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We report a theoretical investigation of the electronic structure of ultrathin MgO films ¢804y Such a
study has been motivated by recent experiments in which a peculiar behavior was observed when the film
thickness is less than a few layers, suggesting that the interface properties may play a crucial role. We tried to
verify such a statement by a comparative analysis between the clean surfaces of Ag and MgO, and the 1-, 2-,
and 3-monolaye(ML) adsorbed systems. To perform these calculations we applied the embedding method
{proposed by InglesfieldJ. E. Inglesfield, J. Phys. @4, 3795 (1981]} which allows us to consider a
semi-infinite substrate and is therefore one of the state-of-the-art methods for the theoretical treatment of
surfaces. We find evidences of a weak interaction between the silver substrate and the MgO overlayers and we
show how, as the film thickness exceeds the 2 ML width, the electronic properties converge on those of a clean
MgO surface. In the last part of the work we also suggest a possible interpretation of the ultraviolet photo-
electron spectroscopy data obtained on these systems.
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[. INTRODUCTION ues of the main parameters present in the calculation. In Sec.
Il we briefly analyze the electronic properties of the clean
Thin oxide films on metal substrates are nowadays a matAg(001) surface in order to build a reference for the subse-
ter of growing technological intere&fTheir employment as quent treatment of more complex systems. In Sec. IV we
insulator layers in micro- and nanodevices has driven a cornconsider the MgO monolayer on Ag01) system; we show
siderable effort to further understand the interface propertieghe results regarding the density of statb©S), comparing
of these system?&? In particular, for magnesium oxide film, it to the one obtained for a free-standing MgO layer, and we
evidences of interesting properties such as an enhancegharacterize some of the surface intrinsic features. In Sec. V
reactivity, or a peculiar behavior in electron emissiavere  we then compare results obtained for the single layer with
found in the ultrathin limit(1-3 atomic layers These fea- those obtained for 2 and 3 ML of MgO/A@01); in this way
tures indicate that, in this thickness range, the metallic subye are able to highlight the features in the MgO layer due to
strate plays an active role on the supported MgO film, modithe interaction with the Ag substrate. It should also help in
fying its electronic properties. Furthermore, it has beensketching how the electronic properties vary as a function of
shown that the nonordinary behavior is enhanced at thghe film thickness, aligning progressively with MgO surface
single monolaye(ML) COVGfagél-’G'? In this paper we focus properties; in Sec. VI, the metal induced gap staMESS)
on MgO/Ag001), a system for whictayer-by-layergrowth  are also considered. Finally, in Sec. VIl we focus on the
occurs producing a very regular film, as shown by scanninginexpected ultraviolet photoelectron spectroscapys re-
tunneling microscopySTM).®® This is possible because of syits obtained by Altierit al,* proposing an interpretation
the small lattice mismatct~2.9%) between the bulk silver  for them. Section VIII is devoted to the conclusions.
lattice parameter and the MgO one, which allows epitaxial
growth. Despite the considerable number of experimental
studies focusing on this system, some results are still matter
of discussion. To our knowledge, the theoretical investigation By the embedding method we consider a surface taking
performed so far went more in the direction of determininginto account its intrinsic feature represented by the semi-
the equilibrium structure of the system, obtaining a niceinfinite bulk substrate below it. We partition the space into
agreement with experimental d&@he necessary and natu- three different volumes, considering a surface region embed-
ral extension of these studies concerns the determination ofded between the bulk substrate region and the vacuum one;
detailed picture of the electronic properties of thethe boundaries between these volumes are called embedding
MgO/Ag(00]) interface and represents the main purpose okurfaces. This kind of calculation requires a multistep proce-
this work. We apply the embedding method, originally de-dure, necessary in order to determine the ground state
veloped by Inglesfieff to the treatment of surfaces; within Green’s function in the surface region. We must first calcu-
this framework, differently with respect to more widely used late the bulk Green’s function, in order to produce, in the
approaches as supercell or slab methods, one is able to cosecond step, an embedding potential which will replace the
sider the real semi-infinite nature of the silver substtaté.  bulk substrate in the self-consistent surface calculation per-
This paper is organized as follows: in Sec. Il we briefly formed in the final step. The embedding potential replacing
decribe our computational technique, reporting also the valthe vacuum region is instead evaluated analytically, as de-

IIl. COMPUTATIONAL FRAMEWORK
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TABLE |. Calculated structural parameters for bulk Ag, the
equilibrium atomic volumeB, the bulk modulus, an®’, are the
parameters obtained from the Murnaghan equation of state.

a(Ad) B(Mban V,(A% B’ X

This work 4.089 1.080 17.09 5.50 <1012
Experiment  4.088 1.0872% 17.1626

8 xtrapolated at 0 K.

