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providing a semiconductor substrate having a first type of doping

' S11

forming an epitaxial layer having a second type of doping over the
semiconductor layer, and forming an isolation region having the
first type of doping in the epitaxial layer, wherein the isolation layer
extends through the epitaxial layer into the semiconductor substrate,
wherein the isolation region has a doping concentration on the same
order as the epitaxial layer, and the first type of doping is opposite

to the second type of doping //_ S12

forming a field oxide layer over the isolation region

| S13

Fig. 1
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1
ISOLATION STRUCTURE AND
MANUFACTURING METHOD THEREOF
FOR HIGH-VOLTAGE DEVICE IN A
HIGH-VOLTAGE BCD PROCESS

TECHNICAL FIELD

This invention relates to an isolation structure and a
manufacturing method thereof for a high-voltage device in
a high-voltage BCD process, and more particularly, to an
isolation structure and a manufacturing method thereof for a
high-voltage device in a high-voltage BCD process on an
order of 1200V.

BACKGROUND

BCD process is a monolithic integrated processing tech-
nique, which can fabricate Bipolar, CMOS and DMOS
devices on the same chip, and is simply referred to as BCD
process. Since the BCD process incorporates the respective
advantages of the three devices above, it becomes a leading
processing technique in the integrated circuits. The BCD
processing technique has been developed for many years
and has many proven processing solutions. The BCD pro-
cess may select different devices for different circuits to
optimize the respective electric circuit devices, achieving
the requirements of low power-consumption, high integra-
tion, high speed, and high driving capacity of the whole
circuit. The BCD process is an excellent choice for IC
manufacture process such as power management, display
driving, auto electronics, etc., and has a wide market pros-
pect.

As the enhancement of the national energy saving and
consumption reducing, the high-power semiconductor dis-
crete device industry develops continuously, quickly and
steadily, and the industry scale is increasing. The electrical
and electronic power modules and components with a high-
voltage integrated circuit as a core high-voltage power
switch device are applied more and more widely, and are
progressing in three different research directions of high
voltage, high power, and high density. For example, the
high-voltage integrated circuit in the inverter motor driving
circuit for the three-phase AC 380V, 440V, and 480V power
supply employs a 1200V high-voltage BCD process prod-
uct. For the 1200V high-voltage BCD process, besides the
development of the essential 1200V high-voltage LDMOS
devices, it is also necessary to develop an isolation structure
to effectively isolate the epitaxial island where the high-
voltage device is located. Meanwhile, a parasitical effect
caused to the silicon surface by the high voltage on the
aluminum wiring of the high-voltage device must be con-
sidered, e.g., the parasitical threshold voltage between alu-
minum wiring and the silicon surface of the 1200V device
must be higher than 1200V.

SUMMARY

This invention intends to solve the technical problem of
providing an isolation structure and a manufacturing method
thereof for a high-voltage device in a high-voltage BCD
process, so as to effectively isolates the epitaxial island
where the BCD high-voltage device is located, and to
increase the breakdown voltage of the high-voltage device in
the BCD process, such as LDMOS transistors, etc. Further,
with a minimum thickness of the field oxide layer, the
parasitical threshold voltage between the aluminum wiring
and the silicon surface of the high-voltage device can be
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higher than 1200V, thereby improving the planarization of
oxide layer steps on the silicon surface in the whole high-
voltage BCD process, and enhancing the reliability of the
product.

To solve the technical problem above, the invention
provides an isolation structure for a high-voltage device in
a high-voltage BCD process, comprising:

a semiconductor substrate having a first type of doping;

an epitaxial layer having a second type of doping over the
semiconductor substrate, wherein the first type of doping is
opposite to the second type of doping;

an isolation region having the first type of doping,
wherein the isolation region extends through the epitaxial
layer into the semiconductor substrate, and wherein the
isolation region has a doping concentration on the same
order as a doping concentration of the epitaxial layer; and

a field oxide layer over the isolation region.

Optionally, when the high-voltage device breaks down,
charges in the isolation region and an epitaxial island where
the high-voltage device is located are completely depleted,
wherein the epitaxial island refers to the epitaxial layer
between adjacent isolation regions.

