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By means of high-resolution x-ray diffractometry techniques (two-crystal diffractometry and a
three-crystal scheme in the (9-29) scanning regime), the inverse problem of x-ray

diffraction in a laser heterostructure with quantum-sized active region has for the first time been
formulated and solved numerically. Profiles of the elastic deformation distribution, the

static Debye—Waller factor, and the dimensions of the microdefects have been obtained as
functions of thickness in a multilayer system, and a correlation has been established between the
crystalline perfection of laser structures and the degradation characteristics of laser

diodes. © 1995 American Institute of Physics.

I. INTRODUCTION

The vigorous development of micro-electronics and, as-
sociated with it, the creation of new composite materials,
have been accompanied by the perfection of old methods,
and the appearance of new ones for nondestructive testing of
material structures, based on the scattering of x-rays in a
condensed medium.!"* Among the relatively new objects of
study, one can mention multilayer systems with quantum
wells based on GaAs/GaAlAs and other ApBy compounds.’

Methods of high-resolution x-ray diffractometry are
widely used to investigate heterostructures.®~'* These meth-
ods allow one to determine the mismatch parameters, thick-
nesses of the epitaxial layers and interfaces, and profiles of
the deformation distribution (concentration composition) in
heterostructures, and also to investigate the crystalline per-
fection of multilayer structures as a whole. This parameter is
very important since the perfection of a multilayer system is
an objective criterion of the epitaxial technology and allows
one to produce a catalog of optimal regimes of epitaxial
growth. The defectiveness of the structure strongly influ-
ences the electrophysical parameters of devices—the magni-
tude of the threshold current, the breakdown voltage and
leakage currents, the noise level and the rate of degradation.
Structural perfection is especially important for devices
working at high current densities and optical radiation den-
sities since these factors substantially influence the mobility
of the defects and their structural transformations.

Present-day methods of high-resolution x-ray
diffractometry—these include interference methods®~® and
differential®"'®—possess high sensitivity and spatial resolu-
tion. For some types of heterostructures the resolution of
these methods is comparable with the resolution of an elec-
tron microscope, but in this case they have a much wider
range of applicability. All this allows one to determine the
structural parameters of epitaxial layers, even quantum-sized,
with high accuracy, and to examine in detail the mechanisms
of epitaxial growth and defect formation in any type of het-
erostructure.

Along with the appearance of the new experimental
techniques, the statistical dynamic theory of x-ray diffraction
in multilayer heterostructures with randomly distributed mi-
crodefects has undergone further development.“'15 An
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analysis of the results so obtained and numerical modeling of
the diffractive reflection curves have demonstrated the influ-
ence of the angular distribution of the diffusely scattered
intensity on the formation of the entire diffractive reflection
curve for reflection from various multilayer systems. It may
be supposed that the integrated application of new experi-
mental and theoretical methods will make it possible to ob-
tain more accurate and complete data on the profile of the
deformation distribution in multilayer heterostructures, to de-
termine the type of crystalline defects and the profile of their
distribution with depth, to determine the interrelationship be-
tween the conditions of epitaxial growth and the structural
parameters, and to determine their influence on the electro-
physical characteristics of devices.

The structural parameters of a multilayer crystalline sys-
tem are often found by the simple scheme of solving the
direct diffraction problem.'®!7 However, such a fitting pro-
cedure more often than not does not give satisfactory agree-
ment between the theoretical and experimental results for
complex multilayer systems such as laser heterostructures.
Significant difficulties arise due to the large number of fitting
parameters. Choosing simple models of the structure does
not always lead to the desired outcome. Therefore it is nec-
essary to turn to the more laborious process of solving the
inverse problem.'®!® Such problems are solved by numerical
methods, e.g., by minimizing the error functional.?® It is nec-
essary at the same time to confront the problem of nonu-
niqueness of the solution.'®?! In the case under consideration
this problem is gotten around with the help of additional a
priori information about the investigated structure.

So far, calculational x-ray diffraction diagnosis of
multilayer systems has been carried out, as a rule, without
account of diffuse scattering by defects. Taking into consid-
eration the fact that structural defects strongly influence the
formation of the entire two-crystal diffractive reflection
curve, in the present paper we have undertaken an unprec-
edented effort to solve the inverse problem of dynamic x-ray
diffraction in a laser structure by simultaneously using the
results of two- and three-crystal diffractometry. Such an ap-
proach takes into account the behavior of the angular distri-
bution of the coherent and diffuse components of the scat-
tered intensity and allow one to obtain information not only
about the profile of the concentration composition of the het-
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FIG. 1. Diffraction scheme in a multilayer
system (a) and design profile of the chemical
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composition of the laser heterostructure with
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erostructure, but also about the concentration, type, and di-
mensions of the randomly distributed defects.

