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(57) ABSTRACT 

An inline ?ber optic polarization combiner/divider is pro 
posed for use in ?ber optic communications. It utilizes a 

polarizing beam splitting cube (PBSC) or a birefringent 
displacer located betWeen a pair of collimating lenses. A 
re?ecting ?lm (either external or directly applied to one of 
the faces of the PBSC or birefringent displacer) is used to 
completely re?ect one of the tWo polarizations and is 
positioned such that the optical path length betWeen the lens 
and the re?ecting ?lm is equal to one focal length in order 
to accomplish an optical path Where the input and output 
optical ?bers are in-line With the package. 
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IN-LINE FIBER OPTIC POLARIZATION 
COMBINER/DIVIDER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of the ?ling date 
of US. provisional patent application Ser. No. 60/203,408, 
?led May 11, 2000. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

[0002] The present invention is directed to optical com 
ponents for use in ?ber optic netWorks and particularly to 
devices knoWn as optical polariZation splitters (dividers) or 
combiners (multiplexers). 

[0003] In ?ber optical transmission systems the light 
beams traveling in tWo ?bers must often be combined into 
a single ?ber, a device Which accomplishes this is called a 
combiner or multiplexer. Similarly, in such systems one 
beam must frequently be split into tWo or more beams, a 
device Which accomplishes this is called a splitter or divider. 
A splitter or combiner is simply the same device used “in 
reverse” ie when a beam is launched from a single ?ber 
through a splitter/combiner the beam Will be split into tWo 
beams and directed to tWo output ?bers, if tWo beams are 
launched from the previous “output” (noW input) ?bers back 
through the splitter/combiner the beams Will be combined 
into a single beams and directed to the single “input” (noW 
output) ?ber as such splitter/combiners may be referred to as 
an optical “coupler”. 

[0004] HoWever the use of standard splitter/combiners 
brings With it an important consideration: each splitting or 
combining of the beam causes a 3 dB loss of light poWer, as 
a beam traveling through a ?ber optic transmission system 
may undergo many splittings and combinations the cumu 
lative effect of the 3 dB losses can be very large. 

[0005] One practicable splitter/combiner Which does not 
incur the 3 dB losses is a so called polariZation splitter/ 
combiner in Which an incoming beam having tWo orthogo 
nal linear polariZations is split into tWo beams by being 
passed through a birefringent displacer or by the use of a 
polariZing beam splitter (either a prism cube or a thin ?lm on 
a glass plate) With one beam having a ?rst linear polariZation 
state and the other a second linear polariZation state With the 
?rst and second polariZation states being orthogonal to each 
other. When used as a combiner a beam of a ?rst linear 
polariZation state from one input ?ber is combined With a 
beam of second linear polariZation state from a second input 
?ber into a third output ?ber carrying both beams. 

[0006] Previous polariZation splitter/combiners relying on 
the use of polariZing beam splitters and birefringent displac 
ers have required three lenses to couple light into the input 
and output ?bers. The present invention is directed to an 
optical polariZation splitter combiner of the “inline” type 
Which provides a more compact coupler by using a re?ector 
to re?ect one of the beams back through the polariZing beam 
splitting cube (PBSC) or birefringent displacer. This has the 
advantage of using one collimating lens per tWo input or 
output ?bers With all of the input and output ?bers lying 
parallel to each other. The reduction in component count 
also greatly simpli?es the necessary alignment of the com 
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ponents and thus reduces siZe and cost. The present inven 
tion also provides for the ready alignment of the components 
of the splitter/combiner to reduce insertion loss thus further 
saving cost and complexity. 

[0007] An inline ?ber optic polariZation combiner/divider 
is proposed for use in ?ber optic communications. It utiliZes 
a polariZing beam splitting cube (PBSC) or a birefringent 
displacer placed betWeen a pair of lenses. A re?ecting ?lm 
(either eXternal or directly applied to one of the faces of the 
PBSC or birefringent displacer) is used to completely re?ect 
one of the tWo polariZations and is positioned in the such that 
the optical path length betWeen the lens and the re?ecting 
?lm is equal to one focal length in order to accomplish an 
optical path Where the input and output optical ?bers are 
in-line With the package. 

