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In this Invention an optical gain element is used where a fraction of the optical output signal is passed through a periodic filter
and fed back to the gain medium. This configuration simply forms a multi-wavelength ring laser. The optical gain element
provides the gain medium for the laser and the filter forces the laser to lase on the predetermined wavelengths. The periodic
filter can simply be an asymmetric Mach-Zehnder Interferometer (MZIl). It iIs known that asymmetric MZls have an almost
sinusoidal wavelength response where its period Is a function of the length difference of the arms of the asymmetric MZI.
Therefore, channel spacing may be controlled by changing the arms length difference in an Asymmetric MZI.
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ABSTRACT

In this invention an optical gain element is used where a fraction of the optical output
signal is passed through a periodic filter and fed back to the gain medium. This
configuration simply forms a multi-wavelength ring laser. The optical gain element
provides the gain medium for the laser and the filter forces the laser to lase on the
predetermined wavelengths. The periodic filter can simply be an asymmetric Mach-
Zehnder Interferometer (MZI). It is known that asymmetric MZIs have an almost
sinusoidal wavelength response where its period is a function of the length difference of
the arms of the asymmetric MZI. Therefore, channel spacing may be controlled by

changing the arms length difference in an Asymmetric MZI.
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MULTI-WAVELENGTH LASERS

Field of the Invention

This invention relates generally to optical communication systems and more particularly

to optical laser sources with multiple lasing wavelengths.

BACKGROUND OF THE INVENTION

One way to utilize the large bandwidth of optical fibers is to use optical wavelength
division multiplexing (WDM) schemes to increase the rate of data transmission through
optical fibers. In the transmitter end of a WDM transmission system and network it 1s
necessary to have number of laser sources with difterent wavelengths. Each laser light 1s
then modulated either directly in the laser or by an external modulator to impress the data

information on each of the WDM channels.

Multi-wavelength laser sources are desirable for optical wavelength division multiplexed

(WDM) transmission systems and networks.

US patent 5,910,962 introduces a multi-wavelength laser source which provides multiple
laser signals at different wavelengths incorporating DBR (Distributed Bragg Reflector)
fiber lasers or DFB (Distributed Feedback) fiber lasers. In the proposed design, a
pumping laser with operating wavelength below 1500 nm 1s used. Each DFB or DBR
laser 1s tuned to a selected wavelength in the 1550 nm range. The fiber lasers may be
connected 1n series to each other to form a multi-wavelength source. There are a number
of 1ssues with respect to this arrangement. We can easily observe that the number of
wavelength channels is very limited. As a result, it is very difficult to scale the source to
have a large number of lasing channels. On the other hand, the processes of tuning each
laser and consequently the whole set of wavelength channels are very challenging.

Stability of the lasing frequencies is also of great concern.
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M. Zirngibl et at. in “An 18 channel Multi-Frequency Laser,” IEEE Photonics
Technology Letter, Vol. 8, No. 7 July 1996 propose an array of semi-conductor optical
amplifiers integrated monolithically with a WDM multiplexers/demultiplexers. In this
architecture, a Wavelength Grating Router (WGR) 1s used as an intra-cavity wavelength
selective filter element. The number of amplifiers and the complexity of the WDM filter
increase as the number of lasing channels or, equivalently, as the channel spacing in a
given wavelength range decreases. The wavelength selectivity of this device 1s governed
by the geometric layout of the filter and a discrete choice of the gain elements. As a
result, for a large number of wavelength channels, a large number of router arms are
needed. The cost of these multi-wavelength laser sources is therefore, high and they
cannot be easily fabricated for a large number of wavelengths or lasing channels. Similar
designs have also been reported, such as R. Monnard et al. 1n “Direct Modulation of a
Multi-frequency Laser up to 16 x 622 Mb/s,” IEEE Photonics Technology Letters, Vol. 9,
No. 6, June 1997.

It 1s therefore desirable to have a low cost multi-wavelength laser source with a large

number of lasing channels.

