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(57) ABSTRACT 
An LDMOS device includes a gate which is formed on and/ 
over over a Substrate; a source and a drain which are arranged 
to be separated from each other on both sides of the substrate 
with the gate interposed therebetween; and a field oxide film 
formed to have a step between the gate and the drain. The 
LDMOS device further includes a drift region formed of first 
conduction type impurity ions between the gate and the drain 
in the Substrate; and at least one internal field ring formed in 
the drift region by selectively implanting a second conduction 
type impurity in accordance with the step of the field oxide 
film. 

10 Claims, 4 Drawing Sheets 
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1. 

LATERAL DOUBLE DIFFUSED METAL 
OXDE SEMCONDUCTORDEVICE AND 

METHOD OF MANUFACTURING THE SAME 

The present application claims priority to Korean Patent 
Application No. 10-2011-0045755 (filed on May 16, 2011), 
which is hereby incorporated by reference in its entirety. 

BACKGROUND 

LDMOS transistors which are high-voltage power devices 
have the advantages of a fast Switching speed, high input 
impedance, low power consumption, compatibility a CMOS 
process, and the like, and is widely used for various power 
devices such as a display driving IC, a power converter, a 
motor controller, and a power Supply for a vehicle. In the case 
of power devices, specific on-resistance and breakdown Volt 
age are important factors which significantly affect the per 
formance of Such devices. Accordingly, various techniques 
for increasing the breakdown Voltage while maintaining spe 
cific on-resistance have been suggested. 
Of these suggested techniques, a structure is known in 

which an internal field ring is formed below the end portion of 
the gate in the drift region of the LDMOS transistor using a 
dopant having an opposite type to the drift region. 
The breakdown voltage characteristic of the semiconduc 

tor device is closely related with the radius of curvature of the 
Source region or the drain region. In particular, the radius of 
curvature of the Source region which is relatively small is one 
of the important factors for the reduction in the breakdown 
voltage of the device. As well known in the related art, this is 
because a phenomenon occurs in which an electric field con 
centrates on the junction region having a small radius of 
Curvature. 

FIG. 1 illustrates a layout diagram showing a power semi 
conductor device of the related art, for example, an LDMOS 
transistor. 

FIG. 2 illustrates a cross sectional view taken along the line 
II-II of FIG.1. The same reference numerals of FIGS. 1 and 
2 represent the same regions or layers. 
As illustrates in FIGS. 1 and 2, the LDMOS transistor of 

the related art has a protrusion 10" in a line segment shape or 
cross-section in a central portion thereof, and includes a 
source structure 10 which surrounds given regions on the left 
and right sides and the upper side of the protrusion 10'. The 
LDMOS transistor includes a drain structure 20 which is 
formed to surround the protrusion 10" of the source structure 
10. The drain structure 20 is separated from the source struc 
ture 10 at a predetermined interval. 

The source structure 10 includes a source electrode 11 on 
the Surface of a p-type semiconductor Substrate 2, a p-type 
well region 12 formed in the semiconductor substrate 2 below 
the Source electrode 11, and a high-concentration n+ Source 
region 13 and a high-concentration p+ region 14 which are 
formed in the p-type well region 12. 
The drain structure 20 includes a drain electrode 21 on the 

Surface of the semiconductor Substrate 2, and an n-type well 
region 22 formed in the semiconductor substrate 2 below the 
drain electrode 21 and used as a drift region. As shown in FIG. 
2, the n-type well region 22 is connected to an n-type 
expanded drain structure 23 which is not covered with the 
drain electrode 21. The drainstructure 20 also includes an n+ 
drain region 24 formed in the n-type well region 22. The 
expanded drain structure 23 includes a p-type top region 25. 
The gate electrode 30 is formed to be insulated from the 

underlying channel region by a gate insulating film 40, and 
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2 
the source electrode 11, the drain electrode 21, and the gate 
electrode 30 are insulated from each other by an insulating 
interlayer 50. 
The LDMOS transistor includes a field oxide film 42 hav 

ing a Local Oxidation Of Silicon (LOCOS) structure. 
As the factors which determine specific on-resistance and 

breakdown Voltage of a semiconductor device having the 
LDMOS transistor of the related art, there are the length of the 
drift region and the doping concentration of the drift region. 
Meaning, a trade-off relationship is exhibited such that, as the 
length of the drift region increases, specific on-resistance and 
the breakdown Voltage increase, and the concentration of the 
drift region increases, specific on-resistance and the break 
down voltage decrease. In the structure of the LDMOS tran 
sistor of the related art, therefore, it is difficult to increase the 
breakdown Voltage without increasing specific on-resistance. 

