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Abstract— In this work, MOS capacitors employing a 50 nm-

thick TiO₂ film as the gate dielectric were developed to investi-

gate the effect of different SiC surface passivation strategies. 

These approaches include an N₂+O₂ plasma treatment of the 

SiC surface prior to TiO₂ deposition, as well as the insertion of 

thin SiO₂ interlayers at the TiO₂/SiC interface. Both strategies 

aim to reduce the leakage current in the capacitors and to pas-

sivate the SiC substrate by decreasing the interfacial charge 

density. In one approach, passivation was carried out using in-

ductively coupled plasma (ICP) at room temperature, while in 

the other, SiO₂ films with thicknesses of 2 nm and 10 nm were 

deposited by the PECVD technique between the TiO₂ layer and 

the SiC substrate. Ellipsometry analysis suggested a deviation 

from stoichiometry, indicating oxygen-rich SiO₂ films and a ti-

tanium-rich TiO₂ film. Raman and FTIR analyses indicated 

that the TiO₂ film exhibits an anatase crystalline structure. 

Electrical characterization confirmed that the 2 nm-thick SiO₂ 

interlayer reduced the device leakage current by two orders of 

magnitude, although it was ineffective in passivating the SiC 

surface. In contrast, N₂+O₂ plasma passivation yielded a higher-

quality interface, as evidenced by an almost null C–V hystere-

sis, indicating a significant reduction in trapped charges at the 

interface. 

 
Index Terms— SiC MOS capacitor, TiO2, Interface Pas-

sivation, SiO2, Leakage Current. 

I. INTRODUCTION 

Silicon carbide (SiC) has emerged as a highly promising 

material for the microelectronics industry, owing to its out-

standing properties. These include a wide band gap (>2.4 

eV), high thermal conductivity, a substantial breakdown 

field (3.8×10⁶ V/cm), and excellent electron saturation ve-

locity (~2×10⁷ cm/s) [1-3]. These characteristics make SiC 

an ideal candidate for power devices operating under ex-

treme conditions, such as those in aerospace, satellite sys-

tems, and nuclear reactors [1]. 

A key advantage of SiC-based metal-oxide-semiconduc-

tor (MOS) capacitors is their capability for high-speed 

switching at elevated voltages, surpassing the performance 

of conventional silicon devices. This enables higher operat-

ing frequencies in integrated circuits and efficient capacitor 

switching in energy conversion systems [1]. The develop-

ment of such compact, robust devices is particularly advan-

tageous for space applications, an area of active research for 

organizations like NASA [2]. Ongoing initiatives are explor-

ing SiC MOS capacitors for use in electric vehicle and air-

craft motors, as well as in compact solar panels for clean en-

ergy [3]. This collective potential positions SiC as a superior 

successor to silicon for future high-temperature and high-

power electronic devices [1]. 

Despite these advantages, the performance of SiC de-

vices is hampered by substrate and interface quality. The SiC 

surface typically exhibits an interface trap density two orders 

of magnitude higher than that of silicon [1]. These interface 

charges degrade device performance by reducing carrier mo-

bility in the transistor channel [4]. Consequently, improving 

the quality of the SiC/gate dielectric interface through effec-

tive surface passivation has become a central research focus 

[5]. In the development of MOS capacitors, the efficacy of 

these improvements is quantified by minimizing key metrics: 

capacitance hysteresis (∆VFB), interface trap density (Dit), 

and, most critically, the gate leakage current density under 

inversion bias [6]. This leakage current in inversion is the 

paramount reliability concern for SiC power MOS devices. 

In a power MOSFET, the inversion layer forms the active 

conduction channel. A high leakage current in this regime 

directly compromises channel stability, degrades gate oxide 

integrity, accelerates time-dependent dielectric breakdown 

(TDDB), and increases static power loss, thereby adversely 

impacting the overall efficiency and reliability of the power 

system [6]. 