Energy [eV]

scribed in Ref. 12. Once in possession of the Green'’s func
tion for the embedded surface region we can calculate th
local DOS, o(r,E)=(1/7)ImGr,r ,E+id), which can be

integrated over an energy range to obtain the charge densi —101: < M T
n(r). It should be noted that most of the DOSs we present in
this work are calculated with a small but finite imaginary FIG. 1. Surface band structure for £91).

part of the energyg, in order to be able to detect discrete

features using afinite mesh sampling the energy axis. For a We consider first the projection of bulk band structure
detailed explanation of the embedding method see Refanto the SBZ relative to thed01) surface shown in Fig. 1. In
10-12. Our calculations are based on a full-potential linearthis way one can identify intrinsic surface features, distin-
ized augmented plane wavELAPW) scheme; the embed- guishing them from bulk ones; let us remark that the avail-
ded region is partitioned into muffin-tindT) spheres and ability of a continuous DOS is a very powerful tool to re-
an interstitial region. The embedding surface on the bulk sideolve surface structures, differentiating between discrete
has a bumpy shape which allows one to include in the emsurface states and states propagating into the bulk.

bedding region the whole MT spheres of interface atoms, We characterized the discrete states shown in Fig. 1 by
avoiding a possible source of inaccuracy. The main paramealculating their energy and effective mass. The data we ob-
eters that we must set for the Green’s function expansion amained are reported in Table Il. For what concerns statgs SS
the cutoff momentum of the plane wave baslis| :[kﬁ and S$ our results are in good agreement with experimental
+k§]1’2, where thez axis is chosen as the surface normal, andones, as well as with ones obtained in previous theoretical
the maximum angular momentum inside the MT spheresgalculations. In particular state $Swas observed at
Imax The first quantity which define the plane-wave energy3.5+0.2 eV in inverse photoemission experiments byAlt-
cutoff is fixed to 10.24 Ry, while the second is chosen agnannet al8while electroreflectance measurements by Kolb
Imax=9. The other parameters which have to be set concerft all® indicated a slightly lower energy, of about 3.1 eV.
the geometry of the embedded region: the MT radii areThe density functional theoryDFT)-LDA calculation, re-
rvd=2.65 a.u. and{;=rM2=1.70 a.u.; the embedded region ported in Ref. 20, determined an energy of 2.99 eV. For what
extends for 25 a.u. in the direction and the surface Bril- concerns state §Sit could be put in relationship with state
louin zone(SBZ) was sampled by a 12010 regular mesh B in the work by Kolbet al. which is located slightly below
consisting in 10, points of which 21 are independents. All the Fermi level(~-0.1 eV). In our calculation this state is
the results presented in this paper are obtained within thempty, at an energy of 0.15 eV, in perfect agreement with
local density approximatiofLDA) for the exchange and cor- previous result’ States S§and S$, in correspondence of

relation energy? the X point, display opposite bonding character; pBsents
charge density maxima between the atoms while in the same

lll. CLEAN Ag (001) SURFACE positions there are minim@aodal planesfor the antibonding
S state. In both cases, their charge distribution is essen-

In order to calculate the embedding potential replacing the,
bulk Ag substrate, we determined the bulk electronic s;truc-""IIIy located on the_ surface layer. Fpr what concerns state IS
' e observed that its charge density has maximum further

ture and we also performed some tests on the accuracy of olif® ¢ o ) .
computational scheme, determining the equilibrium Ir:xtticeoms'.de the topmqst layer, as itis typlcgl of states induced by
parameter and the bulk moduluB. The results we obtained the image potential at metal surfacggage states Al-
are in excellent agreement with experimental data, as re- tag|E |. Effective mass and spectral position of the main
ported in Table I. The bulk band structure and density Ofitrinsic features of AOY) surface.

