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A New Buried-Oxide-In-Drift-Region Trench
MOSFET With Improved Breakdown Voltage

Raghvendra Sahai Saxena, and M. Jagadesh Kumar, Senior Member, IEEE

Abstract—In this letter, we propose a new trench-gate power
MOSFET with buried oxide in its drift region that shows an
improvement in the breakdown performance as compared to the
conventional trench device due to a reduction in the vertical
electric field. In addition, the proposed device shows about linear
relation between the BV and Ron as compared to the 2.5th power
relation in the conventional device.

Index Terms—Breakdown voltage (BV), buried oxide (BOX),
on-resistance, power MOSFET, trench gate.

I. INTRODUCTION

N POWER MOSFETs, realizing low specific on-resistance

(Ron) and also high breakdown voltage (BV) is difficult
because these two parameters are interlinked and improvement
in one adversely affects the other. Usually, the on-resistance has
2.5th power dependence on the BV [1]. The superjunctions [2]
and RESURF [3] structures are the most promising techniques
to overcome this problem. In these techniques, the enhanced
transverse electric field reduces the overall electric field, result-
ing in a near linear relation between Ron and the BV.

In this letter, we propose the use of buried oxide (BOX)
in the drift region of a trench-gate power MOSFET [4]—[8]
near the trench sidewall that induces SOI-RESURF effect [3]
and alters the current-conduction path at breakdown condition.
Using 2-D numerical simulation [9], we show that the proposed
device exhibits significantly larger BV for a given Ron and an
improved relation between BV and Ron as compared to the
conventional-device structure.

II. DEVICE STRUCTURE AND FABRICATION PROCESS

Fig. 1 shows the schematic cross-sectional view of the pro-
posed device structure, termed in this letter as Buried-Oxide-In-
Drift-region (BOXID) trench power MOSFET. A small part of
the drift region, sandwiched between the trench and the BOX,
carries the current and is denoted here as “active drift region.”

The proposed fabrication-process steps of the BOXID device
are shown in Fig. 2. We start with an N substrate on which a
2.3-pm-thick N-type (Np = 10'6 cm~#) drift region and about
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Fig. 1. Schematic cross-sectional view of the proposed BOXID device.
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Fig. 2. Possible fabrication process of the BOXID device.

0.2-pm-thick P-type (N4 =5 % 1017 cm~?) region, respec-
tively, are epitaxially grown. Using separation-by-implanted-
oxygen process in specific areas, we selectively create the
BOXID, as shown in Fig. 2(a). In this process, we implant
the oxygen ions through a thin pad oxide layer except in the
1.2 pum x 1.2 pm-sized windows (protected by the SizNy4 mask)
where we open the trenches later.

The implantation and annealing parameters are adjusted to
create a 0.6-um-thick BOX. Annealing also allows the crys-
tallization of top P-surface. We further grow P-Si epitaxy to
form a total of 0.6-pm-thick body region, as shown in Fig. 2(b).
The Nt source region (Np = 10'° cm™3) of 0.1 pm is then
created by implantation. We open 1.0-um-wide and 1.2-pm-
deep trenches in the middle of the BOX area, leaving about
0.1-pm lateral space from the BOX to the trench sidewalls from
all the sides denoted by Lqap, as shown in Fig. 2(c). In these
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Fig. 3. Simulated electron concentration at Vpg = 192 V in the structures of
(a) conventional device and (b) BOXID device.
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Fig. 4. Magnitude of electric field of the conventional and BOXID devices
along the direction of current flow near the trench sidewall at Vpg = 192 V.

trenches, we grow a 50-nm-thick gate oxide layer followed
by deposition of NT poly and chemical mechanical polishing,
as shown in Fig. 2(d). After making the metal contacts, the
structure becomes like the one shown in Fig. 1.

III. SIMULATION RESULTS AND DISCUSSION

We have created the BOXID device structure as well as
the equivalent conventional-device structure (without BOX) in
ATLAS [9]. Fig. 3(a) and (b) shows the left half of the device
structures along with the electron-concentration contours. In the
BOXID device, the passage of charge carriers at higher drain
voltage is blocked by the BOX, and the complete active drift
region gets depleted. As a result, similar to the SOI-RESURF
effect [3], the vertical electric field, along the direction of
the current flow, reduces, as shown in Fig. 4, resulting in
enhanced BV.

A comparison of the breakdown performance of the BOXID
and the conventional devices is shown in Fig. 5(a) showing an
increase in BV from 192 to 430 V (~124% improvement).

The blocking of the current-conduction path may result in
the reduction of current and, therefore, a higher Ron. The heat
dissipation and oxide defects are the other problems with the
BOXID. However, since the current mostly passes near the
trench sidewalls in ON-state, even after blocking about 90% of
the drift region, only an 11% decrease is observed in the drive
current of the BOXID device as compared to the conventional
device, as depicted by the Ipg—Vgg characteristics shown in
Fig. 5(b). In addition, due to the current being confined near the
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Fig. 5. Comparison of (a) breakdown performance and (b) typical Ips—Vas
characteristics of the BOXID and conventional devices for Vpg = 1.0 V.
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Fig. 6. Comparison of (a) BV and Ron with varying drift-region doping and
(b) Ron versus BV for the BOXID and conventional devices.

trench sidewalls, the heat is generated near the sidewalls and
may be dissipated via heat flow paths to source and drain [8],
and thus, heat dissipation is also not a severe problem. The fixed
oxide charges may degrade the BV of the device due to charge
imbalance but that may be compensated, as illustrated in [10].
To examine the relation between Ron and the BV, we
have changed the drift-region doping from 1 x 10'6 to 1 x
10'7 cm~? and compared the Ry and breakdown performance
of the BOXID device and the conventional device. Fig. 6(a)
shows the dependence of BV and Ron on the drift-region
doping. It may be noticed that the degradation in BV with
respect to the drift-region doping is less in the BOXID device as
compared to the conventional device, whereas change in Ron
is almost similar in both devices. This results in a better relation
between Ron and the BV in the BOXID device as compared to
the conventional device. Fig. 6(b) shows that the slope of Ron
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Fig. 7. BV dependence on Lgap.

versus BV curve is significantly smaller in the BOXID device
as compared to the conventional device, and nonlinear curve
fitting shows that the Ron has, on an average, 1.6th power
relation with BV in the BOXID device in contrast with the
2.5th power relation in the conventional device.

From Fig. 6(b), it may be inferred that, for a target Ron of
20 mS) - mm2, the BV of the BOXID device will be 440 V as
compared to 170 V of the conventional device. Similarly, for
a target BV = 170 V, the Ron value of the BOXID and the
conventional devices will be 9 and 20 m{) - mm?, respectively.
Thus, we see that the presence of the BOX in the drift region
results in a significant improvement in the performance of
trench power MOSFETs.

The improvement in BV is a function of the separation
length L., between the trench sidewall and the BOX. The
BV decreases when L, increases, as shown in Fig. 7. This
indicates that any misalignment of trench with respect to the
BOX, causing an increase in Lgap at one side of the trench,
results in a reduced BV. A 50% misalignment may reduce the
BV by about 30%. However, the improvement in BV is still
significant as compared to the conventional device.
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IV. CONCLUSION

In this letter, a new BOXID trench MOSFET has been
proposed in which a BOX layer in the drift region blocks the
major current-conduction path during breakdown and also helps
to sustain more drain voltage due to the enhanced RESURF
effect. This letter indicates that nearly 124% improvement can
be realized in the OFF-state BV in the proposed device as
compared with the conventional trench MOSFET. We have also
shown that the relation between Ron and BV is improved from
2.5th to 1.6th power relation.
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