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[57] ABSTRACT 

The lop surface of a P-lype semiconductor substrate is 
partitioned into an active region lo be fom1cd wiLb an 
clement and an isolation region surrounding tbc active 
region. The isolation regioo is composed of trench portioos 
and dummy semiconductor portions. An interlayer iosulat­
ing film is deposited on Lbe substrate, followed by a wire 
formed Lbcrcon. la each of the semiconductor portions, an 
impurity dil:fosion layer is formed simultaoeously with the 
implantation of ions i• lO the element so that a PN junction 
is formed between tbc impurity di[usiGn layer and Lhe 
silicon substrate. A capacitance component of the wiring­
to-substrate capacitance io tbe region containiog the semi­
conductor portions is obtained by adding in series the 
capacitance in tbc impurity diffusion layer lo the capacitance 
in tbe interlayer insulating fi.lm, which is srnaJJcr than lbe 
capacitance only in the inter layer iosuJatiug lilm. What 
results is a semiconductor device having lower total wiriog 
lo-substrate capacitance and a bigher operating speed. 

20 Claims, 21 Drawing Sheet.-. 
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METHOD OF MANUFACTURING TRENCH­
ISOLATED SEMICONDUCTOR DEVICE 

Tbe present invention relates to a semiconductor device 
having a trench-isolated structure and, more panicularly, 10 
a method of reducing the capacitance between U1e wiring 
<tad substrate of the semiconductor device. 

2 
trenches 14b formed in tbe isolation region 7 separated from 
the active region 6 by the trenches 14a to eliminate pattern 
dependence from planarity obtained at the completion of the 
manufacturing proces.5; and trenches 14c for forming the 

5 polysilicon wires. In the isolation region 7 also, the semi­
conductor portions 9 ha vc been provided to form al lea.st one 
projecting portion surrounded by the trenches 14. The semi­
conductor portions 9 may be considered as dummy active 
regions wbich do not function as active regions. 

As higher-density and increasingly miniaturized semi­
conductor devices b.ave been implemented in recent years, 
repeated attempts have been made ro substitute a trench 10 

isolation technique for a LOCOS technique which is most 
prev11lcn1ly used to form isolation for providing insulation 
between individual clements or the semiconductor devices. 

Io the step sbowa in FIG. 20(c), a silicon oxide film 23 
"is deposited over the entire surface of the substrate to fill in 
the trenches 14. 

In !be s1ep shown i n FIG. 20(d), the si licon oxide fi lm 23 
is polished by a CMP method. Subsequently, the silicon In accordance with the trench isolation technique, an insu­

lating material is filled in a trench formed in a semiconductor 
substrate to form isolation. 

Since planarization of a surface of a semiconductor 
substrate including the iosulating material filled in the trench 
is important to the trench isolation technique, chemical 
mechanical polishing (CMP) has been used as a planarizing 
technique which achieves excellent in-plane uniformity free 
from pattern dependence. In the case where the trench 
occupies a large area in a CMP process for planarizatio n, the 
provision of dummy island semiconductor portions has been 
proposed Co avoid trouble resulting from so-called pattern 
dependence, whicb causes polishing properties to vary 
depending o n the. area of a region to be planarit.ed. In other 
words, the trench is divided into a plurality of narrow 
trenches so that the surface of the semiconductor subs1rate is 
exposed between Lhe individual trenches to form the dummy 
semiconductor portions which do not serve as active 
regions. 

PIG. 19 shows an example of the conventional 1rench­
isolated semiconductor device baving the dummy island 
semiconductor portions. 

As shown in FIG. 19, an active region 6 of a P-type 
silicon substrate 1 is formed with: a gate oxide film 2· a cate , "' 
electrode 4 made of a polysiJicoo film; and source/drain 
regions 5 into w hich an impurity has been introduced. An 
iso.lation region 7 surrounding tbe active region 6 is formed 
with a plurality of trench portions 8 each filled with a silicon 
oxide film. Between the individual trench portions 8, there 
are provided semiconductor portions 9 having top surfaces 
ar the same level as the top surfaces of the trench portions 
8. On the trench portions 8 also, there is provided a poly­
silicon wire LO formed simultaneously with the gate oxide 
film 2 and the gate electrode 4 of an element. An interlayer 
insulating film U is deposited over the entire surface of the 
substrate, followed by a metal wire 13 provided thereon. 

lo this case, if the trench portions have such large widths 
as shown in FIG. 21(b), a silicon oxide film filled in eacb of 
the trench ponions is polis hed during the CMP process for 
planarizing the whole substrate so that the surface thereof is 
depressed due to pattern dependence, which leads to the 
trouble of degraded planarity or tbe like. The isolation 
structure as shown jn FIG. 19 has been proposed to prevent 
such trouble resulting from pattern dependence. 

FIGS. 20(a) to 20(g) are cross-sectional views illustrat-
ing a process o f manu£acluring the conventional trench­
isolated semicooductor device having an NMOS transistor. 

1n tbe step shown in FJG. 20 (a), a tbin silicon oxide film 
21 having a thickness of 10 om and a silicon nitride film 22 
arc formed sequentially on the P-type silicon substrate 1. 

lt1 the step shown in FIG. 20(b), a plurality oftreoches 14 
each having a given width arc formed in the silicon substrate 
1. However, the trenches 14 include: trenches 14a formed to 
surround the active region 6 to be fanned with tbe element; 

15 nitride film 22 and the silicon oxide film 21 are removed 
selectively to form tbe plurality of buried tsencb portions 8 
each filled with Lbe silicon oxide film and having a pla­
narized surface. The buried trenc h portions 8 include: buried 
trench portions 8a functioning as isolation; buried trench 

20 portions Sb fomring the dummy semiconductor portions 9; 
and buried trench portions 8c for providing insulation 
between the polysilicon wires and tbe silicon substrate. 

In the step shown in PIG. 20(e), there are formed the oate 
oxide film 2, the gate electrode 4 having sidewalls 24 on"'1he 

25 side faces thereot: and the polysiJicon wfrc 10 by usiog a 
known technique. The gate electrode 4 and the polysilicon 
wire 10 are formed simultaneously. 

In the step shown in FIG. 20(/), arsenic ions 25 are 
implanted into the active region 6 of the NMOSFET region 

30 by using a resist mask Rem covering the PMOSFET region 
and the isolation region to form the source/drain regions 5. 
The NMOSFET is formed by the foregoing _process steps. 

In the step shown in F IG. 20(g), lbe silicon oxide fiJm is 
deposited to form the interlayer insulatiog film 12, followed 

35 by the metal wire 13 formed thereon. 
In the foregoing step shown in FIG. 20(/), ions of such an 

impurity as phosphorus or arsenic have been implanted into 
the gate e lectrode 4 and source/drain regions 5 of the active 
~cgion 6 in the step shown in FIG. 20(/). However, impurity 

40 ions arc not implanted in principle jn the rcgioo other than 
tlle active region 6, though they may be introduced slightly 
extensively into the peri.pbery of the isolation region in 
considerations of mask displacement. Hence, impurity ions 
arc not implanted in the dummy semiconductor portions 9 

45 between the individual trench portions 8. 
A description will be given to the wiring-Lo-substrate 

capacitance of the trench-isolated semiconductor device 
having the small trench portions 8 which are discretelv 
localed and tbe dummy semiconductor portions 9 as sho~ 

50 in FIG. 19 and in a semiconductor device having a wide 
!solating/insulating film such as a LOCOS film. FIG. 2l(a) 
lS a cross-sectional view for illustrating, by way of example, 
the wiring-to-substrate capacitance in the isolation region 7 
having the dummy semiconducror portions 9. FTG. 21(b) is 

55 a cross-sectional view for illustrating the wiring-lo-substrate 
capacitance of the semiconductor device having a LOCOS 
isolation film 100 and no dummy semiconductor portion. It 
is assumed bere that impurity ions bave not been implanted 
in the isolation region 7 during the implantation of ions into 

60 the sou[ce/drain regions and that the area occupied by tbe 
whole isolatioo region 7 is equal in each or tbe two semi­
conductor devices. 

In the semiconductor device shown in FIG. 21(a), a total 
wiring-to-substrate capacitance Cat corresponds to the sum 

65 of capacitances Cal and Ca2, which is represented by the 
following equation (1): 

Car=ICal +IC.a2 (1). IPR2018-00756 Page 00034
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In tbe case where a member interposed between ibe wiring 
and substrate is composed of a homogeneous material, tbe 
wiring-to-substrate capacitance per unit area is inversely 
proportional to tbe distance between tbe wiring and 
substrate, so !hat Lhe capacitance is larger as tbe distance is 5 
shorter. If tbe total wiring-to-substrate of fhe semiconductor 
device shown in FIG. 2l (b) is represented by Cbt when lbe 
dimension Da2 shown in HG. 21(a) is equal to the dimen­
sion Dbt shown in FIG. 2l (b), lbe following i•equality (2) 

Tbe active region may be formed witb an impurity 
djffusion region and a PN junctioll may be formed at a 
bottom face of the impurity diffusion region, the PN junction 
of tbe isolation region being positioned at a levellower lban 
the PN junction of the active region. 

The arrangement further reduces the wiring-lo-substrate 
capacitance. 

A second semiconductor device according lo the present 
invention comprises: a semiconductor substrate having an 

is satisfied: 

Cat>Cbt (2), 

which indicates that the wiring-to-substrate capacitance Cat 
in the structure shown in FIG. 21(a) is larger than the 
wiriog-to-subslrn.le capacitance Cbt in the structure shown in 
FIG. 21(b). 

Although the formation of tbe island pattern composed of 
the dummy semiconductor portions in the isolation region 

10 active region and an isolation region surrounding the active 
region; a plurality of trench portions each formed in the 
isolation region aod filled with an insulating material; semi­
conductor portions interposed between tbe inruvidual trench 
portions in the isolation region; an interlayer insulating film 

15 formed Lo extend continuously over tbe active region and the 
isolation region; a wire formed on the interlayer insulating 
film; aud a dielectric film interposed between at least tbe 
semicooducior portions of the isolation region and the 

bas tbe advantage of achieving planarization with excellent 
in-plane uniformity, it also bas the possibility of increasing 20 

the wiring-to-substrate capacitance and resultantly reducing 

interlayer insulating film. 
I n the arrangement, the capacitance component of tbe 

wiring-to-substrate capacitance in the region containing the 
semiconductor portions of the isolation region is obtained by 
adding in series the capacitance in the d ielectric film lo lbe 
capacitance in the interlayer insulating film, so that tbe total 

the operating speed o[ the semiconductor device. 

SUMMARY OF HIE TNVENTION 

ln view or the foregoing, the present invention bas been 
achieved based on the principle that, if each electrode of a 
parallel-plate capacitor occupies an equal area, the capaci­
tance of the capacitor is generally smaller as the distance 
between the electrodes is larger or on the physical phenom­
enon that, even wben the capacitor has egual capacitance, 
the amount of charge accumulated therein is smaller a<s the 
voltage between lhe e]e<.:trodes is lower. 

It is therefore ao object of tbe present inveotioo to 
increase the operating speed of a trench-isolated semicon­
ductor device comprising an isolation region consisting of 
treoch portions and dummy semiconductor portions by 
providing tberein means for reducing the wiring-to-substrate 
capacitance in the isolation region or means for reducing the 
amount of charge accumulated in the capacitance present 
between the wiring aod substrate in the isolation region. 

25 wiring-to-substrate capacitance is lowered. Consequently, 
the operating speed or the semiconductor device i-s 
increa5cd. 

As the dielectric film, an underlying insulating film may 
be provided between Lhe interlayer inslllating film and Lbe 

30 semiconductor portions and trench portions. 
There can be further provided a gate electrode formed on 

the semiconductor substrate within the active region and 
sidewalls made of an insulating material and fom1ed on both 
side faces of the gate electrode such tbal the underlying 

35 insulating film is formed of the same film as forming tbe 
sidewalls. 

40 

1bc underlying insulating film may be composed of a 
multilayer film. 

The arrangement enables the underlying insulating film 
for reducing the wiring-to-substrate capacitance to be com-

45 

A first semicooducLor device according to the present 
invention comprises: a semiconductor substrate having an 
active region and an isolation region surrouocUng the active 
region; a plurality of trench portions each formed in the 
isolation region and filled wilb an insulating material; semi­
com.luctor portions interposed between the individual trench 
port.ions in the isolation region; an interlayer insulating film 
formed to extend continuously over the active region and the 
isolation region; a wire formed on the interlayer insulating 

50 
film; and at least one PN junction formed in Lhe semicon­
ductor portions underlying the wire. 

posed by using !be sidewalls required lo form a MOSFETof 
so-called LDD structure. CcmsequenLly, the wiring-to­
substrate capacitance can he reduced, while avoiding an 
increase in manufacturing cost. 

The dielectric film may be formed in an upper portion of 
each o( lbe semiconductor portions of the semiconductor 
substrate to have a to_p face al approximately tbe same level 
as a top face of each of the trench porti ons. 

Preferably, the ruelectric film is composed o( at least one 
of a sil icon oxide film and a silicon nitride film. 

A third semiconductor device <1-ccording to the present 
invention comprises: a semiconductor substrate having an 
active region and an isolation region surrounding the active 

In the arrangement, the capacitance component of the 
wiring-to-substrate capacitance in the region containing the 
semiconductor portions-of the isolation region is obtained 
by adding in series tbe capacitance in the upper portion of 
the PN junction o[ each of the semjconductor portions lo the 
capacitance in tl1e interlayer insulating film, which is smaller 
than the capacitance only in tbe interlayer insulating film. 
Accordingly, the wiring-to-substrate capacitance of the 
whole somiconductor device is reduced, resulting in the 
semiconductor device operating at a higher speed. 

The PN junction may include a plurality of PN junctiQos 
fom,ed in the semiconductor portions. 

' Ille arrangement achieves a further reduction in w:iring­
lo-substrale capacitance, resulting in a higher operating 
speed. 

55 region; a plurality of trench portions each formed io the 
isolation region and filled with an insulating material; semi­
conductorvortions interposed between the individual trench 
portions in the isolation region; an interlayer insulating film 
formed to extend continuously over the active region and the 

60 isolation region; a wire formed on the interlayer insulating 
film; and a buried .insulating film formed in an inner port.ion 
of each of the semiconductor portions in the.isolation region. 

The arrangement allows a reduction in the wiring-to­
substrate capacitance or the entire isolation region, resulting 

65 in a significant reduction in operating speed. 
A fourth semiconductor device according lo the present 

invention comprises: a semiconductor substrate having an 
IPR2018-00756 Page 00035
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compose the gate eledrotle and the resistor element and 
thereby prevents an increase in manufacturing cost. 

A fust method o[ manufacturing a semiconductor device 
according to the present invention comprises: a firs[ step of 
forming, in a semiconductor substrate having a substrate 
region of a first conductivity type, a first lrench for parti-
tioning Uie substrate region into an active region and an 
isolation region and a second Lreocb for partitioning the 
isolation regioo into a plurality of dummy somicooductor 

active region and an isolation region surrounding lhe active 
region; a plurality of trench portions each formed in the 
isolation region and filled with an insulating material; semi­
conductor portions interposed between the individual trench 
p()rtions in the isolation region; an interlayer ins ulating film 5 
formed to extend continuously over the active region and the 
i'Solation region; a wire formed on the interlayer insulating 
film; an a resistor iilm formed between the interlayer insu­
lating film and at least the semiconductor portions of the 
isolation regioo. 10 portions; a second step of filling an insulating material in 

eacb o[ the first and second trenches Lo form a fusl buried 
trench portion and a second buried trench portion; a third 
step of forming an element on the active region; a fourth step 
of introducing an impurity containing at least an impurity of 

Io the arrapgement, a voltage drop in the resistor film 
reduces the amount of charge accumulated in the wiring-to­
substrate capacitance in the region of the semiconductor 
device containing the resistor film, though the wiring-to­
substrate capacitance is 001 reduced in the region. 
Consequently, the time required for charging or discharging 
is reduced, rt:sulling in Lhe semiconductor device operaling 
at a higher speed. 

As the resistor film, an underlying resistor film may be 
formed to extend contimrously over the semiconductor por­
tions and trench portions. 

'The arrangemeni allows the wiring-to-substrate capaci­
tance to be reduced by using various films having electric 
resistivity which are formed on the semi.conductor substrate. 

'lbere can further be provided a resistor element formed 
on Lbe semicontluct0r substrate and having a high resistor 
lilm such Lbal the UI1dcrlying resistor film is formed of the 
same film as composing the high resistor film of the resistor 
element. 

In the arrangement, the underlying resistor film having the 
same resistance as the high resistor ft Im used as a resistor 
element achieves a remai:kable voltage dropping effect. 

There can further be provided a.n clement having an 
electrode member composed of a conductor film formed on 
tbe semiconductor substrate within the active region such 
that the resistor film is composed of the same material as 
composing the electrode member. 

There can further be provided a FET having a gale 
electrode composed o[ a fust conductor film formed on the 
semiconductor portion within the active region and a second 
conductor film deposited on the first conductor film such that 
a top surface of the first conductor film of the gate electrode 
is at approximately the same level as a top surface of each 
of the trench portions, while a region of the resistor film 
overlying each of the semiconductor portions is formed of 
the same two films as composing Lhe fast and second 
conductor films of the gale electrode and a region of the 
resistor film overlying each of the trench portions is com­
posed o[ the same material as composing the first conductor 
film o( the gate electrode. 

Each of the arrangements eliminates the necessity for an 
additional step o( forming the resistor film, so that the 
wiring-to-substrate capacitance is reduced, while an increase 
in manufacwring cost is prevented. 

The resistor film may be formed in an upper portion of 
each of the semiconductor portions of the semiconductor 
substrate to have a Lop face at approximately the same level 
as a top surface of each of the trench portions. 

The resistqr film may be compof5Cd of a silicon fllm 
containing at least one of an oxygen atom and a nitrogen 
atom. 

The resistor lilm may be composed or al least one of a 
polysilicon film and an amorphous silicon film. 

Toe arrangement allows the formation of the resistor film 
by using the polysilicon film or amorphous silicon film to 

15 a second conductivity type into lhe dummy semiconductor 
porti.ons of the isolation region to form at least one PN 
junction in the dummy semiconductor portions; a filth step 
o[ forming an interlayer insulating film over an entire 
surface of the substrate; aod a sixth step of forming a wire 

20 o• the interlayer insulating film. 
The methods enables the formation of the semiconductor 

device including the dummy semiconductor portions each 
baviog the PN junction. The capacitanoe component of the 
wiring-to-substrate capac.itance in the region containing the 

25 semiconductor portions of the isolation region is obtained by 
adding in series the capacitance in the upper portion of the 
PN junction of each of the sem).cooduclor portions to tbe 
capacitance in the interlayer insulating film, which is smaller 
than the capacitance only in the interlayer insulating film. 

30 Accordingly, the wiring-to-substrate capacitance of the 
whole semiconductor device is reduced, resulting in tbe 
semiconductor device operating at a higher speed. 

The third and fourth steps may include forming a gate 
electrode of a FET as the element on the active region, 

35 introducing the impurity of the second cond11ctivity type into 
the active region and the dummy semiconductor portions, 
and thereby forming somce/drain regions of the FET, while 
forming the at least ooe PN junction in the dummy semi­
conductor portions. 

40 

45 

The method enables the formation of the semiconductor 
device operating al a high speed by using a typical manu­
facturing process for forming a FET without an additional 
step of forming the PN junction in each of the dummy 
semiconductor portions. 

The Lhird step may include forming a gate electrode of a 
FET as the elem eat on the active region by using a first mask 
covering tbe isolation region and introducing the impurity of 
the second conductivity type into the active region to form 

50 source/drain regions of the FET and the fourth step may 
include introducing the impurity containing al least the 
impurity of the second conductivity type into the dummy 
semiconductor portions by using a second mask covering the 
active region to form the at least one PN junction in tbc 

55 dummy semiconductor portions. · 
The method enables Urn formation of the semiconductor 

device having an arbitrary number of PN junctions wilhout 
placing restraints on the depth and impurity concentration of 
the PN junction in the active region, result.ing in a sem:icon-

60 ductor device having minimum wiring-to-substrate capaci­
tance. 

A second method of manufacturing a semiconductor 
device according to the present invention comprises: a first 
step of forming, in a semiconductor substrate having a 

65 substrate region, a first trench for partitioning the substrate 
region into an active region and an isolation region and a 
second trench for partitioning the isolation region into a 
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plurality of dummy semiconductor portions; a second step of 
filling au insulating material in each of the first and second 
trenches to form a first buried trench portion and a second 
buried trench portion; a third step of forming an element on 

plurality of dummy semiconductor portions; a second step of 
filling an insulating material in each of the first and second 
trenches to form a first buried trench portion and a second 
buried trench portion; a tblrd step of forming an element on 
the active region; a (clllrtb step or forming a resistor film on 
each of the dummy semiconductor portions of the isolation 
region; a filth step of Corm.iag an interlayer insulating film 
over an entire surface of the substrate; and a sixth step of 
forming a wire on tbe interlayer insulating film. 

5 the active region; a fourth step o[ forming an underlying 
insul1iting ftlm over the dummy semicon<luct(Jr portions ()[ 
the isolation region; a fifth step of forming an interlayer 
insulating film over an entire surface of tbe substrate; and a 
sixth step of forming a wire on the interlayer insulating film. 

The method enables the formation of Lbe semiconductor 
device comprising the resistor film between the interlayer 
insulating film and dummy semiconductor portions of the 
isolation region. A voltage drop in the resistor film reduces 
the amount of charge accumulated in the wiring-to-substrate 
capacitance, though the wiring-to-substrate capacitance is 
not reduced in the region containing the resi.swr film of the 
semiconductor device. Consequently, the time required for 
charging or discharging is reduced, resulting in the semi­
conductor device operating at a higher speed. 

10 

15 

The fourth step may include composing the resistor film 20 

of a film containing al least one of polysilicon aad amor­
phous silicon. 

Ibe fourth step may include composing the resistor film 

In accordance with the method, tbcrc is formed the 
semiconductor device including the underlying insulating 
film beneath the interlayer insulating film in the isolation 
region thereof. Consequently, the capaci1ance component of 
the wiring-to-substrate capacitance in the region containing 
the semiconductor portions of the isolalion region is 
obtained by adding in series the capacitance in tbe under-
lying insulating film to the capacitance in the interlayer 
insulating film, so that the total wiring-lo-substrate capaci­
tance is reduced. What results is the semiconductor device 
operating al a high speed. 

The third step and the fourth step may include forming a 
gate electrode of a FET forming the element on the active 
region, depositing a dielectric film on the substrate, per­
forming anisotropic etching with respect to the dielectric 
film by using a mask covering the isolation region, and of a multilayer film constituted by two or more conductor 

films with at least an insulating film interposed therebe­
twccn. 

The fourth step may include introducing an impurity at a 
concentration of lxl020 atoms·cm-3 or lower into the resis­
tor film. 

25 thereby leaving sidewalls on bolh side faces of the gate 
electrode, while leaving the underlying insulating film over 
the dummy semiconductor portions. 

A third method or manufact1,1ring a ~micoodu1.:tor c.Jevice 
according to the present invention comprises: a first step of 
formi•g, in a semiconductor substrate having a substrate 
region, a .first trench for partitioning the substrate region into 

The method enables the formation of a semiconductor 
device operating at a high speed by using a typical manu-

30 facturing process for forming a FET without an additional 
step of forming lht; underlying insulating film. 

an active region and an isolation region and a second trench 
35 

for partitioni•g the isolation region into a plurality of 
dummy semiconductor portions; a second step of filling an 
insulating material in each of tbeJirst and second trenches Lo 
form a first buried trench portion and a second buric,d trench 
portio•; a third step of forming an clement on the active 

40 
region; a fourth step of implanting ioos into an upper portion 
of each of the dummy semiconductor portions to form a high 
resistor portion therein; a fifth step of forming an interlayer 
insulating film over an entire surf.ace of the substrate; and .a 
sixth step of forming a wire on the interlayer insulating film. 

45 
'!be method alkiws the fomiation of the semiccmductor 

device comprising the bigb resistor portion betwee• the 
interlayer insula.ting film and dummy semiconductor por­
tions of the isolation region. As described above, a voltage 
drop in the region containing Lbe bigb resistor portion of the 50 
semiconductor device reduces the amount of charge accu­
mulated in the wiring-to-substrate capacitance. Whal results 
is the semico• ductor device which require..:; a shorter time 

The fourth step may include forming the underlying 
insulating film of a dielectric film containing al least silicon 
oxide. 

The fourth step may include forming the underlying 
insulating film of a dielectric film con!aining at least silicon 
nitride. 

A fifth method cif manufacturing a semiconductor device 
according to the present invention comprises: a first step of 
forming, in a semiconductor substrate having a substrate 
region, a first trench for partitioning the substrate region into 
an active region and an isolation region and a second trench 
for partitioning the isolation region into a plurality of 
dummy semiconductor portions; a second step of filling an 
insulating material in each of the first and second trenches 10 

form a first buried trench portion and a second buried 1rencb 
portion; a third step of forming an element on the active 
region; a fourth step of forming depressed portions by 
etching the dummy semiconductor portions and filling an 
insulating material in the depressed portions to form inter­
trench insulating films each having a top face at the same 
level as respective top faces o[ the .first and second buried 
trench portions; a fifth step of forming ao interlayer insu­
lating film over an entire surface of the substrate; and a sixth [or charging or discharging and therefore operates insulating 

film at a higher speed. 55 step of forming a wire on tbe interlayer insulating film. 
The fourth step may include implanting ions containing at 

least an atom having an oxidizing function to form the high 
resistor portion. 

The fourth step may include implanting ions containing at 
least ao atom h11ving a nitriding fonction to foan the high 60 

resistor portion. 
A fourth method of manufacturing a semiconductor 

device according to the present invention comprises: a first 
step of forming, in a semiconductor substrate having a 
substrate region, a. first tre• ch for partitioning the substrate 65 

region into an active region and an isolation region and a 
second trench for partitioning the isolation re!:.,ri.On into a 

ln accordance with tbe method, there is fom1ed the 
semiconductor device comprising lbc inter-trench insulating 
films between the interlayer insulating films and dummy 
semiconductor portions of the isolation region thereof. 
CQnsequcntly, the capacitance component of the wiring-to­
substrate capacitance in the region containing the semicon-
ductor portions of the isolation region is obtained by adding 
in series the capacitance in the inter-trench buried insulating 
films to the capacitance io the interlayer insulating film, so 
that the total wiring-to-substrate capacitance is reduced. 
What resulls is the semiconductor device operating at a high 
speed. 
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The fourth step may include forming each of tbe inler­
trencb insulating films of a dielectric film containing at least 
silicon oxide. 

The fourth step may indude forming each o[ Lhe inter­
trench insulalfog films of a dielectric film containing at lea'>I 5 
silicon nitride. 

A sixth method of manufacturing a semiconductor device 
according to the present invention comprises: a first step of 
forming, in a semiconductor substrate having a substrate 
region, a first trench for partitioning the substrate region into 1o 
an active region and an isolation region and a second trench 
for partitioning the isolation region into a plurality of 
dummy semiconductor portions; a second step of :filling an 
insulating material in each of the first and second trenches to 
form a first buried trench portion and a second buried trench 15 
portion; a third step oI forming an element on the active 
rngion; a fourth step of implanting oxygen ions into each of 
the dummy semiconductor portions to form a buried insu­
lating film in an inner portion thereof; a fifth step of forming 
an interlayer insulating mm over an entire surface of the 20 
substrate; and a sixth step of forming a wire on the interlayer 
insulating film. 

A seventh method of m,rnufacluring a semiconductor 
device according to the present invention comprises: a first 
step of forming, in a semiconductor substrate having a 25 

substrate region, a first trench for partitioning the substrate 
region into an active region and an isolation region and a 
second trench for partitioning tbe isolati.on region ii1to a 
plurality of dummy semiconductor portions; a second step of 
liUing an insulating material in each of the first and second 30 

trenches to form a fi.rsl buried trench portion and a second 
buried trench portion; a thlrcl step of forming third trenches 
by etching Lhe semiconductor portions and filling an insu­
lating material in the Lbircl trenches to form buried insulating 
films each having a top face al a level lower than respective 35 

top faces of the first and second buried trench portions; a 
fourth step of growing semiconductor films on tbe buried 
insulating mms, with the active region covered with a mask 
member, to form dummy semiconductor portions; a sixth 
step of forming an interlayer insulating film over ao entire 40 

surface of the substrate; a fifth step of forming an element on 
the active region; a seventh step of forming a wire on the 
interlayer insulating film. 

Ao eighth method of manufacturing a semiconductor 
device according 10 the present invention comprises: a first 45 

step of Corming, in a semiconductor substrate having a 
substrate region, a first trnnch extending over an entire 
isolation region of the substrate region, while leaving an 
active region of the substrate region; a second step of filling 
an ins1.1lating material in the first trench to form a buried so 
insulating film having a top face at the same level as a top 
race of the isolation region; a third step of growing a 
semiconductor mm over tbc active region and the buried 
insulating film; a fourth step of forming, in the semicon­
ductor substrate, a second trench for partitioning tl1e semi- 55 

conductor film aod the substrate region into the active region 
and the isolation region and a third trench for partitioning the 
portion of the semiconductor film overlying the isolation 
region into a plurality o[ dummy semiconductor portions; a 
liflh step of fJlling an insulating material in each of the 60 

second and third trenches 10 form a first buried trencb 
portion and a second buried trench portion; a sixth step of 
forming an element on the portion of tbe semiconductor film 
overlying the active region; a seventh step of forming an 
interlayer insulating film over an entire surface of the 65 

substrate; and an eigh.th step of forming a wire on the 
interlayer insulating film. 

10 
In accordance with tbe methods, there are obtained semi­

conductor devices each comprising a buried insulating film 
at a deptb of each of Lhe dummy semiconductor portions of 
the isolation reg.ion. What results is the semiconductor 
device having smaller wiring-to-substrate capacitance and 
operating at a higher speed. 

BRIEF DESCRIP110N OF THE DRAWINGS 

FIG. l(a) is a cross-sectional view of a semiconductor 
device according to a first embodiment, having shallow PN 
junctions formed in tbe semiconductor portions thereof and 
FIG. l(b) is ao enlarged cross-sectional view of an isolation 
region for illustrating the wiring-to-substrate capacitance in 
the semiconductor device; 

FIGS. 2(a) to 2(g) are cross-sectional views illustrating a 
process of manufacturing the semiconductor device accord­
ing to the first embodiment; 

FIG. 3 is a cross-sectional view of a semiconductor device 
according lo a second embodiment, baving shallow PN 
junctions fonncd in the semiconductor portions thereof; 

FIG. 4 is a cross-sectional view of a semiconductor device 
according to a third embodiment, having two PN junctions 
in the semiconductor portions thereof; 

FIG. 5 is a cross-sectional view of a semiconductor device 
according to a fourth embodiment, having a high resistor 
film formed on the semiconductor portions thereof; 

FIGS. 6(a) to 6(h) are cross-sectional views illustrating a 
process of manufacturing a semiconductor device according 
to a fourth embodiment; 

FIG. 7 is a cross-sectional view of a semiconductor device 
according to a fifth embodiment, having a multilayer gate 
provided therein; 

PIG. 8 is a cross-sectional view of a semiconductor device 
according to an eighth embodiment, having an inter-trench 
film formed on ea.ch of the semiconductor portions thereof; 

FIGS. 9(a) to 9(i) are cross-sectional views illustrating a 
process of manufacturing the Semiconductor device accord­
ing to the sixth embodiment; 

FIG. HI is a cross-sectional view of a semiconductor 
device according tci a seventh embodiment, having a high 
resistor portion in the upper portion of each of the semicon­
ductor portions; 

FIGS. ll(a) to 11(11) are cross-sectional views illustrating 
a process of manufacturing a semiconductor device accord­
ing lo a seventh embodiment; 

FIG. 12 is a cross-sectional view of a semiconductor 
device according io an eighth embodimeni, having an 
underlying, having an underlying insulating film formed 
beneath an interlayer insulating film; 

flGS. 13(a) to 13(i) are cross-section.al views illustrating 
a process of manufacturing the semiconductor device 
according to the eighth embodiment; 

HG. 14(a) is a cross-sectional view of a semiconductor 
device <1ccordiog Lo a ninth embodiment, having a buried 
insulating film formed over the entire isolation region and 
FIG. 14(b) is an enlarged cross-sectional view of the isola­
tion region for illustrating the wiring-lo-subs[rate capaci­
tance in the semiconductor devi.ce; 

FIGS. lS(a) lo lS(li) are cross-sectional views illustrating 
a process of manufacturing a semiconductor device accord­
ing to the ninth embodiment; 

FIGS. 16(a) lo 16(i) arc cross-section.al views illustrating 
a process of manufacturing a semiconductor device accord­
ing to a tenth embodiment; 
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PIGS. 17(a) lo 17(j) are cross-sectioual views illustratiug 
the first half of a process of manufacturing a semiconductor 
device according to a• eleventh eruboclimeot; 

12 
(4). 

