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First-principles optical properties of Si/CaF, multiple quantum wells
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The optical properties of Si/CaFmultiple quantum wells are studieab initio by means of the linear-
muffin-tin-orbital method. In particular, we investigate the dependence of the optoelectronic properties on the
thickness of the Si wells. We find that below a well width-eR0 A, new transitions appear in the optical
region with an evident polarization dependence. The oscillator strength of these transitions shows a dramatic
increase as the width of the Si well decreases. A comparison is made with recent experimental work on similar
systems. Our results show that quantum confinement and passivation are necessary in order to have photolu-
minescence in confined silicon-based materig#€163-18208)04023-3

[. INTRODUCTION 15-20 A, rather than of Si ordered layéfs.
In this paper we present first-principles calculations of the

One of the fastest-growing areas in the field of semicon-optical properties of the Si/CaRVIQW’s within the linear-
ductor research is that of low-dimensional structures. Thenuffin-tin-orbital (LMTO) method in the atomic-sphere ap-
properties of these materials show dramatic changes withroximation(ASA), along the line of the work made on elec-
respect to their bulk counterpart. In particular the observatiortronic properties presented in Ref. 5. Our aim heré)igo
of bright, visible luminescence in porous @S) (Ref. )  study the effects of the low dimensionality on the optical
has stimulated intense experimeftahd theoreticdlwork  properties of Sifii) to discuss the experimental findings for
to understand both the energy blueshift and the increasettie MBE-grown Si/CafF MQW'’s, and(iii ) to investigate, in
efficiency of luminescence in confined Si structures. In factthe light of our results, the possibility of PL in Si-based
on the basis of extensive experimental evidence, it is the lownaterials.
dimensionality of PSi that is responsible for its peculiar op- The paper is organized as follows: in Sec. Il the method
tical properties. However the microscopic structure of PSi idor the calculation of the optical properties of the Si/GaF
still not well characterized, since the crystallinifgurface ~ MQW is outlined. Section lll is devoted to the presentation
chemistry, and morphology of PSi are not easy to establistand discussion of the optical results, with particular attention
One way to overcome these difficulties is to fabricate simpleto low-dimensionality effects. Conclusions are presented in
Si-based low-dimensional materials. Several years*&go Sec. IV.
we proposed the lattice-matched system Q& CaF, as the
prototype of a well-controlled and ordered Si-based system Il ELECTRONIC AND OPTICAL PROPERTIES:
with a known microscopic structure. Our all-electron calcu- THE METHOD
lations for ultrathin Si111) layers embedded in Cashow
that quantum confinement causes a band-gap opening which The self-consistent electronic structures of the SilCaF
depends on the Si layer thickness, while Si-Ca hybridizatiotMQW's are calculated by means of the LMTO-ASA, which
effects at the interface lead to dipole-allowed optical transihas proven to describe correctly the Si/Gakterface
tions all over the Brillouin zoné.In analogy to PSf, the  properties*'1'2 Exchange and correlation effects are in-
variety of possible low-energy interband transitions mightcluded within the density-functional theory in the local-
lead to visible radiative recombination. Subsequentlydensity approximatiofLDA). Due to the LDA we underes-
Si/Cak, multiple quantum well§MQW'’s) which show effi-  timate the energy gaps: we obtain 0.56 and 6.96 eV instead
cient photoluminescencéPL) at room temperature have of the experimental values of 1.1 and 12.1 eV for bulk Si and
been synthesized by molecular-beam epita®BE).”®  Cak, respectively. In order to overcome the lack of period-
The disappearance of the luminescence for Si layers thickecity perpendicular to the interface, for MQW we use calcu-
than 25 A, and the blueshift of the spectra for decreasindations supercells formed by a variable number of Si double
thicknesses of the Si layers, are both in agreement with thi&yers(DL’s), separated by CaHayers(see Fig. 1 of Ref.
guantum confinement hypothesis and with the theoreticah). The number of Caflayers in the calculations has been
conclusion of Ref. 5. chosen large enougfat least three layerso make the cen-

