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Abstract: Fiber laser has many advantages. First of all, fiber lasers are relatively simple in structure, with fewer components 

than traditional solid state lasers, smaller volume, and easy to integrate into a small area. In addition, the energy conversion 

efficiency of fiber lasers is very high. The gain medium is rare earth doped glass, which is rich and cheap. Rare earth doped glass 

has very high beam quality and is widely used in industry, agriculture, laser communication, atmospheric detection, remote 

sensing, laser radar, medical surgery and other fields. Now fiber laser has become the mainstream of laser technology 

development and the main technology of laser industry application. Tm doped silica fiber lasers have been studied. The gain 

spectrum range of Tm ions is very wide, and its emission wavelength can cover 1800nm-2100nm. This range is just near the peak 

of the absorption spectrum of water molecules, which has great application value. This paper analyzes the structural 

characteristics of Tm doped fiber lasers, designs a new type of Tm doped silica fiber lasers, gives the equation of laser pulse, and 

then simulates the laser to obtain the mode locked pulse of the laser. The simulation results show that the designed Tm doped 

silica fiber lasers are feasible. 

Keywords: Tm Doped Fiber, Pulse Laser, Fiber Laser, Mode Locking, Structure 

 

1. Introduction 

Fiber laser is a device that uses fiber as basic material and 

doped rare earth element as working material to emit light. 

From the energy point of view, the laser medium usually has 

multiple energy levels. From the energy point of view, laser 

media usually have multiple energy levels. When the number 

of particles at the high energy level is greater than the 

number of particles at the low energy level, a population 

inversion state is formed. At this time, if the laser medium is 

excited and guided by the outside, it will emit light [1-4]. If 

these lights resonate in the laser cavity, a stable laser can be 

output. At present, fiber laser technology is developing very 

rapidly [5-8]. Because the beam quality of fiber laser is very 

high, it can meet the application requirements in many fields. 

Fiber laser has good optical conversion efficiency, simple 

structure, few parts, easy maintenance, and is not easily 

affected by the external environment [9-12]. It is widely used 

in industry. For example, fiber lasers have important 

applications in industry, laser welding, laser cutting, laser 

marking, etc. Fiber lasers also have important applications in 

military. High power fiber laser, with high energy, can kill 

enemies. In addition, fiber laser has become one of the 

priority technologies of high-energy laser weapons because 

of its high brightness, small volume, small irradiation area 

and other advantages [13, 14]. Fiber lasers also have 

important applications in monitoring and sensing. Compared 

with other lasers, fiber lasers have the advantages of high 

efficiency, good stability, small size, etc., and can also realize 

wavelength tuning and other functions [15-17]. Compared 

with other light sources, fiber lasers have obvious advantages 

in the sensing field. The fiber laser can output a narrow 

linewidth, which indicates that the coherent length of the 

laser is relatively long, which is conducive to accurate 

measurement. Fiber lasers also have important applications in 

medicine. As the gain spectrum range of Tm ion is very wide, 

its emission wavelength can cover 1800nm-2100nm, and this 

range is just near the peak value in the absorption spectrum 

of water molecules, so it can be used in human surgery, 

especially in ultra precision surgery. Fiber laser can be used 
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in gene therapy or human vision correction surgery. Fiber 

lasers can also be used in communications. Compared with 

conventional solid-state laser systems, fiber lasers have 

compact structure, high beam quality, easy heat dissipation, 

small size, and good compatibility with fiber systems, which 

make them very suitable for communication technology. 

Because of the wide use of Tm doped fiber lasers, people 

attach great importance to them. In this paper, the Tm doped 

fiber laser is studied, the mode locking characteristics of the 

laser are analyzed, the mode locking equation of the laser is 

given, a new Tm doped fiber laser is designed, and the 

simulation experiment is carried out, and the mode locking 

pulse is obtained. 

