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(57) ABSTRACT 

An optical attenuator for attenuating a collimated beam of 
light propagating along an optical path While preserving the 
composition of polarization of the collimated beam of light 
is disclosed. The optical attenuator comprises a beam attenu 
ator for attenuating a portion of the collimated beam of light 
When a portion of the beam attenuator is disposed Within the 
optical path. The beam attenuator has a cross section along 
a plane perpendicular to the direction of propagation of the 
collimated beam of light of the portion of the attenuator in 
the shape of a Wedge. The attenuation is varied using a 
controller for moving the beam attenuator in order to vary a 
siZe of the portion of the Wedge Within the optical path. 

33 Claims, 5 Drawing Sheets 
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ADJUSTABLE OPTICAL ATTENUATOR 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF THE INVENTION 

This invention relates to an optical attenuator for attenu 
ating the intensity of a beam of light, and in particular to an 
optical attenuator that preserves the composition of polar 
ization of a beam of light over a wide range of attenuation. 

BACKGROUND OF THE INVENTION 

Between a transmitter and a detector of a ?ber optic 
system, attenuation of the signal strength occurs. The system 
is designed for a normal amount of signal loss between 
transmitter and detector. At the detector, the signal strength 
must be maintained within an appropriate range. The mini 
mum strength is determined by the need for an adequate 
signal-to-noise ratio. The maximum strength is determined 
by the need to avoid an overload of the detector. 

In US. Pat. No. 5,325,459 issued to S. Schmidt in June, 
1994 an optical attenuator is disclosed comprising a disk 
formed from two separate portions, a wedge shaped disk 
made of a light absorbing material af?xed to a wedge shaped 
transparent disk. For adjusting different attenuations, the 
disk is rotated around an axis by a motor. The attenuator 
needs a complex setup to compensate for refraction and 
resulting beam deviations. The compensations ensure that 
the beam of light is coupled into the optical ?ber at any 
angular orientation of the attenuator disk. As such, the 
device is expensive and prone to reliability problems. 
A well known alternative to the complex solution dis 

closed in US. Pat. No. 5,325,459 is the use of an opaque 
straight edge disposed within the optical path of a collimated 
beam of light. Unfortunately, using this device for attenu 
ating a beam of light results in a change of the polarization 
composition of the beam of light. This is an undesirable 
effect when used in an optical ?bre network. Since polar 
ization components of light within the system are often not 
known it is a disadvantage to have polarization dependent 
attenuation. 

It would be advantageous to provide an attenuator that 
maintains the polarization composition of a beam of light. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide an optical 
attenuator for attenuating the intensity of a beam of light that 
preserves the polarization composition of a beam of light 
over a wide range of attenuation. 

It is further an object of the invention to provide an optical 
attenuator that is easily implemented in a ?ber optic net 
work. 

According to the invention a method of attenuating a 
beam of light having a circular cross-section is provided. 
The method comprises the step of disposing a member 
within the beam of light, the intersection of the member and 
the beam of light de?ning a region having two substantially 
equal sides de?ning an angle other than 0 degrees and 180 
degrees therebetween the two sides having a central line of 
symmetry coincident with a line of symmetry through the 
centre of the circle, the angle moving along the line of 
symmetry. 

According to the invention an optical attenuator for 
attenuating a beam of light having a circular cross-section is 
provided. The optical attenuator comprises: 
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2 
a member for attenuating a portion of the beam of light 
when a portion of the member is disposed within the 
beam of light, the member being disposed within the 
beam of light such that the intersection of the member 
and the beam of light de?nes a region having two 
substantially equal sides de?ning an angle other than 0 
degrees and 180 degrees therebetween, the two sides 
having a central line of symmetry coincident with a line 
of symmetry through the centre of the circle, the angle 
moving along the line of symmetry; and, 

a controller for moving the member in order to vary a size 
of the portion of the member within the beam of light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Exemplary embodiments of the invention will now be 
described in conjunction with the drawings, in which: 

FIG. 1 is a schematic diagram of an attenuator according 
to the invention comprising a cone disposed within the 
optical path; 

FIG. 2 is a schematic diagram of a projection of a cone 
covering a cross sectional portion of a collimated beam of 
light; 

