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ABSTRACT 

3C-Silicon carbide (SiC) metal-oxide-semiconductor (MOS) capacitors are fabricated to study the 3C-SiC/SiO2 interface using 

standard hi-low capacitance-voltage (C-V) and conductance-voltage (G-V) methods. Devices are fabricated on an n-type 3C-

SiC epilayer grown on a (100) oriented silicon (Si) substrate. Dry oxidation is done at different temperatures (1200oC - 1400oC) 

to grow the oxide layer. The 1300oC as-oxidized device gives the lowest Dit of 5.8x1011eV-1cm-2 at 0.25eV away from the 

conduction band (CB) edge. SIMS and AFM analyses of the devices have shown that there is no detrimental effect of high 

temperature oxidation on the oxide stoichiometry and surface roughness.  
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INTRODUCTION 

In order to save energy on the national electric power grid, 

the idea of redesigned ‘micro-grids’ has been proposed 

(Hatziargyriou, Asano, Iravani, & Marnay, 2007; Lasseter & 

Paigi, 2004). For this we need power devices which can 

operate at higher switching speeds and block voltages of up to 

20kV (Zhang et al., 2010). A potential solution for this 

problem is to employ power devices fabricated using a wide 

band gap semiconductor material such as silicon carbide. 

Silicon carbide (SiC) is a wide band gap semiconductor, and 

has more than 200 polytypes. Out of different polytypes, 

hexagonal (6H-and 4H-) and cubic (3C-) polytypes are of 

particular interest to fabricate power devices (Roccaforte et al., 

2014; Sharma et al., 2013). Due to higher band gap of the 4H- 

compared to 3C-, it is not possible to fabricate an efficient 

power MOSFET for voltages less than 1kV. This is due to the 

poor interface properties of the 4H-SiC after dry (thermal) 

oxidation (Afanas' ev, 1999). Unlike, SiC the oxidation of Si 

leads to an abrupt interface and the defects formed (Si dangling 

bonds) during oxidation can be passivated via hydrogen 

passivation. Typically, a post-oxidation annealing process is 

used to improve the interface properties of the 4H-SiC/SiO2 

interfaces. This process is known as the interface passivation 

process (Li, Dimitrijev, Harrison, & Sweatman, 1997; Modic 

et al., 2014; Okamoto, Yano, Hirata, Hatayama, & Fuyuki, 

2010; Sharma et al., 2014; Sharma et al., 2012). With all these 

advances the cost is still a big concerned and keeping 4H-SiC 

technology away from realizing its full potential. With the 3C-

SiC, it is possible to grow 3C-SiC on the Si substrate. And as 

a result it is possible to reduce the cost of SiC devices. Also, 

due to smaller band gap of the 3C-SiC, it is well-suited for 1kV 

voltage range power devices. In this work, dry oxidation is 

performed at different temperatures (1200oC, 1300oC and 

1400oC) to grow the oxide. The oxidation process is discussed 

in a greater detail somewhere else (Thomas, Jennings, Sharma, 

Fisher, & Mawby, 2014). Previous studies have shown that 

high-temperature oxidation (≥ 1400oC) reduces the interface 

trap density (Dit)in 4H-MOS capacitors, but has not been tried 

yet on 3C-SiC MOS (metal oxide capacitor) devices. The 

highest temperature that had been used to grow the interface 

on 3C-SiC in literature is 1250oC (Constant et al., 2011; Esteve, 

Schoner, Reshanov, Zetterling, & Nagasawa, 2009; Kondo, 

Takahashi, Ishii, Hayashi, & Sakuma, 1986). The hi-low C-V 

technique is used to extract the interface trap density (Dit) 

(Shenoy et al., 1995). It is found that the 1300oC dry oxidation 
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process resulted in a lowest Dit of 6×1011eV-1cm-2. In addition 

to C-V technique, GV measurements are performed to analysis 

the interface. The G-V curves at higher frequencies (>1kHz) 

showed an increase in the measured conductance (G), 

indicating the presence of traps which are energetically far 

away from the CB edge. Because of the wide band gap of 3C-

SiC compared to Si these traps exhibit extremely large 

emission times at room temperature. Also, each of the devices 

is stressed in depletion for different time intervals. For long 

stressing hours a hook is observed and is less visible in the case 

of 1300oC oxidation process. 