Thus, the wiring-to-substrate capacitance can be reduced 

FIGS. lS(a) lo 18(d) are cro:;s-sectional views illustraliog 
the second half of the process of manufacturing tbe semi- 5 

conductor device according Lo the eleventh embodiment; 

in the semiconduct.or device according to the present 
embodiment owing lo the PN junction 22 present in each of 
the dummy semiconductor portions 9 of the isolation region 
7, which increases the operating speed of the semiconductor 
device. FIG. 19 is a cross-sectional view o( a conventional 

semiconductor device; 

FIGS. 20(a) 10 20(g) arc cross-sectional views i11usLraling 10 
a process of manufacturing the conventional semiconductor 
device; and 

A description will be given next to a method of manu­
facturing a semiconductor device according to the present 
embodiment. FIGS. 2(a) to 2(g) are cross-sectional views 
showing the struct11Ce of the semiconductor device having 
the NMOSFET according to the presenL embodiment in the 
manufacturing process therefor. FIGS. 21(a) and 21(b) arc c.-ross-scctional views fN 

illustrating tbc wiring-to-substrate capacitance in each of a 
conventional trench-isolated semiconductor device and a 15 
conventional LOCOS-isolated semiconductor device. 

In the step shown in PIG. 2(a), rbe thin silicon oxide film 
21 having a thickness of 10 nm and a silicon nitride film 22 
are formed sequentially On tbe P-type silicon substrate l. 

DETAILED DESCRIPTION OP THE 
INVENTION 

Referring now to the drawings, the embodiments of the 
present invention will be described. 
(First Embodiment) 

FIG. l (a) is a cross-sectional view of a semiconductor 
device having a MOSFET according to a first embodiment. 
As shown in the drawing, a first active region 6 of a P-type 
silicon substrate 1 is provided wilb an element functioning 
as the MOSFET composed of: a gate oxide film 2; a gate 
electrode 4 made of a polysilicon film; and source/drain 
regions 5. An L50lation regioo 7 for electrically isolating the 
individual elements is formed with a plurality of trench 
portions 8 eacb filled with a si]jcon oxide film as an 
insulating material and with dummy semiconductor portions 
9 provided between the individual trench portions 8 and 001 

serving as active regions. On one of the trench portions 8 
formed in the isolation region 7, there is provided a poly­
silicon wire 10 formed simultaneously with the gate i1l.Sl1-

lating film 2 aod the gate electrode 4. There are further 
provided an interlayer insulating film 12 made o( a silicon 
oxide film deposited over the entire surface of the substrate 
and a metal wire 13 formed on the interlayer insulating film 
12. 

Each of the semiconductor portions 9 formed io the 
isolation region 7 is provided with ru1 impurity diffusion 
layer 2 1 i.nto which an N-lype impurity of the conductivity 
type opposite to that of the silicon substrate 1 bas been 
introduced, so Lbat a PN junction 22 is formed between the 
impurity diffusion layer 21 and the silicoo substrate 1. The 
PN junction 22 is positioned at a level between those of tbe 
top and bottom Jaccs of the trench porrions 8. 

FIG. l.(h) is a cross-sectional view for illustrating the 
wiring-to-substrate capacitance in the isolation region 7 of 
the semictinductor device according lo tbe present embodi­
ment. As shown in lhe drawing, the wiring-to-substrate 
capacitance of the semiconductor device according lo tbe 
present eruboclimeol includes the components of capaci­
tances Cal and Ca2, similarly Lo the wiring-to-substrate 
capacitance of the conventional semiconductor device 
shown in FIG. 21(a). Moreover, since the PN junction 22 is 
formed in each of the semiconductor portions 9, another 
capacilauce Cjl is added in series lo the capacitance Cal. 
Hence, the total wiring-lo-substrate capacitance Cjt is rep­
resented by the following equation (3): 

Cjt=~ { (Ca lxCj I )/(0, l +Cj 1) }+J:Ca2 (3), 

In the step shown in FIG. 2(b), tbe plurality of trenches 14 
each having a given width are formed in the silicon substrate 
1. The trenches 14 include: trenches 14a formed Lo surround 

20 Lhe active region 6 to be formed wiLh the clement; trenches 
14b formed io the i,;oJatioo region 7 separated from tile 
active 6 region by tile trenches 14a to eliminate pattern 
dependence from planarity obtained at the completion of the 
manufactming process; and trenches 14c for forming tbe 

25 polysilicon wires. In the isolation region 7 also, the semi­
conductor portitms 9 have been provided to form at least one 
projeding portion surrounded by the trenches 14. The semi­
conductor portions 9 may be considered as durnruy active 
regions which do 001 function as active regions. The 

30 trenches include one formed in a position immediately under 
the polysiliccm wire 10, which is to be. formed in the 
subsequent step. 

In the step sbown iu PIG. 2(c), a silicon oxide film 23 is 
deposited over the entire surface of tbe substrate to fill in the 

35 trenches 14. 
In the step sllown in FIG. 2(d), the silicon oxide film 23 

is polished by a CMP method. Subsequently, the silicon 
nitride film 22 and the silicon oxide film 21 arc removed 
selectively to form the plurality of buried trench portions 8 

40 each filled wilb the silicon oxide film and having a pla­
narized surface. The buried trench portions 8 include: buried 
trench portions Sa functioning as isolatioo; buried trench 
portions 8b forming tbe dummy semiconductor ponioos 9; 
and buried trench portions 8c for providing insulation 

45 between the polysilicon wires and the silicon substrate. 
In the stc_p shown in FIG. 2(e), there arc formed the gate 

oxide film 2, tbe gate electrode 4 having sidewalls 24 on the 
side faces thereof, and the polysilicon wires 10 by using a 
known technique. The gate electrode 4 and the polysilicon 

so wires 10 ca• be formed simultaneously by using a common 
mask. 

Tn tbe step shown in FIG. 2(J), arsenic ions 25 are 
implanted not only into the active rcgioo 6 bul also into the 
entire isolation region 7. As a result, the NMOSFET having 

55 the source/drain regions S is formed in the active region 6. 
On the other hand, an N-tY}Je impurity diffusion ]ayer 31 is 
formed in each of the dummy semiconductor portions 6 of 
the isolation region 7, resulting in a PN junction 32 formed 
between the N-type impurity diffusion layer 31 and Lhe 

60 P-type silicon substrate 1. The present embodiment is char­
acterized in that tbe PN junction 32 is positioned between 
the top and bottom faces of the buried trench portions 8. 

which is smaller than the total capacitance Cat represented 65 

by the equation (1). Accordingly, the following inequality 

In the step shown in FIG. 2(g), tbe silicon oxide fi]m is 
deposited to form the interlayer insulating film 12, followed 
by the metal wire 13 formed thereon. 

Iu tbe case of providing Lhe MOSFET in the aclive region 
as provided in accordance with the manufacturing method of ( 4) is satisfied ( 4): 
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the present embodiment, the PN junction 22 rn each of !be 
semiconductor portions 9 can be formed easi1y through the 
implantation of ions for forming the source/drain regions 5, 
so that manufacturing cost is not increased. 

Although the present embodiment has described the case 
of using tbe P'-lype silicon substrate, it will be appreciated 
that the s,tme elfe<.:ts as achieved in the prnsent embodiment 
are also achieved in the case of using an N-Lype silicon 
substrate by introducing a P-type impurity into the upper 
portions of the semiconductor portions located between the 
individual trench -portions and thereby forming the PN 
junctions between the resulting P-type impurity diffusion 
layers and tbe N-type silicon substrate. 

Although the formation of the PN junctions 32 in the 
dummy semiconductor portions 9 of lbe isolation region 7 
has been performed simultaneously with the formation of 
the source/drain regions 5 in the manufacturing method of 
tb_e present embodiment, the formation of the dummy semi­
conductor portions 9 may be preformed at any stage of the 
process o[ manufacturing the scmiconduc1or device, pro­
vided that the PN junctions can be formed in the dummy 
semiconductor portions. 
(Second Embodiment) 

FIG. 3 is a cross-sectional view of a semiconductor device 
according to a second embodiment. 

As shown in the drawing, a first active region 6 of a P-type 
silicon substrate 1 is provided with an element f1mctioning 
as a MOSfET composed of: a gate oxide film 2; a gate 
electrode 4 made of a polysilicon film; and source/drain 
regions 5. An isolation region 7 for electrically isolating the 
individual clcmcats i,s formed with a plurality of trench 
portions 8 cacb filled with a silicon oxide film as an 
insulating material and with dummy semiconductor portions 
9 provided between the individual trench portions 8 and not 
serving as active regions. On one of tb_e trench portions 8 
formed in the isolation region 7, there is provided a poly­
silicon wire 10 formed simultaneously with the gate insu­
lating fil m 2 and the gate electrode 4. There are further 
provided an interlayer insulating film 12 made of a silicon 
oxide film deposited over tbe entire surface of the substrate 
and a metal win:: 13 formed on the interlayer insulating film 
12. 

14 
each of lbe dummy semiconductor portions 9 of the isolation 
region 7, similarly lo the first embodiment, so that the 
operating speed of the semiconductor device is increased, lo 
particular, rhe present embodiment can reduce the wiring-

s Lo-substrate capacitance in the entire isolation region con­
taining not only tbc semiconductor portions 9 but also the 
trench portions, so that the effect of increasing the operating 
speed is remarkable. 

Although it is diffi,cult to form the PN junction 32 as 
10 formed in the present embodiment through the implantation 

of impurity ions for forming tb_e source/drain regions of the 
MOSFET, the impurity concentration and the depth of ionic 
penetration into the sul:lstrate can be controlled arbitrarily, so 
that a higher effect of reducing the capacitance is achieved. 

15 In particular, since tbe PN junction 32 is positioned al a level 
lower than the bottom faces of the trench portions 8, a higher 
effect .of reducing the capacitance is achieved. 

Although the present embodiment has described the case 
of using the P-type silicon substrate, an N-type silicon 

20 substrate may also be W;ied instead. In this case, a PN 
junction cao be formed by introducing a P-type impurity into 
the semiconductor portions and thereby forming an impurity 
diffusion layer, so U1at the same effects as achieved in tbe 
present cmboclimeot arc achieved. 

2s (Third Embodiment) 
FIG. 4 is a cross-sectional view of a semiconductor device 

according t<) a third embodiment. 
As shown in the drawing, a first active region 6 of a P-type 

silicon substrate 1 is provided with an element functioning 
30 as a MOSFET composed of: a gate oxide film 2; a ga1c 

electrode 4 made of a polysilicon film; ar1d source/drain 
regions 5. An isolation region 7 for electrically isolating the 
individu,al elements is formed witb a plurality of trench 
portions 8 filled \vi.Lb a silicon oxide film as an insulating 

35 material and witb dummy semiconductor portions 9 pro­
vided between the individual trench portions 8 and not 
serving as active regions. On one of the trench portions 8 
formed in the isolation region 7, there is provided a poly­
silicon wire 10 formed simultaneously with the gate insu-

40 lating film 2 and the gate electrode 4. There are further 
provided an interlayer insulating film 12 made of a silicon 
oxide film deposited over the entire surface of the substrate 
and a metal wire 13 formed on the interlayer insulating film 
12, 

Each of the semiconductor portions 9 formed in the 
isolation region 7 is provided with an impurity diffusion 
layer 31 into which an N-type impurity of the conductivity 45 

type opposite to that o[ the impurity introduced into the 
silicon substrate 1 bas been introduced, so that a PN junction 

Each of the dummy semiconductor portions 9 formed in 
tbe isolation region 7 is provided with a P-typc impurity 
diffusion layer 41 and an N-type impurity diffusion layer 42, 
wbich are arranged in iliis order from. the surface of Lbe 
silicon substrate. As a result, a first PN ju nction 43 is formed 
between the P-type impurity diffusion layer 41 and the 
N-type impurity diffusion layer 42, wbile a second PN 

32 is formed between the impurity diffusion layer 31 and the 
silicon substrate 1. 1.11e PN junction 32 is positioned at a 
level lower than the bottom faces of the trench portions 8. so 

The wiring-to-substrate capacitance in the isolation 
region 7 of the present embodiment is represented by the 
ronowing equation (5): 

Cjt=1: { (Ca lxCj I )/(Cal +Cj l ) }+t{ (Ca2xCk l )/(Ca2+Ckl)} (5), 55 

junction 44 is formed between I.he N -typ,c impurity diffusion 
layer 42 and the P-typc silicon substrate L The first and 
second PN junctions 43 and 44 are positioned at levels 
between tbe top and bottom faces of tbe trench portions 8. 

If respective junclion capacitances in the P-type and 
N-typc impurity diffusion ]ayers 41 and 42 are designated at 
Cjl and Cj2, a total wiring-lo-substrate capacitance Cjt in 
the semiconductor device accordiDg to the present embodi-

wnicb is smaller than the total capacitance Cat represented 
by lbe equation (1). In the foregoing equation (5), Ckl 
represents the capacitance between the bottom face of the 
trench portion 8 and the PN junction 32. Hence, the follow­
ing inequality (G) is satisfied, similarly LO the first embodi­
ment: 

60 ment is represented by the following equation (7): 

Cjl<Cal (6). 

'nms, the wiring-to-substrate capacilaoce can also be 65 

reduced in the semiconductor device according lo the 
present emboclirnenL since the PN junction 32 is present in 

Cjt=}:{ 1/l( I/Cal )+( l/Cj l)+(1/Cj2)J}+rCa2 (7), 

which is smaller than the total capacitance Cat of the 
semiconductor device according to the first embodiment 
represented by the equation (1). Hence, the following equa­
tion (8) is satisfied: 
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Since the present embodiment bas provided the plurality 
of PN junctions 43 and 44 in the respective dummy semi­
conductor portions of the isolation region 7, lbe capacitance 
component of the wiring-to-substrate capacitance in the 
region containing the semiconductor portions 9 o [ the semi­
conductor device can be represented by the capacitance 
obtained by conm:cliog in series the respective capacitances 
in the P-type and N-type impurity diffusion layers 41 and 42 
to the capacitance in the interlayer i• sulating film. 
Consequently, the wiring-to-substrate capacitance of the 
semiconductor device can further be reduced than in the first 
embodiment, resulting in the semiconductor device operat­
ing at a higher speed. 

Although the present embodiment has described the case 
where the two PN junctions 43 and 44 are formed of the two 
impurity diffusion layers, if three or more PN junctions are 
formed of three or more impurity diffusion layers, the total 
wiring-to-substrate capacitance can be represented in the 
same fashion as represented by the equation (7). For 
example, if m PN jtrnctions ( rn is an integer equal to or more 
tJrnn 3) are formed in each of the dummy active regions 9 
and n PN junctions (n is an integer equal to or more than 3) 
arc formed immediately under tbc trench portion 8, the total 
wiring-to-substrate capac·itaocc Cjt is represented by the 
following equation (9): 

Cj l=l:{ l /[ ( 1/Ca 1)+ :E(l/Cj m))}+ Zf 1 /[ (1/Ca2)+ ! (1/Cjn) ]} (9), 

which is smaller than the total capacitance Ott represented 

16 
sheet resistance film higher than that of the first-layer 
polysilicon film composing the gate electrode 4 and the like 
and an impurity concentration of lx10-20 cm-3 or less. The 
sheet resistance of the dummy gate 51 can also be held high 

5 by covering the isolation region with a resist film or the like 
during the implantation of an impurity into the active region. 

In the semiconductor device according lo the present 
embodiment, it is sufficient to consider the capacitance 
between the wiring and hign resistor film instead of the 

10 capacitance between the wiring and substrate. In this case, 
since the resistance of the polysilicon film composing the 
higb resistor Glm 53 is high, a voltage drop occurs between 
Lhe top face of the high resistor film 53 and the surface of the 
semiconductor substrate l. Accordingly, the voltage applied 

15 to the lop and bottom faces of the interlayer insulatiog film 
is reducec~ though the capacitance 0£ the interlayer insulat­
ing film 12 remains unchanged. Sioce the amount of charge 
accumulated in the top and bottom faces of the interlayer 
insuJating fllm 12 decreases in direct proportion Lo the 

20 voltage applied thereto, the time required for charging or 
discharging between the wiring aod high resistor is reduced, 
resulting in the semiconductor device operating at a higher 
speed. 

A description will be given next to a method of manu-
25 facturing a semiconductor device according to the present 

embodiment. FIGS. 6(a) to 6(h) are cross-sectional views 
showing the structure of the semiconductor device having an 
NM0Sl•ET according to the present embodiment in the 

by the equation (1 ). Hence, the. following ineqrntlity (1 O) is 
30 

satisfied: 

manufacturing proces.s therefor. 
ln the step shown in FIG. 6(a), a thin silicon oxide film 21 

having a tbickl'ICSS of 10 om and a silicoo nitride film 22 are 
formed sequentially on tbc P-type silicon substrate 1. Cjl<Cat (10), 

In tbe case of using the structure, the wiring-to-substrate 
capacitance can be reduced significantly since oot only lbe 
capacitance component in the region containing the semi­
conductor portions of the isolation region 7 but also the 
capacitance component in the regi()n containing the Lrench 
portions thereof is also reduced. 
(Fourth embodiment) 

BG. 5 is a cross-sectional view of a semiconductor device 
according to a fourth embodiment. 

As shown in the drawing, a first active region 6 of.a P-type 
silicon substrate l is provided with ao elemem functioning 
as a M0SFET composed of: a gate oxide film 2; a gate 
electrode 4 made of a polysilicon film; and source/drain 
regions 5. An isolation region 7 for electrically isolating the 
individual elements is formed with a plurality of Lrenc h 
portions 8 cacb filled with a silicon oxide film as an 
insulating material and with dummy semiconductor portions 
9 provided between the individual trench portions 8 and not 
serving as active regions. On one of the trench portions 8 
formed in the i&olalion region 7, there is provided a poly­
silicon wire 10 formed simultaneously with the gate insu­
lating film 2 and the gate electrode 4. In addition, a dummy 
gate 51 composed of a polysilicon film formed simulta­
neously with the gate electrode 4 extends continuously over 
the semiconductor portions 9 and trench portions 8. Over the 
dummy gate 51, Lhe polysilicon wire 10, and a surface of the 
silicon substrate (except for the active region), a silicon 
oxide film 52 and a higb resistor film 53 composed of a 
polysilicon film are further formed in layers. The dummy 
gate 51 has bcell formed by patterning a first-layer polysili­
coo film used commonly to forrn the gate electrode 4 and the 
polysilicon wfre l O so that it is at a given distance from each 
of the gate electrode 4 a.ad the polysilicon wire 10. The 
polysilicon film composing the high resistor film 53 has a 

In the step shown in Ji'IG. 6(b), a phirality of trenches 14 
each having a given width are formed in the silicon substrate 

35 l. The trenches 14 include: trenches 14a formed to surround 
the active region 6 to be formed with the element; trenches 
14b formed in the isolation region 7 separated from the 
active region 6 by the trenches 14a to eliminate panem 
dependence from planarity obtained at the completion of tbe 

40 manufacturing process; and trenches 14c for forming the 
polysilicon wires. lo the isolation region 7 also, the semi­
conductor _portions 9 have been provided to form al least one 
projecting portion surrounded by the trenches 14. 1he semi­
conductor portions 9 may be considered as dummy actjve 

45 regions which do not function as active regions. Tbe 
trenches include one formed in a position immediately under 
the polysilicon wire 10, which is lo be formed in the 
subsequent step. 

In the step shown in FIG. 6(c), a silicon oxide film 23 is 
so deposited over the entire surface of the substrate to fill in the 

trenches 14. 
T n the step shown in FIG. 6(d), the si licon oxide film 23 

is polished by a CMP process. Subsequently, the silicon 
nitride film 22 and the silicon oxide film 21 are removed 

55 selectively to form a plurality of buried trench portions 8 
each filled with a silicon oxide film and having a planarized 
surface. The buried trench portions 8 include: buried trench 
portions 8a functioning as isolation; buried trench portions 
Sh forming the dummy semiconductor portions 9; and 

60 buried trench portions 8c for providing insulation between 
the polysilicon wires and the silicon substrate. 

In the step shown in FIG, 6(e), there are formed the gate 
oxide film 2, the gate electrode 4 having sidewalls 24 on the 
side fac(;,s thereof, and the polysilicoo wires lO by using a 

65 known technique. During the process, the dummy gate 51 is 
formed simultaneously with the gate electrode 4 and the 
polysilicon wire and at a given distance from each of the 

IPR2018-00756 Page 00041



6,130,139 
17 

gale electrode 4 and the polysilicon wire 10, so tbal tbe 
dummy gate 51 neither cross nor contact the gate electrode 
4 and the polysilicon wire 10. The gate electrode 4, the 
polysilicon wire 10, and the dummy gate 51 can be formed 
simultaneously by using a common semiconductor mask. 5 
The dummy gate 51 bas a sheet resistance higher than those 
of the gate electrode 4 and polysilicon wfrc IO, wbicb arc 
used as interconnections, and has an impurity concentration 
adjusted to be 1x1020 atoms·cm-3 or lower by ion implan­
tation or tbc like. 

In the step sbown in FIG. 6(j), the silicon oxide lllm 52 10 

and the high resistor film 53 made of polysilicon are formed 
over the isolation region 7. The high resistor film 53 has a 
s.beet re!.>istance higher lha.n those of the gate electrode 4 and 
polysilicon wires 10 and bas an impurity concentration 
adjusted to be 1 x1020 atoms·cm-3 or lower by ion implan- 15 

tatioo or the li.ke. The silicon oxide film 52 and the high 
resistor fi.h11 53 are formed to provide a MIM capacitor and 
a resistor. 

In the step shown in FIG. 6(g), a resist mask 55 covering 
al least the isolation region 7 is formed and arsenic ions 25 20 

are implanted into the active region 6 to form the NMOS 
having the source/drain regions 5. During the process, 
arsenic ions are not implanted in the isolation region 7. 

In the step shown io flIG. 6(11), a silicon oxide film is 
deposited to form the interlayer insulating film 12, followed 25 
by a metal wire 13 fonned thereQp. 

In the semiconductor device according 10 the present 
embodiment, it is sufficient to consider the capacitance 
between the wiring and high resistor film instead of the 
capacitance between the wiring and substrate. In this case, 30 

since U1c rMistance of the polysilicot1 film composing the 
high resistor -film 53 is high, a voltage drop occurs between 
the top face of the high resistor film 53 and the surface of the 
semiconductor substrate 1. Accordingly, the voltage applied 
to the top and bottom faces of the interlayer insulating film 35 

is reduced, th011gb the capacitance of the interlayer insulat­
ing film 12 remains unchanged. Since the amount of charge 
accumulated in lbe top and bollom races of the interlayer 
insulating film L2 decreases in direct proportion to the 
voltage applied thereto, tbe lime required for charging or 40 

discharging between the wiring and high resistor is reduced, 
resulting in the semiconductor device operating at a higher 
speed. 

The high-resistance film 53 according to the present 
embodiment can be furmed easily at low cost by patterning 45 

Lbe same film as eompos1ng, e.g., th.e high resistor film o[ Lhe 
[esistor element and local wiring. Instead of forming the 
du=y gale 51, it is possible to form films corresponding to 
the high resistor film 53, the silicon oxide fiJm 52, and the 
dummy gate 51 from three films composing the upper-layer 50 

film, capacitor insulating film, and lower-layer film com­
posing the MJM capacitor formed anywhere oo the semi­
conductor substrate. 

It is also possible to increase the operating speed of the 
semiconductor device by reducing tbe time required for 55 

charging or discharging without forming either of the 
dummy gate 51 and tbc higb res.istor film 53 as well as the 
silicon oxide film 52. 

Although the description has been given lo the case where 
the hjgb resistor film 53 composed or the polysilicon fi.Jm 60 

and the silicon oxide film 52 are stacked in layers oo the 
isolation region 7, similar effects can also be achieved in the 
case of using an amorphous silicon film or a silicon nitride 
film instead of the polysilicon film. lo particular, the use of 
an i_osulati_ng film composed of a silicon oxide film allows a 65 

reduction in total capacitance and a further increase in the 
operating speed of the semiconductor device. 

18 
(Fifth Embodiment) 

FIG. 7 is a cross-sectional view of a semiconductor device 
according to a fifth embodiment. 

As shown in the drawing, an active region 6 of a P-type 
siJjcon substrate 1 is provided with an element functioning 
as a M OSFET composed of: a gate oxide film 2; a gate 
electrode 4; and source/drain regions 5. An isolation region 
7 for electrically isolal ing the individual elements is formed 
with a plurality of trench portions 8 each fiUed with a silicon 
oxide film as an insulating material and witb dummy semi­
conductor portions 9 provided between the individual trench 
ponioos 8 and not serviug as active regions. On o•.e of the 
trencb portions 8 formed in tbc isolation region 7, there is 
provided a polysilicon wire 10 formed simultaneously with 
the gale electrode 4. 

lo the present embodiment, the gate electrode 4 consists 
of a lower-layer portion 4a made of a first conductor film 
composed of a polysilicon film or the like and an upper-layer 
portion 4b made of a second conductor film composed of a 
tungsten film or the like. In the isolation region 7, there is 
provided a dummy gate 51 consisting of a lower-layer 
portion 51a composed of the same first conductor film as 
composing tbe lower-layer portion 4a of the gate electrode 
4 and an upper-layer portion 5l b composed of the same 
second conductor film composing the upper-layer portion 4b 
of the gate electrode 4. The lower-layer portion Sia of the 
dummy gate 51 has a top surface al the same level as the top 
face of each of the trench portions 8, so that planarization is 
achieved between the lower-layer portion Sla and the trench 
portions 8. The polysilicon wire 10 is composed only o[ the 
second conductor film composing th~ upper-layer portiO!l 4b 
of the gate electrode 4. The dummy gate 51 has been formed 
at a given distcmce from each of the gate electrode 4 and 
polysilicon wire 10 so as to improve pattern accuracy in a 
photolithographic process in accordance with a line-and­
space relationship. Tbere are also provided an interlayer 
insulating film 12 composed of a silicon oxide film depos­
iicd over the entire surface of the substrate and a metal wire 
13 formed on the interlayer insulating film 12. 

Io accordance witb a process of manufacturing tbe semi­
conductor device according lo the present embodiment, the 
structure of the semiconductor device as shown in FIG. 7 
can be implemented by the following procedure, though the 
drawing thereof is omitted here. 

Firs!, the gate insulating film and the first conductor film 
composed of a polysilicon film or the Jjke arc deposited on 
the semiconductor substrate, which are partially opened to 
form trenches. Thereafter, an insulating film is deposited on 
the substrate Lo fi ll in the trenches for planarizatioo, thereby 
forming trench portions. Subsequently, tbc second conduc­
tor film of tungsten or the like is deposited on the planarized 
substrate and patterned Lo form the gate electrode 4, lhc 
dummy gate 51, and the polysilicon wires 10. After that, the 
interlayer insulating film 12 and the metal ,vire 13 can be 
formed by a well-known method. 

ln the present embodiment also, tbe operating speed can 
be increased by reducing tbe amount of charge accumulated 
in the lop and bottom faces of the interlayer insulating film, 
similarly Lo the fourtb embodiment. Tn the semiconductor 
device having such a structure as used in the present 
embodiment, the upper-layer portion 4b of the gate electrode 
4 is typically composed of a low resistor film composed of 
silicide or the like. However, since tbe wiring-to-substrate 
voltage is also applied in series to the upper-layer and 
lower-layer portions 4b and 4a, the amount of charge is 
effectively reduced by a voltage drop and the operating 
speed of the semiconductor device is increased remarkably. 
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Altbougb the present embodiment bas not used such a 
high resistor film as used in the fourth embodiment, it will 
be appreciated that a high resistor film may be provided over 
the dummy gate with an insulating film interposed therebe-
tween. 
(Sixth Embodiment) 

BG. 8 is a cross-sectional view of a semiconductor device 
according to a sixth embodiment. 

As shown in the drav.,i.ng, an active region 6 of a P-type 
silicon substrate l is provided with an element functioning 
as a MOSFET composed of: a gate oxide film 2; a gate 
eloctrod1:: 4 made of a polysilicon mm; and source/drain 
regions 5. An isolation region 7 for electrically isolating the 
individual elements is formed with a plurality of trench 
portions 8 each filled with a silicon oxide film as an 
insulafo1g material and wilb dummy semiconductor portions 
9 provided between the individual trench portions 8 and not 
serving as active regions. On one of the trench portions 8 
formed in the isolation region 7, there is provided a poly­
silicx,)n wire 10 formed simultaneously with the gate insu­
lating film 2 and the gate electrode 4. There are further 
provided an interlayer insulating film 12 made of a silicon 
oxide film deposited over the entire surface of the substrate 
and a nietal wire 13 formed oa tbc interlayer insulating film 
12. 

In the isolation region 7, inter-trench insulating films 61 
each composed of a silicon oxide film and surrounded by the 
trench portions 8 are formed to overlie the dummy semi­
conductor portions 9 and underlie the interlayer insulating 
film 12. Tbe top faces of the inter-trench insulating films 61 
a.re at tbc same level M the top faces of the burled trench 
portions 8, wbilc the bottom faces thereof arc at a level 
between the top and bottom [aces of !be buried trench 
portions 8. 

A description will be given next to a melbod of manu­
facturing a semiconductor device according to the present 
embodimenL PIGS. 9(a) to 9(i) are cross-sectional views 
showing the structure o[ tbe semiconductor device having an 
NMOSFET according to the present embodiment in the 
manufacturing proces.s therefor. 

In the step shown-in FIG. 9(a), a thin silicon oxide film 21 
having a thickness of 10 nm and a silicon nitride film 22 arc 
formed sequentially on the P-type silicon substrate 1. 

l o the step shown in FIG. 9(b), a plurality of trenches 14 
each having a given width are formed in the silicon substrate 
1. The trenches 14 include: trenches 14a formed to surround 

20 
narized surface. Tbe buried trencb portions 8 include: buried 
trench portions 8a functio1.1iog as isolation; buried trench 
portions 8b. forming the dummy semiconductor portions 9; 
and buried trench portions Sc for providing insulation 

5 between lhe polysilicon wires and the silicon substrate. 
Ia the step shown in FIG. 9(e), the semiconductor portions 

of tbe isolation region 7 are subjected LO dry etching for 
forming trenches 62. 

In the step shown .in FIG. 9(f), as silicon oxide film is 
filled in each of the trenches 62 Lo form tbc inter-trench 

10 insulating film 61. 
In the step shown in FIG. 9(g), there are formed the gate 

oxide film 2, the gate electrode 4 having sidewalls 24 on the 
side faces thereof, and the polysilicon wire 10 by using a 
known technique. The gate electrode 4 and the polysilico• 

15 wire 10 can be formed simultaneously by using a common 
semiconductor mask. 

In the step shown in FIG. 9(h), arsenic ions 25 are 
implanted from above to form the NMOSFET having the 
source/drain regions in the active region 6. Although the 

20 arsenic ions 25 are also implanted into the isolation region 
25 during the process, no trouble occurs. lo tbe case of using 
a resist mask covering a region to be formed with a 
PMOSFET, however, the isolation region 7 may be covered 
with the resi.st mask. 

25 In the step shown in FIG. 9(1), a silicon oxide film is 
depqsited to form the interlayei- insulating film 12, followed 
by the metal wire 13 formed thereon. 

lo the semiconductor device according to the present 
embodiment, the inter-trench insulating films 61 each com-

30 posed of the silicon oxide film are formed over the dummy 
se:rnicooductor portions 9 of the isolatit1n region 7 n.nd under 
the interlayer insuJating film 12 to be surrounded by the 
buried trench porti(lns 8. The top faces of the inter-trench 
insulating films 61 are at the same level as the top faces of 

35 the buried trench portions 8, while the bottom faces thereof 
are at a level between the top and bottom faces of the buried 
trench portions 8. 

Thus, in the semi.conductor device according to the 
present embodiment, the inter-trench insulating fl.lens 61 are 

40 formed by filling tbe silicon oxide films .in the respective 
dummy semiconductor portions 9 that have been lowered in 
level, so that the distance between the wiring and the 
substrate is longer than in the conventional semiconductor 
device shown in FIG. 19. Since the wiring-to-substrate 

45 capacitance decreases in inverse proportion to the distance, 
lhe wiring-to-substrate capacitance is smaller in the semi­
conductor device according to the present embodiment than 
in the conventional semiconductor device, resulting in a 

the active region 6 to be formed with the element; trenches 
14b formed in the isolation region 7 separated from the 
active region 6 by the trenches 14a to eliminate pattern 
dependence from planarity obtained al the completion of the so 
manufacturing process; and trenches 14c for forming tbe 
polysilicon wires. In Lhe isolation region 7 also, the semi­
conductor portions 9 have been provided to form at least one 
projecting portion surrounded by the trenches 14. The semi­
conductor portions 9 may be considered as dummy active 55 

regions which do not function as active regions. The 
trenches include one formed in a position immediately under 

higher operating speed. 
Although the present embodiment has described the case 

where the silicon oxide film is buried in each of the 
semiconductor portions, similar effects can also be achieved 
if an insulating film composed of a silicon nitride film is 
used. 