FIG. 3 is a diagram showing polarization dependent loss 
as function of attenuation for an attenuator according to the 
invention compared with a prior art device; 

FIG. 4 is a schematic diagram of another embodiment of 
an attenuator according to the invention comprising an edge 
with a wedge shaped opening disposed within the optical 
path; 

FIG. 5 is a schematic diagram of another embodiment of 
an attenuator according to the invention comprising a cone 
disposed within the optical path; 

FIG. 6 is a schematic diagram of a projection of a cone 
covering a cross sectional portion of a re?ected beam of 
light; and, 

FIG. 7 is a schematic diagram of another embodiment of 
an attenuator according to the invention comprising a cone 
disposed within the optical path, the cone being af?xed to an 
axle for rotation; 

FIG. 8 is a schematic diagram of another embodiment 
according to the invention wherein the beam attenuator is 
formed of two sheets of opaque material; and, 

FIG. 8a is a schematic diagram of a projection of the two 
sheets shown in FIG. 8 covering a cross sectional portion of 
a collimated beam of light. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1 an attenuator 10 according to the 
invention is shown. Light transmitted in an optical ?ber 11 
is collimated using an input lens 12. The collimated beam of 
light 16 passes through a gap between the input lens 12 and 
an output lens 14 where the collimated beam of light is 
focused and received by the output lens 14 and coupled into 
an optical ?ber 15. Preferably the gap contains a substance 
such as air which does not substantially attenuate the beam 
of light. Preferably, the output lens 14 is a graded index 
(GRIN) lens. Fiber or rod lenses of this type are produced 
under the trade name “SELFOC”; the mark is registered in 
Japan and owned by the Nippon Sheet and Glass Co. Ltd. A 
beam attenuator in the form of a member 18 for attenuating 
a portion of the collimated beam of light 16 such as an 
opaque cone 18 is disposed within the optical path perpen 
dicular to the longitudinal axis of the collimated beam of 
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light 16. FIG. 2 shows a projection of the cone 18 covering 
a cross sectional portion of the collimated beam of light 16. 
Interrupting a portion of the collimated beam of light 16, the 
portion the siZe of the Wedge, results in an attenuation of 
light intensity of the beam of light 16 received at the output 
lens 14. The attenuation is varied by varying the siZe of the 
portion of the cone 18 Within the optical path. This is 
accomplished by moving the cone 18 in a direction substan 
tially perpendicular to the principle axis of the beam of light 
using a controller 20. 

Alternatively, the attenuator comprises an opaque cone 
Within a transparent body. For example, such an attenuator 
is realised by immersing a cone made of laminated glass in 
a transparent ?uid, the glass and the ?uid having matching 
refractive indices. During a cooling process the ?uid solidi 
?es and retains the cone at a predetermined location Within 
the solidi?ed ?uid. 

Further alternatively, the attenuator comprises a transpar 
ent body having a conic indention, Wherein the surface of the 
body de?ning the indention is covered With a layer of 
opaque or light absorbing material. 

Preferably, the cone 18 comprises an angle of 90 degrees. 
In order to attenuate the light Within the beam of light While 
maintaining the polariZation composition the cone is moved 
into the beam of light such that the point of the cone moves 
along a diameter of a cross section of the beam of light and 
the side of the cone that is illuminated by the beam of light 
is substantially symmetrical about the diameter. In this Way, 
approximately an equal amount of light of each orthogonal 
polariZation is blocked or attenuated. 

The attenuator according to the invention is advantageous 
compared With prior art devices such as a straight edge 
because the attenuated beam of light has substantially a 
same polariZation composition as the collimated beam of 
light. FIG. 3 is a diagram shoWing the Polarization Depen 
dent Loss (PDL) as a function of the attenuation for the 
attenuator according to the invention 32 in comparison With 
a prior art device 30 comprising a straight edge. As shoWn 
in FIG. 3 the PDL for an attenuator according to the 
invention is substantially constant and loW level over a Wide 
range of attenuation. In comparison the PDL for the straight 
edge is increasing With increasing attenuation for attenua 
tions greater than 10 dB. A high value of PDL indicates a 
strong dependence of the attenuation on the polariZation of 
the collimated light, for example a component With vertical 
polariZation may be substantially attenuated While a hori 
Zontal component is not affected. This results in a change of 
the polariZation composition of the collimated beam of light 
during the attenuation. A change of polariZation due to 
attenuation is an undesirable effect. 