Among various gate dielectrics, titanium dioxide (TiO₂) 

is noteworthy due to its high dielectric constant (high-κ). Its 

attractive properties, such as a high refractive index, chemi-

cal stability, and hydrogen bonding capability, make it suit-

able for applications in solar cells, MOS capacitors, and bio-

sensors [6]. TiO₂ exists in three crystalline phases—rutile, 

anatase, and brookite—each with distinct properties dictated 

by deposition conditions [6]. The rutile and anatase phases 

are of particular interest for this study due to their high die-

lectric constants, which enhance capacitance in MOS capac-

itors. 

However, TiO₂ presents two significant challenges for 

this application: a relatively narrow band gap and a low con-

duction band offset with SiC [7]. These properties can lead 

to increased leakage current, directly exacerbating the core 

reliability issue described above. A common strategy to mit-

igate this is to insert a thin SiO₂ layer between the high-κ 

dielectric and the substrate to act as a potential barrier. Yet, 

for SiC, this interlayer can itself introduce defects if not op-

timally thin. An alternative approach is to passivate the SiC 

surface directly, for example using an N₂+O₂ plasma treat-

ment. This process reduces interface defect density, stabi-

lizes chemical bonds, and improves electrical performance 

and long-term reliability [7]. 
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Based on this context, this study has two primary objec-

tives: first, to evaluate the use of a thin SiO₂ interlayer be-

tween TiO₂ and the SiC substrate as a barrier to minimize the 

critical inversion leakage current; and second, to investigate 

its role as a passivation layer for improving the TiO₂/SiC in-

terface. The effectiveness of the SiO₂ interlayer will be com-

pared directly with conventional N₂+O₂ plasma passivation. 

To identify the optimal configuration, two different SiO₂ 

thicknesses (2 nm and 10 nm) were be analyzed to determine 

which most effectively enhances the performance and relia-

bility of SiC MOS capacitors for high-power applications. 

II. EXPERIMENTAL DETAILS 

 N-Type 4H-SiC (0001) substrate was utilized to fabri-

cate the devices. Initially, RCA cleaning was performed on 

all samples. For Sample A, a passivation protocol using in-

ductively coupled plasma (ICP) was performed at room tem-

perature during 20 minutes, with a pressure of 50 mTorr, an 

RF power of 450 W, and a gas mixture of N₂ (70 sccm) + O₂ 

(70 sccm).On the other hand, for Samples B and C, SiO₂ lay-

ers with thicknesses of 2 nm and 10 nm, respectively, were 

deposited using the PECVD technique in an Oxford NGP 80 

PECVD system. Silane (SiH₄) and nitrous oxide (N₂O) were 

used as precursors for the deposition. The system featured an 

8” heated platen capable of heating the samples to 400°C. 

The deposition process utilized a gas mixture of SiH₄, N₂O, 

and N₂, with nitrogen acting as a carrier and diluent for 

silane. The gas flow rates were set to 5 sccm for SiH₄, 1000 

sccm for N₂O, and 1000 sccm for N₂. The process was con-

ducted at a pressure of 2000 mTorr and a temperature of 

400°C. A 13.56 MHz RF power supply was employed at 40 

W to generate the plasma. To obtain target thicknesses of 2 

nm and 10 nm, deposition times were calibrated at 3 seconds 

and 14 seconds, respectively.  

After completing the passivation and the SiO₂ deposition 

processes, a 50 nm-thick TiO₂ layer was deposited on the top 

of all the samples (A, B, and C). This deposition was per-

formed using reactive DC sputtering with a power of 1000 

W, a 65 sccm argon flow, a 40 sccm oxygen flow, and a dep-

osition time of 10 minutes. 

The next step involved optical lithography to define a top 

circular electrode comprising 800 µm diameter. For this, we 

use a Durham Magneto Optics MicroWriter ML®3. After li-

thography, a 150 nm-thick TiN layer was deposited using re-

active DC sputtering with a power of 1000 W, a 70 sccm 

argon flow, and a 20 sccm nitrogen flow for 3 minutes. Then, 

the samples were immersed in acetone to perform the lift-off 

process of the TiN, thereby defining the top electrodes for 

each sample. Next, the native oxide from the bottom surface 

of each sample was removed and a 300 nm-thick aluminum 

layer was deposited using a DC sputtering with a power of 

1000 W, and a 60 sccm argon flow for 3 minutes. Figure 1 

presents the schematic of the three processes (A, B, and C) 

developed in this work. 

