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Abstract 
 Silicon-based switching devices have reached the 
theoretical limitations for high power and high 
temperature applications whereas silicon carbide (SiC) 
has emerged as an alternate material system to overcome 
the limitations and can be used in extreme environment. 
In this paper, a vertical DIMOS transistor structure, a 
switching device in 4H-SiC material system, is presented. 
The model takes into account various short channel 
effects in the DIMOS channel region as well as velocity 
saturation and exact device geometry in the drift region. 
Simulations for exact device geometry have been 
conducted using ATLAS device simulator. A good 
agreement between the ATLAS simulation and analytical 
model evaluation for vertical DIMOS is demonstrated. 
Device structure and model parameters can be adjusted to 
obtain an optimum device to be used in system level 
applications.    
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I. Introduction 
 
 In recent years, silicon carbide (SiC) has received 
increased attention because of its potential for a wide 
variety of high power applications [1-4]. SiC has the 
properties of high electric breakdown field (3.5x106 

V/cm), high electron saturated drift velocity (2x107 
cm/sec), high melting point (2830 oC), and high thermal 
conductivity (4.9 W/cm-°K), which give this material 
great potential in high power device applications. A 
summary of SiC material parameters is shown in Table I. 
Due to the high breakdown field of SiC, the drift region 
can be made eight to ten times thinner than those of 
silicon high voltage devices.  Thus the SiC devices can be 
made smaller and more compact requiring smaller cooling 
system.  The features of SiC make it an attractive material 
for high power and high temperature applications and lead 
to significant savings in cost and space in packaging and 
cooling systems for many aircraft, shipboard, and hybrid 
vehicle applications.  
  

 
TABLE I 

COMPARISON OF SI AND SIC MATERIAL PROPERTIES [4] 
Properties 

 
Si 

 
6H-SiC 

 
4H-SiC 

 
Band gap (eV) 1.11 2.9 3.2 

Dielectric constant 11.8 9.7 9.7 

Breakdown field (V/cm) 6x105 35x105 35x105 

Saturated velocity 
(cm/sec) 

1x107 2x107 2x107 

Electron mobility  (in 
bulk) ( cm2/V-sec) 

1350 380 800 

Hole mobility  (in bulk) 
( cm2/V-sec) 

450 95 120 

Thermal conductivity 
(W/cm-oK) 

1.5 4.9 4.9 

Melting point (oC) 1420 2830 2830 

 
 SiC has more than one hundred poly-types [3]. Among 
those, 4H-SiC is preferred over 6H-SiC because the 
electron mobility in 4H is approximately twice that of 6H 
in the direction perpendicular to c-axis and almost ten 
times in the direction parallel to c-axis. Thus, 4H-SiC is 
suitable for vertical device structure.  
 The dc-dc converters and the ac drives are extensively 
used in power electronics, power systems, traction drives, 
and hybrid electric vehicle (HEV) applications, where 
diodes and MOSFETs are used as switching devices. The 
switching devices have to carry huge current at the ‘on’ 
state and have to sustain large blocking voltage at the 
‘off’ state. The performance of the Si-based switches is 
approaching the theoretical limits in high power 
applications due to its intrinsic material properties. SiC is 
an alternate material system that can be used to overcome 
the limitations of the Si-based switching devices and can 
be used in extreme environment.  
 The first Schottky diode in SiC was marketed by Cree 
Research Inc. High-voltage (1.75kV) Schottky diodes 
with a low on resistance (5 mΩ-cm2 ) were reported with 
Ti/4H-SiC [5]. The highest value of blocking voltage is 
6.2kV for 100 Acm-2 using 4H-SiC p-n junction of mesa 
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structure [6]. Although there is no commercially available 
power MOSFETs in SiC material system, Cree has 
demonstrated various switching devices in SiC [7]. A 
group from Purdue University proposed a DIMOS in 6H-
SiC with a breakdown voltage of 760V [8]. 
 This paper presents a vertical MOS transistor structure 
in 4H-SiC material system for power electronic 
applications. Preliminary results for both the analytical 
and numerical simulations presented in this paper 
demonstrate the feasibilities of developing a power 
MOSFET with high voltage and current rating. 
 
 
II. Processing and Applications 

 
 An application specific optimum SiC power MOSFETs 
is being developed for hybrid electric vehicles 
applications [9]. The system level benefits of SiC power 
electronics on hybrid electric vehicle (HEV) applications 
was also studied [10]. Considering the SiC material 
processing limitations and feedback from the system level 
application group, an application specific SiC power 
MOSFET structure has been proposed. 
 Good ohmic contact is essential for the Schottky diode 
formation. As a part of the research, Schottky diodes were 
formed using a metal  contact  with  dopped  SiC samples.  
 