Although the semiconductor portions 9 have been low­
ered in level and fil led with the silicon oxide films prior to 
the formation of the gate electrode, the method of manu­
facturing a semiconductor device according to the present 
invention is not limited LO such an embodiment. The same 
e[ects as achieved in the present embodiment can also be 
acbieved if tbe steps of lowering tbe semiconductor portions 

the polysilicon wire 10, which is to be formed in the 
subsequent step. 

In the step shown in FIG. 9(c), a silicon oxide film 23 is 60 

deposited over tbe entire surface of the substrate to fill in the 
trenches 14. 

l n the step shown in FIG. 9(d), the silicon oxide film 23 
is polished by a CMP method. Subsequently, the s·ilicoo 
nitride film 22 and the silicon m,ide film 21 are removed 65 

selectively to form the plurality of buried trench portions 8 
each filled with the silicon oxide film and having a pla-

9 in level and filling the silicon oxide films therein are 
performed after the formation of the gate electrode or prior 
to the formation of trench isolation. 
(Seventh Embodiment) 

PIG. 10 is a cross-sectional view of a semiconductor 
device according to a seventh embodiment. 
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As shown io the drawing, an active region 6 of a P-type 
silicon substrate 1 is provided witb an element firnctioning 
as a MOS.FET composed of: a gate oxide film 2; a gate 
electrode 4 made of a polysilicon film; and source/drain 
regions 5. An isolation region 7 for electrically isolating the 5 
individual elements is formed with a plurality of trench 
portions 8 each filled with a silicon oxide film as an 
insulating material and with dummy semiconductor portions 
9 provided between the individual trench port.ions 8 and not 
serving as active regions. On one of the trench portions 8 10 

formed in I.be isolation reg.ion 7, there is provided a poly­
s ilicon wire 10 formed simultaneow,ly with the gate imsu­
lating film 2 and the gate electrode 4. There are further 
provided an interlayer insulating film U made of a silicon 
oxide film deposited over the entire surface of the substrate 15 

and a metal wire 13 formed on the interlayer insulating film 
12. 

22 
substrate, in which the oxygen ions have been introduced as 
ao impurity in the semiconductor portions 9 of the isolation 
regioo 7. 

1n the step shown in FIG. 11(1), there are formed the gate 
oxide film 2, th.e gate electrode 4 baviag sidewalls 24 on the 
side faces thereof, and the polysilicon wire 10 by using a 
known technique. The gate electrode 4 and the polysilicoa. 
wire 10 can be formed simultaneously by usia.g a common 
semiconductor mask. 

1n the step shown in PIG. ll(g), arsenic ions are implanted 
from above the substrate to form the NMOSFET having the 
source/drain regions 5 in the acLive region 6. Although the 
arsenic ions 25 are al.so implanted into the isolation region 
7 during the process, no trouble occurs. In the case of using 
a resist mask covering a region to beformed with a 
PMOSFET, howcvei:, the isolat.ioo region 7 may be covered 
with the resist mask. 

In upper portions of the dummy semiconductor portions 9 
of the isolalfon region 7, oxygen atoms have been introduced 
by ion implantation or the like to fom1 high resistor portions 
71 each composed of a high-resistance silicon layer. 
Although the bottom faces of the high resistor portions 71 

In the step shown i11 FIG. ll(h), a silicon oxide film is 
formed as the interlayer insulating film 12, followed by the 

20 metal wire 13 fom1ed thereon. 

are at a level between the top and bottom faces of the trench 
portions 8, they may be positioned al a level lower than the 
bottom faces of the trench portions 8. 

A description will be given oext lo a method of maau­
factu.ring a semiconductor device according 10 the present 
embodimeot. FIGS. ll(a) to ll(h) are cross-sectional views 
showing the structure of the semiconductor device having an 
NMOSFET according to the present embodiment in the 
.manufacturing proees.s therefor. 

1n the step shown in FIG. ll(a), a th·in silicon oxide film 
21 having a thickness of 10 nm and a silicon nitride .film 22 
are formed sequentially on the P-type silicon substrate 1. 

lo the step shown in FIG. ll(b), a plurality of trenches 14 
each having a given width are formed in the silicon substrate 
1. The trenches 14 include: trenches 14a formed to surround 
the active regioa 6 to be formed with the element; trenches 
14b formed in the isolation region 7 separated from the 
active region 6 by the trenches 14a to eliminate pattern 
dependence from planarity obtained at the completion of the 
maoufacturiog process; and trenches 14c for forming the 
polysi.licoo wires. lo the isolation regioo 7 also, the semi­
conductor portions 9 have been provided to form at least one 
projecting portion surrounded by the trenchos 14. The semi­
conductor portions 9 may be considered as dummy active 
regions which do not function as active regions. The 
Lrenches include one formed in a position immediate[ y u oder 
the polysilicon wire 10, which is to be formed in the 
subsequent step. 

lo the step shown in FIG. ll(c), a silicoo oxide film 23 is 
deposited over tbc entire surface of the substrate to fl II in the 
trenches 14. 

lo the step shown in FIG. 11 (d), the silicon oxide film 23 

The semiconductor device according to the present 
embodiment is characterized in that the oxygen atoms have 
been introduced into the upper portions of the semiconduc­
tor portions 9 of the isolation region 7 by ion implantation 

25 or the like to form the high resistor portions 71 each 
composed of a high-resistance silicon layer. Althqugb the 
bottom faces o f the high resistor portions 71 are at a level 
between the top and bottom faces of the buried treoch 
portions 8, they may be positioned at a level lower than the 

30 bottom faces of the buried trench portions 8. 
Since the high resistor portions 71 each composed of ll 

high-resistance silicon layer have beeo formed in the 
dummy semiconductor portions 9 o( the silicon substrate, a 
voltage drop occurs in the high resistor portions 71 o[ the 

35 silicon substrate when a voltage is placed between tbe 
wiring and the substrate. Consequently, a poteotial differ­
ence between the wiring and semiconductor portions 9 is 
reduced so that the amount of charge is reduced in direct 
proportion to the placed voltage, though the capacitance of 

40 Lhe interlayer insulatiog film U between the wiring and Lbe 
semiconductor portioos 9 is equal to U1at of the interlayer 
insulating film 12 in the conventional semiconductor device 
shown in FIG. 19. Accordingly, the time required for charg­
ing or discharging is reduced and the operating speed of the 

45 semiconductor device is increased. 

50 

Although the present embodiment has described the case 
where oxygen atoms are introduced as an impurity into the 
dummy semiconductor portions 9, similar eJiects can be 
achieved if nitrogen atoms arc introduced. 

Although lhe high resistor portions arc formed prior to the 
formation of the gate electrode in the present embodiment, 
they may be fom1ed al any stage of the process of manu­
facturing the semiconductor device provided that oxygen 
atoms can be introduced into the semiconductor portions. 

55 (Eighth Embodiment) is polished by a CMP method. Subsequently, the silicon 
nitride film 22 and the silicon oxide film 21 arc removed 
selectively to form lhc plurality of buried trench portions 8 
each filled with the silicon oxide film and having a pla­
uarized surface. Toe buried trench portions 8 include: buried 
trench portions Sa l'u.octioning as isolation; buried trench 60 

portioos Sb forming tbe dummy senticooducror portions 9; 
and buried trench portions Sc for providing insulation 
between the polysilicon wire and the silicon substrate. 

FTC. 12 is a cross-sectional view of a semiconductor 
device according to an eighth embodiment. 

As shown in the drawing, a first active regioo 6 of a P-type 
sil:icon substrate 1 is provided with an element functiooing 
as a MOSFET composed of: a gate oxide film 2; a gate 
electrode 4 made of a polysilicon film; sidewall'> 3 formed 
on the side faces of lhe gate electrode 4 and composed of 
sllicon oxide films; and source/drain reg.ions 5. Ao isolation 
region 7 for electrically isolating the individual elemcots is 
formed with a plurality of trench portions 8 each filled with 
a silicon oxide film as an insulating material aod with 
dummy semiconductor portions 9 provided between the 

l n the step shown i.n FIG. ll(e), a resist mask 73 covering 
the active region 6 is formed and oxygen ions 72 are 65 

implanted only into the isolation region 7 to form the high 
resistor portions 71 in the outermost surface of the silicon 
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In !he step shown in FIG. 13(h), arsenic ions 25 are 
implanted from above lo form the NMOSFET having the 
source/drain regions 5 in the active region 6. Although the 
arsenic ions are also implanted into the isolation region 7 

individual trench portions 8 and not serving as active 
regions. Ou one of the trench portions 8 formed in the 
isolation region 7, there is provided a polysilicon wire 10 
formed simultaneously with tbe gate insulating film 2 and 
the gate eJccLrode 4. There arc further provided an interlayer 
insulating film 12 made of a silicqn oxide film deposited 
over the e• lire surface of tbe substrate and a metal wire 13 
formed on the interlayer insulating film 12. 

5 during the process, no trouble occurs. However, in the case 
of using a resist mask covering a region to be formed with 
a PMOSFET, lbe isolation region 7 may be covered with Lbe 
resist mask. 

Over the dummy semiconductor portions 9 and trench 
portions 8 of lhe isolation region 7, an underlying insulating 
film 81 made of a silicon oxide film bas bee.a formed 
simultaneously with the sidewalls on the side faces of the 
gate electrode 4. The underlyjng insulating fl.Im 81 bas bee• 
formed to cover the entire polysilicon wire 10. 

In the step shown in FIG. 13(i), a silicon oxide film is 
10 deposited to form the interlayer insulating film 12, followed 

by a metal wire 13 formed thereon. 
The semiconductor device according to the present 

embodiment is characterized in that the underlying insulat­
ing film 81 composed of the silicon oxide film is formed 

A description will be given next to a method of manu­
facturing a semiconductor device according lo the present 
embodiment. F IGS. 13(a) to 13(,) are cross-sectional views 
showing the structure of the semiconductor device having an 
NMOSFET according to the present embodiment in the 
manufacturing proces.s Lheref'qr. 

15 simullaneously with the sidewalls on tbe side faces of tbe 
gale electrode 4 to extend over the dummy semi.conductor 
portions 9 and buried trench portions 8 of the isolation 
region 7. The resulting underlying insulating film 81 covers 

In the step shown in PIG. 13(a), a thin silicon oxide film 
21 having a thickness of 10 nm and a silicon nitride film 22 
are formed sequentially on the P-type silicon substrate l. 

20 

lhe enlfrc polysilicon \.vire 10. 
Tims, in the semiconductor device according to the 

present embodiment, the underlying insulating film 81 com­
posed of the silicon oxide film is present over the isolation 
region 7, so that the distance between the wiring and the 
substrate is longer than in tbe conventional semiconductor In the step shown in fllG. 13(h), a plurality of trenches 14 

each having a given wicltb are formed in the silicon substrate 
1. The trenches 14 include: trenches 14a formed to surround 

25 device shown io FfG. 19. Since the wiring-lo-substrate 
capacitance decreases in inverse proportion to the distance, 
the wiring-to-substrate capacitance is reduced in the semi­
conductor device according to the present embodiment, 

the active region 6 Lo be formed with the clement; trenches 
14b formed in the isolation region 7 separated from the 
active region 6 by lhe trenches 14a to eliminate pattern 
dependeuce from planarity obtained al tbe completion of the 30 

nu11mfacturing process; and trenches 14c for forming the 
polysilicon wires. In lhe isolation region 7 also, the semi­
conductor portions 9 bave bee.a provided l<,) form at least one 
projecting portion surrounded by the trenches 14. The semi­
conductor portions 9 may be considered as dummy active 
regions which do not fu action as active regions. The 
trenches include one formed in a position immediately under 

resulting in a higher operating speed. 
Although the present embodiment bas described the case 

where the underlyir,g insulating film 81 is composed of the 
st!icon oxide film, similar effects can also be achieved if an 
insulating film composed of a silicon nitride film is used. 

Although the present embodiment has described the case 

the polysilioon wire 10, which is to be formed in the 
subsequent step. 

35 where the uoderlying insulating film is composed of a 
single-layer Ji.Im, the underlying insulating film may be 
composed of a multi-layer film. For example, in the case 
where the sidewalls consist of L-shaped portions extending 
over the side faces of tbe gate electrode and the substrate and 

In Lbe step shown in FIG. 13(c), a silicon oxide film 23 is 
deposited over the en lire surface of the substrate to fill in the 
trenches 14. 

lo the step shown in FIG. 13(d), the silicon oxide film 23 

40 of upper wedge-shaped portions or, alternatively, the side­
walls are provided along with an on-gate protective film, the 
underlying insulating film should be composed of a multi­
layer film. ft will be appreciated that, in that case also, the 
same effects as achieved ia the presem embodiment are is polished by a CMP method. Subsequently, the silicon 

nitride film 22 and the silicon oxide film 21 are removed 45 

selectively to form lhe plu.ra.lity or buried trench portions 8 
each filled with the siHcon oxide film and b.aving a pla­
narized su,rface. The buried trench portions 8 include: bu cied 
trench portions Sa functioning as isolation; buried trench 
portions 8b forming dummy semiconductor portions 9; and so 
buried trench portions Sc for providing insulation between 
the polysilicon wire and the silicon substrate. 

I• the step shown in FTG. l 3(e), there arc formed the gate 
oxide film 2, the gate electrode 4 made of polysilicon, and 
the polysilicoo wire 10 by using a known technique. The 55 

gate electrode 4 can be formed simultaneously with the 
polysil icon wire by using a common semiconductor mask. 

lo the step shown in FIG. 13(1), a silicon oxide film 82 is 
deposited over the entire surface of the substrate, followed 
by a resist mask 84 formed !hereon Lo cover the isolation 60 

region 7. 
In the step shown-in FIG. 13(g), a silicon oxide film 82 is 

removed selectively by anisotropic dry etching using the 
resist mask84 to form an underlying insulating film 81 over 
the isolation region 7, while lbe sidewalls are formed on the 65 

side faces of Lhe gate electrode 4. The polysilicon wire 10 is 
completely covered with the underlying insulating film 81. 

achieved. 
(Ninth Embodiment) 

PIG. 14(a) is a cross-sectional view of a semiconductor 
device according to a ninth ernbodimeot. 

As shown in the drawing, an active reg,ion 6 of a P-type 
silicon substrate 1 is provided with an element functioning 
as a MOSFE1' composed of: a gate oxide film 2; a gate 
electrode 4 made or a polysiliCC)n film; and source/drnin 
regions 5. An isolation region 7 [or electrically isolating the 
individual elements is formed with a plurality of trench 
portions 8 each filled with a silicon oxide film as an 
insulating material and with dummy semiconductor portions 
9 provided between the individual trencb portio ns 8 and not 
serving as active regions. On one of the trench portions 8 
formed in the isolation region 7, there is provided a poly­
silicon wire LO formed simultaneously with the gate insu­
lating film 2 and tbe gate electrode 4. Tbere are further 
provided an interlayer insulating film 12 made of a silicon 
oxide film deposited over the entire surface of the substrate 
and a metal wire 13 formed oo the interlayer insulating film 
u . 

Under the dummy semiconductor portions 9 and the 
trench portions 8, a burie-d insulating film 91 cQmposed of a 
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silicon oxide film is formed in contact witb the boltorn faces 
of the trench poriions 8. As a result, the side faces of the 
semiconductor portions 9 are io contact with the trench 
portions 8, while tbe bollom faces thereof are in contact with 
the buric<l i •suJaling film 91. 

FIG. 14(b) is a cross-sectional view for illustrating the 
wiring-lo-substrate capacitance of the semiconductor device 
according lo the present embodiment. I• tht: semiconductor 
device according to the present embodiment, since the 
bmied insulating film 91 composed of the silicon oxide film 
is formed in the silicon substrate, the capacitance Cij 
becomes a half of tbe capacitance Cj1 shown in FIG. l(b) or 
leS$ (T. Nishimura and Y. Inoue: Proceedings of VLSI 
TECHNOLOGY WORKSHOP ON "WHAT IS Tlill 
FUTURE OF SOI?" (1995) p.123). 

'£1,erefore, the total wiring-to-substrate capacitance Cijt of 
the semiconductor device is represented by tbc following 
equation (11): 

26 
portions 8b forming dummy semiconductor portions 9; and 
buried trench portions 8c for providing insulation between 
the polysilicoo wire and the silicon substrate. 

In the step shown in FIG. 15(e), a resist mask 92 covering 
5 the active regioo 6 is formed and oxygen ions 93 arc 

implanted only into the isolatioo region 7 so that the bu.r.icd 
insulating film 91 into which Lhe oxygen atoms have been 
introduced as an impurity is formed. The buried insulating 
film 91 provides insulation between the silicon substrate 1 

10 and tbe semiconductor portions 9 io the isolation region 7. 
In this case, the buried insulating film 91 is connected to tbe 
respective side faces of each o( the individual 1rcncb por­
tions Sa to Sc aml energy for implanting the oxygen ions is 
set such thl)t the semiconductor portions 9 are in the floating 

15 slate. 

Cijl={ (Ca l><Ci_j)/(Cal +Cij)}+ICa2 (ll), 20 

1n lhe step shown in Fl.G. lS(f), there arc formed the gate 
oxide film 2, the gate electrode 4 i1aving sidewalls 24 on tbc 
side faces thereof, and the polysilicoo · wire 10 by using a 
known technique. The gate electrode 4 may be formed 
simultaneously with the polysilicon wire 10 by using a 
common semiconductor mask. which is smaller than the total capacitance Cit represented 

by the equation (3). Accordingly, the fcillowing inequality 
(12) is satisfied: 

In the step shown in FIG. 15 (g), a resist mask 95 is 

Cijt<Cjl 

Hence, 

(12). 25 

formed to cover the isolation region 7 and arsenic ions 25 arc 
implanted into the active region 6 to form the NMOSFET 
having the source/drain regions 5. l.n this case, no implan­
tation is performed with respect to the isolation region 7. 

ln the step shown in PIG. 15(h), a silicon oxide film is 
deposited to form the interlayer insulating film 12, followed 
by a metal wire 13 formed thereon. 

is derived from Lbe relationship represented by the equation 30 

( 4), so tha.t the wiring-to-substrate capacitance of the semi­
conductor devioe according lo the present embod.iment is 
reduced, re-sultiug in the st:miconductor de-vice operating at 

ln the semiconductor device formed by the manufacturing 
method a.ccording to the prc~c11t embodiment, tbc burjed 
insulating film 91 composed of the silicon oxide ·film is 
formt:d under the dummy semiconductor portions 9 and the 
buried trench portions 8 to be in contact with the bouom a higher speed. 

FIGS. 15(a) to 15(/z) are cross-sectional views of tbe 
structure of the semiconductor device having the NMOS­
PET according to the present embodimeol in the manufac­
turing process therefor. 

In the step shown in FIG. 15(a), a tbio sjlicon oxide film 
21 having a Lhickness of 10 om and a silicon nitride film 22 
are formed sequentially on the P-lype silicon substrate 1. 

In the step shown in FIG. 15(b), a plurality of trenches 14 
each having a given width are formed in the silicon substrate 
1. The trenches 14 include: trenches 14a formed to surround 
1he active region 6 to be formed with the clement; trenches 
14b formed in Lbe :isolation region 7 separated from the 
active region 6 by the trenches 14a lo eliminate pattern 
dependence from planarity obtained al the completion of the 
manufacturing process; and trenches 14c for forming the 
polysilicon wires. Io tbc isolation region 7 also, !be semi­
conductor portions 9 have been provided to form at least one 
pr{)jecting portion surrounded by lhe trenches 14. The semi­
conductor portions 9 may be considered as dummy active 
regions which do not function as active regions. The 
trenches include one formed in a position immediately under 
the pol.ysilicon wire 10, which is to be formed in the 
subsequent step. 

lo the step sbown in FIG.15(c), a silicon oxide film 23 is 
deposited over the entire surface of tbe substrate to fl II in the 
trenches 14. 

la Lbe step sbown in FIG. lS(d), Lbe silicon oxide film 23 

35 faces of the buried trench portions 8. As a result, the side 
faces of the semiconductor portions 9 are in contact with tbe 
buried trench portions 8, while the bottom faces thereof are 
in contact with the insuJating film 91. AJlhough the present 
embodiment has formed the buried insulating film by 

40 implanting oxygen ions prior to the formation of the gate 
electrode, the buried insulating film may be formed al any 
stage of the method of manufacturing the semiconductor 
device provided that oxygen atoms can be introduced into 
the semiconductor portions. 

45 (Tenth Embodiment) 
The present embodiment will basically clescribe another 

example of tbe manufacturing process shown in FIG. 14(b), 
which is for achieving the effect of capacitance reduction. 

FIGS. 16(a) to 16(i) are cross-sect:iona1 views of the 
50 structure of a semiconductor device having an NMOS.FET 

according to a tenth embodiment in the manufacturing 
process therefor. 

Io Lhe step shown in FIG. 16(a), a thin silicon oxide film 
21 having a thickness of 10 om and a silicon nitride film 22 

55 are formed sequentially on a P-type silicon substrate 1. 
In tbe step shown in FIG. 16(b), a plurality of trenches 14 

each having a given width arc formed .in tbe silicon substrate 
1. The trenches 14 include: trenches 14a formed to surround 
an active region 6 to be formed with the element; trenches 

60 14h Fonnt:d in the isolation region 7 separated from the 
active region 6 by tbe trenches 14a to eliminate pattern 
dependence from planarity obtained at tbe completion of the 
manufactilliog process; and trenches 14c for forming the 

is polished by a CMP method. Subsequently, tbe silicon 
11itride film 22 and the s ilicon oxide film 21 are removed 
selectively to form Lhc plurality of buried trench portions 8 
cacb filled with tbe silico• oxide film and having a pla- 65 

narized surface, The buried trench ponions 8 include: buried 
trench ponions Sa functioning as isolation; buried Lreoch 

polysilicon wires. In the isolation region 7 also, semicon­
ductor portions 9 have bee• provided to form at least one 
projecting portion surrounded by lbe trenches 14. The 
trenches include one fom1ed in a positio• immediately under 
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the polysilicon wire 10, which is lo be formed in !be 
subsequent step. In lbe step shown in FIG. l S(c), a silicon 
oxide fi lm 23 is deposited over the entire surface of the 
substrate to fill in the trenches 14. 

In lhe step shown in FIG. 16(c), a silicon oxide film 23 is 
deposited over the entire surface of the substrate lo fill in the 
trenches 14. 

In the step shown in BG. 16(d), the silicon oxide film 23 

28 
Ia the step shown in FIG. 17(c), a silicon film 103 is 

epitaxially grown over the entire surface of the substrate. 
During the step, since single-crystal silicon is grown on 
single-crystal silicon in an active region 6, a semiconductor 

5 region having an excellent crystallographic property is 
formed therein, while a silicon film having ao inferior 
crystallographic property is formed on the silicon oxide film 
in the isolation region 7. However, since the silicon film in 
the isolation region 7 docs not function as an active region, 

10 the inferior crystallographic property thereof will not 
adversely affect the properties of the semiconductor device. 

In the step shown in FIG.17(d), a thin silicon oxide film 
21 having a thickness or 10 om and a silicon nitride film 22 
are formed sequentially on the silicon film 103. 

is polished by a CMP method. Subsequently, the silicon 
nitride film 22 and tbe silicon oxide film 21 are removed 
selectively except for the portions overlying the active 
region 6 to form a plurality of buried trench portions 8 each 
filled with a silicon oxide film and having a planarizcd 
surface. The buried trench portions 8 include: buried trench 
portions Sa functioning as isolation; buried trench portions 
Sb forming dummy semiconductor portions 9; and buried 15 

treoct, portions 8c for providing insuJatiou between the 
polysilicoo wire and the silicon substrate. 

In the step shown in FIG. 17(e), a plurality of trenches 14 
each having a given width are formed in the substrate. The 
trenches 14 include: trenches 14a formed to surround tbe 
active region 6 lo be formed with the element; trenches 14b 
formed in tbc isolation region 7 separated from the active 

lo the step shown in FIG. 16(e), the semiconductor 
portions 9 of the isolation region 7 are Sttbjectcd to dry 
etching for forming trenches 96. 

lo the step shown in FIG. 16(t), a silicon oxide film is 
deposited in each of the trenches 96 to form a buried 
insulating 1ilm 91, followed by a silicon film deposited 
thereon to form semiconductor pC>rlions 97 serving as 
dummy active regions. The buried insulating films 91 are in 
contact with the buried trench portions 8a to 8c. 

20 region by the trenches 14a to eliminate patlern dependence 
from planarity obtained at the completion of rhe manufac­
turing process; and trenches 14c for forming the polysilicon 
\Vires. In the isolation region 7 also, sem.icooductor portions 
9 have been provided to form al least one projecting portion 

In the step shown in FIG. 16(g), there are formed the gale 
oxid(;) film 2, the gale electrode 4 having sidewalls 24 on the 
side faces thereof, and the poJysiLicon wire 10 by using a 
known technique. The gate electrode 4 may be formed 
simultaneously with the polysilicon wi_re 10 by using a 
common semiconductor mask. 

25 surrounded by the ircnches 14. The semiconductor portions 
9 m.ay be considered as dummy active regions which do not 
('unction as active regi()nS. The trenches include one formed 
in a position immediately under the polysilicon wire 10, 
which is to be formed in the subsequent step. In forming the 

30 trem:bes 14, etching is performed till lhe surface of the 
buried insulating fil m 101 is exposed in the trenches 14. 

In the step shown in FIG. l6(h), a resist mask 98 is formed 
to cover the isolation region 7 and arsenic ions 25 arc 
implanted into the active region 6 to form the NMOSFET 
having source/drain regions 5. In this case, implantation may 35 
be performed with r~pect lo !be isolation region 7, lhougb 
it i,; not perfomled in the example. 

In tbc step shown in F'l G. 17(!), a silicon oxide film 23 is 
deposited over tbe entire surface of the substrate to fill in !be 
trenches 14. 

Io the step shown in FIG. 18(a), the silicon oxide film 23 
is polished by a CMP method. Subsequently, the silicon 
nitride film 22 and the silicon oxide film 21 are removed 
selectively Lo form a plurality of buried trench portions 8 
eacb filled with a silicon oxide film and bavi.ng a planarized 

In the step shown in FIG. 16(i), a silicon oxide film is 
deposited to form the interlayer insulating film L2, followed 
by a metal wire 13 formed thereon. 40 surface. The buried trench portions 8 include: buried trench 

portions Sa f-unctioning as isolation; buried tn::ncb portions 
Sb forming dummy semiconductor portions 9; and buried 
trench portions 8c for providing insuJation between the 

The manufacturing method according to the present 
embodiment also enables the formation of a semiconductor 
device having the same structure as the semiconductor 
device according to the ninth embodiment, resulting in 
smaller wiring-to-substrate capacitance and a higher oper- 45 

a ting speed. 
Altbougb tbe pre.sent embodiment has grown !be silicon 

oxide films and lhe silicon films in U1e Lrenches 96 prior lo 
forming the gate electrode, the silicon oxide films and the 
silicon films may be grown at any stage of the process of so 
manufacturing tbe semiconductor device provided that they 
cao be grown and buried in the trenches 96. 
(Eleventh Embodimeot) 

polysilicon wire and the silicon substrate. 
In the step shown in FIG. 18(b), there are formed the gate 

ox:idc fllm 2, the gate electrode 4 having sidewalls 24 on Lhc 
side faces thereof, and the polysilicon wire 10 by using a 
known technique. The gate electrode 4 i-. formed simulta­
neously with the polysilicon wire 10. 

lo the step shown in FIG. 18(c), arsenic ions 25 arc 
implanted into the active region 6 to form source/drain 
regions by using a resist mask 95 formed 10 cover the 
isolation region 7. The NMOSFET ii,; formed by the fore­
going process. Although arsenic ions 25 are not implanted in The present embodiment will also basically describe still 

another example of the manufacturing process shown in 
FIG. l4(b), which is for achieving the effect of capacitance 
reduction. 

55 the isolation region 7 in the example, they may be implanted 
alternatively. 

FIGS. 17(a) to 17(/) and FIGS. 18(a) to 18(d) are cross­
sectional views showing the structure o[ a semiconductor 
device having an NMOSFET according to an elcvcnth 60 

embodimeot in the manufacturing process therefor. 
In the step shown in FIG. 17(a), a trench 102 is formed in 

a region of a P-type silicon substrate 1 in which a• isolation 
regi.on is to be formed. 

In the step shown in FIG. l7(b), a silicon oxide fi]m is 65 

.filled in the trench 102 lo form an insulating film 101 so lbat 
the entire surface of the substrate is planarized. 

In the step showll in PIG. 18(d), a silicon oxide film is 
deposited to form an interlayer insulating film 12, followed 
by a metal wire 13 formed thereon. 

The manufacturing method according LO the present 
embodiment al-;o enables the formation of a semiconductor 
device having the same structure as the semiconductor 
device according to the ninth embodiment, resulting in 
smaller wiring-to-substrate capacitance and a higher oper­
ating speed . 

Although the present embodiment has formed the trench 
102 in the silicon substrate 1 and buried the silicon oxide 
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film !herein lo form a miniaturized gale electrode 4, lbe 
silicon oxide film may be formed directly on tbe isolation 
region without forming the trench i£ the semiconductor 
substrate inferior in planarity does not adversely aJiect the 
patterning of the gale during U1e formation of the gale 5 
electrode. 
(Variations of lndividual Embodiments) 

Although the eighth embodiments of tbe present inven­
tion l1ave been described, there are variations obtained by 
combining the i.ndividual embodiments with each other. 

10 
By way of example, the first embodiment used in com­

bination with the second to eighth embodioieots achieves a 
further reduction in wiring-lb-substrate capacitance and a 
reduction in tioie required for charging or discharging, so 
Iha! the resulting semiconductor device operates al a higher 
speed than in th e case where each of the embodiments is 15 

used singly. 
]bus, according to the present invention, the individual 

embodiments used in combination can achieve more 
remarkable effects than in the case where each of the 
embodioieots is used singly. 20 

Although eacb of the embodiments bas used the NMOS­
FET as the element to be disposed in the active region 6, the 
present inveuticm is not limited to such embodiments. The 
element includes an active element other than the MOSFET 
such as a bipolar transistor or diode or a passive element 25 
such as a capacitor. 

We claim: 
1. A method of manufacturing a semiconductor device, 

comprising: 

30 
type into said dummy semiconductor portions by using 
a second mask covering said active region to form said 
al least one PN j1111ction in said dummy semiconductor 
portions. 

4. A method of manufacturing a semiconduct(>r device, 
comprising; 

a first step of forming, in a semiconductor substrate 
having a substrate region, a fir$! trench for pactitiooiog 
said substrate region into an active region and an 
isolation region and second trench for partitioning said 
isolation region into a plurality of dummy semiconduc­
tor portions; 

a second step o[ filling an insulating ma1erial in each of 
said first and second trenches to form a first buried 
trench portion and a second buried trench portion; 

a third step of forming an clement on said active region; 

a fourth step of forming a resistor film on eacb of said 
dummy semiconductor portions of said isolation 
region; 

a fifth step of forming an interlayer insulating film over an 
emire surface of the substrate; and 

a sixth step of forming a wire on said interlayer insulating 
film. 

5. A method of maoufactmiog a semiconductor device 
according to claim 4, wherein said fourth s tep includes 
composing said resistor film of a film containing at least one 
of polysilicon and amorphous silicon. 

6. A method of manufacturing a semiconductor device 

a first step of forming, in a semiconductor substrate 
having a s11bstrate region of a first conductivity type, a 
first trench for partitioning said substrate region into an 
active region and an i:,;olation region and a second 
trench for partitioning said isolation region into a 
plurality of dummy semiconductor portions; 

30 according lo claim 4, wherein said fourth step includes 
composing said resistor film of a multilayer film constituted 
by two or more conductor films with at least an insu lating 
film interposed therebctween. 

a second slep o[ filling an insulating material in each oI 
said first and second trenches to form a first buried 
trench portion and a second buried trench portion; 

7. A method of manufac1uriog a semiconductor device 
35 according 10 claim 4, wherein said fourth step includes 

introducing an impurity at a concentration of lxl020 

aloms-cm- 3 or lower into said resistor film. 

a third step of forming an element on said active region; 
a fou rtb step of introducing a o impurity containing at least 

an impurity of a second conductivity type into said 
dummy semiconductor portions of said isolation region 
to form at least one PN junction in said dummy 
semiconductor portions; 

a llfth step of forming an interlayer insulating film over an 
entire surface of the substrate; and 

a sixth step of forming a wire on said interlayer insulating 
film. 

