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Abstract— We consider a Fabry-Ferot laser with a low density tep index () N
step index (j

of additional discrete features along the cavity, where theeal
part of the effective refractive index is modified by each feture. 0 L
While a plain Fabry-Pérot laser in general shows an emission n EEE——
spectrum with many modes, a careful choice of the position of n,

these features can increase the purity of the spectrum dranta

cally. Here we introduce a perturbative analytical method which

allows us to solve the inverse problem relating the index priile (rl r,

along the cavity to the threshold gain modulation in wavenunber n(z)

space. This method enables the precise tailoring of the Falpr

Pérot laser spectrum.

~

|. INTRODUCTION T~

Fabry-Pérot (FP) lasers are the classical type of lasédfs Wiig. 1. One dimensional model of a FP laser cavity of length and

an active medium enclosed by two mirrors. In the form dfcluding IV index steps. The cavity effective indexrig while the additional
tures providing the index step have effective indgx All cavity sections

s . al
edg_e-emlttlng semiconductor lasers they are tOda_y amang EFE numbere@N + 1 > i > 1 beginning on the left. The additional features
easiest and cheapest to manufacture. A FP cavity of length also numbered with an indgx The matrixT" relates the left and right

L. supports in principle the oscillation of all modes witHnoving fields at the cavity mirrors. The complex mirror refiéities arer;
. . andry as shown.

wavelength),, = 2nL./m, (m € N), wheren is the cavity
effective index. Depending on the active medium, the rasylt
spectrum will then feature many frequencies and therefwee t
use of standard FP lasers in practical applications is oftén= ki. - L, wherek;. = n;k. is the wavevector along the
limited. z direction in each regionL; andn; are the length and the

A well established approach to overcome these difficuleséffective refractive index of théth section respectively. The
the phase-shifted distributed feedback (DFB) laser [1Jereh adjusted optical path length across the cavity is the#.
regions with a periodically varying refractive index prdei  Consider a single index step feature centered at positjon
feedback for exactly one lasing mode. However, such devicasd of lengthL. The step region is of refractive index while
require in general complex processing and regrowth stegs dhe surrounding regions are of refractive index We define
are therefore difficult to manufacture. F to be the matrix relating the right and left moving electric

It has been known for some time, that effective indefields after the right interface and before the left integfad/e
perturbations within the cavity can improve the spectraltpu have
of a FP Ias_er [1], [2]. Significant progress has been achieye Et(z0 - L2 —€) Et(zo+ L/2+¢€)
recently using a new method [3] which allows the construrctio E (20— L/2—¢) ) =F < E (204 L/2+¢) ) (1)

. . . . 0 = 0 3

of the grating structure that optimally approximates a riebi
spectrum when the numbeY of features is limited. Using We define a general propagation matrix across a region of
this method it was possible to realize a single-mode HéngthL; given by
semiconductor laser, with a side mode suppression ratio at )
twice threshold of more than 40 dB (see Fig. 3). The method P#;)="P = < exp(—16;) 0. > ' )
proposed in [3] is valid to first order itN An /n. 0 exp(if;)

Il. METHOD Assuming that the refractive index step is the same for all th

. L . . additional features, one can show that the matrigesan be
We consider lasing in a cavity of length. as shown in . . : ) :
written with Pauli matrices in the form

Fig. 1. The system comprises a FP cavity with complex mirror

reflectivitiesr; = |r1| exp(iyp1) andry = |ra|exp(ip2) with Fj = Pyj —q sinfy; o, +i[l —qT]sinfy; 0., (3)
. . . . Y J 7z

N additional index steps along the cavity. Each section of

the cavity is numbered with an indéxbeginning on the left whereq~ = 1/2(q — ¢ ') and¢" = 1/2(q + ¢~ !) with

while the index steps are numbered with an ingeWe define ¢ = ny /ny. We now define the matrif’ relating the left and



right moving fields at the cavity mirrors as shown in Fig. 1. HR
ie., ’

T = P(H])F1P(93)...FN,1P(02N,1)FNP(HQNH). (4)
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The effect of the additional features will be largest at traver
length of a particular mode provided the features are quarte

object feature density (arb. units)
threshold gain (arb.

wave resonani;s+1/2)Aq/2n, = Lyj, wheres = 1,2, ... and B a
L,; is the feature Ier}gth. TheR; = ¢* P, —q o,. Using the @ ‘ ‘ o | |
relationo, P; = [P;]  o0,, we evaluate the matriX explicitly 05 028 O mend?® 05 1500 182 1seo | AS7S 1600

at this resonant wavelength. The result is
Fig. 2. (a) Object feature density function which we approximate.
T = q+N P, (N+1) Inset: Laser cavity schematic indicating the locationshef teflective
features. (b) Threshold gain of modes for the laser cavihesati-

N . . ; . =
_ +N-1 4 -1 cally pictured in the inset of (a). The horizontal line is ke tvalue
44 Z Poj [Pinin] oy of the mirror losses of the plain cavity.
j=1
N
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The lasing threshold is defined by the presence of a steaiy sta -50
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output through the mirrors with no external input. For a tavi wavelength (nm)

which is open at both ends, this implies that the fraction oQf . . .
. . . . ig. 3. Laser spectrum of the index patterned device of Fig. 2 at
left and right moving components at each of the cavity m8TOfyjce threshold. Inset: Spectrum at twice threshold of amivedent

is given by the mirrors reflectivity, i.e., FP laser.
1 _ 1
(1)-r(2) o

Ty — Thorire = Torry — Thars. (8)

density function. For a particular HR/AR coated cavity, lsuc

a object feature density function is shown in Fig. 2 (a) while
a schematic picture of the device, high-reflection (HR) edat

In the absence of external feedback, the lasing conditionds indicated, is shown in the inset. Features are placedeon th
determined simply by the requirement th&t; = 0. These right of the device center in this case where the amplitude of
are the complex poles of the transmission coefficient of tiilee threshold modulation they provide is larger. The reslt
system. We see that in this case, off diagonal terms whitieshold gain spectrum of the cavity is plotted in Fig. 2 (b)
are of odd order ins, are included in relating the light Although we estimate the change in the threshold gain of
intensity at points inside the cavity but do not determinée selected mode to be less than ten per cent of the plain
the lasing modes or their thresholds. This expansion at tb@vity mirror losses, the side mode suppression ratio atetwi
Bragg wavelength thus separates resonant feedback from tttieshold exceeds 40 dB, as shown in Fig. 3. For comparison,
nonresonant feedback at the various orders,of an equivalent spectrum of a FP laser fabricated on the same

An expansion ofT" to first order of An/n yields a self- bar is shown in the inset.

consistent equation for the lasing modes of the cavity. To
find the lasing modes of the device we expand about the o _ )
cavity resonance conditiory 6; =+ gzﬁj R This project is supported by Science Foundation Ireland,
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