2011/066802 A1 |1 I 000 O O 010 OO0 A 0

<

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(19) World Intellectual Property Organization /g [} 1M1 AN A0 00100 O 00
ernational Bureau S,/ ‘ 0 |
. . . ME' (10) International Publication Number
(43) International Publication Date \,!:,: #
9 June 2011 (09.06.2011) WO 2011/066802 A1

(51) International Patent Classification: (74) Agent: UNITALEN ATTORNEYS AT LAW, 7th

HO1L 29/78 (2006.01) HO11 21/336 (2006.01) Floor, Scitech Place, No.22, Jian Guo Men Wai Ave.,

hao Yang District, Beijing 100004 (CN).
(21) International Application Number: Chao Yang District, Beijing ()

PCT/CN2010/079412 (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(22) International Filing Date:3 b ber 2010 (0312010 AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
ecember 2010 (03.12.2010) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
o . HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(26) Publication Language: English KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
200910188704.5 3 December 2009 (03.12.2009)  CN NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU;, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(71) Applicants (for all designated States except US): CSMC TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

TECHNOLOGIES FAB1 CO., LTD. [CN/CN]; No.5,

Hanjiang Road, National Hi-Tech Industrial Development (84) Designated States (unless otherwise indicated, for every

Zone, Wuxi, Jiangsu 214028 (CN). CSMC TECH- kind of regional protection available): ARIPO (BW, GH,
NOLOGIES FAB2 CO. LTD. [CN/CN]; No. 8, GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
Xinzhou Road, National Hi-Tech Industrial Development ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Zone, Wuxi, Jiangsu 214028 (CN). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Inventors; and LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(75) Inventors/Applicants (for US orly): WU, Hsiao Chia SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
[CN/CN]; No. 8, Xinzhou Road, National Hi-Tech Indus- GW, ML, MR, NE, SN, TD, TG).
trial Development Zone, Wuxi, Jiangsu 214028 (CN). Published:

LUOQ, Zehuang [CN/CN]; No. 8, Xinzhou Road, Nation-
al Hi-Tech Industrial Development Zone, Wuxi, Jiangsu —  with international search report (drt. 21(3))
214028 (CN). HAN, Guangtao [CN/CN]; No. 8,

Xinzhou Road, National Hi-Tech Industrial Development

Zone, Wuxi, Jiangsu 214028 (CN).

(54) Title: N TYPE LATERAL DOUBLE DIFFUSED METAL OXIDE SEMICONDUCTOR DEVICE AND MANUFACTUR-
ING METHOD THEREOF

(ol 0
7L //@

]IQ—X @ —//113
722227

115

A

Figure 1

(57) Abstract: An N type lateral double diffused metal oxide semiconductor (NLDMOS) device comprises a floating P type struc-
ture (115), a first field oxide region (107), a second field oxide region (109) and an N type dritt region (113), wherein the first
field oxide region (107) and the second field oxide region (109) are disposed on the N type drift region (113); the floating P type
structure (115) is located in the middle portion of the N type drift region (113); the first field oxide region (107) and the second
field oxide region (109) are not connected together; and width of active region between the first field oxide region (107) and the
second tield oxide region (109) matches with length of the injected tloating P type structure (115). By employing the construction
of the NLDMOS, not only the breakdown voltage of semiconductor device can be raised, but also on-resistance can be eftectively
lowered. Meanwhile, the requirements of high-energy injection are lowered and the limitation to processing machine is decreased,
making the manufacturing easier to be carried out.
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N TYPE LATERAL DOUBLE DIFFUSED METAL OXIDE SEMICONDUCTOR
DEVICE AND MANUFACTURING METHOD THEREOF

FIELD OF THE INVENTION

[66¢1] The present invention relates to an N type Lateral Double-diffused Metal Oxide
Semiconductor (NLDMOS) device, in particular, relates to a NLDMOS having a relatively
high breakdown voltage and a relatively low on-resistance and a method of manufacturing

the same.

BACKGROUND

166627 With continuous increase of operational voltage of semiconductor devices, Super
Junction has been introduced in order to obtain a higher withstand voltage and a lower
on-resistance. For example, with respect to an N type Lateral Double-diffused Metal Oxide
Semiconductor (NLDMOS), an N type drift region with a relatively high concentration is
firstly formed in order to obtain a relatively low on-resistance. Since a drift region with a
relatively high concentration makes the breakdown value of device relatively low, a certain
P type region is formed in the N type drift region meanwhile. The P type region is
generally distributed in stripe along the channel direction in the surface of the drift region.
By achieving an electrical charge balance between N type impurities in the drift region and
P type impurities introduced, the depletion of drift region is enhanced and the breakdown
voltage of device is improved. However, the P type region is injected into the surface of the
drift region by low energy, electrical current can merely flow through the drift region
underneath. Moreover, in order to deplete the whole drift region in longitudinal direction,
the junction depth of the P type region should not be too shallow. Therefore, the P type
region must be formed through a certain thermal drive-in process, such that impurity
concentration in the N type drift region will decrease under effect of the P type impurity,
thus increasing the on-resistance. Besides, the P type region formed through a thermal
process increases in size due to lateral diffusion, which reducing flow path of electrical

current and increasing the on-resistance again.

