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(57) ABSTRACT 
A semiconductor apparatus has an NPN (or PNP) laterally 
three-layered pillar formed in a mesh form among a plurality 
of trench type element isolation regions, and having a source 
and gate on an upper surface of the three-layered pillar, and 
a drain on a loWer surface thereof. Adepth DT and minimum 
planar Width WTmin of the element isolation region and a 
Width WP of the three-layered pillar are con?gured to satisfy 
a relation of 3.75§DT/WP§ 60 or 5.52 DT/WTminé 14.3. 
The above con?guration realiZes a high breakdown voltage 
and loW on-resistance are realized. 

//l / 1 1 r /} / 

t s t i x 
85 84 83 84 85 



Patent Application Publication May 30, 2002 Sheet 1 0f 11 US 2002/0063259 A1 

:2 5% P .0 _ u 

@523 E @225 EN 
r I I | | I I I l l I I I l l | | I | l l l | i l I I | I | I I | l I I l l I l l l I I I I ||l|llll llllll. Illlllillllllll |l|llll .I‘llllllllll‘l 

:3 om RENE é 

lllllllllllllllllllllllllllll'lll III-1.1] lllllllllllllll ||l|||| lllllllllllllll lllllll llllllllllllll 

EYE-gm 5m R283 :5 



Patent Application Publication May 30, 2002 Sheet 2 0f 11 US 2002/0063259 A1 

\it 3 
8V +2 

\ \ E 
:L 
00 

\ 
+ A 
z 

> (\l 
(O - 

°° \ q; 11 E 2 
a F + '-'— 

2 v 



Patent Application Publication May 30, 2002 Sheet 3 0f 11 US 2002/0063259 A1 



Patent Application Publication May 30, 2002 Sheet 4 0f 11 US 2002/0063259 A1 

:28 

@@@© 
\ \\\\: 



Patent Application Publication May 30, 2002 Sheet 5 0f 11 US 2002/0063259 A1 

Z4444 , 
y N: / 

(/8? /_, Z 4 W 



Patent Application Publication May 30, 2002 Sheet 6 0f 11 US 2002/0063259 A1 

90; 



Patent Application Publication May 30, 2002 Sheet 7 0f 11 

16 / 

A V 

l/ < 1_0~30gm 
// , 

N-H- ( 

+ A 
z 

) + E 
+ 0- IL 
0. L0 

+ /<\I 
Z V /"\ N 
\ A 

El \\ \ \ \V 
+ A 

\ Z > + E 

\+ + \ 
Z Z V 

\\\ \ i 
z 

\ 

>+ 1,; \f 
D. 

D/ 
+ \_/_ 
2 

US 2002/0063259 A1 

FIG] 



Patent Application Publication May 30, 2002 Sheet 8 0f 11 US 2002/0063259 A1 

a 5mg 5: a 



Patent Application Publication May 30, 2002 Sheet 9 0f 11 US 2002/0063259 A1 

'. /Si Pillar Region 12 



Patent Application Publication May 30, 2002 Sheet 10 0f 11 US 2002/0063259 A1 

a 5% 55 5 mm @558 EDGE: \ .. 
2%: L3 505:. 

a; “ £2; 5: a : Co? 555 

5E2 CQHEEE 
. wm? .H....H.H..... 

. ... .. 



Patent Application Publication May 30, 2002 Sheet 11 0f 11 US 2002/0063259 A1 

2.0; 

mm NN & ON 2 2 E m: m: E 2 

Q 2 2m 

2:356; Elwuts 
:82 @5585; > lml £22 3&6 6a 1.4.. 

£22 “£8225 .? Ill 
85m :U: 

0.2 0.0m Qom 
Channel Density ( pm/ 100 p m2) 



US 2002/0063259 A1 

A POWER MOSFET HAVING LATERALLY 
THREE-LAYERED STRUCTURE FORMED 
AMONG ELEMENT ISOLATION REGIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2000-359762, ?led Nov. 27, 2000, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a semiconductor 
apparatus, particularly to a semiconductor apparatus in 
Which a MOSFET is formed on an Si pillar of a longitudinal 
and laterally three-layered structure of NPN (or PNP), and 
to a structure suitable for a poWer sWitching device Which 
requires a loW on-resistance/high breakdoWn voltage. 

[0004] 2. Description of the Related Art 

[0005] A poWer sWitching device utilizing a MOSFET is 
required to have a loW on-resistance/high breakdoWn volt 
age. In a poWer MOSFET having a conventional planar 
structure, hoWever, When the on-resistance is loWered, the 
breakdoWn voltage is also loWered. When the breakdoWn 
voltage is raised, the on-resistance is raised. The device has 
an opposite relation. 

[0006] That is, in the poWer MOSFET of the planar 
structure, a MOS structure is formed on the upper surface of 
an N“ epitaXial layer formed, for example, on an N+ sub 
strate, and a current path eXtending to the MOSFET on the 
upper surface from a back surface of the substrate via the N“ 
epitaXial layer is formed. 

[0007] Therefore, a resistance during an on operation of 
the MOSFET (on-resistance) depends on a thickness of the 
N“ epitaXial layer. Moreover, since a depletion layer eXtends 
in the N“ epitaXial layer, the breakdoWn voltage is deter 
mined by the thickness of the N- epitaXial layer. 

[0008] As described above, the current path is the same as 
a region for maintaining the breakdoWn voltage. Therefore, 
When the thickness of the N“ epitaXial layer is set to be large 
for enhancement of the breakdoWn voltage, the on-resis 
tance increases. Conversely, When the N“ epitaXial layer is 
formed to be thin and the on-resistance is loWered, the 
breakdoWn voltage also decreases. Such opposite relation 
eXists, and it is difficult to satisfy both conditions. 

[0009] In order to Wipe aWay the relation opposite to the 
relation of the loW on-resistance/high breakdoWn voltage, 
and obtain the loW on-resistance/high breakdoWn voltage in 
the poWer MOSFET of the conventional planar structure, for 
example, a MOSFET (cool MOS; trademark of Siemens 
Co., Gerrnany) having a super junction structure is knoWn, 
for example, by “Cool MOS-a neW milestone in high voltage 
PoWer MOS” by L. LorenZ, G. Deboy (Document 1) (e.g., 
Jpn. Pat. Appln. KOKAI Publication No. 7-7154). 

