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DESCRIPTION

INSULATED GATE TYPE SEMICONDUCTOR DEVICE AND

MANUFACTURING METHOD THEREOF

TECHNICAL FIELD

The present invention relates to an insulated gate type
semiconductor device including trench géte structure andmanufacturing
method thereof. More particularly, it relates to an insulated gate
type semiconductor device and manufacturing method thereof aiming to
achieve both high withstand voltage design and low on-resistance design
by relaxing electric field on semiconductor layer.

BACKGROUND ART

There have conventionally been proposed trench gate type
semiconductor devices including trench gate structure as power
device-dedicated insulated gate type semiconductor devices. For the
conventional trench gate type semiconductor devices in general, high
withstand voltage design and low on-resistance desigh are in trade-off
relation.

Patent Document 1, for example, discloses a trench gate type
semiconductor device, which pays attention to the above trade-off
relation. The trenchgate type semiconductor device of Patent Document
1 has structure as schematically shown in FIG. 30. Thatis, an N* source
region 31 is arranged on upper surface side in FIG. 30 and an N* drain
region 11 is at the bottom side. Between the N* source region 31 and
the N* drain region 11, there are arranged a P body region 41 and an
N~ drift region 12 in order from upper side. Furthermore, a part of

upper surface side is drilled and a gate trench 21 is formed in the
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drilled portion. Furthermore, a gate electfode 22 is built in the
gate trench 21. Still further, a P floating region 50 is arranged
immediately below the gate trench 21. Furthermore, the gate electrode
22 is insulated from a P body region 41 by a gate dielectric 24 formed
on wall of the gate trench 21.

In this trench gate type semiconductor device, a depletion layer
spreads from a PN junction portion of the P body region 41 and the N
drift region 12 toward the N" drain region 11 and another depletion
layer spreads from a bottom portion of the P floating region 50 toward
the N* drain region 11 when gate voltage is sWitched OFF. That is, the
P floating region 50 promotes to get the N drift region 12 depleted.
Thereby, higher withstand voltage design of a drain-source section can
be achieved, according to Patent Document 1.

Furthermore, as another example of a trench gate type
semiconductor device, Patent Document 2 discloses of it. Inthe trench
gate type semiconductor device of Patent Documeht, a P floating region
59 is arranged at a position away from a gate trench 21, as shown in
FIG. 31. According to Patent Docuznent 2, the P floating region 59
can realize higher withstand voltage design of a drain-source section,
similar to the insulated gate type semiconductor device of FIG. 30.

The semiconductor device of FIG. 31 is manufactured by taking
the following process. AnN silicon layer for an N drift 12 is formed
on an N' substrate which grows in to an N' drain region 11 by means
of epitaxial growth. The N silicon layer is formed up to the level
Z shown.in FIG. 31. Next, the P floating region 59 is formed by means
of ion implantation and the like. Further on, rest portion of the
N” silicon layer is formed bymeans of epitaxial growth again. Thereby,

there is thus formed a semiconductor device of which P floating region
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59 is fully surrounded with an N~ drift regioﬁ 12 silicon. It is to
be noted that by repeating the above process, plural P floating regions
59 different in depth can be formed depths.

Furthermore, a terminal area of the above-mentioned trench gate
type semiconductor devices has structure as shown in FIG. 32, ingeneral.
That is, there is formed a P terminal diffusion region 61 of which
depth is similar or deeper than a gate trench 21, in a terminal area.
Thereby, adepletion region spreads fromaround the Pterminal diffusion
region 61 to relax concentration of electric field at a terminal area
when gate voltage is switched OFF.

[Patent Document 1] JP Laid-open Patent Publication No. 10-98188
[Patent Document 2] JP Laid-open Patent Publication No. 9-191109

However, the semiconductor device of FIG. 30 has had the following
problems. That is, the P floating region 50 is formed by means of ion
implantation from the bottom portion of the gate trench 21. Therefore,
thebottomportionof thegate trench?2l isdamaged somewhat. Accordingly,
in case the gate dielectric 24 is kept being formed with the gate trench
21 damaged, dévicge charact‘euris'i:ics and reliability are likely to lc'awe‘l;:m
Furthermore, the gate electrode 22 faces the P floating region 50.

Therefore, charges disperse inside the gate electrode 22, specifically,

a portion where the gate electrode 22 faces the P body region 41 and

a portion where the gate electrode 22 face the P floating region 50,
when gate voltage is switched ON. As a result, on-resistance becomes
large. -

On the other hand, as to the seﬁiconductor device of FIG. 31,
thePfloatingregion59is formedaway fromthegatetrench2l. Therefore,
higher withstand voltage design can be intended with evading an

on-resistance problem. However, at least two times of epitaxial growth
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process is required to forma P floating region .54 completely surrounded
by an N” drift region 12, which takes considerable time to complete.

Furthermore, for relaxing concentration of electric field at a
terminal area, there is required process to form a P terminal diffusion
region 61 of which thickness differs from thickness of respective P
floating regions formed in a cell area. Therefore, the number of
manufacturing process is larger and it takes time to complete.
Furthermore, since heat load is large, impurii;y of an N drift reéion
12 (epitaxial layer) diffuses and impurity concentrationbecomes uneven.
For compensating the unevenness of impurity concentration, thickness
of the N drift region 12 must be thickened, which results in large
on-resistance.

The present invention has been made to resolve at least one of
the above-mentioned problems the conventional trench gate type
semiconductor devices have had. That is, the present invention intends
toprovide an insulated gate type semiconductor device andmanufacturing
method thereof which realize both higher withstand voltage design and

lower on-resistance design and can be manufactured simply.

bISCLOSURE OF THE INVENTION

To resolve the above mentioned problems the present invention
provides an insulated gate type semiconductor device comprising: a
body regionarrangedat upper surface side in a semiconductor substrate,
the body region corresponding to a first conduction type semiconductor;
a drift region being in contact with bottom surface of the body region,
the drift regilon corresponding to a second conduction type
semiconductor; and a trench section arranged with penetrating the body

region from upper surface of the semiconductor substrate and reaching



10

15

20

25

WO 2005/036650 PCT/JP2004/015179

5

level further below bottom surface of the bocﬁy region, wherein the
insulated gate type semiconductor further comprises a floating region
surrounded by the drift region, the floating region corresponding to
a first conduction type semiconductor, bottom of the trench section
is arranged in the floating region, in the trench section, there are
formed a deposited insulating layer consisting of deposited insulating
material and a gate electrode being arranged above the deposited
insulating layer and facing the body region, and top of the deposited
insulating layer is further above top of the floating region.

Thafi is, lthe inventive insulated gate type semiconductor device
hasafloatingregionsurroundedbyadrift region. Owingtothefloating
region, depletion of the drift region at the time of switch OFF can
be promoted. Furthermore, the floating region makes it possible to
form peaks of electric field at plural portions, whereby a maximum
peak value can be lowered. Furthermore, the inventive insulated gate
type semiconductor device has a deposited insulating layer in a trench
section. Thereby, a gate dielectric and gate electrode are not
influencedbya dainage of thetrenchsection. Asaresult ’ deteriorétibﬁ
of device characteristicsandloweringof reliabilitycanbe restrained.
Furthermore, top of the deposited insulating layer is further above
top of the floating region. Such positioning prevents the gate
electrode and the floating region from facing each other, whereby
increase of on—-res'istan-ce can be restrained.

It 1is preferable that the inventive insulted gate type
semiconductor device further comprises an intermediate floating region
arranged further above top of the floating region with being surrounded
by the drift region, the intermediate floating region corresponding

to a first conduction type semiconductor, wherein the trench section
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penetrates the intermediate floating region, aﬁd top of the deposited
insulating layer is arranged further above top of the intermediate
floating region.

That is, an intermediate floating region,- functioning similar
to the above-mentioned floating region, is arranged between a body
region and a floating region. Thereby, peaks of electric field can
be formed at three portions, at least, whereby a maximum peak value
can be lowered further. As a result, both higher withstand voltage
design and lower on-resistance design can be realized. It is to be
noted that the number of the intermediate floating region is not limited
toonebutmaybemore thantwo. The lérger thenumber of the intermediate
floating regions is, the more peaks of electric field can be formed
to realize lowering a maximum peak value.

It is preferable that the inventive insulated gate type
semiconductor device according to claim 1 further comprises: an
auxiliary trench section arranged with penetrating the body region
from upper surface of thé semiconductor substrate and reaching level
further below bottom surface of the bédy region, the auxiliary tféncfl
sectionbeing filled with insulatingmaterial inside; and an auxiliary
floating region surrounded by the drift region, the auxiliary floating
region corresponding to a first conduction type semiconductor, wherein
bottom of the auxiliary trench section is arranged in the auxiliary
floating region. That is, plural floatingregion (includingauxiliary
floating regions) are formed in the drift region. Since such structure
makesdensityof floating regions inthedrift regionhigh, manufacturing
margin such as size of a floating region and the like can be taken
large. |

Furthermore, it is preferable that, in the inventive insulated
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gate type semiconductor device, depth of the tfench section and depth
of the auxiliary trench section are different. Thereby, the floating
region and the auxiliary floating region can be arranged differently
in thickness direction. Accordingly, peaks of electric field can be
formed at three portions and a maximum peak value canbe lowered further.