40 

45 

2. A method of manufacturing a semiconductor device 50 
according to claim 1, wherein said third and fourth steps 
include forming a gate electrode of a FET as said element on 
said active region, inlroducing !he impurity of the second 
conductivity type into said active region and said dummy 
semiconductor portions, and thereby forming source/drain 55 
regions of said FET, while forming said al least one PN 
junction in said dummy semiconductor portions. 

3. A method of manufacturing a semiconductor device 
according to claim 1, wherein 

8. A method of manufacturing a semiconductor device, 
comprising: 

a first step of forming, in a semiconductor substrate 
having a substrate region, a first trcncl1 for J)art itioning 
said substrate region into an active region and an 
isolation region and a second trench for panitioning 
said isola1ion region into a plurali ty of dummy semi­
coodu.ctor portions; 

a second step of filli ng an insula1ing material in each of 
said first and second trenches to form a first buried 
trench portion and a second buried trench portion; 

a third step of forming an element on said active region; 
a fourth step of implanting ions into an upper portion of 

each of said dummy semiconductor portions 10 form a 
high resistor portion therein; 

a fifth step of forming an interlayer insulating film over an 
entire surface of the substrate; and 

a sixth step of forming a wire on said interlayer insulating 
fi lm. 

9. A method of manufacturing a semiconductor device 
according LO claim 8, where.in said fourth step includes 
implanting ions containing al least au atom having an 
oxidizing function co form said bigb resistor portion. 

said lbird step includes forming a gate elec1rode of a FET 60 

as said clement on said active region by using a first 
mask covering said isolation region and introducing the 
impurity of the second conductivity type into said 
active region to fonn source/drain regions of said FET 
and 

10. A method of manufacturing a semiconductor device 
according to claim 8, wherein said fourth step includes 
:implanting ions containing at least an atom having a nitrid-

65 ing function lo form sa:id high res-istor portion. 
said fourth step includes introducing the impurity con­

taining al least the impurity of the second conductivity 
11. A method o[ manufacturing a semiconductor device, 

comprising: 
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a first step of fom1ing, i• a semiconductor substrate 
having a substrate region, a first trench for _partjtioniug 
sajd substrate region into an active region and an 
isolation region and a second trench for partitioning 
said isolation region into a plurality of dummy semi- 5 

conductor portions; 
a second step of filling an insulating material in each of 

said first and second trenches lo form a first buried 
trench portion and a second buried trench portion; 

a third step of forming an element on said active region; 10 

a fourth step of forming an underlying insulating film over 
said dummy semiconductor portions of said isolation 
region; 

a fifth step of forming an interlayer insulating film over an 
entire surface of the substrate; and 

a sixth step of forming a wire on said interlayer insulating 
film. 

15 

12. A method of manufacturing a semiconductor device 
according to claim U , wherein said third step and said fourth 
step include forming a gale electrode of a FET forming said 20 

element on said active region, depositing a dielectric film on 
the substrate, performing anisotropic etching wilb respect to 
the dielectric film by using a mask covering said isolation 
region, and thereby leaving sidewalls on both side faces of 
said gate electrode, wbile leaving said underlying iosulating 25 

film over said dummy semiconductor portions. 
13. A method of manufacturing a semiconductor device 

according to claim 11, wherein said fourth step includes 
forming said underlying insulating lilm of a dielectric film 
containing at least silicon oxide. 30 

14. A method of manufacturing a semiconductor device 
according to claim 11, wherein said fourth step includes 
forming said underlying insulating film of a dielectric film 
containing at least silicon nitride. 

15. A method of manufacturing a semiconductor device, 35 

com pri-;ing: 
a first step of forming, in a semiconductor substrate 

having a substrate region, a first trench for partitioning 
said substrate region into an active reg-ion and an 

40 
isolation region and a second trench for partitioning 
said isolation region into a plurality of dummy semi­
conductor portions; 

a second step of filling an insulating material in each of 
said first and second trenches to form a Ci.rst buried 
trench portion and a second buried trench portion; 

a third step o[ forming tleprcs.5ed portions by etching said 
dummy semiconductor portions and filling an insulat-

45 

ing material in said depressed portions Lo form inter­
trench insulating films each having a top face al the 50 
same level as respective top faces of said first and 
second buried trench portions; 

a fourth step of forming an element on said active region; 
a fifth step of forming an interlayer insulating film over an 

entire surface of the substrate; and 
a sixth step of forming a wire on said interlayer insulating 

film. 

55 

16. A method of manufacturing a semiconductor device 
according LO claim 15, wherein said fourth step includes 
forming each of said inter-trench insulating films of a 60 

dielectric film co01aining at least silicoo oxide. 
17. A method 0£ manufacturing a semiconductor device 

according 10 claim 15, wherein said fourtl1 step includes 
forming each of said inter-trench insulating films of a 
dielectric film containing at least silicon nitride. 65 

18 . A method of manufacturing a semiconductor device, 
comprising: 

32 
a first step of forming, in a semic.:onduclor substrate 

having a substrate region, a first trench for partitioning 
said substrate region into an active region and au 
isolation region and a second trench for partitioning 
said isolation region into a plurality of dummy semi­
conductor portions; 

a second step (>f filling an insulating material in each of 
said first and second trenches to Corm a first burjed 
trench portion and a second buried trench portion; 

a third step of implanting oxygen ions into each of said 
d11mmy semiconductor portions wilh said active region 
being covered by a mask to form a buried insulating 
film in an inner portion thereof; 

a fourth step pf Corming an element on said active region; 

a fiftb step of forming an interlayer insulating film over an 
entire surface of the substrate; and 

a sixth step of forming a wire on said i nterlayer insulating 
film. 

19. A method of manufacturing a semiconductor device, 
comprising: 

a first step of forming, in a semiconductor substrate 
having a substrate region, a first trench for partitioning 
said substrate region into an aclivc region and an 
isolation region and a second rrench for partitioning 
said i5olation region into a plurality of dummy semi­
conductor portions; 

a second step of :filling an insulating material in each of 
said first and second trenches to form a first buried 
trench portion and a second buried trench portion; 

a third step of forming third lrencbes by etching said 
semiconductor portions and filling an insulating mate­
rial in said third trenches to form bUiied, ins11lating 
ftlms each having a top face at a level lower than 
respective top faces of said first and second buried 
trench portions; 

a fourth step of growing semiconductor films on said 
buried insulating films, with said active region covered 
with a mask member, to form dummy semiconductor 
portions; 

a fifth step of forming an element on said active region; 
a sixth step of forming an interlayer insulating film over 

an entire surface of the substrate; and 
a seventh step of forming a wire on said interlayer 

insulating film. 
20. A method of manufacturing a semiconductor device, 

comprising: 
a .first step of forming, in a semiconductor subst.rate 

having a substrate region, a first tre.ncb extending over 
an entire isolation region of said substrate region, while 
leaving an active region of said substrate region; 

a second step of fi lling an iDsulating material i.n said first 
trench lo form a buried iosulat-ing film having a top face 
at the same level as a top face of said isolation region; 

a Lbird step of growing a semiconductor furn over said 
active region and said buried ins11latiog fi lm; 

a fourth step of forming, in the semiconductor substrate, 
a second trench for partitioning said semiconductor 
film and said substrate regiou into lhe active region and 
tbe isolation region and a third trench for partitioning 
the portioa of the semiconductor :film overlying said 
isolation region into a plurality or dummy semiconduc­
tor portions; 

a. fifth step of filling ao insu1ating material in each of said 
second and third trenches to form " first buried trench 
portion and a second buried trench portion; 

IPR2018-00756 Page 00049



6,130,139 
33 

a sixth slep of forming an element on the portion of said 
semiconductor film overlying said active region; 

a seventh step o[ Conning an interlayer insulating film 
over an entire surface of the substrate; and 

34 
an eighth step oJ fonning a wue on said inler1ayer 

insulating 111rn. 

* * * * * 
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SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME 

'P E"---. 0 V'~, 
~-

~ 'l. ~ ~ ~ The present invention relates to a semiconductor device 
$ 

ing a trench- isolated structure and, ~ore particularly, to a 

5 method of reducing the capacitance between the wiring and 

substrate of the semiconductor device . 

10 

As higher-density and increasingly miniaturized 

semiconductor devices have been implemented in recent years, 

repeated attempts have been made to substitute a trench isolation 

technique for a LOCOS technique which is most prevalently used 

to form isolation for providing insulation between individual 

elements of the semiconductor devices. In accordance with the 

!~ t!ench isolation technique, an insulating material is filled in 
!'U in a trench formed in a semiconductor substrate to form isolation. 

\. I 
-":! 15 Since planarization of a surf ace of a semiconductor 

substrate including the insulating material filled in the trench 

is important to the trench isolation technique, chemical 

mechanical polishing (CMP) has been used as a planarizing 

technique which achieves excellent in-plane uniformity free from 

20 pattern dependence. In the case where the trench occupies a large 

area in a CMP process for planarization, the provision of dummy 

island semiconductor portions has been proposed to avoid trouble 

resulting from so- called pattern dependence, which causes 

polishing propertie's to vary depending on the area · of a region 

25 to be planarized. In other words, the trench is divided into a 

1 

••, .. 
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plurality of narrow trenches so that the surface of the 

semiconductor substrate is exposed between the individual 

trenches to form the dummy semiconductor portions which do not 

serve as active regions . 

FIG. 19 shows an example of the conventional trench­

isolated semiconductor device having the dummy island 

semiconductor portions . 

As shown in FIG . 19, an active region 6 of a P-type silicon 

substrate 1 is formed with : a gate oxide film 2; a gate electrode 

10 
'~-J 10 4 made of a polysilicon film; and source/drain regions 5 into which 
m 

an impurity has been introduced. An isolation region · 7 

~ surrounding the active region 6 is formed with a plurality of 
fi 

i..i, trench portions 8 each filled with a silicon oxide film. Between 
i""' 

j}i 

... . ~ 

15 

the individual trench portions a, there are provided 

semiconductor portions 9 having top surfaces at the same level 

as the top surfaces of the trench portions 8. On the trench 

portions 8 also , there is provided a polysilicon wire 10 formed 

simultaneously with the gate oxide film 2 and the gate electrode 

4 of an element . An interlayer insulating film 12 is deposited 

20 over the entire surface of the substrate, followed by a metal wire 

13 provided thereon. 

In this case, if the trench portions have such large widths 

as shown in FIG . 2l(bl, a silicon oxide film filled in each of 

the trench portions is polished during the CMP process for 

25 planarizing the whole substrate so that the surface thereof is 

2 
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. ' ·==-4 10 

I ! 

dep~essed due to pattern dependence, which leads to the trouble 

of degraded planarity or the like. The isolation structure as 

shown in FIG. 19 has been proposed to prevent such trouble 

resulting from pattern dependence. 

FIGS. 20 (a) to 20 (g) are cross-sectional views illustrating 

a process of manufacturing the conventional trench-isolated 

semiconductor device having an NMOS transistor. 

In the step shown in FIG. 20(a), a thin silicon oxide film 

21 having a thickness of 10 nm and a silicon nitride film 22 are 

formed sequentially on the P-type silicon substrate 1. 

In the step shown in FIG. 20(b), a plurality of trenches 

14 ea·ch having a given width are formed in the silicon substrate 

1~ 1. However, the trenches 14 include: trenches 14a formed to 
ru 
!Ii surround the active region 6 to be formed with the element; 
tO 
\"4 15 trenches 14b formed in the isolation region 7 separated from the 

active region 6 by the trenches 14a to eliminate pattern 

dependence from planarity obtained at the completion of the 

manufacturing process; and trenches 14c for forming the 

polysilicon wires. In the isolation region 7 also, the 

20 semiconductor portions 9 have been provided· to form at least one 

projecting portion surrounded by the trenches 14. The 

semiconductor portions 9 may be considere~ as dummy active regions 

which do not function as . active regions. 

In the step shown in FIG. 20(c), a silicon oxide film 23 

25 is deposited over the entire surface of the substrate to fill in 

3 

..... 
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the trenches 14. 

In the step shown in FIG. 20 (d), the silicon oxide film 23 

is polished by a CMP method. Subsequently, the silicon nitride 

film 22 and the silicon oxide film 21 are removed selectively to 

5 form the plurality of buried trench portions 8 each filled with . 

the silicon oxide film . and having a planarized surface. The 

buried trench portions 8 include: buried trench portions 8a 

functioning as isolation; buried trench portions Sb forming the 

dummy semiconductor portions 9; and buried trench portions 8c for 

i,,_J 10 providing insulation between the polysilicon wires and the 

im1a silicon substrate. 

\. I 
~ .. 

' . '",-,! 

I 

----

In the step shown in FIG. 2·0 (e), there are formed the gate 

oxide film 2, the gate electrode 4 having sidewalls 24 on the side 

faces thereof, and the polysilicon wire 10 by using a known 

15 technique. The gate electrode 4 and the polysi licon wire 10 are 

formed simultaneously . . 

In the step shown in FIG. 20 ( f}, arsenic ions 25 are 

implanted into the active region 6 of the NMOSFET region by using 

a resist mask Rem covering the PMOSFET region and the isolation 

20 region to form the source/drain regions 5. The NMOSFE;T is formed 

by the foregoing process steps. 

25 

In the step shown in FIG. 20(g}, the silicon oxide film is 

deposited to form the interlayer insulating film 12, followed by 

the metal wire 13 formed thereon. 

In the foregoing step shown in FIG. 20 ( f}, ions of such an 

4 

,. 
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impurity as phosphorus or arsenic have been implanted into the 

gate electrode 4 and source/drain regions 5 of the active region 

6 in the step shown in FIG. 20{f) . However, impurity ions are 

not implanted in principle in the region other than the active 

5 reg~on 6, though they may be introduced slightly extensively into 

the periphery of the isqlation region in considerations of mask 

displacement. Hence, impurity ions are not implanted in the dummy 

10 

semiconductor portions 9 between the individual trench portions 

8. 

A description will be given to thew.iring-to-substrate 

capacitance of the trench- isolated semiconductor device having 

the small trench port·'ions 8 which are discretely located and the 

dummy semiconductor portions 9 as shown in FIG . 19 and in a 

semiconductor device having a wide isolating/insulating film such 

\J 15 as a LOCOS film. FIG. 21 (a) is a cross-sectional view for 

illustrating, by way . of example, the wiring-to-substrate 

capacitance . in the isolation region 7 having the dummy 

semiconductor portions 9. FIG. 21(b) is a cross-sectional view 

for illustrating the wiring- to-s·ubstrate capacitance of the 

20 semiconductor device having a LOCOS isolation film 100 and no 

dummy semiconductor portion. It is assumed here that impurity 

ions have not been implanted in the isola_tion region 7 during the 

implantation of ions. into the source/drain regions and that the 

area occupied by the _whole isolation region 7 is equal in each 

25 of the two semiconductor devices. 

5 

·· ... 
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In the semiconductor device shown in FIG. 2l(a), a total 

wiring-to-substrate capacitance Cat corr~sponds to the sum of . ' 

capacitances Cal and Ca2, which is represented by the following 

equation ( 1) : 

cat = :Ecal + r.ca2 ... ( 1) • 

In the case where a member interposed between the wiring and 

substrate is composed of a homogeneous material, the wiring­

to-substrate capaci_tance per unit a_rea is inversely proportional 

m to the distance between the wiring and substrate, so that the 

11;.J 10 capacitance is larger as the distance is shorter. If the total 

wiring-to-substrate of the semiconductor device shown in FIG. 

21 (b) is represented.·by Cbt when the dimension Da2 shown in FIG. 

21(a) is equal to the dimensiqn Dbt shown in FIG. 2l(b), the 

following inequality (2) is satisfied: 

!I 

i~ 
!..1. 
1-

ru 
if! 
1,0 
\I 15 Cat> Cbt ... ( 2) ' 

which indicates that the wiring-to-substrate capacitance Cat in 

the structure shown in FIG. 2l(a) is larger than the wiring­

to-substrate capacitance Cbt in the structure shown in FIG. 21 (b). 

Although the formation of the island pattern composed of 

20 the dummy semiconductor portions in the isolation region has the 

advantage of achieving planarization with excellent in-plane 

uniformity, it also has the possibility of increasing the 

wiri~g-to-substrate capacitan~e and resultantly reducing the 

operating speed of the semiconductor device. 

25 

6 
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SUMMARY OF THE INVENTION 

In view of the foregoing, the prese~t invention has been 

achieved based on the principle that, if each electrode of a 

parallel-plate capacitor occupies an equal area, the capacitance 

5 of the capacitor is generally smaller as the distance between the . 

electrodes is larger or on the physical phenomenon that, even when 

the capacitor has equal capacitance, the amount of charge 

accumulated therein is smaller as the voltage between the 

electrodes is lower. 

'...J 10 It is therefore an object of the present invention to 

increase the operating speed of a trench-isolated semiconductor 

Ii 

15 

... 
device comprising an isolation region consisting of trench 

portions and dummy semiconductor portions by providing therein 

means for reducing the wiring-to-substrate capacitance in the 

isolation region or means for reducing the amount of charge 

accumulated in .the capa-citance present between the wiring and 

substrate in the isolation region. 

A first . semiconductor device according to the present 

invention comprises: a semiconductor substrate having an active 

20 region and an isolation region surrounding the active region; a 

plurality of trench portions each formed in the isolation region 

and filled with an insulating material~ semiconductor portions 

interposed between the individual trench portions in the 

isolation region; an interlayer insulating film formed to extend 

25 continuously over the active region and the isolation region; a 

7 
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wire formed on the interlayer insulating film; and at least one 

PN junction .formed in the semiconductor po~tions underlying the 

wire. 

In the arrangement, the ·capacitance component of the 

5 wiring-to-substrate capacitance in the region containing the 

semiconductor portions -of the isolation region is obtained by 

adding in s ,eries the capacitance in the upper portion of the PN 

junction of each of the semiconductor portions to the capacitance . ·. 

'..J 10 

in the interlayer insulating film, which is smaller than the 

capacitance only in the interlaye·r insulating film. Accordingly, 

the wiring-to-substrate capacitance of the whole semiconductor 

device is reduced, ·· ·resulting in the semiconductor device 

operating at a higher speed. 
" 

The PN junction may include a plurality of PN junctions 
,IJ 
·-..j 15 formed in the semiconductor portions. 

The arrangement achieves a further reduction in wiring­

to-substrate capacitance, resulting in a higher operating speed. 

The active region may be formed with an irnpuri ty diffusion 

region and a PN junction may be formed at a bottom face of the 

20 irnpuri ty diffusion region, the PN junction of the isolation regi on 

being positioned at a level lower than the PN junction of the active 

region. 

25 

The arrangement further reduces the wiring-to-substrate 

capacitance. 

A second semiconductor device according to the present 

8 
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invention comprises: a semiconductor substrate having an active 

region and an isolation region surrounding the active region; a 

plurality of trench portions each formed in_ the isolation region 

and filled with an insulating material; semiconductor 

5 portions interposed between the individual trench portions in-the 

isolation .;:-egion; an interlayer insulating film formed to extend 

continuously over the active region and the isolation region; a 

wire formed on the interlayer insulating film; and a dielectric 

In film interposed ~etween at least the semiconductor portions of 
10 
'-.j 10 the isolation region and the interlayer insulating film. 

In the arrangement, the capacitance component of the 

wiring-to-substrate capacitance in the region containing the 
, .. 

semiconductor portions of the isolation region is obtained by 

adding in series the capacitance in the dielectric film to the 

15 capacitance in the interlayer insulating f ilrn, so that the total 

wiring-to-substrate capacitance is lowered. · Consequently, the 

operating speed of the semiconductor device is increased. 

As the dielectric film, an underlying insulating film may 

be provided between the interlayer insulating film and the 

20 semiconductor portions and trench portions. 

There can be. further provided a gate electrode formed on 

the semiconductor substrate within the active region and 

~idewalls made of an insulating material and formed on both side 

faces of the gate electrode such that the underlying insulating 

25 film is formed of the same film as forming the sidewalls. 

9 
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The underlying insulating film may be composed of a 

multilayer film . 

The arrangement enables the underlyi~g insulating film for 

reducing the wiring-to-substrate capacitance to be composed by 

5 using the sidewalls required to form a MOSFET of so-called LDD 

structure. Consequently, the wiring-to-substrate capacitance 

can be reduced, while avoiding an increase in manufacturing cost. 

The dielectric film may be formed in an upper portion of 

eo each of the semiconductor portions of the semiconductor substrate 

'=,.j 10 to have a top face at approximately the same level as a top face 

i i 

' ' ·i.: 
~ 

15 

of each of the trench portions. 

Preferably, the dielectric film is composed of at least one 

.·· 
of a silicon oxide film and a silicon nitride film. 

A third semiconductor device according to the present 

invention comprises: a semiconductor substrate having an active 

region and an isolation ·region surrounding the active region; a 

plurality of trench portions each formed in the isolation region 

and filled with an insulating material; semiconductor portions 

interposed between the individual trench portions in the 

20 isolation region; an interlayer insulating film formed to extend 

continuously over the active region and the isolation region; a 

wire formed on the interlayer insulating film; and a buried 

insulating film formed in an inner portion of each of the 

semiconductor portions in the isolation region. 

25 The arrangement allows a reduction in the wiring-to-

I 
10 

' i 
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substrate capacitance of the entire isolation region, resulting 

in a significant reduction in operating speed. 

A fourth semiconductor device according to the present 

invention comprises : a semiconductor substrate having an active 

5 region and an isolation region surrounding the active region; a 

plurality of trench port_ions each formed in the isolation region 

and filled with an insulating material; semiconductor portions 

interposed between the individual trench portions . in the 

'..J 10 

isolation region; an interlayer insulating film formed to extend 

continuously over the active region and the isolation region; a 

wire formed on the interlayer insulating film; an a resistor film 

formed between the interlayer insulating film and at least the 

semiconductor portions of the isolation region. 

In the arrangement, a voltage drop in the resistor film 

1;,,1 15 reduces the amount of charge accumulated in the wiring-to-

substrate capacitance it)" the region of the semiconductor device 

containing the resistor film, though the wiring-to-substrate 

capacitance is not reduced in the region. Consequently, the time 

required for charging or discharging is reduced, resulting in the 

20 semiconductor device operating at a higher speed. 

As the resistor film, an underlying resistor film may be 

formed to extend continuously over the semiconductor portions and 

trench portions . 

The arrangement allows the wiring-to-substrate capacitance 

25 to be reduced by using various films having electric resistivity 

. , 
11 
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which are formed on the semiconductor substrate. 

There can further be provided a resistor element formed on 

the semiconductor substrate and having a high resistor film such 

that the underlying resistor film is formed of the same film as 

5 composing the high resistor film of the resistor element . 

10 

15 

In the arrangement, the underlying resistor film having the 

same resistance as the high resistor film used as a resistor 

element achieves a remarkable voltage dropping effect. 

There can further be provided an element having an electrode 

member compo sed of a conductor film formed on the semiconductor 

substrate within the active region such that the resistor film 

is composed of the same material as composing the electrode 

member. 

There can further be provided a FET having a gate electrode 

composed of a first conductor film formed on the semiconductor 

portion within the active region and a ·second conductor film 

deposited on the first conductor film such that a top surface of 

the first conductor film of the gate electrode is at approximately 

the same level as a top surface of each of the trench portions, 
/ 

20 while a region of the resistor film overlying each of the 

semiconductor portions is formed of the same two films as 

composing .the first and second conductor films of the gate 

electrode and a r egion of the resistor film overlying each of the 

trench porti ons is composed of the same material as composing the 

25 first conductor film of the gat~ electrode. 

: I' 
~-, 12 
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Each of the arrangements eliminates the necessity for an 

additional step of forming · the resistor film, so that the 

wiring-to-substrate capacitance is reduced, while an increase in 

manufacturing cost is prevented. 

The resistor film may be formed in an upper portion of each 

of the semiconductor portions of the semiconductor substrate to 

have a top face at approximately the same level as a top surface 

of each of the trench portions. 

The resistor film may be composed of a silicon film 

''<J. 10 . . 1 f conta1n1ng at east one o an oxygen atom and a nitrogen atom. 
iX! 

ii 

The resistor ·film may be composed of at least one of a 

polysilicon film and an amorphous silicon film. 

The arrangement allows the formation o'f the resistor film 

by using the polysilicon film or amorphous silicon film to compose 

•,.,4 15 the gate electrode and the resistor element and thereby prevents 

an increase in manufacturing cost. 

A first method of manufacturing a semiconductor device 

according to the present invention comprises: a first step of 

forming, in a semiconductor substrate having a substrate region 

20 of a first conductivity type, a first trench for partitioning the 

substrate region into an active region and an isolation region 

and a second trench for partitioning the isolation region into 

a plurality of dummy semiconductor portions; a second step of 

filling an insulating material in each of the first and second 

25 t~enches to form a first buried trench portion and a second buried 

: l. 
• ✓- 13 
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trench portion; a third step of forming an element on the active 

region; a fourth step of introducing an impurity containing at 

least an impurity of a second conductivity type into the dummy 

semiconductor portions of the isolation region to form at least 

5 one PN junction in the dummy semiconductor portions; a fifth step 

of forming an -interlayer insulating film over an entire surface 

of the substrate; and a sixth step of forming a wire on the 

interlayer insulating film. 

The methods enables the formation of the semiconductor 

•,,_J 10 device including the dummy semiconductor portions each having the 

l! 

;g 

PN junction. The capacitance component of the wiring-to-

substrate capacitance in the region containing the semiconductor 

portions of the isolation region is obtained by adding in series 

the capacitance in the upper portion of the PN junction of each 

\J 15 of the semiconductor portions to the capacitance in the interlayer 

insulating film, which is smaller than the capacitance only in 

the interlayer insulating film. Accordingly, the wiring-to­

substrate capacitance of the whole s·emiconductor device is 

reduced,· resuiting in the semiconductor device operating at a 

20 higher speed. 

The third and fourth steps may include forming a gate 

electrode of a FET as the element on the active region, introducing 

the impurity .of the second conductivity type into the active 

region and the dummy semiconductor portions, and thereby forming 

25 source/drain regions of the FET, _ while forming the at least one 

14 

IPR2018-00756 Page 00068



PN junction in the dummy semiconductor portions. 

The method enables the formation _of the semiconductor 

device operating at a high speed by using a typical manufacturing 

process for forming a FET without an additional step of forming 

5 the PN junction in each of the dummy semiconductor portions. 

The third step may include forming a gate electrode of a 

FET as the element on the active region by using a first mask 

covering the isolation region and introducing the impurity of the 

!~ second conductivity type into the active region to form 

i,,_4 10 source/drain regions of the FET and the fourth step may include 

ll 

15 

20 

25 

introducing the impurity containing at least the impurity of the. 

second conductivity type into the dummy semiconductor portions 

by using a second mask c~vering the active region to form the at 

least one PN jun_ction in the dummy semiconductor portions. 

The method enables the formation o! the semiconductor 

device having an arbitrary number of PN junctions without placing 

restraints on the depth and impurity concentration of the PN 

junction in the active region, resulting in a semiconductor device 

having minimum wiring-to- substrate capacitance. 

A second method of manufacturing a semiconductor device 

according to the present invention comprises: a first step of 

forming , in a semiconductor substrate having a substrate region, 

a first trench for partitioning the substrate region into an 

active region and an isolation region and a second trench for 

partitioning the isolation region into a plurality of dummy 

15 
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semiconductor portions; a second step of filli~g an insulating 

material in each of the first and second trenches to form a first 

buried trench portion and a second buried trench portion; a third 

step of forming an element on the active region; a fourth step 

5 of forming a resistor film on each of the dummy semiconductor 

portions of the isolation region; a fifth step of forming an 

interlayer insulating film over an entire surface of the 

substrate; and a sixth step of forming a wire on the interlayer 

00 insulating film. 
,o 
'·-4 10 
!JJ 
j..\ 

f:lJ 
\::.J. 
Ii 

The method enables the formation of the semiconductor 

device comprising the resistor film between the interlayer 

insulating film and dummy semiconductor portions of the isolation 

region. A voltage drop in the resistor film reduces the amount 

!fl of charge accumulated in the wiring- to-substrate capacitance, 
;tj 
11:.J 15 though the wiring-to-substrate capacitance is not reduced in the 

20 

region containing the resistor film of the semiconductor device. 

Consequently, the time required for charging or discharging is 

reduced, resulting in the semiconductor device operating at a 

higher speed. 

The fourth step may include composing the resistor film of 

a film containing at least one of polysilicon and amorphous 

silicon. 

The fourth step may include composing the resistor film of 
a multilayer film constituted by two or more conductor films with 

25 at least an insulating film interposed therebetween. 

/) . 
. . )./ 16 , 
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The fourth step may include introducing an impurity at a 

concentration of 1 x 1020 atoms • cm-3 or lower into the resistor 

film. 

A third method of manufacturing a semiconductor device 

5 according to the present invention comprises: a first step of 

forming, in a semiconductor substrate having a substrate region, 

a first trench for partitioning the substrate region into an 

active region and an isolation region and a second trench for 

partitioning the isolation region into a plurality of dummy 

10 se~iconductor portions; a second step of filling an insulating 

materi.al in each of the first and second trenches to form a first 

buried trench portion and a second buried trench portion; a third 

step of forming an element on the active region; a fourth step 

i!i of implanting io-ns into an upper portion of each of the dummy 
"'-

i!.j 

i,..J 15 semiconductor portions to form a high resistor portion therein; 

.. 

a fifth step of forming an interlayer insulating film over an 

entire surface of the substrate; and a sixth step of forming a 

wire on the interlayer insulating film. 

The method allows the formation of the semiconductor device 

20 comprising the high resistor portion between the interlayer 

insulating film and dummy semiconductor portions of the isolation 

region. As described above, a voltage drop, in the region 

containing the high resistor portion of the semiconductor device 

reduces the amount of charge accumulated in the wiring-to-

25 substrate capacitance. What results is the semiconductor device 

I,. 17 
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which requires a shorter time for charging or discharging and 

therefore operates insulating film at a higher speed. 

The fourth step may include implanting ions containing at 

least an atom having an oxidizing function to form the high 

5 resistor portion. 

The fourth step·may include implanting ions containing at 

least an atom having a nitriding function. to form the high resistor 

portion. 

A fourth method of manufacturing a semiconductor device 

'•'<J 10 according to the ·present invention comprises: a first step of 

forming, in a semiconductor substrate having a substrate region, 

a first trench for partitioning the substrate region into an 

active region and an isolation region and a second trench for 

i l 

I• ,= 

!~ I 
l\i• 

in partitioning the isolation region into a plurality of dummy 

\,j 15 semiconductor portions; a second step of filling an insulating 

material in each of the first and second trenches to form a first 

buried trench portion and a second buried trench portion; a third 

step of forming an element on the active region; a fourth step 

of forming an underlying insulating film over the dummy 

20 semiconductor portions of the isolation region; a fifth step of 

forming an interlayer insulating film over an entire surface of 

the substrate; and a sixth step of forming· a wire on the interlayer 

insulating film. 

I~ accordance with the method, there is formed the 

25 semiconductor device including the underlying insulating film 

. ·1 
✓ 18 
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beneath the interlayer insulating film in the isolation region 

thereof. Consequently, the capacitanc~ component of the 

wiring-to~substrate capacitance in the region containing the 

semiconductor portions of the isolation region is obtained by 

5 adding in series the capacitance in the underlying insulating film 

to the capacitance in the interlayer insulating film, so that the 

total wiring-to-substrate capacitance is reduced. What results 

is the semicondu9tor device operating at a high speed. 

10 

The third step and the fourth step may include forming a 

gate electrode of a FET forming the element on the active region, 

depositing a dielectric film on the substrate, performing 

anisotropic etching with respect to the dielectric film by using 

/=i a mask covering the isolation region, and thereby leaving 
ru 
ill sidewalls on both side faces of the gate electrode, while leaving 

1"4 15 the underlying insulating film over the dummy semiconductor 

portions. 

The method enables the formation of a semiconductor device 

operating at a high speed by using a typical manufacturing process 

for forming a FET without an additional_ step of forming the 

20 underlying insulating film. 

The fourth step may include forming the underlying 

insulating film of a dielectric film containing at least silicon 

oxide. 

The fourth step may include forming the underlying 

25 insulating film of a dielectric film containing at least silicon 

19 
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f:l 

nitride . 

A fifth method of manufacturing a semiconductor device 

according .to the present invention comprises: a first step of 

forming, in a semiconductor substrate having a substrate region, 

5 a first trench for partitioning the substrate region into an 

acti ve region and an isolation region and a second trench for 

partitioning the isolation region into a plurality of dummy 

semiconductor portions; a second step of filling an insulating 

i:O material in each of the first and second trenches to form a first 

f:0 . 
'' i= 

ilJ 
~~j 

l l 

15 

20 

buried trench portion and a second buried trench portion; a third 

step of forming an element on the· active region; a fourth step 

of forming depressed portions by etching the dummy semiconductor 

portions and filling an insulating material in the depressed 

portions to form inter-trench insulating films each having a top 

face at the same level as respective top faces of the first and 

second buried trench portions; a fifth step of forming an 

interlayer insulating film over an entire surface of the 

substrate; and a sixth step of forming a wire on the interlayer 

insulating film . 

