factor αΐ3ΐοητη = 0-92 and <zissonm = θ·88 , and verified 
experimentally for both IL and return loss (RL) on PMMA elements.

FIG. 7 shows plots designated 80 and 90 which depict the 
10 relationship between the theoretical insertion loss and attenuator element

thickness at wavelengths of 1310 nm and 1550 nm. The plots are in 
accordance with equation (l). Each data point represents an average loss 
value for a group of attenuator elements 70-70 for the thickness 
corresponding to that data point. As thickness increases, insertion loss

15 increases. What is desired is an attenuator element 70 that provides 
acceptable performance at both wavelengths.

It should be noted that insertion loss, Avhich is a function of 
wavelength and mode field radius, is nearly independent of wavelength. A 
correction factor "a" is inserted into the equation to shift the theoretical

20 curves downward slightly to compensate for inaccuracies in the exact indices 
of refraction, wavelength, fiber core variations, or large Zo values, for 
example. Figure 7 includes average data designated by points 92-92 at 1310 
nm and 94-94 at 1550 nm from ST connectors of this invention. It should

> ’ be noted that this arrangement for attenuation works equally well at 780
25 nm single mode to single mode transmission with a further wavelength 

dependent shift.
ft Λ a β 

ft o
···« The connection arrangement of this invention, which includesI « ft ft

,* * . ° the attenuator element 70, results in substantially lower reflected power
than in prior art arrangements. As is known, the index difference, n, along

30 an optical path causes reflection as stated by the following equation for 
return loss:

RL = 10 log (»o- »i) 
(n0+ nJ

2

(2)

s
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where n0 and are indices of refractions for two interfacing materials.
In one example in which ends of two optical fibers are connected

through a connector, glass-to-air interfaces were established with an n0 of 
1.0 for air and an ζη of 1.468 for the core glass of each optical fiber.

5 Applying the foregoing equation, eq. (2), for return loss, the reflected power 
was found to be approximately 3.6% or -14.4 db.

For this arrangement, both glass-to-air and air-to-glass interfaces 
contribute to the reflected power, which can be excessively high. On the 
other hand, for a substantially larger air gap, the reflected loss is dominated

10 by that interface between core glass and air which is first encountered in 
the direction of light transmission. The second interface, that is from air- 
to-glass in the divcction of transmission, has much less effect because of the 
attenuation caused by the transmission through the lengthened air gap.

Another arrangement may include spaced fiber ends with an
15 acrylic or Mylar plastic, in-line, plate-like attenuator element suspended in 

the air gap. In this attenuator there are multiple reflected surfaces, even 
though, at best, the attenuator can contact only one fiber end with an air 
gap between the attenuator and the other fiber end. Even with an 
attenuator material having an index n0 which is close to that of glass, high

20 reflections can occur when relatively small air gaps exist. For low 
attenuation values, this gap is more critical. Reflected power in this 
arrangement, where the fiber contacts only one side of the optical disc, also 
is a function of the direction of optica] transmission through the 
attenuator-air gap. The reflected power generally will be less if the

25 direction of the transmission is through a contacting optical fiber-attenuator 
interface, through the attenuator and through the air gap to the second 
fiber end. If the direction of transmission is in the opposite direction, the

© © a ©
« ft*
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reflected power can be similar to that across a relatively small air gap 
without an attenuator. In cases where a small gap exists on both sides of a 
plate-like low-value attenuator, i.e. 5 dB, poor return loss on the order of -6 
dB has been measured.

5 The attenuator arrangement of the connector 20 of this
invention results in significantly less reflected power than in prior art 
cylindrical ferrule connection arrangements. This is accomplished by 
causing both plugs to engage the in-line attenuator element 70, thereby 
avoiding an air gap. It should be noted that the second plastic-to-optical

10 fiber core glass interface, providing there is contact with the plug ends, is of 
less consequence because the low level of reflected power from the second 
interface would be attenuated by the two way loss of the attenuator. For 
example, the total return loss from an arrangement in which there is a -40 
dB loss from a first glass to attenuator interface and a -40 dB loss from the

15 second interface between the attenuator and glass, on the outgoing side, 
and a 10 dB attenuator which contributes 20 dB for a round trip amounts 
to -39.96 dB. This is a negligible difference from that provided at the first 
interface.

Advantageously, the connector 20 of this invention is compatible
20 with existing connectors in the field. For example, if all new sleeves were to 

be provided with an attenuator, it becomes important that plugs already in 
use in the field be useable with such sleeves. As should be apparent, the use 
of a sleeve 60 with an attenuator in no way impedes its use with existing 
plugs.

