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We present a model for ultrathin InAs impurity interlayers embedded in bulk GaAs. It is based on an
empirical tight-binding Green’s function scheme with basis functions that are Bloch-like in the in-plane
direction and Wannier-like perpendicular to it. Spin-orbit interaction and strain are consistently included. Our
results are in good agreement with recent experimental data as far as the heavglaolen transition is
concerned. Conversely, our calculations indicate that one layer of InAs in bulk GaAs induces a light-hole state
degenerate with the continuum 3 meV below the GaAs valence-band edge. This is in contrast with effective-
mass calculations that predict a type-I light-hole configuration in this system. The importance of strain in
leading to this energy-level configuration is stressed. We suggest that absorption or temperature-dependent
luminescence experiments could distinguish between a bound or an unbound light-hole state.
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[. INTRODUCTION tal results on very thin InAs layers in bulk Irf.
The ETB model is suitable for this kind of problems for

Experimental investigation of the optical properties oftwo main reasons(i) the only input parameters are some
very thin (less than 30 Alayers of impurity atoms embed- band-structure values of the host and substitutioli mate-
ded in bulk host materials has considerably increased in rdi@s which can be inferred from experiment or from empiri-
cent years due to significant progress in grovvthcal andab initio model calculations and are sufficient to
technology!~® The controlled growth of such interlayers has €Produce the band dispersions thré)ulgho(;n thke Brillouin
allowed us to observe pronounced radiative recombinatio Snme.t(il(la)n-lc—ahnetrlmz ;— \I?valfni ?uggir:)]fs?(s:hmaoeean%n on”:ﬁ eﬁsinr;grgsc_e
processes without phonon participation even in indirect-ga b P

P'natchin diti
o S L g conditions.
materials’ The reason for this lies in the recombination ef- The object of this paper is to study in detail the electronic

ficiency of gap states confined to th_e impurity _Iayer, Wh'Chproperties of one monolayeML) of InAs in bulk (001)
are bound by the short-range potential describing the impugaas following the ETB model proposed in Ref. 14. Simple
rity substitution(* & layer,” or “quantum well”). considerations on the competing values of the misfit disloca-
From a theoretical point of view, less effort has been detion energy and the elastic misfit strain energy show that 1
voted to the study of such structures omaroscopiclevel. ML represents the growth limit for pseudomorphic InAs on
Size and computing time limitations force state-of-the-artGaAs substraf@ even if very recent measurements by Pa-
self-consistent calculations to use rather small supercellgne et al. show the absence of a critical thickness for the
with periodic boundary conditions. For example, in a recenself-aggregation of quantum dots in these syst¥ms.
simulation of isolated InAs monolayers in GaAs, an eight- A single, isoelectronic Ig, impurity in GaAs does not
monolayer periodic supercell was employeuch larger induce any level in the gap of the latter. Conversely, it has
supercells, with virtually quenched finite-size effects, can bébeen demonstratéd that one nominal sheet of In atoms in
employed in non-self-consistent, empirical pseudopotentiasaAs shows luminescence peaks at energies corresponding
calculations, as it has been demonstrated for AlAs/GaAso levels in the GaAs gap. The interpretation of such peaks,
quantum structure¥:*Macroscopicmodels, which average especially those corresponding presumably to the light-hole
the electron potential over one or several crystal unit cells(LH) state, is not yet fully settled down. Thus, a complete,
such as the envelope-function approximati&kA), are, in  three-dimensional theory of the electronic structure has to be
principle, inadequate to describe the electronic properties afstablished that describes at a high level of accuracy the
atomic-scale, thins layers. conduction-bandCB) as well as the valence-band states and
An atomic-scale study of such systems is thus in ordergoes beyond the EFA picture of parabolic band dispersions
which takes into account all band-structure features of thand one-dimensional Kronig-Penney potentials.
host and perturbing materials. Some models in this direction The paper is organized as follows. In Sec. Il we describe
have employed an empirical tight-binding(ETB)  the present ETB model. In Sec. Ill we discuss the results.
schemé?~*Recently, an ETB model has been applied suc-The Appendix contains some details about the inclusion of
cessfully by the present authors to explain some experimerspin-orbit interaction and strain in our ETB model.
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Il. THEORY TABLE |. Parameters for GaAs and InAs strained on GaAs used

