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We sludy long-wavelength polar aplical modes al semiconductor interfaces of the GaAs/AlxGa(1_x)As system and take into aceounl the
intlucnce of the Al concentratian. We have considered two cases in which the interface is kcpt eithcr al a variable or al a fixed electrostatic
potenliaL Thc spectrum of cxcitations then shows existence of localizcd aod resonan! modes dcpending on the conccntration of Al. For the
case of a tixco electrostatic potential (rnetallized interface), the appearnnce of a new interface mode hesides the resonant one, is found fm
ceflain ranges of the concentration x.

Keywords: Polar optical phonons; semiconducting interfaces

Se presenta el estudio de los modos de oscilación ópticos polares de longitud de onda larga en ¡ntercaras semiconductoras del sistema
GnAs/Al.rGa(l_:l')As, teniendo en cuenta especialmente la influencin del valor de la concentracion de Al. Se consideran dos situaciones
diferentes: en una se mantiene la intercara con el potencial electrostático variable, mientras que en la otra se considera que este potencial
es fijo (¡ntercara metalizada). El análisis del espectro de oscilaciones indica la existencia de modos localizados y de modos resonantes,
dependiendo de la concentración de Al. Para el caso de la intereara metalizada, se detecta la aparición de un nuevo modo de intereara más
allá del modo resonante, cuando la concentración x toma valores en un rango determinado.

DeJcriptort:'J: Fonones ópticos polares; intercaras semiconduetoras

PAes: 63.20.-e; 68.45.K

I. Introduction

During the last few ycars, there has been a growing inler-
est in the study 01' the phonon properties in semiconduct-
ing nanostructures, mainly those concerning to long wavc-
length polar optical oscillations. Diffcrent approaches have
been presentcd in order to give an appropriate phenomeno-
logical description 01'polar optical phonons in the long wavc-
Icngth limit [1, 4}. In that sccnario, several results have been
reponed in Ihe cases 01' layered structures [5,91, quantum
wires [10, 12] and quantum dots [13]. A model including the
full cOllpling hetween the mechanical and electrical interac-
tions ano satisfying the mechanical and elcctrical houndary
conditions has heen put forward [2) and applied to the study
of lang-\vavelength polar optical modes in GaAs-bascd hct-
crostructures [5, 7J. Thc results thus ohtaincd agree remark-
ahly wcll with microscopic ab il/itio calculations {l4,15J.
This model has also heen applied recently to Ihe study of the
spectrum of the polar optical modes 01' GaAs surfaces and
Ga.rAI(I_x)As interfaces [91.

In Re!'. 9, localized and resonant modes were found 1'01'

the case af free surfaces. \Vhen assuming a metallizcd sur-
raee, thus modifying the clectrostatic houndary conditions,
the localized mode is almost unaffected while lhe reSOl/ant

mode disappcars, thus cvidcncing a strong electroslatic char-
acter.

In the case of an interface, where only resol/mil modes ex-
ist, these modes are also affected when the interface is metal-
lizcd, thus also manifesting its strong electrostatic character.
This e'plains why a dieleetric model (see, e.g., ReL 16) sue-
cessfully accounts for the interface modes found in quantum
well systems. In quantum wells the modes having predomi-
nantly electrical character can be identified with the iflleiface
modes [171. As we have secn for just one interface only one
such modc is ohtained. Whcn a symmetrical quantum well is
formed the two degenerate modes corresponding to the two
interfaces split into (wo interfaces modes of opposite parities.
The identification of the ime1tace modes as predominantly
electrostatic is also relevant for the theory of electron-phonon
intcraction in hetcrostructures when polar optical modes are
involvcd. Since the mcasurc of this interactions is erp a de-
tailcd analysis suggesls that this interaction shoulo be domi-
nated hy ¡IItelfaee modes [18J.