25 FIG. 8 depicts data points of return loss in -dB as a function of
insertion loss in dB at 1310 nm for attenuator elements 70-70 of this 
invention. A relatively low return loss attenuator would be depicted by data 
points above the acceptable limit line in FIG. 8. For attenuator elements 
grouped at insertion losses of 5 dB, 10 dB, 15 dB, 15 dB or 20 dB, for

30 example, it can be seun that the data points are above the acceptable return 
loss limit and within the allowable insertion loss tolerance range. This plot 
shows that the attenuator of this invention is a relatively low reflection 
design. The object of using an attenuator element of index matched 
material is to achieve a measured amount of insertion loss with a low

35 reflectance. The thicker the element 70, the greater the loss. Because the 
attenuator element contacts the fiber ends, reflectance is minimized.
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FIG. 9 depicts histogram plots of frequency versus insertion loss 
in dB at 1310 nm. Allowable tolerance ranges are shown along the X axis. 
FIG. 9 shows that the results are reproducible. All samples in each 
insertion loss band have a relatively narrow distribution. Although the

5 distribution is greater for insertion losses of 15 and 20 dB, they are still 
within the tolerance window.

FIG. 10 depicts the results of a humidity test for the attenuator 
of this invention at 90 to 95 % relative humidity at 60 ° C. As can be seen, 
the change in loss with time is negligible. This demonstrates that the

10 attenuator is very stable with respect to time and humidity.
It should be noted that attenuators of this invention may be 

used also for FC to FC connections and for hybrid FC to ST connectors. 
Xfiewing now FIG. 11, there is shown an FC to FC connecting arrangement 
designated by the numeral 100. A coupling 102 having center flange

15 portions 104-104 includes two opposed entrances 106-106. Each entrance 
106 includes an externally threaded portion 107 and a circular boss 108 
having a flared entry portion 109. An outer diameter of each boss 108 is less 
than an inner diameter of the coupling 102 to provide an annular space 111 
about each end.

20 Disposed within the coupling 102 is a sleeve 113. The sleeve has
a slot 115 formed longitudinally therealong, the slot having sufficient width 
to allow a neck portion of an attenuator element 70 to extend therethrough. 
The sleeve is retained within the coupling by engaging stepped inner 
portions of the bosses 108-108.

25 A fiber to be connected to another by an FC arrangement is
terminated by a plug assembly 120. Each plug assembly 120 includes a 
cylindrical plug or ferrule 122 which terminates a fiber. The plug 122 is 
received in a connector body or barrel 124 which is received in cap 126 that 
is threaded internally. The cap 126 is adapted to be turned threadably over

30 the threaded portion 107 of the coupling 102 and to slide over the barrel
124. The barrel and plug are biased outwardly by a spring.

When a connection is desired, a craftsperson causes the plug 122 
of the plug assembly to become disposed in the sleeve 113 to contact an 
attenuator element 70 which is supported in the sleeve. The barrel 124 is

35 moved slideably over the boss 108 while the cap 126 is turned threadably 
over an end portion 107 of the coupling. In the FC arrangement, an 
appropriately sized spacer 114 is disposed between flgnge portions to

1
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compensate for the lack of sufficient travel of the FC plugs 122-122.
: i Viewing now FIG. 12, there is shown as ST connector to FC

connector arrangement. By this is meant that an ST connector ferrule is 
adapted to be connected optically through an attenuator arrangement with

5 an FC connector ferrule. The capability demonstrates the versatility of the 
connector arrangement of this invention.

The arrangement of FIG. 12 includes one portion, the right-hand 
portion as viewed in FIG. 12, which is similar to that of FIG. 2 and the 
other half similar to the arrangement of FIG. 11 with a match being made

10 along a line disposed at about the halfway point of a sleeve 131 which is 
disposed in a housing 132. Inasmuch as portions of the ST connector 
portion and of the FC connector portion have been described hereinbefore, 
no further description of these portions is deemed necessary.

As shown in FIG. 12, insertion of either the plug of the FC
15 connector portion or the plug of the ST connector portion causes the plug of 

either to engage the disc of the attenuator element 70 and causes the 
element, which is suspended by the rail, comprising the head and the neck, 
to be moved in a direction along the sleeve. Insertion of the other plug 
engages the other major surface of the disc and causes the disc to be moved

20 in an opposite direction until the other plug assumes its connective position.
It is to be understood that the above-described arrangements are 

simply illustrative of the invention. Other arrangements may be devised by
those skilled in the art which will embody the principles of the invention 
and fall within the spirit and scope thereof.

