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Abstract. T and T™ optical gains were measured in AlGaAs/GaAs single-
quantum-well (saw) diode Jasers at 300 K Bath the 1 and ™ gain spectra were
step-lika. The long and short wavelength steps in the experimental spectra were
attributed to-the-onset of transitions from the first {e1) and second (e2) electronic
subbands respectively. With Increasing pumping current, the growth of the gain
amplitude in the el transition slows down, the peak gain being approximately the
same for TE and T™ polarizations. On the contrary, the TE gain dominates over
the TM gain In the e2 transition, which shows up at higher injection. Most of the
polarization features of the observed gain spectra are easily interpreted within a

model of direct optical transitions with the band mixing, relaxation broadening
and bandgap shrinkage effects taken into account. At the same time, the gain
saturation in the el transition observed in experiment can hardly be explained by

the theory.

1. Introduction

Optical gain is a subject of special concern in studying
the properties of QW lasers. In earlier papers [1-3] a
simple parabolic band model was used to describe the
optical gain in two-dimensional QW layers. In this model
the energy levels of confined states in the conduction
and valence bands were calculated using the bulk effec-
tive masses of electrons and holes, and the dispersion
curves for the confined carriers were assumed to be
parabolic. This leads to a step-like density of states.
The energy- and polarization-independent momentum
matrix elements for the optical transitions were taken to
be the same as for the bulk material. In [4] a parabolic
band approximation was also used, but the dependence
of the matrix elements on the energy of carrier motion
in the QW plane was introduced for the gain to become
polarization-dependent. In recent studies [3, 6] the band
mixing effect [7] was taken into account in calculations
of the electron and hole wavefunctions in a Qw. Band
mixing appreciably changes the carrier dispersion law
with respect to that obtained in a simple parabolic band
approximation. In this approach the polarization and
energy dependences of the momentum matrix elements
can be described in a more rigourous way. In [4] the
importance of intraband scattering for the description
of the QW gain spectra was emphasized.

Several experimental techniques [8-11] have been
used to measure the optical gain in Qw active layers.
The experiments showed a red shift of the long wave-
length side of the Qw gain spectra with an increase
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of the injected carrier density, which was attributed
to the bandgap shrinkage [12]. In addition, a blue
shift of the short wavelength side was associated with
the band filling, which results in spectral broadening.
The strong influence of the intraband relaxation on the
gain profiles was well established experimentally from
the appreciably smoothed maxima associated with dif-
ferent subband transitions. The intraband relaxation
time in AlGaAs/GaAs Qw layers was estimated to be
~ 6 x 10~s at 300K by fitting the expenmental and
calculated gain profiles [9].

In spite of a large number of papers dealing with ex-
perimental and theoretical investigation of optical gain
in QW lasers, the possibility for a correct description of
TE and T™™ profiles and of the gain amplitude depen-
dence on the carrier density is still questionable.

The main objective of this paper is to make a com-
parison of accurately measured TE and T™ gain spectra
with those calculated in the most reliable model of op-
tical transitions in Qw. In the calculations we used a
model of direct transition with the band mixing, relax-
ation broadening and bandgap shrinkage effects taken
into account. The gain spectra were measured by the
Hakki and Paoli technique [13]. To get the best fit of the
experimental and theoretical gain curves, the intraband
relaxation time was used as the only adjustable param-
eter. In section 2 we describe the structure and some
characteristics of sQw diode lasers used in the experi-
ment. Then, details of the gain spectral measurement
are discussed and experimental resuits are presented.



In section 3 we discuss the results of a theoretical study
of the gain spectra. Section 4 is for comparison of the
experimental results with the theoretical predictions. In
section § we summarize the results.

2. Laser structure, experimental technique and
results

2.1. Laser structure and characteristics

Figure 1 shows schematically AlGaAs/GaAs separate
confinement heterostructure (SCH), single-quantum-well
(sQw), buried heterostructure (BH}) lasers studied in the
experiment. The laser fabrication process included MBE
wafer growth and LPE mesa etch and re-growth. Ini-
tially, a buffer layer, a Si-doped n-Aly 4Gag sAs cladding
layer (1.0 pm; n ~ 1 x 10¥ cm™3), an undoped GaAs
quantum well (L, =~ 100 A) sandwiched between two
undoped Alp;GapgAs waveguide layers (each 0.15 um
thick), a p-Aly ¢GaysAs upper cladding layer (1.0 pm;
p=1x10¥%em3) and a p*-GaAs top layer (0.5 um;
p =~ 1x 10" cm~3), the latter two Be-doped, were MBE
grown on a (100} nt-GaAs substrate. The wafer surface
was masked with 6 um wide SiO; stripes aligned in the
[011] direction. Then the wafer was placed in an LPE
reactor, where its surface was brought into contact with
an unsaturated Ga+Al melt. After about 10s of meli-
back, the melt was removed and the resulting 3 pm wide
mesas were re-grown successively with n-Alg ;Gag s As,
p-Aly.4Gay sAs and n-GaAs burying layers. The initial
8i0; mask was removed and the surface, except for the
mesa stripes, was covered with a SiO; blocking layer.
Finally, metal contacts were deposited onto the top and
bottom surfaces of the wafer.

