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ABSTRACT

Erbium doped fiber amplifier is one of the most often used amplifier in the fiber optics 4. Results
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transmission systems as its amplification window coincides with the third transparency Based on the measured power distribution results and the model for their processing described

previously the erbium doped fiber's (EDF) effective area values and the optical radiation intensity
have been calculated.

window of silica-based optical fiber. In this research effetive area of erbium-doped

optical fibers were studied experimentally by transverse shift measurement method for 1610 nm
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1630 nm. Based on the experimental results, the fiber effective area and the optical 08 12dBm | EE 6 1
radiation intensity in the erbium doped optical fiber have been calculated. 5 07 E 31
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The erbium-doped optical fiber amplifier (EDFA) design is based on fibers with a small g . \ ‘E 2 -
controlled amount of erbium (a rare-earth element) added to SiO, in the form of Er3*ion. EDFA . \ 2 1A
amplification range is around 1550nm wavelength. These type of amplifiers are distinguished by | .
comparatively less noise; they are sensitive but slightly to the signal polarization, have minor o N - . . v i
connection losses, and do not introduce inter-channel distortions. 0 05 1 s 2 25 3 X 101_ 5 Wavelsngth (nm)
4|1”2 70- Fig.5. The measured optical radiation Fig.6. Absorption and gain parameters for
- 2 distribution vs the fiber transverse shifting at the Er-doped fiber. [2]
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Fig.1. Three level system of EDFA [1] Fig.2. Absorption spectrum of an erbium g0 G e R e
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2. Fiber effective area —
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All nonlinear effects depend on the electro-magnetic field intensity in the relevant 1260
environment. The optical power measured at fiber’s output is merely an integral from the
intensity distribution over the entire area of a fiber’s cross-section. The intensity in a core with
the area A, can be calculated from the measured power P,.;:
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Fig.7. Erbium doped fiber effective area vs wavelength (nm)
at three different optical power levels.
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P The values of the fiber effective area are in the range from 49.50um? at A=980nm and P,,=8dBm
— to 76.34um? at A=1630nm and P, =12dBm. Measured effective area at A=980nm is considerably
smaller than for other wavelength. The explanation for this is that there are one of absorption
maximums at A=980nm (Fig.2). From measurement results (Fig.7.) we can notice a local A

The effective area of optical fiber can be defined as: _ _ _ _ alt _
maximum around 1520nm. It could be related with EDF fiber gain characteristics (Fig.6.).
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Optical intensity calculations

Although EDFA amplifier working principle is not directly associated with nonlinear optical

o0
> c d jlz(r)rdr effects it depends on optical signal intensity in EDF. Besides nonlinear effects can occur in EDF
” a(r)| rar 0 simultaneously with amplification due to optical fiber nonlinear characteristics. So it is
0

significant to evaluate refractive index change of these fiber due to third order nonlinearity or so
called Kerr effect.

The values of the optical intensity are in the range from 92.35MW/m? at A=1630nm and
P.,,=8dBm to 308.23MW/m? at A=980nm and P;,=12dBm. These results are inversely
proportional to A, results. From intensity change we can evaluate refractive index nonlinear part

In this research we used transverse shift A+ measurement method. In such a way we can
achieve far field distribution from the power transferred from one fiber to the other. Near field
distribution can be calculated through the far field power distribution using Henkel
transformation. Further effective area can be obtained using the near-field power distribution.

n, change. This change in the EDFA amplification region at different optical power levels and

wavelength is found to be 2.43 times.
Our further research include more detailed EDF A measurements around A=1530nm and EDF
nonlinear coefficient determination using picosecond optical pulses.

3. Measurement scheme

Realized experimental transverse shift measurement scheme:
1) High power tunable laser sources Agilent 81949A and 81989A
2) Micro-positioner Standa 8SMC1-USBh

Optical intensity, MW/m?

3) Wavelength and power meter EXFO WA-1150. Input | s dBM 10dBmM 12 dBm
Micro-positioner allows to shift fiber end in three different space dimensions. Full step size for POWET

micro-positioner is 1.25um with possibility to reduce it up to 1/8th. 980 127,47 198,18 308,23

1480 | 101,92 153,35 231,34

i I I B o 1520 | 98,08 142,17 219,91

(Agilent 81989A) (EXFO WA 1150) 1550 94’13 146,46 224’11

yT—— 1580 93,82 145,20 220,30

1610 93,50 143,93 216,49

1630 92,35 141,30 207,61

Fig.3. The block diagram of the experimental
measurement scheme

Fig.4. Micro-positioner Standa
8SMC1-USBh

wavelength and power values of the optical signal

The optical intensity in EDF for different
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