SUMMARY OF THE INVENTION

In the present invention an optical gain element or medium is used where in a fraction of
the optical output signal 1s passed through a periodic filter and fed back to the gain
medium. This configuration simply forms a multi-wavelength ringer laser. The optical
gain element provides the gain medium for the laser and the filter forces the laser to lase
on the predetermined wavelengths. The periodic filter may simply be an asymmetric
Mach-Zehnder Interferometer (MZI). It i1s known that asymmetric MZIs have an almost
sinusotdal wavelength response, where the period is function of the length difference
between the arms of the asymmetric MZI. In other words, one can control the channel

spacing by changing the length difference of an asymmetric MZI.
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50111-16(S)

According to a first broad aspect, the invention
provides a multi-wavelength ring laser, comprising: (a) a
pump laser source; (b) an optical gain module (OGM) for
receiving an output of the pump laser source; (c) a periodic
band-pass filter (PBF) in a feedback loop between output and
input of the optical gain module; and (d) the output of the
OGM being an output of said multi-wavelength ring laser,
wherein the OGM comprises a galn element and a gain

flattening filter between the gain element and the periodic

BPF.

According to a second broad aspect, the invention
provides a method of generating a multi-wavelength laser
signal comprising: operating an optical gain medium with a
feedback input and a pump laser source, and no other input;
feeding back a portion of an output of the optical gain
medium through a gain-flattening filter and periodic band-
pass filter, and passing an output of the periodic band-pass
filter to the feedback input; whereby a lasing source 1is
realized in at least two bands of the periodic band-pass
filter such that a laser signal having at least two

wavelengths i1s generated.
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BRIEF DESCRIPTION OF THE DRAWINGS

The preferred exemplary embodiments of the present invention will now be described in

detail 1n conjunction with the annexed drawing, in which:

Figure 1 presents the general structure of the multi-wavelength laser source introduced

by this invention;

Figure 2 1llustrates the multi-wavelength laser source with an erbium doped fiber

amplifier (EDFA);

Figure 3 shows a typical transter function for a periodic Mach-Zehnder band-pass filter;

Figure 4 shows the spectrum of the output signal of a multi-wavelength laser source for a

ring laser using 3.5 m EDF;

Figure § displays the spectrum of the output signal of a multi-wavelength laser source for

a ring laser using 10m EDF; and

Figure 6 shows a multi-wavelength laser source with Gain Flattened EDFA.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

This 1nvention introduces a novel multi-wavelength laser source design with the general
configuration shown in Figure 1. In this typical configuration, a fraction of the optical
output signal of an optical gain module 10 1s filtered and fed back via top 11 and band-
pass filter 12 to the gain medium. When there is no input signal to the gain module, the
output of the module 1s referred to as the “free run” output. Any optical amplifier may be
used for the gain module 10. In the following description, an Erbium Doped Fiber
Amplitier (EDFA) 1s used for the gain module. Figure 2 shows in more detail the main
architecture with such an EDFA. The free run output of the EDFA is known as
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Amplified Spontaneous Emission (ASE) that is always present and usually treated as

amplifier noise.

As shown in Figure 2, a fraction of the ASE output (free run signal) of the EDFA is
filtered and fed back to the EDFA via WDM coupler 13. If a relatively narrow band-pass
filter (BPF) 1s used for the filter 12, the EDFA starts lasing at a frequency around the
central frequency of the BPF 12. This architecture 1s also known as a “Ring Laser.”
Ring lasers have already been used in optical systems. In this invention, a novel cost

efficient multi-wavelength laser source 1s provided using the same principles.

As shown in Figure 2, in the gain module 10, an Erbium Doped Fiber (EDF) forms the
gain medium. The pump laser, which is usually a 980 nm laser, provides the optical
power for the gain medium EDF. The pump laser output 1s coupled into the EDF by the
WDM coupler 13. At the output of the gain module 10, the 2 x 2 optical coupler 11 is
used to take a fraction of the output signal to be fed back to the gain module. The other
output port of the coupler 11 provides the output of the laser source. In the configuration
shown, the output is connected to an Optical Spectrum Analyzer (OSA). In the feedback
path, the optical signal 1s filtered through the periodic filter, such as the Mach-Zehnder
Interferometer (MZI) filter 12. This filter has a peniodic filter response, which forces the
gain module 10 to concentrate its energy in specific frequency (wavelength) bands and
consequently to lase in those bands. A typical transfer function of such a filter (12) 1s
shown 1n Figure 3. In an 1deal case, it 1s expected that one lasing source will be observed
in each band-pass of the filter 12. This 1s basically true if the gain profile of the gain
module 10 1s flat throughout the frequency band of interest. Unfortunately, an EDFA
does not have a flat gain transfer function and, consequently, lasing would be observed
only in some of the desired wavelength channels, as shown in Figures 4 and 5. Figure 4
shows the multi-wavelength laser source output observed by the OSA for the case of a
3.5 m EDF and 120 mW pump laser power. In this case, five different lasing signals A,
B, C, D and E were obtained. By increasing the EDF length to 10 m, seven laser signals
F, G, H, 1), Kand L are obtained (Figure 5) at different locations from those of the