[0010] In the poWer MOSFET of the super junction struc 
ture, as shoWn in FIG. 1, an N+ pillar layer 71 constituting 
the current path and a P+ pillar layer 72 for maintaining the 
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reverse breakdoWn voltage betWeen drain and source are 
formed in a depth direction (vertical direction), respectively. 

[0011] According to the structure, the on-resistance 
depends on an impurity concentration of the N+ pillar layer 
71. Moreover, the breakdoWn voltage eXtends the depletion 
layer in a lateral direction, and is therefore determined by an 
impurity concentration and Width of the P+ pillar layer 72. 
As a result, it is possible to secure an equal reverse break 
doWn voltage (e.g., 600V) betWeen drain and source and to 
reduce the on-resistance to about 1/3 to 1A With respect to the 
poWer MOSFET of the conventional planar structure. 

[0012] Additionally, a manufacturing process of the MOS 
FET disclosed in Document 1 is complicated, because 
epitaXial groWth of silicon, patterning, and ion implantation 
need to be repeated a plurality of times (six times in FIG. 1). 
With such very long process, cost and time are required. It 
is feared that a manufacturing cost largely rises. 

[0013] A method of ion-irnplanting N or P type irnpurities 
into each side surface of a striped trench formed in a 
semiconductor substrate and forming a longitudinal N or P 
pillar layer has also been proposed (US. Pat. No. 6,040, 
600). HoWever, also in this method, tWo ion implantation 
steps are necessary for forming the N and P pillar layers for 
one element of MOSFET, and further there is a restriction 
that only a MOSFET having a stripe pattern as a planar form 
can be formed. 

[0014] Therefore, there has been a demand for establish 
rnent of a neW structure of the poWer MOSFET Which is easy 
in manufacturing, high in breakdoWn voltage, and loW in 
on-resistance. 

BRIEF SUMMARY OF THE INVENTION 

[0015] According to a ?rst aspect of the present invention, 
there is provided a semiconductor apparatus comprising: 

[0016] a semiconductor substrate of a ?rst conduc 
tivity type having a ?rst and a second main surface; 

[0017] a plurality of element isolation regions formed 
to have a predetermined depth DT from the ?rst rnain 
surface of the semiconductor substrate, and formed 
by ?lling a plurality of trenches With an insulator; 

[0018] a laterally three-layered pillar forrned among 
the plurality of element isolation regions With a 
Width WP and in a rneshed planar shape, comprising 
a ?rst and a second pillar layer of the ?rst conduc 
tivity type Which contact tWo adjacent elernent iso 
lation regions out of the plurality of element isolation 
regions over a depth direction, respectively, and a 
third pillar layer of a second conductivity type 
formed between the ?rst and the second pillar layer, 
and having a relation of 3.75éDT/WPé60 betWeen 
the Width WP of the three-layered pillar and the 
depth DT of the element isolation region; 

[0019] a base region of the second conductivity type 
formed on an upper surface of the third pillar layer 
of the second conductivity type; 

[0020] a source region of the ?rst conductivity type 
selectively formed on the upper surface of the base 
region; 
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[0021] a gate electrode formed on the base region 
between the source region and an upper surface of 
the ?rst or the second pillar layer in an insulating 
manner; and 

[0022] a drain layer of the ?rst conductivity type 
formed on the second main surface of the semicon 
ductor substrate, and contacting a loWer surface of 
the three-layered pillar. 

[0023] According to a second aspect of the present inven 
tion, there is provided a semiconductor apparatus compris 
ing: 

[0024] a semiconductor substrate of a ?rst conduc 
tivity type having a ?rst and a second main surface; 

[0025] a plurality of element isolation regions formed 
to have a predetermined depth DT from the ?rst main 
surface of the semiconductor substrate, and formed 
by ?lling a plurality of trenches With an insulator; 

[0026] a laterally three-layered pillar formed among 
the plurality of element isolation regions With a 
Width WP and in a meshed planar shape, so as to 
have a plurality of openings having a minimum 
opening Width WTmin, comprising a ?rst and a 
second pillar layer of the ?rst conductivity type 
Which contact tWo adjacent element isolation regions 
out of the plurality of element isolation regions over 
a depth direction, respectively, comprising a third 
pillar layer of a second conductivity type formed 
betWeen the ?rst and the second pillar layer, and 
having a relation of 5.5éDT/WTminé 14.3 betWeen 
the opening Width WTmin of the three-layered pillar 
and the depth DT of the element isolation region; 

[0027] a base region of the second conductivity type 
formed on an upper surface of the third pillar layer 
of the second conductivity type; 

[0028] a source region of the ?rst conductivity type 
selectively formed on an upper surface of the base 
region; 

[0029] a gate electrode formed on the base region 
betWeen the source region and an upper surface of 
the ?rst or the second pillar layer in an insulating 
manner; and 

[0030] a drain layer of the ?rst conductivity type 
formed on the second main surface of the semicon 
ductor substrate, and contacting a loWer surface of 
the three-layered pillar. 

[0031] According to a third aspect of the present inven 
tion, there is provided a semiconductor apparatus compris 
ing: 

[0032] a semiconductor substrate of a ?rst conduc 
tivity type having a ?rst and a second main surface; 

[0033] a plurality of element isolation regions formed 
to have a predetermined depth DT from the ?rst main 
surface of the semiconductor substrate, and formed 
by ?lling a plurality of trenches With an insulator; 

[0034] a laterally three-layered pillar formed among 
the plurality of element isolation regions With a 
Width WP and in a meshed planar shape so as to have 
a plurality of openings having a minimum opening 
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Width WTmin, comprising a ?rst and a second pillar 
layer of the ?rst conductivity type Which contact tWo 
adjacent element isolation regions out of the plurality 
of element isolation regions over a depth direction, 
respectively, and comprising a third pillar layer of a 
second conductivity type formed betWeen the ?rst 
and the second pillar layer; 

[0035] a base region of the second conductivity type 
formed on an upper surface of the third pillar layer 
of the second conductivity type; 

[0036] a source region of the ?rst conductivity type 
selectively formed on an upper surface of the base 
region; 

[0037] a gate electrode formed on the base region 
betWeen the source region and an upper surface of 
the ?rst or the second pillar layer in an insulating 
manner; and 

[0038] a drain layer of the ?rst conductivity type 
formed on the second main surface of the semicon 
ductor substrate, and contacting a loWer surface of 
the three-layered pillar, 

[0039] Wherein the plurality of element isolation 
regions include an edge termination isolation region 
surrounding a region With the three-layered pillar 
formed therein, and a relation With the minimum 
opening Width WTmin of the meshed three-layered 
pillar satis?es WTEminiWTmin, assuming that a 
minimum opening Width of one of the plurality of 
trenches corresponding to the edge termination iso 
lation region is WTEmin. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0040] FIG. 1 is a sectional vieW shoWing a part of a 
poWer MOSFET having a conventional super junction struc 
ture. 

