
Amended VARIABLE FIBER OPTIC ATTENUATOR I. BACKGROUND OF THE INVENTION 1.
Field of the Invention This invention pertains to fiber optic attenuators.
More particularly, this invention pertains to an attenuator which may be
continuously varied to have an attenuation throughout a range of values. 2.
Description of the Prior Art In the prior art, optical attenuators are
provided to attenuate a light signal passing through optical fibers.
Examples of optical attenuators are shown in U.S. Patent Nos. 4,557,556 and
4,557,557 as well as U.S. Patent No. 4,893,889. Variable attenuators are
also known.   An example of such is shown in U.S. Patent No. 4,904,044.
That patent teaches a continuously variable fiber optic attenuator which
utilizes a flexible filter of varying optical density. Specifically, the
present invention relates to an optical attenuator having the features set
forth in the preambles of Claims 1 and 11, which were patterned after
FR-A-2 598 820 (which discloses an attenuator for providing a variable
attenuation) and US-A-4 893 889 (which discloses an attenuator for
providing a fixed attenuation), respectively. It is an object of the
present invention to provide a variable attenuator for a fiber optic
transmission system.   It is a further object of the present invention to
provide such an attenuator which is of low cost manufacture.   A still
further object of the present invention is to provide a variable attenuator
which is variable over a wide range of attenuation values. II.  SUMMARY OF
THE INVENTION According to the present invention there is provided an
attenuator for a fiber optic transmission system, which has the further
features set forth in the characterising portions of Claims 1 and 11.  The
attenuator includes a first optical fiber having a first core which
terminates at a first terminal end. 



The first terminal end has a non-orthogonal surface relative to a first
axis of the first core.  A second  optical fiber having a second core is
provided terminating at a second terminal end. An alignment mechanism is
provided for aligning    2 the first terminal and in optically coupled
relation to the second terminal end for permitting rotation of the first
fiber about the first axis. 5           III. BRIEF DESCRIPTION  OF THE
DRAWINGS Fig. 1 is a cross sectional view of an attenuator according to the
present invention; Fig. 2 is the view of Fig. 1 with one fiber of Fig. 1
shown rotated 90[err]; 10           Fig. 3 is the view of Figs. 1 and 2
showing a fiber rotated 180[err]; Fig. 4 is an enlarged view of a portion
of the view of Fig. 1; Fig. 5 is an enlarged view of a portion of the 15
view of Fig. 2; Fig. 6 is an enlarged view of a portion of the view of Fig.
3; Fig. 7 is a perspective view of a ferrule and fiber assembly for use in
the present invention; and 20           Figs. 8-10 illustrate various forms
of attenuation between opposing optical fibers. IV. DESCRIPTION OF THE
PREFERRED EMBODIMENT With initial reference to Figs. 1 and. 7, a 25
description of the present invention will now be provided.  In the figures,
similar elements are numbered identically throughout. The present invention
is an attenuator 10 which includes a first ceramic ferrule 12 and a second
ceramic 30  ferrule 12.. Each of ferrules 12,12' is generally 



cylindrical and is preferably formed of ceramic or drawn glass. The
ferrules 12,12' terminate at flat axial faces 14,14'. Extending axially
through each of ferrules 12,12' is a central bore 16,16'. Disposed 35
within each bore 16,16' is an optical fiber 18,18'. Each optical fiber
includes a fiber core 20,20' surrounded by a cladding 22,22'.    Amended 3
Optical fibers such as fibers 18,18', are well known. Typically, such
fibers have an outside diameter of about .125 millimeters and a core
diameter of about .010 millimeters for sing1e mode fibers (.050 mm for
multi-mode fibers), The cores 20,2' terminate at terminal ends 20a,20a'.
Similarly, the claddings 22,22' terminate at terminal ends 22a,22a'. An
alignment mechanism in the form of a split sleeve 24 is provided for
retaining the ferrules 12,12' in axial alignment with faces 14,14' abutting
and with the cores 20,20' optically aligned along an axis X-x and with the
core terminal ends 20a,20a' opposing one another. With the ferrules 12,12'
disposed within split sleeve 24, the ferrules 12,12' are rotatable relative
to one another about axis X-X.  Throughout the rotation of any ferrule
12,12', the terminal ends 2Oa,20a'  of the cores 20,20' remain optically
coupled. It will be appreciated that apparatus such as split sleeves 24 for
retaining ferrules 12,12' in optical alignment forms no part of this
invention per se. Such arrangement is shown in commonly assigned U.S.
Patent No. 5,031,994 which also shows a housing for housing such an
assembly and rotating ferrules. As shown in Fig. 1, each of the ferrules
12,12' 