Optionally, the field oxide layer has a thickness of
6000~18000 A.

Optionally, the epitaxial layer is a stacked structure.

Optionally, the epitaxial layer is a stacked structure with
2 layers, including stacked first epitaxial layer and second
epitaxial layer.

Optionally, the first epitaxial layer has a thickness of
3.0~15.0 um and a resistivity of 1.0~10 €-cm; the second
epitaxial layer has a thickness of 3.0~15.0 um and a resis-
tivity of 1.0~4.0 Q-cm.

Optionally, the first type of doping is P-type, and the
second type of doping is N-type.

Optionally, the isolation structure further comprises:

an isolation surface region of the first type of doping
located on a surface of the epitaxial layer beneath the field
oxide layer.

The invention also provides a method for manufacturing
an isolation structure for a high-voltage device in a high-
voltage BCD process, comprising:

providing a semiconductor substrate having a first type of
doping;

forming an epitaxial layer having a second type of doping
over the semiconductor layer, and forming an isolation
region having the first type of doping in the epitaxial layer,
wherein the isolation layer extends through the epitaxial
layer into the semiconductor substrate, wherein the isolation
region has a doping concentration on the same order as the
epitaxial layer, and the first type of doping is opposite to the
second type of doping; and

forming a field oxide layer over the isolation region.

Optionally, the field oxide layer has a thickness of
6000~18000 A.

Optionally, the epitaxial layer is a stacked structure.

Optionally, the epitaxial layer is a stacked structure with
2 layers, wherein the epitaxial layer and the isolation region
are formed by a process including:

performing ion implantation to the semiconductor sub-
strate to form therein a first buried layer of the first type of
doping and a second buried layer of the second type of
doping;

growing a first epitaxial layer over the semiconductor
substrate, wherein the first epitaxial layer covers the first
buried layer and the second buried layer;
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locating with a lithography mask and implanting ions of
the first type of doping into the first epitaxial layer, to form
a first isolation region;

annealing the first isolation region;

growing a second epitaxial layer over the first epitaxial
layer;

locating with a lithography mask and implanting ions of
the first type of doping into the second epitaxial layer, to
form a second isolation region; and

annealing the second isolation region, such that the sec-
ond isolation region, the first isolation region and the first
buried layer joint in sequence to form the isolation region.

Optionally, the ions implanted into the first buried layer
are boron ions with an implanting energy of 60~100 KeV
and an implantation dosage of 1E12~1E14/cm>.

Optionally, the ions implanted into the first isolation
region are boron ions with an implanting energy of 60~100
KeV and an implantation dosage of 1E12~1E14/cm>.

Optionally, the ions implanted into the second isolation
region are boron ions with an implanting energy of 60~100
KeV and an implantation dosage of 1E12~1E14/cm>.

Optionally, the first epitaxial layer has a thickness of
3.0~15.0 um and a resistivity of 1.0~10 Q-cm, the second
epitaxial layer has a thickness of 3.0~15.0 um and a resis-
tivity of 1.0~4.0 Q-cm.

Optionally, the first type of doping is P-type, and the
second type of doping is N-type.

Optionally, prior to forming the field oxide layer, the
method further comprises:

locating with a mask and implanting ions of the first type
of doping into a surface of the epitaxial layer to form an
isolation surface region, wherein the field oxide layer is
located over the isolation surface region.

Optionally, the ions implanted into the isolation surface
region are boron ions with an implanting energy of 25~50
KeV and an implantation dosage of 5E13~5E14/cm>.

As compared with the prior art, the invention has the
following advantages:

In the isolation structure and manufacturing method
thereof for a high-voltage device in a high-voltage BCD
process according to an embodiment of the invention, the
isolation region has a doping concentration on the same
order as a doping concentration of the epitaxial layer, such
that the concentration of an epitaxial island between isola-
tion regions nearly reaches a balanced state with the isola-
tion region. When the device breaks down at a high-voltage,
charges in the isolation region and the epitaxial island where
the high-voltage device is located are almost completely
depleted, such that the breakdown point of the high-voltage
device on the epitaxial island occurs on the vertical epitaxial
junction surface, thereby increasing the breakdown voltage
of the devices such as LDMOS transistor.