In another embodiment according to the invention the 
beam of light 16 is attenuated using a Wedge shaped edge. 
Preferably, the edge comprises at least an outer layer of light 
absorbing material in order to prevent light re?ected from 
the edge from interfering With the incoming beam of light 
16. Preferably the Wedge is substantially ?at, thereby alloW 
ing it to be moved into and out of a narroW gap. 

Optionally, the attenuator comprises a Wedge shaped body 
of light absorbing material. 

FIG. 4 shoWs a further embodiment of an attenuator 
according to the invention. A cross sectional portion of the 
collimated beam of light 16 is covered by an edge 18 having 
a Wedge shaped opening moved along an axis of symmetry 
19 through the center of the beam of light. As is evident, the 
tWo edges act to block light from the light beam so as to 
maintain the polariZation composition thereof. The Wedge 
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4 
shaped opening When moved into the beam of light 16 
de?nes tWo substantially equal sides Within the beam of light 
16. The angle of the Wedge is moved along a central line of 
the beam of light 16. Since the beam of light is substantially 
circular, the central line is a diameter of the circle. The tWo 
substantially equal sides Within the beam of light 16 are 
substantially symmetrical about the same diameter. 

Alternatively, the attenuator comprises a body of light 
absorbing material having a Wedge shaped opening. 

Referring to FIG. 5, another embodiment of an attenuator 
10 according to the invention is shoWn. An optical ?ber 11 
is connected to an input/output lens 17. Light transmitted in 
the optical ?ber 11 is collimated using an input/output lens 
17. The collimated beam of light 16 passes through an air 
gap betWeen the input/ output lens 17 and a re?ective surface 
25, such as a mirror, Where the collimated beam of light is 
re?ected to the input/output lens 17 and coupled into an 
optical ?ber 15. An opaque cone 18 is disposed Within the 
optical path perpendicular to the longitudinal axis of the 
collimated beam of light 16 betWeen the input/output lens 17 
and the mirror 25. Moving the cone is achieved, for 
example, using a screW mechanism. By disposing a cone at 
one end of a shaft and threading an opposing end of the 
shaft, turning of a mating thread alloWs the cone to be moved 
into and out of the beam of light 16 With precision. FIG. 6 
shoWs a projection of the cone 18 covering a cross sectional 
portion of the collimated beam of light 16 re?ected from the 
re?ective surface 25. 

In another embodiment according to the invention the 
beam of light 16 is re?ected by the re?ective surface 25 onto 
an output lens 14, different from the input lens 12. 

Optionally, the cone 18 is moved in another fashion such 
that the tip of the cone is Within the optical path of the 
collimated beam of light 16 and the portion of the beam of 
light 16 blocked by the cone is altered. Referring to FIG. 7, 
a cone 18 is shoWn a?ixed to an axle 40. The cone 18 is 
moved into and out of the path of a beam of light by rotating 
the axle 40. This alloWs for a simpler mechanism than that 
necessary for transverse motion. Conversely, it requires 
more space as the lenses 12 and 14 are spaced su?iciently to 
alloW the cone 18 to rotate into and out of the optical path. 

Referring to FIGS. 8 and 8a, another embodiment of an 
attenuator according to the invention is shoWn. An optical 
?ber 11 is connected to an input/output lens 17. Light 
transmitted in the optical ?ber 11 is collimated using an 
input/output lens 17. The collimated beam of light 16 passes 
through an air gap betWeen the input/output lens 17 and a 
re?ective surface 25, such as a mirror, Where the collimated 
beam of light is re?ected to the input/output lens 17 and 
coupled into an optical ?ber 15. A beam attenuator in the 
form of tWo slanted sheets 18a and 18b of opaque material 
is disposed Within the optical path. An angle is de?ned 
betWeen the tWo sheets. Preferably, the angle is 90 degrees. 
The tWo sheets are moved toWard each other such that each 
sheet is equidistant from a centre of the circular cross section 
of the beam of light 16. The resulting amount of the beam 
of light 16 that is blocked is a same amount as that blocked 
by the member having a Wedge shaped opening and 
described above. 
A beam attenuator according to the invention is de?ned 

herein and in the claims that folloW to comprise an object or 
a portion of an object, the object or the portion of an object 
for attenuating light. For example, When a rectangular glass 
plate is provided With an opaque arroW head thereon, the 
beam attenuator refers to the opaque arroWhead. 