Very recently optical-absorption measurements have beeiial CaF, layer exhibits bulklike properties. Throughout, we
performed on these sampleand have indicated that the ab- use the lattice constant of CaFonly 0.6% greater than in
sorption energy of the MQW'écentered around- 2.4 eV) is  bulk Si) except for the interfacial Si-Ca distance, which is
larger than the luminescence enefggntered around- 1.7  taken to be 3.15 A as fouhtl* experimentally. Our struc-
eV). This fact, together with experimental observationstural model follows the experimental outcom@g? the first
based on reflection high-energy electron diffraction and exmonolayer of Cakloses half of its fluorine atoms leading to
tended x-ray-absorption fine struct®ifeon the structural the Ca-Si bond at the interface. The interface Ca atoms oc-
composition of the MQW'’s, seems to indicate that thesecupy theT, sites; the triangular filled sites on top of the
MQW’s consist of Si grains with lateral dimensions of aboutsecond layer Si atoms, while the F atoms are located on the
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FIG. 1. Imaginary part of the dielectric functian for bulk Si. FIG. 2. Calculated imaginary part of the dielectric functien

Solid line: this work; dashed line: experime(Ref. 1. The theo-  for bulk Cak.
retical result was blueshifted by 0.5 eV to correct the LDA under-

estimation of the Si band gap. In order to test the reliability of our calculations, we first

] ] ] computed the imaginary and real parts of the dielectric func-
H; sites, the triangular hollow sites on top of the fourth-layeriign for bulk Si and bulk Cak The imaginary part of the
Si atoms. For further details on the structural model used, thgjejectric function €, for bulk Si between 0 and 6 eV is
reader is referred to Refs. 4 and 5. . shown in Fig. 1, where it is compared with the experimental

The thickness of the Si wells embedded in ga&nges egyit(dashed lingof Aspnes and Studnd.To perform this

from 5.5 to 24.4 A. The first value corresponds to the case Oéomparison, we shifted our result to the blue by 0.5 eV, in
a s,mgle DL of Si embedded in CafFthe second to seven grqer to overcome the LDA underestimation of the band gap.
DL'’s of Si. The number of supercell atoniscluding empty  our results compare fairly well with the experiment, except
spheres for close packinganges from 15 to 39. Once the for the intensity of the lower-energy peak present in the ex-
self-consistent electronic properties have been calculated, ﬂ?ﬁrimental data. This excitonic peak cannot be correctly de-

optical properties of the MQW'’s have been computed byscriped by a one-particle theory and therefore it is also un-
evaluating the imaginary part of the dielectric function in the yerestimated in other calculatioHs!?

optical limit: Regarding the real part of the dielectric functien we
Am2e?_ 2 found.a go_od agreement with the experimentally derivgd
€A w)= m 2 _2 e Pal 0 P bfehavu?r}7 in particular, we note that our calculated static
m2w?vc VR crrate dielectric constang;(0) shows a value of 10.53, to be com-

pared with the experimental result of 1¥/4For the refrac-

X O[Ec(k)—Ey (k) — o], (1) tion index we calculatei=3.25 with respect to the experi-
mental value oh=3.8-4.1%'

If we consider bulk Caj; our calculatede, is shown in
. Fig. 2 in the 0-15-eV range. We note that our result is in
. . ; : E‘good agreement with previous calculatf@rand, taking into
for the computat|on_ of the optical ma_ltrlx e'emeﬂts In theaccount the gap underestimation, also with the experimental
gradient representation. The large basis set, that includes Ayt We also obtain, even for bulk CaFa calculated

gular morq%‘?éum up _td:3’ assures the accuracy _Of the static dielectric constard;(0) value of 1.51, in good agree-
calculation.™™The e; is calculated .for photon energies up ot yith the reported experimental result of 1£5These

to 2?1 e(;/. To pehrfc:jrm t(?e surnrgisltlon O\tgklr(we_useq”t]he results allows us to discuss the optical properties of the
tetrahedron method and a suitable numbek gioints. This —  gjcap MQW's looking in particular at their dependence on
number ranges from 128 for the largest supercell to 726 fofhe thickness of the Si wells. The comparison between bulk

the smallest one. From the calculatedthe real parte; iS - 5hq glap results gives the possibility to enucleate features
obtained by Kramers-Kronig transformation, after having at-

: . J “Uentirely due to the confinement effect.
tached a tail tce, for energies greater than 15 eV following
Ref. 16.
The optical-absorption coefficient . MQW'S OPTICAL PROPERTIES

where a=(X,y,2), E, and E; denote the energies of the
valencey,  and conductiony,  band states at & point,