. in the ETB calculation. The notation is the same as in Ref. 19. All
Our approach is based on a Koster-Slater model for shornergies are in eWs, and )\ are the spin-orbit parameters intro-
range impurity potentials in an infinite host lattiteln con-  guced by ChadiRef. 3.

trast to other more recent applications of the Koster- Slatet
model to isovalent impurity layers in semiconductt$2 (i) Parameters GaAs InAs
we consider valence and conduction bands simultaneousl
(i) we do not con_straln the |mpur|ty_potent|al to one given E(p.a), 0.9285 0.6757
symmetry(e.g., s like) or to be on-site only, andiii) we Y

include both spin-orbit and strain contributions to the eIec—E(p""‘)Z 0.9285 0.9685

L(s,a) -8.3580 -9.5381

tron Hamiltonian. In our model, the symmetry and range ofE(S 2) 7.4283 1.2124
. : : . . E(s,C) -2.6718 -2.7223
the impurity-layer potential are consistent with the atomic
: o . (p.C)y 3.5558 3.4858
geometry of the interlayer and the atomiclike basis set an (p.0) Y 3.5558 3.7786
range of interactions retained in the empirical tight-binding p; 2 ' '
o . ) E(s*,c) 6.6268 6.6090
Hamiltonian of thehost material We describe the host crys- 6.4349 59828

tal by an ETB HamiltoniarH® in a basis ofsp®s* atomic ss

like orthogonal orbitals centered on each atomic Site/e Yy 1'3332 ;";gz
retained only nearest-neighbor interactions that are sufficient** 5'0234 4'1215
to reproduce the valence-band and the lower conduction-*Y ’ '

band dispersions even of indirect-gap mater&im-plane xzyz 50234 4.7372
atomic positions have been fixed to the zinc-blende GaA¥ (S&PCxy 4.4390 2.9784
lattice, which corresponds to pseudomorphic growth condi(52.P¢). 4.4390 3.4234
tions. The interplane distances between the In and As atom&SCPaxy 5.7320 5.3143
have been chosen to be equal to those predicted by the ma¥(sc.pa), 5.7320 6.1083
roscopic theory of elasticity for a lattice mismatch betweenV(s*a,pc)y, 4.2981 3.1742
InAs and GaAs of 7.2%. This ansatz is supported by recen¥(s*a,pc), 4.2981 3.6485
ab initio calculations and experimental x-ray V(s*c,pa)y, 4.6327 3.6715
measurementSon this system which show no breakdown of V(s*c,pa), 4.6327 4.2200
the continuum elasticity theory in predicting the interplanex, 0.1300 0.0242
distortion even in the ML limit. e 0.0540 0.1428

The perturbation matrixd=H —H?, to be added tt1° in
order to construct the total Hamiltoniadd describing the N _
impurity system, is calculated by taking the difference be-Positioned at the valence-band maximum of GaAs.

tween the ETB parameters of the completely substituted sys- All relevant quantities such as the density of st4®S),
tem, i.e.,strainedbulk InAs, and those of the host, i.e., bulk bound-state and resonant-state energies, and wave functions

GaAs. This procedure is 0bvi0u5|y “exact” for infinite are calculated in the Green’s-function formalism. In order to

S-layer thickness, where interface effects are unimportaneXploit the short-range nature of the isoelectronic impurity
For finite layer thickness, however, and in particular for verylayer perpendicular to the layer plane, we represent the
thin interlayers, interface effects are important and canno@reen’s-function matrix of the host materi@® in a basis
simply be parametrized in terms of bulk properties alone. wéhat is Bloch-like in the plane parallel to the impurity layer
adopt the following heuristic model: Instead of abruptly @ahd Wannier-like perpendicular to'f.It is related to the
“switching” from host to impurity parameters at soragbi- ET_B atomiclike basis by a unitary transformation and can be
trary interface boundary of zero widthve scale the on-site Written as
impurity matrix elements by a factor 1/2 at thbemmon-ion 1
ﬁg?;btlaé)t;gflgrzalggtem similar idea has proven to be very 1K) = 2 e—ikij|| K+k,), (1)
y of AlAs/GaAs structures in the context M o

of empirical (screenefl atomic pseudopotentiatS. More- . ) )
over, in order to account for the strain effects on the elecWherel=s,py.py,p,,s*; K is a two-dimensional wave vec-
tronic states in the present lattice-mismatched case, the InA8r lying in the (001) plane;j indexes the layersR; is any
ETB parameters have been carefully fitted to reproduce thttice vector of layey; k, is a wave vector alongD01]; and
relevant deformation potentiaisee the Appendix In Table N, is the number of impurity planes considered. Finally, the
| we report the parameters used in this calculation for thedreen’s function of the perturbed systééncan be derived
GaAs and for the InAgseudomorphically straineah GaAs.  from G and U following standard scattering theofy.The
The notation is the same as in Ref. 19. Further details angtates in the GaAs gap induced by the InAs layer perturba-
technicalities of the present ETB approach are summarizeton can be found searching the roots of the secular
in the Appendix. equatior®