ft would hc intercsting lo study the effects of the
Al concentration in the tcrnary compotlnd on the po-
lar optical modcs ol" AlxGa(l_x)As free surfaces and
GaAs/AlxGa(l_x)As interfaces. Because in the spirit ofthe
tH'o-nlOdesmodel [19] the longitudinal and transverse thresh-
olds will vary wilh the concentration :r, in such a way that the
longitudinal threshold of the ternary compound will cross the
transverse threshold oí' pure GaAs, the question is if some im-
portant cfí'cct on the interface modes found in [9] can be ex-
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2. Theoretical and practical aspects of the
rnodel

peeted. Thus, lhe aim of this paper is lo investigale the polar
optieal oscillation speelrum in a GaAs/AlrG'(l_,¡As single
hetcrostructure. aod 10 determine the inftuence of x on it.

A brief reminder of lhe basie theorelie.J .speels and
numerie.1 values of lhe parameters employed in lhe phe-
nomenologieal model are presenled in See. 2. [n See. 3 we
prescnl the results and conclusions coming out from OUT cal-
culations.

Thc model lo be used hcrc is a rnacroscopic continuum ane
which assurncs the lcrnary alloy as a thrce-dimensional sys-
tcm with translational invariancc. This fact, which is com-
mon in the study of the clcctronic slructurc in those ma-
lerials h.s also been assumed in the long wavelength phe-
nomcnological diclcctric continuum model that has beco
widely applied 10 lhe deseriplion of the polar oplieal phonon
modes and lo lhe study of the clcctron-phonon interaction in
GaAs/AI,Ga(l_,¡As heleroslruetures, and it is possible lo
mentian a large numbcr of papers devoted lo its development
and applieations in those syslems [20-26].

Lel us considcr a rncdium whcre u(rlt) is the displace-
menl and ",,(r, t) is lhe sealar pOlential assoeiated wilh lhe
eleelrie field E = - \7"". \Ve have a meehanie.1 equation of
mOlion for u whieh is of lhe form [2]

The non-relarded ¡¡mit (e -> 00) is eonsidered, whieh is fully
justificd for the situation under study.

For an isotropic bulk homogeneous medium it is possiblc
10obtain independent equalions fm lIL and liT and lhis yields
al once lhe longiludinal and lransverse modes with disper-
sion relations w2 = w2 - /32k2 and w2 = w2 - /32k2L LO L T TO T

respectively, where k is the 3D wavevector and w~o =
w;'o('o/'oo).

However, our eoneero is lO sludy the malehing of differ-
ent media at aninterface: Let discuss one interface which we
take as the plane z = O. First, we Fourier-transform in the
2D plane of the interface, so that the w-dependent vibration
amplitudes are of the form

(5)U(p, z) = exp(it< . p)u(z),

where K, pare 2D vectors (wavevector and position, respec-
lively).

\Ve proeeed likewise for "" and eoneentrate on u(z) and
",,(z). These are (w, t<)-dependenl quantilies for whieh, .fter
2D Fourier lransform, we have (w, t<)-dependenl differential
equations in the independent variable Z. One interesting re-
sult arising from lhe modcl is lhal the eoupled oseillalion
modes have mixed polarizations as it was discussed in Ref.
8 for lhe case of a double heleroslruelure. This me.ns that,
for f'{ -=f O the coupled modes are neither longitudinal nor
transversal. hUIwith hoth characters al the same time. Sorne
modes are predominanlly longitudinal and olher modes are
predominantly transvcrsal. The ol1ly case in which the cou-
pled modes have purely longitudinal or transversal character
is when f'{ = O.

The matching houndary conditions were obtained in Ref.
2, and for the single interface lhey are, in lhe variable z,

(1)

p(w2-w;.o)u + \7. T - 0\7"" = O,

2 w;.op( fO - foo)
O' = .