2. Development of Fiber Laser 

Technology 

Fiber laser can emit laser with excellent performance. In 

terms of structure, fiber laser is mainly composed of pump 

source, rare earth doped fiber, coupler, resonant cavity and 

other components. The pump source provides energy and is 

composed of one or more high-power laser diode arrays. The 

pump light emitted from the pump source is coupled into the 

gain medium through a special pump structure. The gain 

medium is usually composed of fiber doped with rare earth 

elements. When the energy of the pump light is absorbed by 

the gain medium, the particle number inversion will be 

formed. At this time, if guided by the outside world, 

stimulated emission will occur, as shown in figure 1. When 

the stimulated light oscillates several times through the laser 

resonator, it forms a laser and outputs outward, as shown in 

figure 2. 

 

Figure 1. Stimulated Radiation Process of Laser Medium. 

 

Figure 2. Laser Resonator. 

According to the way of energy release, there are two 

kinds of lasers. One is continuous laser. At this time, the laser 

releases energy in a stable and continuous beam. Such lasers 

include carbon dioxide laser, CW fiber laser, etc. The other is 

pulsed laser. When the laser energy is released in a fixed time, 

a laser pulse is formed, which is called pulse laser. 

From the geometric structure of the laser resonator, there 

are many forms of the resonator, one is linear, as shown in 

figure 3, and the other is annular, as shown in figure 4. 

 

Figure 3. Linear Resonator Fiber Laser. 

 

Figure 4. Ring Fiber Laser. 

In addition, there is also a Fox-Smith resonator laser, 

whose structure is shown in figure 5. 

 

Figure 5. Structure of Fox-Smith Laser. 

In Fox Smith laser, it is composed of two resonators. The 

first resonator is composed of arms corresponding to ports 1 

and 3, and the second resonator is composed of arms 

corresponding to ports 1 and 4. These two laser cavities are 

coupled together, which constitutes a composite laser 

resonator. 

3. Laser Ultrashort Pulse Technology 

3.1. Q-Switching Technology of Laser 

Q-switching technology is to suddenly release a 

high-energy pulse in a short time. Its working principle is as 

follows: at the beginning of pumping, the laser cavity is kept 

in a low Q value state, the laser is not allowed to oscillate, 

and the threshold value of laser oscillation is increased. In 

this way, the upper level of the laser medium can accumulate 

a large number of particles and form inversion. When the 
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number of accumulated particles reaches a maximum, the 

loss of the laser cavity will suddenly decrease, and the Q 

value will suddenly increase, and the laser oscillation will 

quickly establish. In a very short time, the number of 

inversion particles of the energy level on the high end is 

rapidly consumed and converted into the optical energy in the 

laser cavity. Then, at the output end of the cavity, huge 

energy is released in the form of a single pulse, which forms 

a giant pulse laser output with high peak power. The structure 

of Q-switched laser is shown in figure 6. 

 

Figure 6. Mach Zehnder (M-Z) Interferometer Fiber Q-switched Laser. 

The working principle of this type of Q-switched laser is 

as follows. In the laser structure, the element PZT is a 

piezoelectric ceramic. When a sinusoidal voltage is applied to 

the PZT, the PZT will produce a periodic deformation. 

Because of this deformation, the spatial distance will change 

slightly. In this way, the optical path of the optical fiber fixed 

with it will also change periodically, so that an interference 

phenomenon can be formed at the second coupler. This 

interference phenomenon is equivalent to a periodic loss 

change in the laser cavity, so as to realize the function of 

Q-switching. 

3.2. Ultrashort Laser Pulse Technology 

It is an effective method to realize ultrashort laser pulse by 

using mode locking technology. When multiple longitudinal 

modes oscillate freely in the laser cavity, the initial phase of 

each longitudinal mode is completely independent and 

random, and there is no constant relationship between the 

phases of each longitudinal mode. Therefore, the frequency 

intervals between adjacent longitudinal modes are not strictly 

equal at this time, which leads to an interference free 

relationship between longitudinal modes. At this time, the 

light intensity is a random and irregular fluctuation state. 

However, when a modulation is applied to these longitudinal 

modes, the initial phase of each oscillating longitudinal mode 

can be locked, and the frequency interval of each oscillating 

longitudinal mode is equal, then a stable mode locking state 

can be achieved, and ultrashort laser pulses with very narrow 

pulse width can be obtained. 