[0008] As a polariZation splitter, the input optical signal is 
input through a polariZation maintaining (PM) ?ber or a 
single mode ?ber (non-PM). The output optical signals are 
fed into tWo PM or non-PM optical ?bers, one is placed neXt 
to the input ?ber and the other is aligned on the other side 
of the PBSC or birefringent displacer. As a polariZation 
combiner, the tWo input optical signals (With orthogonal 
polariZations) are input through tWo polariZation maintain 
ing (PM) ?bers, one is placed neXt to the output ?ber on one 
end of the PBSC or birefringent displacer and the other is 
aligned on the other side of the PB SC or birefringent 
displacer. The combined output optical signal is fed into an 
output ?ber Which can be either PM or single mode (non 
PM). The common port ?ber (the input ?ber in a polariZation 
divider operation or the output ?ber in polariZation combiner 
operation) can be a polariZation maintaining ?ber or a single 
mode ?ber (non-polariZation maintaining ?ber) depending 
on the application requirement. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] For a better understanding of the invention, refer 
ence is made to the folloWing draWings Which are to be taken 
in conjunction With the detailed description to folloW in 
Which: 

[0010] FIG. 1 illustrates the operation of an embodiment 
of an optical coupler of the present invention utiliZing a 
polariZing beam splitting cube (PBSC) With a separate 
re?ector, operated as a beam splitter; 

[0011] FIG. 2 illustrates the operation of an embodiment 
of an optical coupler of the present invention utiliZing a 
PBSC With an integral re?ector, operated as a beam splitter; 

[0012] FIG. 3 illustrates the operation of the embodiment 
of an optical coupler utiliZing a PBSC With a separate 
re?ector, operated as a beam combiner; 

[0013] FIG. 4 illustrates the operation of the embodiment 
of an optical utiliZing a PBSC With an integral re?ector, 
operated as a beam combiner; 

[0014] FIGS. 5 and 6 illustrate the operation of a bire 
fringent displacer as a polariZation beam splitting/combin 
ing element; 
[0015] FIG. 7 illustrates the operation of an embodiment 
of an optical coupler of the present invention using a 
birefringent displacer as a beam splitter; and 

[0016] FIG. 8 illustrates the operation of the embodiment 
of an optical 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] An optical coupler of the present invention using a 
polarizing beam splitting cube (PBSC) is shoWn in FIGS. 
1-4 With splitters shoWn in FIGS. 1 and 2 and combiners 
shoWn in FIGS. 3 and 4. The splitter 10 of FIG. 1 consists 
of a polarizing beam splitting cube (PBSC) 12, a pair of 
collimating lenses 14 and, a re?ector 18, and an input optical 
?ber 20 forming port 1, an output ?ber 22 forming a second 
port and an output ?ber 24 forming a third port and located 
parallel to that of input ?ber 20. PBSC 12 is placed such that 
the optical path length to re?ector 18 is equal to one focal 
length (If) of input lens 14. Second lens 16 is positioned 
such that the optical path length betWeen lenses 14 and 16 
is tWice the focal length of these lenses (2f) With the focal 
length of lenses 14, 16 being the same. This alloWs imaging 
of a re?ected beam into ?ber 24 of port 3. Collimating lenses 
14, 16 may be of the usual types used in ?ber optic systems 
such as graded index (GRIN) lenses. FIG. 2 illustrates a 
splitter 30 Which has the same components as splitter 10 of 
FIG. 1 (as shoWn by the same reference numbers) except 
that the separate re?ector 18 of FIG. 1 has been replaced by 
a re?ecting ?lm 32 directly applied to one of the prism faces 
of PBSC 12 is used to re?ect one of the tWo polariZations in 
order to accomplish an in-line optical path. 

[0018] As a polariZation splitter (FIGS. 1 and 2), the input 
optical signal is input through polariZation maintaining 
(PM) ?ber or a single mode ?ber 20 in port 1. Both S 
(indicated by a dot denoting an arroW into and out of the 
paper) and P (indicated by a vertical arroW) polariZations are 
assumed to be present in input ?lter 20 of port 1. The S and 
P polariZations go into polariZing beam splitter 12 approxi 
mately collimated. The P polariZation goes straight through 
and is focused on PM output ?ber 22 by output lens 16 of 
port 2. The major axis of output ?ber 22 is aligned With the 
P polariZation as shoWn by the schematic representation of 
the alignment of the PM output ?ber 22 directly above it. 
The S polariZation beam emitted by input ?ber 20 is 
re?ected at 90° toWards the re?ector 18 of FIG. 1 or 
re?ecting ?lm 32 as in FIG. 2. The S polariZation beam is 
then re?ected back into PBSC 12 by re?ector 18 or 32 and 
thereafter back into input lens 14 Where it is focused on the 
output ?ber 24 of port 3 as a result of the positioning of 
PBSC 12 and re?ector 18, 32 With respect to lens 20 as 
described above. The major axis of output ?ber 24 is aligned 
With the S polariZation as shoWn by the schematic repre 
sentation of output ?ber 22 directly beloW it. PBSC 12, the 
ends of optical ?bers 20, 22, 24, as Well as lenses 14, 16 are 
preferably optically coated anti-re?ection coatings to maxi 
miZe throughput and minimiZe re?ections. 