Figure 2(a) shows the light output as a function
of current for a fabricated SCH sQW BH laser diode
(400 pm cavity length, SmA threshold current). One-
side differential quantum efficiency is ny ~ 20% (un-
coated mirrors). Figure 2(b) presents a far-field pattern
parallel to the junction plane. A stable fundamental
transverse mode operation of BH lasers can be seen
up to the maximum output power. It should be noted
that the threshold current density of a narrow mesa
BH laser is equal to that of a broad-area SiO,-confined
100 zem stripe laser fabricated from the same MBE wafer
with the same cavity length. This fact indicates a small
current leakage in the fabricated BH laser structures.
The threshold current density is 400 Acm=2 for 400 um
cavity length lasers.
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Figure 1. Schematic diagram of an AlGaAs/GaAs scH saw
BH laser studied in the experiment. The thickness of the
aw active layer is L; = 100 A,
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Figure 2. () Light output versus current. (b) Far-field
pattern parallel to the junction plane at different output
POWErs,

2.2. Experimental technique

The optical gain spectra were measured by the Hakki
and Paoli technique [13]. In [13] the modal gain spec-
trum G, (A) for a dominant mth transverse mode is
given by

1 1 VAN ~ 1
Gm()\)—“al—?- (IHR—m‘-I-In—\/W) (1)

where o4 is the distributed internal loss, { is the cav-
ity length, R,, is the mirror reflectivity and r(\) is
the maximum-to-minimum intensity ratio measured for
each neighbouring peak and valley in the laser emis-
sion spectrum at the wavelength A. Given ! and R,
the net gain, that is the difference G,.(\) — ¢, can be
obtained directly from (1). Usually, the internal optical
loss o is not known a priori. In BH lasers, o is sup-
posed to be determined by the light scattering on the

81



E A Avrutin et af

laser waveguide imperfections and by the free carrier
absorption, both mechanisms being weakly wavelength
dependent. It is clear from (1} that at the long wave-
length side of the emission spectrum, where the density
of states vanishes, the modal gain will tend to zero,
Gr(A) — 0, and the measured net gain value should
- tend t0 —cy. Besides, a specific feature of (1) is that
at the laser threshold, when r(A) — co at the emission
peak, the net gain peak will tend to the cavity loss:
Gm(X) — o — (1/1)In(1/R,,). Observation of the
gain saturation at the laser threshold is a good means
of testing the adequacy of experimental conditions when
the Hakki and Paoli technique is used. The measured
modal gain G, (A) can be transformed to the mate-
rial gain of the QW active layer g{A) with the optical
confinement factor I'p,: g(A) = Gn{2)/T'm. Gener-

ally, ', is 2 polarization- and wavelength-dependent
coefficient [14].

In the experiment the laser samples were pumped
by 100 ns current pulses at a 50 kHz repetition rate. The
sample heating during the current pulse was small, so
the spectral line chirping did not limit the resolution.
The average heating and the respective temperature
shift of the spectra were also negligible. The radiation
spectra were measured using a double monochromator
(resolution limit of 0.03nm), and a cooled GaAs pho-
tomultiplier. The laser emission was focused onto the
input slit of the monochromator with a 50-fold mag-
nification, so that the light emitted by the centre of
the spot on the laser mirror was registered, while the
light re-emitted in the GaAs substrate and cap layer
was not detected. The size of the objective lens aper-
ture was adjusted so as to be small enough to prevent
the light scattered in the laser waveguide from affecting
the registered spontaneous emission intensity [15]. In
addition, a polarizer was used to separate the TE and
T™ polarizations.

