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Abstract—Ultrashort pulse has important applications in
supercontinuum  spectrum, frequency comb generation
bioimaging and so on, therefore it becomes more and more
popular. Self-similar pulse can be compressed and the high
quality and high power ultrashort pulse can be achieved. In this
paper, we research the generation and evolution of self-similar
pulses in gain-containing Telluride-based microstructured fiber.
These results are in favor of studying the high power and
ultrashort pulse laser and high-speed optical communication
syste.
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I.  INTRODUCTION

Nowaday, the high power and ultrashort pulse laser is
widely used in mechanical processing industry , material
handling, packaging , automotive applications, high energy
laser weapon, optical sighting systems ,laser range finding and
so on.Confronting such a mass need for high power and
ultrashort pulse, it is difficult to obtain the corresponding lasers
as it is limited by the current development of lasers[1-4].There
is an effective solution whic is to get the corresponding narrow
pulse through the design of medium. Telluride has higher
non-linear refractive index (10-50*102°m2/W) than traditional
quartz glass optic fiber, which can enhance the non-linear
effect in the pulse transmission process[5,6]. Telluride has
more stable properties and is less affected by temperature. In
this paper, the generation and evolution of self-similar pulses
are studied in Telluride-based microstructured fiber.

II. THEORETICAL MODEL

Considering the characteristic of the Telluride-based
microstructured fiber, the theoretical model is generalized
Ginzburg-Landau equations(NG-LE)[5,6] for ultrashort optical
pulses propagating in a gain-containing Micro-nano fiber.

Based on split-step Fourier method, the NG-LE is solved
and simulated.
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where ¢ (z, t) :|\y (z, t)|exp(i¢(z, t)) is the complex
amplitude of pulse envelope in moving coordinate frame; z is
the axial distance of pulse evolution, ﬁ2< z) is group
velocity dispersion (GVD) with z, g(z) is gain coefficient
with z; Q of Telluride-based

microstructured fiber; 7/<Z) is nonlinearity coefficient with z;

is the gain bandwidth

7, Is associated with intrapulse Raman scattering(IRS).

Chirp is as follows[5,6]
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III. NUMERICAL SIMULATION RESULTS
The Gaussian pulse for the input field, which is Ay=1550nm,
and the energy is 80pJ with To of 0.2ps. And fiber length is 5m.

BL2)=5,=0.04ps’m"! g(z)zgozo.%1 |

Q=20x10?ps™ (2D=y=4x10"W'm™

Tp=3.2fs.

NG-LE is solved numerically and the evolution diagrams of
time-domain and frequency-domain transmission can be
obtained in Telluride-based microstructured fiber.
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FIGURE I. WAVEFORM EVOLUTION OF SELF-SIMILAR PULSE

Figurel shows the generation and waveform evolution of
self-similar pulses in the gain-containing Telluride-based

microstructured fiber. The pulses center shift to right

remarkably.

From Figure 2, the self-similar evolutions of waveform (a),
frequency (b) and chirp(c) are obvious. The pulse center shifts
to right (Figure 2.a); the frequency (Figure 2.b) and chirp

(Figure 2.c) appear oscillatory.

700

Advances in Computer Science Research, volume 93

600

500

Power(W)

200

100 -

]
S]

w
o
=]

0
-10

Time(ps)

(a) waveform

w
«

w

N
o

15

Frequency(kwpsz)
~

0.5r

Time(ps)

(b) frequency

10

10

Chirp(THZ)
o

i
2 e
o
-"w\-\"' """"" -

Al 4
-6 L L L L L L

-6 -2 0 2 4 6

Time(ps)
(c) chirp

FIGURE I. THE EVOLUTION OF SELF-SIMILAR PULSE
(A)WAVEFORM, (B) FREQUENCY(C) CHIRP
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FIGURE III. THE EVOLUTION OF SELF-SIMILAR PULSE WITH y (A)
WAVEFORM, (B) FREQUENCY, (C) CHIRP

From Figure 3.a, with the increase of y, we can see a
considerable pulse center shifting, and the frequency jitters
on the edge in Figure 3.b. Figure 3.c shows the chirp become
greater linearity which is helpful for pulse compressed and
high power ultrashort pulses can be obtained.

IV. CONCLUSION

In summary, the properties of self-similar pulse for
generation and evolution in Telluride-based microstructured
fiber have been studied. Non-linear effect plays a important
role with the increase of distance. We can gain the high quality
linear chirp which is useful for pulse compressed. The results
are critical to the self-similar pulse which has high stable
output power and high beam quality.
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