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ABSTRACT OF THE DISCLOSURE

A fused fiber filter coupler is disclosed characterized in that a long period grating is
written in at least a portion of the waist of the coupler. The two fibers which make up
the coupler have respective propagation constants B, and Py, which are different and
both fibers are singlemode at the wavelength of operation. In order for an efficient
grating to be written in the waist of the coupler, the coupler must be photosensitive in
at least a region of the waist. Since the propagation constant is a function of the
wavelength and the period of the grating is given by the expression A =21/Bgpers -
Baera), the filter may be tuned to a particular wavelength by adjusting the period of the
grating. The filter so constructed acts in transmission and can discriminate wavelengths
of the order of 1 nm. The filter is particularly useful in wavelength-rich optical
communications networks to extract a particular wavelength from a signal or to add a

particular wavelength to a signal (i.e. multiplexing and demultiplexing).
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WHAT IS CLAIMED IS;

1. A fused fiber filter for coupling a light signal incident to one of a first and second
optical fibers at a given operation wavelength, said fused fiber filter having two opposite
ends, a waist, a waist length L, a waist diameter ¢, a taper region near each of said
opposite ends, said first optical fiber having a first propagation constant {3, and said
second optical fiber having a second propogation constant B,.,,, the first and second
optical fibers being generally parallel along the waist length of the fused fiber filter, the
fused fiber filter being characterized in that:

B 18 larger than By

each of the first and second optical fibers are singlemode at said operation
wavelength and at least one of said fibers is photosensitive in the region of said waist;

at least a portion of said waist is provided with a long period grating, where the
period of the grating corresponds to A = 27/(Bipen - Briver);

whereby said operation wavelength is coupled from one of the first and second

optical fiber to the other of the first and second optical fiber.

2. A fused fiber filter according to claim |, wherein said grating is written in at least

part of one half of said waist.

3. A fused fiber filter according to claim 2, wherein said grating is written in the part

of the half of the waist corresponding to said first optical fiber.
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GRATING-ASSISTED FUSED FIBER FILTER

FIELD OF THE INVENTION

The invention relates to all-fiber optical wavelength filters, and more specifically

to a grating-assisted fused fiber filter.

DESCRIPTION OF THE PRIOR ART

Wavelength multiplexers and demultiplexers (MUX/DEMUX) are essential to
Wavelength Division Multiplexing (WDM) communication systems. With the advent of
optical communications, optical WDM is an essential component of future
communications systems. The communication capacity of these systems will be greatly
increased by multiplying the number of optical wavelength carriers (channels) in a
communication link. As such, wavelength MUX/DEMUX will be used at the periphery
of such WDM systems in order to gather and dispatch the information associated with
the different wavelength carriers. These MUX/DEMUX should be able to separate
dense, WDM channels, with wavelength discrimination of the order of 1 nm.

There presently exists some efficient integrated optics MUX/DEMUX, but for
practical and economical reasons, an all-fiber device would be preferable. Fiber Bragg
Gratings are such components, but they operate in reflection, rather than transmission,
and either a circulator, a balanced interferometer, a channel-dropping polished fiber
coupler or a balanced fiber coupler is required to access part of the information.

In “Grating-frustrated coupler: a novel channel-dropping filter in single mode
optical fiber”, Archambault, Russell, Barcelos, Hua and Reekie, Optical Letters, 1994,
Vol. 19, No. 3, pp. 180-182, there is disclosed a polished fiber coupler for filtering out
a particular wavelength. A Bragg grating is written in one arm of the polished fiber
coupler which includes two optical fibers having identical cores. The Bragg grating acts
as a perturbation rather than a phase matching (coupling) element. Thus, the frequency
response of this device is not smooth and would possibly not allow complete energy

transfer at the selected wavelength.



10

15

20

25

30

CA 02231530 1998-04-14

2

U.S. Patent no. 5,459,801 to Snitzer discloses an “add-drop multiplexer”. Here
also, a grating is photowritten in one arm of a fiber coupler, exactly in the longitudinal
center of the coupler waist, to create a coupling by reflection. However, the two fiber
arms of the coupler are identical and the grating does not act as a coupling perturbation
but as a frequency selective reflective element. The coupler waist length is adjusted for
complete coupling by evanescent light in transmission for a certain wavelength region,
which requires very fine alignment of the grating within the coupler’s waist. Similar
devices are also disclosed in U.S. Patent 5,457,758 to Snitzer, “Compact All-Fiber Add-
Drop-Multiplexer Using Fiber Bragg Gratings”, Baumann, Seifert, Nowak and Sauer,
1EEE Photonics Technology Letters, 1996, Vol. 8, No. 10, pp. 1331-1333, German
Patent Application No. DE 43 35 428 (which substantially discloses the matter disclosed
in the previous article by common authors).

