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Abstract

By using fiber gratings as pump
reflectors with various reflectivities or N
pieces of gain fibers with various lengths
externally to linear cavity as self-equalizers,
a parallel-type, pump-shared, linear cavity
laser array (LCLA)} is proposed and
numerically studied. The average output
power is increased and the maximum power
variation among channels is reduced from

7.2 to less than 0.1 dB when the reflectivity
of each pump reflector or the length of each
gain fiber is adjusted appropriately.
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Fiber lasers have been extensively
investigated for vast applications in
multichannel optical lightwave communi-
cations, fiber optic sensors, optical signal
processing and wavelength conversion, etc.
In order to increase the information capacity
using wavelength division multiplexing
{(WDM) transmission, the realization of
stable, narrow linewidth and equal output
power lasers with  multi-wavelength
operation in the 1.55 pm band has attracted
lots of attention and been extensively
developed recently. With the feature of
wavelength insensitivity to temperature at
least an order of magnitude better than that
of semiconductor lasers, erbium-doped fiber
laser (EDFL) is a promising candidate for
multi-channel lightwave communications.
Several previous techniques have been
proposed for multiwavelength operations.
These techniques are based on several
short-period fiber Bragg gratings (FBGs), a
semiconductor optical amplifier array,
splicing five distributed feedback lasers
together and pumping with a 1480-nm
semiconductor laser and using two comb
filters in the ring-cavity.

In this work, we propose a
power-equalized linear cavity laser array



(LCLA) based on parallel pump-shared
configuration, The simulation is based on
the spectral model of optical amplifier. A
pump-diode is parallel pump-shared to
N-channel fiber laser array with the merit of
avoiding mutual injection effect among
channels. Each fiber laser unit consists of a
piece of erbium-doped fiber (EDF) and fiber
grating-pair with identical wavelength.
Because the non-flatten gain spectrum of
EDF in the 1.55 pm band, power levels
among channels are wavelength dependent
and unequal even when all the parameters
such as pumping power values, lengths of
EDF and the reflectivities of grating-pair are
identical. Several pump reflector gratings or
gain fibers are added for individual channels
to increase the pump absorption ratio and
equalize the lasing signals. Theoretical
analysis and calculated results of the
power-equalized LCLA on varying the
reflectivities of pump reflectors are
addressed in sections II and III, respectively.
Before and after power-equalization, the
maximum power variations among channels,
ranging from 1530- to 1560 nm, are 7.2 and
0.1 dB, respectively.
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To obtain single-frequency operation,
the laser cavity length should be short. Fig. 2
{a)(b) report the residual pump power as a
function of different wavelengths for the
LCLA before and after the pump reflectors
are added. When these pump reflectors are
added, the backward pumping is introduced
(i.e., round-trip pumping). The average
increment of pumping power absorption is
85% when compared to the condition
without using pump reflectors. In the latter
case, the average pumping absorption is
31%. The reasont for low pump absorption
may be due to the short cavity length or low
Er** concentration. To further increase the
pumping absorption ratio, high concent-
ration Er’":Yb®* codoped fibers could be
applied as they are quite well-developed. On
the other hand, the residual backward pump
light not absorbed in the laser cavities may
travel back to the pump diode if no 980 nm
fiber isolator is used in Fig. 1. Fig. 3 (a)-(b)

shows the superposed output spectra of the
eleven-channel LCLA. Before the 980-nm
grating reflectors are used, the average
output power is -5.8 dBm and the maximum
power variation among channel is 7.2 dB, as
shown schematically in Fig. 3 (a). After
these 980 nm pump reflectors with 100%
reflectivity are used, the average output
power is increased to 1.8 dBm and the
maximum power variation is decreased to
1.6 dB, as indicated in Fig. 3 (b). Fig. 3 {(c)
shows that power variation is further
reduced to 0.1 dB when the 980 nm pump
reflector gratings with  appropriately
reflectivities, ranging from ~100% for the
weakest channel (ch. 6) and 55% for the
strongest channel {ch. 11), are placed at the
output ends of the fiber lasers. The result
confirms the feasibility of using pump
reflector gratings as power equalizers.
Another technology based on the concept
of master oscillator power amplifier (MOPA}
may also increase the power levels of these
WDM sources. It is based on adding another
section of gain fiber, rather than a pump
reflector grating as shown in Fig. 1, at the
output end of each fiber laser. The gain fiber
is then pumped by the residual pump energy
not absorbed in the laser cavity. The residual
pump powers and output signals are
different among channels. N pieces of gain
fibers with various lengths are placed at the
output ends of the fiber laser array for power
equalization and further amplification. One
important issue is that the residual pump
power must be strong enough to provide
adequate inversion of the ions within the
small lengths of EDF segments. According
to the calculated results, the required lengths
of EDFs are ranging from 0 cm for channel
11 to 57 cm for channel 6. Fig. 4 shows the
required EDF length against channel
wavelength of the fiber laser array. The
WDM sources are power equalized by
varying the lengths of gain fibers. Fig. 5
shows that the average power level is -2.9
dBm and the maximum power variation
among channels is less than 0.1 dB.
Considering the serial-type, pump-shared
(STPS) scheme LCLA, which is based on
writing the gratings (e.g. fiber laser unit) in



separate pieces of gain fiber. Such
configuration has the benefit of higher pump
absorption than that of the PTPS scheme
LCLA. On the other hand, the pump power
needs to provide enough population
inversion in the N cascaded pieces of EDF,
the STPS scheme LCLA may require low
absorption gain fibers to ensure a reasonably
identical pumping of the individual lasers.
The issues to power-equalized these WDM
channels sources is currently under study.
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In summary, we have proposed and
numerically studied two technologies for
power-equalizing the N-channel LCLA with
PTPS scheme. Either of them is based on
adding pump reflectors or N pieces of gain
fibers as self-equalizers. Beside the
enhancement of pump power absorption,
power variation among channels is reduced
from 7.2- to 0.1 dB when the pump
reflectors with appropriate reflectivities, or
the EDFs with appropriate lengths are added
into the LCLA. The power-equalized LCLA,
with graceful features of casily power level
adjustment and no mutual injection effect,
may find highly attraction for a wide variety
of communications and fiber sensor
applications.
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Fig. 1. Proposed configuraion of the parallel-type, pump-shared

scheme linear cavity laser armays using grating-based pump reflectors as
power-equalizers. Inset shows the ith linear cavity laser unit with1 <7 < NV,
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Fig. 2. Residual pump power at the output end of the lirear cavity laser. For
each cavity, the pump power is about 14.1 mW znd the length of EDFis 15 cm.
The reflectivities of FBG pair at both ends are 100% and 75%, respectively.

Fig. 4. EDF lengths against channel wavelength of the fiber laser ammay. The
WDM sources are power equalized by varying the lengths of gain fiber.
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Fig. 3 Superposed output spectra of the eleve.mchannel linear cavity laser
array. Power variation is less than 0.1 dB after the length of EDF in each

channe] is properly adjusted.
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Fig. 3. Superposed output spectra of the elevenchannel linear cavity laser
arrays. Power variations are: (2] 7.2 dB, (b} 1.6 dB before and after the 980-nm
pump reflectors with 100% reflectivity are added, and () power variation is
further reduced to 0.1 B when the reflectivities of pump reflectors are properly
adjusted.



