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Here is presented a method for determination of the saturation power from the EDFA
(Erbium Doped Fiber Amplifier). This method uses the analytical expressions in different
approximations to obtain the saturation power of the EDFA. We have obtained the saturation
power of EDFA by varying the wavelength in the interval λ ∈ [1.45 ÷ 1.64] µm. Also, we
have calculated the absorption and emission cross-sections for optical fiber with the
germano-aluminosilicate. For these values we obtain the saturation power Psat in the
following interval Psat ∈ [0.1 ÷ 5] mW and the overlap-inversion factor Γ in the following
interval Γ ∈ [0.1 ÷ 0.8]. Using these results we can optimize the EDFA performances and
increase the capacity and distance for transmission in the optical networks.
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1. Introduction
The EDFA is used in the optical transmission systems because it have the maximum gain
and low pump power and its performances are better in comparison with other similar amplifiers. In
the DWDM (Dense Wavelength Division Multiplexing) networks are used the EDFA to increase the
distances and the capacity for transmission [1] and [2]. These parameters can be increased when we
have determined the EDFA characteristics. One of these EDFA’s characteristics is the saturation
power [3]. The saturation power is used to optimize the EDFA’s characteristics in the DWDM
networks [4-6]. The saturation power for EDFA depends on the wavelength, mode area, and the
overlap-inversion factor. Also, the saturation power depends on the absorption and emission crosssection.
The absorption and emission spectra for Er3+ can be obtained experimentally or theoretically
using different approximation methods for the energy states [3]. These spectra are used to calculate
different EDFA’s parameters. The peak values from the cross-section spectra and the lifetime for
transition 4 I13/2 → 4I15/2 of Er3+ ions can affect the EDFA performance [7] and [8]. In the doped
optical fiber these energy states are modified by the local electric field. Other doped elements for
optical fibers can increase or decrease the variations from the electric field. This local electric field
determinates the Stark splitting effect and gives the dynamic perturbations and homogeneous
broadening. The charge distribution in the host glass generates a permanent electrical field, which
induces the Stark effect with splitting of the energy levels.
2. Theoretical background
The absorption and emission cross-section for EDFA depends on the nature of the doped
elements from the optical fiber core. Also, the absorption and emission cross-sections were obtained
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for Er3+-doped optical fiber [3]. With these absorption and emission cross-sections we can get the
loss spectra α(λ) and the gain spectra g*(λ) [3], [9] and [10]:
α(λ) = σa(λ)Γ(λ)ρ0

(1)

g*(λ) = σe(λ)Γ(λ)ρ0

(2)

where: λ is the wavelength, Γ(λ) is the overlap-inversion factor or average of population inversion
changed across the doped core, ρ0 is the Er3+ ion density, σa (λ) and σe(λ) are absorption and
emission cross-sections [3].
The absorption coefficient for the pump and the gain coefficient for the signal are
wavelength dependent [9], [10] and [11]. For the characterization of the Er3+-doped optical fiber, we
need an accurate measured value for σa(λ) and for σe(λ) [3]. For this reason, we need to obtain a
good precision at the measuring of these values. Also, for the bulk material, we can use different
experimental methods to obtain the spectra and the values for ρ0. For different approximations, it is
used for Γ the unit value, Γ = 1 and we can obtain σa(λ) and σe(λ). But this method is not used in the
case of optical fibers when ρ0 have a radius variation and when Γ have an integral form which is
difficult to be determined.
This problem is solved by the Landenburg-Fuchbauer equation (LF) and with this equation
we can calculate the peak values for cross-sections through integration over entire spectra. The
expression of the Landenburg-Fuchbauer equation is the following (see [3] and [12]):

σ a ,e (λ ) =

λ4av ,ev I a ,e (λ )
8πcn 2 τ I a ,e (λ )dλ

(3)

where: λav, ev are wavelengths for peak values in the case of the absorption and the emission, τ is the
lifetime of the metastable level, n is the refractive index of the optical fiber, c is the speed of light in
vacuum, Ia, e are absorption and emission spectra.
So, with the Landenburg-Fuchbauer equation we can determine the absorption and emission
cross-section, but this determination has not a good precision.
For a better precision we must measure the loss spectra α(λ) and the gain spectra g*(λ).
During the determination of the absorption and emission spectra it is not possible to establish the
contributions of the linewidth for the homogeneous and the inhomogeneous broadening. This fact it
is important because, it can have a significant role for pumping and for the saturation from the
optical amplifier. A part of the Er3+ ions can exhibit low values for the absorption and emission
cross-section at the pumping wavelength. Also, the total population inversion requires a high
pumping power.
3. The determination of the saturation power for EDFA
For this method we used the analytical expressions for the saturation powers in different
approximations. Today exist different approximate methods for the determination of the saturation
power, but these methods are not discussed here.
Using the absorption and emission cross-section together with the parameter of the doped
fiber optical, like laser ion density ρ0, numerical aperture NA and core radius, we can calculate the
saturation power Psat(λ) for EDFA.
In the followings, using the Eq. (3), we have obtained, with a good precision, the absorption
and emission cross-section for germano-aluminosilicate, as is showed in Fig. 1 [3,12]. Using the Eq.
(1), we can calculate the saturation power Psat(λ) as a function of the wavelength, mode area, lifetime
of the metastable level and the overlap-inversion factor or average of population inversion changed
across the doped core.
The saturation power has the following expression for the signal or for pumping [3]:
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Psat (λ ) =

hνA
[ σ a (λ ) + σ e (λ )]Γ(λ ) τ
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(4)

where: h is the Planck constant, ν is the frequency for the signal or for pumping, λ is the wavelength
for the signal or for pumping, A is the mode area and τ is the lifetime of the metastable level.