[0041] FIG. 2 is a sectional vieW shoWing a part of a deep 
trench MOSFET (DTMOS) as a basic structure of the 
present invention. 

[0042] FIG. 3 is a perspective vieW shoWing a part of a 
planar pattern of a stripe pattern type and sectional structure 
as one eXample of the DTMOS of FIG. 2. 

[0043] FIG. 4 is a perspective vieW shoWing a part of a 
planar pattern of a mesh pattern type and sectional structure 
as another eXample of the DTMOS of FIG. 2. 

[0044] FIG. 5 is a sectional vieW of the DTMOS shoWing 
an eXample in Which an Si pillar portion is improved in the 
basic structure of FIG. 2. 

[0045] FIG. 6 is a sectional vieW of the DTMOS shoWing 
an eXample in Which an element isolation region is improved 
in the basic structure of FIG. 2. 

[0046] FIG. 7 is a sectional vieW shoWing a structure of a 
part of an element forming portion of the DTMOS having a 
cross intersecting mesh pattern and a part of a chip termi 
nation portion according to a ?rst embodiment of the present 
invention. 

[0047] FIG. 8 is a plan vieW shoWing a part of the planar 
pattern of the DTMOS of FIG. 7. 
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[0048] FIG. 9 is a plan vieW showing a planar pattern of 
a part of the element forming portion of the DTMOS having 
a T intersecting mesh pattern and a part of the chip termi 
nation portion according to a second embodiment of the 
present invention. 

[0049] FIG. 10 is a plan vieW shoWing the planar pattern 
of a part of the element forming portion of the DTMOS 
having a Y intersecting mesh pattern and a part of the chip 
termination portion according to a third embodiment of the 
present invention. 

[0050] FIG. 11 is a characteristic diagram shoWing a 
relation betWeen an Si pillar Width and a channel density of 
the DTMOS according to the second and third embodi 
ments. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0051] Prior to description of embodiments of the present 
invention, a structure and manufacturing method of a deep 
trench MOSFET (hereinafter abbreviated as DTMOS) 
already proposed by the present inventors Will be described. 

[0052] FIG. 2 is a sectional vieW shoWing a part of a basic 
structure of the DTMOS proposed by the present inventors. 
In the DTMOS, an N' epitaxial layer (not shoWn) is formed 
on an upper surface of an N++ substrate 80, a plurality of 
trenches for element isolation are formed to have a prede 
termined depth from the surface of the layer, and an insulator 
is buried in the trenches so that an element isolation region 
85 is formed. 

[0053] An NPN pillar having a vertical section of a 
three-layered sandWich structure is formed betWeen the 
trenches for element isolation. The NPN pillar is formed of 
an N+ pillar layer 84 having a rectangular section formed in 
a vertical direction along a side Wall surface of the trench by 
ion-implanting and thermally diffusing an N-type impurity 
(e.g., arsenic; AS) and P-type impurity (e.g., boron; B) into 
a semiconductor substrate via a side Wall of the trench for 
element isolation, and a P+ pillar layer 83 having a rectan 
gular section formed in the vertical direction betWeen the N+ 
pillar layers. 

[0054] Additionally, a sum of (As-B) total amounts in the 
tWo N+ pillar layers 84 is set to be equal to a (B-As) total 
amount in the P+ pillar layer 83 With a difference of 15% or 
less. An impurity amount can be controlled at a high 
precision by ion implantation of As and B into the trench 
side Wall. 

[0055] A P+ base region 83a is formed in an upper portion 
of the P+ pillar layer 83, an N+ source region 86 is selectively 
formed on the surface of the upper portion, and a gate 
electrode 88 is formed above a P region surface portion 
(channel region) sandWiched betWeen the N+ source region 
86 and the N+ pillar layer 84 via a gate oxide ?lm 87. 
Furthermore, an interlayer dielectric ?lm 89 is formed on the 
substrate including the gate electrode 88, and a source metal 
Wiring 90 is formed to contact the N+ source region 86 via 
an opening of the interlayer dielectric ?lm 89. 

[0056] According to this structure, a poWer MOSFET 
structure is realiZed in Which the N+ substrate 80 is a drain 
and the N+ pillar layer 84 is a current path betWeen source 
and drain. Additionally, since tWo N+ pillar layers 84 (cur 
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rent path betWeen source and drain) exist in one NPN pillar, 
a channel density is high, and an on-resistance (Ron) can be 
reduced. Moreover, the P+ pillar layer 83 can enhance a 
reverse breakdoWn voltage betWeen drain and source. 

[0057] Next, a manufacturing process of the DTMOS 
shoWn in FIG. 2 Will roughly be described. First, the trench 
extending to the N++ substrate 80 from the surface of the N 
epitaxial layer (not shoWn) formed on the N++ substrate 80 
is formed in a portion to be the isolation region 85 later by 
reactive ion etching (RIE). In this case, a portion other than 
the trench on the surface of the N- epitaxial layer is covered 
With the oxide ?lm. 

[0058] Subsequently, ions of As and B are implanted into 
the trench side Wall at an implantation angle of about 7°, for 
example, by a rotation ion implantation process. Subse 
quently, As and B are simultaneously diffused by thermal 
diffusion at 1150° C. for 24 or more hours. 

[0059] In this case, a diffusion coef?cient of B is suf? 
ciently larger than a diffusion coefficient of As. Therefore, 
As diffuses about 2.5 pm from the trench side Wall to form 
the N+ pillar layer 84, and B diffuses about 7.5 pm and 
overlaps With diffusion from opposite sides to form the P+ 
pillar layer 83. That is, for the structure after thermal 
treatment, the NPN pillar is completed in Which the inner P+ 
pillar layer 83 is sandWiched betWeen the N+ pillar layers 84 
in a trench side Wall portion. 