Of course, numerous other embodiments may be envis 
aged Without departing from the spirit and scope of the 
claimed invention. 
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What is claimed is: 
1. A method of attenuating a beam of light having a 

circular cross-section comprising the step of disposing a 
member having a substantially opaque beam attenuating 
portion Within the beam of light, the intersection of the beam 
attenuating portion of the member and the beam of light 
de?ning a beam region that is smaller than the beam of the 
light and having tWo substantially equal sides de?ning an 
angle therebetWeen of other than 0 degrees and 180 degrees, 
the tWo sides having a central line of symmetry coincident 
With a line of symmetry through the centre of the circle, the 
angle moving along the line of symmetry. 

2. A method of attenuating a beam of light having a 
circular cross-section as de?ned in claim 1, Wherein a 
portion of the outer circumference of the beam intersects the 
member, the portion being less than 360 degrees. 

3. An optical attenuator for attenuating a beam of light 
having a circular cross-section, the optical attenuator com 
prising: 

a beam attenuator Which is at least partially light blocking 
for attenuating a portion of the beam of light When a 
portion of the beam attenuator is disposed Within the 
beam of light, the beam attenuator being disposed 
Within the beam of light such that the intersection of the 
beam attenuator and the beam of light de?ning a beam 
region that is smaller than the beam of the light and 
having tWo substantially equal sides having an angle 
other than 0 degrees and 180 degrees therebetWeen, the 
tWo sides having a central line of symmetry coincident 
With a line of symmetry through the centre of the circle, 
the angle moving along the line of symmetry; and, 

a controller for moving the beam attenuator in order to 
vary a siZe of the portion of the beam attenuator Within 
the beam of light. 

4. An optical attenuator for attenuating a beam of light 
having a circular cross-section as de?ned in claim 3, Wherein 
the beam attenuator comprises a cylindrical shaft having a 
cone at a ?rst end thereof. 

5. An optical attenuator for attenuating a beam of light 
having a circular cross-section as de?ned in claim 4, Wherein 
the beam attenuator includes a thread at a second end thereof 
and the controller mates With the threading for causing the 
beam attenuator to advance or retract in a substantially linear 
direction. 

6. An optical attenuator for attenuating a beam of light 
having a circular cross-section as de?ned in claim 3, Wherein 
the beam attenuator comprises a portion of a member, the 
portion for substantially attenuating light. 

7. An optical attenuator for attenuating a beam of light 
having a circular cross-section as de?ned in claim 6, Wherein 
the beam attenuator comprises an opaque cone disposed 
Within a transparent substrate. 

8. An optical attenuator for attenuating a beam of light 
having a circular cross-section as de?ned in claim 3, Wherein 
the tWo substantially equal sides de?ne an angle of 90 
degrees. 

9. An optical attenuator for attenuating a beam of light 
having a circular cross-section as de?ned in claim 3, Wherein 
the beam attenuator for attenuating a portion of the beam of 
light comprises a Wedge shaped edge. 

10. An optical attenuator for attenuating a beam of light 
having a circular cross-section as de?ned in claim 3, Wherein 
the beam attenuator for attenuating a portion of the beam of 
light comprises a Wedge shaped body of light absorbing 
material. 

11. An optical attenuator for attenuating a beam of light 
having a circular cross-section as de?ned in claim 3, Wherein 
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6 
the beam attenuator for attenuating a portion of the beam of 
light comprises an edge having a Wedge shaped opening. 

12. An optical attenuator for attenuating a beam of light 
having a circular cross-section as de?ned in claim 3, Wherein 
the beam attenuator for attenuating a portion of the beam of 
light comprises a body of light absorbing material having a 
Wedge shaped opening. 

13. An optical attenuator for attenuating a beam of light 
having a circular cross-section as de?ned in claim 3, Wherein 
the beam attenuator for attenuating a portion of the beam of 
light comprises tWo sheets of opaque material de?ning an 
angle therebetWeen, the tWo sheets being moved in opposing 
directions such that the angle moves along the line of 
symmetry. 