[0019] FIGS. 3 and 4 illustrate the coupler of the present 
invention used as a polariZation combiner, Wherein the 
components of the device are identical to that shoWn in 
FIGS. 1 and 2, as shoWn by the use of the same reference 
numbers. The difference is that ?bers 22 of port 2 and ?ber 
24 of port 3 are the input ?bers With ?ber 20 the output ?ber. 
In the device a P polariZed beam is launched from ?ber 22 
of port 2 Which goes straight through PBSC 12 and is 
focused by lens 14 into ?ber 20 forming common port 1 
Which is the output port. Fiber 24 of port 3 launches the S 
polariZation beam Which is re?ected at 90° toWards re?ector 
18, 32 (the re?ecting ?lm is either external as in FIG. 1 or 
directly deposited on the face of PBSC 12 as in FIG. 4). The 
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S polariZation beam is then re?ected back into PBSC 12 and 
back into lens 14 Where it is focused on the output ?ber 20 
of port 1 as a result of the positioning of PBSC 12 and 
re?ector 18 and re?ecting ?lm 32 With respect to lens 14 as 
described above mentioned earlier. As such the output beam 
Will comprise both S and P polariZations. 

[0020] FIGS. 5 and 6 illustrate the use of a birefringent 
displacer as the beam splitter/combiner to provide another 
embodiment of an optical coupler in accordance With the 
present invention. As shoWn in FIG. 5 a birefringent dis 
placer 40 Will divide an incoming beam into tWo component 
orthogonal polariZation states, one beam having an E 
(extraordinary) polariZation state and the other an O (ordi 
nary) polariZation state, With respect to the considered 
birefringent displacer. Suitable birefringent materials for use 
in birefringent displacer 40 include, but are not limited to, 
lithium niobate (LiNbO3), rutile (TiO2), and yttrium vana 
date (YVO4). Birefringent displacer 40 has its optical axis, 
illustrated by the arroW, arranged so that one of the beams, 
in this case the O ray remains essentially unde?ected While 
the E beam undergoes divergence. If a re?ector 42 is 
disposed on a face of birefringent material 40 so as to 
intercept one, but not both of the rays as shoWn in FIG. 5, 
one of the rays in this case the E beam, can be re?ected back 
into birefringent material 40. This arrangement may be used 
to form a polariZation splitter as shoWn in FIG. 7 and a 
polariZation combiner as shoWn in FIG. 8. Re?ector 42 can 
be con?gured as external from birefringent material 40 or 
directly deposited on a face of birefringent displacer 40 as 
shoWn herein. 

[0021] A optical splitter 43 is shoWn in FIG. 7 Which 
utiliZes, in addition to birefringent material 40 and re?ector 
42, an input PM or SM ?ber 44, a ?rst output PM ?ber 46 
and a second output PM ?ber 48 Which is located proximate 
and parallel to input ?ber 44. Asingle collimating lens 50 is 
used to couple the beams from ?bers 44, 48 into birefringent 
material 40 and a collimating lens 52 is used to couple the 
beam betWeen birefringent material 40 and ?ber 46. Coupler 
43 is con?gured such that the optical path length to re?ector 
42 is equal to one focal length (If) of input lens 50. Second 
lens 52 is positioned such that the optical path length 
betWeen lenses 50 and 52 is tWice the focal length of these 
lenses (2f) With the focal length of both lens being the same, 
this alloWs lens 50 and 52 to be inline. Collimating lenses 
50, 52 may again be of the usual types used in ?ber optic 
systems such as graded index (GRIN) lenses. In operation a 
beam launched from ?ber 44 Will be split into O and E rays 
With the O ray being essentially unaffected by birefringent 
material 40 so that it Will pass from birefringent material 40 
through lens 52 to output ?ber 46. The E ray Will be 
refracted by the action of birefringent material 40 such that 
it impinges on re?ector 42 Which Will re?ect the E ray back 
through birefringent material 40 such that it Will be coupled 
to output ?ber 48 by lens 50. Thus coupler 43 When used as 
a splitter takes an input beam having tWo orthogonal polar 
iZation states and splits the input beam into tWo output 
beams having separate polariZation states. 