states also reproduce the results already present in

literature:’ _ . _ State Effective masémy) Energy(eV)
In order to build a solid basis for the subsequent overlayer —

calculations, we studied the clean ®@1) surface with SS X-M:0.52 0.15

some detail. We included the two topmost atomic layers inss, X-T-0.56 2.88

the surface embedded region; this is a realistic approxima]—
. ; : IS
tion, at least for metals where there is a very high screening
efficiency. aNith respect to the vacuum level, reported in Table IlI

0.99 4.52(-0.17)

195425-2



ELECTRONIC PROPERTIES CALCULATION OF MgQ. PHYSICAL REVIEW B 70, 195425(2004)

though the asymptotic dependence of the potential is not GJp T T T T A T ]
correct within the LDA, because it does not reproduce the — 1ML MgO/Ag(001)] ,ff
—-1/4z decay of the image potential, it is well known that the 3 === Ag(001) clean
potential in the immediate neighborhood of the surface can 2
allow one to describe in a very approximate way the first
image state in the Rydberg series. The effective mass we ! F b\
obtained for this state is 0.99,, in perfect agreement with O+ =
the experimental value of 0.98+0.02, obtained by Ferrini i
et al?! On the contrary, the locality of the LDA functional
does not allow us to reproduce the correct spectral position
of this state, and therefore the energy we obtain, —0.17 eV, is
quite different from the experimental value of
-0.53+0.05 eV.

DOS [states/eV]

— Unsupported MgO layer

IV. MONOLAYER COVERAGE 2F

We now consider one monolayer of MgO adsorbed on the 1 a
Ag(001) surface. The monolayer system was reproduced us- | /
ing a 1X 1 unit cell; this choice is supported by STM images obtb 1ol L—-r-/
showing that, at least locally, the experimental samples -20 -18 -16 -14 -12-10 8 -6 4 -2 0 2 4
present a very regular morpholo. Energy [eV]

In order to determine the equilibrium structure of the
MgO film we performed some calculations using different FIG. 2. Density of states in the MgO and top Ag layers. The
plane-wave pseudopotenti@W-PP codes; in fact total en- €nergy axis scale is referred to the Fermi level of bulk silver.
ergy minimization is a hard task to perform within a FLAPW Thick_er I_ines refgrs to _I\_/IT voI_umes, while thinner ones ?ndicate
framework. Moreover the final result should not differ sig- contribution from interstitial region(a) The topmost Ag layer in the
nificantly being bond lengths in solids essentially determinec@se ©f an A0 clean surface and in the 1 ML MgO/4@01)
by valence wave functions which are correctly described in YStem«b) The MgO layer in the 1 ML MgO/A{O01) system.(c)
PW-PP approach. The two equilibrium structures we ob-UnSUpported Mg@O1) layer.

tained present some small differences one respect to th@) The interstitial part is instead very similar in both cases:
other but they all were in substantial agreement with previthese states seem to be left unmodified by the adsorption of
ous theoretical determinatiofisiowever the nice agreement the MgO layer. In order to better understand the features in
found in Ref. 9 between theoretical and experimental resultthe MgO DOS due to the presence of the metal substrate, we
induced us to adopt the calculated coordinate set reported ieport in panel(c) the DOS of an unsupported MgO layer
that work. In the equilibrium configuration the oxygen atomscalculated using the periodic superaglbn-embeddingver-

are on top of the silver ones, while the magnesium ones argion of our code. Being that the Fermi level is undefined in
located in a four fold hollow position with respect to the Ag the case of an unsupported monolayer, we chose to align
layer. The independent optimization of taeoordinates of these two DOS according to thes peaks, located between
the Mg and O atoms has clarified that the equilibrium geom=18 and -17 eV, which are quite sharp and narrow. In the
etry corresponds to an arrangement in which the Mg atomgupported case the peak is slightly wider, indicating a greater
are located slightly closer to the silver layer than the O one§lispersion of the &states for the supported MgO layer. Let

displaying a rumpling of about 0.15 A. This feature is alsoYS remark that the Lor_entzian tails of the peaks in _the sup-
present in the case of the MgO/RdY) interface where a ported case are a spurious feature due to the small imaginary

rumpling of 0.16 A is reported by Giordare al? Based on part of the energy. The twopbands are quite similar in their

these conclusions. we model the MaO monolaver svstem foshape; the most interesting feature is represented by the pres-
' 9 yer sy énce, in the case of the supported MgO layer, of a consider-

