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ABSTRACT

At first, we made a approximativei/4-shifted DFB Yb-doped fiber laser with double exposure method .The
length of Y b-doped fiber is 10cm. Secondly, we processed the fiber laser by UV trimming. In addition, the running
characteristics of the 3/4 phase-shift DFB Yb*-doped fiber CW lasers were researched. The fiber laser have the
following excdlent characterigics: Output power of 25mW, fluctuation of less than 2%, 100% single longitudina mode,
27dB polarization extinction ratio, 60dB signal-to-noise. What is more, the effect on the fiber lasersis aso researched

from several factors such as temperature, mechanism perturbation and fresnel reflection of fiber end section.
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1 INTRODUCTION

The %/4 Yb-doped phase shifted DFB single longitudinal mode fiber laser running in the 1053 nm , can be one
important aternation to be used as a seed light source in the front-end systems of the ICF laser driver. Single frequency
fiber lasersare of considerable interest for avariety of important applications in telecommuni cations and sensor systems.
Didtribute Bragg reflector (DBR) fiber lasers have been reported [1, 2], but they typically need to be short (a few
centimeters) to be reasonably robust against mode-hopping, which is one of the key requirements of single frequency
lasers. Longer fiber lasers would be desirable if frequency stability could be maintained, especially since the optical line
width in long fiber lasers would be desirable if frequency stability could be maintained. Especially since the optica line
width decreases with increasing cavity length. A quarter wavel ength(i./4)phase-shifted distributed feedback(DFB)laser,
in which an additional optical phase of n/2 is introduced into the DFB region, has been extensively developed as a
highly reliable single-longitudinal-mode (SLM) laser [3]-[5]. The main longitudinal mode oscillates exactly at the
Bragg wavelength and the threshold gain difference between the main longitudinal mode and side ones is the largest in
thei/4-shifted DFB structure. Furthermore, the output power from one facet can be increased by
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introducing an asymmetric structure into the A/4-shifted DFB laser. As a way to adjust the parameters of fiber grating,
UV trimming can be applied flexibly in their making process.

2THE THEORY AND EXPERIMENT

2.1 numerical smulations
Forgetting the exportation of SLM, demand produces A/4 phase-shifted in the DFB construction. We can gain the

equation of threshold gaing[6]:
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from equation(1) we can known Fig 1 shows the spectrum of modes of a stepped structure for comparison that of a

uniform structure.
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Figl Diagram illustrating the mode spectrum and requird threshod gainsfor an phase-shift DFB laser

To demonstrate how suitably placed phase shift ¢ occur at locations Z. The transmittivity of such a grating with
multiple phase shift can be calculated by using a scattering-matrix approach based on the coupled-mode
theory.Specifically, transmission through a uniform section between neighboring phase-shift regionsis governed by:
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Where A and B represent the amplitudes of forward and backward propagating waves and the matrix elements of
the S matrix ae obtained by wusng the sandard coupled-mode theory and given by:
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1
In(3), L isthesection length.q = i[k* —(JB)*]%, andr = (q—JB)/K.. Furthek = zdn/ A5 isthe coupling
coefficient of grating and is the detuning from the Bragg wavelength 18 related to the grating period A as

ke=2ng A Here ng is the effective mode index and 6n is the depth of index modulation.

The phase shift ¢ at a given location Z can be incorporated by multiplying the S matrix with the diagonal matrix
with elements exp(x¢),corresponding to the phase shifts experienced by the counter propagating waves. The same
process can be repeated to calculate the final S matrix for the entire fiber grating of length L. The transmission and

reflection spectra are then obtained by imposing the boundary conditionB,; (L) =0, and aregiven by:
‘2
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For observing the reflective spectrum of phase-shifted fiber grating directly we take

(4)

kL=4.0,6n = 2.0x107°, 1, =1053nm, When ¢ isvary, wetake Ol asX-axisand sY-axis.

From fig2(a), we can known: A/4(orm/2)phase shifted transmissible peak at the of the reflective peak. Fig2 (b) was showed: when
phase shifted is larger thanm/2, the transmissible peak deviates the center of reflective peak and moves toward short wave. When
phase shifted is smaller thanm/2, the transmissible peak deviates the reflective center of peak and moves toward long-wave direction.
In order to obtain optimumi/4 phase-shifted structure, we treat approximative A/4-shifted Yb-doped DFB fiber laser with UV
trimming. when we use double exposure method to produce phase-shifted in fiber grating, the quantity of shifted was decided by:

[7]:

2 An,
A ng +AN

[ L, (5)

Here, Aisthegrating period, L,isthelength of phase-shifted, /Aniisthe changeable quantity of the effective index of the whole
fiber grating when first exposure; /An,is the changeable quantity of refractive index in phase-shifted area after the area was
exposured.. Here ng; isthe effective index. When the exposure is not saturated, ng; increases along with the exposure .According to
the equation (5) we can known Fig2 (b) isthe casethat phase-shifted islarger thani/4,we canincrease ngtand made ¢  decrease

tor/2through UV exposure of the area where there is no phase-shifted. Fig2 (c¢> isthe casethat phase-shifted issmaler thani/4,we

can increase AAnyand made increase tom/2 through UV exposure of the area where there I's phase-shifted.
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Fig2(c) The reflectivity withm/2-1/16 phase-shift located at the center of the fiber grating
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2.2 experiment process

The experiment equipment that we adopt is shown in the Fig3. In our experiment, LD; pump light first passed by the
WDM,, then connected with an Yb-doped fiber, thus can provide a fluorescence light source. 1SO is to prevent the
emergence of fluorescence laser oscillation. LD, passed by WDM,, connected with a phase-shifted fiber-grating make
into the DFB laser. Spectrum was used to detect optical Signal at real time. Generaly, spectrum used in many other
experiments can only observe the laser or fluorescence, but our experiment equipment can observe laser and
fluorescence at the sametime. Open LD; and close LD,, we can observe fluorescent spectrum; close LD; and open LD,
we can observe laser spectrum. Our method is easy to operate, and benefits to UV trimming.