SUMMARY OF THE INVENTION

108831 In view of above, it is necessary to provide a NLDMOS device that can increase
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breakdown voltage and reduce on-resistance, which addresses the issue of relatively large

on-resistance and relatively low breakdown voltage of NLDMOS device.

16884} Furthermore, it is also necessary to provide a method of manufacturing a

NLDMOS device that increases breakdown voltage and reduces on-resistance.

16885] A NLDMOS device comprises a floating P type structure, a first field oxide
region, a second field oxide region and a N type drift region, wherein the first field oxide
region and the second field oxide region are disposed on the N type drift region, wherein
the floating P type structure is located in the middle portion of the N type drift region along
the channel direction of the N type drift region, the width of an active region between the
first field oxide region and the second field oxide region is no less than the length of the

floating P type structure.

108861 Preferably, a plurality of floating P type structures are provided in the N type drift

region.

166877 Preferably, the floating P type structure is in a stripe shape and the cross section

of the floating P type structure is in a rectangular shape.
106881 Preferably, the cross section of the floating P type structure is in a circular shape.

106897 Preferably, the length of the first field oxide region is different from that of the

second field oxide region.

106167 A method of manufacturing a NLDMOS device comprising a floating P type
structure, a first field oxide region, a second field oxide region and a N type drift region,
wherein the first field oxide region and the second field oxide region are disposed on the N

type drift region, the method comprises the following five steps of:

10611} step 1): forming an epitaxial layer on a buried oxide layer by epitaxial

manufacturing process;
[0012] step 2): performing well injection by MOS process to form the N type drift
region;

[00613] step 3): growing the first field oxide region and the second field oxide region, an
active region located between the first field oxide region and the second field oxide region,

wherein the size of the active region matches with the length of the floating P type
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structure to be injected;

16814} step 4): performing injection for a source region, a gate region and a drain region;

and

[6815] step 5): injecting a floating P type structure into the middle portion of the N type
drift region through the active region between the first field oxide region and the second

field oxide region.

16816} Preferably, the injection energy of the floating P type structure is
200Kev~2000Kev.

16817} By using the above construction, the breakdown voltage of a NLDMOS device
can be increased and on-resistance thereof can be reduced, the requirement on thickness of
photoresist during manufacturing process and the requirement of high energy injection

machine are lowered.

BRIEF DESCRIPTION OF THE DRAWINGS

{0618} FIG 1 is a schematic structural view of a NLDMOS device according to an

embodiment of the invention.

{66191 FIG 2 is a schematic sectional view taken along A-A’ direction of Fig. 1.

DETAILED DESCRIPTION OF THE INVENTION

10026] Fig. 1 illustrates a schematic structural view of a NLDMOS device according to
the invention. The NLDMOS device includes a substrate lead-out 101, an source region
lead-out 103, a gate lead-out 105, a first field oxide region 107, a second field oxide region
109, a drain end lead-out 111, a N type drift region 113 made by high voltage N well, a
floating P type structure (floating P structure) 115, a buried oxide layer 117 and a substrate
119 made by high voltage P well, wherein the N type drift region 113 is located on the
buried oxide layer 117, the substrate 119 adjacent to the N type drift region 113 is located
on the buried oxide layer 117, and the floating P type structure 115 is disposed within the N
type drift region 113.

166211 By adjusting concentrations of impurities in various parts, the range of

breakdown voltage of the above NLDMOS device can reach 100V~1000V.
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16822} The floating P type structure 115 is located in the middle portion of the N type
drift region 113 along the channel direction of the N type drift region 113 and the number
thereof is not limited to one, i.e., there can be two and more floating P type structures 115
(as shown in Fig. 2). The floating P type structure 115 is of a stripe shape in layout and the
cross section of the floating P type structure is in a rectangular shape. The floating P type
structure 115 is injected into the middle portion of the N type drift region 113 by high
energy. The injection energy is 200Kev~2000Kev and can be suitably adjusted according
to the impurity distribution of the N type drift region 113 and the thickness of the epitaxial
process. The dose of the floating P type structure 115 is required to achieve an electrical
charge balance with the N type drift region 113. The floating P type structure 115 located
in the middle portion of the N type drift region 113 can deplete N type impurities in the
lateral direction and the longitudinal direction, thus facilitating the depletion of the N type
drift region 113, increasing breakdown voltage of the device and reducing on-resistance.
Moreover, electrical current can flow along channels in the N type drift region 113 above
and under the floating P type structure 115, and the path through which electrical current
flows is relative large. By employing the above construction, the impurity concentration of

the drift region can be suitably increased so as to further reduce resistance.

100231 The cross section of the floating P type structure 115 is not limited to rectangle,
other shapes are also possible, such as circle, as long as these shapes are advantageous to

the depletion of the N type drift region.