A. Imaginary part of the dielectric function e,

a(w)=ew) 2) In this section we will discuss the effect of layering on the
optical properties of quantum Si slabs. However, before pre-
is directly related tce,, thuse, contains the necessary infor- senting our results on the optical properties, it is worthwhile
mation about the absorption properties of the material. Théo summarize the major outcomes of the calculation of the
knowledge of bothe, and e, allows the determination of the electronic properties of the Si/CafMQW’s.*~" The major
normal-incidence reflectancR and of the real ) and changes in the electronic properties of the MQW'’s with re-
imaginary K) parts of the refractive index. spect to bulk Si results occur in the energy region around the
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TABLE |. Calculated energy gaps and lowest direct transitions 50
atI" for the different considered MQW'’s. The values are compared 45 t
with that of bulk Si. 40 |
Lattice Size(A) Gap(eV) AE., (eV) :;(5) | m
Si bulk 0.56 2.59 & 25 ¢
Seven DL’s 24.4 0.56 1.14 20 |
Four DL'’s 14.9 0.63 1.31 15 +
Two DL'’s 8.7 1.24 181 10 L
One DL 5.5 0.76 2.13 5|
0 et

gap, while, deeper in the valence band, one can recognize the 0 2 4 En6ergy (SV) 1012 14
almost unaffected Si and Cafband structures. There are
three main effects related to the layering to be noti¢edhe FIG. 3. Calculated imaginary part of the dielectric functien
band gap increases, i.e., there is a blueshift of the bulk erfer SilCap MQW's. Large dashed line: seven Si DL’s; small
ergy gap due to the confinemefii;) the lowest conduction- dashed line: four Si DL’s; dotted line: two Si DL’s; dash-dotted
band width is largely reduced, i.e., tledispersion for this line: one Si DL. The values are compared with that of bulk Si: solid
band is quite low; andiii) the edge of the valence band is line.
shifted fromI" to finite in-plane wave vector§.e., in thek
space the locations of the valence-band maximum and of thef the Si slab, and it is due to the confinement effect. Similar
conduction-band minimum are now nearer with respect taesults have been obtained theoretically for hydrogen-
the Si bulk situation but the gap remains still indirect. Table saturated Si quantum weftd wires?*2%and dots® and ex-
| collects our results for the energy gap and for the energy operimentally in the case of P& where it is widely accepted
the lowest direct transition dt for the different considered that the structure is mainly constituted of Si quantum wires
superlattices. Even for the thicker slab, the bulklike situatiorand dots. In particular we note that the spectral feature at
is not recovered: in fact an interface state appears just below 3 eV in bulk Si is weakened and shifts to the blue as a
the conduction band dt, together with an interface state in consequence of quantum confinement effect, whereak the
the valence-band region that becomes the highest valengeak shows a redshift. A different behavior with respect to
state in the thinner slaline DL and two DL’$. These two the influence of quantum confinement of the critical points of
interface states are the bonding-antibonding states resultintge band structure of Si has been demonstrated in the case of
from the Ca-Si bond at the interface. The bonding state igxtremely thin layers of P3f.
particularly easy to identify in the case of one DL, where it More important for our discussion is the low-energy re-
appears clearly above the double-degenerate valence-bagibn | (between~1 eV and~ 2.5 e\). Here features appear
edge of Si afl’, thus reducing the energy gap. It should bewhich are completely absent in the case of bulk Si. If we take
noted that the Si-Ca bond at the interface is somewhat inteinto account the~0.5-eV LDA underestimation of the Si
mediate between the covalent Si-Si bond and the ionic Ca-Energy gap, this is the optical region of interest. First of all,
bond. Therefore, the bonding-antibonding states are not conwe remember that experiments on Si/Ga#QW'’s (Refs.
pletely removed from the gap, as in the case of H-saturated—9 show PL and absorption gaps even in an energy region
Si structure. The H-Si bond, being highly covalent, insteacbetween~1.5 and~2.5 eV/~° in agreement with our re-
gives rise to a much larger bonding-antibonding energy sepasults. Moreover, in Fig. 4 we show a blowup of the low-
ration, and pushes the interface states inside the Si valenemergy part ofe, in the 1-2-eV range. A blueshift, consis-
and conduction bands2? tent with quantum confinement, of the onset ef for