Experiment step as follows:

(1) Fig4 is Phase-shifted fiber grating spectrum which is after double exposure .Because phase-shift in the fiber
grating isnot adtrict A/4 phase-shifted ,we did not observe the laser spectrum in experiment.

(2) Open LD; and LD, at the same time ,we processed phase-shifted Yb-doped DFB fiber laser by UV trimming.
After awhile, we find the laser appear at 1052.96nm.

(3 Fig5islaser spectrum recorded in this process, we continue trimming phase-shifted fiber grating with UV, we find
that the output of laser becomes stronger and stronger continuously.

(4) We watched the laser with scan F-Pinterferometer and make UV trimming at the same time until we can observe
the good running characteristic of the SLM laser that is showed by Fig7.

(5) Finaly, we saw that phase-shift fiber grating spectrum showed by Fig6 has more great improvement than before

showed by Fig4.
1Dl b fiber IS0
\'ﬂl \'Pi__, 3 dB compler spectrum
= G e
I:I Phase—shifted fiber grating

0S¢

Fig 3 experiment setup
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Fig6 Phase-shifted fiber grating
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Fig7 Wave shape of single mode lasingin Y b-doped F-P cavity fiber

laser recorded by scanning F-Pinterferometer and oscill oscope

3 EXPERIMENT RESULT AND ANALYSIS
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Fig 8 DFB fiber laser
The structure of the DFB fiber laser isillustrated in figure 8

3.1 The effect from the end Fresnel reflection

In the setup showed in Fig9, we found that the end Fresndl reflection from point A affects severely characteristic
of the laser. we believe this is because the reflect laser from the end Fresndl reflection enters the DFB resonance
cavity, and couple with the laser in the cavity. When we dip point A into the matching liquid of refractive index, the
result proves that the output laser have good performance of the laser  in their mode, polarization and power stability.

378 Proc. of SPIE Vol. 5623



Thereafter, we connect point A with a bevel face, and also get the good result. Figure 7 is interference ring of the
single longitudina mode fiber laser after F-Pinterferometer.

Fig9 Interferethering of the snglelongitudinal mode fiber laser that CCD writes
down after F-P  interferometer.

3.2 Influence of mechanical perturbations

In order to research polarization property of the lasers produced by previous DFB structure, we let the laser
pass through a polarizer. We found the laser have property of elipse polarization, and the degree of dlipse
polarization is about10dB.When a A/4 dice is used, it becomes of line polarization, and the ratio of polarization
extinction is about 27dB. When any part are disturbed in the previous setup, the power of laser varies obvioudy after
polarizer .If removing the polarizer, there is not an obvious change in laser power when disturbing the fiber. This
explains the polarization orientation of the laser will be changes, if fiber is disturbed . Thisisbecausethat disturbing
fiber will produce stress and strain ,which result in double refraction in fiber.
3.3 Influence of temperature

Because the DFB structure is a fiber grating, and fiber grating is temperature-sensitive. thus, we have studied the
temperature character of the DFB eement In the experiment, we puti/4 phase shifted fiber laser into
temperature-controlled system and then measure the output power of the single longitudinal mode fiber laser . The
power varies about 8%, if not turning on the temperature-controlled system. If the temperature-controlled system is
used, the stability of the laser output power isimproved greetly, and the variation of power is controlled in the scope of
1%. Moreover, we can get dmost the same stability when temperatureis set in different point from 3°C to 42°C.

3.4The threshold and power characters of the L/4 Y b-doped phase shifted DFB single longitudinal mode fiber

laser
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Figure 10 the power of the 2/4 Y b-doped phase shifted DFB singlelongitudina mode fiber laser

As seen in figure 10, the threshold of this laser is 38mW. When the pump power is 140mW, we can gain 25mwW
output power of single longitudina mode laser. As can be found from the figure, when the pump power is 140mW, the
laser is still not in the saturation state. Thus, if using more powerful pumps, we can get higher power of the laser in
1053nm. In addition; we have researched the component of spectrum of the laser power , through the spectrum. As

illugrated in figure 11, the SNR of laser and fluorescence is up to 60dB. This shows that fluorescence has less
contribution to the overall power.
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Figll The spectrum of The X/4 Y b-doped phase shifted DFB single longitudinal mode fiber |aser

4 CONCLUSION

We can use two exposure and UV trimming to make /4 Y b-doped phase shifted DFB single longitudinal mode

Proc. of SPIE Vol. 5623



fiber laser with good characters. Based on the research of the running characters of the 2/4 Y b-doped phase shifted DFB
single longitudinal mode fiber laser we made:

The fiber end Fresnd reflection will disturb the phase shifted DFB single longitudinal mode fiber. Thusin order
to gain the stable single longitudinal mode, we need to use 1SO or glycerin to avoid the fiber end Fresnd reflection.
Mechanical perturbations will change the polarization state of the fiber transmission; while the temperature change will
cause the ungteadiness of the laser’s output power. The fiber laser have the following excellent characteristics. Output
power of 25mW, fluctuation of less than 2%, 100% single longitudinal mode, 30dB polarization extinction ratio, 60dB
signal-to-noise.
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