[0060] Subsequently, the oxide ?lm (SiO2 ?lm) is formed 
on the trench side surface by thermal oxidation, and further 
an SiO2 ?lm or an SiN ?lm is formed by a chemical vapor 
deposition process (CVD). 

[0061] Subsequently, the substrate surface is ?atted by 
chemical mechanical polishing (CMP). The subsequent pro 
cess is performed similarly as a manufacturing process of 
MOSFET of a planar structure. That is, the P+ base region 
83a is formed in the upper portion of the P+ pillar layer 83, 
and the gate electrode 88 is formed on a part of the P+ base 
region 83a via the N+ source region 86 and on the channel 
region via the gate oxide ?lm 87. Thereby, the poWer 
MOSFET structure is realiZed in Which the N++ substrate 80 
is the drain and the N+ pillar layer 84 is the current path. 

[0062] That is, in a manufacturing method, as described 
above, the process including N' epitaxial groWth, formation 
of the deep trench, formation of the NPN pillar by simul 
taneous implantation of B and As ions and thermal diffusion, 
and formation of the element isolation region by ?lling the 
trench is relatively short. Therefore, the process can largely 
be reduced as compared With the manufacturing method of 
the poWer MOSFET of a super junction structure, and a 
manufacturing cost considerably decreases. 

[0063] FIG. 3 is a perspective vieW shoWing a part of a 
planar pattern of a stripe pattern type DTMOS and sectional 
structure as one example of the DTMOS shoWn in FIG. 2. 
This structure is an arrangement of the NPN pillar of each 
unit element and trench portion in a stripe pattern form. 

[0064] FIG. 4 is a perspective vieW shoWing a part of a 
planar pattern of a dot offset mesh type DTMOS and 
sectional structure as another example of the DTMOS 
shoWn in FIG. 2. Additionally, in both FIGS. 2 and 3, the 
dielectric ?lm 89 and gate electrode 88 are not shoWn. 
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[0065] In this structure, planar circular NPN pillars are 
arranged in a dot offset mesh form in order to raise the 
channel density of the DTMOS. 

[0066] FIG. 5 is a sectional vieW showing one example of 
the structure of the DTMOS according to an improvement 
example of the NPN pillar of the DTMOS shoWn in FIGS. 
2 to 4. 

[0067] In the structure of FIG. 5, the surface of the N” 
pillar layer 84 of the DTMOS shoWn in FIGS. 2 to 4 is 
modi?ed such that an N”” region 84a is formed in a portion 
continued to the side Wall portion of the trench (element 
isolation region 85). Thereby, a depletion layer is prevented 
from reaching the surface of the N” pillar layer 84 during 
applying of a voltage, and electric ?eld concentration and 
breakdown do not easily occur. In this case, the N”” region 
84a can simultaneously be formed during formation of the 
N” source region 86, and this does not involve an increase 
of the process. 

[0068] Additionally, in the structure shoWn in FIGS. 2 to 
4, the insulator 85 is buried in the trench. HoWever, a long 
time is necessary for completely burying the insulator 85 
such as the oxide ?lm (SiO2 ?lm) inside the trench. More 
over, in a thermal process after burying, a large thermal 
stress is applied to silicon in a trench bottom portion because 
of a difference of a thermal expansion coef?cient betWeen 
silicon of the N” pillar layer 84 and P” pillar layer 83 and the 
insulator 85 such as the SiO2 ?lm. Therefore, a crystal defect 
occurs in the portion in a concentrated manner, and a leak 
current possibly increases. An example in Which this respect 
is improved Will be described hereinafter. 

[0069] FIG. 6 is a sectional vieW shoWing one example of 
the structure of the DTMOS according to an improvement 
example of the element isolation region 85 shoWn in FIGS. 
2 to 4. 

[0070] In the structure shoWn in FIG. 6, the region is 
modi?ed such that a dielectric ?lm 85a is formed in the 
trench side surface of the DTMOSFET shoWn in FIGS. 2 to 
4, and subsequently poly silicon 85b is buried in the trench. 
The poly silicon 85b inside the trench is not the current path, 
and does not have to be completely buried. Therefore, it is 
possible to form (bury) poly silicon at a high groWth speed 
(for a short time). 

[0071] Moreover, the thermal expansion coefficient of 
silicon of the N” pillar layer 84 and P” pillar layer 83 is equal 
to that of poly silicon 85b inside the trench. Therefore, the 
large thermal stress is not applied to silicon of the trench 
bottom portion even by the thermal process after burying of 
poly silicon 85b. Therefore, the crystal defect is prevented 
from occurring in the portion and the leak current is pre 
vented from increasing. 

[0072] Additionally, in order to realiZe the structure of the 
insulator as shoWn in FIG. 5, poly silicon may be buried 
inside the trench after forming the dielectric ?lm such as the 
oxide ?lm (SiO2 ?lm) on the trench side surface. In this case, 
poly silicon inside the trench is deposited from the opposite 
sides of the trench side surface, and can therefore be buried 
for a short time. 

[0073] Moreover, according to the structure of the 
DTMOS shoWn in FIGS. 2 to 4, a loW on-resistance/high 
breakdoWn voltage is satis?ed as described above. Further 
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more, When the planar pattern shape of the element isolation 
region and three-layered pillar, and the like are optimiZed, an 
on-resistance property and breakdoWn voltage are prefer 
ably improved. 

[0074] Furthermore, a structure partially similar to the 
structure of the DTMOS according to the aforementioned 
proposal is disclosed in US. Pat. Nos. 4,754,310, 6,081,009, 
and Jpn. Pat. Appln. KOKAI Publication No. 1998-223896, 
but these do not relate to the three-layered pillar structure, 
and optimiZation of the planar pattern shape of the element 
isolation region and three-layered pillar is not described. 

[0075] The present invention has been developed so as to 
solve the aforementioned problem, and an embodiment in 
Which the DTMOS high in breakdoWn voltage and loW in 
on-resistance can be realiZed Will be described hereinafter. 

[0076] <First Embodiment> 

[0077] FIG. 7 is a sectional vieW shoWing a structure of a 
part of an element forming portion of a chip of the DTMOS 
having a cross mesh pattern and a part of a chip edge 
termination portion according to a ?rst embodiment of the 
present invention. 

[0078] In the DTMOS, an N” epitaxial layer 21 is formed 
on an upper surface of an N”” Si substrate 10. Aplurality of 
trenches for element isolation 22 are formed to have a 
predetermined depth extending into the N”” Si substrate 10 
from the surface of the N” epitaxial layer 21, and the 
insulator is buried in the trench so that an element isolation 
region 11 is formed. 