In Fig. 3, we show the dependence of our calculatediecreasing Si thickness is clearly evident. The only excep-
imaginary part of the dielectric functiog, on the thickness tion is the system with one DL of Si, for which the bonding
of the Si slab embedded in CaHror comparison, we also Si-Ca interface state emerges from the valence band, thus
report in Fig. 3 oure, result for bulk Si(solid line). For ease reducing the band gap, as shown in Refs. 5 arideg also
of discussion, three main regions have been identified, acFable ) and discussed above. Second, the features, o
cording to the different portions of,, and have been indi- this region are very smooth for the larger Si sl@even
cated with labels from | to Ill. Region IIl betweern10 and  DL’s), while their weight increases with confinement.
~14 eV is mainly related to the Cafeontribution to thee, Another important aspect of the imaginary parts of the
of the MQW's (see also Fig. 2 in this energy regjoWe  MQW's dielectric functions is related to their anisotropic
note that the features in this region gain weight with respechehavior. Figure 5 shows the contributiondgfor different
to region Il (between~3 and~6 eV) on reducing the thick- polarization direction parallglolid lines and perpendicular
ness of the Si slab; clearly this is due to the increase ifdashed lingsto the plane of the quantum well for the Si
weight of the Cak side with respect to Si in the MQW'’s. In seven-DL and Si two-DL cases. We see that in the larger
fact, region Il is directly related to the crystalline Si contri- quantum well the two components are quite similar, as ex-
bution to thee, of the MQW's; this is the region to be pected for a situation that resembles that of bulk Si. Instead
compared directly to the Si bulk result. The main characterfor the two-DL case, the main peak is mostly due to the
istic of region Il is the reduction of the maximum value for parallel contribution, whereas the perpendicular component
€,. This reduction follows exactly the lowering in thickness (the direction of confinemenshows important weight in the
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FIG. 6. The most important interband contributions to the
imaginary part of the dielectric functios, of the 2-DL Si/Cak

. . . . MQW'’s. Solid line: totale,; short dashed line: contribution from
low-energy(optica) region. The confinement induces an op- the transition between the last occupied state and the first unoccu-

tical response that clearly depends on the polarization diregsieq one: long dashed line: the same considering the last two occu-
tion, this fact could be confirmed by experimental observapjeqd states and the first two empty states.

tions.

In order to enucleate the transitions which play an imporyand to the first conduction ban@hort dashed lineand
tant role in the low-energy region, in Fig. 6 we shfar the  from the last two valence bands to the first two conduction
two-DL Si case the total e, (solid ling) together with the  pands(long dashed line From the figure, the predominant
contributions due to the transitions from the last valenceole played by the band edges is evident, in particular for the

interface states in the optical region; we remember that for

FIG. 4. Same as in Fig. 3, in the 1-2 energy range.

30 : : : very thin Si slabs the last occupied and first unoccupied
states are mostly related to the interface states.

75 t The origin of the peaks, which are responsible of the an-
isotropic behavior of the optical properties, is related to the

20 t presence of significant matrix elements between particular
states which are located at, or just below, the top of the

s 15 F valence band and at, or just above, the bottom of the con-

duction band. The top valence states are mgin8i-derived

10t states, whereas the bottom conduction ones are mpifly
and s and d Ca-derived states. The calculated oscillator

5t strengths for the transitions between these states are listed
and compared in Table Il. It is worthwhile to note that the

0 oscillator strengths for the matrix elements between these

0 2 4 6 8§ 10 12 14
Energy (eV)

states increase very rapidly as the thickness of the slabs de-
creases, and that, for layers with thickness less than 20 A,
they are of the same order of magnitude as the direct transi-
20 - - - - - - - tion atI' in bulk Si and only one order of magnitude smaller
than those for GaAs. It is tempting to link directly these
transitions to the PL peaks observed in Si/CARQW's.”®

The reason for the rapid increase of the dipole strength with
decreasing slab thickness is due to the different localization
of the states involved in the transition. The intensity of the
oscillator strength for a transition between two states de-

15 ¢

TABLE Il. Calculated energies and oscillator strengths for sig-
nificant direct transitions dt for the different considered MQW's.
The values are compared with that of bulk Si.

0 2 4 6 8 10 12 14
Energy (eV)

FIG. 5. Calculated imaginary part of the dielectric functien

Lattice

Size(A)

AE., (V)

fe

1)

Si bulk
Seven DL'’s
Four DL’s

for Si/Cak MQW's. Polarization parallel to the Si layers: solid Two DL’'s
line; polarization perpendicular to the Si layers: dashed line. TopOne DL

panel: seven Si DL’s; bottom panel: two Si DL's.

24.4
14.9
8.7
5.5

2.59
1.44
1.73
1.81
2.13

2.53
0.004
0.42
0.66
0.72
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] TABLE IIl. Real part of the dielectric function, and real part of
the refraction index and reflectivity calculatedat0 for the dif-
ferent considered MQW'’s. The values are compared with that of
bulk Si.