Once the capacitor manufacturing was completed, meas-

urements of current versus voltage (I-V) were made using a 

Keithley 4200 SCS capacitance meter. 

The structural properties of the films were monitored us-

ing witness samples, which were fabricated concurrently 

with the devices and characterized by ellipsometry, Fourier-

transform infrared spectroscopy (FTIR), Raman 

spectroscopy, X-ray photoelectron spectroscopy (XPS), and 

Kelvin probe force microscopy (KPFM). 

 

 
 
Fig.1. Cross section of each SiC MOS capacitor samples; (A) sample with 

passivation (N2+O2), (B) sample with 2 nm-thick SiO2 and (C) sample with 

10 nm-thick SiO2. 

III. RESULTS AND DISCUSSIONS 

A Rudolph Auto-EL II ellipsometry system was em-

ployed for ellipsometry analysis, using a 633 nm wavelength 

and a 70º incident angle. This technique allows for determin-

ing film thickness and refractive index (ƞ). The 50 nm thick 

films exhibited and average thickness of around 50.2 ± 0.5 

nm and a refractive index (ƞ) of 2.46 ± 0.02. For reference, 

the refractive index of stoichiometric TiO2 is 2.41 [8], thus 

representing a 2% deviation. Films with a refractive index 

higher than the stoichiometric value suggest a higher relative 

Ti concentration [5]. The SiO₂ films of samples B and C ex-

hibited average thicknesses of 2.2 ± 0.5 nm and 10.4 ± 0.5 

nm, respectively, with corresponding refractive indices of 

1.41 ± 0.02 and 1.43 ± 0.02. The theoretical refractive index 

of a stoichiometric SiO₂ film is expected to be 1.46, thus in-

dicating that these films are oxygen-rich [8]. 

To evaluate the effect of plasma passivation on SiC sur-

faces, KPFM and XPS measurements were performed using 

a PARK SYSTEMS NX-10 microscope operating in single-

pass mode under relative humidity of less than 5% in an N₂ 

atmosphere and without high vacuum, and using a Pt/Ir 

coated silicon probe from NanoSensors, model PPP-EFM, 

with a nominal force constant of 2.8 N/m and a nominal res-

onance frequency of 75 kHz, and a Thermo Scientific K-Al-

pha spectrometer equipped with a microfocused Al Kα X-ray 

source (variable spot size) and a double-focusing hemispher-

ical analyzer with 128-channel detection, respectively. Fig-

ure 2 presents the surface potential measured by KPFM for 

the 4H-SiC substrate and the 4H-SiC substrate after pas-

sivation with an N₂+O₂ plasma. The surface potential shows 

a significant decrease from 565.5 mV to 278.6 mV after pas-

sivation. This reduction suggests a decrease in surface elec-

tronic states (i.e., fewer surface defects), thus indicating a 

lower density of trap states that could cause electrical insta-

bility. Furthermore, the formation of compounds such as 

SiO₂ and SiOₓCᵧ during the passivation process modified the 

charge distribution near the surface, enhancing its electrical 

stability. This interpretation is corroborated by the XPS spec-

tra in Figure 3. The Si 2p region shows an intense peak at 

104.5 eV, corresponding to silicon oxide (SiO₂) [9-11], along 

with peaks at 102 and 101.5 eV, associated with Si–C–O 

bonds and the formation of SiOₓCᵧ structures, respectively. 

The O 1s region further confirms this assignment, exhibiting 

a main peak at ~534.0 eV, which is related to Si–O bonds in 

SiO₂ [9, 12-13]. 
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Fig. 2.  Surface potential for the 4H-SiC substrate (Top) and the 4H-SiC substrate after passivation with  

an N₂+O₂ plasma (Bottom), obtained from KPFM measurements. 

