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ENERGY STATES AND TYPE OF (GaAs),/(AlAs),,
SHORT-PERIOD SUPERLATTICES

A.L.Bercha, R.Bogdan, K.Glukhov

Uzhhorod National University, Voloshina St. 54, Uzhhorod 88000, Ukraine

The possibility of the short-period (GaAs),/(AlAs), superlattices properties descrip-
tion in the envelope function approximation with diagonal boundary conditions is
considered. Within the framework of this model the explanation of experimentally
observable influence of the superlattice layers thickness on its type is obtained. The
influence of boundary conditions and the presence of the guantum well bottom de-

feet on a minizone spectrum is analyzed.

As it is known, the composite superlat-
tices (SLs) (GaAs)./(AlAs), with layer
thickness greater than 12 monolavers of bulk
material, belong to direet gap or the 1-st
type, while SLs with layers thickness less
then 12 usually belong to indirect gap or the
2-nd type. Nevertheless as it was shown in
the work [1], the reduction of barriers thick-
ness in asymmetrical GaAs/AlAs SLs makes
them direct-gap.

The main aim of the present work was
an explanation of the reasons of the direct-
gap character of the short-period asymmetri-
cal GaAs/AlAs SLs, grown in a [100] direc-
tion, Photoluminescence spectra (PL) which
ware obtained experimentally [1] show the
presence of the phonon satellites for sym-
metrical samples and their absence for
asymmetrical ones. This as well as consid-
eration of the lux-intensity characteristics
and intensity dependences on the excitation
level depicted for SLs 10/10 and 10/5 in
Fig.1 [2,3], leads us to conclusion that
asymmetrical SLs are direct-gap (or the 1-st
type), and symmetrical ones are indirect-gap
(or the 2-nd type). The presence of gain ob-
tamed for the sample 6/3 [2,3] (see Fig.2)
appears as an indirect confirmation of the
above-stated.

To obtain a SL's minizone spectrum we
have employed the envelope function ap-
proximation - one of the most convenient
methods for superlattices description. The
method is based on the effective mass ap-
proximation which was introduced by
I.Luttinger and W.Kohn [4], that is why the
consideration is conducted in continuum ap-
proximation and the bulk effective masses
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act as parameters of the materials. The va-
lidity of such short-period heterostructures
description was theoretically proved by

Foreman [5-7].
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Fig. | Photoluminescence spectra of GaAs/AlAs for
different excitation intensity [2.3].

For the mathematical description of SL
in the method two functions are used: the
envelope and its first derivative, which are
connected on the interface by the certain
boundary conditions. No matter of various
possible kinds of boundary conditions exis-
tence from the phenomenoclogical point of
view, all of them should satisfy the require-
ment of the flux conservation through the

interface.



HaykoBuii BicHuk Ykropoacekoro yHiBepcutety. Cepis @izuka. Bunyck 8. Yactuna 1. — 2000

& B Spaniapecus PL
—m— B Sheuized PL

~

190l e
f Y 1 eAiem
/ L

o
f wr ¥ -
! = '
.:_r“_. “\1!;.._‘1.

'r’,r" """-;::‘-1.
GaAsAlAs, 673 manolayers L

T=B0K

' L il i
-] 1.0 190 1492 1§

84 Gain Spectia
Gassinlas, B3 monolavers
1 T=mox LA

o L saem

P Y R
a L. W m#...fr,r'f
]

-1 M .

e

S i
122 180

b, eV

Fig. 2 Spectra of spontaneous and stimulated emission
and optical gain in 6/3 3L,

In our work we used boundary condi-
tions introduced by Ivchenko and Pikus [8]:

mi'w, (2)= miy,(z)
s (1)

a
2y)=m;

m —E‘Wz{z)’
oz

where o is variable adjusting parameter. As it
was shown by Ando et @l [9], the value of «
varies in the range [-'/2,0], that responds to
continuous transition from boundary condi-
tions introduced by Bastard [10] to Kronig-
Penny model. In the present work we used
the formalism of the transition matrices (or
the interface matrices) offered by Ando et al.
[11]. that allows us to carry out calculations
in more convenient form. In this notation the
boundary conditions (1} take the form:

i

irwj]E‘Tzl _{'ﬁ"’rt]; s m, 5 . (2)
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=
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where @, =a, — ha—wr.,_ and g, My, By are
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free electron mass and the effective masses
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in the materials 1 and 2, respectively. ayp is
lattice constant, The condition of a flux con-
servation looks like:

detT,, =1. (3

This takes place for the boundary condi-
tions (1} with evidence.
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Fig. 3 Simple mode] of 8L's bands edge profile

The change of the pair (W‘ }at transition
through layers can be described [12] by ma-
trices:

JEge ™
(}:{ cus{k_,z) *-;f—sm(sz)]