Further, since the doping concentration of the isolation
region in an embodiment of this invention is lower than that
of a conventional isolation junction, the carrier concentra-
tion is lower accordingly. Moreover, when a device breaks
down at a high-voltage, the charges in the isolation region
will almost be completely depleted. It is known from the CV
theory for a MOS capacitor that, with a lower carrier
concentration, the oxide layer of the MOS capacitor may be
thinner at the same threshold voltage. For example, in a
1200V order high-voltage BCD process, the thickness of the
field oxide layer under the aluminum wiring of the high-
voltage device may be smaller, and the isolation structure
can still withstand a parasitical breakdown voltage of 1200V,
thereby improving the planarization of the oxide layer steps
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on the silicon surface in the whole high-voltage BCD
process, and enhancing the reliability of the product.

Additionally, the isolation structure in an embodiment of
this invention is made separately on the vertical direction,
and is formed by jointing a buried layer in the semiconductor
substrate and isolation regions in multiple epitaxial layers,
which can reduce the lateral diffusion size of the isolation
region, thereby saving the footprint area. Moreover, for an
isolation region of P-type doping, an isolation surface region
of P-type doping may be formed under the field oxide layer
to prevent the electric leakage phenomena of the isolation
structure caused by decrease of the surface impurity con-
centration of the isolation structure due to the boron adsorp-
tion effect in forming the field oxide layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic flowchart of a method for manu-
facturing an isolation structure for a high-voltage device in
a high-voltage BCD process according to an embodiment of
the invention;

FIGS. 2-8 are cross-sectional structural schematic dia-
grams corresponding to various steps of a method for
manufacturing an isolation structure for a high-voltage
device in a high-voltage BCD process according to an
embodiment of the invention.

DETAILED DESCRIPTION

The invention is further described in conjunction with the
following specific embodiments and the drawings, although
the scope of the invention is not so limited.

FIG. 1 shows a schematic flowchart of a method for
manufacturing an isolation structure for a high-voltage
device in a high-voltage BCD process according to an
embodiment of the invention. The method comprises:

Step S11, providing a semiconductor substrate having a
first type of doping;

Step S12, forming an epitaxial layer having a second type
of doping over the semiconductor layer, and forming an
isolation region having the first type of doping in the
epitaxial layer, wherein the isolation layer extends through
the epitaxial layer into the semiconductor substrate, wherein
the isolation region has a doping concentration on the same
order as the epitaxial layer, and the first type of doping is
opposite to the second type of doping; and

Step S13, forming a field oxide layer over the isolation
region.

The first type of doping is one of P-type doping and
N-type doping, and the second type of doping is the other of
P-type doping and N-type doping. In this embodiment, the
first type of doping is P-type doping, and the second type of
doping is N-type doping. However, those skilled in the art
should understand, the above two types of doping are
interchangeable.

The method for manufacturing an isolation structure for a
high-voltage device in a high-voltage BCD process accord-
ing to an embodiment of the invention is described in details
below in conjunction with FIG. 1 and FIGS. 2-8.

Initially, refer to FIG. 2, a semiconductor substrate 10 of
P-type doping is provided, in which a first buried layer 12 of
P-type doping and a second buried layer 11 of N-type doping
are formed.