 

 

 

 
 

Fig. 3. XPS spectra of 4H-SiC after passivation with N2+O2 plasma. 

 

Raman spectroscopy showing in Figure 4, was performed 

to identify the crystalline phase of TiO₂ deposited on the SiC 

substrate, using a Horiba XploRa micro Raman spectrometer 

equipped with a green laser (532 nm) with 15 mW maximum 

power (100%) and a high-sensitivity CCD detector.  The 

spectrum reveals the characteristic peaks of the anatase 

phase at 399 cm⁻¹ (symmetric mode) and 639 cm⁻¹ (charac-

teristic anatase peak), along with characteristic SiC peaks at 

206 cm⁻¹, 612 cm⁻¹ (related to TO and LO optical photonics 

modes, respectively), and 197 cm⁻¹ (associated with vibra-

tional modes of SiC) [14-16]. 

Additionally, complementary chemical analysis was per-

formed using FTIR spectroscopy with a Bruker VERTEX 

70v vacuum FT-IR spectrometer. The results are presented 

in Figure 5. This analysis provides a more comprehensive 

characterization of the TiO₂ film regarding its chemical 

bonding.    
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Fig. 4. Raman spectrum of the TiO2 thin films (TiO2/SiC), showing the 

peaks related to the TiO2 anatase phase. 

 

 

 
 

Fig. 5. FTIR spectrum of 50 nm TiO2 film. 
 

 As shown in Figure 5, an absorption band characteristic 

of the Ti–O bond, associated with the anatase phase, is ob-

served in the 500–700 cm⁻¹ region, corresponding to the 

symmetric and asymmetric stretching vibrations of Ti–O–Ti 

[14-16]. Additionally, the asymmetric vibrations in the 

800-1000 cm⁻¹ range are attributed to TiO₂-SiC interactions 

[14-16]. In the 1200-1400 cm⁻¹ region, peaks related to C–O 

and C–H groups are observed, possibly due to residual or-

ganic contamination or adsorption of species during the dep-

osition and treatment process [14-16]. Therefore, based on 

these analyses, it can be concluded that the crystalline phase 

of the TiO₂ film is Anatase. Furthermore, for the electrical 

characterization of the devices, a Keithley 4200 SCS elec-

trometer was used, and current versus voltage (I-V) curves 

were extracted, with a focus on analyzing the leakage cur-

rent. Figure 6 presents the I-V curves of the capacitors de-

veloped in this work. It is possible to observe that the capac-

itor subjected to N₂+O₂ plasma passivation (Sample A) 

demonstrated superior interface quality, evidenced by a hys-

teresis of ~ 0 V. This indicates a significantly reduced of 

trapped charges at the interface. The efficacy of this pas-

sivation is directly attributed to the chemical modification of 

the SiC surface, as confirmed by XPS (see Fig. 3) and KPFM 

analyses (see Fig. 4). The XPS results confirmed the for-

mation of a passivating ultrathin SiO₂ layer and the incorpo-

ration of nitrogen in oxidized states, which effectively pacify 

dangling bonds and defects. This chemical passivation is fur-

ther quantified by KPFM, which measured a substantial re-

duction in surface potential on the treated SiC, indicating a 

decrease in fixed charge at the interface. However, this sam-

ple exhibited the highest leakage current in the inversion re-

gime (~10⁻4 A at -5 V). This result confirms that the plasma-

grown oxide, while excellent for chemical passivation, is too 

thin to act as an efficient physical potential barrier against 

electron injection into the narrow-bandgap TiO₂ gate dielec-

tric.  

 

 
 

Fig. 6. I-V characteristic curves revealing the leakage current through the 

SiC MOS capacitor for samples A, B and C. 

