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Ab initio full-potential linearized augmented plane-wa¥# APW) calculations have been used to study the
influence of the interface morphology and, notably, of the exchange reaction on the electronic properties of
Al/GaN (100 interfaces. Although the detailed mechanism is not understood, the exchange reaction has been
purported to influence the Schottky barrier heigBBH) as a result of the formation of an interfacial
GaAl,_,N layer. In particular, the effects of interface structdire., interfacial bond lengths, semiconductor
surface polarity, and reacted intralayeos the SBH at the Al/GaN0021) junction are specifically addressed.
Thus, the electronic structure of the following atomic configurations have been investigated theorétically:
abrupt, relaxed GaN/Al interfacéij) an interface that has undergone one monolayer of exchange reaction; and
interfaces with a monolayer-thick interlayer @if) AIN and (iv) Ga, sAl; sN. The exchange reaction is found
to be exothermic with an enthalpy of 0.1 eV/atom. We find that the first few layers of semiconductor are
metallic due to the tailing of metal-induced gap states; therefore, the presence of a monolayer-thick interfacial
alloy layer does not result in an enhanced band gap near the interface. Intermixed interfaces are found to pin
the interface Fermi level at a position not significantly different from that of an abrupt interface. Our calcula-
tions also show that the interface band lineup is not strongly dependent on the interface morphology changes
studied. Thep type SBH is reduced by less than 0.1 eV if the GaN surface is Ga terminated compared to the
N terminated one. Moreover, we show that both an ultrathippAGa N (x=0, 0.5 intralayer and a GaAl
atomic swap at the interface do not significantly affect the Schottky barrier hg&p1t63-1828)07335-4

[. INTRODUCTION used almost exclusively as the metal layer in theoretical in-
vestigations of metal/semiconductor contdct$. This arose

In the last few decades, a significant number of studiedecause Al is found to be advantageous since it ldckkec-
have investigated metal/semiconductor interfaces, due to theons, forms a free-electron metal, and lattice matches a num-
key role played by ohmic and Schottky contacts in technober of 11I-V semiconductors. Recently, the GW method has
logical 11V semiconductor devices. However, from both the been used to study the Al/GaAs interfdée.
experimental and the theoretical points of view, the funda- More recently, theoretical work on IlI-V interfaces dem-
mental mechanism involved in the Schottky barrier forma-onstrated that the pressure-induced barrier height changes
tion has not been fully elucidatéd? can be used to critically determine the nature of the states

Al/llI-V semiconductor junctions have been the most ex-that pin metal/lll-V interface$®** Experimental measure-
tensively studied interfaces to date. This has occurred due tments of the pressure-induced change in Al/GaAs and Al/
both practical and fundamental reasons. Al contacts are iPAlIGaAs barrier heights are consistent with defect-free
expensive to manufacture and have stable electrical, chemirterfaces;>° validating Al/lll-V interfaces as a model sys-
cal, and structural characteristics at moderate temperaturegem. In contrast, Au, a metal that reacts with GaAs to release
Al contacts also are of practical interest since they are comrear-interfacial As at GaAs interfaces, exhibits pressure-
monly used in 1lI-V commercial device technology, particu- induced barrier height changes consistent with an interface
larly as the gate of field effect devices. decorated with a deep-level point-defect, such as the As an-

In the field of ab initio computational physics, many tisite (Ass,).'® Because GaN solid is significantly more
works have addressed band alignment at semiconductstable than GaAs, the Fermi-level pinning position of Al/
heterojunction§, whereas few calculations have studied theGaN interfaces would also be expected to be determined by
barrier height of metal/semiconductor interfaces. Al has beethe properties of interfaces without deep-level defects.
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In the study reported here, we start an investigation of aratomic configurations used in this study. In Sec. I, we dis-
important aspect of Schottky barriers that only recently haguss our results, focusing in Sec. Il A on the structural prop-
begun to be explored using modern electronic structure caerties(i.e., equilibrium atomic distances, nature of the inter-
culations: the role that interface chemical exchange plays iface bonds—metallic versus covalgmthereas in Sec. Il B
the electrical and electronic properties of interfaces. Al/GaNve discuss effects of the interface morphology on the inter-
interfaces were used in this study due to the well-knowrface states and the resulting SBH. Finally, our results are
chemistry and atomic structure of the interface. GAN, Summarized in Sec. IV.

