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The thermal oxidation rate constants on both polar faces (Si-face and C-face) of 4H-SiC have been experimentally investigated. 

The thermal oxidation was performed in horizontal quartz furnace at different temperature for different oxidation time. The growth 
rate constants were calculated by fitting the experimentally measured curve (X0 versus t/X0) to the frame of Deal and Grove model. It 
has been observed that the value of A (one rate constant) increases with decreasing oxidation temperature while the slope of curve B 
(another rate constant) increases with oxidation temperature. The reported work has significance in the development of 4H-SiC 
oxidation mechanism for device application. The relevant details are discussed and reported in this paper.  
 

Index Terms—4H-SiC, Oxidation mechanism, Rate constants, Si-face and C-face.  
 

I. INTRODUCTION 
ILICON CARBIDE is one of the most promising 
semiconductor materials in the development of devices for 

high power, high temperature, high frequency and harsh 
environment application. It has enormous electronic properties 
beyond the limit of silicon and other semiconductor material 
such as wide band gap energy, high thermal conductivity, high 
saturation velocity of electron and high breakdown electric 
field. These existing marvelous properties stand this material 
in the queue of third generation electronics market. Among the 
group of wide bandgap semiconductors, Silicon Carbide is the 
only material, which can be thermally oxidized similar to 
silicon growth mechanism. This unique capability of oxidation 
in the form of SiO2 making it an obvious choice for the 
replacement of silicon MOS devices with excellent 
characteristics. The full reaction kinetics of the oxidation 
process is not yet fully understood.  

A number of recent publications in order to develop the 
oxidation mechanism [1]-[6] clearly indicate not well 
understood phenomenon of SiC oxidation.  The reported work 
is an experimental addition in the development of thermal 
oxidation mechanism of one of the commercially available 
device grade polytypes of SiC; 4H-SiC. The faces of all 
hexagonal polytypes of Silicon Carbide are always terminated 
into silicon rich and carbon rich faces resulting into Si-face 
and c-face surfaces. The oxidation mechanisms on Si-face and 
c-face have been found very different however still 
maintaining SiO2 composition on both the faces [1]. The 
growth of the oxidation mechanism on the two faces, 
therefore, becomes interesting for exploration [5]. Efforts have 
been made to understand the oxidation phenomenon by doing 
dry oxidation [3], ultra thin oxide [6] etc. This paper deals 
with the determination of thermal oxidation rate constants for 
both faces of thick epitaxial (on Si-face) of device grade 4H-
SiC substrate.   

 
Experimental details of sample preparation, fabrication of 
MOSiC structures and electrical characterization methodology 
is given in the next section. Current conduction mechanisms, 
extraction of different MOSiC parameters acquired results 
with discussion are mentioned in the section thereafter, which 
is followed by conclusions. 

II. EXPERIMENTAL DETAILS 
A 2″ diameter 4H-SiC (0001) epitaxy wafer of n/n+ type 80 

off-axis oriented has been cut into several pieces using special 
dicing blade from M/s DISCO Japan [7]. Prior to loading in a 
quartz furnace for the oxidation, RCA chemical cleaning 
treatment was given to all the samples. Thermal oxidation is 
accomplished using an oxidation furnace (or diffusion furnace, 
since oxidation is basically a diffusion process involving 
oxidant species), which provides the heat needed to elevate the 
oxidizing ambient temperature. A furnace typically consists of 
a cabinet, a heating system, a temperature measurement and 
control system, fused quartz process tubes where the wafers 
undergo oxidation, a system for moving process gases into and 
out of the process tubes and, a loading station used for loading 
(or unloading) wafers into (or from) the process tubes. The 
heating system usually consists of several heating coils that 
control the temperature around the furnace tubes. The wafers 
are placed in quartz glassware known as boats, which are 
supported by fused silica paddles inside the process tube.  A 
boat can contain many wafers. The oxidizing agent comes 
with the contact of wafers and diffusion take place at the 
interface. In this experiment wet Thermal oxidation is divided 
in six groups. Thermal oxidation was performed at 1000

S 

0C, 
10500C, 11100C and 11500C for different oxidation time (30, 
60, 90, 120, 150 and180 minutes). Samples were loaded for 
oxidation at 8000C with a flow of nitrogen. Temperature of the 
furnace was increased to desired temperature and nitrogen 
flow was stopped while wet O2 was flown for the required 
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time of oxidation. Temperature of the furnace was decreased 
to 800 0C and the samples were unloaded. This was repeated 
for each batch of samples with varying oxidation time. Oxide 
thickness on each sample was recorded using ellipsometer [8].  