Since the model is not self-consistent we rigidly shift the . 0 .
on-site matrix elements df by an amounAE,=0.04 eV, D(E)=de{1-GH(B)U]=0. @
which is the average band offset between the strain and spifdue to the basis choicfEq. (1)], the rank of the secular
orbit split valence-band maxima of the two materials. Itsequation is given by thaumber of impurity layeréimes the
value has been taken from Ref. 22. The zero of energy igimension of the ETB orbital basis. Thus, for 1 ML, solving
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TABLE Il. Transition energies in eV between the HH and the 0.16
CBL1 state induced by 1 ML of InAs in GaAs calculated by the ETB
model described in the text and compared with EFA results, a one- 0.13 4
dimensional tight-binding mod€lLDTB), and experimental data.
A 0.11 1
ETB 1DTB EFA Experiments o
1.455 1.470! 1.445° 1.488 5 o8 1
1.467F 1.473F -
0.05 1
1.434 1.43¢
1.468 1.468 0.03 J

%Reference 1.
bReference 2.
‘Reference 3.
dreference 4.
®Reference 5.
fReference 6.

12

FIG. 1. Carrier probability per fcc monolayer in GaAs with 1
ML of InAs as a function ofz (in units of the impurity layer width

a, /2) atl'. a, is the interplanar spacing of strained InAs o 0

Ea. (2) consitutes a very modest numerg)cal task. We havey,q the interplane GaAs lattice constantor0, respectively. The
used direct matrix inversion to compu@". For E in the  gqjig line represents the HH bound state, the dashed line the CB1

energy gap oH?, G° i_S We!' defined, whereas in the con- glectron state, and the dotted line the LH resonance.
tinuum of H® a small imaginary part has been added to

E and convergence of the results for-0 has been checked. . . . o
A numerical precision of 1 meV has been attained. A reso- The EFA results C't?d in Taple 1l are _also n stn!«ngly
nance in the continuum is located at the energy for whict?©°d agreement with the respective experimental
RED(E+ie)] is zero and IMD(E+ie)] has a finite value _measurement%, note, however, that the EFA mod_el has ad-
or, equivalently, where the phase shift is an odd multiple ofuStable parameterge.g., quantum-well width which are
/2. As Eq.(2) depends parametrically on the in-plane wavelsually used to fit to e>.<per|ment. At the same tmjg,. the EFA
vector K, the two-dimensionaklispersion relatiorE(K) of data are spread considerably due to the sensitivity of this

the bound states is obtained by mapping out the roots qpproach to those adjustable parameters. Conversely, the

D(E) in K space. The orbital character of bound and resoE 1B uses parameters fitted to well-knownlk values. The

nant states can be directly obtained from the diagonal ele@nly “free” parameter areAE,, which can be fixed by in-
ments ofG.2° dependent experimental ab initio results.

It is interesting to note that the HH and the CB1 are lo-
calized on the InAs layer with nearly the same weight. Fig-
ure 1 shows the probability per fcc monolayer as a function