GaAs!’” and InP*® among others, are found to exhibit an
exchange reaction in which Al replaces the Group Il ele- II. COMPUTATIONAL METHOD AND ATOMIC
ment at the surface. The extent of the reaction is found to be CONFIGURATIONS USED IN CALCULATIONS

of the order of a monolayer for unannealed contacts and o o _
increases at elevated annealing temperattir@hanges in First principles full-potential linearized augmented plane-
the electrical properties, as reported in a large number of@ve (FLAPW)™ calculations within the local-density ap-
lII-V studies, have attributed the increase in the barrierfor Proximation to density-functional thedfywere used in this
type semiconductors to the increased bandJapowever,a  Work. Plane waves with wave vector up Ky.=4.6 a.u.,
more recent study on botfrtype andp-type contacts indi- leading to about 5000 baS|_s functions, v'vere.used. Angular
cates that the observed behavior can be attributed to a shift fiomenta  up 10 Iny,=8 in the muffin tin spheres
interfacial Fermi-level pinning position, rather than due to(Rea=Ra=2.1a.u.Ry=1.4a.u) for both wave functions
the formation of an increase in interfacial band gags  and charge density were used in the self-consistency cycles.
strong fundamental understanding of the influence of thd hree speciak points, obtained following the Monkhorst-
chemical reaction on the interface electronic structure has ngtack schemé were used to sample the tetragonal Brillouin
yet been established. zone. _
Density functional calculations are able to quantitatively ~The widely adopted supercell approach was used to simu-
address many of the questions including the energetics of tHate the different types of interfaces. In particular, we per-
exchange reaction, the nature and extent of the metaf.ormed ab initio calculations for SUperCG”S Containing
induced gap state@MIGS) and the role of the larger band 15 GaN+7 Al (13 GaN+7 Al) layers in the N-terminated
gap AlGaN interface layer on the interface electronic struc{Ga-terminateficase. The thickness of these layers is suffi-
ture. In a previous work? we performedab initio calcula- ciently large enough that the metal and semiconductor layers
tions to determine the electronic properties of [p81] or- farthest from the interfaces have properties similar to the
dered atomically abrupt N-terminated XN/AX=Ga,Al)  bulk (see below
interface, focusing mainly on the Schottky barrier height and The method employed to evaluate the SBH uses the metal
the resulting interface states. In the work reported here, thand semiconductor atomic core levels as reference energies
structural and electronic properties of several Al/GaN interJocated sufficiently far from the interface to have bulk-like
face configurations are investigated. In particular, the effect§andstructure. In particular, the SBH can be expressed as
of interface structurdi.e., interfacial bond lengths, semicon- ®s,=Ab+AE,, where Ab and AE, indicate an “inter-
ductor surface polarity, and reacted intralayemn the face” and “bulk” contribution, respectivelysee Ref. 22 for
Schottky barrier heightSBH) at the Al/GaN(001) junction  details in the GaN/Al cageThis simple procedure is com-
are specifically addressed. It should be noted that some exnonly used inab initio all-electron calculations to evaluate
perimental result§ are available for th0001) wurtzite the interface band line up at semiconductor heterojunctions
GaN/Al interface and that some caution has to be taken ir metal/semiconductor junctions. We considered all the
comparing our results with the experiments, since the polarstructures for a cubici.e., zincblendg[001] ordered GaN
ization effects and the different coordinations of the surfacesubstrate, with a calculated lattice constemy,,<= acan
bonds may both play a role in determining the structural and=8.47 a.u.2® Further structural details can be found in Ref.

