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The implement of metal/cap layer/high-k dielectric gate stack structure is needed for practical application of the 
next generation Large scale integrated circuits (LSIs).  In this work, we focused on understand and precise 
control of the effective work function of gate electrode, the characterization of chemical bonding feature for the 
interface of metal gate/high-k were examined by using hard X-ray photoelectron spectroscopy (HAXPES) in 
Spring-8 BL47XU with large probing depth. For W/HfO2(1nm)/Al2O3(1nm)/SiO2(1nm)/Si stacked structure 
before and after annealing at 500 C, No significant change in the peak energy of Al1s spectra was observed. 
Notice that the peak energy of Hf3d spectrum was shifted toward higher binding energy side.  This result 
suggests that the oxygen vacancies were generate in HfO2 and/or near the interface between HfO2/W, which 
results in the potential of HfO2 film.  
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