We have calculated with the above procedure the energ9f z atT" for the HH (solid line) and the CB1(dashed ling
levels and resonances induced by 1 ML of InAs in GaAs.The wave functions have been calculated by solving the
The results for the transition energies from the heavy-holéisual Lippman-Schwinger equati6hThe same degree of
(HH) to the first electronic statéCB1) are reported in Table localization of the HH and CBL1 is due partly to the different
Il together with some experimental, EFA, and one-level deepness in the GaAs gap and partly to the different
dimensional tight-binding results. To our knowledge, a com-effective-mass ratio between the HH and the CBL1 electron of
plete theory of excitons for very thin layers has not yet beerfstrained InAs and GaAs at the interface. A similar result
established. However, since the free-exciton binding energpas been found by Let al?® with a tight-binding model
of the bulk InAs can be estimated to be about 1 M. describing 1 ML of InAs embedded into 28 layers of GaAs.
24) and it has been shown for the GaAs/Sla,_,As Even if the bulk effective masses are well reproduced by our
systems® that the exciton binding energy for thin layers can model in comparison to the EFA onés.g., the HH mass of
be higher than the two-dimensional limit, we expect that thdnAs strained on GaAs is 0.04% in the ETB model and
exciton binding energy in this system be about 5 meV. Ex0.05m, in the EFA?’ wheremy is the free-electron maks
citonic effects have been thus neglected as far as the HHhe ETB model predicts a decay lengthof 14 A, obtained
CBL1 transition was concerned. We will briefly discuss in thefrom fitting an exponential decay law €xpx/\] to the
following the excitonic effects for the LH-CB1 transition. curves in Fig. 1. In the EFA\ =1/ym*E in a.u., withm*
Good overall agreement is found for the HH-CB1 transitionbeing thebulk GaAs effective massidE the binding energy.
compared to the available experimental data. The scattering/e find the HH state 16 meV from the GaAs valence-band
of the latter can be ascribed to different thicknesses of thedge, whereas the CB1 electron state is located at 49 meV
nominal 1-ML-InAs sheets. Also, due to the high lattice mis-from the GaAs conduction-band ed@be one-dimensional
match between InAs and GaAs, a certain amount of interfacéght-binding model of Ref. 1 predicts a binding energy of 23
roughness and/or alloy formation is likely to be present inmeV and 30 meV for the HH and electron, respectively; a
this system. These effects change the effective scattering p&B1 binding energy of 85 meV can be inferred from Ref.
tential induced by the InAs impurity layers, thus affecting 13). In the EFA we thus obtain= 21 A for the HH and 32
the carrier binding energies. A for the electron. The strong localization of the HH and the

Ill. RESULTS
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FIG. 2. Conduction-band DOS projected on the InAs layer and FIG. 3. Valence-band DOS projected on the InAs layer and
resolved intos (solid line), p, (dashed ling ands* (dotted line resolved intop, atomiclike charactefthe s and s* components
atomiclike character. The resonance at 1.60 eV has domimant being negligiblg. The peak at-7 meV corresponds to a resonance
character and is thus Bg-derived state. The second resonance atlocated at—3 meV (see the tejt The second peak at about
2.03 eV hag, ands* character and is the GaAs projectégistate. ~ —0.34 meV is the split-off GaAs projected state.

electron explains the high recombination efficiency usuallyzero of energythes ands* components being negligiblés
observed in this system. plotted in Fig. 3. The DOS presents a peak-at meV. It is

A resonance is found in the conduction band at 1.60 eVshifted with respect to the location of the resonance due to
By calculating the DOS projected on the InAs layer and re-the strong energy dependendie 1/\E for E—0) of the
solving it into its atomic-orbital components it becomes clearunperturbed GaAs DOS. The peak at about-0.34 eV is
that, due to itss character, it is d'4-derived statdsee Fig. the GaAs split-off band projected DOS. The role of strain in
2). This resonance corresponds to the first resonant state indetermining the resonance character of the LH is easily seen.
one-dimensional EFA model. It is not evident at present ifThe uniaxial strain in InAs splits the degenerate valence-
this state can contribute to the absorption. The second resband manifold and pushes the HH stateith symmetry
nance at 2.03 eV has domingnf ands* character and an p,,p,) upward in energy relative the average energy of the
“antiresonance” s one and is the GaAs projected manifold. Conversely, the strain pushes the LH statih
Xg-derived state. We stress that this resonacaenotbe  symmetryp,) downward, thus adding r@pulsivecomponent
reproduced afl’ by the EFA since it is the result of the tO the impurity potential. This statement is illustrated in Fig.
mixing of all states along thg001] direction of the GaAs 4, where the 10] in-plane dispersions of the HH and LH of
three-dimensional BZ. InAs and GaAs are plotted on a common energy s@ade,