The semiconductor substrate 10 may be, e.g., a silicon
substrate having a crystal orientation of <100> and a resis-
tivity of 10~300 Q-cm. The initially oxidized oxide layer has
a thickness selective between 0.2~0.6 um.
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The first buried layer 12 and the second buried layer 11
may be formed in a process comprising: locating a region for
the second buried layer 11 of N-type doping with a lithog-
raphy mask, then performing ion implantation, wherein the
implanted ions may be for example antimony ions, the
implanting energy may be 60 KeV, and the implantation
dosage is selective between 1E15~2E15/cm?, then annealing
at an annealing temperature selective between 1200~1250°
C. for a time duration selective between 0.5~2 H; locating a
region for the first buried layer 12 of P-type doping with a
lithography mask, then performing ion implantation,
wherein the implanted ions may be for example boron ions,
the implanting energy may be 60~100 KeV, and the implan-
tation dosage is selective between 1E12~1E14/cm?, then
annealing at an annealing temperature selective between
1000~1100° C. for a time duration selective between 0.5~2
H. The first buried layer 12 of P-type doping is a first layer
of the isolation region.

Refer to FIG. 3, a first epitaxial layer 13 of N-type doping
is grown over the semiconductor substrate 10, the first
epitaxial layer 13 covering the first buried layer 12 and the
second buried layer 11. In particular, it may include: clean-
ing with HF acid of 1:10~1:20 prior to forming the first
epitaxial layer 13, then growing the first epitaxial layer 13
having a thickness of 3.0~15.0 um and a resistivity of
1.0~10 €-cm.

Refer to FIG. 4, ions are implanted into the first epitaxial
layer 13 to form a first isolation region 14 of P-type doping,
which serves as a second layer of the isolation region. In
particular, it may include: growing a thin oxide layer with a
thickness selective between 300 A to 600 A; then locating
the first isolation region 14 with a lithography mask and
performing ion implantation, wherein the implanted ions
may be for example boron ions, the implanting energy may
be 60~100 KeV, and the implantation dosage is 1E12~1E14/
cm?; then annealing at an annealing temperature selective
between 1000~1100° C. for a time duration selective
between 0.5~2 H.

Refer to FIG. 5, a second epitaxial layer 15 of N-type
doping is grown over the first epitaxial layer 13. In particu-
lar, it may include: cleaning with HF acid of 1:10~1:20 prior
to growing the second epitaxial layer 15, then growing the
second epitaxial layer 15 with a method such as epitaxial
growth, the second epitaxial layer 15 having a thickness of
3.0~15.0 um and a resistivity of 1.0~4.0 Q-cm.

Refer to FIG. 6, ions are implanted into the second
epitaxial layer 15 to form a second isolation region 16 of
P-type doping therein, which serves as a third layer of the
isolation region. In particular, it may include: growing a thin
oxide layer with a thickness selective between 300 A~600
A; then locating a region for the second isolation region 16
with a lithography mask and performing ion implantation,
wherein the implanted ions may be for example boron ions,
the implanting energy may be 60~100 KeV, and the implan-
tation dosage is selective between 1E12~1E14/cm?; then
annealing at an annealing temperature selective between
1000~1100° C. for a time duration selective between 0.5~2
H, and then annealing for 2~8 H respectively in a nitrogen
atmosphere and an oxygen atmosphere at a temperature of
1200° C., such that the second isolation region 16, the first
isolation region 14 diffuse to joint in sequence, thereby
forming an isolation region which contacts with the first
buried layer 12. After pushing the junction by annealing, the
isolation region (including the first isolation region 14 and
the second isolation region 16) has a doping concentration
on the same order as the first epitaxial layer 13 and the
second epitaxial layer 15.
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Refer to FIG. 7, a pad oxide layer (e.g., with a material of
Si0,) 101 may be grown on the second epitaxial layer 15,
and a local oxidation dielectric layer (e.g., with a material of
SiN) 102 may be formed over the pad oxide layer 101,
wherein the pad oxide layer 101 has a thickness selective
between 250~400 A, and the local oxidation dielectric layer
102 has a thickness selective between 1000~1500 A ; then an
oxidation region is located with an active region lithography
mask, and a local oxidation region is etched with a method
such as dry etching.

Then, lithography may be performed with an isolation
mask, and a photoresist and the local oxidation dielectric
layer 102 are used as a masking layer to perform ion
implantation onto the surface of the second epitaxial layer
15, in order to form an isolation surface region 17 of P-type
doping, wherein the implanted ions may be boron ions, the
implanting energy may be 25~50 KeV, and the implantation
dosage is SE13~5E14/cm?. The isolation surface region 17
may be used as a fourth layer of the isolation region.