2.3. Experimental results

Figure 3 jllustrates a SCH SQW BH laser emission spec-
trum obtained at below-threshold pumping current. The
inset in figure 3 shows a fragment of the emission spee-
trum extended in the horizontal scale. The fringe pat-
tern is the result of constructive and destructive light
interference in the laser resonator. By measuring the
peak P(A) and valley VV(A) intensities throughout the
emission spectrum, one can get the interference function
r{A) = P(A)/V(2), which is then used to calculate
the gain spectrum by means of (1). This procedure was
applied wo the experimental TE and TM light emission
spectra to obtain the TE and TM gains. When we used
(1) to caiculate the net gain, we took the laser mirror
reflectivities to be RTF = (0.365 and R™ = 0.270 [14].

Figure 4 shows the experimental TE and ™ gain
spectra measured in a SCH SQW BH lascr at different
pumping currents below the laser threshold. The laser
cavity length was rather smali, { ~~ 65 pm, so the maxi-
mum net gain was as large as 150 cm™1, this value corre-
sponding to the cavity loss. Tb study the gain spectra in a
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Figure 3. Emission spectrum of the AlGaAs/GaAs scH
saw BH laser pumped below the threshold.

low gain range, it was more convenient to use a longer
cavity laser. Figure 5 demonstrates the gain spectra
measured in a laser with the cavity length { = 220 pm,
the comresponding cavity Joss being ~ 40cm™". The in-
ternal losses can be evaluated from the TE spectra of
figures 4 and 5 by measuring the zero gain level on the
long wavelength wings of the curves. From these data
the internal losses are o; ~ 20cm™~1 for a short-cavity
laser and o; = Scm~! for a long-cavity one. The dif-
ference in a; is likely to be due to casual variations in
the intensity of light scattering by the waveguide imper-
fections. The influence of the free-carrier absorption in
the Qw active layer on «; is expected to be small, since
its contribution to ¢ is scaled by the optical confine-
ment factor I';, ~ 0.03. As for the T™M gain spectra in
figures 4 and 5, they were not plotted sufficiently far
in the long wavelength region, because in this region
the light intensities were too small for an accurate gain
measurement. This precluded the determination of the
o; level in the case of ™ polarization.

The TE and T™ gains in figure 4 have a step-like
profile. The first step from the low photon energy side
was attributed to the onset of transitions from the first
electronic subband el. The second step corresponds to
the transition from the second subband e2.

For the interpretation of the experimental results,
the energy levels of the confined states in the conduc-
tion and valence bands were calculated using the fol-
lowing structure parameters: the QW size L, = 100 A,
the bandgap discontinuities at QW interfaces AE, =
150 meV and A E, = 100meV. The fine structure asso-
ciated with the heavy and light hole subbands involved
in the transitions is unresolved in the observed spectra.
Apparently, this is due to the smoothing, which results
from ihe intraband relaxation broadening. It should be
pointed out that the TE and TM gains in the el tran-
sition (long wavelength side of the spectra in figure 4)
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Figure 4. Expetimental TE and ™ net gain spectra at various injection currents. The

laser cavity length is 65 um thigh gain).

have nearly the same amplitudes at the given pumping.
These amplitudes are weakly dependent on the current.
Increase in the current results in an appreciable rise of
the gain at the short wavelength maximum associated
with the e2 transition. In this transition the TE gain
markedly dominates over the T™ one. The increase of
the TE gain in the €2 transition slows down at the laser
threshold Iy, = 16 mA, the peak net gain reaching the
cavity loss level. The T™M gain demonstrates a similar
behaviour.

Figure 5 demonstrates the gain behaviour in the el
transition in more detail. Here the TE and T™M gains,
having approximately the same amplitudes, increase
slightly with increasing pumping. The TE gain peak
becomes flatter, expanding up to the wavelength range,
which corresponds to the e2 transition. The T™ gain ex-
hibits a similar distortion but under higher pumping (see
figure 4). The TE gain curves from figure 5, recorded
with the best accuracy, manifest a weak red shift of the
long wavelength edge, which may be attributed to the
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bandgap shrinkage [12].

A characteristic feature of the spectra is a blue shift
of the short wavelength side of the gain curves. This
is associated with the band filling that oceurs with the
current increase. It is interesting to compare the po-
sitions of the short wavelength side of the TE and ™™
gain spectra at the same currents. One can see that
the TE and T™ curves cross the —c; level at the same
photon energy, which means that for both polarizations
the condition G = 0 is fulfilled at the same spectral
point. This coincidence should be expected if the gain
is described in terms of the model of direct optical
transitions with the same carrier temperatures in the
conduction and valence bands [16].

