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LATERAL DIFFUSED METAL OXIDE
SEMICONDUCTOR

BACKGROUND

[0001]

[0002] Thepresent disclosure relates to a metal oxide semi-
conductor device. More particularly, the present disclosure
relates to a lateral diffused N-type or P-type metal oxide
semiconductor device.

[0003] 2. Description of Related Art

[0004] Single-chip systems have been developed, which
include controllers, memory devices, low-voltage (LV) cir-
cuits and high-voltage (HV) power devices. For example,
double-diffused metal oxide semiconductor (DMOS) transis-
tors, which are frequently used as conventional power devices
operated with low on-resistance and high voltage.

[0005] Whena transistor is designed, high breakdown volt-
age (BV)and low on-resistance (R,,,) are two main concerns.
However, by using very-large-scale integration (VLSI) tech-
nology, a high-voltage lateral double-diffused metal oxide
semiconductor (LDMOS) may have higher on-resistance
than a commonly used vertical double-diffused metal oxide
semiconductor (VDMOS). How to decrease the on-resistance
becomes an important factor for promoting a figure of merit
(FOM), ie., aratio of BV/R ..

1. Field of Invention

SUMMARY

[0006] The present disclosure provides a lateral diffused
N-type metal oxide semiconductor (LDNMOS) device and a
lateral diffused P-type diffused metal oxide semiconductor
(LDPMOS) device for decreasing on-resistance of the LDN-
MOS device and the LDPMOS device.

[0007] An aspect of the present disclosure is to provide a
LDNMOS device. The device includes a semiconductor sub-
strate, an epi-layer, a patterned isolation layer, a N-type
double diffused drain (NDDD) region, a N+ heavily doped
drain region, a P-body diffused region, a neighboring pair of
a N+ heavily doped source region and a P+ heavily doped
source region, a first gate structure and a second gate struc-
ture. The epi-layer is on the semiconductor substrate. The
patterned isolation layer is disposed on the epi-layer, thereby
defining a first active region, a second active region and a
channel region, in which the channel region is located
between the first active region and the second active region.
The NDDD region is disposed in the first active region. The
N+ heavily doped drain region is disposed in the NDDD
region. The P-body diffused region is disposed in the second
active region, in which the NDDD region and the P-body
diffused region are spaced at a first predetermined distance to
expose the epi-layer. The neighboring pair of the N+ heavily
doped source region and the P+ heavily doped source region
1s disposed in the P-body diffused region. The first gate struc-
ture is disposed above the channel region. The second gate
structure is disposed above the second active region, in which
the second gate structure and the first gate structure are spaced
at a second predetermined distance.

[0008] Inone or more embodiments, the second gate struc-
ture has an extending portion extending from an interface
toward the first gate structure and disposed on the channel
portion, in which the interface is located between the P-body
diffused region and the channel region.
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[0009] In one or more embodiments, a ratio of a length of
the extending portion to the first predetermined distance is in
a range substantially from 0.13 to 0.52.

[0010] In one or more embodiments, a ratio of a length of
the extending portion to the first predetermined distance is in
a range substantially from 0.35 to 0.52.

[0011] In one or more embodiments, the second predeter-
mined distance is in a range substantially from 0.1 um to 10
pm.

[0012] In one or more embodiments, further including a
gate dielectric layer disposed between the first gate structure
and the channel region.

[0013] Inoneormore embodiments, athickness of the gate
dielectric layer is in a range substantially from 12 nm to 100
nm.

[0014] In one or more embodiments, the gate dielectric
layer is formed from SiO,.

[0015] In one or more embodiments, the gate dielectric
layer is disposed between the second gate structure and the
second active region.

[0016] In one or more embodiments, a length of the first
gate structure is in a range substantially from 1 nm to 1000
nm.

[0017] Another aspect of the present disclosure is to pro-
vide a LDPMOS device. The device includes a semiconduc-
tor substrate, an epi-layer, a patterned isolation layer, a P-type
double diffused drain (PDDD) region, a P+ heavily doped
drain region, a N-body diffused region, a neighboring pair of
a P+ heavily doped source region and a N+ heavily doped
source region, a first gate structure and a second gate struc-
ture. The epi-layer is on the semiconductor substrate. The
patterned isolation layer is disposed on the epi-layer, thereby
defining a first active region, a second active region and a
channel region, in which the channel region is located
between the first active region and the second active region.
The PDDDregionis disposed in the first active region. The P+
heavily doped drain region is disposed in the PDDD region.
The P-body diffused region is disposed in the second active
region, in which the NDDD region and the N-body diffused
region are spaced at a first predetermined distance to expose
the epi-layer. The neighboring pair of the P+ heavily doped
source region and the N+ heavily doped source region are
disposed in the N-body diffused region. The first gate struc-
ture is disposed above the channel region. The second gate
structure is disposed above the second active region, in which
the second gate structure and the first gate structure are spaced
at a second predetermined distance.