MATERIALS AND METHODS 

The material used in this study was purchased from 

NOVASIC Inc. To fabricate lateral MOS capacitors we have 

used 3C-SiC/Si wafer with heterostructure grown on-axis p-

type Si (001) substrate. The 3C-SiC epilayer was grown with 

MOCVD with an n-type unintentional doping concentration of  

≤ 1×1016 cm-3, and is 10μm thick. Lateral circular MOS 

capacitors with diameter of 300μm had been used in this study. 

Device fabrication started with standard organic and Radio 

Corporation of America (RCA) to degrease the sample and 

other source of contamination (alkali ions, metal impurities). 

After this, thermal oxidation was done at aforementioned 

temperatures. The oxide thicknesses of these samples were in 

the range of 60-70 nm and measured from accumulation 

capacitance. Photolithography was used to define the device 

pattern. And finally e-beam evaporator was used to deposit a 

400nm of Al, to make gate contacts. 

RESULTS AND DISCUSSION 

Fig. 1 shows the hi-low C-V curves and interface trap 

density extracted for various devices. For the C-V curves, there 

is a large flatband voltage shift (ΔVFB) toward negative gate 

bias The flatband voltage shift shows the existence of net 

positive fixed charge at the interface and its origin is the 

presence of carbon-clusters and dangling bonds formed after 

thermal oxidation. Also, we can see that the 1300oC as-

oxidized. 

 

 

 

Fig1. (a)  High frequency (100kHz) C-V data for different metal-

oxide-semiconductor (MOS) capacitors 

Fig. 1(b)  Interface trap density for MOS capacitors after room 

temperature hi-low CV technique. 

  

MOS capacitor gives the lowest Dit. The 1400oC has the 

second best Dit, and 1200oC device has the highest Dit. In the 

case of 1200oC process the Dit is considerably higher as we go 

deeper into the energy band gap. Although, Dit for the 1400oC 

MOS capacitor start increasing as we go deeper into the energy 

band gap (higher than 0.35eV). Atomic force microscopy 

(AFM) analysis is done on all the devices to see the effect of 

temperature on the surface morphology. And results are shown 

in Fig. 2, 0.53nm-0.62nm. G-V curves for these devices are 

shown in Fig. 3. The area under the conductance peak is a 

measure of Dit (Nicollian, Brews, & Nicollian, 1982). These 

results again confirm that the 1300oC oxidation process gives 

an improved interface. The peak conductance occurs at 

flatband voltage (VFB) corresponding to Ec-E = 0.25eV. 
 

   
(a)  T = 1200oC (b)  T = 1300oC (c)  T = 1400oC 

 

Fig 2.  Atomic force microscopy(AFM) results for the MOS capacitor grown at different temperature 
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Devices with the interface grown at 1200oC and 1400oC have 

lager area under the G-V curves compared with 1300oC, 

implying higher Dit for these devices. There is a large increase 

in the conductance for higher frequencies at positive gate 

voltages, indicating the presence of a second type of traps 

which are sensitive to higher frequencies at room 

temperature(Krieger et al., 2008). All the G-V curves have a 

finite full width at half maximum (FWHM) suggesting that 

these traps are distributed over a finite energy range in the 

energy band gap. Also, at 1MHz there is an increase in the 

conductance value for positive bias, this observation indicates 

that there is a second type of traps which are sensitive to only 

1MHz frequency. These traps are present at different energy 

position in bandgap and have different electrical capture-

cross-section and time constant compared to traps which can 

be detected only at 100kHz 

 

 3  
(a)    𝜔  =  1 kHz (b)    𝜔  =  10 kHz 

  

 

 

 

(c)   𝜔  =  100 kHz (d)   𝜔  =  1MHz 

 

Fig 3. G-V curves of 3C-SiC MOS structures taken for different gate biases at probe frequency (ω) 

 

Some of the important parameters for these devices are listed 

in Table I. In addition to deep depletion and a hysteresis, all 

the CV curves in Fig. 5 are strongly shifted towards negative 

voltages. This can be attributed to the fact that the effective 

charge (QEFF) for the MOS capacitors is positive. Fixed oxide 

charge (QF), oxide trapped charges (QOT) mobile ions (QM) are 

the constituent of QEFF. The flatband voltage for these devices 

is negative; and is highest for the 1400oC oxidation process. 

The negative VFB means that the net effective charge is 

positive, and the values are listed Table I. And is calculated 

using the following simple relation; QEFF (cm-2)/q = ΔVFB x 

COX/q. Also, all the C-V curves for the devices have a 

distinctive bump corresponding to filled surface states which 

cannot be discharged either by capture or emission processes. 