3. Theofetical model and results

To obtain a quantitative interpretation of the experi-
mental results, we have studied theoretically the gain
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Figure 5, Experimental T and T™ net gain spectra of the laser with a 220 um cavity

length {ow gain).



E A Avrutin et af

spectra for a QW with the parameters discussed above.
The model we used in the computations was a well-
known model of 2D momentum-conserving, relaxation-
broadened interband optical transitions. In this treat-
ment the material gain g, (fiw) for given light polariza-
tion v (v =TE or T™™) and photon energy ficw may be
written as

() = T 5 [ a8

ngmeeL,w
ﬁ u )Ja

[fe(e N+ fu(edy - ]
X L(hw — By — €& — eg”"‘)). @

Here, n.g is the effective refractive index and % stands
for a value of the wavevector para]Iel to the QW plane
The indices ¢ and j indicate the confined cenergy levels
of electrons and holes respectively. The hole subbands
are also assigned by the index o (o =1 for a light hole
and « = h for a heavy hole), the identification being

made at k = 0. The factor 852 (k) = ML) (k)/ME
accounts for the k dependence of the interband
matrix elements, My being the bulk value. Then, f.
and f, are the electron and hole Fermi functions,
Finally, £ is the joint spectral function of an electron—
hole pair introducing relaxation broadening of the ra-

Adndrean  dumrymm oS dd i croa PRy P

Uauve Uansinions. \‘VU lldVC l.ibi:u a SULPIC 1L Ul
L(ARw) = 1/ 7y xsec(Ahw/~) [12] as a first approx-
imation to a more complicated form computed numeri-
cally in [17, 18]. The carrier density-dependent bandgap
is given by E; = Egg AEg, where Ey is the bandgap

Nt Ao mmeiae Aawnibr TanemAnnm olheimles cn

Al LGV Lallicl UUIIDIL)’ J.llU Udl].ugd.y DlullleU h l.ll.'
troduced as AE = —-ERydau/RD [12], where ERyd’
ay and Rp are the excitonic Rydberg energy, excitonic
radius and Debye screening length respectively. The
total electron and hole energies, ) and e(J ) which
eiiter K"J as the argumients of the Je, Jh and £ func-
tions, consist of two terms: et = Eg‘) + AY (k) and
) = U 4 AP(k). Here, EY and EU
are the electron and hole energies at zero &, that is
the cnergy level positions. The terms Ae.y(k) are the
momentum-dependent parts of the carrier energy.

A detailed form of the %k dependences of Ae. (k)
(electron and hole dispersion laws), as well as the ex-
act values of ES, Eflj ), depend on the details of the
theoretical model used, especially on the way the band
mixing and the finite well barrier height are taken into
account. We have assumed a simple parabolic disper-
sion law Ae, = %2k?/2m, for electrons in a QW and an
isotropic Luttinger model for the holes [19]. Here, the
values of E¢? and EY® are not affected by the band
mixing at all. On the contrary, the hole dispersion law
is considerably changed by the band mixing but does

not seem to depend too strongly on the barrier height, '

as Jong as the levels remain sufficiently deep. We there-
fore found it possible to calculate the EY) ang E(" '
energy level positions neglecting the band mixing. It

was introduced only into computations of Ael"®)(k)
that were performed within the model of an infinitely

84

104
E
] hh2 th1 hh1

6

s ]

Led .

\:. 4_5

ird E\‘“"'-_._.-/
23
O- i ] ] LI L L 1] L T T T L i L) 1] T I i T T T T T 7 I !
0. 1.0 2.0 3.0

ki, /m

Figure 6. Calculated dispersion curves for three lowest
hole subbands in an infinite well computed for the aw size

L, = 100 A; k is the wavevector parallel to the aw plane.
The hole energies are normalized by £y, 8. by the hale
energy in the first heavy subband at & = 0.

deep well [7,19]. The values obtained were then used

FE R

to calculate pf g)a("" ) by means of the analytical formu-
lae derived in {19]. The results are plotted in figure 6
(hole dispersion law for an infinitely deep well} and
figure 7 (matrix elements). A strong non-parabolicity
of the valence band structure is seen in figure 6 with
a region of negative effective mass in the Ihi subband.
This results in a spike in the density of states. As seen
in figure 7, the matrix elements corresponding to the
transitions between the electron and hole subbands with
different numbers are non-zero at k 9’: 0. Some matrix

By sam b i e wm e b sen 11y th 1. Aanacoie

U]C.IHGILLB bUhﬂ\v’C ,l].U.ll.'ll.].Ul.l.Ul.Ul].l.L-a.“}" 'VVJ.I.II. fuy uomyuts lU
zeto at large k values instead of the growth expected
in the model of [4].

