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Description

Title of Invention: SEMICONDUCTOR DEVICE AND METHOD

[1]
[2]

[3]
[4]

[5]

[6]

[7]

FOR FABRICATING THE SAME
TECHNICAL FIELD

The present disclosure relates to manufacturing of a semiconductor component and,
more particularly, to a semiconductor device and a method for fabricating a semi-
conductor device.

BACKGROUND

High-voltage power semiconductor devices, such as Trench MOS (Trench Metal-
Oxide Semiconductor) devices, VDMOS devices, IGBT devices, etc., are widely used
due to their special features such as high frequency, high switching speed, and high
controlling efficiency. Blocking capability is a factor for evaluating the level of de-
velopment of high-voltage power semiconductor devices. Depending on it application,
a breakdown voltage of high-voltage power semiconductor device can be in a range
from 25V to 6000V. However, modern planar-structured semiconductor devices
usually have a shallow junction depth and a curved junction edge, resulting in a
decreased voltage capability and a poor voltage stability. Such devices have a narrow
safe working range and are easy to break down. In order to increase the voltage ca-
pability of a device, besides adjusting the parameters of the device, one may also need
to properly treat the PN junction ending at the device surface, thus improving the
electric field distribution, reducing the concentration of surface electric field, and in-
creasing the voltage capability and the stability of the device.

A conventional method to increase the voltage capability and the stability of a device
includes placing a field limiting ring (FLR) at a periphery of the device. This method is
suitable for vertical current MOS devices, such as Trench MOS, VDMOS, etc., as they
have a higher current processing capability and current gain. The field limiting ring can
reduce the concentration of surface electric field, thus increasing the voltage capability.
In addition, the field limiting ring is compatible to the low voltage IC process and is
thus suitable for smart power IC's (SPIC's) and discrete high-voltage devices. Fur-
thermore, the field limiting ring located at an edge of a depletion region of a device can
serve as a high voltage sensor to drive a protection circuit in an SPIC, thus increasing
the sensitivity of the SPIC.

There are two conventional methods to form the field limiting ring, which will be
described in greater details while taking a Trench MOS as an example.

FIGS. 1 and 2 illustrate a method for fabricating field limiting rings according to a

first conventional method. FIG. 1 is a top view of a semiconductor chip fabricated
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using the first conventional method, and FIG. 2 is a cross-sectional view of the chip.
According to the first conventional method, field limiting rings 104 are formed at an
edge of the chip by implantation. The voltage capability of the chip is increased since
the field limiting rings 104 take a portion of the applied voltage.

As shown in FIG. 2, the field limiting rings 104 are formed by the following process.
First, after main junctions 102 of an active region and trenches 103 are formed in a
substrate 101, a photoresist is spin-coated on a surface of the substrate 101 and
processed to form a photoresist layer 105 having a pattern corresponding to field
limiting rings. Then, the field limiting rings 104 are formed by ion implantation using
the photoresist layer 105 as a mask. In other words, this method needs a separate pho-
tolithography process to define an implantation area for forming the field limiting rings
104. Due to this extra photolithography step, cost is increased.

FIGS. 3 and 4 illustrate a method for fabricating field limiting rings according to a
second conventional method. FIG. 3 is a top view of a semiconductor chip fabricated
using the second conventional method, and FIG. 4 is a cross-sectional view of the chip.
Some commercial low-voltage MOS's are formed using the second conventional
method. In this method, to reduce cost, the field limiting rings are formed using a
trench isolation implantation method to omit the extra photolithography step employed
in the first conventional method.

As shown in FIG. 4, field limiting rings 205 are formed by the following process.
First, trenches 202 in an active region and isolation trenches 204 for isolating the field
limiting rings are formed in a substrate 201. Then, main junctions 203 in the active
region and the field limiting rings 205 are formed by ion implantation. Although the
cost of the second conventional method is lower than that of the first conventional
method, the field limiting rings formed according to the second conventional method
usually have a poor voltage dividing capability and thus the voltage capability of the
chip is limited. The reasons are as follows.

