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SECTION 1. INTRODUCTION

There has been continued interest in distributed feedback (DFB)
lasers since the pioneering work of Kogelnik and Shank [1,2] in 1971-72.
Their work described the threshold characteristics of transversely un-
bounded periodic media at the first Bragg order or resonance (i.e., the
case N=1 in Bragg's Law A = 2A/N where X\ is the wavelength of the propa-
gating wave and A is the fundapental spatial period of the structure).
Since then there has been much additional work at the first Bragg order
[3-5], including the case of transversely bounded DFB lasers [6]. In
1972 Bjorkholm and Shank [7] experimentally demonstrated the first higher-
order DFB laser (i.e., N > 2) with output at the second and third Bragg
resonances. Recently there has been additional experimental work at the

second Bragg order [8] and interest in multiply-resonant DFB lasers [9].

It is the purpose of this paper to use the extended coupled waves
(ECW) theory [10] to find explicit values for the coupling coefficient
and the phase mismatch at the first three Bragg resonances for several
periodicity profiles. These results are displayed in the form of disper-
sion diagrams. The expressions for coupling and phase mismatch can then
be used in the threshold expressions of Kogelnik and Shank [1]. Explicit
results are found for the threshold gain, the mode spectra and the criti-
cal Tength for oscillation of the lowest-order longitudinal mode at all
Bragg resonances for both index and gain coupling. Several plots are
given to show how threshold gain varies with Bragg order N for singly-
periodic media and how the threshold gain varies for different multiply-

periodic structures at the second Bragg order. The cases of sinusoidal,
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. [‘ xy for cosinusoidal perturbations
where XNM =4

v tixy for sinusoidal perturbations
and where the primes denote differentiation with respect to the longi-
tudinal coordinate z. The coupling coefficient XN is a measure of
the field exchange per unit length between the waves F](z) and

B](z). The phase mismatch &, represents the phase shift per unit

N
length from the resonance condition where maximum coupling occurs. Ex-

plicitly, the values of GN and Xy can be found for singly-periodic

media [10].
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At the first Bragg resonance, the above equations reduce to well-known
results [1,11]. The bandgap shift is the value of skye!/2/K  where
8y/K = 0. From Equation (4) it can be shown that this value is propor-
tional to nz. Note that the coupling is proportional to nN.

For the periodicity profiles under consideration, the Fourier

components fp are

1/p p odd
square-wave f = J (6)
0 p even

(_])(p_])/z
{:———-jr—-~ p odd

w0 p even

triangular-wave fp

sawtooth f o= T p odd,even (8)

where the appropriate cosine or sine series is used in the expression
for the dielectric constant (1) and where fy, = 1 is the normalization
for all profiles.

At the first Bragg resonance, the nf] term makes the major con-
tribution to both the coupling and the phase mismatch for all periodicity
profiles. Hence, 6, and Xy are identical to the usual value found for

singly-periodic media in (4) and (5). The expressions for Sn and Xy are





























