In the EFA the LH state is evidently bound since a one-
dimensional attractive potential always binds a state in a one-
band model irrespective of the strength of the potential. Con-
versely, our model predicts no LH state in the GaAs gap. In
the present approach, for eakhthe system is mapped into
an effective one-dimensional chain probléfrHowever, its
multiband character is retained and different one-
dimensional bands interact. Thus, in this model, an attractive
potential always binds one stateorresponding to the HH
statg, but not necessarily a second ofiee., the LH. Thus a
nearly unbound state dt in a one-band EFA theorfthe
EFA predicts a LH binding energy of 1 meV) can be com-
pletely unbound in the ETB model if all states in the BZ are
correctly included in the diagonalization &f. In fact, we
found that the LH is degenerate with the continuum at about
3 meV below the GaAs valence-band edge. Its probability FIG. 4. HH (solid line) and LH (dashed ling dispersions in the

per fcc monolayer as a function afatI' is shown in Fig. 1 [10] in-plane direction for InAs and GaAs. The shaded region rep-
(dotted ling. Since the state belongs to the continuum anvesents the continuum of théd0l) layer-projected GaAs bulk
arbitrary normalization factor has been used to put it on @ands. A crossover from the bound to the resonant state in the LH
common scale with the CB1 and HH bound states. It is evidispersion is evident & ,~0.06(2x/a) (a is the in-plane GaAs
dent that a hole in this state is delocalized into the GaAsattice constant The inset shows thE HH and LH offset profiles
barriers, but has a certain probability to be found on the InAsn the z direction (not in scal¢. The zero of energy is the GaAs
layer. Thep, component of the layer-projected DOS near thevalence-band edge.

Energy (eV)

1} 0.2 0.4 0.6 0.8 1
K, (2nfa)
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the HH and LH offsets have been added to the InAs energieattractive potential for the LH. We suggest that, due to the
atI'; see the inset The continuum generated by ti@01) low LH state degeneracy with the continuum, absorption or
layer-projected GaAs bulk bands is shaded. A crossovelemperature-dependent luminescence measurements could
from “type-1” to “type-1I” band alignment of the InAs LH  distinguish between a bound or an unbound LH state. Further
dispersion appears a,~0.06(2r/a) (a is the in-plane investigation of this point is thus necessary. In particular, a
GaAs lattice constaht The type-l alignment is restored at complete exciton theory for very thin layers is needed that
K,~0.7(2m/a). This means that the LH is pushed into the goes beyond both the EFA and the single-particle picture of
continuum by strain throughout the majority of the two- the present ETB model.
dimensional BZ and the effective LH offset of 57 meV be-
tween GaAs and InAs is not sufficient to bind a statd at
These results would thus suggest a type-ll LH exciton
formed by the electron bound by the InAs layer and the hole We acknowledge A. Bitz for useful discussions.
in the GaAs barriers. Conversely, the EFA would predict a
type-l configuration since the LH offset corresponds to an
attractive one-dimensional potential. APPENDIX: EMPIRICAL TIGHT-BINDING MODEL
Due to the very low degeneracy of the LH state with the 1. Spin-orbit interaction
continuum (3 meV) we suggest that absorption or
temperature-dependent luminesceéfi@xperiments can dis-
tinguish between a bound or an unbound LH state. In fact, it/09! €t &
the LH state is unbound, as it is predicted by our model, at
very low temperatures only the HH-CB1 transition should be o (haa
HO=

ACKNOWLEDGMENT

We start from the empirical tight-binding Hamiltonian of
1,1 which is written in the block form

hac

detectedin an ideal defect-free sampldncreasing the tem- h h
ca cc

perature, the type-Il transition between the GaAs hole state

and the CB1 should become visible. Increasing further the

temperature of 3 meV should reveal a luminescence peald the sp’s* basis the individual blocks have dimension

coming from the LH resonance and the CB1 transition. All5X5 and the subscript andc denote the anion and cation,

these considerations are valid if one assumes the same lif&espectively.

time for the above recombination processes and low charge The spin-orbit interaction is incorporated in the ETB

transfer from the LH resonance and the valence-band top dflamiltonian following the prescription of Chadifor tight-

the GaAs barriergdue to nonradiative acoustic-phonon scat-binding Hamiltonians. Starting from the free-atom spin-orbit

tering). splitting, Chadi uses renormalized values in the solid, which
Finally, we stress that our model completely neglects thétre chosen such as to reproduce the observed splittings at

electron-hole Coulomb interaction. It is not clear at present - In the zinc-blende lattice two distinct spin-orbit param-

which is the role of the latter on the LH resonance exciton£ters are needed and only on-site matrix elements of the spin-

The luminescence results of Refs. 1,2 and 5 seem to indica@bit interactionH® are nonzero. In thep®s* model only

that a very shallowexciton state is bound in this system. thep orbitals contribute and we use the following definitions

According to our picture, this means that the electron-holeof the parameters:

final-stateinteraction should provide at least a binding en-

ergy of 3 mev. A complete theo_ry of.the ITH—derived excitqn (XbT|HSzb]) =Xy,

for very thin layers should clarify this point. Some work in

this direction is thus in order.

