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A New DFB-Laser Diode with Reduced Spatial
Hole Burning

G. MORTHIER, K. DAVID, P. VANKWIKELBERGE, anp R. BAETS

Abstract—A novel index-coupled AR-coated DFB-laser diode, which
theoretically exhibits a longitudinally uniform power density is proposed.
The proposed structure contains an amplitude modulated grating and is
far more efficient in reducing spatial hole burning than for example
multiphase-shift lasers.

1. INTRODUCTION

T IS well known that ordinary DFB-lasers exhibit relatively

strong longitudinal spatial hole burning, i.e., a nonuniform
carrier density resulting from a nonuniform power density.
This nonlinearity is generally more important in lasers with a
large length and/or a large coupling coefficient and limits the
performance of laser diodes. It has been found both experi-
mentally [1] and theoretically [2] that lasers can become
multimode already at low or moderate power levels due to
strong spatial hole burning. Moreover, longitudinal spatial
hole burning in DFB-lasers can also result in a less flat FM-
response [3], an increased linewidth [4], intermodulation
distortion [5] (an unwanted effect in analog communication)
and chirp.

For this reason, special laser structures with reduced spatial
hole burning have been and are still intensely investigated. Up
to now, multiple-phase-shifted lasers have been considered as
the best solution to this problem [6], [7]. It was also recently
pointed out that the introduction of gain coupling may lead to
lasers with high threshold gain difference and a reduced spatial
hole burning [8], but the fabrication of such lasers is very
complicated.

It is shown in this letter that complete elimination of spatial
hole burning in AR-coated DFB-lasers can theoretically be
achieved by the introduction of a grating with an amplitude
that varies in the longitudinal direction. The required ampli-
tude variation can be approximated by a number of fabrication
methods.

II. THEORY
Index-coupled DFB-lasers can be described by the standard
coupled wave equations [9]:

dR+ .
+(jé—a)R*=x(z)R~
z

(1.a)
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Fig. 1. Variation of the coupling coefficient resulting in a uniform power
density (---) and a stepwise constant approximation ( ) used for
numerical calculations.

dR~ .
v —(jé-a)R =«*(z)R* (1.b)
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in which R* and R~ are the slowly varying amplitudes of the
forward and backward propagating fields, 6 is the Bragg
deviation, and « is the net amplitude gain. z is the longitudinal
coordinate and the coupling coefficient « is taken z-dependent
to take into account a slow variation of the grating amplitude.

It can be easily verified that a uniform power is obtained in a
perfectly AR-coated laser of length L if x varies as

(1-23)
_ L
2Nz(L-2)

Lasing occurs at the Bragg wavelength in this case (6 = 0) and
the threshold gain ay, is given by

L
x(2) with So Kz)dz=1. ()

an=1/L. 3)

The power of forward and backward propagating waves varies
linearly:

P*=|R*|*~z @.2)

P-=|R|’~L-z (4.b)

The function (2) is displayed in Fig. 1 for a 300 um long
DFB-laser, together with a stepwise constant approximation.
We have used the laser diode simulator CLADISS [2], [3] to
calculate the properties of a laser diode with this stepwise
constant k. Fig. 2 shows the longitudinal variation of the
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Longitudinal variation of the power density for the stepwise constant
coupling coefficient from Fig. 1.

Fig. 2.

power density for the approximate structure. The threshold
gain difference has the value 2AaL = 0.34. From this value
and the uniform power, it can be expected that a large SMSR
up to high power levels will result.

I1I. FABRICATION AND APPROXIMATIONS

The stepwise constant coupling coefficient of Fig. 1 can
only be obtained if gratings are produced by e-beam lithogra-
phy. Two options exist: the production of gratings with a
variable amplitude and the production of gratings with a
variable duty cycle. However, the variation of the coupling
coefficient will in general be accompanied by a variation of the
effective refractive index and of the Bragg deviation (which
was assumed to be zero in II), if the last method is used.

A second approximation can be formed by the double
exposure of a photoresist to form two holographic interference
patterns of slightly different periods A, and A, [10], [11]. This
results in a cosine variation of the coupling coefficient:

(8= Ay 22
K=Ky COS 1 2 AIAZ .

A linear variation can be obtained if A;, A,, and L are chosen
appropriately, i.e., when

L L
Z_Z) <.
<A1 Az>

It must be noticed that the variation of the coupling coefficient
will again be accompanied by an effective refractive index
variation. The relation between the longitudinal variation of
the coupling constant and that of the effective refractive index
depends on the lithography and etching process. One possible
structure is shown in Fig. 3, in which case the effective index
variation can be estimated as

An.(z)=0.5«(z).

®)

6

(Y]

The case of a linearly varying coupling coefficient, accom-
panied by a linear refractive index variation has been modelled
numerically for a 300 pwm long DFB-laser. The linear
variations have been approximated by stepwise constant
functions and the value of ko has been optimised for minimum
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Fig. 3. Grating with a nonuniform amplitude, obtained by the double
exposure of a photoresist to form two holographic interference patterns of
slightly different periods A, and A,.
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Fig. 4. Longitudinal variation of the power for the case of a linearly varying
coupling coefficient, where an additional refractive index variation is taken
into account.

spatial hole burning. The longitudinal variation of the power
for the optimised value koL = 2.25 is shown in Fig. 4. The
power variations are still restricted to about 10% and the
threshold gain difference is 2AaLl = 0.14, so that a good
mode discrimination can be expected. The reduction of 2AaL
is found to be mainly due to the effective index variation.

IV. CoNcLUSION

It has been shown how a longitudinally uniform power
density in AR-coated index-coupled DFB-lasers can theoreti-
cally be obtained by a longitudinal variation of the coupling
coefficient. A few practical implementations, which still
exhibit very little spatial hole burning (less than, e.g.,
multiphase-shifted DFB-lasers) and a large threshold gain
difference, have been discussed. A restriction of the longitudi-
nal power variation to a few percent can be obtained for
gratings produced by e-beam lithography.

Such lasers can be expected to be single mode up to high
power levels. They can be of interest when long lasers with a
reduced linewidth and a flat FM-response are to be used or as
lasers with small modulation distortion in analog communica-
tion.
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