On the other hana, it is also preferable that depth of the trench
section and depth of the auxiliary trench section are same. In case
depth of the trench section and that of the auxiliary trench section
are same, both of these section can be formed in a same maﬁufacturing
step. Therefore, the number of manufacturing steps can be reduced.
Furthermore, since a distance between adjoining floating sections is
short, a depletion layer can surely connect those floating sections
even if density of a’ drift region is high. Therefore, lower
on-resistance design can be realized. Furthermore, size of a floating
region can be taken small. Furthermore, since thermal dilffusion
processing can be done in a same manufacturing step, diffusion of

impurityislittleandloweringofoon-resistanceduetothermal diffusion

processing can bé restrained. It is 't'o béA noted that depth of‘ lfhe
trench section and that of the auxiliary trench section do not need
to accurately coincide with each other. That is, subtle depth
difference which arises at the time of forming trench is regarded within
a range of same depth.

Furthermore, accordingtoanother aspect of thepresent invention,
there is provided an insulated gate type semiconductor device
comprising: a body region arranged at upper surface side in a
semiconductor substrate, the body region corresponding to a first
conduction type semiconductor; a drift region being in contact with

bottom surface of the body region, the drift region corresponding to
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a second conduction type semiconductor; a trenéh section arranged with
penetrating the body région from upper surface of the semiconductor
substrate and reaching level further below bottom surface of the body
regian; and a gate electrode arranged in the trench section with facing
the body region, wherein the insulated gate type semiconductor device
further comprises: an auxiliary trench section arranged with
penetrating the body region from upper surface of the semiconductor
substrate and reaching level further below boti;om surface of the body
region, the auxiliary trench section being filled with insulating
material inside; and an auxiliary floating region surrounded by the
drift region, the auxiliary floating region corresponding to a first
conduction type semiconductor, wherein bottom of the auxiliary trench
section is arranged in the auxiliary floating region.

That is, the insulated gate type semiconductor device directed
to another aspect of the present invention has an auxiliary floating
region surrounded by a drift region. The auxiliary floating region
can promote to get thedrift region in OFF state depleted. ' Furthermore,
%ﬁé"éﬁxiliary fibatiﬁg region 1s érrénged béiow an auxiliafy trehch
section for the auxiliary floating region. Therefore, there is no
need to consider positioningandsizeof agateelectrode. Accordingly,
design flexibility of an auxiliéry floating region is high. On the
other hand, it is not always necessary to arrange a floating région
at bottom of the trench section in which gate electrode is built.
Therefore, as long as no ion implantation from the bottom, problems
such as deterioration of device characteristics and lowering of
reliability do not occur.

It is preferable that. the inventive insulated gate type

semiconductor device further comprises an auxiliary intermediate



10

15

20

25

WO 2005/036650 PCT/JP2004/015179

9

floating region arranged further above top of.the auxiliary floating
region with being surrounded by the drift region, the auxiliary
intermediate floating region corresponding to a first conduction type
semiconductor, wherein the auxiliary trench section penetrates the
auxiliary intermediate floating region, and top of the deposited
insulatiné layer is arranged further above top of the auxiliary
intermediate floating region. Thereby, peaks of electric field can
be formed at three portions, at least, and a m;ximum.peak value can

be lowered. Accordingly, both higher withstand voltage design and

" lower on-resistance design can be realized.

It is preferable that the inventive insulated gate type
semiconductor device comprises: a second auxiliary trench section
facing the auxiliary trench section with the gate electrode inserted
betweenthere,thesecondauxiliarytrenchsectioﬁbeingarrangadwith
penetrating the body region from upper surface of the semiconductor
substrate and reaching level further below bottom surface of the body
region,theseéondauxiliarytrenchsectionbeingfilledwithinsulating
material ihéide;'and a sécéﬂd aﬁxiliéry fldééing‘fégiéﬁ sﬁrfbﬁﬂaed
by the drift region, the second auxiliary floating region corresponding
toa first conduction type semiconductor, whereindepth of the auxiliary
trench section and depth of the second auxiliary trench section are
different.

That is, since depth of an auxiliary trench section and that
pfasecondauxiliarytrenchsectionaredifferent, anauxiliaryfloating
region and a second auxiliary floating region are arranged differently
ip thickness direction. Accordingly, peaks of electric field can be
formed at three portions and a maximum peak value can be lowered.

Furthermore, since the auxiliary floating region and the second
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auxiliary floating region can be formed at éame thermal diffusion
processing, heat load is taken small.

It is preferable that, in the inventive insulated gate type
semiconductor device, the auxiliary trench section is structure in
dot pattern, viewed from top side of the semiconductor substrate.
Thereby a current path is taken wide and lower on-resistance design
can be realized.

It is preferable that, the inventive insulated gate type
semiconductor device is structured such that, in a region around a
cell region, there are arranged: a terminal trench section filed with
insulating material inside; and a terminal floating region surrounded
by the drift region, the terminal floating region corresponding to
a first conduction type semiconductor, and bottom of the terminal
trench secﬁion is arranged in the terminal floating region.

That is, a floating region functioning similar to the floating
region is arranged in a terminal area, as well. Thereby, higher

withstand voitage design can be realized for a terminal area.

" ‘Purthermoré, Size of a terminal floating region is same as that of

afloatingregionjjlacéllarea. Therefore, it is compact and flexible
for of size determination. Furthermore, since a terminal floating
region and a floating region can be formed at a same manufacturing
step, they cay be formed simply. Furthermore, since those regions
are formed in a same manufacturing step, heat load is smaller in
comparison with a case of a conventional semiconductor device.
According to the present invention, there is also provided
manufacturing method of an insulated,gate type semiconductor device
which comprises: a body region arranged at upper surface side in a

semiconductor substrate, the body region corresponding to a first



10

15

20

25

WO 2005/036650 PCT/JP2004/015179

11

conduction type semiconductor; a drift region~ being in contact with
bottom surface of the body region, the drift region corresponding to
a second conduction type semiconductor; a trench section arranged with
penetrating the body region from upper surface of the semiconductor
substrate and reaching level further below bottom surface of the body
region; and a gate electrode arranged in the trench section with facing
the body region, the manufacturing method comprising: trench section
forming stepof formingthe trenchsectioninthe semiconductor substrate
onwhich the drift region and thebody regions have been formed; impurity
injecting step of injecting impurity from bottom of a trench section
formed inthetrench section forming step; insulatingmaterial laying-up
step of laying up insulating material in the trench section after
impurity is injected through the impurity injecting step; and floating
region forming step of forming a floating region by applying thermal
diffusion processing after impurity is injected in the insulating
material laying-up step.

In the rhanufacturing method, a start substrate corresponds to
a semiconductor 'sub,strate formed such that a drift region is for;;éa
by means of epitaxial growth and the like, and after that, a body region
is formed thereon by means of impurity introduction technology such
as ion implantation and the like and thermal diffusion processing.
After that, a trench section is formed penetrating the body region
from top of its start material in trench section forming step. Next,
in floating region forming step, a floating region is formed by
implanting impurity from the trench section. That is, a floating
section is formed after formation of a drift region and a body region.
Therefore, there is not required a step to form mono crystal silicon

layer by means of epitaxial growth again after formation of floating
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region. Accordingly, an insulated gate type.semiconductor device
including a floating region can be manufactured with simple
manufacturing steps.

It is preferable that the inventive manufacturing method of an
insulated gate type semiconductor device further comprises: trench
section drilling step of further drilling down bottom of the trench
section after impurity is injected in the impurity injecting step;
and impurity re-injecting step of re—injecting_impurity from bottom
the trench sectiondrilled further in the trench section drilling step.
Thereby,pluralstagesoffloatingregionformedinthicknessdirection
of the semiconductor substrate formed by first time of epitaxial growth.

It is preferable that, in the inventive manufacturing method
of an insulated gate type semiconductor device, the trench section
is formed in a cell region and a peripheral region of the cell region
ihthetrenchsectionformingstep,andgheinsulatingn@teriallaying—up
step comprises: insulating material filling step of filling inside

of the trench section formed in the trench section forming step with

'iﬁéu1a£ih§hﬁtefiél;éhdaépositedmaterialadjustingstépofadjusting

height of a deposited insulating layer by eliminating a portion of
insulating material in the trench section filled with insulating
material in the insulating material filling step, particularly, the
trench section in the cell region.

