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1. INTRODUCTION 

Continual device scaling requires high-k gate dielectric 
as the replacement of conventional silicon oxide gate 
dielectric to suppress the gate leakage current with an 
allowable level. HfAlOx is considered to be the most 
promising candidate for high-k gate dielectric, especially for 
low standby-power devices because of its good thermal 
stability and the permitivity of 15 [1-2]. In this paper, we 
focused on HfAlOx/SiON stacked gate dielectric and 
evaluated the electrical properties.  

 
2. EXPERIMENT 

HfAlOx films were deposited by ALCVD (atomic layer 
CVD) with the thickness range of 3~7nm on 300mm 
P-Si(100) (~10ohm) substrate, and followed by the series of 
post-deposition anneals at 8000C for 5sec, 9000C for 5sec 
and 10000C for 1sec in 0.2% O2 ambient diluted by N2. The 
Hf/(Hf+Al) is 0.3 measured by XPS. The oxynitride 
interfacial layer (~1.2nm) was formed by oxidation at 8500C 
in NO2/H2 ambient followed NH3 annealing at 700 0C. MIS 
capacitors with HfAlOx (ε=14)/SiON(ε=4.6) stack dielectric 
gate (EOT= 1.9, 2.5, 2.84nm ) were fabricated with diameter 
0.5mm aluminum electrode deposited by thermal evaporation. 
The electrical characterization of HfAlOx/SiON dielectric 
gate capacitors was performed by I-V and C-V techniques. 
 
3. RESULTS AND DISCUSSION 
3.1 CHAEGE TRAPPING CHARACTERISTICS 

The I-V curves were dawn after interrupting the 
negative voltage stress. As showed in Fig.1, in low field 
region (>-3v) the gate leakage current of capacitor with 
3nm-thick HfAlOx was increased after constant voltage stress 
at –3.8V, which is analogous to the stress induced leakage 
current (SILC) in silicon oxide induced by the trap assisted 
tunneling process [3-4]. However, in high field region (<-3v), 
the decrease of leakage current was induced, which is usually 
attributed to electron trapping in HfAlOx layer [3]. To 
confirm the origin of the current decrease, the time 
dependence current under constant voltage stress was 
measured as shown in Fig.2. The decrease of current was 
observed, which support the electron-trapping model. 

The variation of fixed oxide charge response to flat 
band shift as a function of stress time was extracted from 
HF(1KHz) C-V curves before and after constant voltage 
stress at same electrical field about 3.9MV/cm in HfAlOx 
layer. From Fig.3, the stress time was normalized with TBD  
(breakdown time), it was found that net-positive charges of 
~0.6×1012/cm2 were decreased by constant voltage stressing 
for the case with 3nm-thick HfAlOx. In contrast, for the case 
with 5nm and 7nm HfAlOx, net-positive charges of 
~2×1011/cm2 and ~1×1012/cm2 respectively were increased. It 
is generally considered that the flat band shift were mainly 
because of exist fixed positive charges in interfacial layer. 
The trend different of the flat band shift can be explained 
with the competition of positive charge trapping and 
detrapping. For the case with 3nm thick HfAlOx, the 
detrapping process is dominant while the trapping process 

due to anode hole injection is dominant for the case with 
5~7nm HfAlOx.  

 
3.2 CRITICSL ELECTRICAL FIELD STRENGTH OF 
SOFT BREAKDOWN 

The measured I-V characteristics for the capacitor with 
5nm-thick HfAlOx were shown in Fig.4, where the gate voltage 
was ramped up and down by 20mV step for each cycle of 
voltage scan to a maximum value. Two distinct degradation 
modes were observed, being quite similar to SILC (> Voxi) and 
soft breakdown (SBD) (at Voxc) observed in ultra-thin silicon 
oxide [5]. The Fig.5 showed the soft breakdown field 
determined at 63% of cumulative failures as a function of 
HfAlOx thickness. It was found that the soft breakdown 
electric field in the interfacial SiON layer reaches to be as high 
as 10~13MV/cm, and that in HfAlOx were estimated to be only 
3~4MV/cm. Since the estimated breakdown electric field in 
HfAlOx is less than two thirds of theoretically-predicted 
breakdown field [6], it is likely to be more pronounced that the 
dielectric breakdown of the stack structure is controlled by the 
breakdown of SiON rather than HfAlOx.  

 
3.3 TDDB CHAEACTERISTICS  

The Weibull distributions were showed in Fig.6, where the 
time to breakdown was normalized by maximum value. It was 
found that the weibull slope was increased as increasing high-k 
layer thickness. This result implies that the dielectric stack 
reliability was improved by increasing of the high-k layer 
thickness. The Weibull slope is higher than 1.8, which is 
comparable to the case of ultra-thin silicon oxide.  
 
4 CONCLUSIONS 

The charge trapping characteristics after negative constant 
voltage stresses were interpreted in term of the composite effect 
of three components: neutral trap generation, electron trapping, 
and positive charge generation in the gate stacks. Critical 
electrical field strength from SILC to soft breakdown was 
confirmed to be 3~4MV/cm for HfAlOx and 10~13MV/cm for 
SiON respectively. It is indicated that the stack dielectric 
breakdown is controlled by the interfacial layer (SiON). 
Reliability of this stack dielectric gate was evaluated by TDDB 
characteristics. The weibull slopes are higher than 1.8, which 
dependence on the thickness of high-k layer. 
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Fig.1 the gate leakage current as a function of gate voltage
before and after constant voltage stress at –3.8v for MIS
capacitor with 3nm HfAlOx layer 

Fig.2 Time dependence of the current density
decreasing during constant gate voltage stress of MIS
capacitors with different thickness of HfAlOx layer 

Fig.4 The leakage current as function of oxide voltage for the
capacitance with 5nm HfAlOx layer. 

Fig.5 Soft breakdown field strength response to HfAlOx layer
and SiON layer respectively for capacitors with different
thickness of HfAlOx layer. 

Fig.6 Normalized Weibull distribution of HfAlOx/SiON stack
dielectric with different thickness of HfAlOx. 

Fig.3 the variation of fixed oxide charge density as a function of
stress time normalized by soft breakdown time for capacitors
with different thickness of HfAlOx. The constant voltage stress
was performed at 3.9MV/cm in HfAlOx layer. 
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