In the second conventional method, since the field limiting rings are formed by
trench isolation implantation, a maximum width of a depletion region of each field
limiting ring 205 equals a width of one isolation trench 204, which is very small.
Therefore, the voltage-dividing capability of the field limiting rings 205 cannot reach
an optimum voltage-dividing capability corresponding to a doping concentration in the
field limiting rings 205. When a voltage is applied, a region between neighboring field
limiting rings 205 is quickly depleted, That is, before one field limiting ring 205
reaches its optimum voltage-dividing capability, the depletion region may have
extended to its neighboring field limiting ring 205. Since the electrical potential within
the field limiting rings 205 is identical, the regions in the field limiting rings 205 are

not depleted. In other words, in the chip fabricated by the second conventional method,
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a total width of the depletion region of all the field limiting rings is the sum of the
widths of the isolation trenches 204. Therefore, the voltage dividing capability of the
field limiting rings 205, and thus the voltage capability of the chip, are limited.

One way to extend the depletion region of the field limiting rings 205 is to increase
the widths of the isolation trenches 204. However, the widths of the isolation trenches
204 may not be increased as much as desired, because they are limited by a subsequent
gate material (such as polysilicon) filling process (usually a thin film deposition
process). The maximum widths of the isolation trenches 204 usually should not be
larger than about 1.2 times of the thickness of the polysilicon film to prevent gaps from
occurring during the deposition process. Such maximum widths are still smaller than
the width that the field limiting rings 205 required to achieve their optimum voltage-
dividing capability.

SUMMARY

In accordance with the present disclosure, there is provided a semiconductor device.
The semiconductor device includes a substrate, an active region located in the
substrate, a plurality of field limiting rings formed in the substrate and located outside
the active region, a plurality of isolation trenches formed between the field limiting
rings, and a connection channel electrically connecting at least two adjacent isolation
trenches.

Also in accordance with the present disclosure, there is provided a method for fab-
ricating a semiconductor device. The method includes providing a substrate, and si-
multaneously forming an active region trench, a plurality of isolation trenches, and a
connection trench in the substrate. The connection trench electrically connects at least
two adjacent isolation trenches. The method further includes simultaneously forming
an active region main junction and a plurality of field limiting rings. The field limiting
rings are formed between the isolation trenches.

Also in accordance with the present disclosure, there is provided a method for fab-
ricating a semiconductor device. The method includes providing a substrate having an
active region, and forming, in the substrate, a plurality of field limiting rings outside
the active region and a plurality of isolation trenches between the field limiting rings,
forming a dielectric layer over the substrate, and forming a via in the dielectric layer.
The via extends to the isolation trenches. The method further includes filling the via
with a metal, and forming a metal layer over the dielectric layer. The metal in the via
and the metal layer form a connection channel connecting at least two adjacent
isolation trenches.

Features consistent with the present disclosure will be set forth in part in the de-
scription which follows, and in part will be obvious from the description, or may be

learned by practice of the present disclosure. Such features will be realized and
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attained by means of the elements and combinations particularly pointed out in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The components in the drawings are not necessarily drawn to scale, but merely to il-
lustrate the concept of the present disclosure. Moreover, in the drawings, like reference
numerals designate corresponding parts throughout the views.

FIG. 1 is a schematic top view of a semiconductor device fabricated according to a
first conventional method;

FIG. 2 is a schematic cross-sectional view of the semiconductor device fabricated
according to the first conventional method;

FIG. 3 is a schematic top view of a semiconductor device fabricated according to a
second conventional method;

FIG. 4 is a schematic cross-sectional view of the semiconductor device fabricated
according to the second conventional method;

FIG. 5 is a schematic cross-sectional view of a semiconductor device consistent with
an embodiment of the present disclosure;

FIG. 6 is a schematic top view of a semiconductor device consistent with another em-
bodiment of the present disclosure;

FIG. 7 is a schematic perspective view of the semiconductor device shown in FIG. 6;

FIGS. 8-14 show a method for fabricating a semiconductor device according to an
embodiment of the present disclosure;

FIG. 15 is a schematic cross-sectional view of a semiconductor device consistent
with a further embodiment of the present disclosure.

DETAILED DESCRIPTION

The disclosure is illustrated by way of examples and not by way of limitation in the
accompanying drawings, in which like references indicate same or similar elements. It
should be noted that references to 'an' or 'one' embodiment in this disclosure are not
necessarily to the same embodiment, and such references mean at least one.

FIG. 5 is a schematic cross-sectional view of a semiconductor device consistent with
embodiments of the present disclosure.

