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Abstract

In this paper, new configuration is proposed, investigated and analyzed. Fiber laser and fiber am-
plifier are merged in one configuration which called Erbium Doped Fiber Laser and Amplifier
(EDFLA) or integrating EDFL and EDFA in one design. The configuration has three main outputs;
one for laser, second for amplifier and the third it can be used for on/off output. A surprising phe-
nomenon was remarked during the operation of this configuration. The amplification is abolished
during the lasing state and appeared again if the lasing is stopped or the switch is off. The differ-
ence between outputs with the lasing and without lasing has 30 dB EDFA gain value; it is a good
sign that this optical configuration can be used as an on/off integrated optical device for fiber la-
ser.
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1. Introduction

Laser and its derivatives are playing crucial roles in a wide domain of science and technology, due to their ad-
vantages and great efficiencies in army [1] [2], medical [2] and communications [3]. The laser and amplifier
field are very broad and innovative for the coming holography and optical computing generations.

Fiber laser and fiber amplifier are worth to play an important role in the coming new revolution of science due
to their hands on experimental manipulations and to their clear experimental structure for any beginner. It is an
easy task to deal with confined laser in fibers and replace the different components for both fiber laser and fiber
amplifier configuration in order to characterize and analyze its outputs.

It is worth to prepare the physical engineers to analyze and study both the theory and experiment of lasers.
The analysis of the experimental results based on theoretical explanations is the only way to clarify the deep
complexity of lasers and amplifiers. Then the simulation is to simulate these results in an easy method for any
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beginner in lasers and amplifiers field.

The real and original discovery of lasing phenomenon starts with the lasing theory [4], discovery of laser by
Maiman [5] and the amplification of Snitzer [6]. Numerous books and papers have been published to clarify and
explain the laser theory and its complex behavior at the atomic scale. Fiber laser at the late eighteenth was dis-
covered [7] to show that EDFL and EDFA can be used as appropriate tools for communication at lower absorp-
tion and low power.

Fiber laser and fiber amplifier have their numerous components for each design with the effect of each para-
meters and parts on the output. By simplification of the role of each component and its formula, the theoretical
dilemma can be solved. Nearly all the shown formulas are related to a general rule but not to specific state and
component with a detailed theoretical background. Giving an example in fiber ring laser, any changes of the fil-
ter position in the ring can affect the output result. The question that needs theoretical answers is: How an
agreement can be existed between the theory and the experiment for the different positions of the filter in the
ring laser?

All the published papers studied separately the fiber laser and fiber amplifier. In this paper, a new and sophis-
ticated design is discovered trying to merge both fiber laser and fiber amplifier in one configuration and use the
same pump for both outputs. Unfortunately or fortunately, we have discovered that at the lasing time there is no
amplification or the signal travels the erbium doped fiber core without any amplification or absorption. But in
the case where there is no lasing, the amplification is occurred.

2. Experimental Design and Discussion of Results

A 6 m EDF length was used in this experiment with 1000 ppm of Erbium ions concentration. The measured loss
was of 3.5 dB absorption between the input and output amplifier, and 6 dB inside the laser ring. The constructed
configuration is shown in Figure 1. The input signal power is generated from tunable laser source (TLS) it tra-
vels through CIR1 from Port 1 to Port 2 it will be amplified in the EDF then travels through the WDM and CIR2
from Port 2 to Port 3 where an optical spectrum analyzer (OSAL) is connected to Port 3 to characterize the sig-
nal. The WDM is to multiplex the 980 nm pump power and the input signal power at different wavelength in a
counter pumping configuration.

In the lasing case, a laser ring is constructed by connecting Port 1 CIR2 with Port 3 of the CIR2. The laser
generated in the EDF, under the effect of 980 nm pump power, travels from Port 2 to Port 3 of CIR1, then it will
be filtered via the TBF. After the TBF an on/off switch is positioned to choose between laser and amplifier. The
coupler is to select the output ratio. The remained portion from the coupler travels to Port 1 then to Port 2 of the
CIR2 to complete the turn of the laser condition in the ring.

Figure 1. Experimental configuration of EDFLA.
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As it was mentioned the configuration has three main outputs one is for amplification the second is for lasing
and the third is for the on/off optical devices. Figure 2 shows the three bands of the used EDF amplification. S,
C and L bands can be used for both lasing and amplifications. Figure 2 is shown based on the use of C + L and
S + C reflectors. The graph shows also that the 1650 nm - 1420 nm = 230 nm Amplified Spontaneous Emission
(ASE) can be used for amplification and lasing if the configuration is designed rightly and the pumping is used
efficiently. The figure also shows that a high concentration of erbium doped inside the fiber core will broaden
the lasing and amplification spectra.

Figure 3 shows the gain of 30 dB value at —45 dBm input signal power from the TLS with 100 mW pump
power. The main result achieved with this new configuration is the difference between two amplified signal with
and without lasing. If the switch is off, it means no lasing, a 30 dB gain was recorded but by switching the lasing
on the gain value becomes 1 dB, no amplification and no absorption it seems the fiber becomes transparent for
the 1550 nm input signal power at different values.

The OSAL is recording the amplification and OSAZ2 is recording the laser. Figure 4 is illustrated using OSA1
at 1550 nm input signal power of —45 dBm with different pumping power at 10 mW increment. The gain ampli-
fication without lasing is around 30 dB but when the lasing is started the gain becomes 1 dB, with 30 dB differ-
ence between the on and off of lasing. This new result is considered to be new at two levels the first when the
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Figure 2. ASE spectra of the used EDF at 100 mW pump power.
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Figure 3. Amplification spectra recorded in OSA1 with laser OFF and ON.
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configuration is used at the digital optical devices and the second is the elimination of the amplification if the
lasing is on, it means also that the erbium excitation woks only in one side either amplification or lasing.

It is clearly remarked in Figure 4, the vanishing of ASE after we turn on the laser operation. It appeared that
both forward and backward ASE’s are shifted to the generation of laser power. This figure shows an astonishing
phenomena and it needs more explanation at the backward ASE abolishment level and at the pump power less
than threshold limit level. The phenomenon of abolishment of the amplification during the laser shows that the
energy of Erbium ions can be used only for one operation either for the laser or amplification. In this configura-
tion, the lasing holds the energy and keeps the amplification at the value gain one dB, where the erbium ions are
unable to absorb even the signal coming from the TLS. It is transparency EDF.

The 3D tuning range graph at 10 nm increments using the TBF of the ring laser was recorded using the OSA2
in Figure 5. It is evident the existence of the wide tuning range of the laser at high concentration erbium ions
and short EDF length. A 90 nm tuning range is achieved using this configuration. Due to high concentration of
ions of erbium in the fiber core a wide and stable lasing is recorded between 1521.66 nm and 1612.52 nm.

Figure 5 is recorded by tuning the TBF and recording the output laser power in OSA2. It was remarked that
there is no ASE because in this case the TBF was positioned before the output coupler.

3. Conclusion

A new design was conceived and implemented to generate laser and amplifier in one single configuration. A
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Figure 4. Amplification spectra recorded in OSA1 with laser OFF and ON.
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Figure 5. 3D tuning range of fiber ring laser.
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noticeable effect of laser phenomena was recorded during the lasing and amplification. The EDF changes in-
versely its behavior of amplification during the lasing state, no amplification no absorption at the lasing state of
the injected 1550 nm input signal power. It seems that the EDF is converted to transparent material during the
lasing operation. If the laser is off, there is amplification with 30 dB gain at —45 dBm input signal power.
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