In accordance with the method, ther e is formed the 

semiconductor device compri sing the inter-trench insulating 

films between the interlayer · insulating films and dummy 

semiconductor portions of the isolation region thereof. 

Consequently, the capacitance component of the wiring-to-

25 substrate capacitance in the region containing the semiconductor 

I 20 
,f ·~ 
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portions of the isolation region is obtained by add_ing in series 

the capacitance in the inter-trench buried insulating films to 

the capacitance in the interlayer insulating film, so that the 

total wiring-to-substrate capacitance is reduced. What results 

5 is the semiconductor device operating at a high speed. 

10 

15 

The fourth step may include forming each of the inter-trench 

insulating films of a dielectric film containing at least silicon 

oxide. 

The fourth step may include forming .each of the inter-trench ,. 

insulating films of a dielectric film containing at least silicon 

nitride. 

A sixth method of manufacturing a semiconductor device 

according to the present invention comprises: a first step of 

forming, in a semiconductor substrate having a substrate region, 

a first trench for partitioning the substrate region into an 

active region and an isolation regi~n and a second trench for 

partitioning the isolation region into a plurality of dummy 

semiconductor portions; a second step of filling an insulating 

material in each of the first and second trenches to form a first 

20 buried trench portion and a second buried trench portion; a third 

step of forming an element on the active region; a fourth step 

of implanting pxygen ions into each of the dummy semiconductor 

portions to form a buried insulating film in an inner portion 

thereof; a fifth step of forming an interlayer insulating film 

25 over an entire surface of the substrate; and a sixth step of forming 

,..,,.~ /' 21 
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a wire on the interlayer insulating film. 

A seventh method of manufacturing a semiconductor device 

according to the present invention comprises: a first step of 

forming, in a semiconductor substrate having a substrate region, 

5 a first trench for partitioning the substrate region into an 

active region. and an isolation region and a second trench for 

partitioning the isolation region into a plurality of dummy 

semiconductor portions; a second step of filling an insulating 

10 

material in each of the first and second trenches 'to form a first 

buried trench portion and a second buried trench portion; a third 

step of forming third trenches by etching the semiconductor 

portions and filling an insulating material in the third trenches 

to form buried insulating films each having a top face at a level 

lower than respective top faces of the first and second buried 

\I 15 trench portions; a fourth step .of growing semiconductor films on 

the buried insulating films, with the active region covered with 

a mask member, to form dummy semiconductor portions; a sixth step 

of forming an interlayer insulating film over an entire surface 

of the substrate; a fifth step of forming an element on the active 

20 region; a seventh step o.f forming a wire on the interlayer 

insulating film. 

An eighth method of manufacturing a semiconductor device· 

according to the present ·invention comprises: a first step of 

forming, in a semiconductor substrate having a substrate region, 

25 a first trench extending over an entire isolation region of the 

. ··, 22 
\ .. 
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substrate region, while leaving an active region of the substrate 

region; a second step of filling an insulating material in the 

first trench to form a buried insulating film having a top face 

at the same level as a top face of the isolation region; a third 

5 step of growing a semiconductor film over the active region and 

the buried insulating film; a fourth step of forming, in the 

semiconductor substrate, a second trench for partitioning the 

semiconductor film and the substrate region into the active region 

and the isolation region and a third trench for partitioning the 

1"-J 10 portion of the sernicondu·ctor film overlying the isolation region 

into a plurality of dummy semiconductor portions; a fifth step 

of f il.ling an insulating material in each of the second and third 

trenches to form a first buried trench portion and a se~ond buried 

trench portion; a sixth step of forming an element on the portion 

li 

\ J 15 of the semiconductor film overlying the active region; a seventh 

step of forming an interlayer insulating film over an entire 

surface of the substrate; and an eighth step of forming a wire 

on the interlayer insulating film. 

In accordance with the methods, there are obtained 

20 semiconductor devices each comprising a buried insulating film 

at a depth of each of the dummy semiconductor portions of the 

isolation region. What results is the semiconductor device 

having smaller wiring-to-substrate capacitance and operating at 

a higher · speed. 

25 

. I 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. l(a) is a cross-sectional view of a semiconductor 

device according to a first embodiment, having shallow PN 

junctions formed in the semiconductor portions thereof and FIG . 

. · 5 l(b) is an enlarged cross-sectional view of an isolation region 

for iliust~ating the wiring-to-substrate capacitance in the 

semiconductor device; 

FIGS. 2(a) to 2(g) are cross-sectional views illustrating 

a process of manufacturing the semiconductor device according to 

i.._.j 10 the first embodiment; 

20 

FIG. 3 is a cross-sectional view of a semiconductor device 

accord~~g to a second embodiment, having shallow PN junctions 

formed in the semiconductor portions thereof; 

FIG . 4 is a cross-sectional view of a semiconductor device 

according to a third embodiment, having two PN junctions in the 

semiconductor portions thereof; 

FIG. 5 is a cross-sectional view of a semiconductor device 

according to a fourth embodiment, having a high resistor film 

formed on the semiconductor portions thereof; 

FIGS. 6{a) to 6(h )- are cross-sectional views illustr~ting 

a process of manufacturing a semiconductor device according to 

a fourth embodiment; 

FIG. 7 is a cross-sectional view of a semiconductor device 

according to a fifth embodiment, having a multilayer gate provided 

25 therein; 

, ~ - 24 
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FIG.· 8 is a cross-sectional view of a semiconductor device 

according to an eighth .embodiment, having an inter-trench film 

formed on each of the semiconductor portions thereof; 

FIGS . 9(a) to 9(i) are cross-sectional views illustrating 

5 a process of manufac~uring the semiconductor device according to 

the sixth embodiment; 

10 

FIG. 10 is a cross-sectional view of a semiconductor device 

according to a seventh embodiment, having a high resistor portion 

in the upper portion of each of the semiconductor portions; 

FIGS. 11 (a) .to 11 (~) are cross-sectional views illustrating 

a process of manufacturing a semiconductor device according to 

a ·seventh embodiment; 

FIG . 12 is a cross-sectional view of a semiconductor device 

according to an eighth embodiment, having an underlying, having 

15 an underlying insulating film formed beneath an interlayer 

20 

25 

I I 

insulating film; (I 

I 

FIGS. 13 (a) to 13 ~) are cross-sectional views illustrating 

a process of manufactur_ing the semiconductor device according to 

the eighth embodiment; 

FIG. 14(a) is a t~oss-sectional view of a semiconductor 

device according to a ninth embodiment, having a buried insulating 

film formed over the entire isolation region and FIG. 14(b) is 

an enlarged cross-sectional view of the isolation region for 

illustrating the wiring-to-substrate capacitance in the 

semiconductor device; 

25 
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FIGS. 15 (a) to 15 (h) are cross-sectional views illustrating 

a process o,f manufacturing a semiconductor device according to 

the ninth embodiment; 

FIGS. 16 (a) to 16 ( i) are cross-sectional views · illustrating 

5 a process of manufacturing a semiconductor device according to 

a tenth embodiment; 

FIGS. 17 (a) to 17 (f) are cross-sectional views illustrating 

the first half of a process of manufacturing a semiconductor 

device according to an eleventh embodiment; 

• ... J 10 FIGS. 18 {a) to 18 (q) are cross-sectional views illustrating 

the second half of the process of manufacturing the semiconductor 

device according to the eleventh embodiment; 
11 

l'li 

15 

FIG. 19 is a cross-sectional view of a conventional 

semiconductor device; 

FIGS. 20(a) to 20 ( g) are cross-sectional views 

illustrating a process of manufacturing the conventional 

semiconductor device; and 
cs c~) Q,.-,d :l.l(b) a;e cro"fi•~echo-iQI v,e'V.5 

FIG;r 21A is a c!:'oes sect:ieftal xrie.w for illustrating the 

wiring-to-substrate capacitance in each of a conventional 

20 trench-isolated semiconductor device and a conventional LOCOS­

isolated semi~onductor device. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to the drawings, the embodiments of the 

25 present invention will be described. 

· \ ,, 26 . ~-~· 
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(First Embodiment) 

FIG. l(a) is a cross-sectional view of a semiconductor 

device having a MOSFET according to a first ~mbodiment. As shown 

in the drawing, a first active region 6 of a P-type silicon 

5 substrate 1 is provided with an element functioning as the MOSFET 

composed of: a gate oxide film 2; a gate electrode 4 made of a 

polysilicon film; and source/drain regions 5. An isolation 

region 7 for electrically isolating the individual elements is 

formed with a pl~rality of trench portions 8 each filled with a 

10 silicon oxide film as an insulating material and with dummy 

1..:. semiconductor portions 9 provided between the indi victual trench 
!A.i 
'~-J portions 8 and not serving as active regions. On one of the trench 

15 

portions 8 formed in the isolation region 7, there is provided 

a polysilicon wire 10 formed simultaneously with the gate 

insulating film 2 and the gate electrode 4. There are futther 

provided an interlayer insulating film 12 made of a silicon oxide 

fi~m deposited over the entire surface of the substrate and a metal 

wire 13 formed on t~e interlayer insulating film 12. 

Each of the semiconductor portions 9 formed in the isolation 

20 region 7 is provided with_ an impurity diffusion layer 21 into which 

an N-type impurity of the conductivity type opposite to that of 

the silicon substrate 1 has been introduced, so that a PN junction 

22 is formed between the impurity d i ffusion layer 21 and the 

silicon substrate 1 . The PN junction 22 is positioned at a level 

25 between those of the top and bottom faces of the trench portions 
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FIG. l(b) is a cross-sectional view for illustrating the 

wiring- to-substrate capacitance in the isolation region 7 of the 

semiconductor device according to the present embodiment. As 

5 shown in the drawing, the wiring-to-substrate capacitance of the 

semiconductor device according to the present embodiment includes 

the components of capacitances Cal and Ca2, similarly to the 

10 

wiring-to-substrate capacitance of the conventional 

semiconductor device shown in FIG. 2l(a}. Moreover, since the 

PN junction 22 is formed in each of the semiconductor portions 
;.,,. 
VJ 
~ 9, another capacitance Cj 1 is added in series to the capacitance 

'~ Cal. Hence, the total wiring-to-substrate capacitance Cjt is 
Ii 

!d represented by the following equation (3): 

15 

Cjt = .L{(Cal x Cjl)/(Cal + Cjl)} + tCa2 ... ( 3) ' 

which is smaller than the total capacitance Cat represented by 

the equation(!) . Accordingly, the following inequality (4) is 

satisfied(4): 

Cjt < Cat ... ( 4) • 

Thus , the wiring~to-substrate capacitance can be reduced 

20 in the semiconductor device according to the present embodiment 

owing to the PN junction 22 present in each of the dummy 

semiconductor portions . 9 of the isolation region 7, which 

increases the operating speed of the semiconductor device . 

A description will be given n~xt to a method of 

25 manufacturing a semiconductor device according to the present 

/I .J / l'i , , j 
✓- \ 
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5 

embodiment. FIGS . 2 (a) to 2 (g) are cross-sectional views 

showing the structure of the semiconductor device having the 

NMOSFET according to the present embodiment in the manufacturing 

process therefor . 

In the step shown in FIG. 2 (a), the thin silicon oxide film 

21 having a thickness of 10 run and a silicon nitride film 22 are 

formed sequentially on the P-type silicon substrate 1. 

In the steP. shown in FIG. 2(b), the plurality of trenches 

CO 14 each having a given width are formed in the silicon substrate 
l~ 
1"4 · 10 1. The trenches 14 include: trenches 14a formed to surround the co 
j.?: active region 6 to be formed with the element; trenches 14b formed 

in the isolation region 7 separated from the active 6 region by 

the trenches 14a to eliminate pattern dependence from planarity 

lJi obtained at the completion of the manufacturing process; and 

;~ 15 trenches 14c for forming the polysilicon wires . In the isolation 

region 7 also, the semiconductor portions 9 have been provided 

to form at least one projecting portion surrounded by the trenches 

14. The sem~conductor portions 9 may be considered as dummy 

active regions which do not function as active regions. The 

20 trenches include one formed in a position immediately under the 

polysilicon wire 10, which is to be formed in the subsequent step. 

25 

. ·' , 

In the step shown i n FIG . 2(c}, a s i licon oxide film 23 is 

deposited over the entire surface of the substrate to fill in the 

· trenches 14. 

In the step shown in FIG. 2(d), the silicon oxide film 23 

29 
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is polished by a CMP method. Subsequently, the silicon nitride 

film 22 and the silicon oxide film 21 are removed selectively to 

form ·the plurality of buried trench portions 8 ea-ch filled with 

the silicon oxide film and having a planarized surface. The 

5 buried trench portions 8 include: buried trench portions 8a 

functioning as isolation; buried trench portions Bb forming the 

dummy semiconductor portions 9; and buried trench portions 8c for 

providing insulation ·between the polysilicon wires and the 
;,,.. 
' ' ,::i, ... 

CO silicon substrate. 
,r; 
';,J 10 In the step shown in FIG. 2 (e), there are formed the gate 
to 
jd. oxide film 2, the gate electrode 4 having sidewalls 24 on the side 
l.!.l 
' . ·~ faces thereof,· and the polysilicon wires 10 by using a known 

technique. The gate electrode 4 and the polysilicon wires 10 can 

J'U !fl be formed simultaneously by using a common mask. 

15 In the step shown in FIG. 2 ( f), arsenic ions 25 are implanted 

not only into the active region 6 but also into the enti~e isolatioi:i 

region 7. As a result, the NMOSFET having the source/drain 

regions 5 is formed in the active region 6. On the other hand, 

an N-type impurity diffusion layer 31 is formed in each of the 

20 dummy semiconductor portions 6 of the isolation region 7, 

resulting in a PN junction 32 formed between the N-type impurity 

diffusion layer 31 and the P-type si~icon substrate 1. The 

present embodiment is characterized in that the PN junction 32 

is positioned between the top and bottom faces of the buried trench 

25 portions 8 . 

• I 
.. I 

. ' : 
! 
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In the step shown in FIG. 2(g), the silicon oxide film is 

deposited to form the interla.yer insulating film 12, followed by 

the metal wire 13 formed thereon. 

In the case of providing the MOSFET in the active region 

5 as provided in accordance with the manufacturing method of the 

present embodiment, the PN junction 22 in each of the 

semiconductor portions 9 can be formed easily through the 

implantation of ions f .or forming the source/drain regions 5, so 

iTI •~ that manufacturing cost is not increased. ,n 

i:O 
1.,i, · 
l.d 
't .. _4 

10 Although the present embodiment has described the case of 

using the P-type silicon substrate, it will be appreciated that 

the s-ame effects as achieved in the present embodiment are also 

~ - achieved in the case of using an N-type silicon substrate by 

!fl introducing a P-type impurity into the upper portions of the 
,F; 
'!d 
1"4 15 semiconductor portions located between the individu.al trench 

portions and thereby forming . the PN junctions between the 

resulting P-type impurity diffusion layers and the N-type silicon 

substrate. 

Although the formation of the PN junctions 32 in the dummy 

20 semiconductor portions 9 of the isolation region 7 has been 

performed simultaneously with the formation of the source/drain 

~egions 5 in ~he' manufacturing method of the present embodiment, 

the formation of the dummy . semiconductor portions 9 may be 

preformed at any stage of the process of manufacturing the 

25 semiconductor device, provided that the PN junctions can be formed 

31 

IPR2018-00756 Page 00085



5 

in the dummy semiconductor portions. 

(Second Embodiment) 

FIG. 3 is a cross-sectional view of a semiconductor device 

according to a second embodiment. 

As shown in the drawing, a first active region 6 of a P-type 

silicon substrate 1 is provided with an element functioning as 

a MOSFET composed of: a gate oxide film 2; ·a gate electrode 4 made 

of a polysilicon film; and source/drain regions 5. An isolation 

region 7 for ei~ctrically isolating the individual elements is 

'..J 10 formed with a plurality of trench portions 8 each filled with a 
!:O 

silicon oxide film as an insulating material and with dummy 

semiconductor portions 9 provided between the individual trench 

.. 
t-= portions 8 and not serving as active regions. On one of the trench 
HJ 
!Jl • portions 8 formed in the isolation region 7, there is provided 

;,,_4 15 a polysilicon wire 10 formed simultaneously with the gate 

insulating film 2 and the gate electrode 4. There are further 

provided an interlayer insulating film 12 made of a silicon oxide 

film deposited over the entire surface of the substrate and a metal 

wire 13 formed on the interlayer insulating film 12. 

20 Each of the semiconductor portions 9 formed in the isolation 

region 7 is provided with an impurity diffusion layer 31 into which 

an N-type impurity of the conductivity type opposite to that of 

the impurity introduced into the silicon substrate 1 has been 

introduced, so that a PN junction 32 is formed between the impurity 

25 diffusion layer 31 and the silicon substrate 1. The PN junction 

,.., 
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32 is positioned at a level lower than the bottom faces of the 

trench portions 8. 

The wiring-to- substrate capacitance in the isolation 

region 7 of the present embodiment is represented by the following 

5 equation (5): 

10 

Cjt = 1: { (Cal x Cjl) / (Cal + Cjl)} 

+ 1: { (Ca2 x Ckl) / (Ca2 + Ckl)} ... ( 5) ' 

which is smaller· than the total capacitance Cat represented by 

the equation (1). In the foregoing equation (5), Ckl represents 

the capacitance between the bottom face of the trench portion 8 

and the PN junction 32. Hence, the following inequality (6) is 

satisfied, similarly to the first embodiment: 

Cjt < Cat ... ( 6) • 

Thus, the wiring- to- substrate capacitance can also be 

~ 15 reduced in the semiconductor device according to the present 

embodiment since the PN junction 32 is present in each of the dummy 

semiconductor portions 9 of the isolat~on region 7, similarly to 

the first embodiment , so that the operating speed of the 

semiconductor device is increased. In particular, the present 

20 embodiment can reduce the wiring-to-substrate capacitance in the 

entire isolation region containing not only the semiconductor 

portions 9 but also the trench portions, ·so that the effect of 

increasing the operating speed is remarkable. 

Although it is difficult to form the PN junction 32 as formed 

25 in the present embodiment through the implantation of impurity 

33 .. .. ·:. ) 
'~ . 
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ions for forming the source/drain regions of the MOSFET, the 

impurity concentration and the depth of ionic penetration into 

the substrate can be controlled arbitrarily, so that a higher 

effect of reducing the capacitance is achieved. In particular, 

5 since the PN junction 32 is positioned at a level lower than the 

bottom faces of the trench portions 8, a higher effect of reducing 

the capacitance is achieved. 

Although the present embodiment has described the CQSe of 

CO using the P-type silicon substrate, an N-type silicon substrate 
,!j 
1"4 10 may also be used instead. In this case, a PN junction can be formed 
{)j 

Ii 

1=1. 
j..1. 
1=1 , Y 
(fl 
ill 

. ' 

by introducing a P-type impurity into the semiconductor portions 

and thereby forming an impurity diffusion layer, so that the same 

effects as achieved in the present embodiment are achieved. 

(Third Embodiment) 

1"4 15 FIG. 4 is a cross-sectional view of a semiconductor device 

according to a third embodiment. 

As shown in the drawing, a first active region 6 of a P-type 

silicon substrate 1 is provided with an element functioning as 

a MOSFET composed of : a gate oxide film 2; a gate electrode 4 made 

20 of a polysil icon film; and source/drain regions 5. An isolation 

region 7 for electrically ~solating the individual elements is 

formed with a plurality of trench portions 8 filled with a silicon 

oxide film as an insulating material and with dummy semiconductor 

portions 9 provided between the individual trench portions 8 and 

25 not serving as active regions. On one of the trench portions 8 

_,.., '("" 

·' ,.., 
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1.(j 

formed in the isolation region 7, there is provided a polysilicon 

wire 10 formed simultaneously with the gate •insulating film 2 and 

the gate electrode 4. There are further provided an interlayer 

insulating film 12 made of a silicon oxide film deposited over 

5 the entire surface of the substrate and a metal wire 13 formed 

on the interlayer insulating film 12. 

Each of the dummy•semiconductor portions 9 formed in the 

isolation region 7 ·is provided with a P-type impurity diffusion 

'"4 10 
1:0 

layer 41 and an N-type impurity diffusion layer 42, which are 

arranged in this order from the surface of the silicon substrate. 

As a result, a first PN junction 43 is formed between the P-type 

impurity diffusion layer 41 and the N-ty.pe impurity diffusion 

layer 42, while a second PN junction 44 is formed between the N-type 

I• 
1= 

!! 

!~ impurity diffusion layer 42 and the P-type silicon substrate 1. 

\,J 15 The first and second PN junctions 43 and 44 are positioned at levels 

between the top and bottom faces of the trench portions 8 . 

If respective junction capacitances in the P-type and 

N-type impurity diffusion layers 41 and 42 are designated at Cjl 

and Cj2, a total wiring-to-substrate capacitance Cjt in the 

. 20 semiconductor device according to the present embodiment is 

represented by the following equation (7): 

Cjt = L {1/ [ (1/Cal) + (1/Cjl) + (l/Cj2))} + LCa2 ... ( 7) ' 

which is smaller than the total capacitance Cat of the 

semiconductor device according to the first embodiment 

25 represented by the equation (1) . Hence, the following equation 

35 
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If 

(8) is satisfied : 

Cjt < Cat ... { 8) • 

Since the present embodiment has provided the plurality of 

PN junctions 43 and 44 in the respective dummy semiconductor 

5 portions of the isolation region 7, the capacitance component of 

the wiring- to-substrate capacitance in the region containing the 

semiconductor portions 9 of the semiconductor device can be 

represented by the capacitance obtained by connecting in series 

the respective capacitances in the P-type and N- type impurity. 

10 diffusion layers 41 and 42 to the capacitance in the interlayer 

insulating film . Consequently, the wiring-to-substrate 

capacitance of the semiconductor device can further be reduced 

j..i. than in the first embodiment, resulting in the semiconductor 
ru 
!Ji 
,fl 

device operating at a higher speed. 

i .. -4 15 Although the present embodiment has described the case 

where the two PN junctions 43 and 44 are formed of the two impurity 

diffusion layers, if three or more PN junctions are formed-of three 

or more impurity diffusion layers, the total wiring-to- substrate 

capacitance can be represented in the same fashion as represented 

20 by the equation (7). For example, if m PN junctions {mis an 

integer equal to or more than· 3) are formed in each of the dummy 

active regions 9 and n PN junctions (n is an integer equal to or 

more than 3) are formed immediately ·under the trench portion 8, 

the total wiring- to-substrate capacitance Cj t is represented by 

25 the following equation (9): 
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Cjt = L { 1/ [ (1/Cal) + L (1/Cjm) J} 

+ L { 1/ [ (1/Ca2) + }: (1/Cjn)]} ... ( 9) , 

which is smaller than the total capacitance Cat ' represented by 

the equation (1) . Hence, the following inequality (10) is 

5 satisfied: , . 

Cjt < Cat .... (10). 

In the case of using the structure, th.: wiring-to-substrate 

capacitance can be reduced significantly since not only the 

FA 
1.1:; capacitance component in the region containing the semiconductor 
1£j 

~ 10 portions of the isolation region 7 but a~so the capacitance 

component in the region containing the trench portions thereof 

is also reduced. 

/=i. (Fourth embodiment) 

FIG. 5 is a cross-sectional view of a semiconductor device 

1"-J 15 according to a fourth embodiment. 

As shown in the drawing, a first active region 6 of a P-type 

silicon substrate 1 is provided with an element functioning as 

a MOSFET composed of : a gate oxide film 2; a gate electrode 4 made 

of a polysilicon film; and source/drain regions 5 . An isolation 

20 region 7 for electrically isolating the individual elements is 

formed with a plurality of trench portions 8 each filled with a 

silicon oxide film as an insulating ma~erial and with dummy 

semiconductor portions 9 provided between the individual trench 

portions 8 and not serving as active regions. On one of the trench 

25 portions 8 formed in the isolation region 7, there is provided 
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a polysilic-on wire 10 formed simultaneously with the gate 

insulating film 2 and the gate electrode 4. In addition, a dummy 

gate 51 composed of a polysilicon film formed simultaneously with 

the gate electrode 4 extends continuously over the semiconductor 

5 portions 9 and trench portions 8. Over the dummy gate 51, the 

polysilicon wire· 10, arid a surface of the silicon substrate 

( except fo r the active region), a silicon oxide film 52 and a high 

resistor film 53 composed of a polysilicon film are further formed 

I~ in layers. The dummy gate 51 has been formed by patterning a 
lY 
\~ 

l l 

/o!= 
I' := 
ru 

10 first-layer polysilicon film ·used commonly to form the gate 

electrode 4 and the polysilicon wire 10 so that it is at a given 

distance from eae:h of the gate electrode 4 and the polysilicon 

wire 10. Th e polysilicon film composing the high resistor film 

!fl 53 has a sheet resistance film higher than that of the first-

1✓ 15 layer polysilicon film composing tl)e gate electrode 4 and the like 

and an impurity concentration of 1 x 1020 cm-3 or less. The sheet 

resistance of the· dummy gate 51 can also be held high by covering 

the isolation region with a resist film or the like during the 

implantation of an imp~rity into the active region. 

20 In the semiconductor device according to the present 

embodiment, it is sufficient to consider the capacitance between 

the wiring and high resistor film instead of the capacitance 

between the wi ring and substrate. In this case, since the 

resistance of the polysilicon film composing the high resistor 

25 film 53 is high, a voltage drop occurs between the top face of 
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the high resistor film 53 and the surface of the semiconductor 

substrate 1. Accordingly, the voltage applied to the top and, 

bottom faces of the interlayer insulating film is reduced, though 

the capacitance of the interlayer insulating film 12 remains 

5 unchanged. Since the amount of charge accUmulated in the top and 

bottom faces of the interlayer insulating film 12 decreases in 

airect proportion to the voltage applied thereto, the time 

required for charging or discharging between the wiring and high 

jn 
-ff : resistor is reduced, resulting in the semiconductor device 
'~ 

l ! 

I > r= 
j~ 

ru 

10 operating at a higher speed. 

A description will be given next to a method of 

manufacturing a semiconductor device according to the present 

embodiment. FIGS. 6 (a) to 6 (h) are cross-sectional views 

m showing the structure of the semiconductor device having an 

1"'j 15 NMOSFET according to the present embodiment in the manufacturing 

20 

process therefor. 

In the step shown in FIG. 6(a), a thin silicon oxide film 

21 having a thickness of 10 nm and a silicon nitride film 22 are 

formed sequentially on the P-type silicon substrate 1. 

In the step shown in FIG. 6 (bl, a plurality of trenches 14 

each having a given width are formed in the silicon substrate 1 . 

The trenches 14 include: trenches 14a formed to surround the 

active region 6 to be formed with the element; trenches 14b formed 

in the isolation region 7 separated from the active region 6 by 

25 the trenches 14a to eliminate pattern dependence from planarity 

, I • 
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obtained at the completion of the manufacturing process; and 

trenches 14c for forming the polysil.tcon wi;r:es . In the isolation 

region 7 also, the semiconductor portions 9 have been provided 

to form at least one projecting portion surrounded by the trenches 

5 14 . The semiconductor portion_s 9 may be considered as dummy 

active regions which do not function as active regions. The 

trenches include one formed in a position immediately under the 

polysilicon wire 10, which is to be formed in the subsequent step. 

In the step shown in FIG. 6(c), a silicon oxide film 23 is 

\;J 10 deposited over the entire surface of the substrate to fill in the 

trenches 14. 

" 
In the step shown in FIG. 6(d), the silicon oxide film 23 

is polished by a CMP process. Subsequently, the silicon nitride 

film 22 and the silicon oxide film 21 are removed selectively to 

1.,_4 15 form a plurality of buried trench portions B each filled with a 

silicon oxide film and having a planarized surface. The buried 

trench portions B include -: buried trench portions Ba functioning 

as isolation; buried trench portions Bb forming the dummy 

semiconductor portions 9; and buried trench portions Be for 

20 providing insulation between the polysilicon wires and the 

silicon substrate. 

In the step shown in FIG. 6(e), there are formed the gate 

oxide film 2, the gate electrode 4 having sidewalls 24 on the side 

faces thereof, and the polysilicon wires 10 by using a known 

25 technique. During the process, the durnrny _gate 51 is formed 

I ' 
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simultaneously with the gate electrode 4 and the polysilicon wire 

10 and at a given distance from each of the gate electrode 4 and 

the polysilicon wire 10, so that the dummy gate 51 neither cross 

nor contact the gate electrode 4 and the polysilicon wire 10. The 

5 gate electrode 4, the po_lysilicon wire 10, and the dummy gate 51 

can be formed simultaneously by using a common semiconductor mask . 

The dummy gate 51° has a sheet resistance higher than those of the 

gate electrode 4 and polysilicon wire 10 , which are used as 

interconnections, and has an impurity concentration adjusted to 

10 be 1 x 1020 atoms • cm-3 or lower by ion implantation or the like. 

In the step shown in FIG. 6(fl, the silicon oxide film 52 

and the high resistor film 53 made of polysilicon are formed over 

1~ the isolation region 7. The high resistor film 53 has a sheet 
ru 
In resistance higher than those of the gate electrode 4 and 

'"-J 15 polysilicon wires 10 and has an impurity concentration adjusted 

to be 1 x 1020 atoms • cm-3 or lower by ion implantation or the 

like. The silicon oxide film 52 and the high resistor film 53 

are formed to provide a MIM capacitor and a resistor. 

In the step shown in FIG. 6(g), a resist mask 55 covering 

20 at least the isolation region 7 is formed and arsenic ions 25 are 

implanted into the active region 6 to form the NMOS having the 

source/drain regions 5. During the process, arsenic ions are not 

implanted in the is0lation region 7. 

In the step shown in FIG. 6(h), a silicon oxide film is 

25 deposited to form the interlayer insulating film 12, followed by 

41 

IPR2018-00756 Page 00095



a metal wire 13 formed thereon. 

In the semiconductor device according to the present 

embodiment, it is sufficient to consider the capacitance between 

the wiring and high resistor film instead of the capacitance 

5 between the wiring and ·substrate . In this case, since the 

resistance of the polysilicon film composing the high resistor 

film 53 is high, a voltage drop occurs between the top face of 

the high resistor film 53 and the surface of the semiconductor 

substrate 1. Accordingly, the volta_ge applied to the top and 

bottom faces of the interlayer insulating film is reduced, though 

the capacitance of the interlayer insulating film 12 remains 

unchanged. Since the amount of charge accumulated in the top and 

bottom faces of the interlayer insulating film 12 decreases in 

direct proportion to the voltage applied thereto, the time 

'·"'-1 15 required_ for charging or· discharging between the wiring and high 

resistor is reduced, resulting in the semiconductor device 

operating at a higher speed. 

The high-resistance film 53 according to the present 

embodiment can be formed easily at low cost by patterning the same 

20 film as composing, e.g., the high resistor film of the resistor 

element and local wiring. Instead of forming the dummy gate 51, 

it is possible to form films corresponding to the high resistor 

film 53, the silicon oxide film 52, and the dummy gate 51 from 

thre·e films composing the upper-layer film, capacitor insuiating 

25 film, and lower-layer film composing the MIM capacitor formed 

-~ 
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anywhere on the semiconductor substrate. 

It is also possible to increase the operating speed of the 

semiconductor device by reducing the time required for charging 

or discharging without forming either of the dummy gate 51 and 

5 the high resistor film 53 as well as the silicon oxide film 52. 

Although the description has been given to the case where 

the high resistor film 53 composed of the polysilicon film and 

the silicon oxide film 52 are stacked in layers on the isolation 
!:J 
1:0 region 7, similar effects can also be achieved in the case of using 
\.Q 
•~ 10 an amorphous silicon film or a silicon nitride film instead of 

1:i 

15 

the polysilicon film. In particular, the use of an insulating 

film composed of a silicon oxide film allows a reduction in total 

capacitance and a further increase in the operating speed of the 

semiconductor device. 

(Fifth Embodiment) 

FIG. 7 is a cross-sectional view of a semiconductor device 

according to a fifth embodiment. 

As shown in the drawing, an active region 6 of a P-type 

silicon substrate l is provided with an element functioning as 

20 a MOSFET composed of: a gate oxide film 2; a gate electrode 4; 

and source/drain regions 5. An isolation region 7 for 

electrically isolating the individual elements is formed with a 

plurality of trench portions 8 each filled with a silicon oxide 

film as an insulating material and with dummy semiconductor 

25 portions 9 provided between the individual trench portions 8 and 

43 . I 
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not serving as active regions. On one of the trench portions 8 

formed in the isol~tion region 7, there is provided a polysilicon 

wire 10 formed simultaneously with the gate electrode 4. 