the electronic structure calculations enclosing two silver Iay-able amount of states crossing the Fermi level, and connect-
ers and a MgO one in the embedd_ed region. In Fig. 2, Wéhg the valence with the conduction band. This density of
report the layer-resolved DOS, plotting separately the contrigiates is thought to be originated from an hybridization with
bution of the MT volumes(thicker lineg and that of the gjyer spband and it is not present in the unsupported MgO
interstitial region pertaining to the layéthinner lineg. Be-  |ayer, where we observe the typical gap of this material, even
ing Ag and MgO closed-packed materials, the contributionjf ‘its amplitude is not correctly estimated within DPX.
from the MT volumes is clearly dominant. The DOSs in These states are usually referred to as Mi&8 and are a
panel(a) refer to the most external silver layer in the mono- general feature of metal-ceramic interfaces. In a different
layer system(continuous ling and in the case of a clean picture, they could also be seen as states originated by metal
Ag(001) surface(dashed ling The reference energy is the wave functions which become evanescent functions when
Fermi level of bulk silver. We note that the greater modifi- they enter the oxide, damping roughly exponentially with
cation as a consequence of the adsorption of the MgO layetistance.

is the appearance of a large shoulder in correspondence of In order to better understand the nature of the MgO va-
the highest peaks in the MgO valence DOS, reported in panéénce band we calculate thg-resolved DOS. In this way we
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- FIG. 4. Charge density plot relative to regions | and Il in Fig. 3.
I The darker regions correspond to higher charge densities.
6 s 4 3 ) R be identified as MIGS. This statement is supported by several

reasons; first of all the energy range in which the hybrid
states exist is more or less the same as that obthieand.
Moreover, the shape of the DOS on the MgO layer is the
sSame as we obtain by summisgndp component in the Ag
layer DOS. These states are the less localized ones and there-
fore they are the most suitable for the propagation-
are able to distinguish between Mg® &tates which hybrid- hybridization process into the MgO layer.

ize with the substrate, falling in the energy range of the Ag

band and those which keep their discrete nature falling in an

energy range where there are no silver states suitable for V. 2 AND 3 ML COVERAGE

hybridization. In particular, we calculate the DOSapoint, In this section, we study the electronic properties of the 2
with a very small imaginary part of the energfl.5  ang 3 ML MgO films; in particular, we are interested in de-
%107 eV) and a very dense sampling focusing only on thetermining how the properties observed for the monolayer are
valence band range. In Fig. 3 we report the DOSs relative tgyogified for higher thicknesses. In this way we could deter-
the Ag interface layer and to the MgO one. We identify threemine g sort of “critical thickness” characterizing the ultrathin
main discrete structures: one at —4.75 eV, labeled as strugrnis - gistinguishing this class of materials from those dis-
:ure 'II' _?_Ee at _i'Gte\_/zagd Sne_ at |_2'25 ev, Iabelre]d a;lstr]cu Slaying common insulator properties, where the substrate has
ure |. The peak at =2.6 eV simply represents the tail of &,,% (e role. The first step in such analysis is the compari-

surface feature of the Ag substrate and therefore does n .
play any particular role in the interface properties. Besidegbn between the DOSs in the 2 and 3 ML systems and the

these peaks there is also a continuous part of the DOS, staft"es calcul_ated.for a clean MgIDY) surface. Results are
ing from —4.5 eV and extending until 1.5 eV, which we SNOWnN in Fig. 5; panelga), (b), and(c) refer to the 2 and