4"
The harmonic oscillator pan is contained in the first termo
The sccond tenn has the nature of a dispersive mechanical
term and for an isotropic mcdium is of the fmm

where \7i = O/DI; and /3L and /3T are adjustable malerial
paramelers. The sign of (2) is opposile to lhe usual one for
acoustic wavcs on account of the negative dispersion of the
opticalmodes. The third term measures the effect of the cou-
pling betwecn the II and '-Pfields on the equation of motion for
\1. Simultancously we have a Poisson cquation for l{J which
reads

On evaluating these expressions at z = :f:O we must take into
aeeounl lhe differenl values of /3L, /3r, '00 and o on bOlh
sides of the interface.

\Ve have four amplitudes (Hz 1 uy• Uz, r.p). foUTcoupled
second order linear differenlial cqualions and cight matching
houndary eonditions. As in lhe study of piezoeleelric surface
or interface waves it proves convenient to define a tetrafteld,

(6)

/lj(+O) = 1Ij(-0),

",,(+0) = ",,(-O),
T,j(+O) = T,j(-O),

d""
(00 -¡ - 41rO'uz = continuous.( z

(3)

wherc L is a 4x4 differenlial matrix which can be rcad-
ily writlen do\Vn cxplicilly. Upon 2D Fourier transform L

which has Illechanical and eleclrical components and to con-
dense lhe syslem (1), (3) in lhe form

The physieal meaning of lhe above equation is th'l "" is ere-
aled hy lhe polarizalion eharge p, = \7. P of the polarization
field given hy

foo - 1 too - 1
P= (lU + ---E = (HI - ---\7". (4).1" 4"

The term on the r.h.s. of (3) measures the effect al' the cou-
pling hctwccn the '-Pand 11 fields 011the field equation for r.p.

L. F =0,

(7)

(8)
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depends on ti- (w-depenJcnce unJerstood every\\'here) anJ
l'olltains Ihe dilferenl ial operator d/d::. A convenicnt lcch-
nique rOl"solving this prohlem is lhe Surface Oreen Function
Malching: (SOFivl) lllelhoJ !27J, which, for the case we are
inlcrested on. was applied in Rer. 9. In the SOFM melh0d.
lhe key elt:lllent is lhe surface projection of lhe Orcen func-
¡ion of the system ~;.~.The eingevalues w(K.) of lhe problcm
can be oblained I"mm a procedure in which \ve calculatc from
~;.~the ti-resolved local Jensity 01' states at :; = O [27];

.v,(w, ») = _.!:. lim 1m Tr 9,(w + ió, »). (9)
7T e-+oc

The eigen\'allles ú...'(K) are then lhe frequencies at which lhe
peaks in lhe dellsil)' 01" states ./Vs appear. This procedure is
ver)' nlllvenient. cspccially when resonant modes can exisl.
Such reSOllant modes will appear as LOI"entzian peaks slIpcr-
illlposed 011 l!le conlinulIl11 ofhulk scatlering slates in the den-
sit)' of sl;¡(cs.

Analogously 10 (he piezoclectric case [27.28] \Ve shall
also cOllsiJ¡,;r lh¡,; situation in which the interface is coaled by
an infini(csimally lhin Illetallic Iayer (mctallized interface),
\\'hich serves to ground lhat interface. thus keeping it at a con-
slant potential while not appreciahly affecting the mechani-
cal vihrations [2D. 311. ror the houndary t"onditions, instead
01' having Ihe set"OIH.1cquality 01' Eq. (7). the two indepen-
tlont oqllalitios <;(+0) = O amI <;( -O) = ';'0 aro imposotl: ';'0
heing an arhilrary conslan!. The rules ofthe electrostatics are
always obeyed, bllt the t"onditions at the interface are no\\' dif-
I"erenl. Since (hcre is ah\'ays an inhel"enlly arhitrary additive
constant in the eleclrostalic potenlial. the results in the cnd
canllol depend on ';."0. In fact. the inclusion 01' this new con-
ditioll does nol alTecl Ihe dynamical analysis hecause it does
not inlroduce any depcndencc on (w.ti). In this case, the pro-
jcction nI' 111(:Green fUllctioll 01' the systcm can he ohtained
["mm the equalion