16824} The first field oxide region 107 and the second field oxide region 109 are
disposed on the N type drift region 113 to face each other. The first field oxide region 107
and the second field oxide region 109 do not completely cover the N type drift region 113.
Therefore, the region between the first field oxide region 107 and the second field oxide
region 109 remains to be an active region. The width of the active region between the first
field oxide region 107 and the second field oxide region 109 matches with the length of the
injected floating P type structure 115. The length of the first field oxide region 107 can be
different from that of the second field oxide region 109.

100625} Conventionally, the whole drift region of a NLDMOS device with a breakdown
voltage which is above 100V is covered by a field oxide region. Since the floating P type
structure 115 has to be injected into a middle portion of the N type drift region, a very high
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injection energy is necessary, thus requiring that the injection machine must realize a high
energy injection and that the photoresist is thick enough so as to block the floating P type
structure 115 from being injected into other regions. In the embodiment, the active region
made between the first field oxide region 107 and the second field oxide region 109 has a
relatively thin oxide layer, thus facilitating the injection of the floating P type structure 115
and reducing the requirements on the energy of injection machine and the thickness of
photoresist, such that a floating P type structure 115 can be formed with a smaller width
and spacing and the injection peak value of the floating P type structure 115 is deeper,

making it easier to realize in manufacturing.

10026] According to an embodiment of the invention, a method of manufacturing the

above-described NLDMOS device includes the following steps of:

100277 step 1): forming an epitaxial layer on a buried oxide layer by conventional

epitaxial manufacturing process;

10028] step 2): performing well injection by conventional MOS process to form the N
type drift region;

100297 step 3): forming the first field oxide region and the second field oxide region by
growth, the active region located between the first field oxide region and the second field
oxide region, wherein the size of the active region matches with the length of a floating P

type structure to be injected;

16638} step 4): performing injection for a source region, a gate region and a drain region;

and

16631} step 5): injecting a floating P type structure into the middle portion of the N type
drift region through the active region between the first field oxide region and the second

field oxide region.

{6632} Since the device according to the embodiment of the invention is made on a
silicon-on-insulator (SOI) wafer, there is a buried oxide layer. It is appreciated by those
skilled in the art that the use of the SOI wafer intends to enhance isolation effect of the

device and should not be construed as limiting the invention.

{06331 The five steps described above are only main steps required, and it is apparent

that those skilled in the art are familiar with well known details that have not been
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mentioned.

[6934] In the embodiment of the invention, the injection of the floating P type structure
115 is performed after the injection for the source region and a drain region, so that the
floating P type structure 115 is subject to less thermal process, thus avoiding the reduction
of N type impurity concentration caused by diffusion of P type impurity and the increase of

on-resistance caused by increase in size of the floating P type structure 115, etc.

{08351 Described above are only several embodiments of the invention, which are
described in a relatively specific and detailed manner. However, they should not be
construed as limiting the scope of the invention. It is noted that many variations and
modifications can be made by those with ordinary skills in the art under the premise that
they do not depart the concept of the invention, which all fall within the scope of
protection of the invention. Therefore, the scope of protection of the invention is defined

by the appended claims.



10

15

20

25

WO 2011/066802 PCT/CN2010/079412

CLAIMS

1. An NLDMOS device, comprising a floating P type structure, a first field oxide
region, a second field oxide region and a N type drift region, wherein the first field oxide
region and the second field oxide region are disposed on the N type drift region, wherein
the floating P type structure is located in the middle portion of the N type drift region along
the channel direction of the N type drift region, and wherein the width of active region
between the first field oxide region and the second field oxide region is no less than the

length of the floating P type structure.

2. The NLDMOS device according to claim 1, wherein the number of the floating

P type structure is no less than two.

3. The NLDMOS device according to claim 1, wherein the floating P type
structure is in a stripe shape and the cross section of the floating P type structure is in a

rectangular shape.

4. The NLDMOS device according to claim 1, wherein the cross section of the

floating P type structure is in a circular shape.

5. The NLDMOS device according to claim 1, wherein the length of the first field

oxide region is different from that of the second field oxide region.

6. A method of manufacturing NLDMOS device comprising a floating P type
structure, a first field oxide region, a second field oxide region and a N type drift region,
wherein the first field oxide region and the second field oxide region are disposed on the N

type drift region, wherein the method comprises:

step 1): forming an epitaxial layer on a buried oxide layer by epitaxial

manufacturing process;
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step 2): performing well injection by MOS process to form the N type drift region;

step 3): growing the first field oxide region and the second field oxide region, an
active region located between the first field oxide region and the second field oxide region,
wherein size of the active region matches with length of the floating P type structure to be

injected;

step 4): performing injection for a source region, a gate region and a drain region;

and

step 5): injecting the floating P type structure into the middle portion of the N type
drift region through the active region between the first field oxide region and the second

field oxide region.

7. The method of manufacturing NLDMOS device according to claim 6, wherein

the injection energy of the floating P type structure is 200Kev~2000Kev.
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