highlighted by the graygreen shaded region. This continu- 3 ML systems, the former corresponding to the continuous
ous DOS was determined by performing a calculation inlines and the latter to th(_a dashed ones. In particular p@pel
which the imaginary part of the Green’s function is equal tocontains results for the interface Ag layer, whity and(c)
zero; on the real axis discrete states are delta functions arifose of the interface and top MgO layer respectively. Com-
therefore cannot be revealed sampling the energy axis with Baring the DOS in the first three panels, there is no evidence
finite mesh. In order to better understand the nature of theuggesting that the electronic properties of the 2 ML system
discrete states, we calculated the charge distribution correshould differ significantly from those of the 3 ML. Indeed
sponding to structures | and Il. At this particular point of the both the interface and the top MgO DOS are very similar and
SBZ, we obtain a charge density distribution, which isalso the two interface Ag layer do not present strong differ-
strongly reminiscent of atomic orbitals. These densities arences. Only in the energy region around the Fermi level, the
shown in Fig. 4; the charge corresponding to the peak aamount of MIGS is considerably larger for the top MgO
-2.25 eV (structure ) is essentially parallel to the surface layer in the 2 ML case with respect to the 3 ML one. Being
plane; for this reason we would refer to it as fhestate. The  this quantity of the order of 0.02 states/eV, this feature is not
other peak of interest, the one at —4.75 eV has a charge digisible in Fig. 5, and will be treated in detail in the next
tribution which resembles very much thge orbital in the  section.
isolated atom picture; for this reason we refer to it ag,a In panel(d) we report the DOS for the top layer of the
state, even if this definition is inappropriate. Thestate lies clean MgQ001) surface. The similarity between this DOS
completely outside the Ad band; thep,, instead, falls ex- and that of the top MgO layer in the 3 ML system supports
actly in a sort of microgap of Ag band where we also find athe idea that the electronic properties of the film are already
discrete state in Ag DOS. The charge density relative to theseonverged to those of a clean MgO surface. An additional
last two states is equally distributed on the MgO and on thepoint of view in this respect can be achieved analyzing the
interface Ag layer, originating an interface state. variation of the work function in the systems considered. To
On the other hand, the continuous DOS representpO 2avoid misunderstandings in dealing with a metallic/insulator
states hybridized with the Agp band, the ones which could hybrid system such as ours, we define the work function as

Energy [eV]
FIG. 3. (Color onling Valence band DOS af for the 1 ML

MgO/Ag(001). The shaded region represents the continuous part i
the MgO layer DOS.
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FIG. 5. Comparison of the DOSs of 2 and 3 Njtanels(a), (b),
and (c)] system with the DOS of the top layer of the clean
MgO(001) surface[panel(d)]. Thicker lines refer to MT volumes,
while thinner ones indicate contribution from interstitial regice.
Interface Ag layer(b) interface MgO layer(c) top MgO layer;(d)

top MgO layer in a Mg@002) clean surface.
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MgO(001) clean surface
1 ML MgO/Ag(001)
2 ML MgO/Ag(001)
3 ML MgO/Ag(001)

> % O ©

Energy [eV]

-2
ba

FIG. 6. MgO surface state dispersion in thieX path. The
shaded regions represent Ag bands projection, while the continuous
line reproduces Ag surface state,SS

the number of states at the Fermi level is close to zero. As
the thickness of the MgO slab increases, the reference energy
should be therefore set at the top of the MgO valence band.
The value obtained in this way, both for the 2 and 3 ML
case, is very close to the calculated one for the clean MgO
surface, confirming the idea that already in this thickness
range these systems have similar properties. Further evidence

is found analyzing the dispersion along theX path of the
MgO empty surface state which is present in all the surfaces
terminated with a MgO layer. The dispersion of this surface
state is plotted in Fig. 6 over the projection of Ag bands; SS
refers to the silver surface state discussed in Sec. Ill. We note
that only for the monolayer the energy of this state is signifi-
cantly (of about 1 eV different with respect to the other
systems. In the 2 ML its dispersion is very similar to the one
of a clean MgO surface and, for the 3 ML MgO slab, the
peak positions nearly coincide. In order to better understand
the electronic structure of the thicker MgO film we calculate

the energy of the vacuum level with respect to the Fermi onghe DOS in the 3 ML system df with the same detailed

of bulk silver. The results are reported in Table Il and dis-level used to obtain Fig. 3. The results obtained are shown in
play a decrease of the work function with the increase ofFig. 7; the lines and areas drawn in light gi@yeer) corre-
MgO film thickness. However, if we consider the DOSs, re-spond to the discrete and continuous structures of the top
ported in Fig. §c), we notice that on the external MgO layer, MgO layer while the ones in dark gragplue) refer to the

TABLE IIl. Work function for Ag(001) and 1, 2, and 3 ML of

MgO/Ag(00)).
System Calculate¢eV) MeasuredeV)
Clean Ad001) 4.69 4.22+0.0%
1 ML MgO/Ag(001) 3.98
2 ML MgO/Ag(001) 3.34
5.4+0.2
3 ML MgO/Ag(001) 3.37
5.4+0.2
MgO(001) clean surface 5.45 6.7+0.48°

@Distance from top of valence band to the vacuum level.