AI7Ga(1_.r)As can be describeo in the nro-mode mOllel. \Ve
shall atlopt ¡his viowpoin!. lt thon follows thal if we sllldy
lhe matching (o OaAs v.'e must assign to the ternary alloy the
\'alues 01' Ihe fn:qucncies for the LO and TO modes founo
exporimontally ror lhe GaAs-like modes in Ihis alloy [191

WLO.G.A.(.r) = 292.37 - 52.831' + 14.4ü2•

WTO,"'A.(.r) = 268.,,0 - ;;.16.r - 9.36.1''. (12)

(Here and henccforth w is always given in cm-1).

As it is discllssed in Rcfs. 33 and 34 f3L and ¡3T are given
hy Ij~ = (Al + '\2)/1' and ¡J~ = Al/p, where l' is lhe
mJSS dellsity 01' Ihe hulk malerial and ,Al and .\1 are two in-
dependent phenolllellological parameters descrihing a fourth
rank tensor associated lo the claSlic properties nI' lhe lllediulll.
This tensor appcars in Ihe lerm corresponding to the inter-
nal slresses in the Lagrangian density 01' the system; from
which Eqs. (1)-(3) are derived [4, 5J. Al antl '\2 are ohtained
fmm the curvalurc 01' (he phonon dispersion rclation near
h' = O [2.8. 33J.

Thc ¡3¡, aud ¡JI' paramcters are no! usually reported in the
lilerature and Ihey are not known for the different types of
modes in alloY5. \Ve have estimated their values for the pure
matcrials (.1' = 0,.1' = 1) from lhe experimental curves of
Rd.19.

\Ve h:we also made Ihe following assumplion; For very
low (high) eoncontrations 01' Al, that is for.r '" O(.r '" 1),
we lake dispcrsion la\vs with /3 = O for lhe AIAs(GaAsHikc
l11odes, This assumption rclies on the fact that fm Ihese sit-
uations lhe at0l115 in question are isolated and lheir phollon
hranches musl he l1a!. rOl' a givcn concentration .r, \Ve per-
fonn a linear interpolation hetv.'een the valucs ror .r = O anJ
.1' = 1. \Vilh ú,..' in 1"1ll-1• ¡~is dimensionless and we ohtain

HoweWL this type 01" interpolalion woulJ nol \\"ork 1'01"
WL(j. WTO• ¡-JI. ami j-JT. II h~~..•heen strongly argued on the ba-
sis 01' experimcntal evidence llDJ Ihat the ternary compolllH.1

¡(r) = ;;.36 -1.60.r, (c.g.s.);

'0('1') = 1;1.l8-;1.l~.1', (e.s.ll.):

,~(.I') = J().89-~.7;lJ', (e.s.ll.). (11)

where :F,\1 ami :Fl~' denote the lIlechanical ano eleclrostatic
projections 01' lile non-metallized ys-l, and \'0 is a constanl
valuc relaleJ lo Ihe lixeJ potential; lhus, tlle arhitrariness 01'
yO is lransfcrred to iI.

Sincc w(: havc sludieJ GaAs/AI.lOa(l_r)As systellls.
SOIllCwords abollt Ihe lilling procedurc employed to estimate
(he input parameters are in oroer. The mass densily and lhe
hackgrollno dielectric conslants wcre oblained from a linear
inlcrpolatioll 01' the valuc for lhe pure materials-AIAs and
GaAs-according to Ihe exprcsions [32]

3. Reslllts alJ(l CIlIlc!llsiollS

( 13)

.) l')
¡',:.""",(.r) = ~91(1 - .r)lO- -,

11.;'.0 • ..(.1') = 3.12(1 - .r)IO-I'.