The semiconductor device shown in FIG. 5 includes a substrate 301. In some em-
bodiments, the substrate 301 may be formed of an elementary semiconductor material,
such as monocrystalline, polycrystalline, or amorphous silicon or silicon-germanium
(Si-Ge). In some embodiments, the substrate 301 may be formed of a compound semi-
conductor material, such as silicon carbide, indium antimonide, lead telluride, gallium
arsenide, indium phosphide, gallium arsenide, gallium antimonide, semiconductor
alloy, or any combination thereof. In some embodiments, the substrate 301 may be a

silicon on insulator (SOI). Alternatively, the substrate 301 may include a multi-layered
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structure including an epitaxial layer or a buried layer. Although several examples of
materials suitable for the substrate 301 are described, any materials that can be used as
the substrate 301 fall within the spirit and scope of the present disclosure.

As shown in FIG. 5, the semiconductor device also includes an active region 310
formed in the substrate 301, a plurality of field limiting rings 305 formed outside the
active region, and a plurality of isolation trenches 304 are located between the plurality
of field limiting rings 305. Trenches 302 are formed in the active region. As shown in
FIG. 5, among the isolation trenches 304, at least two adjacent ones are electrically
connected by a connection channel 306. The field limiting ring located between two
connected isolation trenches may have a same induction potential as the electrical
potential of the connected isolation trenches.

Consistent with embodiments of the present disclosure, the connection channel 306
may be implemented in many ways, such as connection trench, metal, etc.

Consistent with embodiments of the present disclosure, the plurality of field limiting
rings 305 are formed as follows. First, active region trenches 302 and isolation
trenches 304 configured for isolating field limiting rings are formed in the substrate
301. Then, a main junction 303 of the active region and a plurality of field limiting
rings 305 are formed simultaneously by ion implantation.

When forming the semiconductor device consistent with embodiments of the present
disclosure, since the plurality of field limiting rings 305 and the main junction 303 of
the active region are formed simultaneously, the photolithography step required in the
first conventional method is not needed. Therefore, the cost is reduced. In some em-
bodiments, the field limiting rings 305 and the main junction 303 of the active region
may have the same doping state.

When a reverse bias voltage applied to the main junction 303 increases, an edge
electric field of the semiconductor device increases. If the edge electric field reaches a
critical electric field, the main junction 303 will be broken down. However, in the
device consistent with embodiments of the present disclosure, before avalanche
breakdown in the main junction 303 occurs, the depletion region of the main junction
303 has already extended to a ring junction of the field limiting rings. That is, the
depletion region of the PN junction extends through the field limiting rings 305, and
thus the depletion layer of the main junction 303 and the depletion layer of the ring
junction of the field limiting rings 305 are connected with each other. As a result, a
ring junction electric field is inductively created adjacent to the field limiting rings
305. Since the ring junction electric field of the field limiting rings 305 and the main
junction electric field have the same direction, the total electric field is a superposition
of these two electric fields . Thus, the electrical potential difference borne by the main

junction 303 is decreased. When the applied voltage further increases, the field limiting
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rings 305 bear the additional voltage, such that the increase of voltage on the main
junction 303 may be limited.

In other words, the field limiting rings 305 may function as a voltage divider
disposed at the edge of the planar power device, distributing the applied voltage to a
longer range. Therefore, breakdown of the main junction 303 due to high applied
voltage may be avoided.

The width of the depletion region of the field limiting rings 305 may affect their
voltage dividing capability. In the device consistent with embodiments of the present
disclosure, since a set of adjacent isolation trenches 304 are electrically connected, the
inductive electric potential of the field limiting ring 305 located between the set of
connected isolation trenches 304 may be the same as the electrical potential of the set
of connected isolation, and thus this field limiting ring 305 is shielded by the set of
connected isolation trenches 304. Therefore, the width of the depletion region of a
single field limiting ring 305 equals the sum of a horizontal width of the set of
connected isolation trenches 304 and a horizontal width of the field limiting ring 305
located between the set of connected isolation trenches 304. In contrast, in the device
fabricated by the second conventional method, the width of the depletion region of a
single field limiting ring is the horizontal width of a single isolation trench. Therefore,
in the device consistent with embodiments of the present disclosure, the voltage
dividing capability of the field limiting rings 305 is improved.

