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Comments and Corrections

Comments on “The Spontaneous Emission Factor for Lasers
with Gain-Induced Wavegniding™

J. ARNALD

Newstein® intzoduces 2 new definition for the powsr in the
fundamental mode of a laser resonator excited by 2 radiating
dipole J. 1lis expression i3 Py = real part of J £, /2, whers £,
dénotes the fundamental mode field at the dipole jocation. &,
is obtained 33 in Petermann’s work from a modal expansion of
the form E{x) = Eg(x)+ E (x) 4+ -, where E(x) denotes the
total radiated fi¢ld and the integral of Egf';, - -+, over x (with-
out complex conjugation) is taken to be zero. The power P.
so defined is drastically smajler than the one (7, ) that results
from Petermann’s definition, namely the integral of [Ey(x)*
over X, As was explsined [1], (2], in the presence of higher
order transverse modes, or radiation modes, the so-<called "“powes
in the mode™ depends on the definition used. Newstein, in my
opinion, fails to demonstrate in his paper that kis Py i more
relévant to the problem 2t hand than Petermann’s F; . 1 believe
that the opposite is true.

Indecd, what really matters in 3 semicondustor laser oscil-
lator is the optical field intensity in the active region (g, if
we are interesied in the time-cvolution of the electron deasity).
Using a thin siab approximation (23 in [2]), I was adle to show
that, well-above threshold, the total field intensity in the sctive
region (which inciudes both the fundamentsl mode and the
radiation snodes) is almost cqual to the fundsmental mode-
ficld intensity slone. This is imtuitively understandable be-
cause, in that region, there is strong spatial filtering of the
higher-order transverse modes. Thus, foliowing the rexsoning
of [1] (which I will not repeat here), ! conclude that Peter-
mann's K-factor fully applics when 7 >2> Jg for conventional
semiconductor lasers with plane end facets. Near or beiow
threshold, however, spatial filtering is not 30 strong and Peter-
mann's factor may neced revision.

Finally, 1 would like to note that X in (5) and (23) of* s
‘on:y";;te square oot of the K-factor. A squase is 250 missing
n X
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Further Comments on “The Spontaneous Emission Factor
for Lasers with Gain-Induced Waveguiding"

MAURICE NEWSTEIN

This note % 2 response to the comments by Amaud [1]. The
expression | usad for the spontaneous power /3, radisted by a
dipoie current, J, into the fundamentsl mode £ of a
, samely Py = ReJ® - E5/2, s not new. It follows from
modal resolution of we field, £, In the ReJ® - £p/2,
reprosents the rore! power spontancously radiated. If
ont uses Poynling’s Theorem to denve a3 rate equation for the
field energy in the dominant mode of a Jaser oscillator this is
the term thar one jdentifics as the total spontaneous emission
power times the spoataneous emission factor (2],

One may aiso compute the rofs! power spontancously rad-
iated by 2 point dipole current by integrating the normal com-
ponent of the Poynting vector over » surface surrounding the
source {3, (7)]. This susface should be close to the source in
order to avoid including the induced emisson contribution
from the active medium in the region between the source under
consdcration and the surface. This procedure Jeads 1o un ox-
pression which i quadratic in the total ficld, If one expresscs
the total field 25 2 Enear superposition of maodes, E,, one geis
diagonal terms |E, * as well as cross-terms, EqE,,, with n # m,
If the modes are power orthogonal [3], the ¢ross-terms vanish
and the contribution 1o the Poynting vector integral from the
dominant mode is the same as our Py. For the case of interest
(painguided modes) the crossterms Jdo not vanish, and the
particulsr term mmvolving only the dominant mode contribu-
tiom, i.e., involving | £,° , isdiffesent from Py, If one, neverthe-
less, interprets the term favolving | Eof° as the power coupled
into the dominant mode, one gets Petermann’s [4 ], expression
for the X factor. [ belisve | have demonstratzd that the first
method of calculation is more relevant since the second method
involves dropping terms (those involving £5°E, ) which are not
neghgidle

BiRE

Amaud (1] claims that if one considers a baser oscillator well-
above threshold, then Petermann’s X factor applies because
the ficld is aimost entizely in the dominant mode. This resuit
fcliows (rom the reasoning in [S). In terms of my formulation
of the problem, using Poynting’s Theorem, one might be led
to argue that under thess conditions, the rovm with 1£e/°
domimates the Poynting wector surface integral. This is not
true for the following reason: in an oscillator resonator con-
taining = gainy medium and a prescribed dipole cumrent source,
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