2. ALGORITHMS FOR SOLVING THE INVERSE PROBLEM

To solve the inverse diffraction problem successfully, it
is first of all necessary to formulate the algorithm of the
calculational procedure. In the case under consideration it
should be based on the following two main premises: first,
the problem of diffraction in a multilayer structure requires
the use of recurrence relations;'*'>?? second, the influence of
microdefects on the formation of the entire two-crystal rock-
ing curve can be accounted for within the framework of the
statistical dynamic theory of diffraction.!!~!®

To develop an algorithm for calculational diagnosis of
the parameters of a laser heterostructure from x-ray diffrac-
tion data, we will consider the following model of a
multilayer system (Fig. 1a): the crystalline structure consists
of M layers of different thickness, each of which, for ex-
ample, the mth one, is characterized by its own interplanar
distance d,, , static Debye—Waller factor E,, , and mean de-
fect dimension r,,. This entire multilayer system lies on a
thick substrate (modeled as a semi-infinite crystal), referred
to as the (M + 1)th layer. Strictly speaking inside the volume
of any given layer and on its hetero-boundaries defects are
formed, different in provenance and spatial structure. Since
an analytical search for a common correlation function of the
various randomly distributed defects is at present for all in-
tents an unsolvable problem, it is necessary to use either an
artificially constructed simple model characterizing the mean
size of the defects (e.g., of Gaussian type'?) or to refine the
predominant form of the defects with the help of one of the
available techniques“’23 and then employ the model corre-
sponding to these defects in the calculation (for point defects
or clusters, a “Coulomb” model®).

In the case of symmetric Bragg diffraction the ampli-
tudes of the transmitted E§ ,, and diffracted E ,, coherent
waves in the layer with index m as functions of the angular
deviation A9=39— 3, and the coordinate z can be repre-
sented in the following form:

E§ m(z,09)=A{"exp(i{"2) + AT exp(i§"7),
E;'m(z,Aﬁ)=k(1”')A(,'”)exp(i§(,'")z)+k(2'")A(2'")exp(i{(2m)Z),(l)
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where the coefficients A(l'”2) are found from the boundary
conditions. The remaining coefficients in solution (1), in con-
ventional notation,24 have the form

{4 —og"—ip —pmEgm

(m) — m___ T —5
kl,2 - o_i_mgiE(m) ’ {1,2 - 2 ’

{M=\(7{")? - 40,0 _(E™)?, 7=y +2ip™,

K
”(M)=‘y_o [Xf)’")+(A1‘)+A1‘)m)sin200],

P =Pl [1-(E™)77™,

d™—d

A'l?,": d tg’l?o,
(m) (m)

TXo mTX, - ,C .
(m) _ (m) _— 8”8 —
08 Noy ’ Op g Ny Yo=sindy,
_ 2 c— 1, o-polarization,
K= N “7|cos2d,, w-polarization,

U, is the Bragg angle, \ is the wavelength, and o, -, are the
Fourier components of the polarizability.

The parameter p(’") describes the diffuse absorption of
the coherently scattered waves and is determined by the
static Debye—Waller factor E™=(®) and the correlation
length 7™, Here ®=exp(igdu) is the lattice phase factor,
where g is the diffraction vector, and {...) denotes averaging.
In turn, the correlation length depends on the correlation
function

g(£)=(1—E?)~Y{(exp(— ig[ Su(£)— 6u(0)])—E?}

where du(£) are the random atomic displacements caused by
the randomly distributed effects.

An expression (1) for the amplitude reflection coefficient
(ARC) for reflection from the last M —m layers follows im-
mediately from the solution, in other words, the amplitude of
the reflection at the mth heteroboundary and the (m+1)th
layer:
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Note that the coefficients A{™ and A{™ are related by

KRy = KS) RSV (K™ = Ry ) explil ™ Ly~ Ly -1)]

) qomf K" R i ¢(m)
A2 _Al R _kim; eXp(l{ lm),
m+1 2
where [, is the thickness of the mth layer.

