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Abstract—In this paper the stability of Laterally-Coupled
Distributed Feedback (LC-DFB) Lasers against the Spatial Hole
Burning (SHB) effect is analyzed theoretically. The stability of
the laser structure is evaluated using the flatness parameter F. It
is shown that the LC-DFB lasers are stable in a wide range of
different values of ridge width and amplitude grating. The
stability is sustained with increasing injection current. The
results show that the flatness parameter is minimal
for certain values of the amplitude grating. The numerical
calculations have been done by coupled wave and carrier rate
equations on the basis of the transfer matrix method (TMM).
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L INTRODUCTION

The semiconductor DFB lasers, due to their low threshold
current, narrow line width and single mode capability, are
considered as an important optical source in communications
systems [1]. Conventional DFB lasers with coupling refractive
index with end facets coated with anti reflection, AR, are not
single-moded and have two symmetrical modes relative to
Bragg mode that appear simultaneously in the laser output [2].
One way for having a single mode in AR-DFB laser is by
employing an equivalent phase shift at the center of the grating
in the structure [3, 4]. This laser, which is also named QWS —
DFB, has high efficiency but is sensitive to the reflection at the
facets [5]. Another major problem of this structure is its high
non-uniformity in the distribution of photons in the direction
along the length of the cavity which in turn results in
undesirable Spatial Hole Burning (SHB). This is because of the
effect of phase shift which causes instability in the laser [6].
On the other hand, LC-DFB lasers use a lithographic
fabrication step to define the distributed feedback grating,
avoiding subsequent regrowth. By avoiding regrowth steps,
these lasers may be monolithically integrated with other
optoelectronic devices [7, 8].This makes this type of lasers not
only easier to fabricate but also less expensive.

This article reports, for the first time, on the stability of
LC-DFB lasers against SHB, considering both the structural
parameters and alterations of the density of carriers and
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photons along the length of the cavity structure and its
dependence to the current above threshold conditions.

The theoretical analysis is carried out by simultaneous
solving both the coupled wave and rate equations using the
transfer matrix method. In section 2, theory and the physical
model are explained. Section 3 explains the results and section
4 summarizes the conclusions.

L THEORETICAL AND PHYSICAL MODEL

Figure 1 illustrates a simple design of a Five-layered LC-
DFB laser and its features. In this figure, d, h and t are the
active, buffer and wave guide layer thicknesses respectively. A
clearer view of a LC-DFB laser is depicted in Figure 2. As
shown, there is a grating over the waveguide at both sides of
the central area which in turn makes distributed reflection in
the laser.
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Fig. 1. Simple design of a DFB laser structure with lateral coupling
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Fig. 2. The schematic of laterally-coupled distributed feedback laser [10].
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We consider the direction of the electric field along y-axis,
TE mode. Electromagnetic waves propagate both in positive
and negative directions along the Z-axis in the cavity. The
modified coupled-mode equations, first described by Streifer,

are given by [9]:

) joaz)= jub(z)
dz )

B oz = ()

Where A and B are the forward and backward propagating
complex amplitudes of the field respectively; x is the coupling
coefficient between forward and backward propagating modes;

6= B- B, is the Bragg wavelength detuning; 5, = mz/A is
the propagation constant, in which m is the grating order.

Carrier density in the active region follows the rate
equation. This equation for single-moded DFB laser is as
follows [11]:

ON(z,t) _ J
ot qd (2)
+[a+ BN(z,0)+ CN(z.0 ) |- G(2,)S(2.0)

Where N(z,t) and S(z,t) are carrier and photon

densities respectively, J is input current density; ¢ is the
electronic charge; d is the active layer thickness; 4, B and C
are the nonradiative, spontaneous and auger rates respectively.
Photon density at every point is proportional to the sum of the
square of forward and backward traveling wave amplitudes. In
(2), stimulated emission rate G is equal to:

G(2,0)=v,8pu(2:) 3)

In which v, is the group velocity and g,,,(Zz,f) has

linear relationship with carrier density, as shown in (4) below
[12]:

g 2:t)=a,[N(z,t)=N,] “)

Where N, is the carrier density in transparency conditions

and a, is the differential gain coefficient. The refractive

index changes in the active region in the following equation
depend on carrier density [13]:
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aA.a AN(z,t
An(z,t)=——HL2"r (2:1) (5)
4

In which &, is the line width coefficient and AN is the
carrier density fluctuation with relation to the threshold

conditions. Also O above threshold conditions considering
the changes in the refractive index is as follows:

2 nrw
o(zt)=—~(n,, +I'An)—— (6)
ﬂ“o off A

Where A is the grating period and n,; is the effective
refractive index. Equation (7) shows the relationship between
8., and the modal gain, &, ., [14]:

g — 2am + amodal (7)
mat r

ac

In this equation I, is the optical confinement factor in
the active layer and &, is the average internal loss. The
values of @, and O are obtained by using the boundary
conditions R(0)=7S5(0) and S(L)=7rR(L). 7, and

7, are the reflection coefficients of the mirrors that are

assumed to be zero here. The stability of the laser against SHB
effect is measured using the flatness parameter F, which is
defined as follows:

2
L
F:lj' 1) | & ®)
L 1,,

In (8), I(z) is the optical field intensity along the cavity
length and [ ave is the average value of I(z).