Fig. 1. The absorption and emission cross-section σa(λ) and σe(λ) as a function of the wavelength.

Fig. 2. The absorption cross-section σa(λ) as a function of the wavelength λ and the average
of population inversion changed across the doped core.

We calculated the saturation power using the Eq. (4) with the wavelength in the following
interval λ ∈ [1450 ÷ 1640] nm.
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The overlap-inversion factor Γ or average of population inversion changed across the doped
core takes values between -1 and 1. In the case of uniform doped optical fiber with the radius r for
core and for a pumping with high value, the overlap-inversion factor has maximal value [13].
So, we have in this case Γ = 1 for ρ(r) = ρ0 = constant. In practice, Γ < 1 for a high pumping.
Also, it is possible to obtain the maximal inversion and the overlap between the laser and the signal
mode. In the case of the uniform doped optical fiber and with the pumping off, we have a minimal
value for Γ, Γ = -1. In the following we take some assumptions. Firstly, we vary the value of the Γ
parameter between 0.65727 and 0.56460, which corresponds for the wavelengths between 1450 nm
and 1640 nm. So, with the absorption and emission cross-section from Fig. 1, we can calculate the
saturation power with the Eq. (4), as shown in Figs. 4, 5 and 6.

Fig. 3. The emission cross-section σe(λ) as function of the wavelength λ and the average of
population inversion changed across the doped core.

Fig. 4. The saturation power Psat as function of the wavelength λ and the average of
population inversion changed across the doped core.
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The absorption and emission cross-section σa(λ) and σe(λ) are calculated with Eq. (3) [3].
For the lifetime of the metastable level we choose the value τ = 10 ms, which is an average value of
Er-doped fibers. Also, for the Er3+-doped core radius we choose the constant value, r = 1.2 µm [3].
Also, in the following we suppose a uniform distribution, ρ0 = constant in the case of doped
optical fiber.
In the Fig. 2 and 3, are graphical showed the absorption and emission cross-section σa(λ)
and σe(λ) as a function of the wavelength λ and the average of population inversion changed across
the doped core.

Fig. 5. The saturation power Psat as a function of the wavelength λ, the absorption and
emission cross-section σa(λ) and σe(λ).

Fig. 6. The saturation power Psat as a function of the wavelength λ and the average of
population inversion changed across the doped core.

In the Fig. 4, it is graphically shown the saturation power Psat as a function of the wavelength
λ and the average of population inversion changed across the doped core for a constant value of the
quantity hcA/τ = 0.8687124 × 10-9. With the Eq. (4), we calculated the saturation power Psat.
In the Fig. 5, it is graphically shown the saturation power Psat as a function of the wavelength
λ, the absorption and emission cross-section σa(λ) and σe(λ).
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Also, in the Fig. 6, it is graphical showed the saturation power Psat as function of the
wavelength λ and the average of population inversion changed across the doped core. Generally, if
we use the integral form for Γ and the numerical calculation for Γ, we get accurate values for the
saturation power [3].
For the Fig. 5 and 6, we consider a family of functions with the constant value between 0.1
and 1 for the constant previous factor hcA/τ from the Eq. (4):
0.1 ≤ hcA/τ ≤ 1

(5)

Also, we can use the approximate methods to determine the saturation power, e.g. we can
calculate the absorption and emission cross-section with numerical computations instead of Eq. (3).
4. Conclusions
This work presents the determination of the EDFA saturation power for wavelengths in the
interval λ ∈ [1450 ÷ 1640] nm. For this determination we used different approximations, which
provides the same values for EDFA saturation power as the experimental values [3].
The approximations used here reduce the numerical computations for the determination of
EDFA characteristics.
With the previous method, we have modeled the EDFA saturation power and we could
improve the EDFA characteristics. The saturation power values for EDFA obtained with the method
used here are in agreement with experimental values of EDFA saturation power [3].
The EDFA saturation power is used to obtain the signal gain and to determine the optimum
fiber optic length for EDFA [2,3].
Using several methods to calculate the saturation power for the EDFA we can optimize the
performances of the EDFA [5] and increase the distances and capacity for transmissions. EDFA
works in the optical window situated at 1550 nm where the optical fiber attenuation is minimum
[14].
In the actual networks, the required lengths of the optical fiber are expensive and for one
additional gain we must increase the network cost [2]. Also, in present with EDFA we can develop a
new type of optical fiber and to optimize the optical parameters from the network [4,6].
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