[0018] Inoneormore embodiments, the second gate struc-
ture has an extending portion extending from an interface
toward the first gate structure and disposed on the channel
portion, in which the interface is located between the P-body
diffused region and the channel region.

[0019] In one or more embodiments, a ratio of a length of
the extending portion to the first predetermined distance is in
a range substantially from 0.13 to 0.52.

[0020] In one or more embodiments, a ratio of a length of
the extending portion to the first predetermined distance is in
a range substantially from 0.35 to 0.52.

[0021] In one or more embodiments, the second predeter-
mined distance is in a range substantially from 0.1 pm to 10
pm.

[0022] In one or more embodiments, further including a

gate dielectric layer disposed between the first gate structure
and the channel region.
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[0023] Inoneormoreembodiments, a thickness of the gate
dielectric layer is in a range substantially from 12 nm to 100
nm.

[0024] In one or more embodiments, the gate dielectric
layer is formed from SiO,.

[0025] In one or more embodiments, the gate dielectric
layer is disposed between the second gate structure and the
second active region.

[0026] In one or more embodiments, a length of the first
gate structure is in a range substantially from 1 nm to 1000
nm.

[0027] According to the above, compared with the conven-
tional technology, the technical solution of the present dis-
closure has obvious advantages and beneficial effects. By
using the aforementioned technical measures, the present
disclosure can make quite a technical progress, and has wide
industrial application values. The device of the present dis-
closure can achieve decreasing the on-resistance by the first
gate structure electrically connecting to an input voltage.
Further, the FOM of the LDNMOS device and the LDPMOS
device can be also promoted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG.11is aschematic diagram showing a LDNMOS
device in accordance with an embodiment of the present
disclosure; and

[0029] FIG. 2 is a schematic diagram showing a LDPMOS
device inaccordance with another embodiment of the present
disclosure.

DETAILED DESCRIPTION

[0030] The spirit of the present disclosure is described as
figures and detailed description in considerable detail. It will
be apparent to those skilled in the art that, after understanding
the preferred embodiments of the present disclosure, various
modifications and variations can be made to the features
disclosed in the present disclosure without departing from the
scope or spirit of the disclosure.

[0031] Referring to FIG. 1, FIG. 1 is a schematic diagram
showing a LDNMOS device in accordance with an embodi-
ment of the present disclosure. In FIG. 1, a LDNMOS device
10 includes a semiconductor substrate 100 such as a P-type
silicon substrate with an epitaxial layer (epi-layer) 110
thereon. The epi-layer 110 includes a high voltage N-well
(HVNW) region 120 enclosed by a high voltage P-well
(HVPW) region 130. The surface of the high voltage P-well
(HVPW) region 130 includes a P+ heavily diffused region
140, in which a substrate voltage V,,,, is applied to the P+
heavily diffused region 140.

[0032] Patterned isolations 150a, 1505 and 150c¢ are dis-
posed on the epi-layer 110, thereby defining a first active
region OD1, a second active region OD2 and a channel region
CR, in which the channel region CR is located between the
first active region OD1 and the second active region OD2. In
some embodiments, the patterned isolations 150a, 1505 and
150¢ are formed from field oxide (FOX). ANDDD region 160
is disposed in the first active region OD1. A N+ heavily doped
drain region 162 is disposed in the NDDD region 160, in
which a drain voltage V ,, is applied to the N+ heavily doped
drain region 162. A P-body diffused region 170 is disposed in
the second active region OD2, in which the NDDD region 160
and the P-body diffused region 170 are spaced at a first
predetermined distance R, for exposing the semiconductor
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substrate 100. A neighboring pair of a N+ heavily doped
source region 172 and a P+ heavily doped source region 174
is disposed in the P-body diffused region 170, in which a
voltage Vg, (voltage source-to-body) is applied to the neigh-
boring pair of the N+ heavily doped source region 172 and the
P+heavily doped source region 174. A first gate structure 180
is disposed above the channel region CR and a second gate
structure 190 is disposed above the second active region OD2,
in which the second gate structure 190 and the first gate
structure 180 are spaced at a second predetermined distance
R,. Insome embodiments, the second predetermined distance
R, is in a range substantially from 0.1 pm to 10 um. In
alternative embodiments, a length of the first gate structure
180 is in a range substantially from 1 nm to 1000 nm

[0033] According to some embodiments, an input voltage
V,, is always applied to the first gate structure 180, but a gate
voltage V5, is applied to the second gate structure 190 for
conducting the defined channel region CR when required.
Optionally, the input voltage V,, is applied by a drain elec-
trode or an independent electrode. In detailed, the LDNMOS
device 10 may be used as a switch. For example, the second
gate structure 190 has an extending portion 192 extending
from an interface toward the first gate structure 180 and
disposed on the channel region CR, in which the interface is
located between the P-body diffused region 170 and the chan-
nel region CR. When the input voltage V, is always ON and
the gate voltage V5, is OFF, the channel region CR is not
conducted because the channel region CR below the extend-
ing portion 192 is not conducted. However, the channel region
CR below the first gate structure 180 is always conducted.
Therefore, R, of the LDNMOS device is decreased.