That is, it is preferable that a trench section is formed in
a periphéry region of a cell area and a terminal area in the trench
section formiﬁg step. Thereby, a floating region can be formed in
a region other than a cell region, in floating region forming step
after formation of a trench section, without adding special

manufacturing for forming a terminal area. Furthermore, in insulating
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material filling step, inside of the trench éection is filled with
insulating material. Subsequently, after a portion of insulating
material is eliminated from only a trench section in the cell region
in deposited material adjusting step, gate electrode is formed in the
eliminated portion of the trench section in gate electrode forming
step. Thereby, a trench section in which gate electrode is built is
formed in the cell region, and a trench section entirety of which is
filled with insulating material is formed in the periphery region of

the cell region.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view showing structure of an insulated
gate type semiconductor device directed to a first embodiment.

Fig. 2 is a sectional view showing structure of the insulated
gate type semiconductor device (two-stage-structured P floating
region) directed to the first embodiment.

Fig. 3 illustrates manufacturing process of the insulated gate
type semiconaucﬁor deviéé direétéd tbAFiQ. 1; "

Fig. 4 illustrates manufacturing process of the insulated gate
type semiconductor device directed to Fig. 2.

Fig. 5 is a graph showing relation of voltage and current at
a between-drain-and-source portion (gate voltage is constant).

Fig. 6 i1s a graph showing relation of voltage and current at
a between-drain-and-source portion for each gate voltage.

Fig. 7 is a sectional view showing structure of an insulated
gate type semiconductor device directed to a second embodiment.

Fig. 8 is a sectional view showing structure of the insulated

gate type semiconductor device (two-stage-structured P floating
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region) directed to the second embodiment.

Fig. 9 is a sectional view showing structure of the insulated
gate type semiconductor device (P floating regiondifferent inposition
of thickness direction) directed to the second embodiment.

Fig. 10 is a top view showing array of an insulated gate type
semiconductor device with stripe-patterned trench.

Fig. 11 is a top view showing array of an insulated gate type
semiconductor device with mesh-patterned trench.

Fig. 12 illustrates manufacturing process of the insulated gate
type semiconductor device directed to Fig. 8.

Fig. 13 is a sectional view showing structure of an insulated
gate type semiconductor device directed to a third embodiment.

Fig. 14 is a sectional view showing structure of the insulated
gate type semiconductor device (P floating region different in position
of thickness direction) directed to the third embodiment.

Fig. 15 is a sectional view showing structure of the insulated
gate type semiconductor device (P floating region same in position of
thickness direcﬁion)‘diréééed to the third eﬁbodiment; -

Fig. 16 is a top view showing array (1) of an insulated gate type
semiconductor device with dot-patterned trench.

Fig. 17 is a top view showing array (2) of an insulated gate type
semiconductor device with dot-patterned trench.

Fig. 18 illustrates manufacturing process of the insulated gate
type semiconductor device directed to Fig. 13.

Fig. 19 illustrates manufacturing process of the insulated gate
type semiconductor device directed to Fig. 15.

Fig. 20 is a sectional view showing terminal structure éf an

insulatedgate type semiconductor device directed toa fourth embodiment .
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Fig. 21 shows layout of the semiconductof device directed to Fig.
20, viewed from top.

Fig. 22 illustrates manufacturing process of the insulated gate
type semiconductor device directed to Fig. 20.

Fig. 23 shows potential distribution at X-X section in the
semiconductor device directed to Fig». 21.

Fig. 24 is a graph showing field intensity at Y-Y section in the
semiconductor device directed to Fig. 20.

Fig. 25 is a sectional view showing structure of a
conductivity-modulated type semiconductor device.

Fig. 26 is a view showing current path in a conventional insulated
gate type semiconductor device when load is short-circuited.

Fig. 27 is a view showing current path in an insulated gate type
semiconductor device in the embodiments when load is short-circuited.

Fig. 28 is a sectional view showing structure (1) of an insulated
gate type semiconductor device in which a hole barrier layer is formed.

Fig. 29 is a sectional vi.ew showing structure (2) of an insulated
gate type semiconductor device in which a hole barrier‘ lavyér‘ 1s formed.

Fig. 30 is a sectional view showing structure of a conventional
insulate gate type semiconductor device (1).

Fig. 31 is a sectional view showing structure of a conventional
insulate gate type semiconductor device (2).

Fig. 32 is a sectional view showing terminal structure of a

conventional insulated gate type semiconductor device.

BEST MODE FOR CARRYING OUT THE INVENTION
Exemplary embodiments of the invention are described below

specifically while referring to accompanying drawings. In the
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embodiments, the invention is applied in a powér MOS for controlling
conduction between drain and source (DS) by application of voltage
to the insulated gate.

[FIRST EMBODIMENT]

An insulated gate type semiconductor device 100 (hereinafter
called semiconductor device 100) in a first embodiment has a structure
as shown in a sectional view in Fig. 1. In Fig. 1, constituent elements
having same reference numerals as in the conventional semiconductor
device shown in Fig. 30 have same functions. In the present
specification, the entire assembly formed by a start substrate and
a single cryst'al silicon portion formed on the start substrate by
epitaxial growth is called a semiconductor substrate.

In the semiconductor device 100, at the upper side in Fig. 1
in the semiconductor substrate, N+ source region 31 is formed together
with P+ source region 32 provided at high concentration for lowering
the contact resistance. At the lower side, on the other hand, N+ drain
region 11 1s provided. Between them, P- body region 41 and N- drift
region 12 are brovided from the ubpéi* sidé . The thickhesé of fhé combined
region of P- body region 41 and N- drift region 12 (hereinafter called
epitaxial layer) is about 5.5 um (in which the thickness of P- body
region 41 is about 1.2 pm).

By digging part of the upper side of the semiconductor substrate,
a gate trench 21 is formed. The depth of the gate trench 21 is about
3.2 pm, and it penetrates through the P~ body region 41. In the bottom
of the gate trench 21, a deposited insulating layer 23 is formed by
deposit of insulating material. More specifically, the deposited
insulating layer 23 is formed by collection of silicon oxide to a height

of about 1.7 ym from the bottom of the gate trench 21. On the deposited
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insulating layer 23, further, a gate electrode 22 is formed by deposit
of conductor (for example, polysilicon). The lower end of the gate
electrode 22 is positioned beneath the lower side of the P- body region
41. The gate electrode 22 is opposite to the N+ source region 31 and
P-body region 41 of semiconductor substrate by way of a gate dielectric
24 formed at the wall surface of the gate trench 21. That is, the
gate electrode 22 is insulated from the N+ source region 31 and P-
body region 41 by the gate dielectric 24. In the semiconductor device
100 having such structure,' by application of voltage to the gate
electrode 22, a channel effect is generated in the P- body region 41,
and hence conduction between the N+ source region 31 and N+ drain region
11 is controlled.

Further, the semiconductor substrates includes a P floating
region 51 enclosed by the N- drift region 12. The section of the P
floating region 51 is, as shown in a sectional view in Fig. 1, a nearly
circular shape of radius of 0.6 pm centered on the bottom of the gate
trench 21. Each gate trench 21 is formed in a pitch of about 3.0 pm.
Therefore, between adjaeeﬁt P ‘floatingﬂregionvs 51, 51, ‘a sufficieht
space is reserved. In ON state, hence, the presence of P floating
region 51 will not impedekthe flow of drain current. The radius (about
0.6 pum) of the P floating region 51 is smaller than 1/2 of the thickness
(about 1.7 pum) of the deposited insulating layer 23. Therefore, the
upper end of the deposited insulating layer 23 is positioned higher
than the upper endof the P floating region 51. Hence, thegateelectrode
22 depositing on the deposited insulating layer 23 is not opposite
to the P floating region 51.

The semiconductor device 100 of the embodiment has the P floating

region 51 provided beneath the gate trench 21 incorporating the gate
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electrode 22, and it has the following characteristics as compared
with the insulated gate type semiconductor device not having this.
That is, when the gate voltage is switched off, by the DS voltage,
a depletion layer is formed from the PN junction position with the
P- body region 41 in the N- drift region 12. Peak of field intensity
appearsnear the PNjunctionposition. Whenthe leadingendofdepletion
layer reaches the P floating region 51, the P floating region 51 falls
in punch-through state, and the potential is fixed. When the DSapplied
voltage is high, a depletion layer is also formed from the lower end
of the P floating region 51. Separately from the PN junction position
with the P- body region 41, peak of field intensity also appears near
the lower end of the P floating region 51. That is, peak of electric
field can be formed at two positions, and the maximum peak value can
be lowered. Asaresult, ahigherwithstandvoltagedesignis realized.
Because of highwithstandvoltage, by raisingthe impurity concentration
of the N- drift region 12, a lower on-resistance design is realized.