It is understood that, the number of the field limiting rings 305 and that of the
isolation trenches 304 are not limited to a specific number. In addition, the number of
isolation trenches 304 in the set of connected isolation trenches 304 is also not limited
to a specific number. In some embodiments, two or three isolation trenches 304 may be
connected, depending on features that may affect the breakdown voltage and the
voltage dividing capability, such as the amount of surface charges of the semi-
conductor device (generally, for a bipolar device, the more the surface charges are, the
lower is the breakdown voltage), the doping concentration in the substrate (generally,
the lower the doping concentration is, the higher is the breakdown voltage), the
junction depth (generally, the breakdown voltage increases as the junction depth
increases), and the thickness of the substrate.

FIGS. 6 and 7 show a semiconductor device consistent with embodiments of the
present disclosure. FIG. 6 is a top view and FIG. 7 is a perspective view. The semi-
conductor device shown in FIGS. 6 and 7 has a similar structure as that shown in FIG.
5.

In the semiconductor device shown in FIGS. 6 and 7, each isolation trench 401 is
connected, with one of its neighboring isolation trenches 401 by connection trenches

403. The connection trenches 403 serve as the connection channel 306 shown in FIG.
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5.

Consistent with embodiments of the present disclosure, the connection trenches 403,
the isolation trenches 401, and active region trenches 404 are formed by the same pho-
tolithography process. Accordingly, the connection trenches 403, the isolation trenches
401, and the active region trenches 404 may have a same doping state.

The doping state includes doping concentration and impurity type. Having a same
doping state means having a same doping concentration and a same impurity type.

In some embodiments, a substrate of the device shown in FIGS. 6 and 7 may include
an epitaxial layer, and the isolation trenches 401, the connection trenches 403, field
limiting rings 402, and the active region are formed in the epitaxial layer. The main
filling material for the isolation trenches 401, the connection trenches 403, and the
active region trenches 404 may be polysilicon. In some embodiments, an isolation
oxide layer may be formed on the sidewall of the trenches before filling in the
ploysilicon. The isolation oxide layer may be formed together with gate oxide in a
cellular region.

The semiconductor device shown in FIGS. 6 and 7 is a trench MOS device. The field
limiting rings 402 and main junction of the active region of the trench MOS device are
formed by the same implanting process, and thus have the same doping state.

It is to be noted that, the number of the connection trenches 403 between the
connected isolation trenches 401 and the distance between the connection trenches 403
are not limited, for they depend on the conditions such as doping state, junction depth,
substrate thickness, etc.

FIGS. 8-14, show a method for fabricating a semiconductor device consistent with
embodiments of the present disclosure. The method includes the following steps.

First, a substrate 501 is provided. The substrate 501 may include an epitaxial layer,
which may be an N-type epitaxial layer or a P-type epitaxial layer grown on a wafer
using CVD method. A thickness of the epitaxial layer may be determined based on ap-
plication. In some embodiments, the substrate 501 may be a silicon substrate.

Referring to FIG. 8, an oxide layer is then formed on the substrate 501 as a barrier
layer 502. In some embodiments, the barrier layer 502 may be a silicon oxide layer
formed using tetraethyl orthosilicate (TEOS) and may be formed by low-pressure CVD
(LPCVD) method.

Next, a photoresist layer 503 is spin coated on a surface of the barrier layer 502. In
some embodiments, in order to ensure exposure accuracy, an anti-reflection layer may
be formed between the photoresist layer 503 and the barrier layer 502, to reduce un-
necessary reflection. After that, the photoresist layer 503 is exposed using a mask
having a pattern of active region trenches, isolation trenches, and connection trenches.

After developing the exposed photoresist layer 503, a pattern of the active region
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trenches, the isolation trenches, and the connection trench is formed thereon (not
shown). Next, the barrier layer 502 is dry etched or wet etched using the photoresist
layer 503 having the pattern of the active region trenches, the isolation trenches, and
the connection trenches as a mask and a pattern of the active region trenches, the
isolation trenches, and the connection trenches is formed on the barrier layer 503, as
shown in FIG. 9.

Referring to FIG. 10, the substrate 501 is etched by, for example, a dry etching
method or any other suitable etching method, using the barrier layer 502 as a hard
mask, such that pattern openings of the active region trenches, the isolation trenches,
and the connection trenches are formedin the substrate 501. Then, the photoresist layer
503 and the barrier layer 502 are removed by wet chemical cleaning method.

Referring to FIG. 11, an oxide layer (not shown) is grown on an inner surface of the
pattern openings. Next, a gate material is deposited on a surface of the substrate 501
and filled in the pattern openings.

