New directions in the analysis of buried interfaces for device technology by hard X-ray photoemission
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The operation of devices is intimely driven by critical interfaces [1] which must be preserved untouched during numerous processing steps, including characterization. It may be a challenging task to analyze interface properties in a reliable way, reflecting the device characteristics and operation. The reason is because interfaces are most of the time deeply buried under a thick overlayer in real nanoelectronics samples. The advent of Hard X-ray photoelectron spectrocopy (HAXPES) at synchrotron radiation facilities from the end of the 20th century helped considerably for accessing chemistry and electronics of critical interfaces of advanced CMOS devices [2, 3]. Later, the potential of inelastic background analysis of HAXPES spectra was demonstrated in synchrotron radiation HAXPES [4-6], tackling the challenge of non-destructive analysis of deeply buried interfaces, enabling probing depths as high as 70 nm at 8 keV photon energies and film thickness determination in multilayer structures with an accuracy as high as 5%. 
In parallel to these developments, novel instruments for enabling photoemission electron microscopy (PEEM) at both ligh lateral and energy resolutions [7-8] using either soft- [9], laboratory- [10] or hard X-rays [11] appeared and were used for different applications, including operando measurements [12].
In this contribution we will present new approaches in the analysis of buried interfaces focusing on lab-scale instruments and combining depth resolution with lateral resolution. The first approach uses scanning hard X-ray microprobe and enables chemical-state determination and quantitative analysis at the micron-scale of prototypical devices, possibly studied in operando conditions. The second approach combines X-ray PEEM with inelastic background analysis [13] to enable 3D elemental imaging, thanks to numerical treatments of the spectra-at-pixel. These approaches will be presented through different application cases in the fields of memory devices and power transistors.
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