 

The capacitor with 10 nm-thick SiO₂ (blue) – sample C – 

exhibited a hysteresis of 0.3V, indicating the presence of 

trapped charges at the interface during the capacitor opera-

tion cycle between -5 V and 10 V. However, this process re-

sulted in the reduction by one order of magnitude (10-5 A) of 

the leakage current in the inversion regime compared to the 

passivated sample. In fact, the 10 nm-thick SiO2 film of sam-

ple C is not as effective as sample A with regards to the in-

terface charge passivation, although the additional thick 

physical barrier can reduce the leakage current, as observed. 

Therefore, the 10 nm-thick film acts, albeit slightly, as a bar-

rier layer to prevent leakage current. 

On the other hand, the capacitor with the 2 nm-thick SiO₂ 

interlayer (Sample B) presented the most compelling result, 

highlighting a complex interplay between physical and elec-

trical effects. This device achieved the lowest leakage cur-

rent in inversion, decreased by two orders of magnitude 

(~10⁻6 A) compared to the plasma-passivated sample. Para-

doxically, it also exhibited the largest hysteresis of 0.8 V. A 

possible explanation for this result is the following: the thin 

SiO₂ layer acts as a physical barrier, while the high density 

of charge traps within it (associated with its oxygen-rich and 

potentially disordered nature: oxygen-related defects, struc-

tural disorder, and residual hydroxyl groups) introduces a 

significant "electrical" barrier. These traps, with their 
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characteristic capture and emission time constants, effec-

tively reduce the average current flowing through the MOS 

structure [17] by immobilizing charge carriers, thereby con-

tributing to the low leakage current despite the poorer inter-

face quality indicated by the large hysteresis. 

Therefore, the results delineate a clear design compro-

mise. The N₂+O₂ plasma passivation is optimal for achieving 

a high-quality interface with minimal trapped charge but 

fails to mitigate leakage current. Conversely, a deposited 

SiO₂ interlayer effectively suppresses leakage but degrades 

interface quality. The 2 nm SiO₂ layer emerged as the most 

effective barrier, albeit with the highest hysteresis. Based on 

this understanding, a synergistic approach is proposed for fu-

ture work: combining the N₂+O₂ plasma passivation to create 

a superior starting interface with the subsequent deposition 

of a 2 nm-thick SiO₂ layer to act as an efficient potential bar-

rier. This hybrid strategy is anticipated to simultaneously 

achieve low interface trap density and low gate leakage, op-

timizing the overall performance and reliability of SiC-based 

MOS devices. 

CONCLUSIONS 

This study successfully evaluated the effectiveness of a 
SiO₂ interlayer and N₂+O₂ plasma passivation for enhancing 
the SiC/TiO₂ interface in MOS capacitors. Our findings re-
veal a fundamental trade-off between interface quality and 
leakage current suppression. The N₂+O₂ plasma passivation 
produced a superior electrical interface, as evidenced by the 
lowest hysteresis value, confirming its role in effective 
chemical passivation of interface states. However, the result-
ant ultrathin oxide was insufficient to mitigate the high leak-
age current inherent to the narrow-bandgap, Ti-rich anatase 
TiO₂. In contrast, the deposited SiO₂ interlayers, being O-
rich, functioned effectively as potential barriers. The 10 nm-
thick SiO₂ layer offered a balanced compromise with moder-
ate leakage and hysteresis. Most significantly, the 2 nm SiO₂ 
interlayer was identified as the optimal configuration for the 
primary goal of minimizing leakage current in inversion re-
gime, achieving a reduction of two orders of magnitude. This 
superior barrier effect, however, came at the cost of in-
creased hysteresis, indicating that the ultrathin SiO₂, while 
an excellent physical barrier, introduces more charge traps 
than the plasma treatment. Therefore, we conclude that while 
N₂+O₂ passivation is optimal for interface quality, a 2 nm-
thick SiO₂ interlayer is most effective for leakage suppres-
sion. For future work, a hybrid approach combining the 
strengths of both—initial plasma passivation followed by a 
2 nm-thick SiO₂ deposition—is proposed to simultaneously 
achieve a low-trap density interface and a robust leakage bar-
rier. 
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