In some embodiments, the gate material may be deposited by chemical vapor de-
position (CVD), plasma-enhanced chemical vapor deposition (PECVD), high density
plasma-enhanced chemical vapor deposition (HD-PECVD), or physical vapor de-
position (PVD). In some embodiments, the gate material may be undoped polysilicon
(which may be doped in later processes) or doped polysilicon.

Next, referring to FIG. 12, the gate material outside the pattern openings is removed.
The gate material left in the pattern openings form active region trenches 504, isolation
trenches 505, and connection trenches (not shown).

In some embodiments, the gate material outside the pattern openings may be
removed by CMP, so as to flatten the substrate surface. In some embodiments, the gate
material outside the pattern openings may be removed by an etch-back process using a
silicon oxide film formed on the surface of the substrate as an etch stop layer, such that
a surface of the active region trenches 504, the isolation trenches 505, and the
connection trenches is coplanar with the surface of the substrate 501. After that, the
silicon oxide film may be removed by wet etching or other method.

Active region main junction and field limiting rings between the isolation trenches
505 are formed in the substrate 501, simultaneously, by, for example, ion implantation,
as shown in FIGS. 13 and 14.

Referring to FIG. 13, a thin oxide layer is formed on the substrate 501 to serve as an
implantation oxide layer. The implantation oxide layer may reduce the damage to the
surface of the active region during the ion implantation. It may also prevent the
impurity atoms or ions from diffusing out of the substrate. The implant oxide layer
may be formed by CVD or thermal oxidation. Then, ion implantation is performed. For

an N-type MOSFET, P-type impurities are implanted. Doping ions may be boron ions
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and dosage of the implantation may be 1E13cm-.

Referring to FIG. 14, after the ion implantation is performed, a high temperature
drive-in process is performed to diffuse and activate the implanted ions. During the
high temperature drive-in process, implanted ions may be driven deeper into the
substrate 501 and form a junction having an expected depth (i.e. diffusion level). The
implanted ions may be bonded to the silicon atoms in the lattice. This process activates
the implanted ions and forms the active region main junction 506 and the field limiting
rings 507.

In some embodiments, the high temperature drive-in diffusion process may be
performed at a temperature in a range from about 1000°C to about 1150°C. In some
embodiments, temperature ranges other than the above-noted one may also be
employed, depending on actual situations. Thus, the temperature and the time of the
high temperature drive-in process are not limited in the present disclosure.

The implant oxide layer may be kept or may be removed by, for example, wet
chemical cleaning method.

FIG. 15 shows another semiconductor device consistent with embodiments of the
present disclosure. The semiconductor device of FIG. 15 includes a substrate 601 and
an active region located in the substrate 601. The semiconductor device also includes a
plurality of field limiting rings 602 located outside the active region and a plurality of
isolation trenches 603 are located between the plurality of field limiting rings 602.
Trenches 604 are formed in the active region.

As shown in FIG. 15, a dielectric layer 605 is formed over thesubstrate 601. In some
embodiments, the dielectric layer 605 may be an interlayer dielectric layer or a pre-
metal dielectric layer. A metal layer 606 is formed over the dielectric layer 605. Vias
607 are formed in the dielectric layer 605 and are connected to the metal layer 606.
The vias 607 are filled with metal, such as tungsten or copper.

In the semiconductor device shown in FIG. 15, the metal layer 606 serves as the
connection channel 306 shown in FIG. 5. The metal layer 606 is connected to the vias
607 connected to the isolation trenches 603, such that at least two adjacent isolation
trenches 603 are electrically connected and have the same electrical potential, as
shown in FIG. 15.

Since the vias 607 positioned above the isolation trenches 603 and the vias po-
sitioned above the active region are formed by the same photolithography process, the
metal in the vias 607 and the metal plugs in the active region are formed by the same
deposition process, and the metal layer 606 above the isolation trenches 603 and the
metal layer above the active region are formed by the same photolithography process,
no extra photolithography process is necessary. Therefore, cost is reduced.

In some embodiments, the vias 607 may merely penetrate through the dielectric layer
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605. In some embodiments, the vias 607 may further extend into the isolation trenches
603, such that the metal in the vias 607 may provide better connection between the
isolation trenches 603 and the metal layer 606.

The semiconductor device shown in FIG. 15 may be formed by a method described
below.

First a substrate is provided. Then, an active region, a plurality of field limiting rings
outside the active region, and a plurality of isolation trenches between the plurality of
field limiting rings are formed in the substrate.