14. An optical attenuator for attenuating a beam of light 
having a circular cross-section as de?ned in claim 3, Wherein 
the beam attenuator for attenuating a portion of the beam of 
light further comprises a layer of light absorbing material. 

15. An optical attenuator for attenuating a beam of light 
having a circular cross-section as de?ned in claim 3, further 
comprising an input lens. 

16. An optical attenuator for attenuating a beam of light 
having a circular cross-section as de?ned in claim 3, further 
comprising an output lens. 

17. An optical attenuator for attenuating a beam of light 
having a circular cross-section as de?ned in claim 16, 
Wherein the output lens comprises a GRIN lens. 

18. An optical attenuator for attenuating a beam of light 
having a circular cross-section as de?ned in claim 3, com 
prising a re?ective surface for re?ecting the beam of light 
incident thereon back along the optical path in an opposite 
direction. 

19. An optical attenuator for attenuating a beam of light 
having a circular cross-section as de?ned in claim 18, 
Wherein the re?ective surface comprises a mirror. 

20. An optical attenuator for attenuating a beam of light 
having a circular cross-section as de?ned in claim 3, com 
prising a detector. 

2]. An optical attenuatorfor attenuating a beam oflight 
comprising: 

a body of light blocking material including at least one 
wedge-shaped projection at a leading edge thereof for 
attenuating the beam oflight; and 

a controllerfor varying theposition ofthe body within the 
beam oflight to control the attenuation thereof} 

wherein the body comprises a cylindrical shaft having a 
cone at a?rst end thereof 

22. The optical attenuator according to claim 2], wherein 
the body includes a thread at a second end thereof} and 
wherein the controller mates with the thread causing the 
body to advance or retract in a substantially linear direc 
tion. 

23. An optical attenuatorfor attenuating a beam oflight 
comprising: 

a body of light blocking material including at least one 
wedge-shaped projection at a leading edge thereof for 
attenuating the beam oflight; and 

a controllerfor varying theposition ofthe body within the 
beam oflight to control the attenuation thereof} 

wherein each projection includes two substantially equal 
sides, which define an angle of 90° therebetween. 

24. The optical attenuator according to claim 23, wherein 
the body is made of a material having a characteristic 
selected from the group consisting of opaque, light 
absorbing, and re?ective. 

25. An optical attenuatorfor attenuating a beam oflight 
comprising: 
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a body of light blocking material including at least one 
wedge-shaped projection at a leading edge thereof for 
attenuating the beam oflight; and 

a controllerfor varying theposition ofthe body within the 
beam oflight to control the attenuation thereof} 

wherein the body includes two wedge shaped projections 
with a wedge-shaped opening therebetween. 

26. The optical attenuator according to claim 25, wherein 
the body is?atfor movement into and out ofa narrow gap. 

27. The optical attenuator according to claim 25, wherein 
a central line ofsymmetry ofthe body is coincident with a 
line ofsymmetry ofthe beam oflight. 

28. The optical attenuator according to claim 25, wherein 
a central line ofsymmetry ofthe opening is coincident with 
a line ofsymmetry ofthe beam oflight. 

29. The optical attenuator according to claim 25, wherein 
the body comprises two sheets of opaque material defining 
the wedge-shaped opening therebetween, the two sheets 
being moveable in opposing directions. 

8 
30. The optical attenuator according to claim 25, further 

comprising an input port optically coupled to an input lens, 
and an output port optically coupled to an output lens. 

3]. The optical attenuator according to claim 30, further 
comprising: an input port optically coupled to a first lens; an 
output port optically coupled to the first lens; and a re?ec 
tive surface for re?ecting the light incident thereon in an 
opposite direction back through the first lens to the output 
port. 

32. An optical attenuatorfor attenuating a beam oflight 
comprising: 

a body of light blocking material including at least one 
wedge-shaped opening at a leading edge thereof for 
attenuating the beam oflight; and 

a controllerfor varying theposition ofthe body within the 
beam oflight to control the attenuation thereof 

33. The optical attenuator according to claim 32, wherein 
a central line ofsymmetry ofthe opening is coincident with 
a line ofsymmetry ofthe beam oflight. 

* * * * * 