Moreover, since the semiconductor device 100 has the deposited
insulating liayeg 23 provideél in <th>e> géte trench421, it has also thé
following characteristics. That is, since the P floating region 51
is formed by ion implantation or the like from the bottom of the gate
trench 21 as described below, the bottom of the gate trench 21 is damaged
more or less. However, by the presence of the deposited insulating
layer 23, effects of bottom démage of the gate trench 21 can be evaded,
and defects such as deterioration of device characteristic or decline
of reliability can be prevented. Also by the deposited insulating
layer23, effectsduetoconfrontationof gateelectrode22and P floating
region 51 are lessened, and the on-resistance in the P- body region

41 is decreased. As comparedwith a structure not having the deposited
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insulating layer 23, since the gate electrode 22 is smaller, and the
gate-drain capacity Cgd is small, and the switching speed is faster.

Aplurality of P floating regionsmay be provided in the thickness
direction of the semiconductor device. For example, as shown in Fig.
2, two stages of P floating regions may be provided. Ina semiconductor
device 101 shown in Fig. 2, as compared with the semiconductor device
100 in Fig. 1, deeper (about 8.5 um) epitaxial layer and gate trench
21 are provided. It also has a P floating region 51 centered on the
bottom of the gate trench 21, and a P floating region 52 positioned
between the P floating region 51 and P- body region 417 As a result,
the depletion layer formed from the PN junction position with the P-
body region 41 once reaches the P floating region 52, and then reaches

the P floating region 51. Accordingly, aside from the PN junction

position with the P- body region 41, peak of field intensity appears

at both lower end of the P floating region 52 and lower end of P floating
region 51. Therefore, three peaks of electric field are formed, and

the maximum péak value may be further decreased. Incidentally, by

4 ihcreasihg the number of P‘floéﬁting regions 52 poéi%ior;‘edrbetween the

P floating region 51 and P- body region 41, the number of peaks of
electric field can be increased. Accordingly, the greater the number
of P floating regions 52, the higher withstand voltage design and lower
on-resistance design can be realized.

The manufacturing procéss of the semiconductor device 100 shown
in Fig. 1 is explained by referring to Fig. 3. To begin with, N- type
silicon layer is formed by epitaxial growth on N+ substrate as N+ drain
region 11. This N- type silicon layer (epitaxial layer) forms the
regions of N- drift region 12, P- body region 41, and N+ source region

31. By subsequent ion implantation or the like, P- body region 41
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and N+ source region 31 are formed. As a result, a semiconductor
substrate having epitaxial layer is fabricated on N+ drain region 11
as shown in Fig. 3 (a).

Next, as shown in Fig. 3 (b), penetrating the P- body region
41, a gate trench 21 is formed until its bottom reaches up to the N-
drift region 12. Later, by thermal oxidation processing, an oxide
film 95 of about 50 nm in thickness is formed on the wall of the gate
trench 21. Further, as shown inFig. 3 (c), ionimplantation is started
from the bottom of the gate trench 21. Ion implantation is carried
out after forming the oxide film 95 because lon implantation is not
applied to the sidewall of the gate trench 21. After ion implantation,
the oxide film 95 in the gate trench 21 is removed. When burying the
oxide film, if there is problem of interface state, or it is better
for burying the insulating material when a thin oxide film is formed
on the silicon surface, it is better to form a thin thermal oxide film
of about 50 nm and then bury the insulating material. Such process
is not needed if it is better for burying the insulating material when
the silicdﬁ surfag:e is e.xpésed‘. o '

As shown in Fig. 3 (d), an insulating material (silicon oxide
or the like) 23 is deposited in the gate trench 21 by CVD. Thermal
diffusion is processed for the purposes of both annealing of the
insulatingmaterial and formation of P floating region 51. Asaresult,
the P floating region 51 is formed. The size of the P floating region
51 is determined by the bottom dimensions of the gate trench 21. The
position oflthe P floating region 51 in the thickness direction is
determined by the depth of the trench. That is, since the P floating
regionb5lisdeterminedonthebasisofthegatetrench2l, itsdimensional

precision is high. Next, as shown in Fig. 3 (e), by etching the
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semiconductor substrate in which the insulating material deposits,
part of the insulating material is removed. Thus, a space for forming
the gate electrode 22 is preserved.

An oxide film 24 is formed by thermal oxidation on the upside
of the semiconductor substrate and the wall surface of the gate trench
21. T'his is the gate oxide film 24. In the space reserved in the
preceding step, a conductor (polysilicon .or the like) is deposited,

and a gate electrode 22 as shown in Fig. 3 (f) is formed. Then, by

forming the source electrode and drain electrode, an insulated gate

type semiconductor device, that is, semiconductor device 100 is
fabricated as shown in Fig. 3 (g).

The semiconductor 101 shown in Fig. 2 is fabricated in the
manufacturingprocessasshowninFig. 4. Inthismanufacturingprocess,
it is same as the manufacturing process of the semiconductor device
100 shown in Fig. 1 up to the step of ion implantation (corresponding
to Fig. 3 (c)) after forming the gate trench 21. Thereafter, in the
semiconductor substrate after ion implantation, without depositing
the insulatingmaterial, theﬁnal diffusion is proéeésed. As a result,
a P floating region 52 is formed as shown in Fig. 4 (d).

As shown in Fig. 4 (e), by etching again, the gate trench 21
is much excavated. As shown in Fig. 4 (f), by thermal oxidation
processing, an oxide film 95 is formed on the wall of the gate trench
21. From the bottom of the gate trench 21, again, ion implantation
is executed. After the ion implantation, the oxide film 95 in the
gate trench 21 is removed. When burying the oxide film, if there is
problem of interface state, or it is better for burying the insulating
material when a thin oxide film is formed on the silicon surface, it

is better to form a thin thermal oxide film of about 50 nm and then
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bury the insulating material. Such process is notvneeded if it is
better for burying the insulating material when'the silicon surface
is exposed.

As shown in Fig. 4 (g), an insulating‘maferial (silicon oxide
or the like) 23 is deposited in the gate trench 21 by CVD. Thermal
diffusion is processed for the purposes of both annealing of the
insulatingmaterial and formation of P floating region 51. Asaresult,
the P floating region 51 is formed.

In the same procedure as in the process after Fig. 3 (e), a gate
electrode 22 incorporated in the gate trench 21 is formed as shown
in Fig. 4 (h). Thereafter, by forming the source electrode and drain
electrode, an insulated gate type semiconductor device, that is,
semiconductor device 101 as shown in Fig. 4 (i) is fabricated. The
number of P floating regions 52 can be increased in the thickness
direction by repeating the process from Fig. 4 (d) to Fig. 4 (f).

In the semiconductor device 100 shown in Fig. 1, results of
measurement of DS withstand voltage and on-resistance are explained.
Fig. 5 is a graph showing the relation of DS vditége Vdé and curfent
Ids with the gaté voltage Vg fixed at 0 V. As shown in Fig. 5, while
the voltage Vds is within 10 V to 70 V, the value of current Ids is
nearly constant. When the voltage Vds exceeds 72 V;rthe current Ids
increases suddenly. It is known that breakdown has occurred at 72
V. Fig. 6 is a simulation graph showing the relation of DS voltage
Vds and current Ids with the gate voltage Vg variable. The inclination
of the graph corresponds to the DS on-resistance. Generally, the
siliconlimit(unipolarlimit)isexpressajbytheon—resistance(Ronf
calculated in formula (1) below. In formula (1), Vb denotes the

withstand voltage.
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Ron = 8.33 x 107°(Vb)2% (1)

For example, in the case of withstand voltage of 72V, the on-resistance
36.6 mQ-mm® is the unipolar limit. In this embodiment, for example,
at the gate voltage Vg = 15 V, the on-resistance was 34.0 mQ-mm® from
the graph inclination of Vg=15V in Fig. 6. Therefore, the insulated
gate type semiconductor device of the embodiment realizes a higher
on-resistance design exceeding the unipolar limit.

[Second embodiment]

An insulated gate type semiconductor device 200 (hereinafter
called semiconductor device 200) in a second embodiment has a structure
as shown in a sectional view in Fig. 7. It is a feature of the
semiconductor device 200 in this embodiment is that a trench for P
floating region is provided, with the bottom of the trench positioned
in the P floating region. In this respect, it is different from the
semiconductor device 100 (see Fig. 1) in which the bottom of the trench
incorporating the gate electrode is positioned inthe P floating region.
In Fig. 7, constituent elements having same reference numerals as in
the semiccﬁnducto'r d‘e{f'i&ce' ‘lONO shown in ‘Fig. 1 ha%}e éame functions. -

The semiconductor device 200, same as the semiconductor device
100 of the first embodiment, comprises N+ source region 31, N+ drain
region 11, P- body region 41, and N~ drift region 12. By excavating
part of the upper side of thé semiconductor device 200, a gate trench
21 is formed. The gate trench 21 incorporates a gate electrode 22.
The gate electrode 22 is insulated from the P- body region 41 by the
gate dielectric 24 formed on the wall of the gate trench 21. In the
semiconductordevice 200, byapplicationofvoltagetothegateelectrode
22, a channel effect is produced in the body region 41, and thereby

the conduction between the N+ source region 31 and N+ drain region
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11 is controlled.