In the present embodiment, the gate electrode 4 consists 

5 of a lower-layer portion 4a made of a first conductor film composed 

of a polysilicon film or the like and an upper-layer portion 4b 

made of a second conductor film composed of a tungsten film or 

the like. In the isolation region 7, there is provided a dummy 

'·-.J 10 

gate 51° consisting of a lower-layer portion 51a composed of the 

same first conductor film as composing the lower-layer portion 

4a of the gate electrode 4 and an upper-layer portion 51b composed 

of the same second conductor film composing the upper-layer 

portion 4b of the gate electrode 4. The lower-layer portion 51a 

of the dummy gate 51 has a top surface at the same level as the 

I! 

15 top face of each of the trench portions 8, so that planarization 

is achieved between the lower-layer portion 51a and the trench 

portions 8. The polysilicon wire 10 is composed only of the second 

conductor film c~mposing the upper-layer portion 4b of the gate 

electrode· 4. The dummy gate 51 has been formed at a g~ven distance 

20 from each of the gate electrode 4 and polysilicon wire 10 so as 

to improve pattern accuracy in a photolithographic process in 

accordance with a line-and-space relationship. There are also 

provided an interlayer insulating film 12 composed of a silicon 

oxide film deposited ove~ the entire surface of the substrate and 

25 a metal wire 13 formed on the interlayer insulating tilrn 12. 

/ 
; I 

v ---._ 
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In accordance with a process of manufacturing the 

semiconductor device according to the present embodiment, the 

structure of the semiconductor device as shown in FIG. 7 can be 

implemented by_ the following procedure, though the drawing 

5 thereof is omitted here. 

First, the gate insulating film and the first conductor film 

composed of a polysilicon film or the like are deposited on the 

semiconductor substrate, which are partially opened to form 
c:i m trenches. Thereafter, an insulating film is deposited on the 
,.o 
;.._j 10 substrate to fill in the trenches for planarization, thereby 

forming trench portions. Subsequently, the second conductor 

';,j film· of tungsten or the ·like is deposited on the planarized 

substrate and patterned to form the gate electrode 4, the dummy 

ru 
gate 51, and the polysilicon wires 10. After that, the interlayer 

15 insulating film 12 and the metal wire 13 can be formed by a 

well-known method. 

In the present embodiment also, the operating speed can be 

increased by reducing the amount of charge accumulated in the top 

and bottom faces of the interlayer insulating film, similarly to 

20 the fourth embodiment. In the semiconductor device having such 

a structure as used in the present embodiment, the upper-layer 

portion 4b of the gate electrode 4 is typically composed of a low 

resistor film composed of silicide or the like. However, since 

the wiring-to-substrate voltage is also applied in series to the 

25 upper-layer and lower-layer portions 4b and 4a, the amount of 
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charge is effectively reduced by a voltage drop and the operating 

speed of th,e semiconductor device is increased remarkably. 

Although the present embodiment has not used such a high 

resistor film as used in the fourth embodiment, it will be 

5 appreciated that a high resistor film may be provided over the 

dummy gate with an insulating film interposed therebetween. 

(Sixth Embodiment) 

FIG. 8 is a cross- sectional view of a semiconductor device 

00 according to a sixth embodiment. 
\f;j 
'"4 10 As shown in the drawing, an active region 6 of a P-type 

silicon substrate 1 is provided with an element functioning as 

a MOSFET composed of : a gate oxide film 2; a gate electrode 4 made 

of a polysilicon f ilrn; and source/drain regions 5 . An isolation 

region 7 for electrical~y isolating the individual elements is 

! l 

'"4 15 formed with a plurality of trench portions 8 each filled with a 

silicon oxide film as an insulating materi al and with dummy 

semiconductor portions 9 provided between the individual tre~ch 

portions 8 and not serving as active regions. On one of the trench 

portions 8 formed in the isolation region 7, there is provided 

20 a polysilicon wire 10 formed simultaneously with the gate 

insulating film 2 and the gate electrode 4. There are further 

,provided an interlayer insulating film 12· made of a silicon oxide 

film deposited over the entire surface of the substrate and a metal 

wire 13 formed on the i .nterlayer insulating film 12 . 

25 In the isolation region 7, inter- trench insulating films 

; 
• ·I 

. 1 ··r· 
- I , 
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61 each composed of a silicon oxide film and surrounded by the 

trench portions 8 are formed to overlie the dummy semiconductor 

portions 9 and underlie the interlayer insulating film 12. The 

top faces of the inter-trench insulating films 6i are at the same 

5 level as the top faces of the buried trench portions 8, while the 

bottom faces thereof are at a level between the top and bottom 

faces of the buried trench portions 8. 

A description will be given next to a method of 

it manufacturing a semiconductor device according to the present 
10 
1"-J 10 embodiment . FIGS. 9 (a) to 9 (i) are cross-sectional views 

15 

showing the structure of the semiconductor device having an 

NMOSFE.T according to the present embodiment in the manufacturing 

process therefor. 

In the step shown .in FIG. 9(a), a thin silicon oxide film 

21 having a thickness of 10 run and a silicon nitride film 22 are 

formed sequentially on the P-type silicon substrate 1. 

In th:e step shown in FIG. 9 {b), a plurality of trenches 14 

each having a given width are formed in the silicon substrate 1. 

The trenches 14 include: trenches 14a formed to surround the 

20 active region 6 to be formed with the element; trenches 14b formed 

in the isolation region 7 separated from the active region 6 by 

the trenches 14a to eliminate pattern dependence from planarity 

obtained at the completion . of the manufacturing process; and 

trenches 14c for forming .the polysilicon wires. In the isolation 

25 region 7 also, the semiconductor portions 9 have been provided 
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to form at least one projecting portion surrounded by the trenches 

14. The semiconductor .portions 9 may be considered as dummy 

active regions which do not ~unction as active regions. The 

trenches include one formed in a position immediately under the 

5 polysilicon wire 1 O, which is to be formed in the subsequent step. 

In the step shown in FIG. 9(c), a silicon oxide film 23 is 

deposited over the entire surface of the subs.trate to fill in the 

trenches 14. 

\~.,_j 10 

In the step shown in FIG. 9(d), the silicon oxide film 23 

is pol ished by a CMP method. Subsequently, the silicon nitride 

film 22 and the silicon oxide film 21 are removed selectively to 

form the plurality of buried trench portions 8 each filled with 

the silicon oxide film and having a plan~rized surface. The 

buried trench portions · 8 include: · buried trench portions Sa 

()j 
Id-

;-: 

. j.,;, 

1,,_J 15 functioning as isolation; buried trench portions Sb forming the 

dummy semiconductor portions 9; and buried trench portions 8c for 

providing insulation between the polysilicon wires and the 

silicon substrate . 

In the step shown in FIG. 9 (e), the semiconductor portions 

20 of the isolation region 7 are subjected to dry etching for forming 

trenches 62. 

25 

\, I ~ • ! /I 

In the step shown·in FIG. 9 ( f), a silicon oxide film is filled 

in each of the trenches 62 to form the inter-trench insulating 

film 61. 

In the step shown in FIG . 9{g), there are formed the gate 
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oxide film 2, the gate electrode 4 having sidewalls 24 on the side 

faces thereof, and the polysilicon wire 1-0 by using a known 

technique. The gate electrode 4 and the polysilicon wire 10 can 

be formed simultaneously by using a common semiconductor mask . 

'"-.I 10 

In the step shown in FIG. 9 (h), arsenic ions 25 are implanted 

from above to form the NMOSFET having the source/drain regions 

5 in the active region 6. Although the arsenic ions 25 are also 

implanted into the isolation region 25 during the process, no. 

trouble occurs. In the case of using a resist mask covering a 

region to be formed with a PMOSFET, however, the isolation region 

7 may be covered with the resist mask. 

tr 
In the step shown in FIG. 9(i), a silicon oxide film i~ 

deposited to form the interlayer insulating film 12, followed by 

!Ji the metal wire 13 formed thereon. 

In the semiconductor device according to the present 

embodiment, the inter-trench insulating films 61 each composed 

of the silicon oxide film are formed over :the dummy semiconductor 

portions 9 of the isolation region 7 and under the interlayer 

insulating film 12 to be surrounded by the buried trench portions 

20 8. The top faces of the inter-trench insulating films 61 are at 

the same level as the top faces of the buried trench portions 8, 

while the bottom faces thereof are at a level between the top and 

bottom faces of the buried trench portions 8 . 

Thus, ·in the semiconductor device according to the present 

25 embodiment, the inter-trench insulating films 61 are formed by 
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filling the silicon oxide films in the respective dummy 

semiconductor portions 9 that have been low.erect in level, so that 

the distance between the wiring and the substrate is longer than 

in the conventional semiconductor device shown in FIG . 19. Since 

5 the wiring- to-substrate capacitance decreases in inverse 

proportion to the distance, the wiring-to- substrate capacitance 

is smaller in the semiconductor device according to the present 

embodiment than in the conventional semiconductor device, 

lt resulting in a h~gher operating speed. 

'"-1 10 Although the prese~t embodiment has described the case 

where the silicon oxide film is buried in each of the semiconductor 

portions, similar effects can also be achieved if an insulating 

film composeQ of a silicon nitride film is used. 

H 

15 

Although the semiconductor portions 9 have·been lowered in 

level and filled with the silicon oxide films prior to the 

formation of the gate electrode, the method of manufacturing a 

semiconductor device according to the present invention is not 

limited to such an embodiment. The same effects as achieved in 

the present embodiment can also be achieved if the steps of 

20 lowering the semiconductor portions 9 in level and filling the 

silicon oxide films therein are performed after the formation of 

the gate electrode or prior to the formation of trench iso l ation. 

(Seventh Embodiment) 

FIG. 10 is a cross-sectional view of a semiconductor device 

25 according to a seventh embodiment. 

/ so 
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As shown in the drawing, an active region 6 of a P-type 

silicon substtate 1 is provided with an el~ment functioning as 

a MOSFET composed of: a gate oxide film 2; a gate electrode 4 made 

of a polysilicon film; and source/drain regions 5. An isolation 

5 region 7 for electrically isolating the individual elements is 

formed with a plurality of trench portions 8 each filled with a 

silicon oxide film as an insulating material and with dummy 

semiconductor portions 9 provided between the individual trench 

!:O portions 8 and not_ serving as active regions . On one of the trench 

'"-J 10 portions 8 formed in the isolation region 7, there is provided 

a polysilicon wire 10 formed simultaneously with the gate 

insulating film 2 and the gate electrode 4. There are further 

provided an interlayer insulating film 12 made of a silicon oxide 

!! 

ru in film deposited over the entire surface of the substrate and a 
\0 
'"4 15 metal wire 13 formed on the interlayer insulating film 12. 

·-. 

In upper portions of the dummy semiconductor portions 9 of 

the iso_lation regi on 7, oxygen atoms have been introduced by ion 

implantation or the like to form high resistor portions 71 each 

composed of a high-resistance silicon layer. Although the 

20 • bottom faces of the high resistor portions 71 are at a level between 

the top and bottom faces of the trench portions 8, they may be 

positioned at a level lower than the bottom faces of the trench 

portions 8. 

A description will be given next to a method of 

25 manufacturing a semiconductor device according to the present 
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embodiment. FIGS. 11 (a) to 11 (h) are cross-sectional views 

showing the structure of the semiconduct~r device having an 

NMOSFET according to the· present embodiment in the manufacturing 

process therefor. 

In the step shown in FIG. ll(a), a thin silicon oxide film 

·21 having a thickness of 10 nm and a silicon nitride film 22 are 

formed sequentially on the P-type silicon substrate 1. 

In the step shown in FIG. ll(b), a plurality of trenches 

14 each having a given width are formed in the silicon substrate 

1. The trenches 14 include: trenches 14a formed to surround the 

active region 6 to be formed with the element; trenches 14b formed 

in the isolation region 7 separated from the active region 6 by 

the trenches 14a to eliminate pattern dependence from planarity 

obtained at the completion of the manufacturing process; and 

\,._..J 15 trenches 14c for forming the polysilicon wires. In the isolation 

region 7 also, the semiconductor portions 9 have been p·rovided 

to form at least one projecting portion surrounded by the trenches 

14. The semiconductor portions 9 may be considered as dummy 

·active regions which do not function as active regions. The 

20 trenches include one formed in a position immediately under the 

polysilicon wire 10, which is to be formed in the subsequent step . 

25 

In the step shown in FIG. ll(c), ~ silicon oxide film 23 

is deposited over the en.tire surface of the substrate to fill in 

the trenches 14. 

In the step shown in FIG. ll(d), the silicon oxide film 23 
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is polished by a CMP method. Subsequently, the silicon nitride 

film 22 and the silicon oxide f ilm-21 are removed selectively to 

form the plurality of buried trench portions 8 each fi l led with 

the silicon oxide film and having a planarized surface. The 

5 buried trench portions 8 include: buried trench portions Ba 

functioning as isolation; buried trench portions Bb forming the 

dummy semiconductor portions 9; and buried trench portions Be for 

providing insulation between the polysilicon wire and the silicon 

It.:) substrate. 
t:O 
'·-..J 
' 'rt 
IN 
}=d: 

Ii 

10 In the step sp.own in FIG . 11 (e), a resist mask 73 covering 

the active region 6 is for~ed and oxygen ions 72 are implanted 

only into the isolation region 7 to form the high resistor portions 

71 in the outermost surface of the silicon substrate , in which 

!n the oxygen ions have been introduced as an impurity in the 

~ 15 semiconductor portions 9 of the isolation region 7 . 

In the step shown in FIG. ll(f), there are formed the gate 

oxide film 2, the gate electrode 4 having sidewalls 24 on the side 

faces thereof, and the polysilicon wire 10 by using a known 

technique . The gate electrode 4 and the polysilicon wire 10 can 

20 be formed simultaneously by using a common semiconductor mask. 

In the step shown in FIG . 11 (g.), arsenic ions are implanted 

from above the substrate to form t~e NMOSFET having the 

source/drain regions 5 in the active region 6. Although the 

arsenic ions 25 are also implanted into the isolation region 7 

25 during the process , no trouble occurs. In the case of using a 

53 

IPR2018-00756 Page 00107



resist mask covering a region to be formed with a PMOSFET, however, 

the isolation region 7 ~ay be covered with the resist mask . 

In the step shown in FIG. ll(h), a silicon oxide film is 

formed as the interlayer insulating film 12, followed by the metal 

5 wire 13 .fo,rmed thereon. 

The semiconductor device according to the present 

embodiment is characterized in that the oxygen atoms have been 

introduced into the upper portions of the semiconductor portions 

i~ 
iM 9 of the isolation region 7 by ion implantation or the like to 
1!;) 

10 form the high resistor portions 71 each composed of a high­

resistance silicon layer. Although the bottom faces of the high 

resistor portions 71 ar~ at a level between the top and bottom 

i-6 faces of the buried trench portions 8, they may be positioned at 
11,J 
Ui a level lower than the bottom faces of the buried trench portions 

1~,J 15 8 • 

Since the high resistor portions 71 each composed of a 

high-resistance silicon layer have been formed in the dummy 

semiconductor portions 9 of the silicon substrate, a voltage drop 

occurs in the high resistor portions 71 of the silicon substrate 

20 when a voltage is placed between the wiring and the substrate. 

Consequently, a potential difference between the wiring and 

semiconductor portions 9 is reduced so that the amount of charge 

is reduced in direct proportion to the placed voltage, though the 

capacitance of the interlayer insulating film 12 between the 

25 wiring and the semiconductor portions 9 is equal .to that of the 
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interlayer insulating film 12 in the conventional semiconductor 

device shown in FIG. 19. Accordingly, the time required for 

charging or discharging is reduced and the operating speed o·f the 

semiconductor device is increased. 

Although the present embodiment has described the case 

where oxyg·en atoms are introduced as an impurity into the dummy 

semiconductor portions 9, similar effects can be achieved if 

nitrogen atoms are introduced. 

A:). though·the high resistor portions are formed prior to the 

formation of. the gate electrode in the present embodiment, they 

may be formed at any stage of the ·process of manufacturing the 

semiconductor device provided that oxygen atoms can be in~roduced 

into the semiconductor portions. 

!Ji (Eighth Embodiment) 

\~ 15 FIG . 12 is a cross-sectional view of a semiconductor device 

according to an eighth embodiment. 

As shown in the drawing, a first active region 6 of a P-type 

' silico~ substrate 1 is provided with an element functioning as 

a MOSFET composed of: a gate oxide film 2; a gate electrode 4 made 

20 of a polysilicon film; sidewalls 3 formed on the side faces of 

the gate electrode 4 and composed of silicon oxide f i lms; and 

source/drain regions 5. AJ:>. isolation region 7 for electrically 

i solating the individual elements is formed with a plurality of 

trench portions 8 each filled with a silico·n oxide film as an 

25 insulating material and with dummy semiconductor portions 9 

~ • i 55 
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provided between the individual trench portions 8 and not serving 

as active regions. On one of the trench portions 8 formed in the 

isolation r ,egion 7, th~re is provided a polysilicon wire 10 formed 

simultaneously with the gate insulating film 2 and . the gate 

5 electrode 4. There are further provided an interlayer insulating 

film 12 made of a silicon o~ide film deposited over the entire 

surface of the substrate and a metal wire 13 formed on the 

interlayer insulating film 12. 

10 

Over the c;iummy semiconductor portions 9 and trench portions 

8 of the isolation region 7, an underlying insulating film 81 made 

of a silicon oxide film-has been formed simultaneously with the 

sidewalls on the side faces of the gate electrode 4. The 

id. underlying insulating film 81 has been formed to cover the entire 
!\I m polysilicon wire 10. 

\J 15 A description will be given next to a method of 

manufacturing a semiconductor device according to the presen~ 

embodiment. FIGS. 13 (a) to 13 (i) are cross-sectional views 

showing the structure of the semiconductor device having an 

NMOSFET according to the present embodiment in the manufacturing 

. ' .~ ... 

20 process therefor. 

In the step shown in FIG . 13(al, a thin silicon oxide film 

21 having a thickness of 10 nm and a silicon nitride· film 22 are 

formed sequentially on the P-type silicon substrate 1. 

In the step shown in FIG. 13(b), a plurality of trenches 

25 14 each having a given width are formed in the silicon substrate 
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1 . The trenches 14 include: trenches 14a formed to surround the 

active region 6 to be formed with the element; trenches 14b formed 

in the isolation region 7 separated from the active .region 6 by 

the trenches 14a to eliminate pattern dependence from planarity 

5 obtained at the completion of the manufacturing process; and 

trenches 14c for forming the polysilicon wires . In the isolation 

region 7 also, the semiconductor portions 9 have been provided 

10 

to form at least one projecting portion surrounded by the trenches 

14. The semic~nductor portion~ 9 may be considered as dummy 

active regions which do not function as active regions. The 

trenches include one formed in a position immediately under the 

polysilicon wire 10, which is to be formed in the subsequent step. 

In the step shown in FIG. 13(c), a silicon oxide film 23 

!l! is deposited over the entire surface of the substrate to fill in 
= "' " 'I# 

;.,,j 15 the trenches 14 . 

In the step shown in FIG. 13(d), the silicon oxide film ·23 

is polished by a CMP method. Subsequently, the silicon nitride 

film 22 and the silicon oxide film 21 are removed selectively to 

form the plurality of buried trench portions 8 each filled with 

20 the silicon oxide film and having a planarized surface. The 

buried trench portions B include: buried trench portions Ba 

functioning as isolation; buried trench·portions Bb forming dummy 

semiconductor portions 9; and buried trench portions Be for 

providing insulation between the polysilicon wire and the silicqn 

25 substrate. 
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In the step shown in FIG. 13(e), there are formed the gate 

oxide film 2, the gate electrode 4 made of ·polysilicon, and the 

polysilicon wire 10 by using a known technique . The gate 

electrode 4 ,can be formed simultaneously with the polysilicon wire 

5 ,10 by using a common semiconductor mask. 

In the step shown in FIG. 13(f), a s~licon oxide film 82 

is deposited over the entire surface of the substrate, followed 

by a resist mask 84 formed thereon to cover the isolation region 

!:O 7. 
t,O 
'-.t.! 
~ 

: :..!$ 

i:U 
i~ 
tu 
\ . I 
--=i 

H 

10 In the . step shown- in FIG. 13(g), a silicon oxide film 82 

is removed selectively by anisotropic dry etching using the resist· 

mask 84 to form an underlying insulating film 81 over the isolation 

/.,i. region 7, while the sidewalls are formed on the side faces of the 

!Ji gate electrode 4. The polysilicon wire 10 is completely covered 

\! 15 with the underlying insulating film 81. 

In the step shown in FIG. 13 (h), arsenic ions 25 are 

implanted from above to form the NMOSFET having the source/drain 

regions 5 in the active region 6 . Although the arsenic ions are 

also implanted into the isolation region 7 during the process, 

20 no trouble occurs. However, in the case of using a resist mask 

covering a region to be formed with a PMOSFET, the isolation region 

7 may be covered with the resist mask. 

In the step shown in FIG. 13(i), a silicon oxide film· is 

deposited to form the interlayer insulating film 12, followed by 

25 a metal wire 13 formed thereon. 
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The semiconductor device according to the present 

embodiment is characterized in that the. underlying insulating 

film 81 composed of the silicon oxide film is formed 

simultaneously with the sidewalls on the side faces of the gate 

5 electrode 4 to extend over the dummy semiconductor portions 9 and 

buried trench portions 8 of the isolation region 7. The resulting 

underlying insulating f ilrn 81 covers the entire polysilicon wire 

10. 

Thus, in the semiconductor device according to the present 

;~ 10 embodiment, the underlying insulating film 81 composed of the 

!I 

111 

silicon oxide film is present over 'the isolation region 7, so that 

the distance between the wiring and the substrate is longer than 

in the conventional semiconductor device shown in FIG. 19. Since 

i~ the wiring-to-substrate capacitance decreases in inverse 

\J 15 proportion to the distance, the wiring-to- substrate capacitance 

is reduced in the semiconductor device according to the presen~ 

embodiment, resulting in a "higher operating speed. 

. I, 

(. .. 

Although the present embodiment has described the case 

where the underlying insulating film 81 is composed of the silicon 

20 oxide film, similar effects can also be achieved if an insulating 

film composed of a silicon nitride film is used. 

Although the present embodiment has described the case 

where the underlying insulating film is composed of a single­

layer film, the underlying insulating film may be composed of a 

25 multi-layer film. For example, in the case where the sidewalls 
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consist of L-shaped portions ex~ending over the side faces of the 

gate electrode and the substrate and of upper wedge-shaped 

portions or, alternatively, the sidewalls aJ;e provided along with 

an on- gate protective film, the underlying insulating film should 

5 be composed of a multi-layer film. It will be appreciated that , 

in that case also, the same effects as achieved in the present 

embodiment .are achieved. 

10 

15 

(Ninth Embodiment) 

FIG. 14(a) is a cross-sectional view of a semiconductor 

device accordi~g to a ninth embodiment. 

As shown in the drawing, an active region 6 of a P-type 

silicon substrate 1 is provided with an element functioning as 

a MOSFET composed of: a gate oxide film 2; a gate electrode 4 made 

of a polysilicon film; and source/drain regions 5 . An isolation 

region 7 for electrically isolating the individual elements is 

formed with a plurality of trench portions 8 each filled with a 

silicon oxide film as an insulating material and with dummy 

semiconductor portions 9 provided between the individual trench 

portions 8 and not serving as active regions . On one of the trench 

20 portions 8 formed in the isolation region 7, there is provided 

a polysilicon wire 10 formed sirnul taneously with the gate 

insulating film 2 and the gate electrode 4. There are further 

provided an inter·layer insulating film 12 made of a silicon oxide 

film deposited over the entire surface of the substrate and a metal 

25 wire 13 formed on the interlayer insulating film 12. 
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Under the dummy semiconductor portions 9 and the trench 

portions 8, a buried insulating film 91 composed of a silicon oxide 

film is formed in contact with the bottom faces of the trench 

portions 8. As a result, the side faces of the semiconductor 

5 • portions 9 are in contact with the trench portions 8, while the 

bottom faces thereof are in contact with the buried insulating 

fil.m 91. 

\~ .. ] 10 
,:g 

FIG. 14.(b) is a cross-sectional view for illustrating the 

wiring-to-substrate capacitance of the semiconductor device 

according to t1?,~ present embodiment. In the semiconductor device 

according to the present embodiment, since the buried insulating 

fil.m 91 composed of the silicon oxide film is formed in the silicon 

!d. 
!.iJ 
\"4 
l.i 

/c1. substrate, the capacitance Cij becomes a half of the capacitance 
i\! 
!J'l Cjl shown in FIG. l(b) or less (T . Nishimura and Y. Inoue: 

1•..J 15 Proceedings of VLSI TECHNOLOGY WORKSHOP ON "'WHAT IS THE FUTURE 

20 

OF SOI?" (1995) p,123). 

Therefore, the total wiring-to-substrate capacitance Cij~ 

of the semiconductor device is r~presented by the following 

equation ( 11): 

Cijt = {(Cal x Cij)/(Cal + Cij)} + tca2 ... (11), 

which is smaller than the total capacitance Cjt represented by 

the equation ( 3). Accordingly, the following inequality ( 12) is 

satisfied: 

Cijt < Cjt • .• (12). 

25 Hence, 
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Cijt < Cat 

is derived fr·om the relationship represented by the equation (4), 

so that the wiring-to-substrate capacitance of the semiconductor 

device according to th~ present embodiment_ is reduc~d, resulting 

. 5 · in the semiconductor device operating at a higher speed. 

FIGS. 15 (a) to 15 (h) are cross- sectional views of the 

structure of the semicond~ctor device having the NMOSFET 

according to the present embodiment in the manufacturing process 

therefor. 

1'.i 10 In the step shown in FIG. lS(a), a thin silicon oxide film 

21 having a thickness of 10 run and a silicon nitride film 22 are 

formed sequentially on the P- type silicon substrate 1. 

l)j 
l..i, 

V 

/ 

15 

In the step shown in FIG. lS(b), a plurality of trenches 

14 each having a given width are formed in the silicon substrate 

1. The trenches 14 include: trenches 14a f9rrned to surround the 

active region 6 to be formed with the element; trenches 14b formed 

in the isolation region 7 separated from the active region 6 by 

the trenches 14a to eliminate pattern dependence from planarity 

obtained at the completion of the manufacturing process; and 

20 trenches 14c for forming the polysilicon wires. In the isolation 

region 7 also, the semiconductor portions 9 have been provided 

to form at least one projecting portion surrounded by the trenches 

14 . The semiconductor -portions 9 may be considered as dummy 

active regions which. do not function as active regions. The 

25 trenches include one· formed in a position immediately under the 
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polysilicon wire 10, which is to be formed in the subsequent step. 

In the step shown in FIG. 15(c), a silicon oxide film 23 

is deposited over the entire surface of the substrate to fill in 

the trenches 14. 

In the step shown in FIG. 15 {d), the silicon oxide film 23 

is polished by a CMP method. Subsequently, the silicon nitride 

f ilrn 22 and the silicon oxide film 21 are removed selectively to 

form the plurality of buried trench portions 8 each filled with 

the silicon oxide film and having a planarized surface. The 

buried trench portions S include: buried trench portions Sa 

functioning as isolation; buried trench portions Sb forming dummy 

semiconductor portions 9;· and buried trench portions Sc for 

I=-~ providing insulation between the polysilicon wire and the silicon 
! .... 
l'U substrate . 
I j! 
!, I 

In the step shown in FIG. lS(e), a resist mask 92 covering 

the active region 6 is formed and oxygen ions 93 are implanted 

only into the isolation region 7 so that the buried insulating 

film 91 into which the oxygen atoms have been introduced as an 

impurity is formed. The buried insulating film 91 provides 

20 insulation between the silicon substrate 1 and the semiconductor 

portions 9 in the isolation region 7 . In this case, the buried 

insulating film 91 is connected to the respective side faces of 

each of the individual trench portions Sa to Sc and energy for 

implanting the oxygen ions is set such that the semiconductor 

25 portions 9 are in the floating state. 
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In the step shown in FIG . 15(f), there are formed the gate 

oxide film 2, the gate electrode 4 having s1.dewalls 24 on the side 

faces thereof, and the polysilicon wire 10 by using a known 

technique. The gate electrode 4 may be formed simultaneously with 

5 the polysilicon wire 10 by using a common semiconductor mask. 

In the step shown in FIG. 15 (g), a resist mask 95 is formed 

to cover the isolation region 7 and arsenic ions 25 are implanted 

into the active region 6 to form the NMOSFET having the 

source/drain ·regions 5. In this case, no implantation is 

~ 10 performed with respect to the i~olation region 7. 

ii 

In the step shown in FIG. 15(h), a silicon oxide film is 

deposited to form the interlayer insulating film 12, followed by 

a metal wire 13 formed thereon. 

In the semiconductor device formed by the manufacturing 
ifj 
\~ 15 method according to the present embodiment, the buried insulating 

film 91 composed of the silicon oxide film is formed under the 

dummy semiconductor portions 9 and the buried trench portions 8 

to be in contact with the bottom faces of the buried trench portions 

8. As a result, the side faces of the semiconductor portions 9 

20 are in contact with the buried trench portions 8, while the bottom 

faces thereof are in contact with the insulating film 91. 

Although the present embodiment has formed the buried insulating 

film by implanting oxygen ions prior to the formation of the gate 

electrode, the buried insulating film may be formed at any stage 

25 of the method of manufacturing the semiconductor device provided 

; ...... ) 
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that oxygen atoms can be introduced into the semiconductor 

portions. 

(Tenth Embodiment) 

The present embodiment will basically describe another 

5 example of the manufacturing process shown in FIG. 14(b), which 

is for achieving the effect of capacitance reduction. 

FIGS. 16 (al to 16 (i) are cross-sectional views of the 

structure of .a semiconductor device having an NMOSFET according 

l:l 
i~ to a tenth embodiment in the manufacturing process therefor. 

\,,,J 10 In the step shown in FIG . 16(a), a thin silicon oxide film 

21 having a thickness of 10 run and a silicon nitride film 22 are 

formed sequentially on a P-type silicon substrate 1. 

15 

In the step shown in FIG. 161b), a plurality of trenches 

14 each having a given width are formed in the silicon substrate 

1 . The trenches 14 include: trenches 14a formed to surround an 

active re_gion 6 to be formed with the element; trenches 14b formed 

in the isolation region 7 separated from the active region 6 by 

the trenches 14a to eliminate pattern dependence from planarity 

obtained at the completion of the manufacturing process; and 

20 trenches 14c for forming the polysilicon wires. In the isolation 

region 7 also, semiconductor portions 9 have been provided to form 

at least one projecting portion surrounded by the trenches 14. 

The trenches include one formed in a position irnmedi"ately under 

the polysilicon wire 10, which is to be formed in the subsequent 

. 25 step. In the step shown'in FIG. 15(c), a silicon oxide film 23 
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is deposited over the entire surface of the substrate to fill in 

the trenches 14. 

In the step shown in FIG. 16(c), a silicon oxide film 23 

is deposited over the entire surface of the substrate to fill in 

5 the trenches 14. 

In the step shown in FIG. 16(d), the silicon oxide film 23 

is polished by a CMP method. Subsequently, the sili'con nitride 

film 22 and the silicon oxide film 21 are removed selectively 

lM except for t~e portions overlying the active region 6 to form a 

'",j 10 plurality of buried trench portions 8 each filled with a silicon 

oxide fil~ and having a planarized surface. The buried trench 

portions a· include: buried trench portions 8a functioning as 

isolation; buried trench portions 8b forming dummy semiconductor 

portions 9; and buried trench portions 8c for providing insulation 

11 

\~ 15 between the polysilicon wire and the silicon substrate. 

In the step shown in FIG. 16 (e), the semiconductor portions 

9 of the isolation region 7 are subjected to dry etching for forming 

trenches 96 . 

In the step shown in FIG. 16(f), a silicon oxide film is 

20 deposited in each of the trenches 96 to form a buried insulating 

film 91, followed by a silicon film deposited thereon to form 

semiconductor portions 97 serving as dummy active regions. The 

buried i..nsulating films 91 are in contact with the buried trench 

portions 8a to 8c. 

25 In the step shown in FIG. 16 (g), there are formed the gate 
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oxide film 2, the gate electrode 4 having sidewalls 24 on the side 

faces th~reof, and the . polysilicon wire .10 by using a known 

technique. The gate electrode 4 may be formed simultaneously with 

the polysilicon wire 10 by using a common semiconductor mask. 

5 . In the step shown in FIG. 16 (h) , a resist mask 98 is formed 

to cover the isolation region 7 and arsenic ions 25 are implanted 

into the active region 6. to form the NMOSFET having source/drain 

regions 5. In this case, implantation may be performed with 

'..J 10 
l:O 

respect to the isolation region 7, though it is not performed 

in the example. 

f ci 

iJJ 
~~ 

In the step shown in FIG. 16(i), a silicon oxide film is 

deposited to form the interlayer insulating film 12, followed by 

a metal wire 13 formed thereon. 

