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a b s t r a c t

A novel concept of REBULF (REduced BULk Field) is proposed for the developing smart power integrated
circuit with the thin epitaxy layer. The REBULF LDMOS structure is designed with N+ buried layer embed-
ded in the high-resistance substrate. The mechanism of breakdown of the new device is that the high
electric field around the drain is reduced by N+ buried layer, which causes the redistribution of the bulk
electric field in the drift region of the REBULF LDMOS so that the substrate supports more biases. The crit-
ical condition of the REBULF technology is analyzed and validated by 2-D MEDICI simulation results,
which is the product of the location of N+ buried layer and substrate’s doping is not more than
1 � 1012 cm�2. The breakdown voltage of REBULF LDMOS is increased by 75% in comparison to the con-
ventional RESURF LDMOS from the simulation results. The experimental results show the high electric
field around the drain is reduced as the depletion region spreads to N+ buried layer. Although the leakage
has increased a little, this increase is not enough to cause the avalanche breakdown.

Crown Copyright � 2010 Published by Elsevier Ltd. All rights reserved.

1. Introduction

In the LDMOS (Lateral Double-diffused MOSFET) device, the RES-
URF (ERduced SURface Field) technology had been presented for the
power IC incorporating an n� epitaxy layer on the silicon wafer to in-
crease the breakdown voltage [1]. Several new structures had been
developed on the basis of the RESURF technology [2–7]. In recent
years, the power IC has emerged as an area for rapid growth in con-
sumer and industrial applications. When the thin epitaxy layer is
used, a self-isolating structure can be adopted in the power IC
(PIC) to isolate low and high-side drivers, which is easy to be realized
in semiconductor process [8]. A floating RESURF LDMOS structure
has been proposed in Ref. [9] for the thin epitaxy technology. How-
ever, N+ buried layer is embedded into P+ substrate in this structure.
The high breakdown voltage cannot be obtained due to the P+ sub-
strate. A new structure of the REBULF LDMOS had been designed
with the high breakdown voltage for the power IC applications [10].

In this paper, a novel REBULF (REduced BULk Field) LDMOSFET
is designed with N+ buried layer embedded in the high-resistance
substrate for the development of smart power integrated circuit
with the thin epitaxy layer. The breakdown voltage of this device
is improved by reducing high electric field around the drain due
to N+ buried Layer which causes the redistribution of the bulk

electric field in the drift region. The results show using a 2-D device
simulation MEDICI [11] the substrate supports more biases thanks
to the effect of REBULF.

2. Device structure

Fig. 1 shows the schematic cross-section of the REBULF LDMOS
with n�-channel. A highly N+ layer with n-type doping of which
concentration is more than 1 � 1017 cm�3 is embedded in the
high-resistance substrate, which dose not involved in the conven-
tional structure. The potential of the N+ layer is floated up when the
depletion layer spreads into this region, thus the high electric field
around the drain is reduced by the redistribution of the bulk elec-
tric field in the drift region, and the substrate supports more biases
due to the parallel plane D3 junction (shown in Fig. 1). The distance
from the N+ layer to the bottom of drift region is W which must be
less than the thickness of depletion layer (Wp) in the substrate of
the RESURF LDMOS. Nd, Np+, Nsub are the concentration of the drift
region, the channel and substrate, respectively, Ld is the length of
the drift region, and Ts is the thickness of the drift region. The
length of the source region and channel are 4 lm and 3 lm in
the discussion of this paper.

3. Simulation results

Fig. 2 shows the simulated potential contours as the breakdown
occur for the proposed REBULF LDMOS and optimal Buried layer
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RESURF LDMOS structures with 2 lm drift region. The drift region
is doped according to the RESURF principle to achieve a maximum
breakdown voltage. It is clear that the Buried layer RESURF LDMOS
(shown in Fig. 2a) breaks down at the D1 junction due to electric
field crowding near the drain and breakdown voltage is limited
to 331 V. However, in the REBULF LDMOS designed according to
the REBULF effect (shown in Fig. 2b) a part of the potential con-
tours are pulled out toward the source region due to the potential
obtained by the N+ floating layer. In this case the potential across
the D1 junction (shown in Fig. 1) has reduced significantly and
the breakdown point of the REBULF LDMOS occurs under the
source and D1 junction simultaneously in the case of optimum,
thus its breakdown voltage reaches 642 V.

Fig. 3a shows the horizontal electric field distributions along the
boundary of n� drift region and p� substrate. It is clear that a new
electric field peak is brought in the RESURF LDMOS with p-type
buried layer due to electric field modulation effect [2] by the p-
type buried layer in comparison to the conventional LDMOS satis-
fied only single RESURF. This new field pulls down the height of
electric field peak near the drain of the conventional LDMOS, which
causes the breakdown voltage reaching 331 V for the RESURF
LDMOS with p-type buried layer compared to 286 V in the conven-
tional single RESULF LDMOS. It is apparent that this new field peak
is developed in the REBULF LDMOS thanks to potential floating up
by N+ buried layer which increases the electric field around source
by spreading the depletion layer into the source region, thus the
electric field around drain does not reach the critical electric field
when the voltage of the drain is 331 V which is the breakdown
voltage of the Buried layer RESURF LDMOS. The breakdown voltage
of REBULF LDMOS is improved to 642 V due to the REBULF effect.

The vertical electric field distributions around the drain were
shown in Fig. 3b. Under the reverse bias condition, the electric field
around the drain of the REBULF LDMOS is divided into two parts
which were produced by D1 and D3 junctions. In this way, the max-
imal electric field around drain becomes lower than in the RESURF
LDMOS. When the avalanche breakdown happened in the RESURF

Fig. 2. Potential distribution of RESURF LDMOS (a) and REBULF LDMOS with the
depletion layer of N+ floating layer (b).

Fig. 3. Electric field distributions: (a) lateral electric field profiles along the
boundary of n� drift region and p� substrate and (b) vertical electric field profiles
around the drain.

Fig. 1. Cross section of the REBULF LDMOS.
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