electronic properties. 22. All the structures considered are shown in Fig. 1 and
Starting from the atomically abrupt N-terminated GaN/Al summarized in Table I.
junction (in the following denoted as thA structurg, we The choice of these structurén particular theC, D, and

consider four other different interface morphologié$:the  E systemghas been suggested by a recent surface investiga-

ideal, abrupt, relaxed Ga-terminated GaN/Al interfaBg;( tion of Al films deposited on wurtzite GaN(00p{1x1)

(i) the configuration with an AIN intralayerQ); (iii) the  surfaces® reporting that the interface is very reactive. It was

configuration in which an Al atom has undergone an ex-experimentally observed, in fact, that metallic Ga was re-

change reaction with a surface Ga atol) ( and finally(iv) leased from the interface after monolayer depositions of Al.

the configuration with a GaAlygN alloy layer at the inter- This suggests that an exchange reaction occurs in which the

face (). Our calculations show that the interface band lineAl atom replaces the group-Ill element within the semicon-

up is not strongly dependent on the interface morphology. Irductor, in analogy to that found for GaARef. 19 and InP

particular, we find that the exchange reaction is found to béRef. 18. After repeated cycles of Al deposition and anneal-

exothermic with an enthalpy of 0.1 eV/atom. We show thating, evidence was fourtifor the presence of a Gal;_,N

both an ultrathin GgAl,_ N (x=0, 0.5 intralayer and a alloy interfacial layer.

Ga—Al atomic swap at the interface does not significantly In Table | (structureE) the interface plane Xindicates

affect thep-type SBH. Thep-type SBH is smaller by 0.1 eV the fcc cationic sites occupied either by Ga orn(80% of Ga

for a Ga-terminated surface than a N-terminated one. and 50% of A}, with an ordered superstructure that aims to
In Sec. Il, we describe the theoretical method and thesimulate the GgsAlgsN alloy. In this case, we consider a
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FIG. 1. Different interface geometries considered. Small squares regions indicate the GaN substrate; large square regions represent the Al
overlayer. Abrupt GaN/Al N-terminated interface—systédnipanel(a)]; abrupt GaN/Al Ga-terminated interface—syst&panel (b)];
AIN intralayer—systenC [panel(c)]; systemD showing the Ga-Al atomic swap[panel(d)]; GaAIN alloy intralayer—systenk [panel
(]

supercell with doubled dimensions in tlxe-y plane. The be avoided by obtaining the chemical potentialsof the
resulting increase in the computational cost was compenatomic species of pure solids from independent total energy
sated for by reducing the thickness of the super@ed., calculations. However, the problem of biggest interest in the
11 GaNt5 Al layers. This is expected to affect the final present contest is the one of the exchange reaction, and we
value of the SBH, since bulk conditions in the thinner GaNcan get the relevant figure by comparing the ideal N-
and Al regions may not be completely recoversge be- terminated interface A) with the structure showing the
low). However, the effects of the alloy gghlosN intralayer — Ga— Al swap (D), since the two supercells contain the same
on the strut_:tural and electronic prpperties can be determinggl,mper of atoms of the same species. As for the Ga vs N
by comparing the results to the ideal atomically abrupt Nigrmination, this problem is of more concern in the study of
terminated GaN/Al interface having the same size and in he GaN surface, and has already been addressed in the

plane dimensions; the only difference between them be"."ﬂterature?9 As shown in Ref. 22 and mentioned earlier in

the last cationic plane of the semiconductor side, which is, . . . . _
made of 50% Ga and 50% Al atoms and all Ga atoms, in thihls work, the atomic forces acting on the interface il

first and second case, respectively. configurationA do not decrease they _y, pushing the Al

