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Abstract—The present paper proposes a novel Superjunction (SJ) Power MOSFET. The reduction in the vertical electric field along the 

direction of current flow is observed with the use of buried oxide in the N-pillar of a conventional SJMOSFET using 2D device simulator. It 

is also seen that the relation between Ron and Bv is improved in proposed SJMOSFET. Further, the use of buried oxide leads to an 

enhancement of breakdown voltage (Bv) by approx. 20% and reduction in the on-resistance (Ron) by approx. 25%. The process flow of the 

proposed device is based on modifying the existing fabrication of super junction power MOSFET in which buried oxide (BOX) is created by 

using SIMOX (separation-by-implanted oxygen) process. 
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I.  INTRODUCTION  

ower MOSFETs are ideally suited for use in many 

electronic applications. In the conventional power 

MOSFETs, a trade-off exists between specific on-

state resistance (Ron) and breakdown voltage (Bv) known as 

“silicon limit” [Ron  Bv
2.5

] [1] that can be improved with a 

Superjunction (SJ) structure with n and p-pillars in the drift 

region which employed the charge compensation concept. 

Many SJMOSFET configurations have been studied to reduce 

the on-resistance and address the tradeoff between Bv and Ron 

such as Super junction devices (SJ), COOLMOS
TM 

transistors, 

oxide filled extended trench gate super junction MOSFET 

structure etc [2-10].   

In the present paper, an improved SJMOSFET is proposed, 

in which the concept of buried-oxide [11] has been used to 

further enhance the Bv and reduce the Ron to have a better 

relationship between Ron and Bv. The breakdown voltage has 

been increased in proposed SJMOSFET leading to an 

improvement in various other performance parameters e.g. 

current flow lines, potential etc. 

II. DEVICE STRUCTURE  

The typical structures of (a) conventional SJMOSFET and 

(b) proposed SJMOSFET with buried oxide (BOX) are shown 

in fig.1. 

  
 (a) (b) 
Fig. 1. Cros-sectional view of (a) Conventional (b) Proposed SJMOSFET with 

BOX. 

III. SIMULATION RESULTS AND DISCUSSION 

In this section, we have compared the performance of 

conventional and proposed SJMOSFET in terms of electron 

concentration, current flow lines, electric field, breakdown 

voltage, on-resistance and current-voltage characteristics are 

obtained using the 2D device simulator PISCES. 

 
 (a) (b) 

Fig. 2. 2-D Cross-sectional view of electron concentration of (a) conventional 

SJ-MOSFET (b) Proposed SJMOSFET. 

 

The electron concentration of both the conventional and 

proposed SJMOSFET shown in fig. 2 in the off state suggests 

that the proposed SJMOSFET is more depleted of the charge 

carriers at higher Vds and the current path is blocked by the 
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BOX similar to the SOI–RESURF effect [12]. In the off state, 

the electron concentration is very less in the channel region 

since there is no conduction taking place under this condition. 

Further, it can be seen that electron concentration is maximum 

in the N-pillar due to the fact that current flow is taking place 

via this region only. The similar behavior of current flowlines 

is observed in on-state of both the conventional and proposed 

SJMOSFET. 

The electric field variation of the conventional and 

proposed SJMOSFET is illustrated in fig.3. It is seen that the 

vertical electric field along the direction of the current flow 

reduces in the off state in case of proposed SJMOSFET. The 

obvious reason for this reduction in electric field is the 

addition of BOX in the N-pillar of SJMOSFET as compared to 

the conventional SJMOSFET.  
 

 
Fig. 3. Magnitude of electric field of the conventional and proposed 

SJMOSFET along the direction of current flow near the junction i.e. at 2.2µm 
at Vds = 180V. 

 

 
Fig. 4. Comparison of breakdown performance at Vgs = 0V. 

 

A comparison of the breakdown voltage and on-resistance 

of the conventional and proposed SJMOSFET is shown in fig. 

4.  The observed breakdown voltages (Bv) of conventional and 

proposed SJMOSFET are 180 and 219 V respectively. A 

~20% enhancement of breakdown voltage occurs in case of 

proposed SJMOSFET due to the addition of BOX in the N-

pillar. Similarly, the specific on-resistance (Ron.A) of the 

conventional and proposed SJMOSFET achieved is 0.0569 

mΩcm
2
 and 0.0425 mΩcm

2
 respectively. A 25% reduction of 

Ron.A occurs in the proposed SJMOSFET as compared to 

conventional SJMOSFET shown in fig.5. 

The current-voltage characteristics of the conventional and 

proposed SJMOSFET for various drain-sources voltages (Vds) 

is shown in fig. 6. It is seen in figure that the drain current of 

both the devices are increased with the increase in drain-

source voltage. Further, it has been observed that the current 

conduction is reduced in case of proposed SJMOSFET due to 

the reduced conduction path which has been blocked by BOX. 

 

 
Fig. 5. Comparison of specific on-resistance of the conventional and proposed 

SJMOSFET at Vds=0.1V. 

 

 
Fig. 6. Ids-Vgs characteristics of the conventional and proposed SJMOSFET. 

IV. CONCLUSION 

In this paper, an improved structure of superjunction with 

buried oxide in the N-pillar of drift region is proposed and 

compared with the performance of conventional SJMOSFET. 

It can be concluded that with the implementation of BOX in 

the SJMOSFTET, the electron current and electric field shows 

excellent improvement. Further, we concluded that the 

breakdown voltage and on-resistance relationship is improved 

in proposed SJMOSFET which currently replace the 

conventional SJMOSFET and may use in various future 

applications. 
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