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Abstract. Silicon dioxide (SiO2) layers deposited on 4H-SiC and subjected to different post 
deposition annealing (PDA) in NO and N2O were studied to identify the key factors influencing the 
channel mobility and threshold voltage stability in lateral implanted 4H-SiC MOSFETs. Cyclic gate 
bias stress measurements allowed to separate the contributions of interface states (Nit) and near 
interface oxide traps (NIOTs) in the two oxides. The reduction of these traps in the NO annealed 
sample is due to the lower amounts of sub-stoichiometric silicon oxide (~1nm) and carbon-related 
defects (<1nm) at the interface, as could be demonstrated by Electron Energy Loss Spectroscopy. 
The experimental results indicate that limiting the SiC re-oxidation during post-deposition annealing 
in MOSFET technology is a key factor to improve the mobility and threshold voltage stability.  

Introduction 
The performances of 4H-SiC MOSFETs are strongly influenced by the processing of the SiO2/4H-

SiC interface [1,2]. In particular, threshold voltage (Vth) instability phenomena [3,4] and poor field 
effect channel mobility (µFE) [5,6] often occur in these devices and can be partially mitigated by post 
oxidation annealings (POA) or post oxide deposition annealings (PDAs) [5]. Hence, a great attention 
of the scientific community is devoted to optimize the SiO2/4H-SiC interface by POAs or PDAs. 
However, while the introduction of Nitrogen or others atomic species can produce some benefits in 
the interfacial carrier transport, they can introduce additional trapping states, which are detrimental 
for the Vth stability [7]. Hence, the introduction of such undesired traps at the SiO2/4H-SiC interface 
should be limited. 

On the other hand, it is mandatory to develop reliable, fast and accurate Vth determination methods, 
able to minimize the amount of undetected traps during the investigation [8]. 

In this paper, SiO2/4H-SiC interfaces on implanted p-type 4H-SiC, formed with deposited SiO2 
subjected to different PDAs in NO or N2O, were investigated by cyclic gate stress measurements to 
determine the amount of trapped charges. Furthermore, nanoscale structural/chemical analyses 
allowed to identify the key factors influencing the channel mobility and Vth stability in lateral 
MOSFETs. In particular, a correlation between the chemical disorder at the deposited SiO2/4H-SiC 
interface after the PDAs and the electrical properties of the lateral MOSFETs is presented. 

Experimental 
In this paper, different lateral MOSFETs were fabricated on 4◦-off-axis n-type (0001) 4H-SiC 

epitaxial layers (1 × 1016 cm-3), with a p-type Al-implanted body region (NA ~ 1017cm-3). The gate 
oxide was a 40 nm thick deposited SiO2 layer [9]. Different PDAs were performed in a horizontal 
furnace in a sub-atmospheric pressure regime at 1150 °C in NO or N2O [10], in order to investigate 
the electrical and chemical impact on the SiO2/4H-SiC interface. 
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The MOSFETs were characterized by means of current voltage (ID-VG) transfer characteristics 
measured in a CASCADE Microtech probe station, using a Keysight B1505A parameter analyzer. 
The MOSFETs chemistry interface was investigated by Scanning Transmission Electron Microscopy 
(STEM) analyses (JEOL ARM200CF at a primary beam energy of 200 keV) and electron energy loss 
spectroscopy (EELS).  

Results and Discussion 
The standard procedure to determine the threshold voltage Vth in lateral MOSFETs uses the linear 

fit of ID
0.5 vs VG. However, this method requires the gate bias sweep and can be not sensitive to an 

eventual variation of the charge state in the insulator during the measurement. Hence, it is important 
to minimize the system perturbation induced by the Vth measurement itself. Recently, we have 
presented a method to measure the Vth variation by means of a single point ID measurement, avoiding 
relaxing effects on the majority of trapped charge [8]. The whole semiconductor bandgap trapping 
states were probed by varying the gate bias stress from inversion to accumulation and backward 
followed by a single point Vth measurement at VG = Vread = +8 V. 

Fig. 1a describes schematically the cyclic gate bias sequence used to probe the whole 4H-SiC 
bandgap and to probe the Vth variations. Fig. 1b shows how the ID measured at Vread = +8 V varied 
upon the cyclic gate bias stress is applied. The ID variation can be correlated to the Vth variation. 

