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Report:

The goal of the experiment was to perform accuraig;destructive determination of depth concerarati
profiles with HAXPES (2-12 keV) on advanced CMOR&istures deposited on high mobility substrates such
as Ge. During the beamtime, two samples havingttiueture described in Fig. 1 (Ge/Si/SiO2/HfO2/TiN
stack) have been studied. The use of electronskiviitic energies from few eV up to 15 keV enalitesine
the information depth being able to analyze théreésnterface in a non-destructive way. XRR engihe
determination of the exact layer thickness anditie(see Fig. 2).

The results suggest that the Si interlayer previtiet$&se oxidation (see Fig. 3). Depth profileshef t
electronic structure have been obtained for batipdas by following the evolution of the photoemissi
signal from the Hf 2p3/2 core level as a functibnhe photoelectron kinetic energy (see Fig. 4 @kpth
profile of the electronic structure reveals thesprece of a chemical shift of the Hf 2p3/2 core llewhich is
related to an interfacial bonding state. Our restddéimonstrate the excellent capability of HAXPESttaly
buried interfaces in a non-destructive way.
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Fig. 1. Schema of the analyzed CMOS. The final structures of interest are composed of a stack of thin layers in which
the relevant interfaces are buried by a several nanometers thick overlayer. The two samples studied in the present work
are composed of a Ge/SiO2/HfO2/TiN stack with thickness of 2500, 0.9, 0.5, 5 3.4nmand 2500, 0.7, 1, 5.8, 3 nm,

respectively, as obtained from the X-ray reflectivity measurements.
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Fig. 2. X-ray reflectivity measurements on sampleAand sample B. The experimental data are represented by the open

circles while the solid lines represent the corresponding fit. The exact thickness and roughness of each layer forming
the stack are obtained from the fit to the Kiessig fringes. An error function has been used for the roughness

determination.
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Fig. 3. Representative HAXPES spectra for sample A, sample B and a Ge-bulk sample. (a) Si 1s spectra for sample A
taken at a photon energy of 11 keV, which corresponds to an electron kinetic energy of 9 keV. The extremely high
sensitivity of HAXPES enables the discrimination between Si and from a SiO2 monolayer buried at depths 8.5nm and 8
nm, respectively. Representative Ge 1s and 2s spectra taken at a photon energy between 11 keV and 17 keV, which
corresponds to an electron kinetic energy range between 3.5 keV and 11.5 keV, are given for Ge-bulk (b), sample A (c)
and sample B (d). The large penetration depth of high kinetic energy electrons enables the analysis of the Ge substrate

buried by 10nm thick layers for sample A and sample B. No trace of Ge oxide is present on the spectra.
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Fig. 4. Ratio between the peak areas of the Hf~ O- Si and Hf~ O components of the Hf 2p3/2 photoemission spectra

(Fig. 5) for sample A (squares) and sample B (circles). The solid line represents a fit to the experimental data using the
model depicted in the following reference: J. Rubio-Zuazo at al., Appl. Surf. Sci. 257, 3007 (2011).