is provided with a polish on the end faces 14,14'. For example, a first
polish  30 is provided in and face 14. Polish 30 is a spherical polish of
radius R taken from a spherical axis Y-Y. A similar polish 30' is formed in
end face 14' and having radius R' projected from a spherrical axis Y'-Y'.
Forming a spherical concave polish on an end face of a ferrule forms no
part of this invention per se.  Such a polish and a technique for such a
polish is shown in commonly assigned and copending U.S. Patent No.
5,037,176. As illustrated in Fig. 1, the spherical polishes 30,30' are
off-center from the axis X-X of the    4 ferrules 12,12'.  Specifically,
each of the spherical axes Y-Y and Y'-Y' are offset from axis X-X. As a
result, the end faces 20a,20a' of cores 20,20' and claddings 22,22' are
non-orthogonal surfaces relative to 5  the axis X-X of the cores 20,20' and
claddings 22,22'. Fig. 4 is an enlarged view of a portion of Fig. 1 showing
only the cores 20,20', claddings 22,22' and their end faces 20a,20a',
22a,22a'. As a result of the polishes 30,30' the end faces 20a,20a',
22a,22a' are 10  small sections of a spherical surface and present tangent
planes 40,40' an the arcuate surfaces of the end faces 20a,20a'. The
spherical polishes 30,30' are preferably selected such that the tangent
planes 40,40' form an angle A,A' of about 10 [err] to 20[err] (preferably
15[err]) 15  with respect to an orthogonal plane 42,42'  extending through
the axis X-X at the point of intersection between the tangent planes 40,40'
and the axis X-X. In addition to recesses 30,30', recesses 50,50' are
provided on urf aces 14,14' and concentric with  axis 



20 X-X.  Recesses 50,50' form no part of the attenuation invention.
Instead, these recesses are provided to facilitate  the addition of
anti-reflective coatings to the surfaces 20a,20a'. The recesses 50,50'
cooperate with a mask (not shown) when depositing an anti- 25  reflective
coating.  The use of such a mask in combination with recesses 50,50' is the
subject of copending and commonly assigned U.S. Patent Application Serial
No. 07/730,734 filed July 16, 1991. With the structure thus described, the
end 30 facing 14,14' are urged into abutting relation. As a result, a
distance, gap [err], between core end faces 20a,20a' is maintained
constant. As the ferrules 12,12' are rotated relative to one another, the
opposing geometry between end faces 20a,20a' varies. For 35  example, the
ferrules 12,12' can be rotated from [err]  to [err] relative to one
another.    Fig. 2 shows ferrule 12 rotated 90 from the position shown in
Fig. 1. Fig. 3 shows ferrule 12 rotated 180[err] from the view shown in
Fig, 1. Fig. 5 is similar to Fig. 4 only showing the enlargement of the 5
similar area of Fig. 2. Fig. 6 is similar to Figs. 4 and 5 showing the
180[err] rotated cores of Fig. 3. From examination of Figs. 4-6, the reader
will appreciate that as one ferrule 12 rotates relative to the other
ferrule 12', opposing tangent planes 40,40' 10  move from being generally
parallel to being offset by as much as about 20[err] to 40[err] (for
tangent angles of 10[err] and 20 , respectively). It will be appreciated
that the particular use of a 15[err] tangent plane for the polish is a
preferred embodiment and may vary while retaining the 15  essence of the
present invention. As the ferrules 12,12' rotate relative to one 



another and the angular separation between the core faces 20a,20a' varies,
attenuation of signal transmission through fibers 18,18' will vary.  The 20
attenuation can range from about 1. dB to about 30 dB by simply turning one
ferrule 12,12' relative to the other. Since the 15[err] tangent angle A,A'
is a concave polish, back reflection into a fiber 18,18' is significantly
reduced to be about less than about -65 dB. Since the 25  gap D is fixed
and the end of the ferrules 14,14'  is provided with the concave polish
30,30' , the modal interference and multiple-beam interference are
minimized. The present attenuator 10 is particularly useful in
bi-directional operation because of the 30  compact hardware design.  The
main  attenuation mechanism is the tangent angle A,A' resulting from the
concave polishing which creates conjugate angular offset loss. Other
advantages of the attenuator 10 include its low coherent affect. The
conjugate angular offset loss 35  mechanism provides a stable and
adjustable attenuator 10. There is a high return loss with a low insertion
loss. Further, it is adjustable between [err] and 180[err].    6 The
present attenuator 10 is insensitive to wavelength and polarization and has
low modal noise. The attenuator 10 attenuates primarily through angular
attenuation. For convenience of illustration, 5 Figs, 8-10 illustrate three
types of attenuation. In each of the figures, identical elements are
numbered identically throughout except for the addition of the prime or the
double prime in Figs. 9 and 10.  In Fig. 8, transverse attenuation is shown
for optical fibers 100 10  which include cores 104 and cladding 102. The
transverse attenuation occurs by reason of offsetting 