Another similar technology is described in “Four-port Fiber Frequency Shifter
with a Null Taper Coupler” by Birks, Farwell, Russell and Pannell, Optics Letters, 1994,
Vol. 19, No. 23, pp. 1964-1966 and International Application No. WO 9522783. 1In
these documents, the two fiber arms have different propagation constants. However, the
coupling element is an acoustic wave guided by the coupler’s waist. This component
couples light from one fiber to another and at the same time shifts the frequency of the
coupled light. The frequency response of this component is not smooth; furthermore,
this device is an active device.

In “Novel Add/Drop Filters for Wavelength-Division Multiplexing Optical Fiber
Systems Using a Bragg Grating Assisted Mismatched Coupler”, Dong, Hua, Birks,
Reekie and Russell, IEEE Photonics Technology Letters, 1996, Vol. 8, No. 12, pp.
1656-1658, there is described a coupler made of two fibers having different propagation
constants. However, the coupler described therein is made of a side-polished coupler,
although the authors suggest that such a device could be embodied with a fused fiber
coupler, without providing any other information. This device acts as a reflection filter
and since the fibers are only photosensitive in the core, this implies that much higher
index changes are necessary to obtain efficient coupling.

There is thus a need for a passive, all-fiber device which acts in transmission, not
in reflection, which can discriminate in a narrow range of wavelengths, and which does

not shift the frequency of the desired wavelength component.
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SUMMARY OF THE INVENTION

It is an object of the invention to provide a fused fiber filter acting in transmission,
which can discriminate a narrow range of wavelengths and which does not shift the
frequency of the desired wavelength component.

In accordance with the invention, this object is achieved with a fused fiber filter
for coupling two optical fibers at a given operation wavelength. The fused fiber filter has
two opposite ends, a waist length L, a waist diameter ¢, a taper region near each of the
opposite ends, a first optical fiber and a second optical fiber. The first optical fiber has
a first propagation constant B, and the second optical fiber has a second propagation
constant B, The first and second optical fibers are generally parallel along the waist
length of the fused fiber filter.

The fused fiber filter is characterized in that B, is larger than B, .., each of the
optical fibers are singlemode at the operation wavelength; at least one of the fibers is
photosensitive in the region of the waist; and at least a portion of the waist is provided
with a long period grating, where the period of the grating corresponds to A = 21/(By,,,
- Bsera) such that the operation wavelength is coupled from one of the first and second

optical fibers to the other of the first and second optical fiber.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention and its advantages will be more easily understood after
reading the following non-restrictive description of preferred embodiments thereof, made
with reference to the following drawings, in which:

Figure 1 is a schematic representation of the fused fiber filter according to the
invention;

Figure 2 is a cross-sectional view taken along line lI-11 of Figure 1,

Figure 3 is a graph of the spectral response of the fused fiber filter of Fig. 1;

Figure 4 is a graph of the bandwidth variation as a function of the diameter of the
waist;

Figure 5 is a graph of the bandwidth variation as a function of the length of the

grating; and
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Figure 6 is a graph of the variation of index change as a function of the length of

the grating.

DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION

Figure 1 shows a grating-assisted fused fiber filter 1 according to a preferred
embodiment of the invention. The fused fiber filter 1 has two opposite ends 3, a waist
2, a waist length L, a waist diameter ¢, a taper region 5 near each of the opposite ends
and a first optical fiber 7 and a second optical fiber 9. Preferably, the taper regions 5 are
made to obtain a smooth transition in order to reduce losses as much as possible.

The first optical fiber 7 has a first propogation constant P, and a first core
diameter 11. The second optical fiber 9 has a second propagation constant B, and a
second core diameter 13. It is important that the propagation constants be different, so
that normally there would be practically no coupling of lights between the two fibers 7,
9 without external help.

The propagation constant [} is given by the following expression:

B =2mn,/A

where n is the effective index of the fiber and A is the wavelength of operation.
The effective index of a fiber n_, can be easily determined when all the characteristics of
the fiber are known.

Another important aspect of the invention is that the two fibers 7, 9 be
singlemode at the wavelength of operation A of the device.

It is known that frequency selective coupling can be achieved with such a null
taper coupler by acoustic compensation of the dispersion between the fibers, as
mentioned in the Description of Prior Art.

The invention resides in the use of a long period grating 15 written in at least a
portion of the waist 2 of the fused fiber filter 1 to obtain the same result. As such, the
cladding of the fibers 7, 9 has to be photosensitive in at least a portion of the waist 2 to
permit an efficient grating 15 to be written in this region, since the waist 2 of the fused
fiber filter has a small diameter ¢, i.e. smaller than 10 pm.