If now by simple mathematical operations we eliminate
the coefficients A(,'"—} from consideration and make use of the
relation for the amplitude reflection coefficient R, ,,, we
obtain a simple recurrence formula for the ARC of the entire

multilayer crystal

™ Rps1— k3" + (k™ =R 1 )exp[i ™ (L= 1,y _1)]

The intensity of the diffuse quanta depends on the inten-
sity of the transmitted wave. Therefore, to calculate the dif-
fuse component, we should have values for the amplitudes of
the coherent fields at any point in the multilayer system.
This, in turn, can be realized by calculating all the coeffi-
cients A(l”‘z) Solving the boundary-value problems leads to
the following recurrence formula:

) (k(lm— l)_k(zm— l))(Rm_k(zm))
(Rn= k5"~ D) (KW= k5™)

Xexplil - (L™ V- ¢™)]. )

Taking account of the relation between A{™ and AY™ and
using relation (3) in the general solution (1), we obtain all
the necessary data for calculating the angular distribution of
the intensity diffusely scattered by any layer, say the mth.

The intensity of the diffuse component reflected from the
M—m+1 lower layers, I,‘f,, recorded at the upper boundary
of the mth layer, is found from the differential equation

d
arg,  pm™

Friae 15, -2|o{™|[1 - (E™)217™15 .,

— -1
A(IM)_A(lm

where I§ ,,=|E§ ,|* is the coherent intensity of the wave in
the direction of transmission; p,(’") is the normal photoelec-
tric absorption coefficient of the mth layer, and 7™ is the
real part of the correlation length in this layer.

3. EXPERIMENTAL RESULTS

X-ray diffraction studies were carried out on a high-
resolution three-crystal diffractometer based on a GUR-8
wide-angle goniometer. The diffraction reflection curves
were recorded in a two-crystal dispersion-free scheme and a
three-crystal dispersion-free scheme with an asymmetric
Ge(001) monochromator. For reflection of (004) CuK,, ra-
diation, this produced a divergence of the monochromatic
radiation of the order of one arcsecond. As the third crystal
of the analyzer we used an accurately oriented Ge(001) crys-
tal with (004) reflection. Recording of the three-crystal dif-
fraction reflection curves with (9—29) scanning of the in-
vestigated crystal and the crystal-analyzer makes it possible
to isolate the coherent component of the diffraction reflection
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curves with a specified accuracy by substantially decreasing
the contribution of the diffuse component. Note that the dif-
ferential J-curves, recorded with the position of the crystal-
analyzer fixed, allow one in a number of cases to uniquely
determine the type of structural defect.’

We chose AlGaAs/GaAs laser structures with a
quantum-sized (10—15 nm) GaAs active region, intended for
fabrication of high-power laser diodes, as the objects of
study. The structures were grown by the method of metallo-
organic gas-phase epitaxy (MOGPE) on accurately oriented
GaAs(001) small-dislocation substrates. Such structures can
be viewed as model multilayer heterostructures of “interfer-
ence” type, studies of which make it possible to perfect ex-
perimental and theoretical x-ray diffraction methods. In this
context, data on crystalline perfection, the deformation pro-
file (concentrational composition), type of defects, and their
distribution profile in multilayer heterostructures make it
possible to determine the regularities of epitaxial growth and
the influence of the type, density, and position of the crystal-
line defects on such important parameters of high-power la-
ser diodes as the threshold current and degradation time.

With the aim of providing a more detailed description of
the procedure of retrieving the parameters of a multilayer
system from x-ray diffraction data without unnecessarily ex-
tending the length of this paper, we will adduce results of a
study of the most characteristic laser heterostructure,
0.2 um-GaAs (contact layer)/1.3 um-Al;¢GagAs
(emitter)/0.01 um-GaAs (QW—the active region)/0.445
pm-Aly,sGagssAs  (waveguide)/1.50  um-Al, 4GaygAs
(emitter)/GaAs (buffer layer)/(001) GaAs (substrate). The
proposed concentration profile, corresponding to state-of-
the-art growth conditions, is depicted in Fig. 1b.