Then refer to FIG. 8, a field oxide layer 18 is formed over
the isolation surface region 17, e.g., by Local Oxidation of
Silicon (LOCOS), the field oxide layer 18 having a thickness
of 6000~18000 A. Meanwhile, annealing is performed for
the implantation of the isolation surface region 17.

It should be noted that, in this embodiment, the first
isolation region 14 and the second isolation region 16 are of
P-type doping. To prevent the surface doping concentration
of the isolation structure from decreasing due to the boron
adsorption effect in forming the field oxide layer 18, the
isolation surface region 17 may be formed under the field
oxide layer 18, so as to increase the doping concentration of
the isolation structure. If the first isolation region 14 and the
second isolation region 16 are of N-type doping, the isola-
tion surface region 17 is unnecessary, thus the field oxide
layer 18 may be formed directly on the second isolation
region 16.

Then, devices, such as LDMOS transistors, etc., may be
manufactured as in a normal BCD process.

So far, the isolation structure formed in this embodiment
is as illustrated in FIG. 8, comprising: a substrate of P-type
doping; an epitaxial layer of N-type doping (including
stacked first epitaxial layer 13 and second epitaxial layer 15
in this embodiment) over the semiconductor layer 10; an
isolation region of P-type doping (including the isolation
surface region 17, the second isolation region 16, the first
isolation region 14, and the first buried layer 12 in this
embodiment), wherein the isolation region extends through
the epitaxial layer into the semiconductor substrate 10,
wherein the isolation region has a doping concentration on
the same order as the doping concentration of the epitaxial
layer; and a field oxide layer 18 over the isolation region, in
particular over the isolation surface region 17 in this
embodiment.

When a high-voltage device breaks down, the charges in
the isolation region and the epitaxial island where the
high-voltage device is located will be completely depleted,
wherein the epitaxial island refers to the epitaxial layer
between adjacent isolation regions. It should be noted that,
the charges being completely depleted includes a situation
where the charges are nearly depleted within an acceptable
error range.

In this embodiment, the first epitaxial layer 13 and the
second epitaxial layer 15 collectively form a stacked epi-
taxial layer, and the first buried layer 12 is formed in the
semiconductor substrate. After each epitaxial layer is
formed, ion implantation is performed therein to form a
corresponding isolation region. Then, the junction is pushed
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and diffused by annealing, such that the isolation region in
each epitaxial layer as well as the first buried layer 12 joint
with each other to form a complete isolation region. How-
ever, those skilled in the art should understand, the number
of stacked layers in the epitaxial layer is not limited to 2
layers, but may be for example 1 layer, 3 layers, etc.

The technical scheme of this embodiment may implement
LDMOS transistors on an order of 1200V and high-voltage
devices on an order of 1200V to an integrated isolation
structure, and is applicable to high-voltage BCD process
above 1200V. The isolation region is formed by performing
epitaxy and ion implantation each twice, thereby reducing
the lateral diffusion size, and saving the footprint area.
Meanwhile, the formation of the isolation surface region
may prevent the electric leakage phenomena caused by
decrease of the surface impurity concentration of the isola-
tion region due to the boron adsorption effect in forming the
field oxide layer.

In addition, the doping concentration in the isolation
region and the doping concentration in the epitaxial island
may be adjusted to a near-balanced state by the process.
When a high-voltage device breaks down, the charges in the
isolation region and the epitaxial island where the high-
voltage device is located will almost be completely depleted,
such that the breakdown point of the high-voltage device on
the epitaxial island occurs on the vertical epitaxial junction
surface, thereby increasing the breakdown voltage of the
1200V high-voltage LDMOS transistor.