Preferably, the grating is written in the portion of the waist corresponding to the

half of the grating including the first optical fiber 7.
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In order to create a wavelength selective coupling, the grating period A should
correspond to:

A =27/ Bripert - Briver)

so that by selecting the operation wavelength A, the period A of the long period
grating 15 can be determined.

Such a filter, made of a small core fiber having a diameter of 4 pm and a
numerical aperture of NA= 0.13 and a larger core fiber having a diameter of 5.8 pm and
a numerical aperture NA= 0.2 was evaluated numerically with a Beam Propagation
Method (BPM) combined with a Transfer Matrix Method (TMM). Both fibers have a
cladding diameter of 125 pm and an index n,,, = 1.444.

This design is easily feasible and allows low-loss fusion splicing (less than 0.2 dB)
to standard communication fibers. It should be understood that any other design may
also work as long as it falls within the above design parameters, possibly even better than
this suggested configuration which is far from being optimal.

The selected wavelength of operation for the analysis is 1550 nm, such that both
fibers are singlemode at 1550 nm. It should be understood that any wavelength of
operation can be selected as long as the fiber and grating design is adapted accordingly.

Both taper regions 5 were assumed to be 20 mm long, which is easily feasible.

A wavelength-rich signal, comprising a plurality of different wavelengths, is
inputted at 21 of the second optical fiber 9. The grating couples the signal within a
bandwidth centered around wavelength A from the second fiber 9 to the first fiber 7,
which coupled signal exits at 25 of the first optical fiber. The remainder of the signal
travels through the fused fiber filter | and exits at 23 of the second fiber. Thus, the
desired wavelength component centered around a given bandwidth is extracted from the
frequency-rich signal. It should be understood that the present invention can also be used
to insert into a signal a selected wavelength component.

According to BPM simulations, without a photowritten grating 15 in the waist
2 of the fused fiber filter 1, the relative coupling from the large core fiber 9 to the small
core fiber 7 can be made to be less than -30dB.

According to the simulations, it is much more efficient to have the grating 15
written in one half of the fused fuber filter’s waist 2 only, as shown on Figs. | and 2. As

such, the small core fiber 7 was assumed to be photosensitive over part of its cladding
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diameter (85 pm over 125 pm).

The relative dimensions of the fibers 7, 9 are preserved in the waist 2 of the fused
fiber filter 1. In order to simplify the numerical analysis, the transverse shape of the waist
2 was approximated by a perfect ellipse, as shown on Fig. 2. Variables for the design of
the grating-assisted fused fiber filter | and thus the waist, and grating length, L, the waist
diameter ¢ and the peak index change of the grating An.

Since values of L of 50 ram and ¢ of 2 um are easily obtained, the object of the
design was to have the smallest L and largest ¢ as possible for a reasonable An, i.e.
smaller than 102, and a small bandwidth, i.e. smaller than 2 nm.

As shown on Fig. 3, a filter with L =25 mm and ¢ = 2 pm provides crosstalk of
less than -30 dB within a 1.0 nm bandwidth and the frequency response of the grating
assiste:d.fused fiber filter 1 is smooth.

Fig. 4 is a graph of the bandwidth of the filter 1 as a function of the waist
diameter ¢. As can be seen, the larger the waist diameter ¢, the larger the bandwidth.
Thus, in order to have as precise a filter as possible, the waist diameter ¢ should be as
small as possible.

Fig. 5 is a graph of the bandwidth of the filter 1 as a function of the length of the
grating, with the peak index change An adjusted. As can be seen, a longer grating has
a positive effect on the narrowing of the bandwidth. As such, very narrow filters may be
constructed with longer gratings.

Fig. 6 is a graph of the necessary peak index change An of the grating for 100%
coupling as a function of the length of the grating. As can be seen, the longer the grating,
the lower the peak index change must be.

The advantages of using this technique in order to obtain frequency selective
coupling is that it works in transmission rather than in reflection, is fairly simple, easy to
construct, robust and potentially low cost. Furthermore, it is a passive device, and one
which does not shift the frequency of the desired component.

It should be understood that the present design would also work if both cladding
regions are made to be photosensitive. It is also possible to consider a configuration
where a region of the waist is made photosensitive, but not related to the constituent core
or cladding.

It is also possible to consider apodization of the photowritten grating shape as it
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could improve the performance of the grating assisted fused-fiber filter, particularly by
reducing the side-lobes of the spectral response. Using a photowritten grating with a
variable period could also be considered to have a useful impact of the optical dispersion
signal or the filter bandwidth.

Although the present invention has been explained hereinabove by way of a
preferred embodiment thereof, it should be pointed out that any modifications to this
preferred embodiment within the scope of the appended claims is not deemed to alter or

change the nature and scope of the present invention.
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