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Suppression of Interfacial Mixing in Si/Ge Superlattices by Sb Deposition
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Atomic mixing at Si/ee interfaces in strained layer super-lattices ( SLS' s ) is investigated by means of SIMS and XpS. Theinterfacial mixing is attributed to surface segregaLion of Geatoms on which Si layer i s commensurately gro\irn auring MBE. Itis demonstrated that the surf_ace segregalion is remar-kably sup-pressed by depositing submonolayer Sb atoms on Ge layers -before
Si overgrowth and Lhat Ge layers are revealed to be confined towithin 0.8 nm.

Recently, atomic mixing has been reported at the si/Geinterfaces in SLS I s formed by molecular beam epitaxy ( MBE i 1 ) .Although the origin of the mixing has been attributed 1o surfacesegregationr interdiffusion or Ge island formation during MBEgrowth, it has not been clarified which process dominates. ft isof primary importance to understand the mechanism of the inLerfa-cial mixing to fabricate SLS I s with interfacial integrity.Reduction in the atomic mixing of Ge with overlying Si -1try"rs

!.{? been demonstrated by depositing surface segreganis, AsZ )'.rrdGdu', on top of the Ge layer. Arsenic is, however, not favorableto Si-MBE because of the lack of flux controllability. There-forer it seems sensible to investigate whether mixing irrpp."ssionis effected by Sb depositionl since Sb is the most usefui n-typedopant in Si-MBE.
we investigated the interfaciar mixing of si/ce sLS r s commensurately grown by MBE, with the aid of secondary ion massspectrometry (SruS) and X-ray photoemission spectroscopy (XeS1.
Ge atoms were depth-profiled in Si/ee SLS t s grown at 5O0 oc

( rig. 1 ) . The SLS' s consist of 8 periods, each of which con-tains 3 ML Ge and a 3 0 nm thick Si layer. 0 . 75 I{L Sb atoms weredeposited only on the surface of the 5th Ge layer. ft can beseen in Fig. 1 that the profile exhibits a sudden change at the5th Ge layer and that the profile of the following i" Iayers
becomes signif icantly sharpenled_, More guantitatively, the changein Lhe profile is characterized by leading slopes. 0.59 a""/"*and 0.23 dec/nm are obtained for Ce atoms covered with and with-out Sb respectively. The difference in the profile of Ge layersclearly demonstrates that Sb atoms persislent on the growingsurface suppress the mixing of Ge with overlying Si atoms ]

XPS measurements were conducted on'samptes- consisting of asingle 4 ML thick Ge layer on Si followed by a Si overlay6r withvarying thickness grown at 500 oC. FLg. 2 shbws normalize-d photo-electron intensities from Ge covered with and without Sb ( 0.75
ML ) . Unaltered intensities f rom sb regardless of the overi.ayerthickness indicate strong_ segregation of Sb. rt is notewortfrythat Ge atoms are traceable even after 1 0 nm thick Si overlayers
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are grown, when Sb is not deposited. In contrast, when Sb is
deposited on the Ge layerr the intensiy of Ge attenuates rapidly
after Si overgrowth. fntensities of Ge can be calculated by
taking Ge distributions into account. The excellent agreement
between experimental and calculated intensities indicates that
the interfacial mixing in Si/ee SLS I s is predominaLed by the
surface segregation of Ge during Si overgrowth. It is also shown
that the surface segregation of Ge is effectively suppressed by
deposition of Sb atoms and that Ge atoms are located within the
region narrower than the electron escape depth, 0.8 nm.

In conclusion, it was found that the Si/Ce interfacial mixing
in SLS I s is dominated by surface segregation of Ge atoms during
MBE growth. The suppression of the surface segregation of Ge rras
successfully demonstrated by submonolayer Sb deposition. Ge
atoms \rere revealed to be conf ined in a region narrower than 0.8
nm simply by depositing Sb on Ge surfaces.
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Flg. 1 SIMS proflles of Ge ln St/Ce SLs's.
0.75 ML Sb atoms are deposlted on top of the
Sth Ge layer (arrow) before Sl overgrowth.

Fig. 2 XPS intensity of Ge and Sb agalnst Sl
overlayer thickness. FiIIed ( O ) and open
( O ) circles represent the intensities of Ge
covered with and without Sb before Si over-
layer growth respectlvely. The intensity of
Eb is shown with squares,
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