[0079] An NPN pillar 12 having a vertical section of the 
three-layered sandWich structure is formed betWeen the 
trenches for element isolation 22. The NPN pillar 12 is 
constituted of an N” pillar layer 13 having a rectangular 
section formed in a vertical direction along a side Wall 
surface of the trench by ion-implanting and thermally dif 
fusing the N-type impurity (e.g., arsenic; AS) and P-type 
impurity (e.g., boron; B) into the N” epitaxial layer 21 via 
the side Wall of the trench for element isolation 22, and a P” 
pillar layer 14 having a rectangular section formed in the 
vertical direction betWeen the N” pillar layers. 

[0080] Additionally, the sum of (As-B) total amounts in 
the tWo N” pillar layers 13 is set to be equal to the (B-As) 
total amount in the P” pillar layer 14 With the difference of 
15% or less. That is, the N” pillar layer 13 and P” pillar layer 
14 have substantially the same concentration. The impurity 
amount can be controlled at the high precision by the ion 
implantation of As, B into the trench side Wall. 

[0081] A P” base region 15 having a high impurity con 
centration is formed in an upper portion of the P” pillar layer 
14 in order to secure a desired threshold voltage Vth of the 
DTMOS, and an N” source region 16 is selectively formed 
on the surface of the upper portion. A gate electrode 18 is 
formed above a P” base region surface portion (channel 
region) sandWiched betWeen the N” source region 16 and the 
N” pillar layer 13 via a gate oxide ?lm 17. 

[0082] Furthermore, an interlayer dielectric ?lm 19 is 
formed on the substrate including the gate electrode 18, and 
a source metal Wiring 20 is formed to contact the N” source 
region 16 via an opening of the interlayer dielectric ?lm 19. 

[0083] Moreover, as described later and shoWn in FIG. 8, 
the insulator is buried in the trench 22 of an edge termination 
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portion formed to have a predetermined depth extending into 
the N”” Si substrate 10 from the surface of the N” epitaxial 
layer so as to surround a region in Which the NPN pillar 12 
is formed, and an edge termination isolation region 11 is 
formed. 

[0084] According to this structure, an N-type DTMOS 
(NMOSFET) is formed in Which the N”” Si substrate 10 is 
the drain and the N” pillar layer 13 is the current path 
betWeen source and drain. Additionally, an NMOSFET 
structure having a high channel density is realiZed in Which 
tWo N” pillar layers 13 (current path betWeen source and 
drain) exist in one NPN pillar 12. 

[0085] Additionally, a thermal oxide ?lm (SiO2) is used in 
the gate dielectric ?lm 17 in order to keep a strength of the 
substrate, and poly silicon or metal silicide is used in the gate 
electrode 18. 

[0086] One example of a manufacturing process of the 
DTMOS shoWn in FIG. 7 Will next be described. First, after 
the N” epitaxial layer 21 having a loW resistance is formed 
on the N”” Si substrate 10, an etching mask (not shoWn) is 
formed on the surface of the N” epitaxial layer. Then, the 
deep trench 22 is formed to extend into the N”” Si substrate 
10 from the surface of the N” epitaxial layer 21. 

[0087] Subsequently, the N-type impurity (As in the 
present example) and P-type impurity (B in the present 
example) are ion-implanted into the side Wall of the trench 
22 at the implantation angle of about 7°, for example, by the 
rotation ion implantation process. In this case, the ion 
implantation of As is performed on conditions such as an 
acceleration voltage of 60 KeV and a dosage of 4.1><1013 
cm”2, and the ion implantation of B is performed on 
conditions such as an acceleration voltage of 60 KeV and a 
dosage of 4><1013 cm”2. 

[0088] Subsequently, As and B are simultaneously dif 
fused by thermal diffusion at 1150° C. for 2000 or more 
minutes. In this case, the diffusion coefficient of B is 
sufficiently larger than the diffusion coef?cient of As. There 
fore, the N” pillar layer 13 having the rectangular section 
along the vertical direction, and the P” pillar layer 14 having 
the rectangular section adjacent to the N” pillar layer in a 
lateral direction and overlapping With diffusions from the 
opposite sides are formed in the trench side Wall surface 
substantially at the same concentration. That is, for the 
structure after thermal treatment, the NPN pillar 12 is 
formed in Which the inner P” pillar layer 14 is sandWiched 
betWeen the N” pillar layers 13 on the opposite sides (trench 
side Wall portion). 

[0089] Moreover, the sum of (As-B) total amounts in the 
tWo N” pillar layers 13 is equal to the (B-As) total amount 
in the P” pillar layer 14 With the difference of 15% or less. 
The impurity amount can be controlled at the high precision 
by the simultaneous implantation of As and B ions into the 
trench side Wall as described above. 

[0090] Subsequently, after burying the insulator into the 
trench 22, the surface is ?atted, for example, by CMP 
process or etching. In the ?rst embodiment, the oxide ?lm 
(SiO2 ?lm) is formed on the inner surface of the trench 22 by 
thermal oxidation, and further the SiO2 ?lm or the SiN ?lm 
is formed by the chemical vapor deposition (CVD) process. 

[0091] In this case, after an Si3N4 ?lm or the SiO2 ?lm is 
formed on the inner Wall of the trench 22, poly silicon may 
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preferentially be deposited and buried in the trench. The 
poly silicon in the trench is not the current path, does not 
have to be completely buried, and can be buried at a high 
groWth speed by groWth from the opposite sides of the 
trench side surface. 

[0092] Subsequently, the gate electrode 18 is formed on 
the channel region on the surface of the upper portion of the 
P” pillar layer 14 via the gate dielectric ?lm 17, and the N” 
source region 16 is selectively formed on the surface of the 
P” pillar layer 14. Thereby, the DTMOS is obtained in Which 
the N”” Si substrate is the drain 10 and the N” pillar layer 
13 is the current path betWeen the N” source region 16 and 
the drain 10. 

[0093] According to the NMOSFET having the structure 
shoWn in FIG. 7, similarly as the NMOSFET described With 
reference to FIG. 2, the poWer MOSFET Which can satisfy 
both the reduction of the on-resistance and the enhancement 
of the breakdoWn voltage of the opposite direction betWeen 
drain and source can be realiZed. 