3.3. Active Mode Locked Laser 

The active mode locked fiber laser can control the mode 

locking state of the laser well, and the mode locking is 

relatively easy. The actively mode-locked fiber laser is shown 

in figure 7. The working principle of active mode locking is 

as follows: insert an active modulation device in the laser 

cavity to modulate the light wave in the laser cavity. After the 

light wave in the laser cavity is modulated regularly, the 

phase of all oscillating modes can be fixed, so as to realize 

the mode locking of the laser. 

 

Figure 7. Active Mold Locking Structure. 

3.4. Passive Mode Locked Laser 

 

Figure 8. Passive Mode Locked Fiber Laser. 

The passive mode locking technology of fiber lasers refers 

to placing a saturable absorption mirror (SESAM) in a laser 

cavity and using it to adjust the loss in the laser resonator. 

The basic structure of SESAM is to combine the reflector 

with the semiconductor saturable absorber. The bottom layer 

is generally a semiconductor mirror, on which a layer of 

semiconductor saturable absorber film is grown, and on the 

top layer a layer of mirror can be grown, or the interface 

between the semiconductor and the air can be directly used as 

the mirror, so that the upper and lower mirrors form a Fabry 

Perot cavity. By changing the thickness of the absorber and 

the reflectivity of the two mirrors, the modulation depth of 

the absorber and the bandwidth of the mirror can be adjusted. 

Before mode locking, the distribution of photons in the cavity 

is basically uniform, but there are some fluctuations. Weak 

signals have small transmissivity and large loss, while strong 

signals have large transmissivity and small loss, and their 

loss can be compensated by the amplification of working 

materials. Therefore, every time the light pulse passes 

through the absorber and the working material, the intensity 

of its strong and weak signals will change once. When the 

optical signal circulates in the cavity for many times, the 

difference between the maximum value and the minimum 

value will become larger and larger. The front edge of the 
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optical pulse is continuously tapered, and the spike part can 

pass through effectively, which leads to the narrowing of the 

optical pulse. When the mode locking condition is satisfied, a 

series of mode locked laser pulses can be obtained. The 

passively mode-locked laser is shown in figure 8. 

3.5. Design of Tm Doped Fiber Laser 

A mode-locked laser is designed by analyzing the 

mode-locked laser. This mode locked laser is of the active 

mode locking type, and its structure is shown in figure 9. 

 

Figure 9. Active Mold Locking Tm Doped Fiber Laser. 

The pump source is a LD with a wavelength of 793nm, 

and the whole laser is a ring structure. 

When multiple longitudinal modes in the laser without 

mode locking operate freely, the frequency interval of 

longitudinal modes in the laser with laser cavity length L is 

q 1
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Assuming that the oscillating light wave contains 2N+1 

longitudinal modes, the light wave electric field output by the 

laser is 
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Where q=0, 1, 2,…, N. 

If active modulation technology is adopted to synchronize 

these independent longitudinal modes in time, and the phase 

relationship of laser modes is fixed, the mode locking effect 

of laser pulses can be achieved. 

Let the phase difference of each adjacent mode be α , and 

the qth oscillation mode be 
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Using the simulation experiment, a series of mode locked 

pulses are obtained, as shown in figure 10. 

 

Figure 10. Mode Locked Pulse. 

4. Conclusion 

Fiber lasers have important applications in military and 

security, space communications, biochemical and 

atmospheric pollution detection, photoelectric 

countermeasures, and other fields. Fiber laser has attracted 

extensive attention because of its simple structure, small 

size and high energy conversion efficiency. At present, fiber 

lasers are developing towards miniaturization, intelligence 

and practicality. The characteristics of Tm doped fiber laser 

are analyzed, the equation of laser pulse is given, and a Tm 

doped fiber laser is designed. Finally, the simulation 

experiment is carried out, and the mode locked pulse of the 

laser is obtained. The simulation results show that the 

designed laser is feasible. 
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