[0034] In some embodiments, a ratio of a length of the
extending portion 192 to the first predetermined distance R | is
in a range substantially from 0.13 to 0.52. In alternatively
embodiments, the aforementioned ratio is in a range substan-
tially from 0.35 to 0.52.

[0035] In certain embodiments, a gate dielectric layer 195
formed from a dielectric material, such as SiO,, is disposed
between the first gate structure 180 and the channel region
CR. Other commonly high-k materials, such as carbon, ger-
manium, silicon-germanium, gallium, arsenic, nitrogen,
indium, phosphorus, and/or the like, may also be used to form
the gate dielectric layer 195. A thickness of the gate dielectric
layer 195 is in a range substantially from 12 nm to 100 nm
according to the input voltage V, to the first gate structure
180. In general, when the input voltage V,, is higher, the
thicker gate dielectric layer 195 is required so as to avoid
being damage to the LDNMOS device 10 itself. For example,
the first gate structure 180 is inputted 40V, and the thickness
of the gate dielectric layer 195 is preferred 100 nm; or the first
gate structure 180 is inputted 5V, and the thickness of the gate
dielectric layer 195 is preferred 12 nm. In some embodi-
ments, the gate dielectric layer 195 is further disposed
between the second gate structure 190 and the second active
region OD2.

[0036] In some embodiments, compared with a conven-
tional LDNMOS device with a non-spilt gate structure, the
LDNMOS device 10 of the present disclosure has a lower
R,,. For example, R, of the LDNMOS device 10 of the
present disclosure is in a range substantially from 502.87 to
541.48 ohm, in which the aforementioned extending portion
192 is 0.8 to 1.2 yum, the length of the first gate structure 180
15 0.5 10 0.9 um, the first predetermined distance R, is 2.3 um,
the second predetermined distance R, is 0.6 um, the gate
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voltage V5, is 5V to 40V and the aforementioned input volt-
age 'V, is in a range substantially from 5V to 40V. Further, the
larger input voltage V; results in the lower R, . On the
contrary, R, of the conventional LDNMOS device is 573.72
ohm, in which a length of the non-spilt gate structureis 2.3 pm
and a gate voltage applied on the non-spilt gate structure is
4V. Therefore, the LDNMOS device 10 of the present disclo-
sure has a reduction percent of R ,, ranging about 6 to 12%.
[0037] Referring to FIG. 2, FIG. 2 is a schematic diagram
showing a LDPMOS device in accordance with another
embodiment of the present disclosure. In FIG. 2, a LDPMOS
device 20 includes a semiconductor substrate 200 such as a
N-type silicon substrate with an epitaxial layer (epi-layer)
210 thereon. The epi-layer 210 includes a high voltage P-well
(HVPW) region 220 enclosed by a high voltage N-well
(HVNW) region 230. The surface of the high voltage N-well
(HVNW) region 230 includes a N+ heavily diffused region
240, in which a substrate voltage V_,, , is applied to the N+
heavily diffused region 240.
[0038] Patterned isolations 250a, 2505 and 250¢ are dis-
posed on the epi-layer 210, thereby defining a first active
region OD1, a second active region OD2 and a channel region
CR, in which the channel region CR is located between the
first active region OD1 and the second active region OD2. In
some embodiments, the patterned isolations 250a, 2505 and
250¢ are formed from field oxide (FOX). APDDD region 260
1s disposed in the first active region OD1. A P+ heavily doped
drain region 262 is disposed in the PDDD region 260, in
which a drain voltage V5, is applied to the P+ heavily doped
drain region 262. A N-body diffused region 270 is disposed in
the second active region OD2, in which the PDDD region 260
and the N-body diffused region 270 are spaced at a first
predetermined distance R, for exposing the semiconductor
substrate 200. A neighboring pair of a P+ heavily doped
source region 272 and a N+ heavily doped source region 274
is disposed in the N-body diffused region 270, in which a
voltage V¢, (voltage source-to-body) is applied to the neigh-
boring pairofthe N+ heavily doped source region 272 and the
P+ heavily doped source region 274. A first gate structure 280
is disposed above the channel region CR and a second gate
structure 290 is disposed above the second active region OD2,
in which the second gate structure 290 and the first gate
structure 280 are spaced at a second predetermined distance
R,.
[0039] Similarto the LDNMOS device 10 of the aforemen-
tioned embodiments, an input voltage V, is always applied
the first gate structure 280 for decreasing R , of the LDPMOS
device 20, and a gate voltage V 4, is applied to the second gate
structure 290 for conducting the defined channel region CR
when required. Therefore, the FOM of the LDNMOS device
10 and the LDPMOS device 20 can be also promoted.
[0040] Although the present disclosure has been described
above as in detailed description, it is not used to limit the
present disclosure. It will be intended to those skilled in the
art that various modifications and variations can be made to
the structure of the present disclosure without departing from
the scope or spirit of the disclosure. Therefore, the scope of
the disclosure is to be defined solely by the appended claims.