1(z)=|Ey(2) +|Eg(2) ©)

The smaller the value of F, the more uniform is the
distribution of light field along the cavity and less is the
possibility of the existence of SHB. Experimentally it has been
shown that for sustainable performance of single mode DFB
laser F should be less than 0.05 [6]. Analysis is based on
solving both the coupled wave equations (1) and rate equation
(4) simultaneously. The method employed based upon TMM
[15, 16].

www.etasr.com

Seifouri et al: Numerical Analysis of SHB Effects in Laterally-Coupled Distributed Feedback...



ETASR - Engineering, Technology & Applied Science Research

Vol. 2, No. 5 2012, 273-277 275

In this method, the cavity length is divided in to 200 equal
parts and in every part, different parameters of the laser
including coupling coefficient, carrier density, refractive index
and density of photons are assumed to be constant. But their
values are different from one part to the next. Ref. [10] has
been used as the bench mark for our calculations for threshold
conditions to the first order grating.

The values of the parameters used in our calculations
are presented in Table 1. In LC-DFB laser structure by
choosing a suitable ridge height and width and also an
appropriate input current, we will obtain a structure with
minimum flatness parameter above the threshold conditions.

TABLE 1. THE VALUES OF THE PARAMETERS
Parameters Values
Cavity length (L) 500 pm
Laser wavelength ( 4 ) L5 um
Buffer layer thickness (h) 150 nm
Waveguide layer thickness (t) 150 nm
Internal dissipation of the active layer ( @y ) 20 em™!
Improved line width coefficient () ) 6
Nonradiative combination rate (A) 10° s
Spontaneous recombination rates (B) 8% 10" em3s~!
Auger recombination rates (C) 75% 102 Cm6S_1

For our modeling purposes, first we have employed the
effective refractive index method [17], and have calculated the
changes both in the X-and Y-directions. Ultimately, we then
used the TMM only along the Z-direction. The above
procedure makes our simulation in all 3 directions. We have
considered the effective refractive index under the ridge and
the area around it. We then used our effective index
calculations to compute the lateral coupling coefficient on both
sides of the ridge.

1L EVALUATION OF RESULTS

In Figure 3, the flatness parameter in terms of the grating
amplitude, a, for three different values of the ridge width, W,
(1.5, 2, 2.5 um ) is depicted and as shown, the flatness
parameter for certain values of the grating amplitude is
minimum.

The corresponding grating amplitudes are known as the
critical amplitudes, a.. This critical value depends on the width
of the ridge. For example, when W=1.5 pm , the critical

amplitude is approximately 0.04 g . Also the critical
amplitude for ridge widths of 2 gm and 2.5 ym are 0.04 um
and 0.07 pm respectively. Figures 5 and 6 show the same
trend for different values of W and a,.

It is important to note that the behavior of the photon and

carrier densities for grating amplitudes, smaller and/or greater
values than that of the corresponding critical amplitude are

different. Figure 4 is for W=1.5 m and a, = 0.04 zm .
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Fig. 3. Flatness changes Vs grating amplitude
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Fig. 4. Shows n,, and n, changes along the cavity length
fora, =0.04m and W=1.5 pm .
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Fig. 5. Shows n, and n. changes along the cavity length for W=2 zm and

a. =0.07um .

—a=011 pm
wng=0.14 pm
===a=0.17 pm

0 0.2 0.4 0.6 0.8 1 .
4 4

Fig. 6. Shows n, and n. changes along the cavity length for

W=2.5 um ,a,. =0.14um
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As shown, when a(ac , photons density n, at the two ends of
the laser is increased and when a)ac photons density at the

center of structure has its maximum value. When a = a_, the

photon density has its least changes as compared to other
values of a . This is also true for the carrier density, n, in the
structure.

This behavior of LC-DFB laser shows that in critical
amplitude regime, SHB has the least effect on the laser.
Figures 7-9 illustrate the flatness parameters in terms of the
input current for W =1.5um ’ W =2um ’ W =2.5um
respectively. It can be seen from the figures that the minimum
flatness parameter is achieved at the critical amplitude, a,. even
though the input current is on the rise.
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Fig.7. Flatness parameter vs. input current for different value of grating

amplitudes with W=1.5 um .
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Fig. 8. Flatness parameter vs. input current for different value of grating

amplitudes with W=2 zm .

Figure 10 shows the changes of flatness parameter in terms
of varying input current for different grating amplitudes. It is
shown that the structure relating to the critical amplitude, has
the minimum flatness parameter F. Also it is important to note
that the structure with critical parameter a. has the minimum
changes of F with changing current. This fact indicates that the
best stability against SHB is achieved with those structures
with critical amplitudes.
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Fig. 9. Flatness parameter Vs. input current for different value of grating
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Fig. 10. Changes of flatness parameter in terms of varying input current

for different grating amplitudes

II.  CONCLUSION

Flatness parameters in LC-DFB lasers in and above
threshold conditions are analyzed theoretically. Calculations
show that the F parameter has the least value for different
structures at critical amplitude and at points close to the
corresponding critical amplitude is less than 0.05. Considering
the changes of both carrier and photon densities along the
cavity and also above the threshold, shows that the minimum
density changes occur for structures with critical amplitudes.
Also changes in F for different structures at critical amplitudes,
above threshold conditions with increasing input current, are
negligible. These results show the high stability of LC-DFB
lasers against SHB effect with increasing input current.
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