A simple preliminary analysis of the experimental dif-
fraction reflection curves shows that such laser structures
possess high crystalline perfection. The epitaxial layers are
planar, the interfaces are quite sharp, the density of the de-
fects, their size, and the voltages caused by them are not so
large as to lead to smearing of the diffraction patterns. The
difference between the experimental diffraction reflection
curves and the calculated ones obtained on the assumption of
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FIG. 2. Experimental and theoretical diffraction reflection curves of a three-
crystal (a) and two-crystal (b) diffraction scheme. The theoretical diffraction
reflection curves correspond to the concentration profile in Fig. 1b. Here and
in the following figures, the heavy solid curve corresponds to the experi-
mental data, and the thin solid curve corresponds to the theoretical.

ideal, defect-free structures suggests that crystalline defects
exist in the structures, primarily point defects or small accu-
mulations of point defects (clusters). Subsequent calcula-
tional experiments have made it possible to refine the results
of the preliminary analysis of the diffraction reflection
curves® and to identify those regularities of epitaxial growth
which have a substantial effect on the process of defect for-
mation in heterostructures.

4. CALCULATIONAL DIAGNOSIS OF HETEROSTRUCTURES
The parameters of the laser structure (AlGaAs) were

found by solving the inverse diffraction problem numeri-

cally. This was done by minimizing the error functional
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FIG. 3. Three-crystal (a) and two-crystal (b) diffraction reflection curves,
corresponding to a five-layer discretization of the concentration profile.

k k
R=2 (R{-R)*+2, (R:,—R.)?=R(X,Er), (4)
i=1 =1 ’

where R{"* are the reflection coefficients [experimental and
theoretical] in the two-crystal scheme, R{’} are the corre-
sponding reflection coefficients in the three-crystal (9-2)
scanning scheme, and & is the number of experimental
points, X, E, and r are (M + 1)-dimensional vectors which
define the deformation profile of the heterostructure, the
value of the static Debye—Waller factor, and the average size
of the defects in each layer. For the calculated characteristics
of the multilayer structure to adequately reflect its actual
structure, it is necessary to take into account all parameters
noticeably influencing the formation of the experimental
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FIG. 4. Distribution of the static Debye—Waller factor (a), defect radius (b), and deformation profile (c) with depth into the laser heterostructure for the
five-layer discretization model. The theoretical curves, corresponding to these distributions of the heterostructure parameters, are shown in Fig. 3.

x-ray diffraction spectrum, in particular, the divergence of
the rays emitted by the Roentgen tube and incident on the
reflecting crystals of the corresponding diffraction scheme
(the monochromator, the sample, and, in the case of three-
crystal diffractometry, the analyzer).?

The minimization of functionals of the form (4) is asso-
ciated with significant calculational difficulties due to the
multiplicity of local minima, the large number of parameters,
and the nonlinearity of the functional. The application of
gradient methods is hampered by the complexity of calcula-
tions of such functionals. In the present paper, we have used
the direct search method (the simplex method) in the pres-
ence of constraints imposed on the unknown vectors X, E,
and r.2° As our starting approximation, we chose a concen-
tration profile corresponding to a design draft of the given
heterostructure (Fig. 1b). The difference between the experi-
mental diffraction spectrum and the theoretical reflection
curve can be seen in Fig. 2. Here and in the following figures
the heavy solid line represents the experimental reflection
curves and the thin solid line, the theoretical reflection
curves. In the solution of the inverse diffraction problem
based on this five-layer model of the laser structure, satisfac-
tory minimization was not achieved (Fig. 3). Figure 4 shows
the parameters of the structure obtained by this minimiza-
tion. Note that at this step we have held to the following
rules: first, Vegard’s law is fulfilled for all the AlGaAs com-
positions; second, the magnitude of the tetragonal deforma-
tion corresponds to the elastic strains of the mated materials
without account of relaxation processes. In the real situation,
obviously, relaxation processes with formation of defects are
unavoidable. They lead in one way or another to changes in
the deformation profile. Apparently, these processes should
manifest themselves more noticeably in the region of the
heterotransitions when the conditions of epitaxial growth
change. Therefore additional calculations were carried out
for the given system with division into a larger number of
layers. Taking account of the behavior of the concentration
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profile of the heterostructure (compositional makeup, num-
ber of heteroboundaries, thicknesses of the layers), this num-
ber was set to 23. As our initial approximation of the calcu-
lational diagnosis we used the original five-layer model of
the laser structure. Figure 5 displays the experimental dif-
fraction reflection curves and the calculated curves corre-
sponding to the 23-layer system. The calculated distributions
of the structural characteristics with depth into the hetero-
structure, such as the profile of the elastic deformations, the
distribution of the static Debye—Waller factor, and the distri-
bution of the mean radius of the defects are shown in Fig. 6.

