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A new integrated SOI power device based on self-isolation technology
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Abstract: A new SOI LDMOS structure with buried n-islands (BNIs) on the top interface of the buried oxide (BOX)
is presented in a p-SOI high voltage integrated circuits (p-SOI HVICs), which exhibits good self-isolation performance
between the power device and low-voltage control circuits. Furthermore, both the donor ions of BNIs and holes collected
between depleted n-islands not only enhance the electric field in BOX from 32 to 113 V/um, but also modulate the
lateral electric field distribution, resulting in an improvement of the breakdown voltage of the BNI SOI LDMOS. A
673 V BNI SOI LDMOS is experimentally obtained and presents an excellent self-isolation performance in a p-SOI

HVIC.
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1. Introduction

Silicon-on-insulator (SOI) technology has been widely ap-
plied due to its high speed, low power loss, superior isolation
and high reliability!'-2]. There are two major challenges in high
voltage integrated circuits (HVICs) on a thick SOI layer: (1) to
isolate the high voltage devices from adjacent CMOS circuits
effectively, and (2) to achieve a high BV. The deep trench iso-
lation (DTI) in SOI technology has many advantages such as
weak parasitic effects, small lateral dimensions and high cir-
cuit density!®]. However, for the HVIC on a thick SOI layer
(e.g. > 20 um), DTI by using trenches filled with dielectric
or dielectric/poly material is complex and costly~¢]. Conse-
quently, research on other isolation technologies is of vital im-
portance. One effective method for enhancing the vertical BV
is to increase the electric field in BOX by introducing charges
at the BOX’s top interface. Many efforts have been devoted to
this field: single-side or double-side trench structures, N buffer
layer structure, semi-insulating polycrystalline silicon (SIPOS)
and so onl”~12]_ Partial silicon-on-insulator (PSOT) devices en-
hance BV through sharing the vertical voltage drop by the sub-
stratel!3 14l The combination of a linear variation in the lateral
doping and an ultra-thin SOI film simultaneously improve the
vertical and the lateral BVs in Refs. [15—17]. The high-voltage
devices mentioned above are formed on the n-SOI layer, with
dielectric isolation or junction isolation from the low-voltage
circuits in HVICs.

To solve the two problems in thick-film SOI HVIC appli-
cation, we present a novel buried n-island (BNI) SOl LDMOS
structure in an HVIC fabricated in a p-SOI layer, with self-
isolation instead of the DTI from the adjacent low-voltage con-
trol circuits. In the vertical direction, the ionized donors in the
BNIs make the electric field in the BNI increase rather than
monotonously decrease, leading to a great increase in the field
of the BOX and as a result a high vertical BV; moreover, BNIs
also modulate the lateral electric field distribution. Hence, both
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a high BV and an excellent isolation performance are realized
in a self-isolation SOI HVIC. Meanwhile, the structure is eas-
ily fabricated by adding only one mask to the standard CMOS
process.

2. Structure and mechanism

The cross section of a BNI SOI LDMOS is shown in
Fig. 1, where fg, t; are the thickness of the top silicon layer
and the BOX layer respectively. L is the length of the drift re-
gion, and L, D, Y; are the length, distance and junction depth
of BNI separately. The n-drift region for the BNI SOl LDMOS
is formed by ion implantation on the p-SOI surface and a 3 V
low voltage (LV) CMOS control circuit in the HVIC is fabri-
cated on the adjacent p-SOI region. In the blocking state, the
PN junction formed by p-SOI and the n-drift region of the BNI
SOI LDMOS is reverse biased. Meanwhile, the discontinuous
n-islands over BOX terminate the high potential inside the BNI
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Fig. 1. Cross section of an SOI HVIC with a BNI SOI LDMOS.
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Fig. 2. (a) Two mechanisms of enhancement of the BOX electric field. (b) Hole distribution in a pair of neighboring n-islands.

SOI LDMOS and interrupt the path of the leakage current from
the BNI SOI LDMOS to the low voltage region, resulting in an
excellent self-isolation effect.