For configurationsA-D, structural relaxations along the towards the GaN region. Instead, we find an equilibrium
[001] direction were performed accordingab initio atomic  structure having a bond length, y, larger than bothia Xy
forces?’ Other degrees of freedom including in-plane atomicang diuk  (whered?', (X=Ga, Al) denotes the bulk bond
relaxations and formation of extended defects, such as dislgangth of XN). However, our calculations show that the total
cations, were neglec?ed. In the case of _conflguraﬁondue energy of configuratiom is lower (by about 0.1 eV/atoin
to onerous computational costs for the in-plane doubled Sup41 the total energy of structurd, confirming that the
percells, structural minimization was not performed. InsteadGa(_>A| exchange reaction observed experimenidlig en-
the calculated interplanar distance from structéewas  grgetically favorable. Intuitively, this can be understood by
used. Despﬂg this limitation, the comparison of the reSUIt%oting that the AIN bond has a significantly higher bond
for configurationsA-E can be used to determine the depen-gnerqy than GaN. We note that a further displacement of Ga
dence of the |nterfaC|_aI electronic properties on the chemistry,qige the Al overlayer will imply a more ionic N-Al inter-
and structure of the interface. face bond(greater cohesive energyand one more partially

covalent Ga-Al bond on the metal side. We can therefore

Ill. RESULTS AND DISCUSSION reasonably expect that such an exchange will lead to a fur-

ther total energy reduction. The heat of formation for the
Al/GaN exchange reaction is significantly less than the val-

Since the supercells do not have the same number of eacles predicted for the Al/GaAs system by Iith48 eVj (Ref.
atomic species, a fully consistent determination of the rela9) and Swart40.62 e\j (Ref. 10.
tive stability of the configurations is in general not possible The theoretically-determined interplanar distances along
from the superlattice calculations aloffeThe problem can the [001] direction are summarized in Table I. Since the

A. Stability and structural properties

TABLE |. Structural parameters for the configurations examia@bdvalues in atomic unijs

Sys. Interface configuration and interplanar atomic distances

A Gg—2.12-N;—2.17—Al;—3.6 7 Al

B Nj—2.23—Gg«—3.04—Al;+3.67— Al

C Gg—2.12-N—2.12-All—2.13-N?—2.17-Al?—3.6 7> Al

D Gg—2.12-N}—2.12-All—2.12-N?—2.12-Gg—3.00- Al 2— 3.6 7— Al
E Gg—2.12-N—2.12- X;—2.12-N?—2.17- Al2—3.6 7 Al
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Al-Al bond, due to different Ga and Al electronegativities
[compare Figs. @) and 2b)].

In Fig. 2(c) we report the charge density contour plots for
the interface Gaand AF atoms in configuratio®; the simi-
larity of panels(b) and(c) in Fig. 1 shows that the Ga atom
released in the swap mechanism tends to form metallic bond
with the deposited Al atoms. This is consistent with the re-
sults fromab initio atomic forces, which give an interplanar
distance for interfac® nearly equalwithin 1%) to that in
the B configuration(see Table )l We note that the results
obtained in the present work for configuratiBnare similar
to those obtained frorab initio pseudopotential calculations
performed for the Ga-terminated Al/Ga@91)
interface®®3! the top Ga atomic layer was found to relax
outwards, thus elongating the interface Ga-As bonds, as a
result of metallization of the Ga-Al layer.

N Table | shows that in the fully relaxe@ configuration,
4 the N-Alf and A{-N? interplanar distances Azy1-y,

v ~2.12a.u.) are equal to the interplanar distansed; —,
\ y i
Y

~2.12 a.u.) in configuratioA. On the other hand, the local-
density approximationLDA)-calculated equilibrium inter-
planar distance for tetragonal AIN with the in-plane lattice
constant fixed to that of the GaN substrate is
AZs"™3=2.00a.u., leading to a bond length
diere9=3.60 a.LP?