[0094] Furthermore, in the ?rst embodiment, the planar 
pattern shape, and the like of the element isolation region 
and three-layered pillar are optimiZed, and the on-resistance 
property and breakdoWn voltage are improved. 

[0095] FIG. 8 shoWs the planar pattern including the 
element isolation region 11, NPN pillar 12 and edge termi 
nation isolation region in FIG. 7. 

[0096] The planar pattern of the element isolation region 
11 is rectangular (e.g., square). The Whole planar pattern of 
the NPN pillar (three-layered pillar) 12 sandWiched betWeen 
the element isolation regions 11 is formed in a mesh form, 
and an intersecting portion of the mesh has a cross shape 
having an intersecting angle of 90°. 

[0097] Since the NPN pillar 12 is entirely formed in the 
mesh form, a density of the NPN pillar 12 per unit area can 
be raised, and the on-resistance Ron can be reduced. Addi 
tionally, as compared With the DTMOS having the stripe 
pattern of FIG. 3, the density of the NPN pillar 12 is about 
double, and Ron decreases by 40% or more. 

[0098] Here, a Width WP of the NPN pillar 12 has been 
studied in order to secure the strength of the Si substrate in 
a cleaning process and insulator forming process after trench 
processing and to prevent the NPN pillar 12 from being 
partially broken. It is seen from a restriction of a manufac 
turing technique that With a depth DT of the trench for 
element isolation of about 50 pm or more, an upper limit of 
DT/WP is appropriately 60, and With DT of about 60 pm, 
WP is preferably set to 1 pm or more. 

[0099] Moreover, as a result of trial manufacturing, it has 
been con?rmed that steady manufacturing can be realiZed in 
WP of about 16 pm (the Width of the N” pillar layer 13 is 
about 3 pm, and the Width of the P” pillar layer 14 is about 
10 pm), and DT/WP=3.75. 

[0100] Therefore, an optimum range of DT/W P is 
3.75 i DT/WPé 60. Thereby, WP is minimiZed in a range 
Which can be permitted in vieW of a processing strength, the 
density of the NPN pillar 12 per unit area is maximiZed, and 
Ron can be minimiZed. 

[0101] On the other hand, there is also an optimum range 
betWeen the depth DT of the trench for element isolation and 
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a minimum opening width (a minimum interval between the 
NPN pillars 12, that is, a minimum opening width of a mesh 
opening) WTmin. That is, the As and B ions are implanted 
into the wall surface of the trench for element isolation 22 
formed vertically with respect to the surface of the Si 
substrate at a small incidence angle of 4° to 10° and the NPN 
pillar 12 is formed. In this case, when the ion implantation 
angle is less than 4°, an incidence angle of an ion beam is 
excessively small and some of incident particles are 
re?ected by the Si surface. It has been seen that an ion 
implantation concentration cannot be obtained as scheduled. 
Therefore, WTmin/DT is tan4° or more. That is, an upper 
limit of DT/WTmin is 1/tan4°, and DT/WTminé 14.3 is 
appropriate. 
[0102] Moreover, in order to reduce the trench region as 
much as possible and effectively use the substrate surface, 
WTmin is preferably as small as possible, and WTmin is 
determined by a trench processing technique. As a result of 
the trial manufacturing by Si etching by RIE using an 
inductively coupled plasma, it has been con?rmed that 
stable manufacturing can be performed in DT of about 60 
pm, WTmin of about 8 pm, and DT/WTmin=7.5, and in DT 
of about 55 pm, WTmin of about 10 pm, and DT/WTmin= 
5.5. 

[0103] Therefore, an optimum range of DT/WTmin is 5.5 
éDT/WTminé 14.3. Thereby, WTmin can be minimiZed in 
a range in which no problem arises with respect to other 
properties, and the substrate surface can most effectively be 
used. 

[0104] When such relation is set, as compared with for 
mation of the Si pillar at a pitch of about 30 pm in the stripe 
pattern in the MOSFET of the super junction structure 
shown in FIG. 1, the pillar area per unit area increases about 
twice, and Ron is reduced by about 40% or more in the 
DTMOS of 600V system. 

[0105] On the other hand, the As and B ions are implanted 
also into the wall surface of the edge termination isolation 
region on an element forming region side of the edge 
termination trench similarly as the wall surface of the trench 
for element isolation, the NPN pillar 12 is formed on the 
element forming region side of the edge termination trench, 
and it is necessary to prevent the breakdown voltage from 
being lowered. In this case, in order to implant the As and 
B ions, a minimum opening width WTEmin of the edge 
termination trench needs to be equal to or more than the 
minimum opening width WTmin of the trench for element 
isolation (the minimum interval between the NPN pillars 12, 
that is, the minimum opening width of the mesh opening). 
Therefore, the opening width is set so as to satisfy 
WTEminiWTmin. 

[0106] Additionally, in the ?rst embodiment, the planar 
pattern of the NPN pillar 12 is formed in the mesh form, and 
the intersecting portion of the mesh has a cross shape with 
the intersecting angle of 90°. During the ion implantation of 
As and B for forming the NPN pillar 12, a wafer is rotated 
in order to enhance an in-plane uniformity (rotation ion 
implantation process). However, the ion implantation dos 
age per unit area is lowered in the cross shape intersecting 
portion of the trench wall surface as compared with other 
portions. As a result, there is a possibility that the breakdown 
voltage is lowered as compared with the DTMOS having the 
stripe pattern of FIG. 3. 
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[0107] In order to suppress the decrease of the breakdown 
voltage, the shape of the intersecting portion of the mesh is 
changed to a T shape in a second embodiment, and changed 
to a Y shape in a third embodiment. These embodiments will 
be described hereinafter. 

[0108] <Second Embodiment> 

[0109] FIG. 9 shows the planar pattern of a part of the 
element forming portion of the chip of the DTMOS having 
a T intersecting mesh pattern according to the second 
embodiment. 

[0110] For the DTMOS of the second embodiment, as 
compared with the DTMOS of the ?rst embodiment 
described above with reference to FIGS. 7 and 8, the planar 
pattern of the NPN pillar 12 is different, but other respects 
are the same. Therefore, the same reference numerals as 
those of FIG. 8 are used. 

[0111] That is, the planar pattern of the element isolation 
region 11 is rectangular, but the planar pattern of the NPN 
pillar 12 sandwiched between the element isolation regions 
11 is entirely formed in the mesh form, and the intersecting 
portion of the mesh has a T shape having the intersecting 
angle of 90°. 