1. A lateral diffused N-type metal oxide semiconductor
(LDNMOS) device, comprising:

a semiconductor substrate;

an epi-layer on the semiconductor substrate;

a patterned isolation layer disposed on the epi-layer,

thereby defining a first active region, a second active
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region and a channel region, wherein the channel region
is located between the first active region and the second
active region;

aN-type double diffused drain (NDDD) region disposed in
the first active region;

a N+ heavily doped drain region disposed in the NDDD
region;

a P-body diffused region disposed in the second active
region, wherein the NDDD region and the P-body dif-
fused region are spaced at a first predetermined distance
to expose the epi-layer;

aneighboring pair of a N+ heavily doped source region and
a P+heavily doped source region disposed in the P-body
diffused region; and

a first gate structure disposed above the channel region; and

a second gate structure disposed above the second active
region, wherein the second gate structure and the first
gate structure are spaced at a second predetermined dis-
tance.

2. The device of claim 1, wherein the second gate structure
has an extending portion extending from an interface toward
the first gate structure and disposed on the channel portion,
wherein the interface is located between the P-body diffused
region and the channel region.

3. The device of claim 2, wherein a ratio of a length of the
extending portion to the first predetermined distance is in a
range substantially from 0.13 to 0.52.

4. The device of claim 2, wherein a ratio of a length of the
extending portion to the first predetermined distance is in a
range substantially from 0.35 to 0.52.

5. The device of claim 1, wherein the second predeter-
mined distance is in a range substantially from 0.1 pm to 10
pm.

6. The device of claim 1, further comprising a gate dielec-
tric layer disposed between the first gate structure and the
channel region.

7. The device of claim 6, wherein a thickness of the gate
dielectric layer is in a range substantially from 12 nm to 100
nm.

8. The device of claim 6, wherein the gate dielectric layeris
formed from SiO,.

9. The device of claim 6, wherein the gate dielectric layer is
disposed between the second gate structure and the second
active region.

10. The device of claim 1, wherein a length of the first gate
structure is in a range substantially from 1 nm to 1000 nm.

11. A lateral diffused P-type metal oxide semiconductor
(LDPMOS) device, comprising:

a semiconductor substrate;

an epi-layer on the semiconductor substrate;

a patterned isolation layer disposed on the epi-layer,
thereby defining a first active region, a second active
region and a channel region, wherein the channel region
is located between the first active region and the second
active region,;

a P-type double diffused drain (PDDD) region disposed in
the first active region;

a P+ heavily doped drain region disposed in the PDDD
region;

a N-body diffused region disposed in the second active
region, wherein the PDDD region and the N-body dif-
fused region are spaced at a first predetermined distance
to expose the epi-layer;
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aneighboring pair of a P+ heavily doped source region and
a N+ heavily doped source region disposed in the
N-body diffused region; and

afirst gate structure disposed above the channel region; and

a second gate structure disposed above the second active
region, wherein the second gate structure and the first
gate structure are spaced at a second predetermined dis-
tance.

12. The device of claim 11, wherein the second gate struc-
ture has an extending portion extending from an interface
toward the first gate structure and disposed on the channel
portion, wherein the interface is located between the P-body
diffused region and the channel region.

13. The device of claim 12, wherein a ratio of a length of the
extending portion to the first predetermined distance is in a
range substantially from 0.13 to 0.52.

14. The device of claim 12, wherein aratio of a length of the
extending portion to the first predetermined distance is in a
range substantially from 0.35 to 0.52.
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15. The device of claim 11, wherein the second predeter-
mined distance is in a range substantially from 0.1 pm to 10
pm.

16. The device of claim 11, further comprising a gate
dielectric layer disposed between the first gate structure and
the channel region.

17. The device of claim 16, wherein a thickness of the gate
dielectric layer is in a range substantially from 12 nm to 100
m.

18. The device of claim 16, wherein the gate dielectric layer
is formed from Si0O,.

19. The device of claim 16, wherein the gate dielectric layer
is disposed between the second gate structure and the second
active region.

20. The device of claim 11, wherein a length of the first gate
structure is in a range substantially from 1 nm to 1000 nm.
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