It is ohvious lhal tbis interpolation procedure is not the
only ont: which can be conceived. As it Wi1S reponed in ReL
4. lhe values 01' {hese parameters do not significantly modify
rhe results coming out fmm our calculations,

\Ve discuss nex.t lhe n:sults ohtaineJ with lhe model ahoye
cOllsidcrcJ, A smnll imaginary part equal to 10-6 cm-l was
added to w .. in order 10 adscrihe the local modes to very nar-
row peak,..; which are showll instead of the ideal 6-functions.
Repcating ¡he calculatiolls 1'01'differcllt values 01" ;f in the
GaAs/AI.rGa(l_r)As syslelll. \ve have ohserved the concell-
tration 01' Allo have ccrtain inlluence on the interface modes
previously obti.lined in ReL 9: Ihe resonant interface modc
and the localizcd interface mode. Even when hOlh kinds nI'

:F C-I:F ],\I'J, . E . (10)
\0[

F ('-I:F('.-I( '1)= .,\1' J., . ,\1J~ 111\, _ ()

Rf'I', A/cx. Fú, 45 ( 1) ( 1l)l)9) .'-l-40
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FIGURE l. LDOS fm thc rcsonant modc in a nOI1-mctallizcd lIltcr-
faec for l' from 0.9 to 0.5. Curvcs. from hit to right. corrcspond to
decrcasing valucs 01' Al concentration with stcp 6..r := 0.05.

modes have. at lhe same time. elCClrical ami mcchanical na-
lurc, the so-callco resonanl moJe hcars a vcry slrong elcl'tro-
s(atic origino 1I is actually a resonance with the hulk GaAs
eontinuous. As it is graphically shown in Refs. 9 and 35,
ir the physical nalure of lhe spectral strength is analysed hy
scparatcly evalllating lhe contrihulinns of lhe mechanical and
electrical tenns F,\t and :F¡;;. it can he seen lhal the interface
resonanl molle is in fael an eleclricallllot!e.

In Figs. I ami 2. the spectml strength lor K = 4 X 106 CI11-1
is prcscnted Ihrough the LDOS. In Fig.l. the dillerenl curves
correspondo from len to righ!. lo values 01' .r running down
from 0.9 to 0.5 wilh step Lll' = 0.05. Unlike Ihe case of the
free GaAs surface (GaAs for :; < O. and vaCllum fOl":; > O)
also discllsseJ in [9]. no 10calizeJ phonon mode with frc-
quency hcyond the maximun frequency of Ihc GaAs lTystal is
ohserved 10 come out [rom the numerical calculation. while
a peak corrcsponding lo a reSOllant mode is present. In Ihe
case of the surface Ihis resonant molle is no other than Ihe
Fuchs-Klicwer one [36J. and in case 01 the interlace it has the
same eleetrostalic origino Por highcr values of ;r. hoth sides
01"Ihe inlerface hccome mcchanically very dif[crcnt media,
hence the only coupling betwcen Ihen is the electroslatic one.
It is shown that the frequency ofthe resonanl mode slowly in-
creases with dccreasing:r anll lhe peak. at last. disappears for
values helow ;r ~ 0.5. its [requency Iying helwcen lhe longi-
tudinal and the transversal GaAs bulk thresholds. which. ac-
cording to Eqs. (12) are WLO = 292.3i, and U.'TO = 268.5, rc-
spectivcly. This f<letrescmhles lhe silllalion of Ihe "intetface-
like modes" appearing in Ihe douhlc heteroslruclure [8]. Cal-
culations for Jifferent values of r.', show the samc behavior
wilh.r. Thc only dilferencc is Ihallhe frcquency nI' lhe peaks
slowly decreases for dccrcasing "'.

