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The feasibility of creating homojunction band discontinuities by dipole intralayers was recently 
demonstrated with photoemission studies. We explored the nature of this intriguing mechanism 
by studying the effects of several complex intralayers, specifically stacked sequences of dipole 
intralayers. Quite unexpectedly, we found that the magnitude of the corresponding 
discontinuities is comparable to those created by individual dipole intralayers. We discuss this 
result in light of the recently observed [L. Sorba, G. Bratina, G. Ceccone, A. Antonini, J. F. 
Walker, M. Micovic, and A. Franciosi, Phys. Rev. B 43, 2450 ( 1991)], similarly unpredicted 
saturation at low thickness of intralayer-induced heterojunction band discontinuities 
modifications. 

I. INTRODUCTION 

Recent successes in modifying and creating band dis- 
continuities’-7 have revolutionized the prospective for 
semiconductor band gap engineering.8 The successes in- 
volved the controlled modification of heterojunction band 
discontinuities by ultrathin intralayers,“4J’ and the creation 
of artificial homojunction band discontinuities by dipolar 
double intralayers.2J3’6r7 The interest of these results has 
stimulated experimental and theoretica12*3*9 work to clarify 
the nature of the underlying phenomena. The experimental 
part of this work produced some unexpected results,’ in- 
cluding those discussed in this article. 

One method to explore the nature of the phenomena is 
to study their dependence on the intralayer thickness. In 
the case of heterojunction band discontinuity modifica- 
tions, this approach was extensively used by Niles et ai.;s 
more recently, Sorba et al.’ found modifications that are 
much smaller than the theoretical prediction and tend to 
saturate for intralayer thicknesses approaching one mono- 
layer. This confirms the local nature of the phenomena, as 
found by Niles et al5 

We extended the same approach to the case of the 
creation of homojunction band discontinuities. The present 
experiments consisted of measuring the band discontinui- 
ties induced by a double dipolar intralayer,2’3’6*7 and then 
comparing the results to the corresponding ones produced 
by a sequential stack of two or three double intralayers, as 
illustrated in Fig. 1. 

II. EXPERIMENTAL PROCEDURE AND RESULTS 

The experimental approach, except for the use of se- 
quences of double layers, is equivalent to that described in 
Refs. 6 and 7. The systems that we studied were Ga-P or 
Al-P dipolar double layers at Si-Si homojunctions.’ A ho- 
mojunction with a given double intralayer was prepared by 

taking a cleaved Si substrate, depositing the intralayer, and 
then a Si overlayer. 

The creation and magnitude of the band discontinui- 
ties were deduced from core-level photoemission spectra of 
the two sides of the homojunction.6Y7 The core-level spec- 
tra, those from Si as well as those from the intralayer, also 
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FIG. 1. Schemes of the structures investigated in the present experiments. 
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FIG. 2. Evolution of the Si 2p photoemission peak with increasing Si 
coverage after two stacked Al-P double layers have been deposited on 
cleaved Si( 111) . The photon energy was 163 eV. From bottom to top, the 
curves correspond to: cleaved Si with the two Al-P double layers; the 
same system with a thin Si overlayer of 1, 2, 3, and 5 monolayers; the 
same system with a thick Si overlayer. 

provided information on the local chemistry and possible 
microdiffusion. All depositions were performed on room- 
temperature substrates, therefore they did not produce or- 
dered (epitaxial) overlayers. As to the overall morphology 
of the interface, the intensity of the core-level photoemis- 
sion peaks at different intralayer and overlayer thicknesses 
ruled out large amounts of interdiffusion. 

Typical results are shown by Figs. 2 and 3 in the case 
of two stacked double layers, Al-P-Al-P and P-Al-P-Al 
[hereafter labeled as 2( Al-P) and 2( P-Al)]. The figures 
show Si 2p core level spectra, decomposed using a standard 
least-square fitting procedure as in Ref. 7. The results of 
the decomposition are in close correspondence to those 
found for individual double layers. In each case, we find 
three components: the one from the substrate that de- 
creases in intensity with increasing overlayer thickness; 
then, a small component on the left-hand side due to a 
localized chemical species visible only for a limited range 
of overlayer thicknesses; finally, the component from the Si 
overlayer whose intensity increases with the overlayer 
thickness. 

The energy separation between these two components 
corresponds to the misalignment of the band structures on 
the two sides of the homojunction. This fact has been re- 
peatedly tested in previous studies of individual double lay- 
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FIG. 3. Data corresponding to those of Fig. 2, but for the opposite intra- 
layer deposition sequence: first P, then Al, P, Al. The sequence of Si 
averlayer thicknesses is 0, 5 3, 4, 8 monolayers, followed by the thick 
overlayer spectrum. 

ers.6*7 For example, we verified that by inverting the dep- 
osition sequence of the intralayer’s components, the 
misalignment was also inverted. We see the same result in 
Figs. 2 and 3. After inverting the deposition sequence, the 
small spectral component due to the interface chemical 
species is still on the extreme left-hand side, whereas the 
two other components are inverted, but the magnitude of 
their distance remains unchanged. 

III. MAIN CONCLUSIONS 

The most relevant result derived from Figs. 2 and 3 is 
the magnitude of the misalignment; that also corresponds 
to the magnitude of the artificial band discontinuities. We 
derive a value of 0.5 eV, and the value derived for the same 
systems in the case of an individual double layer was also 
0.5 eV.’ Experiments performed on 2 (Ga-P) and 2(P-Ga) 
are fully consistent with those on 2( Al-P) and 2( P-Al); no 
substantial increase is observed on going from the individ- 
ual double layers to two double layers. 

We then repeated the test with three stacked double 
layers, and the results are shown in Figs. 4 and 5. The 
spectral components once again correspond to those of 
Figs. 2 and 3, and the derived discontinuity magnitude’ is 
the same, 0.5 eV. We then conclude that stacked double 
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FIG. 4. Data corresponding to those of Fig. 2, but for three stacked Al-P 
double layers. Si overlayer thicknesses: 0, 2, 3, 5 monolayers, again fol- 
lowed by the thick overlayer spectrum. 

layers do not increase the effect of an individual layer, 
contrary to elementary predictions based on sequential di- 
poles. 

This surprising result, on the other hand, is in agree- 
ment with a rather general trend: intralayer-induced mod- 
ifications of heterojunction band discontinuities tend to sat- 
urate at 0.5-l monolayer thickness.‘*4,5 This result 
disagrees with most of the theoretical models,’ but one can 
propose some intuitive hypotheses for its explanation. One 
trivial point is that the effects must obviously saturate at 
some point because they cannot increase indefinitely; a rea- 
sonable magnitude of the saturation value is set by the 
distances between the band edges and the charge neutrality 
level,” which roughly corresponds to the saturation values 
of our artificial band discontinuities. 

Somewhat correlated to this hypothesis is the fact that 
the dipoles are screened, and that the screening effects are 
not adequately described in terms of the dielectric func- 
tion. We note that saturation effects are predicted for 
intralayer-induced band discontinuity intralayers by the 
theory of MuiIoz and Rodrigu6z-Hernandez.9 The origin of 
the similar effects found in the present work for artificial 
homojunction band discontinuities must be clarified by an 
ad hoc theoretical model that will probably contribute to 
our general understanding of local screening phenomena. 
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FIG. 5. The data for the intralayer deposition sequence opposite to Fig. 4: 
P-Al-P-Al-P-Al. Si overlayer thicknesses: 0, 2, 5, 8 monolayers plus the 
thick overlayer spectrum. 
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