* 6 » 4
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The claims defining the invention are as follows:
1. A single mode to single mode optical fiber ferrule connecting 

system, which has provisions for attenuation with low reflectance to the 
system, said connector system comprising a first plug having a 
passageway for receiving an end portion of one optical fibre and which 
terminates said one optical fiber, a second plug having a passageway for 
receiving an end portion of another optical fibre and which terminates 
said another optical fiber, and a sleeve having a longitudinal slot 
through the wall thereof, the sleeve receiving one of the plugs in each 
end thereof, said connecting system being characterized by

a low reflection attenuating element comprising a plate—1 ike 
portion being made of a material having an index of refraction ' 
substantially equal to that of glass, and a rail including a depending 
portion from which said plate-like portion is supported, said depending 
portion adapted to be received in said slot with said plate-like portion 
so that major parallel faces of said plate-1 ike portion are 
perpendicular to a longitudinal axis of said sleeve and with a portion 
of said rail disposed adjacent to an outer surface of said sleeve, said 
attenuating element being capable of being moved longitudinally along 
said sleeve as each said plug is inserted into said sleeve and said 
element being engaged by each said plug when said plugs are seated in 
said sleeve.

2. The optical fiber connecting system of claim 1, wherein said 
sleeve is disposed in a housing having opposed end portions, each end 
portion including an outer portion which is threaded externally and an 
inner boss which is disposed cocentrically within and spaced from said 
outer portion and wherein said system includes two plug assemblies, each 
of which includes one of said first and second plugs,

each of said first and second plugs being supported in and 
extending from a connector body portion which is adapted to become ' 
disposed about said boss of an end portion of said housing when said 
respective plug is received in said sleeve, further each said plug 
assembly including an internally threaded cap which is slideably 
moveable with respect to said connector body portion such that when said 
respective plug is received in said sleeve and said connector body 
portion is disposed about said boss, said cap is capable of being moved

/0838E
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slideably with respect to said connector body and turned threadably onto 
threads of said outer portion of said housing,

wherein said housing includes a spacer to allow both of said 
first and second plugs to become disposed in said sleeve notwithstanding

5 a limited amount of retrograde motion of each said plug when said plugs 
engage said attenuating element.

3. The optical fiber connecting system of claim 1, which 
includes two plug assemblies and wherein said sleeve is disposed in a 
housing having opposed end portions, a first one of said end portions

10 including an outer portion which is threaded externally and an inner 
boss which is disposed concentrically within and spaced from said outer 
portion and wherein the opposed second end portion includes a tubular 
portion having a longitudinally extending keyway therein and two 
diametrically opposed latching pins projecting form an outer surface

15 thereof,
9 0

Ο Λ <5

a first one of said plug assemblies including said first plug 
extending from a connector body which is adapted to become disposed 
about said boss of said first end portion of said housing when said 
first plug is received in said sleeve and further including a cap which 

20 is slideably moveable and which is internally threaded to be turned 
threadably over said outer portion of said first end portion of said 
housing when said first plug is received in said sleeve; and

a second one of said plug assemblies including a connector 
body from which said second plug extends, said connector body of said 

25 second plug assembly having a key projecting therefrom to be received in 
said keyway of said housing when said second plug is received in said 
sleeve, said second one of said plug assemblies also including a cap 
which is disposed concentrically about at least a portion of said 
connector body and which includes two camming slots and associated 

30 latching slots so that as said second plug is inserted into said sleeve 
and said key is received in said keyway of said housing, each of said 
pins of said housing is caused to be moved along a camming slot and 
become disposed in the latching slot associated therewith to hold said 
cap of said second plug assembly assembled to said housing.

4. The optical fiber connecting system of claim 3, wherein said 
second plug assembly includes a compression spring disposed about said

k/0838E
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connector body thereof and said first plug assembly includes resilient 
means for biasing said first plug outwardly of said first plug assembly.

5. A single mode to single mode optical fiber ferrule connector 
for connecting an optical fiber of an optical fiber cable to optical

5 means, said connector comprising a first plug assembly which includes an 
entrance end for an optical fiber cable comprising an optical fibre and 
a connection end, a plug having passageway for receiving an end portion 
of the optical fibre and adapted to terminate the optical fiber, a cap 
which is assembled to said plug, and resilient means for urging said

10 plug outwardly of said cap in a direction away from said optical fiber 
entrance end, said plug assembly adapted to be connected to said optical 
means at said connection end, and sleeve means for receiving said plug 
of said plug assembly in one end thereof and said optical means disposed
adjacent to said plug to cause the optical fiber terminated by said plug 

15 to become connected operatively to said optical means, said sleeve
having a wall which conforms to the configuration of the plug to be
received therein with said wall having a slot formed longitudinally 
therethrough, said connector being characterized by

a low reflection attenuating element which is adapted to be
20 moveable slideabiy along a substantial length of said sleeve, said

attenuating element including a plate-like portion disposed within said
sleeve so that major parallel faces of said plate-like portion are 
perpendicular to a longitudinal axis of said sleeve and supported by a 
rail which includes a portion extending through said slot, said portion 

25 of said attenuating element within said sleeve adapted to be engaged by 
said plug when said plug is inserted into said sleeve.