III. RESULTS AND DISCUSSIONS 
The thermal oxidation mechanism of SiC is described by 

same rules as Si, which is explained by Deal and Grove [9]. 
During thermal oxidation of silicon carbide most of the excess 
carbon is believed to be removed from the interface through 
the formation of CO2, which diffuses through the oxide and is 
thereafter released from the sample surface. However, some of 
the carbon can remain within the oxide and form carbon 
clusters or graphitic regions. Such regions near the SiO2/SiC 
are expected to be electrically active and could give rise the 
interface states [10]. The Process of SiC thermal oxidation can 
be divided into three steps. First, the oxidation of the SiC 
surface occurs through the interaction of an oxygen atom into 
the chemical bond of a SiC molecule. This Oxygen insertion 
creates a Si-O-C species, which then splits into a CO molecule 
and a Si atom with a dangling bond. These CO molecules 
diffuse through the oxide of the oxide surface and react with 
an oxygen atom, creating CO2. Second the Si atom reacts with 
oxygen atoms, which are at the SiC surface in the initial 
oxidation or diffuses through the oxide to the oxide SiC 
interface, forming SiO2. These three processes can be 
summarized by the following reactions 

                   SiC + O                           CO + Si 
                   CO+ O                            CO2    
                   Si +2O                             SiO2                    
As opposed to the relatively simple oxidation of Si, there 

are five steps in the thermal oxidation of SiC. 
1. transport of molecular oxygen gas to the oxide surface 
2. in-diffusion of oxygen through the oxide film 
3. reactions with SiC at the oxide/SiC interface; 
4. Out-diffusion of product gases (e.g., CO2) through the    
    oxide film; and 
5. removals of product gases away from the oxide surface. 
The last two steps are not involved in the oxidation of Si.  

The oxidation of SiC is about one order of magnitude slower 
than that of Si under the same conditions. The first and last 
steps are rapid and are not rate-controlling steps. But among 
the remaining steps, the rate-controlling step is still uncertain 
as discussed in several articles. It has been reported in various 
research paper that the thermal growth kinetics of SiC is 
governed by linear parabolic law of Deal and Grove, as 
derived for Silicon. 
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In above equation X denotes oxide thickness where as t is 

oxidation time. The quantity τ corresponds to a shift in the 
time coordinate that correct for the presence of the initial layer 
of oxide thickness and A and B are constants. The above 
equation is a quadratic equation. The solution of equation can 
be written as   
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There are two limiting case of equation 2  
For long oxidation time i.e. thick oxidation Equation 2 

becomes  
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his relation is called parabolic law and B is called 
pa

ion time i.e. thin oxide Equation 2 can be 
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rabolic rate constant. This limiting case is diffusion 
controlled case because diffusion flux become small compared 
to the substrate surface reaction flux. Here the rate of 
oxidation is limited by the availability of oxidant at the Si rich 
interface as well as c rich interface, which is controlled by the 
diffusion process. 

For short oxidat
ritten as  
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called line

ca
This relation is ar law and the quantity B/A is 
lled the linear rate constant because in this case enough 

oxidant is transported across the oxide layer, and the oxidation 
rate is controlled by concentration of oxidant at the surface 
[11]. 

 

 

 
 

Fig.1. (a) Variation of oxide thickness on Si-face of 4H-SiC at different 
temperature while (b) shows the distribution of oxide thickness on C-face 
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Thermal oxide growth rate constants have been determined 
by

IV. CONCLUSION 
 fitting the experimentally measured curve to the 

measurement made by Deal and Grove (as explained above) of 
oxide thickness as a function of oxidation time at various 
oxidation temperatures. In this experiment wet thermal 
oxidation has been performed (as explained in section 2.3) at 
10000C, 10500C, 11100C and 11500C for different oxidation 
time. In each individual experiment, the value of τ has been 
fixed to zero for all temperature range. A plot of oxide 
thickness (X0) versus t/X0 from equation 1 should yield a 
straight line with intercept –A and slope B. Fig. 2. (a) and Fig. 
2 (b) shows the X0 versus t/X0 plots of wet oxidation on Si-
face (figure a) and C-face (figure b) of 4H-SiC respectively. It 
has been observed that the absolute value of A increasing with 
decreasing oxidation temperature. At the same condition, the 
slope of the plots increases with increasing temperature. 

 

 
This article reports an experimental study of the face 

terminated wet thermally grown SiO2 and determination of 
face terminated wet thermal oxidation rate constants. Deal and 
Grove model has been used in the calculation of rate 
constants. It has been reported that the value of A (one rate 
constant) increases with decreasing oxidation temperature 
while the slope of curve B (another rate constant) increases 
with oxidation temperature. These experimental results will be 
used as an input parameter in the modeling of oxidation 
mechanism in 4H-SiC.    
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Fig.2. (a) Determination of rate constants on Si-face while (b) shows the 
determination of rate constants on C-face of 4H-SiC 
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