Therefore, our structural results regarding configura@on
suggest that the AIN intralayer, constrained on a GaN sub-
strate, cannot attain the equilibrium tetragonal bond length
within one layer. Instead, when Al replaces the surface Ga
atom, the Al is found to occupy the same position without
significant structural relaxation. Based on these results, we
can reasonably expect a similar situation in the case of con-

FIG. 2. Valence charge density projected on planes cutting dif-f'gur"?lt'onE’OW'th the Al atoms qf th? G‘?E’A‘.IO-'\;N layer Sub'
ferent interface bondg@a) bulk Al atoms in configuratiorB; (b) St't“t_'”,g 50% of the Ga atomic sites \_N'thOUt apprep_lably
Ga-Al, atoms in configuratio; (c) G&-Al2 atoms in configura- mod|f_y|ng the bond lengths, thus excluding the possk_nhty of
tion D. Contour lines are spaced by 0.01 electrons/cell. buckling effects. Hence, the unrelaxei configuration,

whose interplanar distances are set to those of configuration

) ) ] ) ) A, should not be radically different from the fully relaxed
electronic properties of configuratigh have been discussed g cture.

in a previous work? we describe these results only in com-
parison with the other configurations. In the atomically

abrupt interfaceB, the interplanar distance in the last GaN . _ . .
plane A zg, -y =2.23 a.u.) is larger than in bulk Gaf2.12 This subsection focuses on the influence of the interface

morphology on the SBH. We recall that for the GaN/Al in-
terface we found that the metal-induced gap stéiisS)

X ) %ail into the semiconductor side with a decay length of about
can be explained in terms of thenalf-metal/half- 355,22 n fact, in the present cases we find that the
semiconductocharacter of the interface Gatom. In fact, 8 firgt few layers of the semiconductor have metallic character.
already pointed out in Ref. 22 for th& configuration, the  Foy this reason, the presence of a monolayer-thick interfacial
interface cation(i.e., Al and Gain the A andB case, re- ga|loy layer does not result in an enhanced band gap near the
spectively forms with the other Al atoms a metallic bond, interface. As a consequence, in this case changes in the elec-
which reduces its possibility of fulsp® hybridization, thus trical properties arise from shifts in the interface Fermi-level
weakening the covalent character of the N-cation bond. Apinning position within the GaN band gap. Table Il lists our
similar mechanism is also responsible for making the intertheoretical results for thp-type SBH(I)Bp= Er—Eygwm cal-

planar distancelzyzy2 larger for theC configuration than  cylated as the difference between the Fermi le&l)(and
Azy1y2. In order to substantiate this, we report in Fige)2 the GaN valence-band maximunEysy) sufficiently far
and 2b) the charge density contour plots relative to Be from_ the interface. Note that the-type SBH, &g, can pe
configuration for the bulk Al atoms and the interface @& obtained from the-type SBH through the following relation

atoms, respectively. The interface ;&8; bond is predomi-
nantly metallic, although it is slightly different from the pure

B. Schottky barrier heights

a.u), which indicates that the interface ®&a covalent bond
is weakened with respect to the GaN bond in the bulk. Thi

(I)Bn: Egap_ q)Bp’
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TABLE Il. p-type Schottky barrier heights for the differemtGaN+m Al interfaces(values in eV.

A B C D E
n+m GaN/Al N-term.  GaN/Al Ga-term.  AIN intral. Ga—Alswap  GaAlgsN intral.
15+7 1.12 1.06 1.07 111
11+5 1.30 1.30