The electric field in the BOX layer is enhanced due to
the following two mechanisms, as shown in Fig. 2(a). The
first mechanism is that in the n-islands region, when the n-
islands are fully depleted, the electric field in n-islands in the
y-direction increases according to the following Poisson equa-
tion:

aEa<y) _ Mo 0
y 2N

It can be seen that the slope of E(y) in the y-direction is
determined by the ionized donors with positive charges, and
thus the electric field at the bottom interface of n-islands is in-
creased. Consequently, the electric field in the BOX is greatly
enhanced according to the Gauss law at the interface of n-
islands/BOX:

SiEi = ESES. (2)

Thus BV is greatly improved by a high Ej, where Eg and
E; denote the electric fields of SOI layer and BOX at their in-
terface, respectively, and & and ¢; are the permittivity of Si and
BOX.

The second mechanism is that holes with a density oy, ac-
cumulating on the bottom of p-SOI between two adjacent de-
pleted n-islands, as shown in Figs. 2(a) and 2(b), enhance Ej,
based on Eq. (2):

sk = e Eg + q0s. (3)

The accumulating positive charges increase the electric
field in BOX and thus E; largely exceeds 3 E.

Both mechanisms contribute to a high BV for BNI SOI LD-
MOS. In addition, two-region step doping in the drift region of
the BNI SOI LDMOS is adopted to improve lateral BV through
modulating the lateral electric field distribution in the drift re-
gion by a new field peak at the two doped region interfaces['8].

3. Results and analysis

In order to verify the breakdown mechanism and isolation
performance of the BNI SOI LDMOS, the 2-D numerical sim-
ulator MEDICI is implemented. We also compare the results
with that of an SOI LDMOS structure without n-islands. More-
over, the influences of device structure parameters on BV are
studied by numerical simulation. Finally, the layout and the test
result of a sample are presented.

3.1. Analysis on isolation performance

One of the innovations in the BNI SOI LDMOS structure is
that we use p-SOI instead of a conventional n-SOI which can
help to form self-isolation in the applied HVIC. Most of the
high-voltage devices in HVIC are formed on an n-SOI layer,
with dielectric-isolation or junction-isolation from the low-
voltage circuits. However, most of these fabrication processes
are complex and costly for high blocking voltage ICs!*~¢), as
illustrated in Fig. 3. The schematic cross-section of an HVIC
with dielectric-isolation is shown in Fig. 3(a)l4l. The distinc-
tive feature of the device structure is the double buried-oxide
layer formed by SIMOX technology; obviously, there are sev-
eral additional process steps needed for the dielectric-isolation:
RIE, ion implantation, high temperature annealing, Si epitax-
ial growth, surface planarization and so on. Junction-isolation
faces the same problem as shown in Fig. 3(b)['%]; the main steps
for ensuring junction-isolation are summarized as follows: oxi-
dation, well formation, buried layer diffusion, EPI growth, lev-
eling, N-well formation, P™ isolation and N sinker diffusion.

Self-isolation technology is the most cost effective isola-
tion technology which is easily applicable to HVICs by simply
changing the material wafer to the desired type without process
improvement. So, when remembering that the cost is of prime
importance for HVICs, the study of self-isolation technology
can be said to be one of the key theme for the development of
HVICs.

The isolation effect for the BNI SOI LDMOS is compared
with that of a buried n-layer (BNL) SOI LDMOS in Fig. 4.
In the BNI SOI LDMOS, equi-potential contours are located
within the power device, none of them extend into the low-
voltage region, and thus the low-voltage region is shielded
from the high electric field by the grounded source. However,
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Fig. 3. Cross section of a HVIC with (a) dielectric-isolation or (b) junction-isolation.
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Fig. 4. (a) Comparison of isolation performance. (b) Potential distribution of BNI and BNL. (c¢) Current distribution of BNL SOI LDMOS.

in the BNL SOI LDMOS, equi-potential contours not only ex-
ist in the high-voltage device region, but also extend into the
low-voltage circuit region; therefore, there is a large leakage
current between the two parts, resulting in a low BV of 229 V.
The same conclusion can be derived by analyzing the poten-
tial distributions for BNI and BNL, as shown in Fig. 4(b). In
the BNI SOI LDMOS, the potential distribution of n-islands

decreases gradually, and eventually reaches zero at the termi-
nal of source and remains zero in the low-voltage circuit. Thus
a good isolation performance has been attained between the
high/low parts. But in the BNL SOI LDMOS, the potential dis-
tribution of the n-layer is almost even because the n-layer is an
equi-potential body. Figure 4(c) shows the current flow lines,
the equi-potential body of the n-layer offers a path to leakage
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Fig. 5. Equi-potential contours of (a) BNI SOI LDMOS and (b) normal SOI LDMOS.
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Fig. 6. Vertical electric field and potential distribution.

current, resulting in a low BV and a large leakage current.