MgO interface layer. We also report the DOS in the Ag in-
terface layer which is useful to understand which states in-
teract more with the overlayer. We note that the structures
that we have labeled as | and Il in Fig. 3 are still present and
do not differ very much with respect to our previous deter-
mination. In particular, structure (~-2 eV) is slightly
shifted toward higher energies and correspondptstates
located only in the outermost MgO layer. The element aris-
ing from this analysis is the detection of the continuops 2
band, originated by the interaction betwegn @ states lo-
cated in different layers. The edge of this band is around
-3.1 eV, in agreement with the experimental results by
Tjenget al. 8 for the clean MgO surface. Let us remark that
the p, state is shifted toward higher energies in consequence
of the shift in the Madelung field due to the lower coordina-
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FIG. 7. (Color onling Valence band DOS af for the 3 ML

FIG. 8. MgO complex band structureEUsing 1d units. In the
MgO/Ag(001).

middle part of the plot we report the solution with real value&.of
In the side regions the solutions with purely imaginary valuek, of
tion of the surface layer, falling outside the band and becom¢eft side) or with fek,=#/d (right side are plotted.

ing a discrete surface state. In particular it presents the fea-

ture typical of a Tamm state, i.e., a flat dispersion, followingshow the determination of the damping length. The solution
the band edge. corresponds tdmk,=0.72/d, in substantial agreement with
the previous determination. The discrepancy is due to the
fact that within this complex band structure framework we
VI. MIGS CHARACTERIZATION are considering how wave functions decay into an infinitely
In order to obtain a more complete description of thethick bulk MgO. This is, however, a reasonable approxima-

MgO/Ag(001) system, we report here a more detailed pic-1on and the agreement between the two estimates demon-
ture of the MIGS-related features. As already pointed out byC.trates that in this case finite size effects are not fundamental.
Bordier and Noguer& MIGS are characterized by a typical
damping length. Note that this quantity depends on the en-
ergy of the states themselves: at the insulator midgap this
value is minimum while close to the band edges the wave
functions are weakly damped. The analysis we present here
is focused at the Ag substrate Fermi level, which corre- |n this section we give an interpretation to the UPS data
sponds to an energy very close to the middle of MgO gap. Aobtained by Altieriet al# for the MgO monolayer system. In
first, rough, estimate of the damping length is made by dethe performed experiment, they recorded an UPS spectra on
termining the values of the maxima of the oscillating chargea freshly grown sample using a He | sour@i.2 eV}, at
density as a function of penetration distaac@/e performed  normal emission with respect to the surface. The same inves-
this analySiS on the 3 ML SyStem, in order to have access tggation was done’ as a Comparison, on the C|eamgg

the largest data set. We then fit our data with an exponensface. In the energy range from —3.5 eV to the Fermi level,
tially decaying functionp(z)=a exp(~2k2). The value of the  they obtained a higher signal for the monolayer system than
parametek determined from this fit is equal to 0.21 a.u., i.e., for the clean silver surface. This result, i.e., the increase of
0.84/d, whered is the interplanar distance. Consequently thethe number of states around the Fermi level after the growth
decaying length for the wave functions is equal to 1d19Ve  of an insulator layer over a metal, is somewhat surprising
can compare these results, with a more sophisticated metheghd constitutes one of the features which attracted attention
making use of MgO complex band structure. This meangn this class of compounds. We then tried to analyze this
calculatingE(k,) for bulk MgO solutions at a givek; when  resuylt comparing our DOS with the valence band spectra;
these solution sare real, wave functions oscillate and propahese two objects are obviously not the same but within a
gate through the solid. On the contrary, the region in whichzeroth order approximation they can be thought as one pro-
they are complex is the gap region; wave functions at thesgortional to the other. Moreover, using He | radiation, Ady 4
energy values are not allowed to propagate, being evanescesthates and O 2ones have equal cross section for the UPS,
solutions. The damping factor of these kind of solutionssyggesting that when performing the experiment on the clean
(which are the ones giving rise to the MIGS phenomensn  surface and on the 1 ML MgO/Ag01) the sampled volume
given by the value of imaginary part &. An overall view s more or less the same. With these premises, the result we
of this concept as well as of the method used to calculatgptain integrating over the whole SBZ is in contrast with the
such band structure is reported in Ref. 27. In Fig. 8 we reporgxperiment because the DOS on the MgO layer is smaller
the results obtained for MgO, computediapoint where we  than that on any Ag layefsee Figs. &) and 2b)]. This