[0112] According to the structure, the uniformity of the 
ion implantation dosage per unit area is enhanced in the T 
intersecting portion and other portions of the trench wall 
surface, and the breakdown voltage is enhanced by about 10 
to 14% as compared with the DTMOS of the ?rst embodi 
ment. 

[0113] <Third Embodiment> 

[0114] FIG. 10 shows the planar pattern of a part of the 
element forming portion of the chip of the DTMOS having 
a Y intersecting mesh pattern according to the third embodi 
ment. 

[0115] For the DTMOS of the third embodiment, as com 
pared with the DTMOS of the ?rst embodiment described 
above with reference to FIGS. 7 and 8, the planar pattern of 
the NPN pillar 12 is different, but the other respects are the 
same. Therefore, the same reference numerals as those of 
FIG. 8 are used. 

[0116] That is, the planar pattern of the element isolation 
region is hexagonal, the planar pattern of the NPN pillar 12 
sandwiched between the element isolation regions 11 is 
entirely formed in the mesh form, and the intersecting 
portion of the mesh has a Y shape having the intersecting 
angle of 120°. 

[0117] According to the structure, the uniformity of the 
ion implantation dosage per unit area is further enhanced in 
the Y intersecting portion of the trench wall surface and 
other portions. Moreover, the breakdown voltage is further 
enhanced, and the breakdown voltage equal to that of the 
DTMOS having the stripe pattern of FIG. 3 is obtained. 

[0118] Additionally, the density of the NPN pillar 12 per 
unit area can further be raised, and Ron can further be 
reduced. Moreover, as compared with DTMOS having the 
stripe pattern in the proposed eXample described above with 
reference to FIG. 3, the Ron decreases by about 40% or 
more. 
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[0119] FIG. 11 shows the channel densities of the 
DTMOS having the T intersecting mesh pattern of the 
second embodiment and DTMOS having the Y intersecting 
mesh pattern of the third embodiment in comparison With 
the DTMOS having the dot offset mesh pattern of FIG. 4. 

[0120] Here, the channel density is shoWn in a case in 
Which the Width WP of the NPN pillar 12 is changed on the 
conditions such as an opening Width of the trench for the 
element isolation region WT=8 pm, and Width of the N+ 
pillar layer 13 Was=2.5 pm. 

[0121] As seen from FIG. 11, When WP is less than 6 pm, 
the channel density of the T intersecting mesh pattern is 
highest. When WP exceeds 6 pm, the channel density of the 
Y intersecting mesh pattern is highest, that is, the on 
resistance (Ron) is loWered. 

[0122] <Modi?cation Examples of Respective Embodi 
ments> 

[0123] In the ?rst to third embodiments, as shoWn in FIG. 
5, the N++ region 84a may be formed in the portion 
continued to the trench side Wall portion in the surface of the 
N+ pillar layer 13, so that the depletion layer is prevented 
from reaching the upper surface of the N+ pillar layer 13 
during applying of the voltage. 

[0124] Moreover, for the element isolation region and 
edge termination isolation region, as shoWn in FIG. 6, after 
formation of the dielectric ?lm (e.g., Si3N4 or SiO2) 85a on 
the trench inner Wall, the insulator (poly silicon or SiO2) 85b 
may be buried. 

[0125] Additionally, in the above description, the N-type 
DTMOS has been described, but the present invention can 
similarly be applied to a P-type DTMOS. In this case, a ?rst 
conductivity type is a p-type, a second conductivity type is 
an n-type, and the P+ pillar layer in a PNP pillar layer 
constitutes the current path betWeen the P+ source region and 
the drain. 

[0126] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

What is claimed is: 
1. A semiconductor apparatus comprising: 

a semiconductor substrate of a ?rst conductivity type 
having a ?rst and a second main surface; 

a plurality of element isolation regions formed to have a 
predetermined depth DT from said ?rst main surface of 
said semiconductor substrate, and formed by ?lling a 
plurality of trenches With an insulator; 

a laterally three-layered pillar formed among said plural 
ity of element isolation regions With a Width WP and in 
a meshed planar shape, comprising a ?rst and a second 
pillar layer of the ?rst conductivity type Which contact 
tWo adjacent element isolation regions out of said 
plurality of element isolation regions over a depth 
direction, respectively, and a third pillar layer of a 
second conductivity type formed betWeen said ?rst and 
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said second pillar layer, and having a relation of 
3.75§DT/WP§60 betWeen said Width WP of said 
three-layered pillar and said depth DT of said element 
isolation region; 

a base region of said second conductivity type formed on 
an upper surface of said third pillar layer of said second 
conductivity type; 

a source region of said ?rst conductivity type selectively 
formed on said upper surface of said base region; 

a gate electrode formed on said base region betWeen said 
source region and an upper surface of said ?rst or said 
second pillar layer in an insulating manner; and 

a drain layer of said ?rst conductivity type formed on said 
second main surface of said semiconductor substrate, 
and contacting a loWer surface of said three-layered 
pillar. 

2. The semiconductor apparatus according to claim 1, 
Wherein said three-layered pillar is formed by ion-implant 
ing and subsequently thermally diffusing a ?rst conductivity 
type impurity and a second conductivity type impurity into 
said semiconductor substrate from side Walls of said plural 
ity of trenches, so that said third pillar layer including said 
second conductivity type impurity is sandWiched betWeen 
said ?rst and said second pillar layer including said ?rst 
conductivity type impurity. 

3. The semiconductor apparatus according to claim 2, 
Wherein said semiconductor substrate is an N+ type semi 
conductor substrate having an N“ type epitaxial layer on an 
upper surface thereof, said ?rst conductivity type impurity 
of said ?rst and said second pillar layer is arsenic, and said 
second conductivity type impurity of said third pillar layer 
is boron. 

4. The semiconductor apparatus according to claim 1, 
Wherein said plurality of element isolation regions include a 
portion in Which a planar pattern of each of said element 
isolation regions is formed in a rectangular shape, and said 
plurality of element isolation regions in said portion are 
disposed in a matrix form, and 

an intersecting portion of a mesh of said meshed planar 
pattern of said three-layered pillar has a cross shape 
having an intersecting angle of 90°. 

