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Abstract 
FM mode-locking fiber laser is studied. The models are studied by using ytterbium-doped, single mode fiber, 
operating at 1055 nm wavelength with 976 nm optical pump and FM Mode-Locked by various optical 
modulators. A dispersion compensation technique (grating pair) is used to compensate the normal dispersion. 
The effect of both normal and anomalous dispersion regimes on output pulses is investigated. Frequency 
modulation effects on pulse parameters are investigated by driving the modulator into different values. A 
numerical solution for model equations using fourth-fifth order, Runge-Kutta method is performed through 
MATLAB 7.0 program. Modulation frequency effect on pulse parameters is investigated by driving the 
modulator into different values of frequencies. Result shows that, the output pulse width from the FM mode 
locked equals to τ= 0.7ps in anomalous regime and τ=4ps in normal regime. 
Introduction 
The mode looking of lasers for production of high 
peak power ultrashort light pulses are the most widely 
investigated phenomenon in the recent times. 
Demand for the pulses of durations ranging from 
picoseconds to femtoseconds has resulted in the 
development of innovative techniques which evolved 
parallel to the development of broadband laser 
systems [1]. Most commonly used techniques are the 
active [2], passive [3], synchronously pumped [4], 
additive pulse [5] and Kerr lens [6] mode-locking.  
Theoretical work directly followed the first 
experimental demonstration of FM mode locking, 
with Harris and Mc. Duff providing a detailed 
investigation the following year phenomenon of 
mode locking of a laser by an internal phase or 
amplitude perturbation to obtain short optical pulses 
is well known and has been investigated theoretically 

and experimentally by several authors. Theoretical 
studies of the mode- locked laser with an in 
homogeneously Doppler-broadened atomic line have 
been done by DiDomenico [7], Yariv [8], and 
Crowell [9] all of whom discuss a linearized solution 
to the problem. More detailed nonlinear calculations 
for the FM-type mode locking in reference [10]. 
Theoretical concept 
A general" master" equation used to model mode-
locking fiber laser system is introduced. This 
equation (1) is in fact a Generalized Non-Linear 
Schrödinger Equation GNLSE [11, 12] which 
generally describes all types of mode-locking fiber 
lasers by just changing the term  that 
representsthe mode-locker technique. The mode-lock 
master equation is: [13, 14]. 

 

 ------ (1) 

In the following all the terms of Mode-Locking 
master equation will be identified. 
For full mathematical model to be able to describes 
mode locking for optical pulse propagating through 
optical fiber, all parameters that affect 
pulse propagation must be considered as described in 
this  paper .To verify this fact, let's examine the 
master Eq.(1) to identify each term،starting from the 
left side [16,13] 
1st terms describes the basic propagation of the 
optical field in z direction. 
2ndterm describes the effect of second order 
dispersion, 
3rdterm describes the effect of third order dispersion, 
4thterm describes the effect of nonlinearity, 
5thterm describes the effect of gain and intensity-
dependent losses, 
6thterm represents the mode locker effect which will 
be identified later. 
The term, results from the gain. The physical origin 
of this contribution is related to the finite gain 
bandwidth of the doping fiber and is referred to as 

gain dispersion ( since it originates from the 
frequency dependence of the gain [16]. 
The term A (T, t) is the slowly varying envelope of 
the electric field in term of T, the propagation time, 
which is given by the following relation: 
T = z/ ……. (2) 

Where: 
z: the propagation distance in z direction، 

The group velocity. 
In the master equation eq. (1), there are two time 
scales that represent: 
1. The time (t), measured in the frame of the moving 
pulse and, 
2. The propagation time (T). 
Since we averaged over a single roundtrip is 
considered (T) is measured 
in terms of the roundtrip time: 

= / = c/ 2n … (3) 
Where: 
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: Cavity length, 
C: speed of light, 
n :refractive index.  
     The pulse time scale is assumed to be sufficiently 
smaller than and hence, the two times are essentially 
decoupled [17].Also this treatment is valid for most 
mode-locked lasers for which exceeds 1 ns and pulse 

widths are typically less than 100 ps. The over bar in 
Eq. (1) refers to the averaged value of the 
corresponding parameter. For example, , , and 
represent the second-order dispersion, TOD, loss, and 
nonlinearity, 
respectively, averaged over the cavity length.

 

 
Fig.1 :( a) FM mode-locked, HR1, HR2, high-reflectivity mirrors(b) Numerically modeled laser 

configuration: the coupling losses take into account all cavity losses at the respective cavity ends, including 
the laser outputs. 

 
The laser configuration is shown in Fig.1 (a) where 
the combination of a half-wave plate (1/2 ) and 
polarizing beam splitter (PBS2) not only provide 
variable output coupling, but also sets a linear 
polarization for the FM modulator and the grating 
pair. 
A block diagram is shown in Fig. 1 (b) describing the 
numerically modeled laser configuration. Since the 
work is below zero dispersion, (the used laser 
wavelength is 1.55 ) where normal dispersion GVD 
must becompensated, a grating pair was usually used 
to drive the system into anomalous regime [18, 19]. 
This will achieve the balancing between negative 
GVD and nonlinearity leading to pulse compression 
[20,21]The effect of FM mode-locker on the field is 
sinusoidal as in the following 
expression: [22,20] 

… (4) 
Where: 

: Modulation depth, 

 : The delay between the center of the modulation 
cycle and the temporal 
Window in which the pulses are viewed 