[0022] FIG. 8 illustrates coupler 43 of FIG. 7 used as a 
polariZation combiner, the components of the device are 
identical to that shoWn in FIG. 7 as shoWn by the same 
reference numbers. The difference is that ?ber 46 and ?ber 
48 are the input ?bers With ?ber 44 the output ?ber. In the 
device a O polariZed beam is launched from ?ber 46 of port 
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2 Which goes essentially straight through birefringent mate 
rial 40 and is focused by lens 50 into ?ber 20 forming a 
common port. An E beam launched from ?ber 48 Will be 
refracted by the action of birefringent material 40 such that 
it impinges on re?ector 42 Which Will re?ect the E ray back 
through birefringent material 40 such that it Will be coupled 
to ?ber 44 by lens 50. Thus coupler 43 When used as a 
combiner takes separate input beams having orthogonal 
polariZations and combines the input beams into a single 
output beam having both polariZations. 

[0023] The invention has been described With respect to 
preferred embodiments. HoWever, as those skilled in the art 
Will recogniZe, modi?cations and variations in the speci?c 
details Which have been described and illustrated may be 
resorted to Without departing from the spirit and scope of the 
invention as de?ned in the appended claims. 

What is claimed is: 
1. A polariZation optical splitter comprising: 

a polariZing beam splitter for splitting light into tWo 
orthogonal linear polariZations With one polariZation 
being transmitted and the other being re?ected; 

an optical ?ber forming an input port and disposed on a 
?rst side of said polariZing beam splitter, said ?ber 
directing a light beam having tWo orthogonal linear 
polariZations into the polariZing beam splitter; 

a polariZation maintaining optical ?ber forming a ?rst 
output port and disposed on a second side of said 
polariZing beam splitter for receiving the polariZed 
light transmitted through the polariZing beam splitter; 

a polariZation maintaining optical ?ber forming a second 
output port, said ?ber being disposed parallel to the 
optical ?ber forming the input port; 

a ?rst collimating lens disposed betWeen the polariZing 
beam splitter and the input and second output ports; 

a second collimating lens disposed betWeen the polariZing 
beam splitter and the ?rst output port; and 

a re?ector disposed at a position such that the optical path 
length to the re?ector is equal to one focal length of the 
?rst collimating lens so as to re?ect the beam re?ected 
by the polariZing beam splitter back toWards the polar 
iZing beam splitter Wherein the beam Will be directed 
toWard one of the second output ?ber. 

2. The polariZation optical splitter as claimed in claim 1 
Wherein the beam splitter comprises a polariZing beam 
splitting cube. 

3. The polariZation optical splitter as claimed in claim 2 
Wherein the re?ector comprises a re?ecting ?lm deposited 
on the polariZing beam splitting cube. 

4. The polariZation optical splitter as claimed in claim 1 
Wherein at least one of the collimating lenses comprise a 
GRIN lens. 

5. The polariZation optical splitter as claimed in claim 1 
Wherein the ?rst and second collimating lenses have the 
same focal length and the optical path length betWeen the 
collimating lenses is tWice the focal length of the collimating 
lenses. 
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6. A polariZation combiner comprising: 

a polariZing beam splitter for splitting light into tWo 
orthogonal linear polariZations With one polariZation 
being transmitted and the other being re?ected; 

an polariZation maintaining optical ?ber forming an ?rst 
input port and disposed on a ?rst side of said polariZing 
beam splitter, said ?ber directing a ?rst light beam 
having a ?rst orthogonal linear polariZation into the 
beam splitting means such that it Will be transmitted 
through the polariZing beam splitter; 

a polariZation maintaining optical ?ber forming an output 
port and disposed on a second side of said polariZing 
beam splitter for receiving the polariZed light transmit 
ted through the polariZing beam splitter; 

a polariZation maintaining optical ?ber forming a second 
input port, said ?ber being disposed on the second side 
of the polariZing beam splitter and parallel to the 
optical ?ber forming the output port; said ?ber direct 
ing a light beam having a linear polariZation that is 
orthogonal to that of the ?rst light beam into the beam 
splitter such that the beam Will be re?ected by the beam 
splitting means; 

a ?rst collimating lens disposed betWeen the polariZing 
beam splitter and the output and second input ports; 

a second collimating lens disposed betWeen the polariZing 
beam splitter and the ?rst input port; and 

a re?ector disposed at a position such that the optical path 
length to the re?ector is equal to one focal length of the 
?rst collimating lens go as to re?ect the beam re?ected 
by the polariZing beam splitter back toWards the polar 
iZing beam splitter Wherein the beam Will be directed 
toWard the output ?ber. 

7. The polariZation optical combiner as claimed in claim 
6 Wherein the beam splitter comprises a polariZing beam 
splitting cube. 