5. The semiconductor apparatus according to claim 1, 
Wherein said plurality of element isolation regions includes 
a portion in Which a planar pattern of each of said element 
isolation regions is formed in a rectangular shape, and said 
plurality of element isolation regions are disposed at a 
predetermined pitch on a plurality of roWs, such that said 
pitch of said plurality of roWs is alternately offset for each 
roW, and 

said three-layered pillar is formed in a mesh form in 
Which the planar patterns intersect one another in a T 
shape, and an intersecting portion of said T shape has 
an intersecting angle of 90°. 

6. The semiconductor apparatus according to claim 1, 
Wherein said plurality of element isolation regions includes 
a portion in Which a planar pattern of each of said element 
isolation regions is formed in a hexagonal shape, and 

an intersecting portion of said meshed planar pattern of 
said three-layered pillar has a Y shape having an 
intersecting angle of 120°. 
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7. The semiconductor apparatus according to claim 1, 
wherein said plurality of element isolation regions are 
formed by ?lling said plurality of trenches With poly silicon 
via an SiO2 ?lm or an Si3N4 ?lm lining each inner Walls of 
said plurality of trenches. 

8. A semiconductor apparatus comprising: 

a semiconductor substrate of a ?rst conductivity type 
having a ?rst and a second main surface; 

a plurality of element isolation regions formed to have a 
predetermined depth DT from said ?rst main surface of 
said semiconductor substrate, and formed by ?lling a 
plurality of trenches With an insulator; 

a laterally three-layered pillar formed among said plural 
ity of element isolation regions With a Width WP and in 
a meshed planar shape, so as to have a plurality of 
openings having a minimum opening Width WTmin, 
comprising a ?rst and a second pillar layer of the ?rst 
conductivity type Which contact tWo adjacent element 
isolation regions out of said plurality of element iso 
lation regions over a depth direction, respectively, 
comprising a third pillar layer of a second conductivity 
type formed betWeen said ?rst and said second pillar 
layer, and having a relation of 5.5éDT/WTminé 14.3 
betWeen said opening Width WTmin of said three 
layered pillar and said depth DT of said element 
isolation region; 

a base region of said second conductivity type formed on 
an upper surface of said third pillar layer of said second 
conductivity type; 

a source region of said ?rst conductivity type selectively 
formed on an upper surface of said base region; 

a gate electrode formed on said base region betWeen said 
source region and an upper surface of said ?rst or said 
second pillar layer in an insulating manner; and 

a drain layer of said ?rst conductivity type formed on said 
second main surface of said semiconductor substrate, 
and contacting a loWer surface of said three-layered 
pillar. 

9. The semiconductor apparatus according to claim 8, 
Wherein said Width WP of said three-layered pillar and the 
depth DT of said element isolation region have a relation of 
3.75éDT/WPé60. 

10. The semiconductor apparatus according to claim 8, 
Wherein said three-layered pillar is formed by ion-implant 
ing and subsequently thermally diffusing a ?rst conductivity 
type impurity and a second conductivity type impurity into 
said semiconductor substrate from side Walls of said plural 
ity of trenches, such that said third pillar layer including said 
second conductivity type impurity is sandWiched betWeen 
said ?rst and said second pillar layer including said ?rst 
conductivity type impurity. 

11. The semiconductor apparatus according to claim 10, 
Wherein said semiconductor substrate is an N+ type semi 
conductor substrate having an N“ type epitaXial layer on an 
upper surface thereof, said ?rst conductivity type impurity 
of said ?rst and said second pillar layer is arsenic, and said 
second conductivity type impurity of said third pillar layer 
is boron. 

12. The semiconductor apparatus according to claim 8, 
Wherein said plurality of element isolation regions include a 
portion in Which a planar pattern of each of said element 
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isolation regions is formed in a rectangular shape and said 
plurality of element isolation regions in said portion are 
disposed in a matriX form, and 

an intersecting portion of a mesh of said meshed planar 
pattern of said three-layered pillar has a cross shape 
having an intersecting angle of 90°. 

13. The semiconductor apparatus according to claim 8 
Wherein said plurality of element isolation regions includes 
a potion in Which a planar pattern of each of said element 
isolation regions is formed in a rectangular shape, and said 
plurality of element isolation regions in said portion are 
disposed at a predetermined pitch on a plurality of roWs, 
such that said pitch of said plurality of roWs is alternately 
offset for each roW, and 

said three-layered pillar is formed in a mesh form in 
Which the planar patterns intersect one another in a T 
shape, and an intersecting portion of said T shape has 
an intersecting angle of 90°. 

14. The semiconductor apparatus according to claim 8, 
Wherein said plurality of element isolation regions a potion 
in Which a planar pattern of each of said element isolation 
regions is formed in a hexagonal shape, and 

an intersecting portion of said meshed planar pattern of 
said three-layered pillar has a Y shape having an 
intersecting angle of 120°. 

15. The semiconductor apparatus according to claim 8, 
Wherein said plurality of element isolation regions are 
formed by ?lling said plurality of trenches With poly silicon 
via an SiO2 ?lm or an Si3N4 ?lm lining each inner Wall of 
said plurality of trenches. 

16. A semiconductor apparatus comprising: 

a semiconductor substrate of a ?rst conductivity type 
having a ?rst and a second main surface; 

a plurality of element isolation regions formed to have a 
predetermined depth DT from said ?rst main surface of 
said semiconductor substrate, and formed by ?lling a 
plurality of trenches With an insulator; 

a laterally three-layered pillar formed among said plural 
ity of element isolation regions With a Width WP and in 
a meshed planar shape so as to have a plurality of 
openings having a minimum opening Width WTmin, 
comprising a ?rst and a second pillar layer of said ?rst 
conductivity type Which contact tWo adjacent element 
isolation regions out of said plurality of element iso 
lation regions over a depth direction, respectively, and 
comprising a third pillar layer of a second conductivity 
type formed betWeen said ?rst and said second pillar 
layer; 

a base region of said second conductivity type formed on 
an upper surface of said third pillar layer of said second 
conductivity type; 

a source region of said ?rst conductivity type selectively 
formed on an upper surface of said base region; 

a gate electrode formed on said base region betWeen said 
source region and an upper surface of said ?rst or said 
second pillar layer in an insulating manner; and 

a drain layer of said ?rst conductivity type formed on said 
second main surface of said semiconductor substrate, 
and contacting a loWer surface of said three-layered 
pillar, 