The semiconductor device 200 includes, aside fromthe gate trench
21 incorporating the gate electrode 22, trenches 25, 25 provided at
bothsidesofthegatetrench2l. Eachtrench25isfilledwithinsulating
material. Further, a P floating region 54 is formed in contact with
the bottom of the trench 25, being surrounded by an N- drift region
12. The section of the P floating region 54 is a nearly circular shape
centered on the bottom of the trench 25 as shown in a sectional view
in Fig. 7.

In the semicoﬁductor device 200 of the embodiment, same as the
semiconductor device 100 in the first embodiment, by forming the P
floatingregion54, thepeakof electric fieldis formedintwopositions,
and the maximum peak value can be decreased. As compared with the
semiconductor device 100 in the first embodiment, it has the following
features. That is, the structure of the gate electrode is the same
of the conventional structure, and it is easy to fabricate. That is,
the distance bétween the gate electrode 22 and P floating region 54
is longer as compared with thaﬁ in the first semicondu;:tVoz.: device iOO.
Accordingly, it is easiler to hold the current path, and a lower
on-resistance design can be realized. Besides, since the P floating
region opposite to the gate electrode 22 is not provided, it is free
from problems of effects of ion implantation or increase of
on-resistance.

Further, same as in the semiconductor device 100 in the first
embodiment, a plurality of P floating regions may be provided in the
thicknessdirection of the semiconductor device. Forexample, as shown
in Fig. 8, P floating regions may be formed in two-stage structure.

In the semiconductor device 201 shown in Fig. 8, trenches 25 are formed
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deeper than in the semiconductor device 200 shown in Fig. 7. The gate
trench 21 for gate electrode 22 is same in depth as the semiconductor
device 200 shown in Fig. 7, but in the semiconductor device 201, the
P floating region 54 centered on the bottom of the trench 25 is formed
together with the P floating region 55 positioned between the P floating
region 54 and P- body region 41. As a result, the peak of electric
field is formed at three positions, and a further higher withstand
voltage design and lower on-resistance design can be realized. |

Besides, as shown in Fig. 9, a trench 26 of which depth is not
same as a trench 25 may be provided with the gate electrode 22 being
arranged between the trench 25 and the trench 26. This trench 26 is
also filled with insulating material, and its bottom is positioned
in the P floating region 56. That is, the P floating region 56 is
provided at a position different from the P floating region 54 in the
thickness direction. Therefore, same as in the semiconductor device
201 shown in Fig. 8, the peak of electric field is formed at three
positions. Therefore, the higher withstand voltage design and lower
on-resistance désign can be ruealiz.ed.w In fhe sezﬁiconductor aevice
202, the trench pitch is designed slightly narrower than in the
semiconductor device 201 i order to link the depletion layers more
securely in the width direction. In the semiconductor device 202,
only one P floating region contacts with each trench, and hence the
ion implantation and thermal diffusion process for forming each P
floating region is required only once. Hence, characteristic
deterioration due to thermal diffusion process canbe minimized. Each
trench can be filled in same process, and the manufacturing process
is simplified.

The shape of each trench is a stripe long in the depth direction
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inthedrawing, meshshape, dot shape, etc. Forhigherwithstandvoltage
design, the stripe shape as shown in Fig. 10 or mesh shape as shown
in Fig. 11 may be effective.

The manufacturing process of the semiconductor device 201 shown
in Fig. 8 is explained by referring to Fig. 12. The gate electrode
22 and gate trench 21 of the semiconductor device 201 have a general
structure and formed by known manufacturing method. As shown in Fig.
i2 (a), a trench 25 is formed by penetrating through the P- body region
and with its bottom reaching up to the N- drift region 12. Next, ion
implantation from the bottom of the trench 25 is made. After that,
thermal diffusionprocess is conducted. Asa resuit, P floating region

55isformed. Inthisstate, onthebasisof thesemiconductor substrate,

‘insulatingmaterial is deposited in the trench 25, and source electrode

and drain electrode are formed, and then the semiconductor device 200
as shown in Fig. 7 is .fabricated.

ByetchingagainasshowninFig. 12 (b), thetrench25isexcavated.
From the bottoin of the trench 25, ion implantation is exécuted again.
As shown in Fig; 12 (c), .al.'l insulatiﬁg material 23 is< depoéiltiéd in
the gate trench 21 by CVD. Later, for the purpose of annealing of
the insulating material 'and formation of the P floating region 54,
thermal diffusion process is carried out. As a result, the P floating
region 54 is formed. Then, by forming the source electrode and drain
electrode, the insulated gate type semiconductor device, that is,
semiconductor device 201 as shown in Fig. 12 (d) is fabricated.

[Third embodiment]

An insulated gate type semiconductor device 300 (hereinafter
called semiconductor device 300) in a third embodiment has a structure

as shown in a sectional view in Fig. 13. It is a feature of the
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semiconductor device 300 in this embodiment is that the P floating
region is provided individually beneath a trench for gate electrode,
and a trench for P floating region, that is, trench not incorporating
the gate electrode. 1In this respect, it is different from the
semiconductor device 100 (see Fig. 1) having the P floating region
provided only beneath the gate trench 21 for gate electrode, or the
semiconductor device 200 (see Fig. 7) provided only beneath the trench
25 for P floating region. 1In Flg 13, constituent elements havihg
same reference numerals as in the semiconductor device 100 shown in
Fig. landthe semiconductordevice 200 showninFig. 7have same functions.
The semiconductor device 300, same as the semiconductor device
100 of the first embodiment and the semiconductor device 200 of the

second embodiment, comprises N+ source region 31, N+ drain region 11,

P- body region 41 and N- drift region 12. By excavating part of the

ﬁpper side of the semiconductor device 300, a gate trench 21 is formed.
In the bottom of the gate trench 21, a deposited insulating layer 23
is formed by‘ depositing an insulating material. Further on the
deposited insulating layer 23, a gate electrode 22~ lS fo:tme»d.‘ The
gate electrode 22 is insulated from the P- body region 41 by the gate
dielectric 24 formed on the wall of the gate trench 21. 1In the
semiconductordevice 200, byapplicationof voltagetothegateelectrode
22, a channel effect is produced in the body region 41, and thereby
the conduction between the N+ source region 31 and N+ drain region
11 is controlled.

The semiconductor substrate has trenches 25, 25 deeper than the
gate trench 21 at both sides of the gate trench 21, in addition to
the gate trench 21 incorporating the gate electrode 22. The trench

25 is filled with insulating material. Further, being surrounded by
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anN-drift region 12, P floating regions 51, 54 are formed. The section
of the P floating regions 51, 54 is a nearly circular shape centered
on the bottom of the trench 25 as shown in a sectional view in Fig.
13. In this specification, the P floating region in which the bottom
of the gate trench 21 for gate electrode is positioned is called the
“P floating region 517, and the P fioating region in which the bottom
of the gate trench 25 for P floating region is positioned is called
the “P floating region 54”.

The adjacent P floating regions 51, 54 are disposed so as not
to contact with each other. If the adjacent P floating regions contact
with each other, the current path in ON time is narrow, and the
on-resistance increases. The P floating region 51 is disposed at a
limit position of the depletion layer, which spreads downward from
the PN junction of the P- body region 41 and N- drift region 12 in
OFF, time, reaches up to the P floating region 51 before occurrence
of bfeakdown. This is because the withstand voltage is proportional
to the depth of the depletion layer, and the withstand voltage becomes
lower if the distance between thé VPQ body region 41 and P floafing
region 51 is short. The P floating region 54 is disposed at a limit
position of the depletion layer, which spreads downward from the P
floating region 51, reaches up to the P floating region 54 before
occurrence of breakdown. This is also intended to realize an optimum
high withstand voltage design.

In the semiconductor device 300 of the embodiment, P floating
regions 51, 54 are provided in both bottom of the gate trench 21 for
gate electrode, and the bottom of the trench 25 for P floating region,
and further the gate trench 21 and trench 25 are different in depth,

and therefore the peak of electric field is formed at three positions,



10

15

20

25

WO 2005/036650 PCT/JP2004/015179

29

same as the semiconductor device 201 shown in Fig. 8 or semiconductor
device 202 shown in Fig. 9. Hence both higher withstand voltage design
and lower on-resistance design are realized.

The P floating regions 51, 54 are not limited to the layout of
the upper P floating region 51 and lower P floating region 54 as in
the semiconductor device 300 shown in Fig. 13. For example, as shown
in Fig. 14, the P floating region 51 may be lower and the P floating
region 54 may be upper. In the semiconductor device 301 having such
layout, the peak of electric field is formed at three positions, and
the maximum peak value can be decreased.