The Vth variation occurring from the minimum and maximum VG stress values can be associated 
to the total amount of electrons (Nit) that can be trapped at the interface traps [8]. On the other hand, 
closing the cyclic gate bias sequence it is possible to notice a residual Vth variation at VG= 0 V. This 
can be associated to the remaining amount of charge at the near interface oxide traps (NIOTs) [8]. 
Fig. 1b shows the ID values measured at Vread=+8V for each stress point according to Fig. 1a on the 
sample after a PDA in N2O. Those single point ID measurements can converted to threshold voltage 
variation ΔVth. If this variation ΔVth is monitored at different temperatures (e.g., from 25 °C up to 
200 °C), it is possible to monitor the amount of detectable Nit and NIOTs in the two systems.  

 

 
Fig. 1. (a) Schematic illustration of the cycling gate bias stress sequence. (b) Experimental single VG 
point measured ID during the cyclic gate bias stress for a fixed time of 2 s used to extrapolate the Vth 
variation. 
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By repeating the experimental procedure on the samples under investigation, it is possible to 
estimate the total amount of traps at the interface Nit and in the oxide NIOTs. In particular, the amount 
of detected Nit decreases with the increasing temperature (from 6×1011 cm-2), while the detected 
NIOTs are nearly constant in the investigated temperature range (about 1×1011 cm-2) [8,11]. This 
behavior can be associated to a tunneling mechanism from the semiconductor into a trap located into 
the insulator [11-13]. On the other hand, it has been demonstrated that the Vth main variation is due 
to the Nit and their charge retention capability has an activation energy of EA=0.1 eV, which in turn 
can be associated to the intrinsic interface state defects of the SiO2/4H-SiC system [13]. 

The PDAs performed in NO or N2O resulted into a different MOSFET electrical behavior. For 
example, the maximum field effect mobility value after annealing in NO (55 cm2V-1s- 1) was more 
than twice larger than the value measured in the sample annealed in N2O (20 cm2V-1s- 1). Moreover, 
the different PDAs performed in NO or N2O produced different Vth variation under the cyclic bias 
stress. As described previously, from the cyclic bias stress it is possible to extract both the Nit and the 
NIOTs. Hence, the relative amount of the Nit and NIOTs can be varied by a fine tuning of the PDA. 
As an example a PDA in NO reduced both trapping mechanisms reducing the Vth instability (and 
increasing the field effect mobility). In particular, Fig. 2a shows the comparison between the Vth 
variation during the cyclic stress obtained on the samples after PDAs in NO and N2O respectively. 
As can be seen in the highlighted region of Fig. 2a, the PDA in NO demonstrates a reduction of both 
the Nit and NIOTs with respect of the PDA in N2O [14]. Evidently, the two SiO2/4H-SiC interfaces 
produced with the two different PDAs are different. Such difference has to be pursued at the intimate 
chemical nature of the interface. 

Fig. 2b shows the comparison of the EELS profile collected on both PDA SiO2/SiC interfaces, 
demonstrating that the improved Nit and NIOTs in the NO sample can be associated to a reduced 
amount of SiOx and C-based defects [14].  

 

 
Fig. 2. (a) Vth variation during the cyclic gate bias stress on N2O and NO samples. Vth variation 
between VG = - 25 V and + 30 V corresponds to the total Nit and the residual Vth variation at VG = 0 
V corresponds to theNIOTs. (b) EELS profiles of SiOx and carbon for PDA in N2O and NO. 

Fig. 2b shows the carbon and SiOx EELS profiles collected on both N2O and NO samples. The 
PDAs signals are compared to those collected on the as deposited reference sample. The as deposited 
interface shows carbon and SiOx profiles that represent the steepest transition between the SiC 
substrate and the SiO2 insulator. As can be noticed, both PDAs produced a broader interface element 
transition compared to the as deposited sample. This progressive change in the SiOx and carbon 
profiles across the SiO2/4H-SiC interface are due to the slight re-oxidation induced by the PDA. These 
results allowed to draw the correlation between the electrical properties and the chemical order at the 
SiO2/4H-SiC interface. In particular, it is worth noticing that the smaller amount of interface traps in 
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the sample annealed in NO can be associated to a thinner and steeper sub-stoichiometric SiOx layer 
with respect to the N2O case. Furthermore, both samples show similar carbon. In particular, the carbon 
profiles show a decreasing tail within the oxide. The carbon tails extend from the SiC interface into 
the oxide for about 1.2 nm and 0.9 nm for the sample annealed in N2O in NO, respectively. It has to 
be emphasized that in Fig. 2b only the carbon profile of the sample annealed in N2O is shown for the 
sake of clarity. These carbon-related defects within the insulator can be associated to the residual 
NIOTs detected by the cyclic gate bias stress procedure. 