The manufacturing method according to the present 

•~~ 15 embodiment also enables the fo'rmation of a semiconductor device 

having the same structure as the semiconductor device according 

to the ninth embodiment, resulting in smaller wiring-to-substrate 

capacitance and a higher operating speed. 

Al though the present embodiment has grown the silicon oxide 

20 films and the silicon films in the trenches 96 prior to forming 

the gate electrode, the silicon oxide films and the silicon films 

may be grown at any stage of the process of manufacturing the 

semiconductor device provided that they can be grown and buried 

in the trenches 96 . 

25 (Eleventh Embodiment) 
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The present embodiment will also basically describe still 

another example of the manufactU:ring process shown in FIG . 14 (b), 

which is for achieving the effect of capacitance reduction. 

FIGS. 17(a) to 17(f) and FIGS . 18{a) to 18(d) are 

5 cross-sectional views showing the structure of a semiconductor 

device having an NMOSFET according to an eleventh embodiment in 

the manufacturing process therefor. 

In the step shown in FIG. 17(a), a trench 102 is formed in 

l~ a region of a P-type silicon substrate 1 in which an isolation 

'" 10 region is to be formed. 

II 

l"" 
!,J. 

15 

In the step shown in FIG. 17(b), a silicon oxide film is 

filled in the trench 102 to form an insulating film 101 so that 

the entire surface of the substrate is planarized. 

In the step shown in FIG . 17 (c), a silicon film .103 is 

epitaxially grown over the entire surface of the substrate . 

During the step, since single-crystal silicon is grown on 

single-crystal silicon -in an active region 6, a semiconductor 

region having an excellent crystallographic property is formed 

therein, while a silicon film having an inferior crystallographic 

20 property is formed on the silicon oxide film in the isolation 

region 7. However, since the silicon film in the isolation region 

7 does not function as an active region, the inferior 

crystallographic property thereof will not adversely affect the 

properties of the semiconductor device. 

25 In the step shown in FIG. 17 (d), a thin silicon oxide film 

68 
IPR2018-00756 Page 00122



i:J 

21 having a thickness of 10 run and a silicon nitride film 22 are 

formed sequentiaily on the silicon film 103. 

In the step shown in FIG. 17(e) , a plurality of trenches 

14 ~ach having a given width are formed in the substrate . The 

5 trenches 14 include: trenches 14a formed to surround the active 

region 6 to be formed with the element; trenches 14b formed in 

the isolation region. 7 separated from the active region by the 

trenches 14a to eliminate pattern dependence from planarity 

i» obtained at the completion of the manufacturing process; and 

'a,,J 10 trenches 14c for forming the polysilicon wires. In the isolation 

region 7 also, semiconductor portions 9 have been provided to form 

at least one projecting portion surrounded by the trenches 14. 

The semiconductor portions 9 may be considered as dummy active 

t~ If! regions which do not function as active regions. The trenches 
10 
1~.,J 15 include one formed in a position immediately under the polysilicon 

wire 10, which is to be formed in the subsequent step. In forming 

the trenches 14, etching is performed till the surface of the 

buried insulating film 101 is exposed in the trenches 14. 

In the step shown in FIG. 17(f), a silicon oxide film 23 

20 is deposited over the entire s·urface of the substrate to fill in 

the trenches 14. 

25 

In the step shown in FIG. 18(a), the silicon oxide film 23 

is polished by a CMP method . Subsequently, the silicon nitride 

film 22 and the silicon oxide film 21 are removed selectively to 

form a plurality of buried trench portions 8 each filled with a 
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silicon oxide film and having a planarized surface. The buried 

trench portions 8 include: buried trench po~tions Sa functioning 

as isolation; buried trench portions 8b forming dummy 

semiconductor portions 9; and buried trench portions Sc for 

5 providing insulation between the polysilicon wire and the silicon 

substrate. 

In the step shown in FIG. 18 (b), there are formed the gate 

oxide film 2, the gate electrode 4 having sidewalls 24 on the side 

i~ faces thereof, and the polysilicon wire 10 by using a known 

;"-1 10 technique. The gate electrode 4 is formed simultaneously with 

the polysilicon wire 10. 

I! 
In the step shown in FIG. 18 (c), arsenic ions 25 are 

implanted into the active region 6 to form source/drain regions 

;Ji 5 by using a resist mask 95 formed to cover the isolation region 
ij~ 
1~~j 15 7. The NMOSFET is formed by the foregoing process. Al though 

arsenic ions 25 are not implanted in the isolation region 7 in 

the example, they may be implanted alternatively. 

In the step shown in FIG. 18(d), a silicon oxide film is 

deposited to form an interlayer insulating film 12, followed by 

20 a metal wire 13 formed thereon. 

The manufacturing method - according to the present 

embodiment also enables the formation of~ semiconductor device 

having the same structure as the semiconductor device according 

to the ninth embodiment, resulting in smaller wiring-to-substrate 

25 capacitance and a higher operating speed. 
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Although the present embodiment has formed the trench 102 

in the silicon substrate 1 and buried the silicon oxide film 

therein to form a miniaturized gate electrode 4, the silicon oxide 

film may be formed directly on the isolation region without 

5 forming the trench if the semiconductor substrate inferior in 

planarity does not adversely affect the patterning of the gate 

during the formation of the gate electrode. 

(Variations of Individual Embodiments) 

Although the eighth eI11-9odirnents of the present invention 

'✓ 10 have been described, there are variations obtained by combining 

the individual embodiments with each other. 
!~ 
I ' t= 

!! 

1 ' 1~ 

By way of example, the first embodiment used in combination 

with the second to eighth embodiments achieves a further reduction 

in wiring-to-substrate capacitance and a reduction in time 

'•-4 15 required for charging or discharging, so that the resulting 

semiconductor device operates at a higher speed than in the case 

where each of the embodiments is used singly . 

Thus, according to the present invention, the individual 

embodiments used in combination can achieve more remarkable 

20 effects than in the case where each of the embodiments is used 

singly. 

Although each -of the embodiments has used the NMOSFET as 

the element to be disposed in the active region 6, the present 

invention is not limited to such embodiments. The element 

25 includes an active element other than the MOSFET such as a bipolar 
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transistor or diode or a passive element such as a capacitor . 

!I 
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We claim: 

A s emiconductor device comprising: 

as rniconductor substrate having an active region and an 

isolation egion surrounding said active region; 

a plura ity of trench portions each formed in said isolation 

region and filed with an insulating material; 

semi condu tor ·portions interposed between said individual 

trench portions said isolation region; 

an interlayer · nsulating film formed to extend continuously 

1 
... J 10 over 

i:O 
said isolation region; 

H 

15 

a wire formed 

at l .east one PN 

portions 

PN junction includes a 

semi conductor portions. 

interlayer insulating film; and 

formed in said semiconductor 

of PN junctions formed in said 

rding to claim 1, wherein said 

PN junction is formed at ·a bottom face f said impurity diffusion 

20 region, the PN junct.ion of said isolation region being positioned 

25 

at a level l ower than the PN junction o 

4 . A semiconductor device compris~n: 

a semiconductor substrate having an a 

active region. 

region and an 

isolation region surrounding said active reg on; 

a plurality of trench portions each formed n said isolation 

73 

IPR2018-00756 Page 00127



,= 
I • ·""' 

region filled with Sn insulating material; 

nductor portions interposed between said individual 

trench porti ns in said isolation region; 

an inter ayer insulating film formed to extend continuously 

5 over region and said isolation region; 

a wire for on said interlayer insulating film; and 

a dielectri 

semiconductor porti 

film interposed between at least said 

of said isolation region and said 

00 interlayer insulatin 

15 

20 

device according to claim 4, wherein said 

dielectric film is an 

between said interlayer 

portions 

6. 

comprising a gate electrod 

insulating film interposed 

film and said semiconductor 

ccording to claim 5, further 

wherein said underlying insulating fi is formed of the same f ilrn 

as forming said sidewalls. 

7. A s ,emiconductor device accordin to claim 6, wherein said 

underlying insulating film is composed fa multilayer film. 

8. A semiconductor device according t claim 4, wherein said 

dielectric film is formed in an upper port·on of each of sa id 

semiconductor portions of the semiconductor 

25 top face at approximately the same level as 
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t:O 

of said 

dielectric 

film and a 

ench portions. 

mi conductor device according. ~o claim 4, wherein said 

composed o-f at least one of a silicon oxide 

nitride film. 

comprising: 

a semicondu tor substrate having an active region and an 

isolation regions rounding s~id active region; 

a plurality oft ench portions each formed in said isolation 

region and fillect · with an insulating material; 

semiconductor port ons interposed between said individual 

id trench portions in said i lation region; 

; ' 1""' 

!iJ 

15 

20 

an interlayer insulati film formed to extend continuously 

over said active region and 

a wire formed on said 

a buried insulating f il 

of said semiconductor porti 

11 . A semiconductor d 

isolation region surroundings · 

and 

region . 

region and an 

a plurality of trench portions each for ed in said isolation 

region and filled with an insulating materi 

semiconductor portions interposed.betwee said individual 

trench portions in said isolation region; 

an interlayer -insulating film formed to extend continuously· 

25 over said active region and said isolation region; 
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formed on said interlayer insulating film; an 

a r- film formed between said interlayer insulating 

film and at least said semiconductor portions of said isolation 

region. 

12. device according to claim 11, wherein 

said resistor film is an nderlying resistor film formed to extend 

continuously over 

portions. 

semiconductor portions and trench 

13 . . A semiconductor de ice according-to claim 12, further 

•-....1 10 comprising a resistor elemen formed on said semiconductor 

15 

substrate an.d havin•g a high resis 

resistor film is 

resistor film of 

14. A semiconductor device 

comprising an element having an 

active region, wherein said res·isto 

wherein said underlying 

as composing the high 

claim 12, further 

er composed of a 

material as composing said electrode meml:> 

15. A semiconductor device according o claim 12, further 

20 comprising a FET having a gate electrode co a first 

25 

conductor film formed on the semiconductor potion within said 

active region and a second conductor film deposit don said first 

conductor film, wherein \ 

a top surface of the first conductor film}\ said gate 

electrode is at approx·imately the same level as a top \urface of 

\, 
76 

IPR2018-00756 Page 00130



f', ..... 
to 
10 

each of 

resistor film overlying each of said 

is formed of the same two films as 

composing said irst and second conductor films of said gate 

5 electrode, and 

a region of sa · d resistor film overlying ea·ch of said trench 

portions is composed f the same material as composing said first 

conductor film of sai gate electrode. 

'"4 10 
):0 

16 . A seriticonduct device according to claim 11, wherein 

said r.esistor film is ·form d in an upper portion of each of said 

semiconductor portions oft e semiconductor substrate to have a 

top face at approximately the ame level as a top surf ace of each 

fd: 
iJJ 

!I 

~ of said trench portions . 
ru 
!l1 
10 
''"j 15 said resistor film is composed of at 

least one of an oxygen atom a 

18. A semiconductor devi 

said resistor film is composed of a 

film and an amorphous silicon film. 

ogen atom. 

ing to claim 11 , wherein 

20 . ( i/. A method of manufacturing a semiconductor device , 

comprising: 

a first step of forming, in a semiconductor substrate having 

a substrate region of a fir-st conductivity type, a first trench 

for partitioning said substrate region into an active region and 

25 an isolation region and a second trench for partitioning said 
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isolation region into a plurality of dummy semiconductor 

portions; 

a second step of filling an insulating material in each of 

said first and second trenches to form a first buried trench 

5 portion and a second buried trench portion; 

a third step of forming an element on said active region; 

a fourth step of introducing an impurity containing at least 

an irnpuri ty of a second conductivity type into said dununy 

semiconductor portions of said isolation region to form at least 

1
~ 10 one PN ju~ction in said dummy semiconductor portionst 

1:0 

II 

15 

a fifth step of forming an interlayer insulating film over 

an entire surface of the substrate; and 

a six th step of forming a wire on said interlayer insulating 

film; . r.: method of manufacturing a semiconductor device 

according to claim~' wherein said third and fourth steps include 

forming a gate electrode of a FET as said element on said active 

_region, introducing the impurity of the second conductivity type 

into said active region and said dummy semiconductor portions, 

20 and thereby forming .source/drain regions of said FET, while 

forming said at least one PN junction in said dummy semiconductor 

portions. 

~ fl. A method of manufacturing a semiconductor device 

according to claim 1l, wherein 

25 said third step includes forming a gate electrode of a FET 

_,,/. / 
. ./. 
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as said element on said active region by using a first mask covering 

said isolation region and introducing the i'mpuri ty of the second 

conductivity type into said active region to form source/drain 

regions of said FET and 

said fourth step includes introducing the impurity 

conta-ining at least the impurity of the second conductivity type 

into said dummy semiconductor portions by using a second mask 

covering said active region to form said at least one PN junction 

IAf in said dummy semicondu.ctor portions '. 

'"-J 10 

15 

20 

25 

4 2f . . A method of manufacturing a semiconducto.r device, 

comprising: 

a first step of forming, in a semiconductor substrate having 

a substrate region, a first trench for partitioning said substrate 

region into an active region and an isolation region and second 

trench fo~ partitioning said isolation region into a plurality 

of dummy semiconductor portions; 

a second step of filling an insulating material in each of 

said first and second trenches to form a first buried trench 

portion and a second buried trench portion; 

a third step of forming an element on said active region; 

a fourth step of forming a resistor film on each of said 

dummy semiconductor portions of said isolation region; 

a fifth step of forming an interlayer insulating film over 

an entire surface of the substrate; and 

a sixth step of forming a wire on said.interlayer insulating 
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film. · ¥ A method of manufacturing a semiconductor device 

according to claim,~ wherein said fou:r;th step includes composing 

said resistor film of a film containing at least one of polysilicon 

5 and amorphous silicon. 

~ ;j4. A method of manufacturing a semiconductor device 

according t o cl,aim 1~ wherein said fourth step includes composing 

said resistor film of a multilayer film constituted by two or more 

conductor films with at least an insulating film interposed 

\J · 10 therebetween. 

.. 
i= 
i~ 
:u 
tn ,n 

't:J '/5. · A method of manufacturing a semiconductor device 

according to claim ¥, wherein said fourth step includes 

introducing an impurity at a concentration of 1 x 1020 atoms· 

cm-3 or lower into said resistor film. 

\ .. -4 15 1 '{6 . A method of manufacturing a semiconductor device, 

comprising: 

a first step of forming, in a semiconductor substrate having 

a substrate region, a first trench for partitioning said substrate 

region into an active region and an isolation. region and a second 

20 trench for partitioning said isolation region into a plurality 

of dummy semiconductor portions; 

25 

•.I / 
~ --

a second step of filling an insulating material in each of 

said first and second trenches to form a first buried trench 

portion and a second buried trench portion; 

a third step of forming an element on said active regio~; 

80 
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a fourth step of implanting ions into an upper portion of 

each of said dummy semiconductor portions to form a high resistor 

portion therein; 

a fifth step of forming an interlayer insulating film over 

5 an entire surface of the substrate; and 

a sixth step of forming a wire on said interlayer insulating 

film. 

1 'fl. A method of manufacturing a semiconductor device 

·according to claim /(, wherein said fourth step includes 

impla~ting ions containing at least an atom having an oxidizing 

function to form said high resistor portion. 

{ 0,8. A method 

according to claim 

~;,

1

manuf acturing a semiconductor device 

'lfi· wherein said fourth step includes 

;.,,_J 15 

implanting ions containing at least an atom having a nitriding 

function to form said high resistor portion. 

l t f · A method of manufacturing a semiconductor device, 

comprising·: 

a first step of forming, in a semiconductor substrate having 

a substrate region, a first trench for partitioning said substrate 

20 region into an active region and an isolation region and a second 

trench for partitioning said isolation region into a plurality 

of dummy semiconductor portions; 

a second step of filling an insulating material in each of 

said first and second trenches to form a first buried trench 

25 portion and a second buried trench portion; 

.·· ,'i 81 ,/ ,.. , 
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IPR2018-00756 Page 00135



a third step of forming an element on said active region; 

a fourth step of forming an underlying insulating film over 

said dummy semiconduGtor portions of said isolation region; 

a fifth step of forming an interlayer insulating film over 

5 an entire surface of the substrate; and 

a sixth step of forming a wire on said interlayer. insulating 

film. (r 
':{o. A method of manufacturing a semiconductor device 

according to claim~~ ~herein said third step and said fourth 

',J 10 step include forming a gate electrode of a FET forming said element 
co 
I • ! =- on said active region, depositing a dielectric film on the 

substrate, performing anisotropic etching with respect to the 

dielectric film by using a mask covering said isolation region, 

and thereby leaving sidewalls on both side faces of said gate 

~ 15 electrode, while leaving said under~ying insulating film over 

said dummy semiconductor portions . 

I . ,' 

·- .~-

'G 2/J.. A method of manufacturing a semiconductor device 

( ' according to claim 'f, wherein said fourth step includes forming 

said underlying insulating film of a dielectric film containing 

20 at least silicon oxide. 

25 

{":L. A method of manufacturing a semiconductor device . r t' 
according to claim 'f' wherein said fourth step includes forming 

said underlying insulating film of a dielectric film containing 

at leas t s i licon nitride. 

of 1nauafactarin9 a :semiconductor ,device,_ 
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comprisin 

step of forming, in ·a semiconductor substrate having 

, a first trench for partitioning said substrate 

region into an act~:ve region and an isolation region and a second 

5 trench for partitio ing said isolation region into a plurality 

10 

15 

20 

25 

of dummy semiconduct portions; 

a second step of illing an insulating material in each of 

portion and a second buri d trench portion; 

a third step of formin an element on said active region; 

a fourth ·step of forming epressed portions by etching said 

dummy .semiconductor portions an filling an insulating material 

in said depressed portions to form inter-trench insulating films 

each having a top face at the same as respective top faces 

of said first and second buried tre ch portions; 

a fifth step of forming an interr yer insulating film over 

an entire surface of the substrate; an 

a sixth step ·of forming a wire on said · nterlayer insulating 

film. 

3)4. A method of manufacturing a semiconductor 

according to claim ~ wherein said fourth step includes 

device 

forming 

each of said inter-trench insulating films of a dielectric film 

containing at least silicon oxide . 

lls. A method of manufacturing a semiconductor device 

·according to claim 1 wherein said fourth step includes forming 

83 
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each of said inter-trench insulating films of a dielectric film 

containing at least silicon nitride . 

~ ~ 3 . A method of manufacturing a semiconductor device, 

comprisin 

a first tep of forming, in a semiconductor substrate having 

a substrate regi n, a first trench for partition;ng said substrate 

region into an act · ve region and an isolation region and a second 

trench for partitio ing said isolation region into a plurality 

o·f dummy semi conduct ~ portions; 

I.._J 10 
i)j 

a second step of ·k lling an insulating material in each of 

!"" 
l,iJ 

said first to form a first .buried trench 
\~ 

portion and a second buried rench portion; 

a third step of forming a element on said active region; 

a . fourth step of implanting xyge~ ions into each of said 

·~-J 15 dummy semiconductor portions to form buried insulating film in 

an inner portion thereof; 

20 

a fifth step of forming an interlaye insulating film over 

an entire surface of the substrate; and 

a sixth step of forming a wire on said interI yer insulating 

film. 

~- A method of manufacturing a semiconductor device, 

comprising: 

a first step of forming, in a semiconductor substrate 

having a substrate region, a first trench for partitioning said. 

25 substrate r ,egion into an active region and an isolation region 

~ 84 
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and a second trench for partitioning said isolation region into 

a plurality of dummy semiconductor portio.ns; 

a second step of filling an insulating material in each of 

said first and second trenches to form a first buried trench 

5 portion and a second buried trench portion; 

a third step of forming third trenches by etching said 

semiconductor portions and filling an insulating material in said 

_third trenches to form buried. insulating films each having a top 

1:0 face at a level lower than respective top faces of said first and 
!fj 
'"4 10 second buried trench portions; 
!:O 

15 

a fourth step of growing semiconductor films on said buried 

insulating films, with said active region covered with a mask 

member, to form dummy semiconductor portions; 

a fifth step of forming an element on said active region; 

a sixth step of forming an interlayer insulating film over 

an entire surface of the substrate; and 

a seventh step of forming a wire on said interlayer 

. insu~ng film. 

f· A method of manufacturing a semiconductor device, 

20 comprising: 

25 

a first step of forming, in a semiconductor substrate having 

a su~strate region, a first trench extending over an entire 

_isolation region of said substrate region, while leaving an active 

region of said substrate region; 

a second step of filling an insulating material in said 

85 
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first trench to form a buried insulating film having a top face 

at the same level as~ top face of said isolation region; 

a third step of growing a semiconductor film over said 

active· region and said buried insulating film; 

a fourth step of forming, in the semiconductor substrate, 

a second trench for partitioning said semiconductor film and said 

substrate region into the active region and the isolation region 

and a third trench for partitioning the portion of the 

1:0 semiconductor . film overlying said isolation region into a 
~!J 
l,_,j 10 

I! 

''° 

plurality of dummy semiconductor portions; 

a fifth step of filling an insulating material in each of 

said second and third trenches to form a first buried trench 

portion and a second buried trench portion; 

a sixth step of forming an element on the portion of said 

\J 15 semiconductor film overlying said active region; 

a seventh step of forming an int'erlayer insulating film over 

an entire surface of the substrate; and 

an eighth step of forming a wire on said interlayer 

insulating film. 

86 
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ABSTRACT OF THE DISCLOSURE 

The top surface of a P-type semiconductor substrate is. 

partitioned into an active region to be formed with an element 

and an isolation region surrounding the active regjon . The 

5 isolation region is composed of trench · port'i'ons and dummy 

semiconductor portions . An interlayer insulating film is 

deposited on the substrate, followed by a wire formed thereon. 

In each of the semiconductor portions, an impurity diffusion layer. 

iM is formed simultaneously with the implantation of ions into the 
,o 
'"J 10 element so that a PN junction is formed between the impurity 

i[ 

diffusion layer and the silicon substrate. A ·capacitance 

component of the wiring-to-substrate capacitance in the region 

containing the semiconductor portions is obtained by adding in 

series the capacitance in the impurity diffusion layer to the 

capacitance in the interlayer insulating film, which is smaller 

than the capacitance only in the interlayer insulating film. What 

results is a semiconductor device having lqwer total wiring­

to-substrate capacitance and a higher operating speed. 
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Docket No. 43~q-(; -,7 

COMBINED DECLARATION/POWER OF AITORNEY 
FOR PATENT APPLICATION 

As a below named inventor, I hereby declare that: / 

My residen~, post office address and citizenship are as stated below next to my name. / 

I believe I am the original, first and sole inventor (if only one name is listed below) or an 
original, first and joint inventor (if plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled 
SEMICONDJ,JctOR DEVICE AND METHOD OF MANUFACTIJRING THE SAME 

___ ___ _______ _________ _ , the specification of which 

(check one) ..x. is attached hereto. 

was filed on ___ _ _________ as 
Application Serial No. _________ _ 

/ 
I hereby state that I have reviewed and understand the contents of the above identified 

specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of 
this application in accordance with Title 37, Code of Federal Regulations, § l.56(a). 

✓•• 

/ 

I hereby claim foreign priority benefits under Title 35, United States Code, § 119 of any . 
foreign application(s) for patent or inventor's certificate listed below and have also identified / 
below any foreign application for patent or inv~ntor's certificate having a filing date before that 
of the application on which priority is claimed: 

Prior Fo~eign Application(s) Priority Claimed 

S-JH262 JA,fAN 26t'.llll226 .X.. Yes _No 
(Number) (Country) (Day/Month/Year Filed) 

2-0238~~ JAPAN Q6LQ2ll222 .X.. Yes _ No 
(Number) (Country) (Day/Month/Year Filed) 

_Yes _No 
(Number) (Country) (Day/Month/Year Filed) 

I hereby claim the benefit under Title 35, United States Code, § 120 of any United States / 
application(s) listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States application in the manner provided by the 
first paragraph of Title 35, United States Code,§ 112, I acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal Regulations, § 1.56(a) which occurred 
between the filing date of the prior application and the national or PCT international filing date 
of this application: 
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! ' !1:8:; 

(Appln. Serial No.) (Filing Date) (Status-patented, pending, abandoned) 

(Appln. Serial No.) · (Filing Date) (Status-patented, pending, abandoned) 

I hereby appoint as my attorneys, with full power of substitution and revocation, to prosecute 
the patent application identified above and to transact all business in the U.S. Patent and 
Trademark Office connected therewith: Raphael V. Lupo (Reg. No. 28,363); Jack Q. Lever, Jr. 
(Reg. No. 28,149); Kenneth L. Cage (Reg. No. 26,151); Stanislaus Aksman (Reg. No. 28,562); / 
Paul Devinsky (Reg. No. 28,553); Edward E. Kubasiewicz (Reg. No. 30,020), Michael E. 
Fogarty (Reg. No. 36,139); Brian E. Ferguson (Reg. No. 36,801); Robert W. Zelnick (Reg. No. 
36,976); and Wilhlem F. Gadiano (Reg. No. 37,136). 

Please address all correspondence and telephone calls to: 

Kenneth L. Cage, Esquire 
McDERMOTT, WILL & EMERY 
1850 K STREET, N.W., SUITE 500 
WASHINGTON, D.C. 20006 
(202) 778-8300 

_., 

PAYOR NO. 
020277 

The undersigned hereby authorizes the U.S. attorneys named herein to accept and follow 
instructions from Maeda Patent Office as to any action to be taken in the Patent and 
Trademark Office regarding this application without direct communication between the U.S. 
attorney and the undersigned. In the event of a change in the persons from whom instructions 
may be taken, the U.S. attorneys named herein will be so notified by the undersigned. 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these / 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 

Full name of sole or first inventor ______ T,l,Jad-'kl,,lda.2,ak~i~U,1.J.KEi.-.D""'6-A.__ _______ _ 

--r~~ 1 1 /Lj-v N·ov. 18, 1997 Inventor's signature __ ..._J..._(~'-'-""'~""'-a.,..;..---~:....-----,--- Date _______ _ 
I 

Residence• Osaka, Japan . Citizenship Japan 
Post Office Address 6-2-205, Myokenzaka, Katano-shi. Osaka 576, Japan 

2 

/ 
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Full name of second inventor _______ _.C...,h .... iak=--i ... KV ....... P~O..__ _ _______ _ 

Inventor's signature Ci!ia&.: --f-,Cve dr- Date Nov• 1'8 , 1 99·7 
Residence• Kyoto, Japan Citizenship Japan 
Post Office Address 108-D-504, Uji-hanpaku, Uji-shi, Kyoto 6i4. Japan 

Full name of third inventor _______ ___.1;..,,o ... s ... hi ... ki..._' ... Y .... AB__,U.._ ________ _ 

Inventor's signature ?;~4.•[q, ~~ Date lfov. f8', 19g7 
Residence• Osaka, Japan Citizenship Japan 
Post Office Address 4-14-1, Naiaodai, Hirakata-shi, Osaka 573-01, Japan 

• City and State, or City and Country for foreign inventors 

3 

IPR2018-00756 Page 00207



Application Assignment Record 

According to the application transmittal letter, an assignment recording ownership was filed 

with this application; however, a copy of this record was not located in the original file history 

record obtained from the United States Patent and Trademark Office. Upon your request, we 

will attempt to obtain the assignment documents from the Assignment Recordation Branch of 

of the United States Patent and Trademark Office or from a related application case (if applicable). 

Please note that additional charges will apply for this service. 

This page is not part of the official US PTO record . It has been determined that content 
identified on this document is missing from the original file history record. 

IPR2018-00756 Page 00208



Transaction History Date .!..I o/l___.;6::....--0_I_-0"'"'.'6 
Date Information retrieved from USPTO Patent 

Application Information Retrieval (PAIR) 
system records at www.uspto.gov 

ATIORNE) DOCKET NO. 43889-677 

IN THE,-.~~TATES PATENT AND TRADEMARK OFFICE 

IN RE: { ' O ~ . Takaaki·UKEDA, ct al. / . 

SERIAL NOi~':i ,!Ml O 6 19Si j 08/978,137 / . 0 '50 7 
FILING DA~ <:::.~· 25 November 1997 / 

. !f ~A Et-All-~'{-: . 
FOR: SEMICOND T DEVICE AND METHOD OF MANUFACTURING THE / 
SAME 

SUBMISSION OF CERTIFIED COPY(IES) OF PRIOR FOREIGN 
APPLICATION(S) UNDER 37 C.F.R. § 1.55 

Assistant Commissioner for Patents 
Washingcon, D.C. 20231 

Sir: 

...... -. 
,. . .... ... ,,";.:.-:i_• ;•: ... 

RECEIVED 
In accordance with the provisions of 37 C.F.R. § 1.55, ApplicanM.4Rb2tJ 1998 

herewith a certified copy of each of the following foreign applicationGlROUP 2500 
Japanese Patent Application No. 8-314762 .., •.. , ... < ·.~· ._,:- _· ··~-. 

Filed: 26 November 1996 
Japanese Patent Application No. 9-023844 
Filed: 06 February 1997 ,. 

It is respectfully requested that Applicants be given benefit of the foreign filing 

date, as evidenced by the certified papers attached hereto, in accordance with the 

requirements of 35 U.S.C. § 119. 

The Commissioner is hereby authorized to charge any additional fees associated 

with this communication or credit any overpayment to Deposit Account No. 13-0203. A 

duplicate copy of this communication is enclosed for accounting purposes. 

Date: 06 January 1998 

600 13th Street, N.W. 
Washington, D.C. 20005-3096 
Telephone: 202-756-8000 
Facsimile: 202-756-8087 

By: 

Respectfully submined, 

McDERMOIT, WILL & EMERY 

Edward E. Kubasiewicz 
Registration No. 30,020 
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IN RE: 

ATTORNE .. JJOCKET NO. 43889-677 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Takaaki UKEDA, et al. 

SERIAL NO.: 08/978,137 

FILING DA TE: 25 November 1997 

FOR: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE 
SAME 

SUBMISSION OF CERTIF1ED COPY(IES) OF PRIOR FOREIGN 
APPLICATION(S) UNDER 37 C.F.R. § 1.55 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

In accordance with the provisions of 37 C.F.R. § 1.55, Applicants submit 

herewith a certified copy of each of the following foreign application(s): 

Japanese Patent Application No. 8-314762 
Filed: 26 November 1996 
Japanese Patent Application No. 9-023844 
Filed: 06 February 1997 

It is respectfully requested that Applicants be given benefit of the foreign filing 

date, as evidenced by the certified papers attached hereto, in accordance with the 

requirements of 35 U.S.C. § 119. 

The Commissioner is hereby authorized to charge any additional fees associated 

with this communication or credit any overpayment to Deposit Account No. 13-0203. A 

duplicate copy of this communication is enclosed for accounting purposes. 

Date: 06 January 1998 

600 13th Street, N.W. 
Washington, D.C. 20005-3096 
Telephone: 202-756-8000 
Facsimile: 202-7 56-8087 

By: 

Respectfully submitted, 

McDERMOTT, WILL & EMERY 

Edward E. Kubasiewicz 
Registration No. 30,020 

"'· · · 
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2 t . .111m~•.1Dt 1 2 (l)J:,:~•.ant=.;{ '.St Jvlftl~ 1 at ifiait ""Cv'Q. 

(0049) 

~.:.1:.ffl~~•ffl•7~(7)~~••0~~ vv::z~~lilt~••~(l)~ 
. . 

$H~"'(:·db Q-N ~~~~1J,z#J\ t5 -tl, tt;f~~Ht~Ri 2 1 7J'~ ~i' 1:> ti, ""C jg ~J. -~ (7)~ 

~~f:Jt~'Jl 2 1 t ~ 1) ::z ::dJH~ 1 t (l)fi;IJK: P Nii*~~ 2 2 tJt~);_x; a ti, -r 1,,, Q. ~ 

(l)PN~*a~.2 2 ,1mi~ 1 4 (l)J:iffit~ffiit(l)r~,:®Q.· 

[0050] 

~1 (b) tt. *·~-~KAQ#~~~-(7)~-=f,tMffl•7Kjg~~m~-

... -- .. - · ..... . ... . .. .. 

,, _ 

' •· ·g 
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r 
( () 

%.sJZ 8 - 3 1 4 7 6 2 

~~l'ffl~:A~~IY3T o f=.d.>O)ffiim~"f ® o •. iaJ~k~-t J:? ~:. *JUf!5.ff!H:11k 

o~-~~flO)ffnfJ-~:t&r~~ji~:l;t, ~ 1 1 (a) ,:~-tf,Hf~O)•--~~fl,: 

1.Ht o ffiltl-~1&r-ff~:I; t FRJtH:, ~:;I Cal t~JtCa20).fit~'iJ,~:(£T o. ~ i:, . . ~-*•~-~~~- •~~~9~~PN~*~22#••~not=.~. ffit=.~ 

~A: C jltJ~~a·cau:M t., -C il1U~M;fJO~ ti.-!>. J:-::> -C, .:i:JfatiJ-£.t&mJ~:l;.C 

jt~i. -rta~ ( 3) 

Cjt = L { ( Cal XCjl) / (Cal+Cjl) }' + _LCa2 (3) · 

i:J: •Ja~n, ·;i:\ ( 1) 1:~b~nQ:i:~;llCatJ: •J,J,~ < ~Q. -tt.d?!>, ·r 

Ba~ (4) 

Cjt < .Cat 

tJt. •) ti-:>. 

