


Fig. 1. Mesh reconstruction from the past values in the case of a100�m
device. The model contains only17 mesh lines. The current isJ = 3 J th .

where � i takes into account for the internal losses,J (x; z )
is the spatially dependent pump current pro�le,D and � are
the scaled diffusion and diffraction lengths, respectively and
R (N ) = AN + BN 2 + CN 3 the non linear recombination.
The boundary conditions at the left and right facets read in
the simplest case of a Fabry-Perot cavity

E+ (x; 0; t) = r l E � (x; 0; t) ; E � (x; 1; t) = r r E+ (x; 1; t) (4)

The �eld amplitudes and the carrier density components
are coupled through the polarizations of the active medium,
P� (x; z; t ), which describe in time-domain the carrier-induced
gain and refractive index experienced by the forward and
backward �elds by a convolution kernel that reproduces the
full gain curve of the semiconductor material hence permitting
to describe both gain and absorbing sections simultaneously.
By solving analytically the wave equations in Fourier space
we obtain

E � (q; z; t) = [ E � (q; z � h; t � h) + iS� ] e� ( i�q 2 +� i )h (5)

S� =
� h

0
dsP� (q; z � s; t � s) e( i�q 2 +� i )s (6)

where q is the lateral wavevector associated with Fourier
transformation alongx: By approximating the source term
S� up to second order we obtain a set of DAEs which can be
solved numerically more easily than the original TWM model.

Still, all the complexity of the dynamics remains intact and
is hidden in the past values of the �eld kept at each mesh
point. For instance, it is still possible to reconstruct the full
two dimensional pro�le by using the past values of the �elds.
Such a reconstruction at a pointzi is done from a past value
tp of the closest point on the leftzl (resp. rightzr ) for the
forward (resp. backward) propagating wave and reads

~E (x; z i ; t) = F f[E � (q; zl;r ; tp) (7)

+ tpP� (q; zl;r ; tp)] e� ( i�q 2 +� i )t p

o

with tp = jzi � zl;r j. This spatial reconstruction of the longitu-
dinal pro�les of the �elds achieved in eq. (7) is simply an Euler
prediction from the past values to recover the corresponding
mesh points. The result of such a reconstruction is exempli�ed
in Fig. 1 in the case of a straight,100�m wide BALD

Fig. 2. Mesh reconstruction from the past values in the case of a tapered
device. The model contains only17 mesh lines. The current isJ = 1 :4J th .

operated in a chaotic regime and where the dynamics is multi-
mode in both the longitudinal and transverse dimensions. The
smoothness of the reconstructed pro�les indicatesa posteriori
that no signi�cant information was lost. The same succesful
reconstruction in showed in Fig. 2 in the case of tapered gain
section linearly increasing froml1 = 10 �m to l2 = 100 �m
which represents an opening angle� = 2:5 o over 1mm.

The estimation of the computational time here comes at
no surprise: the CPU time is simply divided by the number of
slice folded into time delays, what we de�ne as the decimation
factor. The typical reduction ofat leastone order of magnitude
observed renders BALDs simulations doable on a single
computer and thus avoid all the implementation dif�culties
associated with truly parallel MPI codes. Another important
improvement of the method discussed would consider the
inclusion of the thermal and electro-thermal effects due to
current injection and �eld two photon absorption which are
known to play a dominant role in the dynamics of BALDs.
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