Conclusion 
In this paper, a combined electrical/chemical study of deposited SiO2/4H-SiC interfaces on 

implanted p-type 4H-SiC, subjected to different PDAs in NO or N2O is presented. The lateral 
MOSFETs were investigated by cyclic gate stress measurements and nanoscale structural/chemical 
analyses. This basic study allowed to identify the key factors influencing the channel mobility and 
Vth stability in lateral MOSFETs. The results demonstrated that the threshold voltage instability of 
4H-SiC MOSFETs, associated to different trapping mechanisms, is directly related to the SiO2/SiC 
interface chemistry and can be mitigated by an accurate control of the nitridation conditions of 
deposited oxides. In particular, interface traps can be associated to a sub-stoichiometric SiOx layer 
and near interface oxide traps can be associated to carbon tails extending from the SiC interface into 
the oxide due to the interface re-oxidation occurred during the PDAs. 

Acknowledgments  
This work was carried out in the framework of the ECSEL JU project REACTION (first and 
euRopEAn siC eigTh Inches pilOt liNe), grant agreement no. 783158 

References 

[1] F. Roccaforte, P. Fiorenza, G. Greco, R. Lo Nigro, F. Giannazzo, F. Iucolano, M. Saggio, 
Microelectronics Engineering 187, 66 (2018) 

[2] T. Kimoto and J. Cooper, Fundamentals of Silicon Carbide Technology: Growth, 
Characterization, Devices and Applications (JohnWiley & Sons, Singapore, 2014). 

[3] H. Yano, N. Kanafuji, A. Osawa, T. Hatayama, T. Fuyuki, IEEE Trans. Electron Dev. 62, 324 
(2015) 

[4] A.J. Lelis, R. Green, D.B. Habersat, M. El, IEEE Trans. Electron Dev. 62, 316 (2015) 

[5] M. Cabello, V. Soler, G. Rius, J. Montserrat, J. Rebollo, P. Godignon Mater. Sci. Semicon. Proc. 
78, 22 (2018). 

[6] P. Fiorenza, F. Giannazzo, A. Frazzetto, F. Roccaforte, J. Appl. Phys. 112, 084501 (2012). 

[7] Keita Tachiki, Mitsuaki Kaneko, Tsunenobu Kimoto; Applied Physics Express 14, 031001 (2021) 

[8] P Fiorenza, F. Giannazzo, S. Cascino, M. Saggio, F. Roccaforte. Appl. Phys. Lett. 117, 103502 
(2020) 

[9] A. Frazzetto F. Giannazzo, P. Fiorenza, V. Raineri, F. Roccaforte, Appl. Phys. Lett. 99, 072117 
(2011) 

[10] A. Severino, N. Piluso, M.A. Di Stefano, F. Cordiano, M. Camalleri, G. Arena, Mater. Sci. 
Forum 963 456–459 (2019) 

[11] A. J. Lelis, D. Habersat, R. Green, A. Ogunniyi, M. Gurfinkel, J. Suehle, and N. Goldsman, IEEE 
Trans. Electron Devices 55, 1835 (2008). 

Materials Science Forum Vol. 1062 163



 

[12] V. V. Afanas’ev, A. Stesmans, M. Bassler, G. Pensl, and M. J. Schulz, Appl. Phys. Lett. 76, 336 
(2000). 

[13] P. Fiorenza, A. La Magna, M. Vivona, F. Roccaforte, Appl. Phys. Lett. 109, 012102 (2016) 

[14] P. Fiorenza, C. Bongiorno, F. Giannazzo, M. S. Alessandrino, A. Messina, M. Saggio, F. 
Roccaforte, Appl. Surf. Sci. 557 149752 (2021) 

164 Silicon Carbide and Related Materials 2021