Further, since the doping concentration of the whole
isolation region is lower than a conventional isolation struc-
ture, the carrier concentration is lower. When a device
breaks down at a high-voltage, the charges in the isolation
region will almost be completely depleted. It is known from
the CV theory for a MOS capacitor that, with a lower carrier
concentration, the oxide layer of the MOS capacitor may be
made thinner at the same threshold voltage. That is, for a
1200V high-voltage BCD isolation structure, the thickness
of the field oxide layer under the aluminum wiring of the
high-voltage device may be smaller, and the isolation region
can still withstand a parasitical breakdown voltage of 1200V,
thereby improving the planarization of oxide layer steps on
the silicon surface in the whole high-voltage BCD process,
and enhancing the reliability of the product.

Although the invention has been disclosed above with
preferred embodiments, which are not intended to limit the
invention. Possible variations and modifications can be
made by those skilled in the art without departing from the
spirit and scope of the invention. Accordingly, the scope of
the invention is defined by the Claims of the invention.

The invention claimed is:

1. An isolation structure for a high-voltage device in a
high-voltage BCD process, comprising:

a semiconductor substrate having a first type of doping;

an epitaxial layer having a second type of doping over the

semiconductor substrate, wherein the epitaxial layer is
a stacked structure and the first type of doping is
opposite to the second type of doping;

an isolation region having the first type of doping,

wherein the isolation region extends through the epi-
taxial layer into the semiconductor substrate, wherein
the isolation region has a doping concentration on the
same order as a doping concentration of the epitaxial
layer and wherein a breakdown voltage of the high-
voltage device in the high-voltage BCD process is
increased; and

a field oxide layer over the isolation region.
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2. The isolation structure for the high-voltage device in
the high-voltage BCD process of claim 1, wherein when the
high-voltage device breaks down, charges in the isolation
region and an epitaxial island where the high-voltage device
is located are completely depleted, wherein the epitaxial
island refers to an epitaxial layer between adjacent isolation
regions.

3. The isolation structure for the high-voltage device in
the high-voltage BCD process of claim 1, wherein the field
oxide layer has a thickness of 6000~18000 A.

4. The isolation structure for the high-voltage device in
the high-voltage BCD process of claim 1, wherein the first
type of doping is P-type, and the second type of doping is
N-type.

5. The isolation structure for the high-voltage device in
the high-voltage BCD process of claim 4, further compris-
ing:

an isolation surface region of the first type of doping

located on a surface of the epitaxial layer beneath the
field oxide layer.

6. An isolation structure for a high-voltage device in a
high-voltage BCD process, comprising:
a semiconductor substrate having a first type of doping;

an epitaxial layer having a second type of doping over the
semiconductor substrate, wherein the epitaxial layer is
a stacked structure and the first type of doping is
opposite to the second type of doping;

an isolation region having the first type of doping,
wherein the isolation region extends through the epi-
taxial layer into the semiconductor substrate, and
wherein the isolation region has a doping concentration
on the same order as a doping concentration of the
epitaxial layer, wherein a breakdown voltage of the
high-voltage device in the high-voltage BCD process is
increased, said epitaxial layer being a stacked structure
with 2 layers, including stacked first epitaxial layer and
second epitaxial layer, wherein the first epitaxial layer
has a thickness of 3.0~15.0 um and a resistivity of
1.0~10 Q-cm, the second epitaxial layer has a thickness
of 3.0~15.0 um and a resistivity of 1.0~4.0 Q-cm; and

a field oxide layer over the isolation region.

7. The isolation structure for the high-voltage device in
the high-voltage BCD process of claim 6, wherein when the
high-voltage device breaks down, charges in the isolation
region and an epitaxial island where the high-voltage device
is located are completely depleted, wherein the epitaxial
island refers to an epitaxial layer between adjacent isolation
regions.

8. The isolation structure for the high-voltage device in
the high-voltage BCD process of claim 6, wherein the field
oxide layer has a thickness of 6000~18000 A.

9. The isolation structure for the high-voltage device in
the high-voltage BCD process of claim 6, wherein the first
type of doping is P-type, and the second type of doping is
N-type.

10. The isolation structure for the high-voltage device in
the high-voltage BCD process of claim 9, further compris-
ing:

an isolation surface region of the first type of doping

located on a surface of the epitaxial layer beneath the
field oxide layer.
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