For our preliminary calculations we used an artificial
constructed Gaussian correlation function

g(&)=exp(— wg*4T3), (5)

where 7; is the most general characteristic of the medium
and has the sense of Kato’s correlation length.” The corre-
lation length allows one to estimate the mean size of the
defects.* At the intermediate step of the solution it became
clear that the correlation length 7, within each separate layer
of the heterostructure (excluding the region of the hetero-
boundaries) is a constant quantity of order 0.01 wm. There-
fore these are most likely imperfections caused by the point
defects or clusters of them. Such defects are well described
by a “Coulomb” defect model with random displacements®®

Ar/r® | if |rf|>Ry,
random value if |r|<R,,

(©)

u(r)=

where R is the radius of the randomly distributed isotropic
inclusion. The quantity A is defined as the power of the
defect.”® For the given model the correlation function has the
form
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FIG. 5. Three-crystal (a) and two-crystal (b) diffraction reflection curves
corresponding to 23-layer discretization of the concentration profile.

3

()~; 14 1-35+—-§p +24%g|?
P~y (1+ay) |\ T 4R, 16R} &

—ap(cosnp+1 2
X[ plcosp+1)

—_— <
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1 wsin? g
~—_— 2A2 2[
8(p) Vc,(1+A2[ |gl
2m(3cos?p—1)R?
+ ( 3p737 4 , for p>2R,.

Here the angle 7 is the angle between g and p, V= 47TR3/ 3
is the volume of the defect, and A=A|g|/R3. Since the cal-
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culation of correlation functions introduced as one of the
main parameters of a statistical, dynamical theory of
diffraction'!~!%?*25 s a separate problem unto itself, the pro-
cedure and analysis of these calculations for various models
of microdefects are not laid out here. Figure 7 presents pro-
files of correlation functions (5) and (7) for various powers
[Eq. (7)] and sizes of the defects (correlation lengths 7).

5. DISCUSSION OF RESULTS

It is well known that the formation of structural defects
in heterostructures during epitaxial growth (assuming ideal
pregrowth preparation of the substrates) is due to relaxation
of the elastic strains, the magnitude of which is determined
by the mismatch of the lattice parameters of the epitaxial
structure at the growth temperature. The larger this value, the
greater the elastic strains in the growing structure and, con-
sequently, the smaller the value of the critical thickness of
the epitaxial layer at which, for all other growth conditions
optimal, relaxation of the elastic strains will begin. Obvi-
ously, the probability of growth defect formation is higher
when growing epitaxial layers of greater thickness and with
greater mismatch of the lattice parameters for a given epitax-
ial growth temperature. It is especially important to take this
fact into account when investigating laser heterostructures
with quantum-sized active regions.

Most critical for the presence of defects are the active
region and the waveguide segments immediately adjacent to
it. The appearance in this region of uniformly distributed
point defects, formed at the initial stage of relaxation of the
elastic strains, has a direct effect on the degradation charac-
teristics of laser diodes since it is in the optical lasing regime
under conditions of high electron-hole plasma density and
high optical radiation density that structural transformation
of the growth defects begins. This process resembles the de-
fect formation process during epitaxial growth. The defects
grow, clusters of point defects form in the region of maxi-
mum current density and optical radiation density, and then
small dislocations (dislocation loops) form, which give rise
to defects of “dark lines and spots” in the active region and,
as a result, a rapid drop in the quantum yield of the laser
diode. The higher the initial density of crystalline defects in
the laser structure, the faster will be the process of their
structural transformation “under loading” and, stimulated by
the process, the degradation of the electrophysical param-
eters. It may be supposed that the process of structural trans-
formation of growth defects in laser diodes takes place with
“positive” feedback—the higher the initial defect density,
the higher the threshold current and the higher the operating
temperature of the active region and the waveguides, and,
consequently, the higher the rate of transformation of the
growth defects and degradation of the laser diode. Appar-
ently, this may be the explanation for the catastrophic degra-
dation of laser diodes fabricated from structures with low
crystalline perfection. Any local heat losses, for example, to
mirrors, should also increase the rate of degradational trans-
formations of defects.