Al the same lime, frorn Fig. 2. curves from len lo right
corrcspond lo valucs of .r dccreasing from (J.2 lo O. with
~.r = 0.05. In (his rase. no resonanl mode is presenl;
hut a feature -nol prccisely a well-defillcd peak- is seell in
lhe LDOS for frequcllcics hclnw Ihe blllk transversal optical
phonolls frcqllellcy. This correspollds lo the so-called local-
izcd interface motle. This kind of molles appcars mostly tlue

FIGURE 2. LOOS for lhe localizeiJ lrans\'crsc.likc tlscillatioll 11l0liL"
in a non-mctnllilcd Interfan' for .1'frOln (l.:? to O. Curvcs. rrom "ji
to riglu. corrcspond lo de(,:rcasing valucs 01' Al concentratinn wüh
LlJ' := 0.05. For.r = ()this molle hecollles the \\/cll.knowll GaAs
hulk tr<lIlSVerSephonoll.

lo (he lllcchanical dilfercnce belween lhe two media. Unlike
the resonanl Illode. Wh(lSCIllechanical alTlplilllde decreascs
exlrelllely strongly 011the AI"Ga(i _.l")As parl 01"Ihe slrllC-
tme, Ihis locallized mode has a strongcr mcchanical charac-
ter. hccause both sillcs are not thallllcchanically dilTerenl. It
is also present for higher values of .1'; but it was not shO\vn
in Fig. I hecause its relali\'e weighl in Ihe LDOS uoes nol
allow lOdi"cern it in the graphics. It is seen thal Ihe POSilioll
01' the localized motle in the transverse threshold ll1oves, as
.r -+ O. to\Vard a peak corresponding In the I"reqllellcyof the
transverse oscillatiolls 01"GaAs hulk crystal. nI' cnurse. the
localilcd mude disappears when ;r = O. In Ihe sallle limil. a
similar hehavior: ¡.l' .. Ihe appearance ()f a peak corresponding
10Ihe bulk GaAs longitudinal oplical phonons I"requency can
he obser\'ed. as il is expected. for in thal case wc only have
Ihe hulk GaAs cryslal. and not an interface. \\'e omit lo show
(his second pea~. For dilferent values 01"t{ the change in Ihe
peak posilion is the same descrihed ahoye.

For Ihe metalli/ed interface. we can choosc a particular
vallle of f\: for instal1ce J{ = 2 x 10(; cm-I lo rcpresent
Ihe situalion,and \Vechoose a mnge 01' frequency valucs jusI
amund the mode \ve are interested on. In Ihat case, for val-
ues of Al conccnlralion below 0.525. no spccial fealllre in
the LDOS can he seen. But when Ihc vallle of .r is slighlly
increased, an interesting cffecl is ohservcd (Pig. 3): For a
vcry narrO\v range 0.':;:26 2: .1: 2: 0.529, Ihcre always appears
sotlle fcature in the LDOS helow the corrcsponding value 01'
ú".'LO(r.:) 01'GaAs 1'01"the.1' given. Allhe sallle limc. there ap-
pcars a second featurc ahove that freqllcncy (Fig. :3a)whose
height increases, and when :t ~ 0.52818 it bccoll1cs higher
lhan lhe len peak and COllslitules a hroad peak in the LDOS
(Fig. 3h). For.1' around 0.5282'2. this peak cJearly splits inlo
1\\'0 \vell rcsolved peaks (Fig. 3c). the len heing smaller Ihan
(he right one. BOlh peak s mo\'e. respectivel)', lo lower ami
higher \'alues 01"Ihe freqllcncy as ;1' ¡ncreases (Fig. 3d). The
heighl 01"lhe right peak hecomes higger. \vhilc for a valllc of
Al COIKCl1tratiollslIch as O..j'2S30, Ihe len peak is mllch more
smallcr. ami for .1' ~ O..j'29 no len peak appears ahove the
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FIGURE 3. LDOS for a metallized interface showing: (a) the ap-
pearance of Ihe resananl mode; (h) the peak corresponding lo thal
made (a different scalc is used in arder lo c1early show the exis-
tence of the peak); (e) the splitting of the resanan! morle; (d) the
separation of the two peaks as x ¡ncreases and (e) the dissappear-
ance of Ihe left peak and the prevailing of the alher one, clase lo
the GaAs bulk transversal frequency. as reported in Ref. 9.