Next, a dielec tric layer is formed on the substrate. Vias are then formed in the di-
electric layer, exposing the plurality of isolation trenches. The dielectric layer may be
an interlayer dielectric layer or a pre-metal dielectric layer.

As described above, the vias positioned above the isolation trenches and the vias po-
sitioned above the active region are formed by the same photolithography process.
Specifically, a photoresist layer is spin-coated on the dielectric layer. The photoresist
layer is then exposed using a mask having a pattern of the vias. After developing, a
pattern of the vias is formed in the photoresist layer. Next, the dielectric layer is etched
using the photoresist layer as a mask to form the vias in the dielectric layer, including
the vias above the isolation trenches and the vias above the active region.

Next, the vias above the isolation trenches and the vias above the active region are
filled with metal in a same deposition step. In some embodiments, the metal may be
tungsten, and may be deposited using a PVD method. Specifically, a thin titanium
layer may first be formed on the dielectric layer. The titanium layer may also be
formed on bottoms and sidewalls of the vias as an adhesive for retaining tungsten. A
thin titanium nitride may then be formed on the titanium layer as a diffusion stop layer
to prevent the diffusion of titanium atoms. Next, tungsten is formed on the titanium
nitride using the CVD method, so as to fill the vias. Finally, the tungsten outside the
vias is removed by a CMP method, so as to flatten the dielectric layer.

Next, a metal layer is formed on the dielectric layer, forming a connection channel
connecting adjacent isolation trenches.

The metal layer above the isolation trenches and the metal layer above the active
region are formed during the same photolithography process. Specifically, a metal
layer having a sandwich structure is first formed on the dielectric layer. Then, a desired
pattern is formed in the metal layer by photolithography and etching processes.
Adjacent isolation trenches are connected via the metal in the vias and the metal layer.

Other embodiments of the present disclosure will be apparent to those skilled in the
art from consideration of the specification and practice of the invention disclosed
herein. It is intended that the specification and examples be considered as exemplary

only, with a true scope and spirit of the invention being indicated by the following
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[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]

PCT/CN2011/083110

Claims

A semiconductor device, comprising:

a substrate;

an active region located in the substrate;

a plurality of field limiting rings formed in the substrate and located
outside the active region;

a plurality of isolation trenches formed between the field limiting rings;
and

a connection channel electrically connecting at least two adjacent
isolation trenches.

The semiconductor device according to claim 1, wherein the
connection channel is a connection trench.

The semiconductor device according to claim 2, further comprising an
active region trench formed in the active region,

wherein the connection trench, the isolation trenches, and the active
region trench are formed by a photolithography process at a same time.
The semiconductor device according to claim 2, wherein the
connection trench, the isolation trenches, and the active region trench
have a same doping state.

The semiconductor device according to claim 1, further comprising a
dielectric layer formed over the substrate, the dielectric layer having a
via formed therein,

wherein the connection channel comprises:

a metal filled in the via, and

a metal layer formed over the dielectric layer,

wherein the metal filled in the via connects the at least two adjacent
trenches to the metal layer.

The semiconductor device according to any one of claim 1 to claim 5,
wherein the semiconductor device is a trench MOS device, the semi-
conductor device further comprising a main junction,

wherein the plurality of field limiting rings and the main junction are
formed by a same implantation process, andhave a same doping state.
A method for fabricating a semiconductor device, comprising:
providing a substrate;

simultaneously forming an active region trench, a plurality of isolation
trenches, and a connection trench in the substrate, the connection trench

electrically connecting at least two adjacent isolation trenches; and

12
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simultaneously forming an active region main junction and a plurality
of field limiting rings, the field limiting rings being formed between the
isolation trenches.

[Claim 8] The method according to claim 7, wherein the active region main
junction and the plurality of field limiting rings are formed by ion im-
plantation.

[Claim 9] A method for fabricating a semiconductor device, comprising:
providing a substrate having an active region;
forming, in the substrate, a plurality of field limiting rings outside the
active region, and a plurality of isolation trenches between the field
limiting rings;
forming a dielectric layer over the substrate;
forming a via in the dielectric layer, the via extending to the isolation
trenches;
filling the via with a metal; and
forming a metal layer over the dielectric layer,
wherein the metal in the via and the metal layer form a connection

channel connecting at least two adjacent isolation trenches.
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