 : Modulation frequency 

 =  
This term is substituted in master equation (1) 

The moment method was applied to an FM mode 
locked laser. This gives us the so-called FM mode-
locking rate equations [21, 13]. 
Results: 
To demonstrate the effect of changing modulation 
frequency on pulse parameters and make comparison 
for both dispersion regimes, a plot for each pulse 
parameter as function of  as drawn in Fig.2 for 
normal and anomalous dispersion regimes .The two 
regimes shown in Fig.2 are almost of the same 
behavior for pulse energy for variable . Energy 

decreases exponentially as  increases which are 
attributed to increase in pulse repetition rate as 
mentioned earlier, with constant pumping power. 
Then decreasing rate after certain value of 
modulation frequency (  becomes so small 

for high values and almost constant straight line.But 
the main difference between both regimes is the 
stability of E fluctuations. In anomalous regimes 
roundtrips the required  is less than in normal 
regime asshown in Fig.2 a and b and Fig. 3a and b for 
different  
It is seen that for temporal shift shown in plots Fig.2 
(part one), are almost of the same behavior in both 
regimes. Pulse temporal shift decreases exponentially 
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as decreases until certain value ( =5 GHz), then a 
steady state is reached where very small changes in 
temporal shift with, almost straight line. 
The main difference is that: in anomalous regime, 
converging to steady state value is much faster (less 
roundtrips are required) . Examples are = 5 
GHz,  = 1500 for anomalous, while in 
normal  
Inspecting plots for pulse frequency shift in Fig.2 
(part two) the stability of anomalous regime’s clear. 
For normal regime, the frequency shift suffers from 
large oscillation (negative and positive variations) as 
increases, while in anomalous regime, frequency shift 
decreases in negative values to zero then positive 
peak value at  = 5 GHz , then slight decrease , and 
after that constant positive values almost straight line 
with increasing . For = 5 and 7.5 GHz, 
inanomalous regime, steady state is achieved in 

and 3000 respectively،which is much 
faster than normal, where are required. 
As shown in Fig.3 (part two), the induced frequency 
chirp increases with modulated frequency, and the 
pulse chirp in normal regime suffers from oscillation 
for variable  that is decreasing with increasing of 

until reaches its zero steady state value.In 
anomalous regime, the negative produced chirp 
decreases exponentially with increasing  

approaching to zero steady state value at = 5 GHz 
much faster than normal regime . For GHz, almost 
flattened relation with almost constant zero chirp. An 
important case for = 5 GHz , is the case where very 
low and fast oscillation damped rapidly to zero steady 
state chirp with compared with same 
case in normal regime where . 
The fiber dispersion and nonlinear effects inside the 
fiber may also introduce a chirp to the output pulse. 
Thus the total chirp is the sum of the induced chirps 
by unbalanced phase modulators, by fiber dispersion 
and nonlinear effects. 
Modulation frequency has great effect on pulse width 
since it is responsible for mode-locking mechanism 
and producing pulses train. As shown in Fig.2, pulse 
width decreases exponentially with increases, but for 
anomalous regime is much faster in magnitude and in 
less values compared with normalregime. Almost , 
for anomalous regime, the minimum pulse width is 
obtained when = 5 GHz and much faster 
( ). 

. 
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Fig.2 (part one) Pulse energy, temporal shift versus modulation frequency (a) Anomalous and (b) Normal 

dispersion 
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Fig.3 (part two) Frequency shift, chirp and width versus modulation frequency in(a) Anomalous and (b) 
Normal dispersion 

 
 
Conclusions: 
For variable frequency modulation, it is obvious that 
it affects on all pulse parameters in addition to the 
system stability without exception. Modulation 

frequency does not effect on parameter sign value, 
since they depend mainly on dispersion regime.  In 
FM the effect value of Fr=5GHz and the oscillation is 
very high to reach to the steady state. 
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  تأثیر التردد المضمن على معامالت نبضة قفل النمط اللیزري لمناطق التشتت العادي والشاذ
  نهلة عبد الجبار،  كیالن حسین عبداهللا،  بشرى رزوقي مهدي

  وزارة العلوم والتكنولوجیا
 الملخص

نانومتر والطول 1055المشوب، لیف احادي النمط، یعمل بطول موجي ندرس هنا قفل نمط اللیف اللیزري . المودیل یدرس باستخدام اإلیتربیوم 
وتقنیة تعویض التشتت (زوج المحززات) تكون مستخدمة باختالف المضمنات البصریة.  FMنانومتروقفل النمط نوع  976الموجي للضخ البصري 

لى لتعویض منطقة التشتت الطبیعي. تأثیر كل من مناطق التشتت الطبیعي والشاذ على النبضات الخارجة یتم دراستها. تأثیرات التردد المضمن ع
المودیل باستخدام المرتبة الرابعة والخامسة لطریقة رانج معلمات النبضة یتحقق منها بواسطة ادخال مضمنات مختلفة القیم. الحل العددي لمعادالت 

ت. كوتا من خالل استخدام یرنامج الماتالب. تأثیرات التردد المضمن على معلمات النبضة یتحقق منها بواسطة المضمنات وباختالف قیم الترددا
بیكوثانیة في منطقة  4انیة في منطقة التشتت الشاذ و بیكوث 0,7مساوي الى  FMالنتیجة تبین ان عرض النبضة الخارجة من قفل النمط نوع 

  التشتت الطبیعي.
 