In the LDMOS transistor of the related art, the breakdown 
voltage particularly decreases in a tip 10t of the protrusion 10' 
in the source structure 10. As a method which prevents this 
phenomenon, the radius of curvature of the tip 10t can 
increase, and in this case, it is disadvantageous in that the area 
of the transistor increases. 
As another method, there is a method which decreases the 

concentration of the drift region in the semiconductor Sub 
strate 2 which the field oxide film 42 is formed. In this case, 
however, an additional ion implantation process is needed, 
causing an increase in manufacturing cost of the semiconduc 
tor device. 

SUMMARY 

Embodiments of the invention relate to a semiconductor 
device and a method of manufacturing the same, and in par 
ticular, to a lateral double diffused metal oxide semiconductor 
(LDMOS) device which increases a breakdown voltage with 
out causing an increase in the number of processes, and 
reduces specific on-resistance Rsp using a source fingertip as 
a channel. 

In view of the problems associated with the related art, in 
accordance with embodiments of the invention, an LDMOS 
device and a method of manufacturing an LDMOS device is 
provided in which an internal field ring having an opposite 
type to the doping type of a drift region is formed through a 
blanket ion implantation process. Accordingly, a process for 
forming an ion implantation mask to simplify a process for 
manufacturing a semiconductor device is removed. More 
over, breakdown Voltage is increased without causing a 
decrease in specific on-resistance. 

In accordance with embodiments of the invention, an 
LDMOS device includes at least one of the following: a gate 
which formed on and/or over a substrate; a source and a drain 
which are arranged to be separated from each other at both 
sides of the substrate with the gate interposed therebetween; 
a field oxide film formed having a step difference between the 
gate and the drain; a drift region formed of first conduction 
type impurity ions between the gate and the drain in the 
substrate; and at least one internal field ring formed in the drift 
region by selectively implanting a second conduction type 
impurity in accordance with the step difference of the field 
oxide film. 

In accordance with embodiments, the internal field ring 
may be formed below the field oxide film between a source 
fingertip portion of the Source and the drain. The concentra 
tion of the drift region may be determined by the dosage 
amount of the second conduction type impurity ions or ion 
implantation energy for forming the internal field ring. Fur 
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ther, the field oxide film may be formed through a Local 
Oxidation of Silicon (LOCOS) process. 

In accordance with embodiments of the invention, a 
method of manufacturing an LDMOS device having a source 
and a drain arranged to be separated from each other at both 
sides of a substrate with a gate interposed therebetween, the 
method including at least one of the following: exposing a 
region of the Substrate to partially expose a portion where a 
field oxide film is formed between the gate and the drain and 
implanting first conduction type impurity ions into the 
exposed region; forming an oxide film in the exposed portion 
through an oxidation process; performing an impurity 
implantation process with the oxide film as an ion implanta 
tion mask to implant second conduction type impurity ions 
into the Substrate exposed through the oxide film; removing 
the oxide film and performing a thermal process on the semi 
conductor Substrate, into which the first and second conduc 
tion type impurity ions are implanted, to thereby form a 
second conduction type well connected to the drift region and 
at least one internal field ring in the drift region; and then 
forming the field oxide film on the substrate with the internal 
field ring formed. 

In accordance with embodiments, the step of implanting 
the first conduction type impurity ions may include forming 
an insulating film on and/or over the Substrate; forming a 
photoresist pattern on and/or over the substrate to partially 
expose a portion where the field oxide film is formed between 
the gate and the drain; patterning the insulating film exposed 
through the photoresist pattern and implanting the first con 
duction type impurity ions; and then removing the photoresist 
pattern. 

In accordance with embodiments, the step of forming the 
oxide film may include performing an oxidation process 
using the patterned insulating film to form the oxide film. 

In accordance with embodiments, the step of implanting 
the second conduction type impurity ions may include 
removing the patterned insulating film and implanting the 
second conduction type impurity ions through an impurity 
ion implantation process using the oxide film as an ion 
implantation mask. 

In accordance with embodiments, the insulating film may 
be a silicon nitride. 

In accordance with embodiments, the step of forming at 
least one internal field ring in the drift region may include 
forming the internal field ring below the field oxide film 
formed between a source fingertip portion of the Source and 
the drain. 

In accordance with embodiments, the step of implanting 
the second conduction type impurity ions may include con 
trolling the dosage amount of the second conduction type 
impurity ions or ion implantation energy to thereby control 
the concentration in the drift region. 