Different from the semiconductor devices shown in Fig. 13 and
Fig. 14, in the semiconductor device 302 shown in Fig. 15, the gate
trench 21 for gate electrode and the trench 25 for P floating region
méy be formed in a same depth. Such semiconductor device 302 brings
about the following benefifs. That is, since the both trenches can
be formed in a same process, the number of processes can be curtailed.
Moreover, the’distance of adjacent P floating regions is short, and
if the concentrétioﬁ of N; dfift region 12 is high, ‘;‘;hé depletidn layer
can be linked securely. .Hence, lower on-resistance design can be
realized. Since higher withstandvoltage designisrealizedbymultiple
P floating regions 51, 54, the size of each one of P floéting regions
51, 54maybesmall. Hence, theaccelerationvoltage inionimplantation
can be lowered, and damage by ion implantation can be suppressed. As
compared with the semiconductor device having different trench depths,
the thickness of the epitaxial layer may be smaller. Since the number
of times of thermal diffusion processing is smaller, diffusion of
impurity can be suppressed, and the increase of on-resistance due to

thermal diffusion processing can be suppressed.
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The shape of trenches of the semiconductor device 302 shown in
Fig. 15 may be any shape, same as in the other semiconductor devices,
including stripe shape (see Fig. 10), mesh shape (see Fig. 11), and
dot shape. Since the density of each P floating region is high in
the semiconductor device 302, as compared with other structure, the
manufacturing margin of size and others is wider. By making use of
this merit, the trench 25 may be formed in dot shape as shown in Fig.
16. In this layout, since the P floating region 54 is partially éut
away, the current path is broad, and a lower on-resistance design is
realized. Tomake uniform the spread of depletion layer, the distance
of trenches is set uniform. Furthermore, as shown in Fig. 17, a gate
trench 21 is formed at cut segment of trench 25 to form in a mesh,
and the area of the gate electrode 22 is wider, and a lower on-resistance
design is réalized. Section A-A in Fig. 16 or section B-B in Fig.
17 corresponds to the semiconductor device 302 in Fig. 15.

The manufacturing process of the semiconductor device 300 shown
in Fig. 13 isjexplained by referring to Fig. 18. The gate electrode
22 andgate trénch 21 ofthe semiconductbr device 300 have‘a saﬁé étfucture
as in the semiconductor device 100 in Fig. 1, and formed in the same
manufacturingmethodas themanufacturingmethod shown inFig. 3. First,
by etching as shown in Fig. 18 (a), a trench 25 deeper than the gate
trench 21 is formed. By the subsequent thermal oxidation processing,
anoxide £11m 95 is formed on thewall of the trench 25. Ion implantation
is executed again from the bottom of the trench 25. After ion
implantation, the oxide film 95 in the trench 25 is removed. When
burying the oxide film, if there is problem of interface state, or
it is better for burying the insulating material when a thin oxide

film is formed on the silicon surface, it is better to form a thin



10

15

20

25

WO 2005/036650 PCT/JP2004/015179

31

thermal oxide film of about 50 nm and then bury the insulatingmaterial.
Such process is not needed if it is better for burying the insulating
material when the silicon surface is exposed.

Further, an insulating material is deposited in the trench.
Later, for the purpose of annealing of the insulating material and
formation of the P floating region 54, thermal diffusion processing
is carried out. As a result, the P floating region 54 is formed at
a different position in the thickness direction from the P floating
region 51. As shown in Fig. 18 (b), a deposited insulating layer 23
is formed in the trench 25. Then, by chrming the source electrode
and drain electrode, the insulated gate type semiconductor device,
that is, the semiconductordevice 300 as showninFig. 18 (c) is fabricated.
The semiconductor device 301 shown in Fig. 14 can be fabricated in
the same process only by varying the depth of the trenches.

Inthismanufacturingprocess, thegatetrench?2l is formedbefore
the trench 25, and it is intended to decrease the thermal load. However,
the trench 25~ may be formed earlier by lowering the gate oxidation
temperature. o

The manufacturing process of the semiconductor device 302 shown
in Fig. 15 is explained by referring to Fig. 19. First, as shown in
Fig. 19 (a), penetrating through the P- body region 41, a gate trench
21 and trench 25 are formed until its bottom reaches up to the N- drift
region 12. The both trenches are formed at the same time, and hence
same in the depth. By subsequent thermal oxidation processing, an
oxide film 95 is formed on the wall of each trench. Ion implantation
is executed from the bottom of each trench. After ion implantation,
the oxide film 95 of each trench is removed. When burying the oxide

film, if there is problemof interface state, or it isbetter for burying



10

15

20

25

WO 2005/036650 PCT/JP2004/015179

32

the insulating material when a thin oxide film is formed on the silicon
surface, it is better to form a thin thermal oxide film of about 50
nm and then bury the insulating material. Such process is not needed
if it is better for burying the insulating material when the silicon
surface is exposed.

Further, an insulating material is deposited in each trench.
As a result, a deposited insulating layer 23 is formed in each trench.
Later, for the purpose of annealing of the insulating material and
formation of the P floating region 51 and P floating region 54, thermal
diffusionprocessing is carriedout. Asaresult, theP floatingregion
51 and P floatirw:g region 54 are formed simultaneously by one thermal
diffusion processing. As a result, as shown in fig. 19 (b), the P

floating region 51 is formed beneath the gate trench 21 and the P floating

region 54 beneath the trench 25.

By etching the deposited insulating layer 23 in the gate trench
21, part of the deposited insulating layer 23 is removed. Further,

an oxide film 24 is formed by thermal oxidation on the wall of the

“géte trénéh 21. This Ais the gate oxide film 24. By depositing a

éonductor in the gate trench 21, a gate electrode 22 incorporated in
the gate trench 21 is formed as shown in Fig. 19 (c¢). Then, by forming
the source electrode and drain electrode, the insulated gate type
semiconductor device, that is, semiconductor device 302 as shown in
Fig. 19 (d) is fabricated.

[Fourth embodiment]

An insulated gate type semiconductor device 400 (hereinafter
called semiconductor device 400) in a fourth embodiment has a structure
as shown in a sectional view in Fig. 20. The semiconductor device

400 has a different terminal structure from the conventional
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semiconductordevice. Thesemiconductordevice400ofthisembodiment,
same as the semiconductor device 100 of the first embodiment, comprises
N+ source region 31, N+ drain region 11, P- body region 41, N- drift
region 12, and gate trench 21 incorporating gate electrode 22. By
application of voltage to the gate electrode 22, the conduction between
the N+ source region 31 and N+ drain region 11 is controlled. In this
specification, inthe periphery of the cell region (cell area), a region
acting as a terminal end is called a “terminal area”.

In the terminal area of the semiconductor device 400, as shown
in Fig. 21, a terminal trench 62 is formed so as to surround the cell
area. The inside of the terminal trench 62 shown in Fig. 20 is entirely
filledwithaninsulatingmaterial (siliconoxideorthelike). Beneath
the terminal‘ trench 62, a P floating region 53 having the same action
as the P floating region 51 in the first embodiment is formed.

The manufacturing process of the semiconductor device 400 is
explained below, mainly relating to the terminal area, by referring
to Fig. 22. First, as shown in Fig. 22 (a), an epitaxial layeJ.; (N-
drift region 12, P- body region 41, N+ source region 31) is formed
ontheN+drainregionll. Thedetail is same as inthe first embodiment.
Then a gate trench 21 is formed on the semiconductor substrate. At
this time, the terminal trench 62 is also formed in the terminal area
simultaneously. As shown in Fig. 22 (b), by ion implantation from
the bottom, P floating regions 51, 53 are formed.

As shown in Fig. 22 (c), by depositing an insulating material
in each trench, a deposited insulating layer 23 is formed. As shown
in Fig. 22 (d), a resist 96 1s formed on the terminal area of the top
of the semiconductor substrate. Using the resist 96 as the mask, the

insulatingmaterial isetched. Asaresult, theheight of the deposited
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insulating layer 23 is adjusted. At thistime of etching, the deposited
insulating material in the terminal area is protected by the resist
96. Hence, only the deposited insulating material in the cell area
is adjusted in height. Therefore, the insulating material in the
terminal trench 62 is not removed at all, and the terminal trench 62
remains to be filled up. After height adjustment of the deposited
insulating material, the resist 96 is removed.

As shown in Fig. 22 (e), an oxide film is formed on the top bf
the semiconductor substrate and wall of the gate trench 21, and a
conductor 22 is deposited in the gate trench 21. As a result, a gate
electrode 22 is formed in the gate trench 21. As required, a P+ source
region 32 may be further formed. Then, by forming the source electrode
and drain electrode, the insulated gate type semiconductor device,
that is, semiconductor device 400 as shown in Fig. 22 (f) is fabricated.

