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Abstract. In this work, a new charge-coupling structure of RSO MOSFET with slope field plate is
proposed. The design method is developed by theoretical analysis. In addition, a fabrication method
using multi-plate to fit slope method is introduced. Then, a 250V structure was simulated to verify the
theoretical analysis by TCAD. It is demonstrated that the structure overcomes the non-uniformity of
electric field in drift region in traditional RSO MOSFET. The trade-off between the Ron and BV—
“silicon limit” has been broken, for the Rdson=116 mQ/mm? in this structure.

Introduction

Power MOSFETs are widely used in power switching and power amplification. There is always a
demand for improving the devices with a lower on-resistance for a given breakdown voltage. In the
conventional structure, the trade-off between the Ron and Breakdown Voltage (BV) is called “silicon
limit”, which is given by the following relation:Ron=5.93 X 10°(BV)*".

A number of new device concepts have been proposed in order to break the “limit”. One of the
most noticeable is charge-coupling concept. In this concept, the electric field distribution in drift
region has been altered from the triangular shape in the one dimension to a rectangular shape in the
two dimensions. The most popular approach to meet charge-coupling is called “Super Junction”,
which is well suited for BV between 300~12001**!. This approach is based on utilizing alternating
P-type and N-type columns in the drift region. Recently another approach has emerged™ !, which is
called Resurf Stepped Oxide(RSO) MOSFET, based on an electrode embedded within oxide trenches
in the drift region. It attracts wide attention due to compatibility with trench technology. However, the
electric field in the drift region isn’t uniform for the constant potential in the trench. When the desired
blocking voltage is higher than 60V, this non-uniformity results in a low electric field through a large
portion of the drain and source regions'”. This limits the application of this structure in a higher
voltage area.

In this paper, a RSO MOSFET with slope field plate is proposed to overcome the non-uniformity
of the electric field in drift region.

Device Theory and Fabrication Technology
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Fig.1 Schematic cross-section of Resurf Stepped Oxide MOSFET with Slope Field Plate
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A schematic cross-section of the proposed device is shown in Fig.1. The oxide thickness between
gate electrode and silicon drift region is gradual. This grade-oxide supports various voltages in
different depth between gate electrode and silicon drift region. By suitable design, this structure can

be fully charge-coupling. The design method is as follows.
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Fig.2 Electric field distribution along labc

It is supposed that the electric field in the middle of silicon drift region is constant, as the device
breakdown. The constant value is equal to the critical electric field for the case of a uniform electric
field Eymax. The electric potential at point ‘a’ can be given by:

h
V. = ;BV = Ly h (1)

a

This electric potential also can be obtained by integral of electric field along L.y, a straight line
perpendicular to the slope field plate. The electric field distribution along L.y is illustrated in Fig.2.
Eumaxsin® is the vertical electric field in l,»., where 0 is the angle of slope field plate. The electric field
varies linearly with distance in l,, while the electric field in Iy is constant. The “step” is the difference
in dielectric constant between silicon and oxide. Another expression of V, is given by:
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H and W are the length and width of the drift region respectively, Nq is the doping concentration in
silicon drift region. The maximum value of N4 can be obtained by W and the maximum of Eg;. Similar

to above analysis, we can get the expression of V,’. Then,
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Accordingly, in order to have a uniform electric field in drift region, the angle of slope field plate
(0) should meet eq.4.

As it is difficult to fabricate specific angle trench in semiconductor technology, a structure of
multi-plate is proposed to fit slope plate. Fig.3 shows a process flow of forming the multi-plate: (1)
Form a deep trench filling with oxide in silicon; (2) Etch another trench in oxide. The trench width is
equal to the bottom of the slope plate; (3) Fill this trench with an auxiliary material, as shown Fig3-a;
(4) Wet etch the oxide D/n, where D is the oxide thickness of the field plate at bottom, as Fig3-b; (5)
Dry etch the auxiliary material L/n, where L is the total length of the field plate; (6) Repeat (4) and (5)
‘n’ times, as Fig3-c. Finally, a slope plate like Fig3-d is obtained. The structure is closer to slope field
plate when ‘n’ is larger.
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Fig.3 Process flow of forming the multi-plate

Simulation Analysis

This work addresses the study of the static performance of the RSO MOSFET with slope field
plate using a 250V structure, by means of Sentaurus TCAD simulation. The main device parameters
are as follows: H=10um, W=lum, Ng=3.1 X 10'®. According to eq.4, sin@ is equal to 1/4. And by
simulation, optimum sinf is 1/5. The simulation result is in accordance with the analytical result. The
electric field distribution along the vertical path in the middle of drift region is shown in Fig.4. The
structure n=0 is a traditional RSO MOSFET. It is demonstrated that in the proposed structure n=10
the electric field nearly uniform. The peaks in x=0 and x=10um, are due to the mismatch in the top
and bottom of the field plate. Fig.5 shows the breakdown voltage against the angle of slope field plate
0. It can be seen that increasing or decreasing 0 will break the charge balance, and the BV will drop.
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Fig.4 Electric field distribution in the middle of drift region
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Fig.5 Breakdown voltage against 0

Fig.6-a shows the simulated electric potential contours for RSO MOSFET with slope field plate
(sin® =1/5, n=10). The potential contour in silicon and oxide is in accordance with previous section.
In Fig.6-b, it can be observed that the impact ionization occurs at the middle of the drift region. This is
because impact ionization is produced by vertical component of electric field.
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Fig.6 Electric potential contours (a) and impact ionization (b) in RSO MOSFET with slope field plate

The simulated Rgson 1S 116mQ/mm? in this structure. And in “silicon limit”, the Rgson 1S
586mQ/mm2, with a BV of 250V. So this structure breaks the “limit”, in a higher BV than 60V.

Conclusions

This letter proposes a structure of Resurf Stepped Oxide MOSFET with slope field plate. A design
method for fully charge-coupling structure is developed by theoretical analysis. And a fabrication
method using multi-plate to fit slope method is proposed. A 250V structure was simulated to verify
the theoretical analysis. The optimum angle of slope field plate and electric potential are in
accordance with the analysis. And the electric field is nearly uniform in the drift region. This structure
breaks the “silicon limit”, for an Ry, of 116 mQ/mm?. This structure overcomes the defect of
traditional RSO MOSFET. Therefore, it has the ability to apply in a higher BV.
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