 

Figure 1: C-V plot of sample A 

 
Figure 2: I-V Characteristic of sample A 

The doping densities as well as the current voltage 
characteristics were measured for four test samples.  C-V 
plot and I-V characteristics for sample-A are shown in 
Figure 1 and Figure 2, respectively. All p-type contacts 
are Al-Ni and n-type contacts are Au-As-Ni alloy. Based 
on the results obtained from the C-V and I-V plots, Au-
As-Ni alloy makes a very good contact for n-SiC. 
Extensive literature search shows that Au-As-Ni contacts 
are novel approach for SiC device applications. The 
measured values of the doping densities are: sample-A: 
5.6e15cm-3, sample-B: 1.02e16cm-3, sample-C: 8.6e17cm-

3 and sample-D: 1.3e18cm-3.   
 An increase in efficiency and reduction of mass and 
volume in heat sink for dc-dc power supply and traction 
drive with SiC have been reported by this group [9]. The 
simulation results showed an increase in the converter 
efficiency and a decrease in the heat sink mass and 
volume. About 5-10% increase in efficiency was obtained 
for the traction drive. It was observed that at 20kHz 
operating frequency, conduction losses dominate over the 
switching losses where at 100kHz switching losses 
dominate over conduction losses. For either frequency 
operation the SiC inverter requires a smaller heat sink. 
For the traction drive, the all-SiC inverter requires heat 
sink one-third the size required by the all-Si inverter.  
 
 
III. Device Structure 
  
 A vertical double Implanted MOS transistor in 4H-SiC 
has been considered to verify the model in SiC material 
system. The cross sectional view of a DIMOS is shown in 
Figure 3. Since the diffusion process in SiC is ineffective, 
ion implantation is the only way to form p-body and n+ 
region for the vertical structure and double diffusion is 
not suitable for SiC device fabrications. The n- drift 
region is usually doped lightly (5x1014cm-3 for this 
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Figure 3: Schematic Cross section of Vertical DIMOS. 



device) to reduce the losses in the drift region. The n+ 
regions were doped with (1.5x1020cm-3) Nitrogen; p-body 
regions were formed with (4x1017cm-3) Boron 
implantations. The channel length and width were 10µm 
and 200µm, respectively. The oxide thickness was 500Å 
and drift region thickness was 40µm. The p-bodies were 
separated by 18µm.  

 
 

IV. Model 
 
 The Double Implanted Metal-oxide Semi-conductor 
(DIMOS) field effect transistor has been frequently used 
in high voltage power electronics applications [11-12]. 
The performance of a DIMOS device is limited by the 
quasi-saturation behavior [13] in its characteristics. It is 
shown that such effect is due to carrier velocity saturation 
because of the high electric field, low impurity 
concentration in drift layer, and narrow p-body spacing 
[14]. Figure 4 shows the details of device structure 
identifying different regions of operation. Here, Wt is the 
total vertical height, Wj is the height of the p-body, Wd is 
the width of the depletion region, L is the channel length 
formed under the gate and inside the p-body, Ldiff is the 
separation of the p-bodies, Lp  is the length of p-body, α is 
the angle of slope of the drift region narrowing.  
 A detailed study has been made on the vertical DIMOS, 
and an analytical model has been developed [15]. The 
model was developed from regional analyses of carrier 
transport in the channel and drift regions. The channel is 
defined by the compensation between the p-body and n-
source lateral diffusion. The current voltage characteristic 
in the triode region is given by, 
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 The drift region has been divided into three parts: an 
accumulation region A, a drift region B with a varying 
cross section area, and drift region C with constant cross 
section. Voltage for these regions are given by,   
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 Total drift region voltage Vdrift = VA + VB + VC and 
voltage across the drain to source VDS = Vdrift+ Vch.  For a 
given current ID, which equals to Ich of the channel region, 
must be solved by an iterative method due to the implicit 
nature of the voltages and currents. The current/voltage 
characteristics of the analytical model have been 
evaluated (Figure 5) using 4H-SiC material parameters. 

 
 
V. Model Verification 
 
 The model is further realized in a two-dimensional 
device simulator (ATLAS). A practical device structure 
for vertical DIMOS for 4H-SiC material systems has been 
simulated. The simulated results, with a device width of 
200µm, of the output characteristics are shown in Figure 
6.    
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Figure 4: DIMOS structure for Modeling. 
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Figure 5: Output characteristics using the model. 



 
VI. Results and Discussions 
 
 The output currents of the vertical MOSFET obtained 
from the analytical model remains in the saturation region 
for the device parameters’ values used in computations. A 
clear quasi-saturation effect has been observed for 
numerical simulations. As long as the drain currents enter 
into the saturation region before the velocity saturation 
occurs, the gate voltage has control over the drain 
currents. However, the gate loses its control over the drain 
currents if velocity saturation of the carrier occurs before 
the drain current. It has also been observed that quasi-
saturation effect occurs at higher gate voltage for larger p-
body separations and higher drift layer doping densities. 
From the analytical model, a drain current of 220 mA is 
obtained for a gate voltage of 10 V, whereas a device 
simulator obtained a drain current of 200 mA for a gate 
voltage of 8 V. So, there is a good agreement between the 
results of the model and simulated device structure. 
  
 
VII. Conclusions 
 
 SiC is an attractive material for high power and high 
temperature applications. A novel approach for ohmic 
contact to SiC has been demonstrated. An analytical 
model for DIMOS has been verified for 4H-SiC material 
system. Quasi-saturation effect in DIMOS is also 
observed. The quasi-saturation effects imposed on the p-
body spacing and drift region doping help to achieve a 
device structure for the desired current level and 
breakdown voltage.  
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