Simulationresultsof fieldintensityof the semiconductordevice
400areexplained. Inthissimulation, tﬁe fieldintensitydistribution

of section X-X in Fig. 21 was determined. Fig. 23 shows isopotential

lines ih the semiconductor device 400 As showﬁ iﬁ Flg 23, ‘thé I;éak
of electric field are present at two positions, that is, near the PN
junction of the P- body region 41 and N- drift region 12, and the lower
end of the P floating region 52. The graph in Fig. 24 shows the field
intensityintheY-YsectionofFig.20. Theaxisofordinatesrepresents
the field intensity (V/cm), and the axis of abscissas denotes the
distance (um) from the top of the semiconductor substrate. The field
intensity at Y-Y section shows the peak at two positions, that is,
about 1.5 um and 3.5 um from the top surface as shown in Fig. 24. As
known from the graph, too, the electric field reaches the peak near

the PN junction of the P- body region 41 and N- drift region 12, and
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at the lower end of the P floating region 52. It is thus known that
the concentration of electric field is alleviated in the terminal area,
as well as in the cell area.

The semiconductor device 400 of the embodiment realizes a higher
withstand voltage designed by the terminal trench 62 and corresponding
P floating region 52. As a result, as compared with the conventional
insulatedgate type semiconductor device shown in Fig. 32, the following
features are provided. That is, in the semiconductor device 400 of
the embodiment, the P floating region 53 of the terminal area can be

fabricated in the same process as the P floating region 51 of the cell

. area, and hence the number of processes is reduced and it is easy to

fabricate. The P floating region 53 is smaller in thermal load as
compared with the P terminal diffusion region 61. Hence, the N- drift
region 12 (epitaxial layer) can be formed in a smaller thickness, and
the on-resistance can be decreased. The size of the P floating region
53‘ is smaller than in the conventional P terminal diffusion region
61. Hence, the size can be controlled easily.

In the semiconducfor device 400, thi”ee terminal’tre»nches 62 are
formed, but the number of terminal trenches 62 is not limited. The
greater the number of terminal trenches 62, the higher is the withstand
voltage. For example, in the case of the semiconductor device 400,
supposing the number of terminal trenches 62 to be one, the withstand
voltage is 50 V. By contrast, by increasing the number of terminal
trenches 62 to two, it is enhanced to 64 V, and by increasing to three,
it is enhanced to 72 V. On the other hand, by increasing the number
of trenches, the space of the terminal area becomes wider, which is
contradictory to compact design of the entire semiconductor device.

Hence, the terminal trench 62 is formed depending on the withstand
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voltage. The withstand voltage is enhanced by optimizing the interval
between adjacent terminal trenches 62. Specifically, in the
semiconductor device 400, as compared with the distance (3 um) between
gate trenches 21, the distance (2 um) between the terminal trenches
62 is designed to be shorter. In the embodiment, the terminal trench
62 is formed in a slender groove, but it is not limited. For example,
it may be formed like a hole.

As described herein, in the semiconductor device 100 of the first
embodiment (Fig. 1), insingleprocessof epitaxial growth, anepitaxial
layer (N-drift region 12) is formed, and further by ion implantation
and thermal diffusion, a P- body region 41 is formed in the epitaxial
layer. Agatetrench?2l is formedon the semiconductor substrate having
this epitaxial layer, and by ion implantation from the bottom of the

gate trench, a P floating region 51 is formed. That is, to form the

P floating region 51, only one process of epitaxial growth is needed.

This is the same when fabricating a plurality of P floating regions

52 in the thickness direction as in the semiconductor device 101 (Fig.

2), or when fabricating the P floating fegibn 53 ::Ln tfluehtérrrnj‘_hél area
as in the semiconductor device 400 (Fig. 20). By the P floating region
51, depletion of the N- drift region 12 when switching off the gate
voltage is promoted, and concentration of electric field can be
alleviated. Hence, both higher withstand voltage design and lower
on-resistance design are realized, and the easily fabricated insulated
gatetype semiconductordevice and itsmanufacturingmethodare realized.
In the gate trench 21, a deposited insulating layer 23 may be
formed. As a result, without receiving effects from the ion
implantation, the gatedielectric24 andgate electrode 22 canbe formed.

Hence, deterioration of device characteristic and decline of
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reliability can be suppressed. The upper end of the deposited
insulating layer 23 is positioned higher than the upper end of the
P floating region 51. Hence, confrontation of the gate electrode 22
and P floating region 51 can be inhibited. Hence, increase of
on-resistance can be prevented.

In the semiconductor device 101 (Fig. 2), a P floating region
52 is formed between the P- body region 41 and P floating region 51.
As a result, the peak of electric field is formed at three positions,
and the maximum peak value can be further decreased. Hence, by forming
the P floating region 52, the higher withstand voltage design and lower
on-resistance design can be realized.

In the semiconductor device 200 of the second embodimént (Fig.
7), a trench 25 for P floating region is provided. That is, the trench
not incorporating the gate electrode 22 is provided. Beneath the gate
trench 21 incorporating the gate electrode 22, on the other hand, P
floating region is not provided. Hence, it is free from problems such

as effects of ion implantation or increase of on-resistance. The P

floating region 54 isprovidedbeneath the trench25 formed for P floating

region. It is hence not necessary to corisider the position or size
of the gateelectrode 22, and the degree of freedomof design is enhanced.
The distance between the gate electrode 22 and P floating region 54
is longer than in the first semiconductor device 100. Hence, same
as in the semiconductor device 100 of the first embodiment, while
assuring’'a higher withstand voltage design, it is easier to assure
the current path and the lower on-resistance design can be realized.

In the semiconductor device 201 (Fig. 8), a P floating region
55 is formed between the P- body region 41 and P floating region 54.

As a result, the peak of electric field is formed at three positions,
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and the maximum peak value can be further decreased. 1In the
semiconductor device 202 (Fig. 9), trenches 25 of different depths
are formed, andone P floating region 54 is provided beneath each trench.
Hence, deterioration of characteristics by thermal diffusion
processing can be kept to a minimum limit, and the higher withstand
voltage design and lower on-resistance design can be realized.

In the semiconductor device 300 of the third embodiment (Fig.
13), a gate trench 21 for gate electrode and a trench 25 for P floating
region are provided, and further P floating regions 51, 54 are provided
beneath the both trenches. Further, the gate trench 21 and trench
25 are different in depth. As a result, the peak of electric field
is formed at plural positions, and the maximum peak value can be further
decreased. |

In the semiconductor device 302 (Fig. 15), the gate trench 21
and trench 25 are formed in a same depth. Hence, the gate trench 21
and trench 25 can be formed in a same process. That is, the number
of processes. can be curtailed. Moreox}ef, the thermal diffusion
processing can be also conducted 1n the* séme procéss, and diffﬁs‘ié;l
of impurity is less, and decline of on-resistance by thermal diffusion
processing can be suppressed. Meanwhile, by "same depth," it doés
not mean exactly the. same depth. Slight deviation in depth occurring
during formation of trench is also included in the scope of same depth.

In the semiconductor device 400 of the fourth embodiment (Fig.
20), theterminal areaalsoincludes P floatingregion53. Accordingly,
a higher withstand voltage design can be achieved not only in the cell
area but also in the terminal area. This P floating region 53 can
be formed in the same process as the P floating region 51 in the cell

area. Hence the terminal structure can be composed in a smaller number
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of processes. The P floating region 53 does not require wide space
as compared with the conventional semiconductor device. Therefore,
the size controllability is excellent, and the semiconductor device
itself is compact.

The embodiments are mere examples, and are not intended to limit
the scope of the invention. Therefore, the invention may be changed
or modified freely within a scope not departing from the true spirit
of the invention. For example, the regions of the semiconductors may
be exchanged between P type and N type. The gate dielectric 24 is
not limited to the oxide film, but may include nitride film, other
insulating filmor combination film. The semiconductor is not limited
to silicon, but may include other types of semiconductor (SiC, GaN,
GaAs, etc.). |

In the semiconductor device 400 shown in Fig. 20, the trench
62 in the terminal area is completely filled with insulating material,
but same as the gate trench 21 in the cell area, the conductor may

be deposited by removing part of the insulating material. In this

- case, the conductor in the terminal trench 62 is not connected

electrically to the gate wiring. Even in such semiconductor device,
the higher withstand voltage design of the terminal area canbe realized
in a small number of processes.

The insulated gate type semiconductor device of the invention
can be applied also in the power MOS using the P type substrate 13
shown in Fig. 25 or the conductivity-modulated type power MOS.