In accordance with embodiments, the step of forming the 
field oxide film may include forming the field oxide film may 
be formed through a Local Oxidation of Silicon (LOCOS) 
process. 

In accordance with embodiments, at least one internal field 
ring is formed in the drift region between the source fingertip 
and the drain, thereby increasing a breakdown Voltage with 
out causing an increase in the radius of curvature. The Source 
fingertip is used as a channel, thereby decreasing specific 
on-resistance Rsp. Moreover, the internal field ring and the 
field oxide film are formed in the drift region through two 
oxidation processes without using an additional mask to 
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4 
increase a breakdown Voltage and specific on-resistance, 
thereby minimizing the number of semiconductor processes. 

DRAWINGS 

The above and other features of the invention will become 
apparent from the following description of embodiments 
given in conjunction with the accompanying drawings, in 
which: 

FIG. 1 illustrates a layout diagram showing a power semi 
conductor device of the related art, for example, an LDMOS 
transistor. 

FIG. 2 illustrates a sectional view taken along the line II-II' 
of FIG. 1. 
Example FIG. 3 illustrates a layout diagram showing an 

LDMOS device in accordance with embodiments of the 
invention. 
Example FIG. 4 illustrates a cross-sectional view taken 

along the line IV-IV of FIG. 3, in accordance with embodi 
ments of the invention. 
Example FIGS.5A to 5F illustrate process sectional views 

of a process of manufacturing an LDMOS device in accor 
dance with embodiments of the invention. 

DESCRIPTION 

Embodiments of the invention are described herein, 
including the best mode known to the inventors for carrying 
out the invention. Variations of those embodiments may 
become apparent to those of ordinary skill in the art upon 
reading the foregoing description. The inventors expect 
skilled artisans to employ Such variations as appropriate, and 
the inventors intend for the invention to be practiced other 
wise than as specifically described herein. Accordingly, 
embodiments of the invention include all modifications and 
equivalents of the Subject matter recited in the claims 
appended hereto as permitted by applicable law. Moreover, 
any combination of the above-described elements in all pos 
sible variations thereof is encompassed by embodiments of 
the invention unless otherwise indicated herein or otherwise 
clearly contradicted by context. 

Hereinafter, an n-channel LDMOS transistor which has a 
Small radius of curvature and minimizes the number of pro 
cesses to increase a breakdown voltage will be described in 
detail with reference to the accompanying drawings. 
Example FIG. 3 illustrates a layout diagram showing an 

LDMOS device in accordance with embodiments of the 
invention. Example FIG. 4 illustrates a cross-sectional view 
taken along the line IV-IV of example FIG. 3. The same 
reference numerals in example FIGS. 3 and 4 represent the 
same regions or layers. 
As illustrated in example FIGS.3 and 4, an LDMOS device 

in accordance with embodiments of the invention includes a 
deep n-well 302 which is formed in a p-type or a p-type SOI 
substrate 300 and used as a drift region of the LDMOS device, 
ap-body 304 in which a channel of the LDMOS device will be 
formed, an n+ source 306 and an n+ drain 308, a p+ contact 
310 for coming into contact with the p-body 304, a field oxide 
film 312, agate oxide film 314, agate 316 made of polysilicon 
or the like, and a drain electrode 318 and a source electrode 
320 made of metal or the like. 
The p-- contact 310 and the n+ source 306 are separated 

from the drain 308 with the gate 316 interposed therebetween, 
and a portion of the deep n-well320 between the gate 316 and 
the drain 308 corresponds to the drift region of the LDMOS 
device. 
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In accordance with embodiments of the invention, the field 
oxide film 312 is formed through an oxidation process. For 
example, a LOCOS oxide film may be used. Moreover, the 
source 306 includes a protruding source fingertip 306t in the 
central portion thereof, and the drain 308 is formed to sur- 5 
round the source 306. 

In the LDMOS device having the above-described struc 
ture, a phenomenon occurs in which an electric field concen 
trates on the drift region between the source fingertip. 306tand 
the drain 308, thereby causing a breakdown current. In accor- 10 
dance with embodiments, in order to prevent this phenom 
enon, a plurality of p-type internal field rings 322 having a 
doping type opposite to the doping type of the drift region are 
formed below the field oxide film 312. 
A process for forming the internal field rings 322 will be 15 

described. First, an ion implantation mask for forming a drift 
region is formed, n-type impurity ions are implanted, and a 
first oxidation process is performed using the ion implanta 
tion mask to forman oxide film in a portion corresponding to 
the drift region. A p-type impurity ion implantation process, 20 
for example, a blanketion implantation process, is performed 
on the Substrate 300 with the oxide film 300 formed to form 
the internal field rings 322. Meaning, with the blanket ion 
implantation process, while the p-type impurity ions are not 
implanted into a portion where the oxide film is formed, the 25 
p-type impurity ions are implanted into a portion where no 
oxide film is formed, such that the internal field rings 322 
having an opposite type are formed in the drift region. 