previous case. Since the gain profile of the EDFA is not flat, the lasing channels occur in
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the wavelength range that has the maximum gain. In the example shown in Figure 4, the
lasing appears mainly around the high gain region of the 1530 nm (X). However, as we
increase the length of the EDF, another lasing region around the 1550 nm (Y) 1s also
observed (Figure 5). This is mainly because of the fact that for longer EDF there are two
high gain regions of 1550 nm and 1530 nm. The 1550 nm region is the dominant one. In
figure 5, that the number of lasing channels in the 1550 nm regions i1s more than that of

the 1530 nm region.

In order to increase the number of lasing channels, a gain flattening filter (GFF) 1s
inserted between the EDF and the coupler 11, as shown 1n Figure 6. This helps to reduce
the competition among the different pass bands of the periodic BPF12 and to distribute
the pump energy to all the desired bands uniformly. As a result, a multi-wavelength laser

source 1s obtained.

In the design of a practical multi-wavelength laser source some other issues must be
taken care of. The BPF12 needs to be stable to enable lasing in the pass bands and
provide stable lasing channels. Some forms of polarization control might also be needed

in the feedback loop to enhance effective feedback of the signals in all the bands.

The present invention has other advantages over other multi-wavelength laser sources

introduced in the literature. Some advantages are simplicity, scalability and potentially

low cost.

Note that the number of lasing channels in the frequency band of interest, where the gain
module has a flat gain profile, 1s simply determined by the periodic BPF. An option for
the periodic BPF filter is the MZI filter, which is not very expensive. The periodic BPF
may be tuned to the ITU frequency grid to form a standard multi-wavelength laser

SOUICC.
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CLAIMS:

1. A multi-wavelength ring laser, comprising:

(a) a pump laser source;

(b) an optical gain module (OGM) for receiving an

output of the pump laser source;

(c¢) a periodic band-pass filter (PBF) in a
feedback loop between output and input of the optical gain

module; and

(d) the output of the OGM being an output of said

multi-wavelength ring laser,

wherein the OGM comprises a gain element and a
gain flattening filter between the gain element and the

periodic BPF.

2. A multi-wavelength ring laser according to Claim

1, further comprising:

an output coupler at the output of the OGM
configured to send part of the output of the OGM to the
periodic band-pass filter, and part of the output of the OGM

as the output of the multi-wavelength ring laser; and

an input coupler at the input of the OGM
configured to couple both a pump signal from the pump laser
source, and an output of the periodic band-pass filter 1into

the OGM, the OGM having no other optical input signal.

3. A multi-wavelength ring laser according to Claim
1, wherein the periodic band-pass filter comprises a

Mach-Zehnder interferometer.
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4 . A multi-wavelength ring laser according to Claim
1, wherein at least two lasing sources are reallzed 1n

different bands of said periodic band-pass filter.

5. A multi-wavelength ring laser according to Claim
1, further comprising polarization control means 1in the
feedback loop to enhance effective feedback of signals 1in

periodic bands of the periodic band-pass filter.

6 . A multi-wavelength ring laser according to
Claim 1, wherein the periodic band-pass filter is tuned to
an ITU frequency grid to form a standard multi-wavelength

laser source.

7. A method of generating a multi-wavelength ring

laser signal comprising:

operating an optical gain medium with a feedback

input and a pump laser source, and no other input;

feeding back a portion of an output of the optical

gain medium through a gain-flattening filter and periodic

band-pass filter, and passing an output of the periodic

band-pass filter to the feedback 1input;

whereby a lasing source 1s realized 1in at least
two bands of the periodic band-passgs filter such that a ring

laser signal having at least two wavelengths 1s generated.

SMART & BIGGAR
OTTAWA, CANADA
PATENT AGENTS
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