) ., hea=hl.. (A1)

(YbT|H*Izbl)=i\p, (A2)
IV. CONCLUSION

We have studied in detail the electronic properties of 1 (xbT[HTybT) =i\,
ML of InAs in GaAs with an ETB model. Our main results
can be summarized as follow§) The predicted HH-CB1 whereb=a,c denotes the ion typé,,=3A,, A\;=3A., and
transition is in good agreement with the EFA and experimenA, are the “renormalized” atomic spin-orbit splittings.
tal data.(ii) We predict al'g-derived and anXg-derived The remaining matrix elements are either zero or related to
conduction-band resonance, respectively. The first one is ahe ones given above by noting that the submatrix is the
EFA-like state. The second one is the GaAs-projecgd complex conjugatef the 11 submatrix and the T submatrix
state and is due to the mixing of all states along [d@l] the Hermitian conjugateof the 1| one.\, andX\ . are given
direction of the GaAs three-dimensional Bdi) As far as in Table I.
the valence-band is concerned, we find a HH state bound at
16 meV above and a LH state degenerate with the continuum
3 meV below the GaAs valence-band edge. The latter finding
is in disagreementwith an EFA picture and suggests a  The perturbatiorl) is assumed to affect the on-site and
type-ll LH-CB1 exciton in this system. The strain plays annearest-neighbor matrix elements at the substitutional sites.
important role in determining this energy-level order since itTo find the representation dfl in the layer-orbital basis
pushes the LH into the continuum even if the LH offset|Klj) we exploit our knowledge of the matrix elements in
between(strained InAs and GaAs afl’ corresponds to an k space and do a one-dimensional Fourier transform

2. The perturbation matrix U
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1 _ Sec. Il. The extension to the spin-orbit-dependent case is
(KIJUIKI'j")= N—E e KRRy straightforward by virtue of Eq(A2), whereby the dimen-
Lk sions of theU;;, submatrices are doubled.
X(K+k, ,Ib|UK+k, ,I'b"),
3. Inclusion of strain
-ns<j,j'sn]j—j’'|=1. (A3) i
In order to reproduce the effects of strain on the InAs bulk
bands we proceeded in the following way. We scaled the
b,b’” denote the ion types of layerg,j’, respectively. Koster-Slater two-center integrals with the usual poweffaw
U(k)=H'"(k)—H°(k), whereH' is the Hamiltonian of the
(strained interlayer bulk materialwith eigenvalues shifted 0( d

-n,

by the valence band offs&tE,. Va=Va| g | (A5)

do
theTrl;?o SIgsbrrlnamiiesHJ i ’inhaEqu ?}A i;ru_clz_'[#erebil)gl'sajr_t(]? ,th;rteOf wherea denotes the type of two-center intedfandd, and
bb’ . . -

. . . . : d are the equilibrium and distorted bond lengths, respec-
diagonal with matrix elementAE(I,b(j)) and those in the . X o
off diagonals|j—j'|=1 represent either anion-cation or tively. We found the deformation potential= — 6.2 eV[to

. T . : be compared to the experimental vahre — 6 eV (Ref. 29]
cation-anion interactions. Uswig-,-ﬂ:U-Til’- and the re- - - - .

currence propertyJi o 4,=U;; . the pethueration matrix "t Nss=3.54 and the othen, =2. The deformation poten-

. ) ) 1T2j'+27 i ; tial b has been fitted considering the changes of the crystal-
is easily built for arbitrary interlayer thickness. As an ex- field interactions due to the uniaxial stress. The energy pa-
ample, we give the block form of a single-monolayer impu- '

rity, i.e rametersE(p,b) have been changed according to the¥aw
’L‘J' U 0 E(pvb)x,y = E(pyb)+bp(€xx_ €2,
T E(pb), = E(pb)-2bylen—en),  (AB)
U= ot N (A4) wheree,, ande,, are the in-plane and interplane strain com-
0 Ui Uy

ponents, respectively, anl, is a constant to be fitted in

order to reproduce the deformation potantialWe found
The common-ion submatrices at the interlayer boundaryy=—1.8 eV [the experimental value ib=—1.8 eV (Ref.

011 and U_l_l are scaled by a factor 1/2, as explained in24)], with b,=0.7.
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