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1 Introduction

Distributed Feedback laser (DFDB laser) is one of useful light sonrces generating
laser radiation used widely in optical communication. This laser can generate longitudi-
nal single mode and its wavelength is casily modulated. Especially, the DFB laser with
fwo (or more) sections reveals a great convenience to optical communication and to all
optical transformation. Therefore, to now this laser concentrates the attention of many
researching groups on the world and many works related with this field are published [1-8]

In this paper. we would like to investigate the influence of semiconductor material
used for construction of a DFB laser with two sections on the characteristics of generated
impulse.  Starting on the rate equation approximation, we have established a-system
of equations describing the changes of the carrier densities in the two sections and of
the laser photon density versus time, as presented in seetion 2. For determining the
influence of semiconductor material we notice the change of refraction index of material,
and of confinement factors (Peterman coefficients) in each section. The received results

are presented in section 3. Finally, the discussion and conclusions are given in section 4.
2. The basic equations

A modeling schema for a DFB laser with two sections is presented in Fig, 1.
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Fig.1

Here. cell A containing active medium designs active cell, but cell B having injection
current I, smaller thar [ in cell A takes a role as a saturable absorber cell. System of
equations describing the transient operation of laser is, as in {7]:
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Here N1, N; - carrier density in cells A, B; n; - photon density; ¢y, e - velocity of light in
vacuum and electric charge of electron; Vi, Vs - volume of cells A, B; neg - refraction index
of material is seen to be the same for two cells; 7, - amplification coefficient of each cell,
depending which on carrier density in form:

h = (1,'1’\;; + U,‘ (1’

here «a,, /3, - material coefficients: v,,72 - relaxation coefficients of carrier density also
depending on carrier density as following function:

By Ny i §BoN,
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with By, By, By - material coeflicients; € - saturation coefficient designing the different
relaxation of carrier density between two cells; 'y, [y- confinement factors or Peterman
coctlicients of A, B cells, respectively. The relaxation coeflicient of photon v is determined
by expression:

Co b .
v = — (@, + by + COyice ). (6)
Tloff
Here a, b, ¢ - material coefficients; o, Qex, @mire- photon loss at active, absorber cell. and
through mirrors. respectively. Function g(wp —w;) - characterizing the spectral broadening
of laser radiation has form:
~2
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with I'- the line width: A; = 2/wy —~w,/ - detuning coefficient; wy, w;- angular frequency at
center of line contour and at j* mode. Moreover, unity in (n, + 1) designs the presence of
spontaneous emission in laser operation. The last factor in equation (3) notices the inter-
action between external optical signal having power P(w) with laser radiation, interaction
coeflicient 3 will be given unity in examination afterwards. System of equations (1) - (3)
is solved numnerically following Runge- Kutta method and the values of all parameters are
taken following the experimental ones of Junichi Kinoshita on the basis of semiconductor
material InGaAsP [9].
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3. The influence of some material parameters

In our examination. we study only the resonance case in which the generating

mode frequency w, coincides with wy. Therefore function g(wg — w;) = 1. Other values
of parameters will be taken as follows: ¢y = 3.10'1% em/s, e = 1. 830¥0C. ¥ Vo =
8.4.107% cm®, By = 10710, By = By = 107%, £ = 0.1, 3, = 0,a; = 4.10"6. T, =
0.5, 0.2, 1, 10724, I» 21077 A, P(w) = 10'% (photons/cm?.s), a 0.3,b =
BT = 1704 10O o, 200cm ™1, amirr = 1.4em ',‘n,.” = 3.4 for two sections

A and B. The received function n, () Jfrom solving method indicated above, is presented
in fig.2a. By using the Fast Fourrier Transformation (FFT) method we also have function

n,;(w) given in Fig.2b.
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All transformations of functions n,(t) or n,(w) will display clearly the change of

pulse characteristics under the inflnence of diverse dynamical parameters .
The influence of refraction index n.g

In order to examine the influence of refraction index in two cells, we choose three
values of n.g(= 3:3.4:4) and remain constant all other values. By the same numerical
method we have received different graphics of functions n,(t) and n;(w) which presented
in Fig. 3 and Fig.4
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From these fignres we see that the pulse characteristics like the time interval of
pulse generation Af. the repetition rate of pulse frequency A f and the maximum value of

the first pulse intensity [ are transformed as seen in Table 1.

Table 1
N 7 Al Af I, (in a.u.)
3.0 0.11x10%s 3.3GHz 1.8x10™
34 0.12x10™s 3 GHz 1.9x10"
4.0 0.16x10"s 2.2Hz 4.7x10" j

2. The influence of Peterman coefficient Ty in cell A.

In this case we have taken three values of T';(= 0.3;0.5;0.6). Repeating the analo-
gous method of calculation. the obtained results about the change of pulse characters are
presented in Table 2.

Table 2
I At Af [,(ina.u.)
0.3 0.15x10%s 2.0GHz 0.85x10"
0.5 0.12x107 3.0GHz 1.90x 10"
0.6 0.10x10"s 3.5GHz 2.10x10™

3. The influence of Peterman coefficient 'y in cell B.
We have given I'; three values as I'y = 0.1:0.2;0.3. The results, that are deduced
from graphiecs of functions n,(t) and n,(w), also display the transformation of pulse char-

acters as presented in Table 3.

Table 3
I, T ar Af I, (in a.u.)
0.1 0.10x10%s 3.0GHz 2.6x10"
0.2 0.11x10%s 3.0GHz 1.9x10"
0.3 0.12x10 % 3.0GHz 1.4x10"

4. Discussion and conclusions

From the changes of graphics of functions n,(t),n;(w) like from the values in the
Tables we can reveal some interesting remarks:

1. The augmentation of refraction index of semiconductor material in two sections
results in the increase of pulse intensity I) like of time interval of pulse generation At,
but frequency repetition rate Af is decreased. This means that for eagh semiconductor
material of constructing DFB laser. one need choose the suitable value of refraction index
in order to benefit both the frequency repetition rate as well as the pulse intensity.
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2. Peterman coeflicients in two sections have contrary influence on pulse characters.
The increase of this coefficient in section A (i.e. the increase of I'y) leads to the decrease of
time interval of pulse generation and the increase of pulse intensity, while the augmentation
of 'y in section B leads to the increase and decrease of corresponding quantities cited
above. In other words, the role of these Peterman coefficients is opposite. Therefore,
choosing apprgpriate injection currents for two sections will be an important problem
in the use of DFB laser with two sections in optical communication. This character of
Peterman coefficients is also seen in the stationary operation of DFB laser [7].

3. It is necessary to notice that, all graphics of functions n;(t), n;(w) received here -
is deduced from parameter values given above. Clearly, they don’t display stable pulses for
a long time (some ten ns). This also means that used parameter values are not preferable.
However, the change of pulse characters indicated here still reveals the influence of material
parameter in the use of DFB laser with two sections in all optical transformation.
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ANH HUONG CUA CAC THAM SO VAT LIEU
TRONG LAZE DFB LEN XUNG PHAT

Pinh Van Hoang
Khoa Vat Iy, Pai hoc Khoa hoc Tw nhién - PHQG Ha Néi

Pham Van Hanh
Triomg Pai hoc Bach Khoa Ha Noi

Trong bai bao nay da dugc tim thdy anh huong ctia mot s6 tham s6 vat liéu nhu hé
s6 Peterman, chi€t xuat chat ban din... lén cac dac trung cia xung phat, khi dua vao 1o
giai bing s6 theo phuong phdp Runge - Kutta, cha hé phuong trinh mé ta su hoat dong
khong dimg cia mot DFB laser 2 ngan .