3.2. Analysis of breakdown characteristics

In order to make a fair baseline, all structure parameters of
SOI LDMOS without n-islands are the same as the BNI SOI
LDMOS. Figure 5 shows the potential contours for BNI SOI
and the conventional p-SOI n-channel LDMOSFET. The n-
islands helps to modulate the surface electric field distribution,
thus the potential distribution becomes much more uniform,
consequently the BV increases from 490 V for the normal SOI
LDMOS to 697 V for the BNI SOI LDMOS.

Figure 6 shows the vertical electric field distribution and
potential distribution for the two structures at breakdown. Eg
increases from 10 V/um for the conventional p-SOI LDMOS
to 34 V/um (at x =2 um) for the BNI SOI LDMOS, and thus
the electric field in the BOX increases from 32 V/um for the
normal SOI LDMOS to 113 V/um for the proposed structure,
resulting in a larger BV of 697 V compared to 490 V for the
normal structure.

Figure 7 shows the influence of doping concentration of
the n-islands on BV and electric field in the y-direction. As is
shown, the BV first increases and then drops with the increase
of concentration of n-islands. This can be understood by an-
alyzing the electric field in the y-direction. The slope of the
electric field within the n-islands is low when doping concen-
tration is relatively low, and so is the electric field in the BOX

Concentration (10" cm™)
0.7 0.8 0.9 1.0 1.1 1.2

st 7 ‘

* ——7x10" em™
——8x10 em™
—A— %10 cm™ 1620

.
0

> o

- (=)

= =
Voltage (V)

Electric field (10° Viem)
[= 3

¥ (um)

Fig. 7. Influence of concentration of n-islands on BV and vertical elec-
tric field.
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layer and BV, while BV and vertical electric field increase for
a high concentration of n-islands. However, when the doping
concentration exceeds a critical value, n-islands are not fully
depleted, resulting in a decrease in BV.

Figure 8 shows the relationship between BV and the start
location of n-islands. As is shown, the BV of the BNI SOI
LDMOS almost remains constant when the start location of
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n-islands changes, which supplies a great convenience to the
adding process for BNI without taking account of its start lo-
cation.

3.3. Experimental results

Since the start location of n-islands has no influence on the
BV of the BNI SOI LDMOS, the pattern of n-islands is cho-
sen to be regular hexagon arrays, as shown in Fig. 9(a). Figure
9(b) is the layout of the HVIC, in which the power device is
designed to be circular in order to decrease the curvature ef-
fect, and the drain is placed right in the middle and the source
in the outer region. This consideration has two advantages: one
is to separate the leakage current of the high-voltage power de-
vice from the low-voltage control part; the other is to let the
high electric field from the power device terminate fully in the
source region, ensuring good isolation. Figure 9(c) shows a
tilted-section view of an experimental sample. The snapshot
was taken at a triangle of 2°52’ from the sample. A 673 V BNI
SOI LDMOS is fabricated in Fig. 10, which is in accordance
with simulation results. It is measured by SONY TEKTRONIX
371A (a piece of high-voltage measurement equipment).

4. Conclusion

This paper presents a novel high-voltage BNI SOI LD-
MOS for SOI HVIC application, in which isolation between the
power device and the low-voltage control cell is realized by us-
ing self-isolation technology. Meanwhile, the positive charges
in the n-islands modulate electrical field distribution in the drift
region and increase the electric field in BOX, resulting in a high
BV for the BNI SOI LDMOS. The fabrication is compatible
with the standard CMOS process. This novel structure enlarges
the application of thick film SOI devices, and provides a novel
alternate structure in SOI HVICs.
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