Lattice €,(0) n(0) R(0)

Si bulk 10.53 3.24 0.28
Seven DL’s 9.26 3.04 0.26
Four DL’s 7.98 2.82 0.23
Two DL’s 5.32 231 0.16
One DL 5.32 231 0.16

0O 2 4 6 8 10 12 14
Energy (eV) confinement effects. The values are reported in Table III.
The decrease in the static dielectric constant of Si quantum
slabs is consistent with the results of the theoretical analysis
reported by Tsu and co-workéf€®and Wang and Zung&t
for Si quantum dots, and by Ossiciei al*° for Si quantum
wires. From the experimental point of view, a similar large
reduction ofe;(0) (from 11.4 to~2.5) has been observed in
PSiZ® The importance of the reduction of the dielectric con-
stant in order to use Si for optoelectronic purposes was
pointed out and discussed in Refs. 28 and 29. Another inter-
esting implication of this reduction is that the exciton recom-
bination energy in the ultrathin Si slabs could be significantly
increased. In the case of Si quantum dots, Wang and Zunger
found that for quantum dots whose radius is less than 20
A the electron-hole pair is confined by the physical dimen-
sion of the dot, not by the Coulomb attractibh.

Energy (eV)

FIG. 7. Real part of the dielectric functios, for Si/Cak C. Other optical parameters
MQW's. Large dashed line: seven Si DL's; small dashed line: four  Figures 8, 9, and 10 report our calculated results for the
Si DL’s; dotted line: two Si DL's; dash-dotted line: one Si DL. The refraction index
values are compared with that of bulk Si: solid line. Top panel:
theoretical results; bottom panel: the same dressed by a Gaussian

broadening of 0.1 eV. N(w)= (%{[fi(“’) + Eg(‘“)]1/2+ El(w)})l/21 ©)

o _ the extinction coefficient
pends not only on the localization in the reciprokaspace

but also on the localization in the real space, i.e., in which i 2 2 12 12

layers these states are localized. For very thin slabs these K(w)=Gllex(w) + (o) 7= e(w) )™ )
states are both strongly localized at the interface, Wherea_s f%nd the reflectivity

the seven-DL slab case they are spread out over the entire Si

slab. Thus the optical transition matrix element which indi- 6
cates the probability of the transition decrease as the number
of Si layers is made larger. 51

B. Real part of the dielectric function €; 4r

The calculated values of the real part of the dielectric  « 3L
function €, for the Si/Cak MQW'’s are shown in Fig. 7,

together with the corresponding results for bulk Si. They are 2

obtained by use of Kramers-Kronig transformation, as stated

in Sec. Il. In order to have a better insight into the behavior 1t

of €;, the bottom panel of Fig. 7 shows our results dressed

with a Gaussian broadening of 0.1 eV. 0 0 ] 5 3 4 p p

A strong reduction of the maximum value ef in going
from bulk Si to quantum wells is clear; moreover, we ob-
serve that the high-energy shoulder becomes more important F|G. 8. Real part of refractive inder for Si/Cah MQW'’s.
with respect to the main peak in the MQW case. The stati¢ arge dashed line: seven Si DL's; small dashed line: four Si DL’s;
dielectric constants of the Si quantum slal3$0) are con-  dotted line: two Si DL’s; dash-dotted line: one Si DL. The values
siderably smaller than that of bulk Si, reflecting quantumare compared with that of bulk Si: solid line.

Energy (eV)
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FIG. 9. Imaginary part of refractive indeX for Si/CaF, FIG. 11. Log of the absorption coefficient (ci). Large

MQW's. Large dashed line: seven Si DL’s; small dashed line: fourdashed line: seven Si DL’s; small dashed line: four Si DL’s; dotted
Si DL’s; dotted line: two Si DL's; dash-dotted line: one Si DL. The line: two Si DL’'s; dash-dotted line; one Si DL. The values are

values are compared with that of bulk Si: solid line. compared with that of bulk Si: solid line.
R(w) [N(w)— 1]+ K?(w) ) sponding results for bulk Si. Similarly to the experimental
w)= . : 9 .
[N(w)+ 1]+ K2 results of Bassarnet al.” performed on fresh multilayergo

