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Abstract 

This paper presents a study on Negative bias temperature instability (NBTI) on high-k HfO2 sputtered thin films annealed in 
oxygen and nitrogen ambient. Activation energies for interface, oxide-trap charge and switching states densities for each oxygen 
and nitrogen ambient annealed devices is estimated from capacitance-voltage measurements versus temperature characteristics. It 
is found in the range 0.13eV-0.16eV for oxygen annealed sample and 0.47eV – 0.7eV for nitrogen annealed sample. Nitrogen 
annealed sample shows higher activation energy and low traps charge densities. 
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1. Introduction 

It is a general consensus that high-k dielectric films, transition metal oxides or rare earth oxides, have to be 
introduced for future generations of CMOS technology, as the SiO2 MOSFET reaches scaling limit due to presence 
of an excessive leakage current density passing through the dielectric. High-k dielectrics permit a physically thicker 
gate insulator, thereby reducing the gate leakage current. Hafnium Oxide (HfO2) and Hafnium based oxides has 
been widely investigated as an alternative gate oxides for future CMOS technology due to its high dielectric 
constant induced effective thin electrical thickness with low leakage current, high band offset, high band gap and 
high thermal stability [1-2].  

To introduce the high-k dielectrics into conventional MOS devices, reliability issues with high-k gate stacks 
need to be addressed. These include time to dielectric breakdown (TDDB), hot carrier injection tolerance (HCL), 
positive bias temperature instability (PBTI) and negative bias temperature instability (NBTI). Bias temperature 
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instability (BTI) is a major reliability issues in MOS devices and integrated circuits (ICs) [3-9].The applied bias at 
elevated temperatures induces interface traps and oxide trapped charges that affect the device threshold voltage and 
long term reliability. The degradation of these parameters can lead to circuit failures, both for analog and digital 
applications. Although several studies on the BTI characteristics of high-k dielectrics have been published, the 
origin of these carrier traps and their generation mechanisms are still under investigation. In terms of charge 
trapping issues, especially bias temperature instability (BTI), impacts of nitrogen incorporation into high-k 
dielectrics have not been studied in details therefore BTI is an important reliability issues because threshold voltage 
can be considerably shifted with electrical stressing. For SiO2 case, it has been reported that nitrogen into SiO2 
enhances instability. Several different studies on BTI with high-k dielectrics deposited with different techniques and 
annealed in nitrogen and in oxygen have been published in our earlier works. 

In this work we present the results of the effect of annealing and improvement on sputtered film deposited and 
processed in similar conditions. The interface trap charge density and activation energy for the different annealing 
ambient are compared.   

2. Experimental procedure 

HfO2 thin films were deposited by RF Sputtering method due to possibility of tailoring film microstructure 
employing substrate bias during film deposition, high uniformity of thickness, good adhesion of the film to substrate 
,low temperature processing and film reproducibility. The MOS capacitors were fabricated following standard IC 
process [10]. Electrical properties of Al-HfO2-Si MOS capacitors is evaluated and compared after annealing in 
nitrogen and oxygen ambient in a wide range of temperature for thermal stability and reliability of sputtered 
hafnium oxide thin films. The films were deposited on p-type of 4-6Vcm resistivity and (100) orientation silicon 
substrates. High purity (99.99% pure) 5 inch HfO2 sputtering target was used to deposit thin films in RF Sputtering 
machine. The wafers were cleaned by standard chemical cleaning procedure followed by the interfacial oxide etched 
in dilute hydrofluoric acid (1:20), rinse in deionised water and dried in dry N2 immediately before loading in the 
vacuum chamber. The vacuum chamber was evacuated to background pressure of 1.2×10-6 Torr. Thin films of HfO2 
were deposited at an optimized sputtering voltage 0.8 kV with 80 V applied to the substrate during sputtering for a 
physical film thickness of about 15 nm corresponding to an effective oxide thickness of about 3.5 nm. The as 
deposited films were thermally annealed separately at 700 0C in oxygen and in nitrogen ambient for 30 min each. A 
70 nm thick AlSi thin film was deposited on the top of the HfO2 layer used as top electrode by RF Sputtering. AlSi 
thin film was patterned to obtain capacitor area of 50×10-4 cm2 using the standard optical lithography and wet 
etching. The MOS structures were finally annealed in forming gas at 450ͦC for 30 min.  
 
3. Results and discussion 
 
The AFM surface morphologies of HfO2 thin films after thermally annealed in oxygen and in nitrogen ambient are 
shown in Fig 1 (a) and (b). 
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Fig 1 AFM-2D Image of HfO2 thin films after thermally annealing in (a)Oxygen and (b) Nitrogen ambient at       700°C for 30 mins 

A very smooth surface morphology was obtained at a relatively nitrogen annealed sample.The improvement in the 
HfO2 thin film properties is attributed to improvement in microstructure of the thin film which leads to the change in 
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