Tz
Lkw sin(ﬁclpz)
1 )
chik,z) - 3 shik,z) J

cgs(ﬁ:wz] J “

i
Tb (Z:J = B
—k,sh(k,z)  chlk,z)
for wells and barriers, accordingly. Here &,
and kj are wave vectors in well and barrier.
Using the Bloch theorem and taking into
account the above considerations, for the
simple structure shown in Fig. 3, we have the
following:

1 W
[:;j }'SM =1 {5' )Tm T (“Ez [z;: ] (5)
or
MI=M, M=T,ONL6E ©
Hence we obtain:
2cos(kd) = Sp(M ) (7)

After simplification this gives the equation,
numerical solution of which allows the SL
minizone spectrum to be obtained:



Uzhhorod University Scientific Herald. Series Plegsissue 8. Part 1. — 2000

cos(kd) = cos(k,a)ch{k,b)+ %IH — R Jsin(k,a)sh(k,b)

K\ my

Having these equations numerically
solved, we obtained minizone spectra of the
SLs. In Fig. 4 the results and their comparison
with experimental data are submitted. One can
see, that the obtained results demonstrate both
qualitative and quantitative agreement with
experimental data: so for symunetrical SLs, it is
possible to adjust such values of a, that the X-
states appear to be lower than the T-states, this
means that such SLs are indirect-gap, what
corresponds to the experiment. At the same
time asymmetrical SLs for all values of o re-
main the direct-gap ones. Not only qualitative,
but also guantitative conformity is present
here, so for SL 10/10 it was possible to adjust
two parameters simultaneously: they are posi-
tions of intensity maxima for I'e-lyg and XUy
transitions.

Despite the good agreement, the validity
of such approach, when only diagonal ele-
ments of the interface matrix are taken into
account, remains unclear. So the question
arises: is it possible to reach the same results
by introducing in the transition matrix an
off-diagonal element tz;? In this case the tran-
sitipn matrix 18 written as
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Fig. 4 Calculated minizone energy states dependences
on the boundary conditions.

Having carried out calculations, similar
to those as in the previous case, we shall
come to following dispersion equation:

cos{kd ) = cos(k,a)chlk,b)+ [EE—TM bt cos(k,a)shlk,b)+

] 1

1 SEN o
= {[g—:] ";Tl sin(k,a)ch(k,b)+ z—j i sin(k,a)sh(k,b)+

+[R —R"]sin(kla)sh{k;b)}

Minizones edge dependences on f; at
various « for SLs 10/10 and 10/5 obtained
from (10) demonstrate that the qualitative
agreement is preserved and the gquantitative

1

(10)

deviations grow with t;; increase. Hence, at
any o the quantitative agreement of the ob-
tained energy intervals for transitions between
I'., X. and Iy, states with experimental values
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1s worsened, though in the certain range of ty;
variation the qualitative conformity concern-
ing the 5L type 1s preserved. From here it
follows that the above described method with
the diagonal boundary conditions (1} can be
used for the short-period SLs description,

Taking into account that experimental data AT @ A, Simul AR |t [AE Y1
are obtained in real samples, which can contain ; g R
defects and internal strains, we have consid- R !
gred an opportunity of quantum well bottom J AE, I
& Inh

defect influence (the model is depicted in Fig.
5) on a minizone spectrum. Having con-
structed complete transition matrix through . : :
such structure with subsequent its simplifica- g::%c; i?la:ﬁf:af:ifi : Eﬁ?fm‘iﬁ}“ in the model Witk
tion, we come to the dispersion equation: :

GaAs AlAs Gads AlAs GaAs

cos(ks) = F(E)

F(E)= {k - & Jin(2gd)sin (60 - @)+ [R, ~ B oosaasim(2(1 - a)+

+[R, - ;' Jsin(2¢d)oos® (24 (1 - @ )))shigb)+ %[R, - & bsin(224)sin(2k(f - 2))ch(gh) +
+cos(2¢d Yeos(2k (! - d ))ch{gh)
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Fig, 6 Minizone energy dependence on defect width when its depth is ~1% of barrier’s height for 10/5 and 10/10. SLs
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EHEPTETUYHI CTAHH I TUII
KOPOTKONEPIOJMYHUX HAJITPATOK (GaAs),/(AlAs),,

A.L.bepua, P.boraan, K.I'1yxos

ViKropoaceKuit HamioHANEHII yHiBepcHTeT, BYA. Bomomura, 54, YVikropoa 88000

PosrmaHyTe MOXUIHEICTE ONMCY BIACTHBOCTEN KOPOTKOMEPIOAMYHWX HAACPATOR
(GaAs),(ALAS), meromom obeimsol QwHELl 2 DiarOHANBHEMM  FPAHWMHHAMM
yMopamH. B pamiax wie] Moieni oTpHMaHO NOACHEHHS BILMMBY TORIMHHN mapiz
HAITPATEN HA 1T THO, L0 COOCTEPIrASTRCA CHCHCPHMEeHTANLHO. TIpoananiiosado
BOTHE FPAHHYHEX YMOB | BaAsHOCTL fedekTy NH2 KRanToBOY AMH Ha MiHi30HHER
COEKTR.
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