the axes of the fibers 100 through movement in the direction of arrow M. In
Fig. 9, angular attenuation is illustrated where the attenuation is varied
by varying 15  the angle represented by the angle M'. In Fig. 10,
longitudinal attenuation is demonstrated where the attenuation is varied by
varying the gap M". In the present invention, the gap D (preferably less
than .020 mm) in Figs. 4-6 remains constant.  As a result, the 20
attenuation is primarily angular due to relative rotation of the opposing
fibers. Importantly, transverse attenuation is minimized.  This is
desirable since transverse attenuation is particularly unstable. The
foregoing description has illustrated a 25  preferred embodiment where the
attenuator 10 is variable. The attenuator 10 can also be used as a fixed
attenuation connector. In this embodiment, the attenuator is a low
insertion loss , high return loss connector. As such, opposing ferrules 12,
12' are 30  removable from one another by sliding at least.one in the
direction of axis X-X  [such sliding connections are well known in the
fiber optic connector art).  The ferrules 12, 12' are fixed from relative
rotation. The fixed position is selected by first rotating the 35  ferrules
12, 12' relative to another until a desired attenuation is attained and the
ferrules are fixed    7 against further rotation through any known fixation
means.    VARIABLE FIBER OPTIC ATTENUATOR WHAT IS CLAIMED IS: 



1.  An optical attenuator for providing a variable attenuation for use in a
fiber optic transmission system, said optical attenuator comprising: [err]
first optical  fiber (18 [err] having a first core (20) terminating at a
first end-face (20a ) with said first end-face being non-orthoconal
relative to the longitudinal axis of said first  core; a second optical
fiber (1B) having a second core (20') terminating  at a second end-face
(20a'); and coupling means (12, 12', 24) for maintaining said first and
said second end-faces (20a, 20a') in spaced opposing and optically coupled
relation, whereby the optical power transmitted from one of said fibers to
the other is attenuated, said coupling means being besides adapted for
permitting rotation of said first fiber (18) about said longitudinal axis
of said first core  so as to enable the angular position of said non-
orthogonal first end-face of said first core relative to said second
end-face of said second core, and therefore said attenuation, to be varied;
characterized in that said first end-face (20a) of said first core (20) is
arcuate, with the plane (4O) tangent to said arcuete first end-face at the
point of intersection of said first end-face with the longitudinal axis of
said first core being non-orthoconal relative to said longitudinal axis;
and said coupling means (12, 12', 24) are adapted for maintaining the
longitudinal axes of said first and second cores (20, 20') colinearly
aligned. 2.      An atteuator according to claim 1 wherein said second
end-face (20a') of said second core (20') of said second fiber (18') is a
non-orthogonal relative to the longitudinal axis of said second core.   



3.       An attenuator  according as claim  2 therein said second end-face
(20a') is arcuate. 4.       Ar. attenuator according to claim 1 wherein
said arcuace first end-face (20a) is a portion of a spherical surface . 5.
An attenuator according to claim 3 wherein said arcuate second end-face
(20a') is a portion of a spherical surface. 5.      An  attenuator
according to claim 1 wherein said first fiber (18) is disposed within a
first ferrule (12); and an arcuate polish (30) is formed on said first
ferrule, which forms, in part, said first arcuate end- face (20a). 7.
An attenuator according to claim 6 wherein said arcuate polish (30) is
spherical and concave, with its center of curvature being offser  from the
longitudinal axis of said first core (20). 8.       An attenuator according
to claim 2 wherein said second fiber (18') is disposed within a second
ferrule (32') having an arcuate polish (30') formed thereon, with said
polish forming, in part, said arcuate second end-face  (20a'). 9.       An
attenuator according to claim 8 wherein said arcuate polish (30') is
spherical and concave, with its center of curvature being offset from the
longitudinal axis of said second core (20'). 10.      An attenuator
according to claim 1 wherein said first and second optical fibers (18, 18')
are maintained in spaced opposing relation with the spacing between said
cores (20, 20') being substantially fixed.    11.      An optical
attenuator for providing a fixed attenuation for use in a fiber optic
transmission 



system, said optical attenuator comprising: a first optical fiber (18)
having a first core (20) terminating at a first end-face (20a) with  said
first end-face being non-orthogonel relative to the longitudinal axis of
said first core; a second optical fiber (18') having a second core (20')
terminating at a second end-face (20a'); and coupling means (12, 12', 24)
for maintaining said first and said second end-faces (ZOa, 20a') in spaced
opposition and optically coupled relation, whereby the optical power
transmitted from one of said fibers to the other is attenuated, said
coupling means being besides adapted for maintaining the longitudinal axes
of said first and second cores (20, 20') colinearly aligned whilst
preventing said first and second fibers (18, 18') from rotating, thereby
resulting in a fixed attenuation, characterized  in that said  first
end-face (20a) of said first core (20) is arcuate, with the plane (40)
tangent to said arcuate first end-face at the point of intersection of said
first end-face with the longitudinal axis of-said first core being
non-orthogonal relative to said longitudinal  axis and in a fixed angular
position relative to the end-face of the second core, said fixed angular
position being selected so as to give the desired fixed attenuation. 12.
A said first and second fibers are fixed in a position of relative rotation
with said position selected to generate a desired attenuation. 13.      An
attenuator according to claim 18 wherein said first and second fibers are
axially movable.    