Next, the oxide film is removed, and a second oxidation 
process is performed to form the field oxide film 312. At this 30 
time, as the oxide film is removed, a portion where the field 
oxide film 312 will be formed has a predetermined step, and 
with this step, the field oxide film 312 which is formed 
through a second oxidation process has a predetermined step. 

Accordingly, in accordance with embodiments of the 35 
invention, the internal field rings 322 are separated from each 
other at predetermined intervals and formed below the field 
oxide film 312, and the field oxide film 312 has a predeter 
mined step difference. In this way, the internal field rings 322 
are formed in the drift region through the blanketion implan- 40 
tation process, thereby increasing a breakdown Voltage with 
out needing a process for forming an additional ion implan 
tation mask and without causing an increase in the radius of 
curvature between the source fingertip306tand the drain 308. 
A process for manufacturing an internal field ring will be 45 

described with reference to example FIGS. 5A to 5F. 
Example FIGS.5A to 5F illustrate process cross-sectional 

views of a process for manufacturing an LDMOS device in 
accordance with embodiments of the invention. 
As illustrated in example FIG.5A, a process for implanting 50 

n-type high-concentration impurity ions is first performed to 
form the deep n-well 302 in the p-type substrate or the p-type 
SOI substrate 300 as the drift region of the LDMOS device. 
Specifically, an insulating film 324, for example, a silicon 
nitride is formed on and/or over the substrate 300, and a 55 
photoresist pattern 326 is formed to define a region of the 
insulating film 324 where n-type high-concentration impurity 
ions will be implanted. The insulating film 324 is then etched 
with the photoresist pattern 326 as an etching mask to expose 
a portion of the substrate 300. Next, a process for implanting 60 
n-type high-concentration impurity ions is performed with 
the photoresist pattern 326 and the etched insulating film 324 
as an ion implantation mask to form n-type impurity regions 
328 in the substrate 300. A region which is not exposed 
through the etching insulating film 324 is a portion where the 65 
internal field rings 322 will beformed and a portion where the 
p-body 304 will be formed. Meaning, the insulating film 324 

6 
is etched such that a portion where the field oxide film 312 
will be formed between the gate 316 and the drain 308 is 
partially exposed to expose the drift region. 
As illustrated in example FIG. 5B, the photoresist pattern 

326 is then removed, and the first oxidation process is per 
formed with the etched insulating film 324 as a mask to form 
a first oxide film 330 on and/or over the substrate 300 exposed 
through the etched insulating film 324. 
As illustrated in example FIG. 5C, the etched insulating 

film 324 is then removed, and a blank p-type impurity ion 
implantation process is performed to form p-type impurity 
regions 332 in a portion where the internal field rings 322 will 
beformed and a portion where the p-body 304 will beformed. 
At the time of the blanket ion implantation process, p-type 
impurity ions are not implanted into the n-type impurity 
region 328 due to the first oxide film 330. 
As illustrated in example FIG.5D, the first oxide film 330 

is then removed, and a thermal process is performed to form 
the internal field rings 322, the p-body 304, and the deep 
n-well 302 serving as the drift region. A portion where the first 
oxide film 330 has a predetermined step. 

In accordance with embodiments, the method of manufac 
turing an LDMOS device formation of the internal field rings 
322 in the drift region between the source fingertip. 306tand 
the drain 308, the p-body 304, and the deep n-well 302 serv 
ing as the drift region can be done through two ion implanta 
tion processes, thereby reducing the overall number of pro 
cesses of the semiconductor device. 
The internal field rings 322 having an impurity different 

from the n-type impurity are formed in the drift region, 
thereby increasing a breakdown Voltage without causing an 
increase in the area. The breakdown voltage of the LDMOS 
device in accordance with embodiments can be determined 
by adjusting the depth and width of the internal field rings 
322. Meaning, the depth and width of the internal field rings 
322 can be adjusted by adjusting the amount of ion implan 
tation and ion energy at the time of the p-type impurity ion 
implantation process. 
As illustrated in example FIG. 5E, next a field region is 

defined, the silicon nitride 334 is etched, and a second oxida 
tion process is performed to grow the field oxide film 312 in 
the drift region. The second oxidation process may be a 
LOCOS process. The field oxide film 312 which is formed in 
the drift region has a step due to a step when the first oxide 
film 330 is removed. 
As illustrated in example FIG. 5F, next the silicon nitride 