Figure 8 presents materjal gain spectra for both po-
larizations computed at a fixed carrier density (N =

D —_— 0 e 1n18 ra=3Y with and withant ralavarian henad
A Ll T VR AUl WILLIVUL [eidaaivil vivau-

ening. It gives an insight into the contribution of tran-
sitions from different carrier subbands to the optical
gain. A sharp spike observed in the gain curves is due
to a spike in the density of states. But the relaxation

broadening smooths down the sharp peaks in the gain

spectra in figure & (broken curves). This figure also
demonstrates a considerable difference in the TE and
T™M gain amplitudes in the high photon energy region
corresponding to transitions from the €2 electron sub-
band.

Figure 9 presents theoretical modal gains computed
for different carrier densities. The relaxation broaden-
ing parameter was chosen to be v = 12meV to obtain
the best fitting of the calculated and measured spectral
profiles. As the gain spectra are broad, the wavelength-
dependent optical confinement factors I'rg and I'py
were used to conmvert the material gain into a modal
one. The calculated values of I'tg and I'ry appeared to
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be close, and ranged from 0.036 at the long wavelength
side of the spectrum to 0.042 at the short wavelength
side. The profile of the modal gains was found to be

appreciably affected by the I" factor dispersion.

As can be seen from figure S, only transitions from
the el level are important at a Jow carrier concentration.
The gain spectra exhibit only one maximum, the peak
values of Grg and Gry being close. As the carrier
density is increased and higher-energy electron states
become occupied, another peak is built up gradually at
the high photon-energy wing of the spectrum. This peak
is formed by transitions from the e2 subband. At a still
higher carrier concentration it becomes dominant. The
value of Grg at this peak is considerably larger than
G'rm, while the values at the low-energy (first-level) step
remain close.

The polarization features of the calculated gain spec-
tra may be explained semi-quantitatively in terms of
the band mixing. For this, let us consider figures 6, 7
and 8, keeping in mind that with increasing photon

" energy fws, different transitions are switched on at

hw = E, + ED 4 Eff ). For small photon energies,
when only the el-hhl transition forms the gain, the ™™
matrix element is close to zero (figure 7), so the TE
polarization dominates. At higher Aw, the el-hhi tran-
sitions are still active, but the onset of the ei—thl transi-
tions makes the TE and T™ gains approximately identical
in amplitude. This identity holds for a considerable fw
range, because at high & the band mixing reduces the
difference between the TE and TM matrix elements for
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all the transitions. Note that the relaxation broadening
partially smooths down the difference between the TE
and TM gains in a small photon energy range, below
the onset of the el-lh1 transition. The characteristic &
value necessary for the band-mixing effect to be sub-
stantial is defined by the equation k%/¢* ~ my/mu
[19] (q is the wavevector normal to the QW plane). In
a spectral range corresponding to the transitions from
the 2 subband, the el transitions form a gain plateau
of approximately the same height for the two polar-
izations. It is onto this plateau that the gain caused
by the e2 transitions is superimposed. For the carrier
densities of interest, only the bottom of the e2 sub-
band is occupied, determining a comparatively small &
range available for the recombining carriers. As can be
seen from the bottom of figure 7, for such & values the
TM mairix elements are practically zero, except for the
e2-1h2 transition, which works at fairly high photon en-
ergies, so it contributes to the gain only at the spectral
edge. This is the reason why the TE polarization dom-
inates in the high photon energy region (see figures 8

nm A DN
dliu :7).

4. Discussion

When comparing the experimental and theoretical gain
spectra presented in figures 4 and 9, it might be more
convenient {0 us¢ pumping currént as a common pa-
rameter for the two sets of curves. For this, the carrier
concentration N (which is the parameter for the calcu-
lated gain spectra) could be converted to the pumping
current with the expression I = eR(N)L.wl, where
L., w and [ are the Qw size, stripe width and cav-
ity length respectively. The spontancous emission rate
ER(N) can be calculated using the carrier dispersion
from figure 6 and the matrix elements from figure 7.
We have calculated the current which should give a cer-
tain experimental gain amplitude. Unfortunately, this
value has proved to be much lower than the experimen-
tal current value for the same gain. This means that
in the experiment there is some excess current in the
QW laser structure, which is generally associated with

the non-radiative recombination at the QW interfaces
[20] and with the carrier recombination in the wave-
guide layers [21]. For the same reason, the measured
threshold current of Qw lasers is in most cases higher
than the calculated one [22]. So, we shall consider the
theoretical gain calculated at different carrier concen-
trations and compare the experimental and theoretical
profiles for approximately equal peak gain amplitudes.
It should be pointed out that the theoretical model used
in this study contains no fitting parameters, except for
the relaxation broadening emergy -v. This parameter
was chosen to be v ~ 12meV for the best fit with the
experimental results.