VIl. COMPARISON WITH EXPERIMENTAL RESULTS:
VALENCE BAND STRUCTURE AROUND THE
FERMI LEVEL
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2
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| o—o Internal Ag s | Tl Clean Ag(100) surface .
w—a External Ag i --- 1 ML MgO/Ag(100)
1.2 *-x MgO layer [ 1.8
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> 1 et ] FIG. 9. Variation of the DOS as a function of
> 'WE_E:‘»E‘E'EEM& ] 1.6 k;. The panel on the left displays the result rela-
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result also confirms what has been obtained in Ref. 6 buihg the features due to the interactions in this metal/metal-
does not lead to a further comprehension of this phenomexide interface. Taking advantages of our embedding
enon. A different point of view can be achieved if we intro- approach we achieved a detailed description of the electronic
duce in our analysis the fact that, in the photoemission exstructure in each of these systems, in particular for what
periment, the electrons collected are those emitted along theoncerns the discrete surface and interface states. The results
direction normal to the surface sample; in this way only aobtained allow us to speculate about the transition between

reduced portion arount point of the SBZ is sample®f.Oour  the Ag surface and the pure MgO one, in terms of the num-
comparison should therefore be made integrating over thBer of MgO monolayers grown on the metal substrate. In the
same small portion of SBZ. Within this frame we get a resultmonolayer limit, we observed the known hybridization be-
which is in agreement with the experimental one, obtaining 4veen the Agsp band and the O |2 one, resulting in the
DOS which is higher for the 1 ML MgO system than for the Presence of a continuum of states in the MgO ¢diGS).

Ag clean surface in the proximity of the Fermi level. To The propagation of these states is characterized by an expo-
better display the results of this analysis we plotted in Fig. gnéntial decay: therefore the amount of these states on the
the DOS as a function of the value kofat a fixed energy. In surface is much reduced as the MgO film th|ck|_’1ess increases.
particular we chose to report the values ¥ E but we ~ The DOS on the top layer of a 3 ML MgO film does not
verified that the same behavior is observed elsewhere in tHyesent any difference with respect to the one of the top layer
energy range under analysis. We also excluded the zone b @ clean Mg@002) surface. This fact, together with the

der (X) from the plot because the presence in that point of aanalysis of the work function variation and of the dispersion

surface e coudafect e comprehension of th generE0€ VIOCCIIed G0 Srisce St ndates s o con
meaning of the plot. In the left panel we report the DOS 9 ' i

values for the monolayer while in the right one we show tWOproperties to the MgO surface ones. T_hes_e resullts strongly
curves. obtained by summing the DOS of the first and Seconaupport the idea that the mutual interaction is localized at the
surfacé layer in tvalo systemgs' the Ag clean surface and th{gterface layers and therefore features due to such interaction

monolayer one. The overall result is quite self—explaining:appe""lr enhanced in the monolayer regime and might influ-

. : L ence the surface reactivity. We also studied the propagation
the most important feature is that the great majority of MgO f MIGS, determining the damping length of these states into

states is located near the zone center and their number dg- MaO film: we obtained a substantial agreement between
creases as we go toward the zone border. The opposite tre 9 ’ . . gre .
Itwo different method of calculating this quantity. Finally, we

is shown by silver states which in both plots are in greateﬁmalyzed the results of Altieret al? and we interpret the

number near the zone boundary. A spectroscopy whic : :
samples a limited portion near the SBZ center will then em.neasured UPS spectra around the Fermi level in the mono-

phasize the states belonging to the MgO layer, underestim
ing the ones from the silver substrate. This could be th
reason of the unexpected result obtained by experimentalis‘(é
and could be definitely proved by performing the same ex-

periment collecting the electrons emitted at a grazing angle
with respect to the surface.

ayer regime. The great majority of the states responsible for
e detected signal are confined in a reduced portion of SBZ,
here the number of hybridized states is greater than it is in
e rest of reciprocal space, as shown by our calculation.
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