8. The polariZation optical combiner as claimed in claim 
7 Wherein the re?ector comprises a re?ecting ?lm deposited 
on the polariZing beam splitting cube. 

9. The polariZation optical combiner as claimed in claim 
6 Wherein at least one of the collimating lenses comprise a 
GRIN lens. 

10. The polariZation optical combiner as claimed in claim 
1 Wherein the ?rst and second collimating lenses have the 
same focal length and the optical path length betWeen the 
collimating lenses is tWice the focal length of the collimating 
lenses. 

11. A polariZation optical splitter comprising: 

a birefringent displacer for separating light transmitted 
through said irefringent displacer into tWo beams hav 
ing orthogonal linear polariZations With respect to each 
other With one polariZation being displaced aWay from 
the other; 

a ?rst optical ?ber forming a input port and disposed on 
a ?rst side of said birefringent displacer, said ?ber 
directing a light beam having tWo orthogonal linear 
polariZations into the birefringent displacer; 

a polariZation maintaining optical ?ber forming a ?rst 
output port and disposed on a second side of said 
birefringent displacer for receiving one of the beams 
transmitted through the birefringent displacer; 
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a polarization maintaining optical ?ber forming a second 
output port disposed on the ?rst side of the polarizing 
beam splitter and parallel to the optical ?ber forming 
the input port; 

a ?rst collirnating lens disposed betWeen the birefringent 
displacer and the input and second output ports; 

a second collirnating lens disposed betWeen the birefrin 
gent displacer and the output port; and 

a re?ector disposed at a position such that the optical path 
length to the re?ector is equal to one focal length of the 
?rst collirnating lens so as to as to re?ect the displaced 
bearn transmitted through the birefringent displacer 
back through the birefringent displacer Wherein the 
beam Will be directed toWard the optical ?ber forming 
the second output port. 

12. The polariZation optical splitter as claimed in claim 11 
Wherein the birefringent displacer cornprises material 
selected from the group consisting of lithium niobate 
(LiNbO3), rutile (TiOZ), and yttriurn vanadate (YVO)4. 

13. The polariZation optical splitter as claimed in claim 11 
Wherein the re?ector comprises a re?ecting ?lrn deposited 
on the birefringent displacer. 

14. The polariZation optical splitter as claimed in claim 11 
Wherein at least one of the collirnating lenses comprise a 
GRIN lens. 

15. The polariZation optical splitter as claimed in claim 11 
Wherein the ?rst and second collirnating lenses have the 
same focal length and the optical path length betWeen the 
collirnating lenses is tWice the focal length of the collirnating 
lenses. 

16. A polariZation optical cornbiner comprising: 

a birefringent displacer for transmitting light of a ?rst 
polariZation through said birefringent displacer Without 
into being displaced and displacing light having a 
second linear polariZation away from the ?rst bearn; 

a ?rst polariZation rnaintaining optical ?ber forming a ?rst 
input port and disposed on a ?rst side of said birefrin 
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gent displacer, said ?ber directing a light beam having 
a ?rst orthogonal linear polariZation into the birefrin 
gent displacer; 

a optical ?ber forming a output port and disposed on a 
second side of said birefringent displacer for receiving 
one of the beams transmitted through the birefringent 
displacer; 

a second polariZation rnaintaining optical ?ber forming a 
second input port, said ?ber being disposed proximate 
to the optical ?ber forming the input port, said ?ber 
directing a light beam having a linear polariZation that 
is orthogonal to that of the ?rst light beam into the 
birefringent displacer such that the beam Will be dis 
placed by the birefringent displacer; and 

a re?ector disposed so as to re?ect the displaced bearn 
transmitted through the birefringent displacer back 
through the birefringent displacer Wherein the beam 
Will be directed toWard the optical ?ber forming the 
output port. 

17. The polariZation optical cornbiner as claimed in claim 
16 Wherein the birefringent displacer cornprises material 
selected from the group consisting of lithium niobate 
(LiNbO3), rutile (TiOZ), and yttriurn vanadate (YVO)4. 

18. The polariZation optical cornbiner as claimed in claim 
16 Wherein the re?ector comprises a re?ecting ?lrn depos 
ited on the birefringent displacer. 

19. The polariZation optical cornbiner as claimed in claim 
16 Wherein at least one of the collirnating lenses comprise a 
GRIN lens. 

20. The polariZation optical cornbiner as claimed in claim 
16 Wherein the ?rst and second collirnating lenses have the 
same focal length and the optical path length betWeen the 
collirnating lenses is tWice the focal length of the collirnating 
lenses. 


