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Abstract—Distributed-feedback lasers are well suited to ap-
plications requiring compact, high-power, single-frequency emis-
sion. The growth of applications such as space telecommunica-
tions, LiIDAR, and biomedical optics has increased the demand for
such sources. A key engineering challenge is maximising spectral
purity while keeping the optical loss introduced by the frequency-
selection grating to a minimum. We use a scattering matrix
method to model the effect of increasing grating length on the
side-mode suppression ratio of distributed-feedback lasers. The
model also accounts for manufacturing variation arising from
changes in grating position relative to the cavity facets, as well
as the optical gain profile of the laser material. This approach
provides a more realistic estimate of grating performance than
an idealised best-case cavity configuration.

Index Terms—Scattering matrix method, distributed-feedback
laser, discrete-mode laser, slotted Fabry-Pérot laser, index-
patterned laser, distributed Bragg reflector laser.

I. INTRODUCTION

Several approaches to solving the E-field of a grating in
a laser are possible [1], [2]. Here we use a 1D scattering
matrix method (SMM) to model a distributed-feedback (DFB)
laser cavity [3], [4]. The SMM approach is applicable to any
arbitrary grating and cavity 1D refractive index profile, e.g.,
discrete-mode and distributed Bragg reflector lasers [S5]. We
use the SMM to model a modal mirror loss spectrum for the
cavity. We can then approximately convert modal mirror loss
to side-mode suppression ratio (SMSR). The devices are of the
same nominal cavity length, but the length is allowed to vary in
the range of one wavelength in the material. This simulates the
grating-facet phase variation from manufacturing. The gratings
are of fixed reflectivity per unit length, x, but linearly scaled
in length, L [5], [6], to increase mode selection strength of the
grating, kL. The DFB gratings are first-order Bragg gratings
and do not include any additional phase shifts in the structure.
The device cavities are uncoated. The gain profile is modelled
as a parabola.

II. SMM FOR LONGITUDINAL MODE CALCULATION

For a 1D SMM calculation of a laser cavity containing
a grating, the complicated optical structure is broken down
into a series of homogeneous sub-cavities that are bounded
by the step-changes in refractive index on each side. The
effect of each sub-cavity on the E-field can be described by
its scattering parameters, applying a reflection, phase change,
and optical gain/loss if required. The reflection term for each
side of a sub-cavity is
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where 7 is the complex refractive index for the sub-cavity,
712 1s the amplitude reflectivity for each sub-cavity facet (r =
%, n; is the in-bound, 7, the out-bound complex refractive
index of the material on either side of a facet of a sub-cavity),
t1/2 is the amplitude transmission for each sub-cavity facet
(t = v/1—12), [ is the length of the sub-cavity, k is the free-
space wavenumber of the light being modelled (k = 27“, A
is the light free-space wavelength). The transmission term for
each sub-cavity side is
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Our formulation for the scattering matrix calculates each
sub-cavity in free-space, allowing each of the two reflection
and transmission terms to be equal by symmetry [3]. The
scattering parameters can be placed in a 2 X 2 matrix
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where B} is the complex value of an input E-field vector,
E7 is the reflected value, E; is the transmitted value and
E‘Q_ is an input value at the opposite side of the structure.
The matrix form allows for the multiplication of each of the
sub-cavities to calculate a scattering matrix for an entire laser
structure.

To calculate a modal mirror loss spectrum, a desired range
of wavelengths is scanned with the SMM. The transmission
spectrum this produces will contain peaks, representing modes
in the cavity. The gain required for a peak to produce an
arbitrarily high optical output power is its modal mirror loss,
assuming no additional loss has been applied. We converted
to an approximate SMSR value using the equation

AG,
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where AG,, is the difference in mirror loss between the
selected mode and the next most strongly selected mode in
the spectrum, including any gain bandwidth effects, I;; is
the threshold and I is the drive current at which we wish
to calculate the SMSR [6].



III. RESULTS

The gratings have a Bragg wavelength, Ap, of 1554 nm,
and a x value of 108.4cm™1!, as this creates a typical range
of kL values for the range of grating lengths selected, i.e.,
kL = 2.2 — 6.5 [4]. The nominal cavity length is 800 um,
with each cavity facet position randomly varying in the range
12/\7'1’ where n. is the effective real refractive index of
the cavity. The grating starts at 10 um from a facet of the
laser. We fitted a parabolic optical gain bandwidth with a
peak wavelength of 1556 nm. This was done to simulate a
slight offset in the mode selected by the grating and the
mode most favoured by the optical gain profile. A bandwidth
FWHM of 40 nm was chosen as it is a typical value for InP-
based devices [7]. The cavity is modelled without material
optical loss or dispersion. I was simulated as 80 mA and Iy,
as 25 mA. Although Iy, can vary between devices, the log
nature of the SMSR calculation means small variations in
Lip, e.g., £5mA will only change the SMSR +1.3dB. 10
devices were modelled for each grating length. The spectrum
modelled was modelled over the range Ap£10nm. Although
this is a relatively narrow spectrum, it is sufficient to capture
the necessary variation in mode selection from grating-phase
effects. This value may be adjusted depending on the gain
profile and the wavelength span of mode modulation of the
grating.

Fig. 1 shows the lasing wavelength versus the SMSR of
the next highest selected mode in the spectrum. We can see
the effect of the Bragg mirror stop-band, as highlighted by
the box in the graph. We can also see that modes are more
likely to occur close to the box for shorter grating devices
with lower L. In Fig. 2 we compare the median SMSR
for each grating length. This value is used as it provides a
statistical measure of grating performance. We can see an
approximately linear increase in SMSR with grating length of
3.2dB/100 pm or 3dB/kL. The model suggests the 400 pum
device for maximising SMSR versus grating length. We can
see from Fig. 1 that this device did not produce an SMSR less
than 30dB. If the target SMSR of a device design is 30 dB,
this length will give the required SMSR without introducing
additional optical loss into the cavity by having an excessively
long grating.

For a more device-specific calculation, a measurement of
k is required for benchmarking of the modelled results. The
parabolic fit for optical gain bandwidth may also not be
sufficient, particularly for laser materials with narrower optical
gain bandwidths. The approach can also be improved by
factoring in gain compression effects, due to the variation in
E-field intensity along the cavity as xL increases. This can
be rudimentarily modelled by varying the shape of the optical
gain profile.
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Fig. 1: Lasing wavelength and SMSR of the nearest selected
mode in the spectrum for the devices. Box highlights the
apparent wavelength stop-band in the data.
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Fig. 2: Median SMSR versus grating length. Trend-line show-
ing the linear increase in SMSR value. The data colours match
those in Fig. 1.
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