334 is removed, the gate oxide film 314 is grown, and poly 
silicon is deposited at a prescribed thickness and etched to 
form the gate 316. Next, an n-type impurity ion implantation 
process for forming the n+ source 306 and the drain 308, that 
is, a p-type impurity ion implantation process for forming the 
p+ contact 310 which comes into contact with the body is 
performed and activated through a thermal process. Next, 
similarly to the CMOS process, an insulating interlayer depo 
sition and metal wire process is performed to form the source 
electrode 320 and the drain electrode 318, thereby completing 
the LDMOS device. 

In accordance with embodiments, the method of manufac 
turing an LDMOS device at least one internal field ring 322 
may beformed in the drift region between the source fingertip 
306t and the drain 308, thereby increasing a breakdown volt 
age without causing an increase in the radius of curvature. 
The source fingertip. 306t is used as a channel, thereby 
decreasing specific on-resistance Rsp. 

Although embodiments have been described, it should be 
understood that numerous other modifications and embodi 
ments can be devised by those skilled in the art that fall within 
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the spirit and scope of the principles of this disclosure. More 
particularly, various variations and modifications are possible 
in the component parts and/or arrangements of the Subject 
combination arrangement within the scope of the disclosure, 
the drawings and the appended claims. In addition to varia 
tions and modifications in the components parts and/or 
arrangements, alternative uses will also be apparent to those 
skilled in the art. 

What is claimed is: 
1. A method of manufacturing an LOMOS device which 

has a source and a drain arranged to be separated from each 
other on both sides of a substrate with a gate interposed there 
between, the method comprising: 

implanting first conduction type impurity ions into the first 
regions of the Substrate forming first conduction type 
impurity regions in the Substrate, wherein a second 
region of the Substrate remains undoped and the 
undoped second region includes a first portion on which 
the Source is to be formed and at least one second portion 
positioned between the first portion and a on which the 
drain is to be formed; 

forming an oxide film on the first regions of the Substrate 
through an oxidation process; 

performing an impurity implantation process with the 
oxide film as an ion implantation mask to implant Sec 
ond conduction type impurity ions into the second 
region forming a second conduction type impurity 
region at the first portion and at least one second con 
duction type impurity ring at the at least one second 
portion; 

removing the oxide film and performing a thermal process 
on the semiconductor Substrate, 

forming 
i) a first conduction type deep well serving as a drift region 

of the LOMOS device from the first conduction type 
impurity region in the Substrate, 

ii) a second conduction type well connected to the drift 
region from the a second conduction type impurity 
region at the first portion, and 
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iii) at least one internal field ring in the drift region from the 

at least one second conduction type impurity ring at the 
at least one second portion; 

and then forming a field oxide film on the substrate above 
the at least one internal field ring. 

2. The method of claim 1, wherein the step of implanting 
the first conduction type impurity ions comprises: 

forming an insulating film over the Substrate, 
forming a photoresist pattern over the Substrate; 
patterning the insulating film exposed through the photo 

resist pattern, 
implanting the first conduction type impurity ions, 
and then removing the photoresist pattern. 
3. The method of claim 2, wherein the insulating film is a 

silicon nitride. 
4. The method of claim 2, wherein, in the step of forming 

the oxide film, an oxidation process is performed using the 
patterned insulating film to form the oxide film. 

5. The method of claim 4, wherein, in the step of implanting 
the second conduction type impurity ions, the patterned insu 
lating film is removed and the second conduction type impu 
rity ions are implanted through an impurity ion implantation 
process with the oxide film as an ion implantation mask. 

6. The method of claim 5, wherein the insulating film is a 
silicon nitride. 

7. The method of claim 1, wherein, in said forming at least 
one internal field ring in the drift region, the internal field ring 
is formed below the field oxide film formed between a source 
fingertip portion of the source and the drain. 

8. The method of claim 1, wherein, in said implanting the 
second conduction type impurity ions, a dosage amount of the 
second conduction type impurity ions or an ion implantation 
energy is controlled to control the concentration in the drift 
region. 

9. The method of claim 1, wherein, in said forming the field 
oxide film, the field oxide film is formed through a Local 
Oxidation of Silicon process. 

10. The method of claim 1, wherein the at least one internal 
field ring includes a plurality of internal field rings spaced 
apart from each other under the field oxide film. 

k k k k k 