It is evident from the comparison of figures 4 and
9 that some features of the experimental spectra can
be well explained by the theory In particu]ar, at low
anIUu energy COn‘ESpGnumg to transitions from e el
subband, the amplitudes of the TE and T™M gains are
similar when compared at the same pumping currents
(figure 4) or at the same carrier concentrations (fig-
ure 9). At a high photon energy, where the transition

tha A7 anhhaonAd sucénhan An tha T2 raim 6 hinchar
uuul Lli\/ L SUDUALM OSVYLLVALAAD WLy e L Ball.l 1> lusu\u

than the T™™ one. This is the case for both experimental
and theoretical curves. The spectral position of the steps
and the overall width of the gain spectra in figures 4
and 9 are also in reasonable agreement. However, con-

eidarahla Aierronancise ramain in cnma nf the dataile
DLW L AL “mh‘yyull‘-’k‘-‘h’ AVWBIAGALEL FIL OVWEMW WA LAWY W RALIGE

The most important one is that the experimental gain
in the el transition clearly saturates with the increase of
pumping, which is much less pronounced in the calcu-
lated gain. A sirmilar gain saturation in the el transition

ywwao nhearuad sarliar in [Tl The evicting dicaorsament

was observed earlier in [10]. The existing disagreement
would be difficult to remove by using simple radiative
transition models. .

Indeed, at any reasonable carrier density, the holes
would never reach a complete degeneracy. Therefore,
the energy distribution function £ in (2) will increase
greatly with N, providing a gain increase in the entire
spectrum. Obviously, the same result can be expected
from a model neglecting the momentum-conservation
law. Actually, no more detailed treatment of the band
mixing in QW would be helpful in explaining the ob-
served pain saturation. On the other hand, the theoret-
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Figure 9. Calculated TE and ™M modal gain spectra at various injected carrier densities.
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ically predicted gain rise might be practically damped
out by the increased free carrier absorption. But this
assumption has not been proved by the experimental
data in figure 4, where the loss level —o; is clearly
independent of the carrier density.

We believe that the observed pain behaviour can
be qualitatively explained in the following way. Due
to a comparatively small depth of the Qw under con-
sideration, a considerable carrier leakage in the barrier
(waveguidc) layers may take place under high pumping.
If this 1s the case, the condition of the well neutrality

SAnad A AL RGaRsy AL RASRIRSALAY Wi Laah wie AALASLIGLILY

(N = P) will be violated and the well bottom will
not be flat, leading to transformation of the electron
and hole wavefunctions and to a decrease of the ma-
trix elements and, hence, of the gain [23]. This effect
will be most significant at low photon energies, where
the gain is formed by radiative transitions between the
carrier states closest to the well bottom and increases
with increasing pumping. Unfortunately, a quantita-
tive treatment of such phenomena requires a far more
complicated model with many-body effects taken into
account.

5. Summary

The TE and T™ optical gain spectra have been stud-
ied carefully in AlGaAs/GaAs sqw diode lasers at
300K. A comparison has been made of the experimen-
tal gain spectra with those calculated in the framework
of the most reliable model of direct transitions with the
band mixing, including the relaxation broadening and
bandgap shrinkage. In the Jow photon energy range
corresponding to the transitions from the el subband,

tha avnarimantal ™0 and ™4 aaine h v atal
HtS] mp\fﬂulvutal TE anag T™ salua nave apprUXAmau.«iy

the same amplitudes, which is due to the band mix-
ing equalizing the TE and T™M matrix elements. On the
other hand, at higher photon enetgies the transitions
from the e2Z subband contribute primarily to the TE
gain._ In the pwnpﬁmenf the amn increase in the el

transition cIearly slows down w1th increasing pumping.
This gain behaviour cannot be adequately explained by
the available theoretical models. A qualitative interpre-
tation of this phenomenon has been suggested, taking
into account the carrier leakage effect which distorts
the charge neutrality and carrier wavefunctions in Qw.

TE and ™™ optical gains in AlGaAs/GaAs
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