avoid the effect of aging in air, which leads to an oxidation
The values ofn(0) andR(0) are reported in Table IIl. It of the Si layers we observe a blueshift of the onset, and
should be observed that often it is the reflectivity that is themoreover a decrease of the optical absorption with decreas-
measured quantity in the optical characterizations. ing Si layer thickness. The only discrepancy between theory
The dependence of the reflectivity, the extinction coeffi-and experiment is thus related to the difference in energy
cient, and the refraction index on the Si layer thickness idetween absorption and luminescence. We do not take into
guite evident. Once more our calculated behavior for thesaccount any complicated effects that can play a role in the
parameters is similar, regarding the dimensionality effects, tdbuminescence processes, thus our results for the optical prop-
that reported in Refs. 26 and 31 for porous silicon. A strongerties reflect directly the electronic properties in the ground
reduction in the intensity for both reflectivity and refraction state. In their experiment, Bassagii al® assumed for the
index is clearly present. In particular low refraction index determination of the optical pseudogap the usual Tauc linear
values can be seen to be predicted for the ultrathin Si layerelationship for a semiconductor with an indirect band gap,
The dependence of the refraction index values on the dimerand obtained values for the optical gaps, which increases as
sion of the Si slab could be in principle used for optoelec-the Si layer thickness decrease but that-afe eV above the
tronic applications in multilayer structures, where one alterPL peaks. This fact led to their conclusion that the MQW'’s
nates, in a CafFmatrix, Si slab of different thickness¢ésee contain Si grains of nanodimensions rather than two-
for example the case of porous Si multilay®ysThe extinc-  dimensional Si layers.
tion coefficient shows features not present in the Si bulk Very recently we have studied the optical properties of
case, in the low-energy optical region. hydrogen-saturated Si clusters showing that clusters
The calculated absorption spectra for our SI/CERW's  of ~20-A size in the ground state have gaps of the order of
[see Eq(2)] are reported in Fig. 11 together with the corre- 2.5 eV, whereas in the excited state they relax to locally
distorted equilibrium configurations, giving rise to transitions
0.7 , . . . . involving localized states that lower{1 eV) the emission
threshold®® An investigation of the possible link between

06 | this calculation and the experimental results of Baseaal.
05 | is in progress.
04 |
=4 03 IV. SUMMARY AND CONCLUSIONS
= In this paper we have presented the results of first-
02 . Y N principles calculations of the optical properties of Si/gaF
01 | MQW's. In particular, we have studied how the optical prop-
erties of Si slabgembedded in a CagFmatrix) change, de-
0 ' : : ' ' pending on their thickness. We have first computed the

0 1 2 3 4 5 6

Energy (V) imaginary part of the dielectric functioa, and then, using

Kramers-Kronig analysis, the real part of the dielectric func-
FIG. 10. ReflectivityR for Si/lCak, MQW’s. Large dashed line:  tion €; and the other optical parameters: the refraction index,
seven Si DL’s: small dashed line: four Si DL’s; dotted line: two Si the extinction coefficient, the reflectivity, and the absorption.

DL's; dash-dotted line: one Si DL. The values are compared withT hrough a careful comparison with the corresponding results
that of bulk Si: solid line. for bulk Si and bulk Cak it was possible to enucleate the
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role of quantum confinement in determining the optical anduminescence remains to be explained. Neverthelesalour
electronic properties of these superlattices. We have showinitio result on the dependence of the optical properties of Si
that the optoelectronic spectrum of the Si layers is affectean layer thickness has important general consequences from
both by confinement, yielding a blueshift of the energy gapan experimental point of view. Provided that Si layers are
and by hybridization effects with the passivating Ca atomsyell passivated(dangling bonds saturated by H,O, $jO
leading to the presence of a high joint density of states alCaF,, etc) and well confined(dimension of the order of
over the Brillouin zone. The major outcome of this work is 10-25 A), they originate transitions in the optical region.
that for Si slab dimensions less thar20 A, interesting tran-  The recent observation of PL from Si/SiGuperlattice¥
sitions appear in the optical region, with oscillator strengthssupports this conclusion.
which show a dramatic increase as the slabs width decreases.
Moreover, the static dielectric constants for the ultrathin
slabs are considerably smaller than that for bulk Si; this fact
can be important for optoelectronic applications. These re- This work was supported by Consiglio Nazionale delle
sults are also clearly evident in the behavior of the otheRicerche(CNR), Italy, and has benefited from collaborations
optical parameters. within the Network on “Ab-initio (from electronic structupe
Our results provide a possible explanation of the luminesealculation of complex processes in material@Contract
cence properties displayed by the Si/Galperlattices pro- No. ERBCHRXCT93036Q We are grateful to A. Fasolino,
duced by MBE by D'Avitaya and co-workefs? even C. Arcangeli, L. Vervoort, F. Bassani, and F. Arnaud
though the experimental difference between absorption anB’Avitaya for useful discussions.
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