6. The optical fiber connector of claim 5, wherein said first 
plug assembly also includes a connector body for holding said plug, said 
connector body including a portion to which is secured an end portion of 

30 the optical fiber cable, said attenuating element including a disc-1fke 
portion which is supported within said sleeve and which is connected by 
a neck portion to a supporting portion, said supporting portion being 
disposed outside said slot and engaging an outer surface of said sleeve 
with said neck portion extending through said slot.

35 7. The optical fiber connector of claim 5, wherein said optical
means comprises a second optical fiber, said connector comprising:

0838E
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a second plug assembly which includes a cylindrically shaped 
plug having a passageway therethrough for receiving an end portion of 
said second optical fiber and being adapted to terminate said second 
optical fiber disposed in said passageway and a second cap which

5 encloses a portion of said second plug,
wherein each of said first and second plug assemblies

including means for causing said plug thereof to be biased outwardly in 
a direction from a fiber entrance end toward an opposite end thereof;

said sleeve means including a housing and a sleeve for 
10 receiving end portions of the plug of each of said first and second plug

assemblies to hold said end portions in said sleeve in alignment with 
each other, each said cap being adapted to be secured to an end portion 
of said housing of said coupling means, said sleeve having a wail which 
conforms to the configuration of the plugs to be received therein with

15 said'wal1 having a slot formed longitudinally therethrough.
8. The optical fiber connector of claim 7, wherein each of said 

caps of said first and second plug assemblies have an annular inwardly 
projecting lip through which a connector body in which is disposed an 
end portion of said respective plug extends, said connector body having

20 an enlarged end portion in which is disposed said end portion of said 
respective plug, each said plug assembly also including a retaining clip 
which is disposed about said connector body adjacent to an inner side of 
said lip and a compression spring disposed about said connector body and 
engaging an outer side of said lip and an inner side of said enlarged

25 portion of said connector body to urge said connector body and plug 
outwardly with said retaining clip holding said plug in said cap, said 
connector body also including a key which projects radially from and is 
attached to said enlarged portion thereof.

9. The optical fiber connector of claim 8, wherein said housing
30 also includes a latching pin, said pin being received in a camming sTot

provided in said cap such that when said pin is disposed adjacent to an 
inner end of said slot, inadvertent rotary relative motion between said 
coupling housing and said cap is prevented.

10. The optical fiber connector of claim 9, wherein each said cap 
includes two diametrically opposed camming slots each of which extends 
from a coupling end of said cap inwardly helically about said cap, each

rhk/O838E
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of said camming slots communicating with an associated latching slot 
which extends from an inner end of the associated camming slot outwardly 
in a direction parallel to a longitudinal axis of said plug, each said 
cap also being provided with diametrically opposed entrances, each said

5 entrance at a coupling end of said cap communicating with an outer end 
of an associated camming slot, said coupling housing including a 
longitudinally extending keyway which extends from an entrance end of 
said housing and a pair of diametrically opposed latching pins 
projecting outwardly from said housing, said pins and said keyway being

10 such that when a cap of a plug assembly is aligned with said coupling 
means such that the key of said plug is aligned with a keyway in an end 
of said housing, said pins of the coupling housing are aligned with said 
camming slots of said cap and adapted to be moved along said entrances 
into said camming slots and into said latching slots to allow said plug

15 assembly to be secured to said coupling means.
11. A single mode to single mode optical fibre ferrule connecting 

system substantially as hereinbefore described with reference to the 
drawings.

12. A single mode to single mode optical fibre ferrule connector 
20 substantially as hereinbefore described with reference to the drawings.
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Optical Fiber Connecting Device Including Attenuator

Abstract of the Disclosure
A cylindrical ferrule type optical fiber connector (20) includes an 

attenuator arrangement which includes an element (70) that is capable of
5 movement during the assembly of the connector. The connector includes a 

cylindrically shaped sleeve (60) which has a longitudinally extending slot 
(61) formed through the wall thereof and which is adapted to receive a 
cylindrical plug (40) in each end thereof, each plug being spring-biased 
outwardly from a cap (45) and terminating an optical fiber (21). The

10 attenuator element has a disc-shaped portion (74) which is disposed within 
the sleeve. A neck portion (76) which extends through the slot of the sleeve 
connects she disc-like portion to a supporting head portion (72) which 
engages an outer surface of the sleeve. As one plug is inserted into the

■ >' ‘ sleeve, it engages the attenuator element and causes it to be moved along 
,,1 15 the slot in the sleeve. The insertion of the second plug causes it to engage

an opposite side of the element and to move it and the spring-loaded first
plug in an opposite direction to a rest position.
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(Figure 1)
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ATTENUATOR ELEMENT THICKNESS (mm)
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FIG. 8

INSERTION LOSS (dB) AT '.310 nm
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FIG. 9

ALLOWABLE
TOLERANCE

RANGE

INSERTION LOSS (dB) AT 1310 nm
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