The insulated gate type semiconductor device of the embodiments
also has the following characteristics in addition to the
characteristicsdescribedherein. Thatis, sinceholesareaccumulated

in the P floating region 51, the P floating region 51 becomes the supply
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source of holes. As a result, in the surface region of the N- dr<ift
region 12, specifically, in the region positioned higher than the P
floatingregion51, theholeconcentrationcanbeenhanced. Asaresult,
the loss can be reduced. Moreover, since the deposited insulating
layer 23 is formedbeneaththe gateelectrode 22, the gate-draincapacity
(Cgd) is small. Hence, transmission failure or driving loss can be
decreased.

Since the depletion layer is formed also from the P floating
region 51, the withstand voltage in load short-circuiting is enhanced.
That is, in the conventional insulated gate type semicondﬁctor device
without P floating region 51, at the time of load short-circuiting,
as shown in Fig. 26, depletion layer 15 is formed at the drain side
from the PN junction of the P- body region 41 and N- drift region 12,
and a current flow in the region beneath the gate trench 21 (see arrow
in Fig. 26). On the other hand, in the insulated gai:e type
semiconductor device 100 of the embodiment, the deposited insulating
layer 23 is fdrmed beneath the gate electrode 22, and a current flows
along the'gate trenéh 21 as shown in Flg 27. From ti’lé. P- fioating
region 51, too, a depletion layer 15 is formed. Therefore, the current
path in load short-circuiting is very narrow (see arrow in Fig. 27).
As a result, the short-circuiting current decreases, and the withstand
voltage in load short-circuit is enhanced.

The invention, as shown in Fig. 28 and Fig. 29, canbe also applied
to the power MOS forming the N hole barrier region 18 acting as hole
barrier between the P- body region 41 and N- drift region 12. 1In the
case of the power MOS forming the N hole barrier region 18, spreading
of the depletion léyer intheN hole barrier region 18 is narrow. Hence,

the withstand voltage may be lowered. However, in the power MOS having



10

15

WO 2005/036650 PCT/JP2004/015179

41

the P floating region 51, in addition to the depletion layer formed
of the PN junction between the P- body region 41 and N- drift regibn
12, a depletion layer is also formed from the P floating region 51,

so that decline of withstand voltage can be suppressed.

INDUSTRIAL APPLICABILITY

According to the invention, by the floating region surrounded
by the drift region, both higher withstand voltage design and lower
on-resistance design can be realized. By the deposited insulating
layer, effects by implantation of impurity can be avoided. By ion
implantation from the bottom of the trench, the floating region can
be formed without repeating formation of 'silicon layer by epitaxial
growth. Hence, while realizing both higher withstand voltage design
and lower on-resistance design, the insulated gate type semiconductor
device that can be manufactured easily and its manufacturing method

are presented.
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CLAIMS
1. An insulated gate type semiconductor device comprising:

a body region arranged at upper surface side in a semiconductor
substrate, the body region corresponding to a first conduction type
semiconductor;

a drift region being in contact with bottom surface of the body
region, the drift region corresponding to a second conduction type
semiconductor; and |

a trench section arranged with penetrating the body region from
upper surface of the semiconductor substrate and reaching level further
below bottom surface of the body region,

wherein the insulated gate type semiconductor further comprises
a floating region surrounded by the drift region, the floating region
corresponding to a first conduction type semiconductor,

bottom of the trench section is arranged in the floating region,

in the trench section, there are formed a deposited insulating
layer consisting of deposited insulatingmaterial and a gate electrode
being arranged abo%erthe deposiféd.insulating layef and facing the
body region, and

top of the deposited insulating layer is further above top of

the floating region.

2. An insulted gate type semiconductor device according to claim
1 further comprising an intermediate floating region arranged further
above top of the floating region with being surrounded by the drift
region, the intermediate floating region corresponding to a first
conduction type semiconductor,

wherein the trench section penetrates the intermediate floating
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region, and
top of the deposited insulating layer is arranged further above

top of the intermediate floating region.

3. An insulated gate type semiconductor device according to claim
1 further comprising:

an auxiliary trench section arranged with penetrating the body
region from upper surface of the semiconductor substrate and reaching
level further below bottom surface of the body region, the auxiliary
trench section being filled with insulating material inside; and

an auxiliary floating region surrounded by the drift region,
the auxiliary floating region corresponding to a first conduction type
semiconductor,

wherein bottom of the auxiliary trench section is arranged in

the auxiliary floating region.

4. An insulated gate type semiconductor device according to claim
3 wherein depth of the trench section and depth of the auxiliary trench

section are different.

5. An insulated gate type semiconductor device according to claim
3 wherein depth of the trench section and depth of the auxiliary trench

section are same.

6. An insulated gate type semiconductor device comprising:
a body region arranged at upper surface side in a semiconductor
substrate, the body region corresponding to a first conduction type

semiconductor:;
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a drift region being in contact with bottom surface of the body
region, the drift region corresponding to a second conduction type
semiconductor;

a trench section arranged with penetrating the body region from
upper surface of the semiconductor substrate and reaching level further
below bottom surface of the body region; and

a gate electrode arranged in the trench section with facing the
body region, |

wherein the insulated gate type semiconductor device further
comprises:

an auxiliary trench section arranged with penetrating the body
region from upper surface of the semiconductor substrate and reaching
level further below bottom surface of the body region, the auxiliary
trench section being filled with insulating material inside; and

an auxiliary floating region surrounded by the drift region,
the auxiliary floating region corresponding to a £irst conduction type
semicondlllctor‘,

wherein bottéfn of the aﬁgiiiary trench sédtién is atranged in

the auxiliary floating region.

7. An insulated gate type semiconductor device according to claim
6 further comprisinganauxiliary intermediate floating regionarranged
further above top of the auxiliary floating regionwithbeing surrounded
by the drift region, the auxiliary intermediate floating region
corresponding to a first conduction type semiconductor,

wherein the auxiliary trench section penetrates the auxiliary
intermediate floating region, and

top of the deposited insulating layer is arranged further above
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top of the auxiliary intermediate floating region.

8. An insulated gate type semiconductor device according to claim
6 further comprising:

a second auxiliary trench section facing the auxiliary trench
section with the gate electrode inserted between there, the second
auxiliarytrenchsectionbeingarrangedwithpenetratingthebody region
from upper surface of the semiconductor substrate and reaching level
further below bottom surface of the body region, the second auxiliary
trench section being filled with insulating material inside; and

asecondauxiliaryfloatingregionsurroundedbythedrift region,
the secondauxiliaryfloatingregioncorrespondingtoa first conduction
type semiconductor,

wherein depth of the auxiliary trench section and depth of the

second auxiliary trench section are different.

9. An insulated gate type semiconductor device according to claim

3or 6, wherein the auxiliary trench section is structure indot pattern,

viewed from top side of the semiconductor substrate.

10. An insulated gate type semiconductor device according to at least
any one of claims 1 through 9,

wherein in a region around a cell region, there are arranged:

aterminal trench section filedwith insulatingmaterial inside;
and

a terminal floating region surrounded by the drift region, the
terminal floating region corresponding to a first conduction type

semiconductor, and
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bottomof the terminal trench section is arranged in the terminal

floating region.

11. Manufacturing method of an insulated gate type semiconductor
device which comprises: a body region arranged at upper surface side
in a semiconductor substrate, the body region corresponding to a first
conduction type semiconductor; a drift region being in contact with
bottom surface of the body region, the drift region corresponding fo
asecondcmnductiontypesemiconductor;atrenchsectionarrangajwith
penetrating the body region from upper surface of the semiconductor
substrate and reaching level fﬁrther‘belowfbottonlsurface of the body
region; and a gate electrode arranged in the trench section with facing
the body region, the manufacturing method comprising:

trench section forming step of forming the trench section in
the semiconductor substrate on which the drift region and the body
regions have been formed;

impurity injecting step of injecting impurity from bottom of
a tféﬂch éection formed inyéhé4treﬁcﬁ ééétiéh fbrming step;

insulating material laying-up step of laying up insulating
material in the trench section after impurity is injected through the
impurity injecting step; and

floating region forming step of forming a floating region by
applying thermal diffusion pfocessing after impurity is injected in

the insulating material layiﬁg—up step.

12. Manufacturing method of an insulated gate type semiconductor

device according to claim 11 further comprising:

trench section drilling step of further drilling down bottom
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of the trench section after impurity is injected in the impurity
injecting step; and
impurity re-injecting step of re-injecting impurity frombottom

the trench section drilled further in the trench sectiondrilling step.

13. Manufacturing method of an insulated gate type semiconductor
device according to claim 11 or 12, wherein

the trench section is formed in a cell region and a peripheral
region of the cell region in the trenqh section forming step, and

the insulating material laying-up step comprises:

insulatinﬁnaterialfillingstepofjﬁilinginsideofthetrench
section formed in the trench section forming step with insulating
material; and

deposited material adjusting step of adjusting height of a
deposited‘insulating layer by eliminating a portion of insulating
material in the trench section filled with insulating material in the
insulating méterial filling step, particularly, the trench section

in the cell region.
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