The results of our study show that the highest defect
concentration is concentrated in the region of the heter-
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23-layer discretization model. The theoretical curves corresponding to these distributions of the heterostructure parameters are shown in Fig. 5.

oboundaries: the buffer layer-epitaxial layer Aly,GaygAs
(first emitter) and epitaxial layer Aly¢Gay4As (upper
emitter)-contact layer of GaAs. Inside the volume of the
thick emitter layers of the heterostructures Aly¢Gag4As and
Al 4GaggAs the defect concentration is approximately the
same (of order 3-10"° cm ™3 and 14-10" cm ™3, respectively).
The average diameters of the defects are also close and are
equal to 17 nm in the Aly¢Gag 4As layer and 12 nm in the
Aly 4GaggAs layer. These defects are a particular type of
point defects and their clusters. At the heteroboundaries the
defects are larger (=~0.05-0.1 um). The structural defects are
strong in the region of the heteroboundary of the substrate
(buffer layer)-heterostructure, apparently because the sub-
strate surface is insufficiently pure. Defects, presumably oxy-
gen clusters, are formed at the growth surface of the sub-
strate at the initial stage of the gas epitaxy process (during
heating from room temperature to the temperature of epitax-
ial growth) as a consequence of insufficient purification of
the hydrogen. An increase in the degree of amorphization
(decrease in the value of the static factor) with simultaneous

increase of the defect dimensions in the near-surface region
of the heterostructure is due to relaxation of the elastic
strains and migration of the defects to the upper boundary
during growth. The second reason for the appearance of de-
fects at the emitter-contact layer boundary may be stopping
the growth process and putting hydrogen through the reactor
to obtain a sharp interface (in composition and bonding im-
purity). In the quantum-sized active region the static Debye—
Waller factor is close to unity, which indicates a low defect
concentration; however, the elastic strains are quite large. It
is interesting to note that the dimensions of the defects in this
region are close to the dimensions of the defects in the vol-
ume of the thick layers. This most probably indicates the
presence of point defects.

We should also point out that the GaAs substrate in the
investigated heterostructure was not “absolutely ideal.”” Our
calculations demonstrate the presence of a low defect con-
centration in the volume of the substrate. The static Debye—
Waller factor of the substrate was 0.96.

FIG. 7. Correlation functions of ‘“‘Gauss-
ian” type (a) and of “Coulomb” type (b)
for various sizes and powers of the de-
fects: a) correlation length 7,: 1—0.01
pm, 2—0.05 pum, 3—0.1 um; b) defect
radius R ; (defect power A): 1—0.01 um
(1077, 2—0.05 um (1077, 3—0.1 um
(1073).
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6. CONCLUSION

The determination of the structural perfection of homo-
and hetero-epitaxial structures is one of the most important
problems of high-resolution x-ray diffractometry in growth
(epitaxial) technology. This problem cannot be considered as
a narrow, applied problem since the results obtained indicate
the existence of fundamental regularities in the processes of
epitaxial growth and defect formation, and also a close inter-
relationship between the conditions of epitaxial growth and
the crystalline perfection of the epitaxial layers and the het-
erostructures as whole. The very concept of crystalline per-
fection of heterostructures should include perfection of the
substrate and the epitaxial layers, planarity of the epitaxial
layers, and sharpness of the interfaces, the profile of the dis-
tribution of strains in the structure, the presence of defects, a
classification of their types, and the profile of the distribution
of the latter in the multilayer structure as a whole.

The method proposed in this paper for obtaining infor-
mation about the structural characteristics of a multilayer
system, using high-resolution x-ray diffraction data, could
use further refinement. In particular, we did not succeed in
achieving “absolute’ agreement between the theoretical and
experimental diffraction reflection curves, since we did not
vary the thicknesses of the discretization layers of each struc-
ture. Taking this factor into account would, of course, not
result in any fundamental differences in the calculation of the
parameters of the heterostructure, but would allow a more
accurate determination of the spatial distribution of the de-
formations and defects. On the other hand, this would com-
plicate an already complicated problem of computational di-
agnostics.

Despite the laboriousness of the process of determining
the characteristics of laser structures, the fruitfulness of the
present approach is obvious. The next step in the implemen-
tation of the method will be the solution of the inverse prob-
lem of diffraction in gradient structures and superlattices. It
would also be interesting to compare the results obtained
with the present method and with other methods. 8192127
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