Egap PEING the experimental semiconductor band-gap energfollowing as A4 (2)]. A large difference in the interfacial
[Egan(GaN)=3.39 eV].3*1° dipole was not observed due to the similarity of the elec-
We point out that all the results reported in the first row oftronegativity of the Ga and Al species. We evaluated its even
Table Il refer to supercells with 15 Gal\v Al layers. In or-  and odd contribution relative to the substituted cation posi-
der to check the convergence of our SBH values as a fundion taken as zero. The even contributionﬁﬁﬁc(z) repre-
tion of the cell dimensions, we also performed calculationssents the chemical difference between Ga andedy., the
for a larger supercell, containing 19 Ga9 Al layers. From  different atomic wave functionsand, being a quadrupolar
this cas€? we obtained variations of the SBH of less than periodic charge(the monopole term of the electronic part
0.02 eV, showing that bulk conditions are well recoveredbeing exactly compensated by the nuclear)pdnat is peri-
also in the smaller 15 GalN7 Al supercell. Note also that odic alongx andy but monolayer thick along, it does not
for configuration A we used an even smaller cell size give rise to any potential discontinuity, which could affect
(11 GaN+5 Al layers—see the second row in Tablg ih  the SBH. On the other hand, the odd contribution is expected
order to compare with configuratiof, which due to the to represent the charge rearrangement due to chemical sub-
in-plane doubling of the cell was calculated with a shorterstitution, which should give rise to charge depletion accumu-
periodicity along the growth direction. The different value lation or, equivalently, to an extra dipole that may modify
(by about 0.2 eVY obtained for the 15 GaN7 Al (configu- the GaN/Al SBH. Such a dipole can only arise from the
ration A, first row) with respect to the 11 GalNs Al (con-  asymmetry around the substituted catidoe to the presence
figuration A, second rowis related to the insufficient thick- of the interfacg and therefore represents a next nearest-
nesses considered. However, this is not going to affect ouneighbors effect. In Fig. 3, we show the eysplid line) and
conclusions, since in this case we are interested in SBidd (dashed lingterms ofn4; ©(2); it is clear that the odd
trends rather than absolute values. The results shown igontribution is very small, relative to the even one. There-
Table 1l _do not includequasi-particle corrections (Aqp  fore, as expectediiy; ©(z) does not modify the final SBH
~0.1 eV related to the difference in screening on the twobetween GaN and Al(Similar results were obtained from
sides of the interface. This correction should be added to thfirst principles calculations performed on the GaAs/Al
p-type SBH value before a direct comparison to experimensystem)*°
is made. Let us now consider configuratidd. Since we have just
Our calculations show that the interface band line up isshown that the presence of an interface AIN lag@nfigu-
not strongly dependent on the interface morphology and thatation C) in place of the usual GaN layéconfigurationA)
all the SBH values found are in qualitative agreement withdoes not modify the SBH, in a similar way we expect that the
the experimental value reported for the atomically clearpresence of an interface G#\l, N layer will not affect the
wurtzite—GaN/Al interfacé® We first discuss the results ob- final SBH as well. This is exactly what happens, as shown by
tained for the two atomically abrupt defect-free interfacesan essentially identical SBH for configuratioAsandE (see
(configurationsA and B). Table Il shows that the-type  Table II, second row
SBH is only slightly reducedby 0.05 eV, of the same order  We now discuss the transitivity riféfor configurationC.

of magnitude of our numerical precisipm going from the  |n Ref. 22 we showed that this simple rule in thbrupt
N- to the Ga-terminated interface. Similar restitd were

obtained for the GaAs/Al interface, where thetype SBH
was found to be reduced by as much as 0.1 eV in going from
the As- to the Ga-terminated case, in agreement with 00010+

experiment®** This trend was attributéd to the higher & 00005+
electron affinity of the anion-terminated compared to the%g oo e e Ay
cation-terminated interface, which tends to lower thi/pe S 00005
SBH. . -0.0010
If we compare the SBH values for thfe andC configu- 00015 -

rations, we note that the-type SBH is almost unaffected by . . : : : : :
the presence of the AIN intralayéthe 0.05 eV difference Ga N Ga N X N Al Al
being of the order of our numerical precisjohet us explain
our findings. Since the resulting structural relaxations are
negligible, theA andC structures differ significantly only for
the chemical influence of the Al atom’s presence in the layer FIG. 3. Even(solid line) and odd(dashed ling contributions to
closest to the interface. We have calculated the differenca’; ©(z), defined as the difference between the double macroscopic
between the double macroscopic average of the valencgerage of the valence charge density for #hand C configura-
charge density for théd and C structures[denoted in the tions. Units in electrons/basis-area.

