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The Si/Si02(SION)/poly-Si gate stack has been the workhorse for CMOS scaling for over three decades. 
Reliability characterization and evaluation has evolved in a rather evolutionary manner as the gate oxide 
was gradually thinned down and new elements/methods such as Nitrogen incorporation, the power-law 
for TDDB qualification, self heating in hot carrier testing were gradually introduced.  

At the 45/32 nm nodes, a radical transition to high-k dielectrics (HfO2, HfSiON) and metal gates (TiN) 
occurred rapidly, enabling continued channel length scaling and still meet frontend reliability 
requirements. The HfO2/TiN gate stacks have been successfully used in gate first and replacement gate 
processes down to the 22 nm node and it was recently incorporated in a 3D FINFET structure at the 14 
nm node. Thus, over the last 10 years, the HfO2/TiN gate stack has completely replaced SiO2/poly-Si gate 
stack, and it is anticipated that this type of gate stacks will also be used in more advanced CMOS 
technologies possibly based on SiGe and III-V substrates. HK(HfO2)/MG(TiN) stack will remain a central 
reliability element in the development of CMOS technologies towards the end of the roadmap and the 
learning and understanding of the physical and electrical properties will continue to play an important 
role in their development. 

In this tutorial we will briefly review the basic reliability characterization methods and discuss the basic 
physical models used to understand the conventional Si/SiO2/poly-Si gate stacks.  Next, we will discuss 
the electrical characteristics of Si/SiO2/HfO2/TiN gate and discuss how the observed differences from 
Si/SiO2/poly-Si can be understood in terms of the physical properties of the new materials and their 
combinations. We will than discuss how the new processing and reliability challenges can be met with 
different processing approaches (self aligned vs replacement gate) and with the introduction of 3D 
transistor structures (FINFET). Finally, we attempt a brief outlook on the anticipated reliability 
challenges towards the end of the roadmap. 

Some of the topics addressed in this tutorial are: 

1. Basic reliability characterization methods (TDDB, NBTI, HCI) 
2. Similarities and differences between Si/SiO2/HfO2/TiN and Si/SiO2/poly-Si stacks with emphasis on 

the physical properties of gate stacks 
3. New reliability phenomena: Positive Bias Temperature Instability (PBTI) and Stress Induced Leakage 

Current (SILC) in nFET devices 
4. Stochastic NBTI and PBTI in scaled devices 
5. New reliability elements with 3D structures such as Si-based FINFETs and Si nano-wires (self heating, 

corner effects) 
6. Outlook on the reliability physics in future technologies 
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