This phenomenon has been observed in the case of Si MOS 

capacitors at low temperatures (Goetzberger & Irvin, 1968). 

 

Table 1. Detailed experimental conditions used to fabricate 3C-SiC MOS structures. Oxide thickness (Tox), flat band voltage 

(VFB), and QEFF/q of investigated MOS capacitors. 

 

Device Oxide T(oC) Gas species 
Flow rate 

(l/min) 

Oxide thickness, 

Tox (nm) 

Flat band voltage 

VFB (V) 

Effective oxide 

charge, QEFF/q (cm-2) 

1 Thermal 1200 O2 4 68.21 -4 1.07×1012 

2 Thermal 1300 O2 4 72.74 -6 1.06×1012 

3 Thermal 1400 O2 4 59.65 -12 4.13×1012 

 

The Secondary ion mass spectrometry (SIMS) profiles are 

shown in Fig. 4. There is virtually no significant difference 

between the Si, O and C profiles for all the devices, and it 

could be due to no out-diffusion or diffusion of species from 

the interface. To characterize the interface further, hi-low CV 

measurements are performed in depletion for different stress 

times (𝑇 = 5 𝑠, 5min, 2h, and 3h etc.) for all the MOS 

capacitors. Results for the 1200oC oxidation are shown in Fig. 

5(a). Before performing the stressing experiment a normal C-

V sweep is done from accumulation (A)-depletion (D)-

accumulation (A). Results are shown in Fig. 5(a) with dotted 

(A) and solid (D) red lines, and correspond to a small 
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hysteresis effect. And this is due to slow nature of near-

interface traps. In depletion, if the stressing time is ≥60min, a 

ledge of constant capacitance is observed (Berberich, 

Godignon, Locatelli, Millan, & Hartnagel, 1998). This could 

be due to a delayed evacuation of minority carriers resulted 

from high band bending in deep depletion and/or is a 

consequence of charge carrier dynamics and depends on 

minority carrier generation at the 3C-SiC/SiO2 interface. After 

this the device was relaxed for 58h but the C-V curve is still 

shifted to the left as compared its original position. This is due 

to the de-trapping of some of the minority carriers which are 

generated during the formation of the ledge. 

 

   
(a) T=1200oC (b) at T=1300oC (c) at T=1400oC 

 

Fig 4.  SIMS profiles for a 3C-SiC MOS capacitor fabricated at different temperatures  
 

  

   

(a) T = 1200oC (b) T = 1300oC (c) T = 1400oC 

 

Fig 5.  High frequency, 1MHz, C-V curves for a 3C-SiC MOS capacitor with oxide grown at different temperatures 
 

Similar behaviour is observed for the 1300oC as-oxidized 

MOS capacitor. The ledge formed in this case is different as 

compared with 1200oC as-oxidized MOS capacitor and has 

higher slope. This is due to the presence of higher QEFF/q 

(1.60×1012), resulting in a reduced electric field at the inreface. 

Consequentially, it is difficult to generate minority carriers in 

depeltion under biased stress condtion. Also in this case even  

after relaxing the device for more than 58h, the C-V curve does 

not come back to its orginal postion. In the case of 1400oC 

device it is hard to get into deep depeltion because of very high 

postive charge (4.13×1012) at the interface. The hi-low C-V 

measurements have shown that this device gives the highest 

Dit and therefore has not been consdiered for futher analysis. 

CONCLUSION 

High temperature oxidation is used to grow the 3C-

SiC/SiO2. Out of all the temperatures 1300oC as-oxidized 

gives lowest Dit of 6×1011eV-1cm-2 at 0.25eV. Hi-low C-V and 

G-V techniques are used to characterize the interface and all 

of them give consistent results. The results reported here for 

the novel high temperature oxidation. SIMS and AFM analysis 

have shown that the high-temperature oxidation process does 

change the stoichiometry and surface roughness. The biased 

stress experiments have shown thatched devices underwent 

1200oC oxidation goes to inversion due to the generation of 

minority carriers as compared to other devices. Also, even 

after relaxing the devices for ling hour after stressing the C-V 

curves never come back to their original position, showing that 

lot of carriers are still trapped. Although, there is an increase 

in the net positive charge at the interface with increasing 

oxidation temperature, which is contrary to the previous 

reported results and needs further analysis. 
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