WLO(h:) ofGaAs, and the right peak remains and locates now
above Ibe value of WTO in Ibe GaAs bulk (Fig. 3e). Jt musl
be remarked that, while this process occurs, the right peak is
always locatcd to the left of the bulk transversal frcquency of
the GaAs modes, until it crosses that value of w. Ir x 2: 0.529,
a situation very similar to lhat reported in Ref. [9] is ob-

blL ~lI.. w
26848 26849 168, 268, I 168'1 168.H

(d)

served; ¡.e., lhe resonanl mode is always very close to the
transverse threshold. The same picture ean be seen for olher
values of ", bUIwith a slighlly different range for x. Jt is elear
that thcse eoneentration variations and frequeney shifls are
loo small lo be observed experimenlally, bul il eould be pos-
sible to find a system consisting of materials with stronger
ionie charaeter sueh as 11-VI semieonduetors for which the
situation would be hetter for an experimental deteetion.

Figures. 4a and 4b show Ihe appearanee and dissappear-
anee of the seeond resonant mode for f\, = 4 X 106 cm-l. In
bOlh figures, Ihe ¡hree-dimensional plol allows lo observe the
combined effeet of the variation 01' w and x.

Jt is possible lo idenlify Ihe remaining peak wilh lhe
resonanl mode above deseribed. The lefl-disappearing-peak
corresponds to another-new-resonant mode, and the reason
for its origin has only been the modification of the electri-
cal boundary conditions when rnetallizing the interface. This
constitutes an additional evidenee of the predominantly elec-
Irieal eharaeler of Ihis kind of modes.

The main conclusion of this work is that in a
GaAs/AlzGa(1_z)As single heterostructure, the type of in-
terface modes appearing depends on the value 01' the concen-
tration of Al in the barrier. Higher values of x give rise to res-
onant interface modes which hear a strong eleetrostatic char-
acter. This modes would be responsible for an appreciable
electron-phonon interaction. On the other hand, small values
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LDOS(lrb.unill)

(a)

tOOS(.rb.uoitl)

(h)

fIGURE 4. a) I.DOS for a mctallized GaAs/AI.rGa(l_:r)As interface showing Ihe splilling 01' Ihe rcsoll<ml molle hclm'i Ihe transversal
threshold (" = ,1 X 106 em~ 1). h) The continuntion of LOOS from Fig. 4a for hig:her valucs 01'): showing thc oisappcarancc orthe len peak
(r, = ..¡ X 10(; ell1- 1).

nI' .r allow rol' interface loealizcd modes close to lhe hulk
GaAs tralls\'erse thrcshold. Although the optical phonoll
ll10des in Ihe framcwork 01' lhe macroscopic conlinulIm
modellhal has hecn used here do no! exhihit pure LO or pure
TO polariZ<ltions. the contrihution of the localizcd moJes to
lile eleclron~phonon intcraction is expected lo he small cvell
\\'hen they havc somc longitudinal charactcr ouc to the polar-
il.atioll mixing.

The idea 01' a ycry thin metallic \ayer at the inlerface he-
lween 1\\'0 scmiconducting malcrials w01l10 seem rathcr dir-
ficlIlt (o accept as a real physieal system. Nonelhclcss, the
possihilily of (he growing 01' ultra(hin metallic 01' semicon-
ducling epilayers is already a rae!. \VIlal we illtend lo dis-
CllSSis Ihe important clfect tllal the change in the electroslatic
h(lUndary eondiliollS has upon the polar optical oscillations at
(he interface hetween crystallinc ionie systems. According to
(he results we are presenling here, il seems that Ihe analysis
01" Ihis prohlem descrvcs sOl11e auention. For inst:lIlce. it is
in(crcsting lo study the change in Ihe scalar potential c.p under
Ihe silu:Jlion ahove descrihed :lml, consequently. its elrcel on
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