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Some aspects on coherent feedback in a laser diode are investigated. In particular, weak optical feedback
is considered in the context of the feedback-induced frequency shift. In addition, the Lang-Kobayashi
equations are considered.

I. INTRODUCTION

The main problems related to the physics of laser diodes with optical feedback are
not completely solved, particularly with respect to theoretical aspects. Some ex-
perimental work has been performed recently.L For example, experimental ob-
servations on relaxation oscillation with optical feedback have been realized. The-
oretical treatments have also been proposed.’ By using more powerful methods
based on fundamental physics, it is feasible to describe theoretically the phenomena
associated with the relaxation oscillation mentioned above.

In the following, we shall study laser diodes with optical feedback and in tile
absence of optical feedback. In particular, the minimum value of the current that
satisfies the condition Psp’ < Pst will be considered (Psp and Pst are the densities of
spontaneous and stimulated emitted photons, respectively). Furthermore, weak
optical feedback will be analyzed.

II. THEORY

First, we formulate the well-known Lang-Kobayashi equations, namely:3.4

d 1
d [E(t)] [G(n(t)) Fo]E(t) + yE(t- ’)exp(-jwo’) (1)

d J
d [n(t)] -T-’n(t) GA(n(t))P(t) + (j /--L) (2)

where E(t) is the slowly varying envelope of the complex electric field in the active
layer of the laser diode, G is the complex gain function that depends on the density
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of electron-hole pairs n(t), F0 is the rate of power emission from the laser, 3’ is the
feedback rate, -is the feedback delay-time, and tot, is the optical angular frequency
that is close to the laser angular frequency. In addition, T is the life-time for
spontaneous recombination of electrons and holes in the active layer, P(t) IE(t)l
is the density of photons in the active layer, J is the pump current density, d is the
thickness of the active layer, and e is the electronic charge. In particular, G is
given by:4,5

G-= GA + jGD F0 + st(1 + ja)[n(t) no] (3)

where GA is the absorptive part of the gain and Go is the dispersive part; " is the
gain coefficient, a is the linewidth-enhancement parameter, and no is the electron-
hole density without feedback.

From eq. (3) it is deduced:

GA(t) ro + [n(t) nolO" (4)

GD(t) stain(t) n0l

By substituting eq. (4) into eq. (2) we get:

J(t) ed[fi(t) + (T-’ + ’P)n(t) + (Fo- ’no)Ps] (6)

where the dot denotes derivative with respect to time. We have considered harmonic
solutions of eq. (1) in the form Es(t) p]/z exp(jft) where f is the so-called
feedback-induced frequency shift that is given by the following expression namely:4.5

1) y(secth)sin[b- (tot, + for] (7)

with tk tan- a.
This shift is related to both AM and FM noises that are very important in the

context of coherent feedback. Optical feedback produces a competition between
the two exterior modes involved. In particular, the FM noise is due to the switching
of the frequency at random values when the diode mode is near the center between
the mentioned modes. This noise acts in conjunction with the AM noise.
On the other hand, for weak optical feedback we can assume that 12 , w0. Thus,

eq. (7) reduces to:

12 7(sec4Osin(4- (8)

with both f and 3’ very small.
Finally, we shall consider the minimum pump current responsible for the pre-

ceding noise phenomena. This current can be regarded approximately as the current
involved in the following equation:4

Psp(1 + a!2)l-’oimin
Pst(min)

2(&o)i
(9)
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where Psp < Pst and &o stands for the full width at half-maximum around the laser
angular frequency; in other words, &o is the bandwidth corresponding to the ab-
sence of optical feedback so that the semiconductor laser emits monochromatic
optical radiation.

III. CONCLUSION

We have investigated several aspects of the semiconductor lasers in the context of
optical feedback. In particular, the Lang-Kobayashi equations have been used;
these equations play an important role and they can be considered as the Langevin
equations in accordance with the work of C.H. Henry.

In addition, we emphasize the relevance of eqs. (6), (8) and (9) in order to
understand the mechanisms associated with both AM and FM noises. These phe-
nomena have been investigated recently by M.A. Grado and M. Grado.4
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