X = Ga for the A system
X = Al for the C system
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system is fulfilled almost exactly for hypothethically “lattice that the variation of the SBH was less than 0.05 eV. This
matched” systems. In contrast, the difference in lattice conconfirms, as expected, that td& for the metallic atoms is
stants inherent to the GaN/AIN/Al system was seen to pronearly vanishing and that variations of the SBH as a function
duce deviations of about 0.1 eV, due to differences in strucef the displacements of the metallic atoms in the metal side
tural interface relaxation®. Let us now observe that are therefore negligible.

configurationC can be seen as a sequence of two interfaces

(as far as a single monolayer may represent most of electro- IV. CONCLUSIONS

static potential line up a GaN/AIN heterojunction and an

AIN/AI' semiconductor/metal interface. According to the  First principles calculations have been performed for the
transitivity rule and recalling the results obtained for the po-GaN/Al junction, considering various interface morpholo-
tential discontinuity in the AIN/Al and GaN/AIN caséSwe  gies, namely different atomic terminations for GaN, interface
should therefore obtain:®g (GaN/Al)=®dg (AIN/AI)  atomic exchanges and @d;_,N intralayers. Our results
—AEU(GaN/AIN)=1.80—0.76p= 1.04 eV, whicph is in ex- Show that the GaAl atomic exchange has an enthalpy

cellent agreement with our FLAPW resutb$ (GaN/Al change _Of 0.1ev per atom. .
107 e\? Bp( ) We find that the first few layers of semiconductor are

) ) ) metallic due to the penetration of MIGS. For this reason, the
Now consider théd structure; note that itp-type SBH is

L : presence of ultra-thin intralayers does not result in a band-
very similar to the value obtained for the other structuresga, enhancement near the interface. In addition, the effects
This can be explained considering that theand B struc-

) X ; HE of the interface configuration on the electrical properties of
tures differ essentially by the isovalent substitution-& the junction are found to be negligible: the Schottky barrier

in the semiconductor layer closest to the interface. As Showﬂeight varies by less than 0.1 eV, changing the interface
for the A andC structures, the AIN intralayer does not alter morphology. In particular, we found that thetype Schottky
appreciably the SBH; a similar situation can therefore b,z rier height is only slightly reduced by the presencé)od
expected upon going from th# to the D structures, as ac-  Ga-termination of the semiconductor side of the junctidn,
tually found in Table II. In more detail, the SBH variation on 5 ga_. Al atomic swap at the immediate interface, diid) a
going_fromB toD has opposite sign, relative to the one seenga Al, N (x=0.5, 1) intralayer. Changes in the SBH are
on going fromA to C; this may be related to slightly differ- explained in terms of the different character of the interface
ent atomic relaxations in the two cases. _ bonds in the two Ga- and N-terminated atomically abrupt
Let us now discuss how the SBH can be altered by disgases and of the Gal,_,N (x=0.5, 1) intralayer electronic
placing the atoms in the metallic side of the interface. 'nproperties. Our results show good agreement with other the-

order to investigate this subject, we make use of the Boriyreical values for the-type SBH obtained for the similar
effective charges4*) conceptZ* being the dipole linearly  g5ag/Al system.

induced by a unitary displacement of a single ion in an oth-
erwise perfect crystal According to Ref. 38, if an atom
with Z* is displaced by an amount from its equilibrium
position, the resulting SBH change can be expressed as: One of the authorg§N.N.) acknowledges support by the
AV=8me’Z*ul(e..a?), wheree., is the dielectric constant Office of Naval ResearchContract No. N00014-96-1002
anda is the cubic lattice constant of the medium. Of course,This work was supported by a supercomputing grant at Cin-
it is expected that in a metal* vanishes due to perfect eca(Bologna, Italy through the Istituto Nazionale di Fisica
screening. In order to evaluate tA& of the metallic Ga and della Materia(INFM), by the MRSEC program of the Na-
Al atoms, we performed FLAPW calculations for some tional Science FoundatiofContract No. DMR-9632472at
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