[0051] 

(4) 

L,f=.'IJ,~-r. *~~•nO)•~"'~t1,:J:o t, ~-=f?tlUJ~·7 ~O)~~ -0) 

•~«tHIJ 9 ~.n: _P Nii~$ 2 2 '/Jt{f.:(£-t o t=. d.>~. ifiltj-~~!ffl~:.t~~i1't-?> 

.:::.t#~~~~~- -•~~~~O)~~-~O)~J:i~Q.:::.t#~@~ 
[0052] 

*~•*•~-~O)~t<,ffittffi•~MOSFETi~~o~~- ·~-$ 
~O)PN~•-22~. -Y-.A · ~~1;;5t••t-o~0)~~•1*~©~A 
~ .J:-::>-C~~~-.6.t1:~o0)1:, f;i~:J.A t,-O)if*~m< ~ t:tJf;i:\,\o 

[0053] 

t.i: ~- *~Dfg~11,¥,1: ,1 p ~ V 1) ::r ;;iMJi i JfHYt::.~* i~/'{ t=. tJ~. N ~ V 1) ::r 

;;~~ i .ffl \,\ :61:l.,1_. mll~O)r~0)*2Jt1t$©J:fflH: P ~O)~~· i~A TQ.:: 

t1:, N~vu::r;;~at©M~PN~•ms#•~~h-?>©1:, *•~-~t~ 
~O)~*n'~-1:i n-?>.·.:::. t ,1 \,, ·J" * -r: ti~ ... ,. 

(0054] 

(ffi 2 0)-»1§~11) 

~2~. -~20)•~-~~~~~•~~a•0~m~-r:~~­
roo5 _5J 

lfiJ ~ ,: ~ "t J: ? ,: , P ~ V 1J ::r ;; ~-~ 1 O)fi!i'fiffi: t.ix 6 i: ,1, if - 1-- tfl{tffl; 2 t 

' 
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I I , 
~Sfl.. ·a.-3 14 7 s 2. 

, ~~ fa v 1) ::i ::; Ill 7J' 6 7j! Q if - 1-- flUi 4 t ~ 'J --7- : F' v -1' ::; 5 t i: J; ~J :fl;&Jt 

~ ti, QM O S F E T t l, "C tltt T ~ ~-rtJtfflHr €>-ti "'C v' Q. t t=., 4£-*-r i ffl~ 

1rn:?tfiT Q t=.~.H7)~-=f~'-fJi. 7 K lj:, lffi~.f.£~~~~ -;>ffle{G3i'~Jll;o,jj~i6 

* nt=:•~©mms a t, 4£-ma~ a ©lffl ,: t!Ht e, n~·li,R• t t, ·t)ilH!i t, 7j! i,, 1 
~-©~-~99##~t"Q.~f=:,.-r7tftffl.7©l?©m$8©J:~~-

. . 

if-"lffi-~.2&0if-~fflffi4t~-~--~nt=:~MAvU~::;mM10# 

# :t:E l, -r V \ Q O ~ b i: lH~ (T) ~ mi J: ,: ii ffl ~ .ti, t::. ft f!~ m 7J' 12, 7j! '? JI lfflffi {tdm 

1 2 t, 11 r~iW!Slll 1 2 © .1: ,: ~ ,PX; ~ n 1=. i- ~ Jv m~ 1 3 t i f!ff ~ "'C v, Q. 

[0056) 

~~~-•-r7t-M•7~©¥~-©~~~•s~~vu~::;~~1~©~~ 
. . 

~ .t i!ziffl~ © ~ ~ 4tre ~ Q N ~ ~ ~~ tJ, #A ~ tit=.~ ~~-Dtft!f s 1 iJt~;&Jt ~ 

.tl,"'(S~J, ~O)~~~ntft ... 3 1 tv 1J ::i::;~~1 t<1.>r~1:, PN~*fflS3 2'/J' 

~.st~ n "'C v, Q • . ~ ~ P N ~*ms s 2 ·,1. rr,ms a © ~m J: •J r1n: ~ Q. 

(0057) . 

..tsc•M§~!J©~-r~'IUI• 11: s ~t-Q 1n•~~•r.:1ttJ1:t1:. r~~ < _5) 
Cjt = L { (CalXCjl) / (C al+Cjl)) 

+z { (Ca2XCkl) / (C a2+Ckl). (5) 
. . 

1:J: tJ~~.tl,, J:'C ( 1) ~~t,~t\,Q~8:l;CatJ: ~),j,~ < f:t-;>. t=.t-!.l,, Ckl 

~mSB©~WtPN~*932t~~©8A~~Q~ t"~b~. J:Effil©. 

~~•tlsJ~,:~ rwaJ:'C (6) 

CH < Cat 

tlf&.n't"Q. 

[005 ·8J 

( 6) 

l, ·t=, iJ, -:> "'C, * ~ D(g~ 1ffl (T) ~~if Yi -fR I: !3 v ' "'C t.,, J:. ac ~ 1 (T.) ~Ba~ 11\\ t 15J ~ 

~- ~~71'·~-7~©¥~-©~W-$9~PN~*$.32~#~T-;>t=.~m 

-~-~•im•~,•~rQtt~~~~~~-~~•~•(T)~~~~(T)~J:i• 
Q ~.t jJt~~ -;> •. %1:, *!IU!U~fflt~l1, ~~~· 9 i;m-;>fj{•~~1"f 7j! < mss. 

i~Qffl•it.i~~~•-1-~~M•~•i~-;>ffl•~sn~~M~~•oo••~ 
~~T Q ~ t 7J'~ ~-Q © ~ , !tb{"F,!'1t© fRJJ:~:JfH:t* ~ v'. 

. -•. 
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. ~v ') 
4f SJZ 8 ...:. 3 1 4 7 .6 2 

[0059] 

*•~-~©J:1~PNM*$32~. MOSFET©~-~-F~~ ✓©­

.©~~S~6~~•~*✓0~A~~?t~--~~-~~~~- ~©~bij· 

K. ~~·~~,ttA~~~ff~K~~~a6©~. eA0•~--~-~6::. 
t tJ,~a Q. 

[0060] 

tj: ;t.,. *~M!U~ M-z.s ii P ~ V 1J ::J -✓ ~~ ~ ffl \-, f=. ~-€f ~ ilft .I'{ t:: iA . N ~ V 1J :::1 
' . 

. ::;~:+&·i Jfl \-' ·r:t J: <. ~©fjl*';: ,1. ~~-f;it$pgi;: ,1 P ~©~~·~~AG t 

~N•ttftM~--TQ~tKJ:?t, PN •• $i~~Q:=..t~~a. *•~ 
• 1ffl t 15]~ C1). ~ tJ'fi t, tl, Q. 

[0061] 

(ft; 3 0•1if!i~g) 

~3~. ffi?©•~-gK~~~~~-tit~ft©~ffi~-Z.S~Q. 
[0062] 

15.J~i;:ffer J:? i::_._ Pm!V lJ ::i ~~:ti 1 0mttffl~ 6 ,::,1. Jf- 1'Mft1Bt 2 t 

. ••&vu:::1 ✓~~e,~~Jf-1'ffl~4~. ~-~~F~~::;5t~J:ij~• 

~tl,QMO s FE T t G-Ct~.H~T·-Q~-1-tJ,ii,t1:>n-rv,Q. if=. ~--=fiffl~ 
~K~ftTQ7=~©~~~-M-7K~. ~~ttUfl~~Q-~~~~~~~~ 
i .nt=fl~©Mffl! a t. ~•ms a 0riM,::N,t; nr.s·!iiJ• t 0 t ,11u1n., lj: v' ~· 
~ -©~z¥tit.ll~ 9 tJ,fi:(fi'" Q o t f=.. -~ --1-~Mffi~ 7 ID 1 -:::> ©?'1':S~ 8 ©J:,:: ii. 

Jf-1'~~~2&aJf-~fflffi4t~~Kffld~t1.1t•MAVU.::J::;m~l0# 

~:(£ G 't v' 6. ~ t> i::~;f:&©~ffi_ti;:i,m~ ~ .ntt.ffltft~*mttJ, t> ~-!> JiFdHffll,jm 
'· . ' . ' . 

1 2 t. Ji.raliffl~jgt l 2·®_ti::•,;x; ~ t1.1t j. ~ Jllffc~ 1 3 t ~ f,l;.;l 't \,\ ~ o 

[0063] 

::. ::. ~. *-r~IUJ• 7 q:r© ~ ~ - -0~•tit.a~ 9 PiH;: ,1. · V 1J :::1 ✓~~alffitJ, 
. ' . 

e, WH::. P ~;f~~fltti:JI 4 1 t. · ~ ~;f ~•t.ltftJI 4 2 t tJ'fitE G -r \-, -o. T 

~b~. P~~-·-~~4ltN~~~--ft~42t©ral~~lPN~·~ · 

43~-da.n. N~~N•&~M42tP~V9::J ✓~•i©~~-2PN~ 

• -:S~44tJ,.d~tl,'t\-'Q• ~l>. ffil, ffi2P-N~ti-il~43, 44tt. v,-f 

,._ 

' 
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••• 
~.Ij! . 8 - 3 1 4 7 6 2 

tt~m~a~1:•~gffi0)~~~0. 
[0064] 

. . 
.::. .::. ~, ,{q~»tU~f!H;: ~Q •~--~flO)~ffa~ - ~;f:ilffl~:I: C j Hi, Pm!~~ 

~JI 4 1 O)"Ji*8:l.:.~Cjl, N~~~~Ji 4 .2 O)"Ji*••~Cj2t T·O t , rwa 
~ (7) 

Cjt = . :E (1/ .[ (1/Cal) + (1/Cjl) + (1/Cj2)]} 

+ L Ca2 ( 7) 

~J::ij•att, J:~0)~10)•~•gO)•~•~•~~~o~C1)~~batt 
Q½8:l:CatJ:: •J,J,a < t.i!o. 'tt.i:h-s, ""f.ffa~ ( 8) 

Cjt < Cat 

iJtPlrz-t o. 
[0065] 

( 8) 

. . 

*•~-~~~-~~~Hffia7~0)~~-0)·-~$9~~~0)PN~*$ 
. . 

4 3, 4 4 -~liltf=.O)~, ·-~~MO)ffo~-~~rE3•·0)? t>¥-/$$ 9 ~ii 

o~-~~~~---~~- MM~~~0)8:l;~MLtP~~~~-~~41& 
VN ~~~~f/tti:114 2 ©8.A i 'il~H:~~ v:r ~ Q•1:~• an o. Lt=. t,t-::, 

t, ¥••YiflO)ffa~-~~riiU••-~..tB"c~ .1 O)~~~:mtJ:: 'J ~a; i:-0.;~-t o 
.::.t~~~t~ij, ·~~~-0)~~~-0)~~i~Q.::.~~~~Q. 

(0066) 

f,t;Js, *~1its~1ffl'"f,12}10)7F.~:fwtJtf;JfK:J:: •J 2'-::>0)PN"li~$4 3, 4-4 
, 

i •Pl Lt=. ~J ~ izfi~ t=. tJ,, 3 JI l;(.l:0)~~¥1Jnti!JI i: J:: •J 3 -::> J;(J:O) P N~*6~ 

~--Lt=.~*~~~~-b~o.~~~- ~~-mttffi•~~~fflO)PN~* 
SIS tJ,.JiJt a tt,, a 1::, ~;:ffl:}l~ 8 0) iltr i: n ffi O) P N-Jiti'S~ 'IJ~~~ a tL t ~, o t 'to 

t, :i:Ba~-~;f:irril•:flcjttt, rua~ cs ) 
C jt = L ( 1 / [ ( 1 /Cal) + :E ( 1 / C jm) ] } · 

+ :E { 1 / · [ ( 1 / C a2) . + :E ( 1 / C j n) ] ) ( 9 ) 

'"f~att, ~ < 1) ~~bano:i:•ttca·t~ •Ji1,a < ~o . i".~ib-s, ria~ 
( 1 0) 

Cjt < ·.cat ( 1 0) 

1 6 ttl tiE~.si:t O 9 - 3 0 9 3 0 0 4 

' 
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, · 

tJ, P¼ ll -t Q o 

(0067] 

If. 11 

!ffi3¥- · 8 - 3 1 4 7 6 2 

~(7)J:,~-~(7)~.~~~ ~-r~Mffi.7(7)·-~-~~~~<m~i~Q 
ffi•~•A•~~~~<~Q(7)~. E~-~&~~Ai*~~e~TQ~t~~ 

· t!H::~ Q o 

[0068] 

(ffi 4 (7)~b(U~~) 
~4~,ffi4©~~-~~~~Q·~~~-~ffi-~~®Qo 

[0069] 

l!J~£~~T J::, £::. P~ v 1J ::t :;~;ffi 1 (7)ffi~ffi~ 6 £:: ti; If- J-. fflH~l0t 2 t 

, .*'1iir ~ ·1) :J:; )m}J'; t.t Q If~ 1' fflffi 4 t. 'J - ':A; ~ 1.1-1 ✓ 5 ti:: J: ') .pj; 

~ tl,QM O S FE T t l, 'ttlffi-t,·Q~-r7J'~'t; n 't ~' Qo t"I=., ~~-1- iffl.~ 

99 ,: :S:,'M-t Qt::..~ (7)ffl-=f~•ffl• 7 £:: £1. ~~~tit~ 1: ® Q left;~*ffJt)'J'il ~~ 

it\.t::f.ll&©lt$ 8 t. ~.fffS~ 8.(7)1ffl~iH:t €>nffittffi~t L,ttt~ffl L,~~,-~ 

~-(7)•·~$9##tETQo it::..~-r~Mffia7(7)1~(7)m9s(7)~~~­
Jf-t--~&lffl;2&V:if-r-~~lm2&-0:Jf-r-tlffi4 t~~J::••~nt::.•~A 
v 1J :J :;m~· 1 o tJ,#tf. l.t "C ~., Q o ·t t::. • .J:flnfA-1-73-IUl• 7 V'.J(7)•1'J~ll~ 9 & 

v:mes~~~"C. lf-r-tffi4t~•~••~nt::.•~Av9~:;m~;~Q 
?I•~ -Jf- J-. 5 1 7J'#i£ l, L ~, ,5 0 ~; {;:, ~ ~....; /f - ·t,. 5 1, -~·l,V 1) :J ✓ 

E~1o&~v9:J:;~••mcmttfflat~<>~Iiffi•(7)~~~-•~• 
~ffi 5 _2 t. •Miil.v 1J ::t:,, Db'J' €> ti Q ~jgf!C§t 5 S t tJ,~JI Lt "C~• ~ t\.'t ~' 

Qo -?-·~-If- r- 5 1,1. :If- r-Cffi4&!1~-~Av 1J :J:;~~ 1 o t;it,ffi(7)ffi 

.1 Ji 13 (7) ~~Av 1) :J :; Jil i J'\ ?I - =- :; -~ L, 't •--~ n 't l3 •J • If- J-. fflffi 4 & 

t1•~mi·v 1J ::i :;l1c~ 1 o t ,1-~(7)r..um 1111!it -r~~ ~ ti -c ~,:Q O ~ ~ ~. jij 

~mm 5 3 · 1 •• -t Q ~~Av 9 ::i ✓ lil ti. If- t-- fflfi 4 ~ i •~ -t Q ffi 1 11 EI 
(7)~~rsv 1J ::r :;~ J: •J :tiffi~' v- J:-Mf!Ci1i t.;'t l3 •J •· ~~~•-~n11 x 1 o 
20 c m-3.r;<'"F~®Qo f;t;}S, -7-· ~ -Jf- r- 5 1 (7)·v- r-~f!C~. ffi1~UJ{.A.(7):iF 

••tt~-~~~~-~-~~~~~~~~-~t~<~~~~~- -~ffi~-
1 7 teii£~3¥- 0 9 - 3 0 9 3 0 0 4 

' 
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i ti 
~~ 8 - 3. 1 4 7 6 2 

(0070] 

*~.Mg-,mco•~•~t1K: ~ ~' -c ,:. lfil~-~~fm©8A-r:tt~ < m$J-~g . . 

tft!lr~(J)~it ~ ~-Tn~;f J:-l,,. -t©1&~. ~Mtitlm 5 3 ~ W·d-t Q~~A~ 9 . . 

=i ✓ Jm©fl£tit:fJ'i'o~' tt.dJ i:. ~fl£tn;mt 5 :3 ©J::~ -t ~-1J ::1 ✓~li 1 ©1iffi t ©fm 

c" fl.EE~ "F :fJ, j§ .:: -5 o L tt. :fJC;:; "'C, II fm ;f,(s~- l 2 13 ~fqD 8 :IUi ~ b €, t.t v, :fJ,, 
JIIIU~~/N©~t.1Ji;:J:P1JU ~ ti Q fflB:iJ'~ v '• JirdJnl!iitlBt 1 2 qj jl)jj-OQH: fl x. €, no 
•-•~-~~~OOL"'C~~TQ©'Z:, m~--gtftffi~~~~-5-•co~SC 
~~-t-o.fm#ffi~~9. •~•a-~ti~~~#~J:T-5. . . . 

(0071] 

*~~-~~~~-5~Mm:ffis3~. ~x.~MM~~coaMmm~•-~~~ 
~t~~©ll~€>~~-=~~-tQ.::t~.J:ij8£~?~ffi~--T¢.::t#~ 
~ ¢ • i tt., ~· ~ - if - 1-- 5 1 © ~b •Ji;:, .?;tji2ft~;f&J: © ~' :-f tt tJ, ,: M I M :¥ 

"'1~ ~ ~ t•d-t·,o ll~H;:-!J!J§ T ¢ J:Jllm, ~·~~lll&V:"F lii'll t•.sx;-t -5 3 ? 

cog;tJ,€>.1:ia~~t,,tJm:5 3, 1Htl;E~Jl5 2&7.J.~~--Jf- i'-5 1,;:ffi~T,o~ 

t••-t Q.:: t t,P]'~'Z:®¢ 0 

(0072] 

~ I?:> i:, ..t~?I· ~ -if- t- 5 1 &0:jfljffl:mJIJt 5 3 ©? -s vr'"fti;:fJ,-)'j tlH~li 

*•52t#~<~~- ••co~a•~~-,6-~©-~~J:-5•~~~-©~ 
~~-(l)~J:t00-5.::t~~~'"(:~,5. 

[0073) 

~~- .::.::'Z:~-~~•ffi•7..t~~~ttBls3~ffld-t-5•~~~9:i~m 

t-~~~-52t©.MIBt~#aT,5~~t~~tt.~. -~A~V:i)!Jll©~ 
. . 

t, •J ,:11:AJt ~ 1J ::1 ✓ mt~~-ftli~lllt J§ v,tt.m~--&~ ~~©~*iJ'® ~. ~,: 

, ffleft~~-~t"co_~~Bl~ffiv,tti;t, :i:~:ll~--~'Z:~. ~-~~~-©1/J~i! 

ll t V \? "C°? (tiJJ: 1: ~ Q O 

[0074] 

(ffi 5 (l)~~~fffl) 

00 5 ,1, ~ 5 ©~Df!H~ff!H;:tJ,tJ,,5.~,~~i'l©lfniii~'Z:ab,o. 

1 8 lfUiE~3JZ o ·9 - 3 o 9 3 o o 4 
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- ~ . 
ff.IF- 8 - 3 1 4 7 .6 2 

[0075] 

~ ~ ,:iR-t J: '? ,:, P ~ V 1) ·:::t ::;~~ 1 <7)r8ttiJli!ix 6 i: tt, If- r- fflf{t/Bt 2 t 

, ~~ Ir V 1) :::t ::; IBb'J' €, t.i! Q If - r- -~ .4 t, 'J - 7-. • J-: v -1' ::; 5. t ,: J: •J ffl.&x: . . 

at1,QMO SF ET t G"C.fi~TQ*r7J'~~i' €,tl,"(v,Qo * ft, ~~-1-~--~ 

e3i:£-M-t Q ft &fJ<J)~-=f?J'IHl• 7 ~ tt, · ~~tt;f:i.t~i:® Qffle{t~*illiJ't!~~ 

· ·t '1- ft tl~ <7) fftffll 8 t, 4HI$ 8 <7) ri:U ,: ~ ~t €:> .ti)i!if!fl• t G 't ,1M~ t., t.i! v, .Y 

a-0•~••9~~~-;Q. tft, ~~~•ffi•7<7)19©•$8<7)J:~~­

Jf - r- tlfi 4 t fi=!J ffif ,: W • a ti ft~~ A v 1J :::t ::; lIB-· 1 o ·/l-·°fi-·~ 1.., 't v, Q o 

"[0076) 

~~i:, *•~Wni:~, Jf-l--C~4~ffi1<7)~ffl~~'=>~Q~M$4at 

, m 2 ©~tlJUttJ, 1;, t.tQJ:/iffll 4 b t ,; J: •;a•a n 't v'Q .• -c 1.., "(, ·~-=r£-• ~-7~~- lf-1't~4<7)r~84 _at~tm10~•~i:J:9••anQ~ 

~$51at, lf-t-•m4<7)J:/i$4b~~t•z~--~~J:9W•anQ 

J:li$ 5 1 b >:::"/J' €:> t.i: Q 5 a - If - " 5 1 tJ,~ ~1-1:> n 't v '°Q. ~ <7) ~· a ...,. Jf ._ r- . 

5 1 <7)rJlffiS 5 1 a <7)J:ffiH1M$ 8 <7)J:im t 1is1 t~a titMi~ t.,, .~·©r.llil~ 5 

1 a t m~~ 8. t 1J~lji.1fi. ft. an "C v, Q. i ft, ~~ ra V 1J .:::t ::; lIBM 1 O ~i, If - 1' 

'ill! 4 <7) 1:Ji~~ 4 b ~ •.s.x;-t Q ffi 2 <7)?#f1Jm;_<7) 3j. ~ J: •J m.1;:fa n -r v, Q. 5 ~ -

If- 1-- 5 1 tt,. ·Jf- 1-- fflff! 4 J.,i. Z,~*'U'li V 1J ::i :,,,ffati 1 0 .t ,1-,1=: <7)rdJ~ ~ ~"C 

't•.&x:anzs9, ,--<::;7:,,,F7,.~-7,.<7)00S~J:~t~~r-u'J~,71-
. . . 

.::r:~ 1:. s ~t .Q /'\ ~ - -=-::; 1'~ JJf. i "jBj < -t Q J: ? 1: t.t. ~ tl, "( \, \ Q O -f l, "(' ~~ <7) 

~001:~:jftfflatiftltft.~~mn,; t.i:~11r..u~~.&tt 1 2 t., .11r..uffi~lll 1 2 <7)J: 

,:w.&x: a ti ft~ ~ JvlfilM 1 3 .t ~• .-t --r v, Q. 

[0077] 

-f l, "C , ~:.f& <7) :i: iii J: ,: ~t« ~ ti; tt fl f t'l:.tiul 7J' I:> tJ! Q Ji Im~ ~1111 2 t, Ji rdI 

iffl~mt 1 2 <7)J:~•J;tantt~-~ Jvial.J 1 3 t ifia;t tv,Q. 

[0078] 

*~~•mt ~ s v ' t :ti, ...I: ga ffi 4 <7) ~M!~ 1ffl t Im tH.:, JI reU~ti .Ill© jifjj WJ ~ ti 

fflan~•••<7)•~~~~~~-•~~J:~~~~t.~~ftQ. t.t.~. *•~ 
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t: {l;tl,J, ~ - ::,,~#•!10)~ v ,lJ!~ f(:;ttffi t L, '"C 11:;~ffi:filt:liJf J§~ ( CM P ~) O)~ 

.A7J'~h 1:;,tl, '"Cl,\ Q. ~ I::> K. CM P~i:J:: Q¥ffl1t ifi :> .I.~1.:'ii. 3Ji.jja{I:; ~ 

ti,Qfl~©iiitlt.i! ~ ,:~# L, --Cifffl!M=tttJ,~11:; 't Q ~,:bt,p Q 1, ~ ->-~#tti: J:: 

Q~A*i~~TQ1=:~K.~~~bffl$0)~~~~<t.i!QJ::'Jt.i!~~K~. ~ 

T7.t ffiUJ ~ ,: -=f ~ :t ~ - 0) lb~ 0)-¥ ~{;.1t a~ i !1Hr Q ~ t jJ'.~~ ~ tt, '"C v, Q • -::> 'i 

~J, !!~ibbffi½l~ i~~O)~vq1u:~~ t., --c ~mrJH:~~~~;f:&irnntBlli ~ -tt 

"tr8tt,J~ t L, "'C tt.~~ L, ~ v, ~ ~ - ·0)-¥~-(ift~~ i!!H1 Q 0)1.:' ~ Q. 

[0004] 

~12 (a),..., (g) ,:~*O)i--1/::,,,f-~'-itt~Jfiv,ftNMOS r-7)'~.7.~i 

~-tQ-¥-~~~O)~~n~O)-~im-t. 

[0005] 

~ 1 2 ( a ) ,: m T :C~ 1: ,i, P m! ~ 1) ::J )' ~1/i 1 ,: , W, ~ 1 0 n m 0) ~ v \ ifi · 

~~~~2lt~~~~~22i.*BdTQ. 

[0006] 

~ 1 2 < b) ,:m-t:c~"f ii. ~ 1J :::1 ::;~1& 1 ,:m,t~;OJf.lfi(l.)nt 1 4 iB.s.x; 
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TQo t=~G • .:.n;0m14~~ •• T#fe-~nQffittffi.6i.ijlffl~J:: 

:> i::%J;x;~nt=m 1 4 at . .:.0mK.J::-::>"t"ffitt,R•t!Eioo~nQ~T~-,l• 

7 £: • px; ~ .n Q f± ..t iJt ~J © :ill :ta ·r.t © ;\' ;i - Y ~ ~ 11 i fJiHij T Q 1t d.> © ii l 4 b t 

. --~~9~YE~iredTQ~d.>0m14ct~®Qo ~G-r. ~T~-ffi 

~ 7 ~£:ti • ..tffafft 1 4 i:: J:: -;i "t" lffli tl,Q 1 -:::>fA..t©c:!ri!~ t t:t Q •zt-f$$ 9 1Jtfe 

,6x; ~ n -r "' Q O .:. w•~"'g~ 9 ,:i:. mtt~l· t G L ,i~~ G t:l! "' ;i· ~ -©ffli!Ul 
• t t, I,,\?~~ ti©'°f ®Q. 

[0007] 

~12 (c)~ffeTiff'"f~. ~~©~ffi..t~~~g~ffi23i~fflG. Ml 

4 i M1tlt*ffl'"f !!! d.> ib ti o 

[0008] 

~ 1 2 (d) £::ffeTifi'"ftl:. CMP~iJ.fl1,,,-rffle{t;g~m2 3 iliJfllTQ. 

~1,,,-r. Sft;g~ffi2 2 tfflH!::lt*ll2 1 i~~G. ~ffitJt311:f:!1'"ffflHt;lt~Jm'"f 

. ~d.>ibtn~tt~w~~ib~MUsiredTQ • .:.0~d.>ibhffl88®:>~~d.> 

ibhM$8a#~~~fttl"t"ffl~TQti©'"t:'®~. ~d.>ib~mUab~¥~-

0•~~$9tre•~Q~©'"t:'®~. ~d.>ibhM88c#.MA~9~Ym~t 

~9:::zy~~tt~~TQffl~i~TQti©'°f®Q. 

(0009] 

l:ro 1 2 ( e ) £: ffe t' Ifl '"f tt. .fflJ ~ © ttffi t J:rH '"t" If- 1' fflf{t;l{Jt 2 t. {Mffi ..t 
~::: ~ -1 ~-? ,r- - ;i., 2 4 ~ ;fi"-t 7a> If- J--fflfi 4 t. ~MiA ~ 1J :::z ::.--1ari 1 o t ~ re 
dTQ. lf-~-~4t.MA~9~Y~•10~~-~--~t1,Q. 

[0010] 

~ 1 2 ( f) i;:ffeTI~'"t:'£:1:. PMO SF E TpJ.&r!~T~ftffl.i¼i? t.,, 

~ :J.. 1' "y' :J-1 Remi J:IH' "t". NM OS FE T,J.©ffittffi• 6 £::iilt~-1' ;t y 2 5 

tttAG. ~-~·~v-1'Y5iredTQ • .:.ni'"f©Iff~J::-::>"t". NMOS 

FE T ii • .i;x; ~ tl,Q. 

[0011] 

~®·· ~12 (g)KffeTI~'"f~. ~~lt~~i~~l'tM~~~m12 

i••G. ~;~~©..tK~;i~~~13i"fedT~o 
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[0012] 

~13 (a)~- ~~©I~~8;n~¥~~&K©~-r:$:t~~-7tn*t., 

"(~Tlffiim~~ ® Qo 

[00131 

T~.O ~- ~J;U;!~ 1 3 ( b) t::~-t J:.? ~~\,,f16')ibo'J.m~ ~~j;j;'t o t. 
tl6')ibo'J.·!~t: 12-ftli~Bt t tl6')ib/v t::~. CM P ~t: J:. ~J ~~~{,ft t~i!! {t t" 

Q~~- ,~~-✓~#tt®~6')fl6')~~-•~~dJ~tn~~re~~~~~~~ 

ffl-~nt•i!!~~~~t"o•©~A~~~tQo~l2 (a)-(g)~~T 

J:? ~~~lilt&f10)~~1J~,1. Ni'/J'o J-li ~ - ✓{t{#ttt:~~t" Q~A.~IS/i.rf: 

T Q ~ < f1t~ ~ tit "' o :l:J 0) ~ ® o o 

[0014) 

[ ~IJJ:l n'M~ t., J: :> t "to ~ml 
t.~-31:. ~12 (f) ,:~"t.Ifi,:~\,\"(, ffittfJ.6pgO)J/-t--tl~4~ 

'J-A· ~v1::;s•~~m~1~✓ , m, ~~~~0)~••1*::;~~A~n 

Oo L,~L,. ffittM•6~~0)--~~- VA~O)·b~~V~~4L,t~-r:$:t 

~-•*1:•~~*L,t~A~no~t~~-::,t~. •DtG-r~••1*✓0) 

r!A ~ifi ;b tt. ~ "' o lj t=. tJ,-::, t. ~!! dJ ~ o'J.~~~ 8 rd'J © ~- ~ - © ¥~~ ~~ 9 t: ~i 

~N~1 *✓ tittA ~ nt.t "'o 
[0015) 

~ ~ 1: • ~ 1 3 ( a ) t: ffe "t J: ? ~ ttllJ :$:tfJ ~ ti t=. fl 6') ~ o'J. tA:$ 8 .& 0: ~ ~ - 0) 

*•~$ 9 t tifii" Q r- l/ ✓7?fifH~~¥itl~&illt. 001 3 ( b) i:~i" J:? ~ 

~ ~ - O)=J:~~i~O) t.J! "'J.t v,~it~S.llllJ .:lit LOCOS~ 1 O O t ifi"t Q¥z.J 

~~ti t t:· tHt Q fin~ -~1ir~~I: i:-:> v, tWt ~ i" o o ~ t!. L,. ~ 1 3 ( a ) , 

( b) ~:~-t v' -ft'l,0)-,it: cl3 "' -C ~- 'J - A · 1'' l/ 1 ::;ttA~~:~-r:$3-ft~J• 

7~~~-•1*::;~ttA~n-rcl3;-f. ~-=>*-r:$:t~ffl·7~~0)00~~•t., 

V \ t ~}E "t Q 0 

[0016] 

~ 1 3 (a) ~::mt"¥~~&f1t:1.,v,-r,1. ~ffa~-~~rd'J~tCaUi~:l;C 

altCa20)~fOtVt:~~tLoo -:>i~J. "f~~ (1) 
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Cat= ~Cal + LC a2 ( 1 ) 

i::J:: ~J~~tto. t.::01:-_ BciMl-~if:&r.t1<!)$.urooffl~t=.·•J©•:1:,i. jij:M-rJJt: 

ff:ffT Q$Mnttey'.J(t.d:;t~H::: J: 0J ••~ tt-r v'o~~i:: ,1. DatiJ-iH&rJJ©ie~ 

i:..&.t:t,JL,, iefliJ,~v,ti~9:IUi:k~<~o. -f::(f)f=.d:J, ~13 (a) i:m-t 

,:J-r!Da2t~l 3 (b) t:::m-t,r~DbtjJ,$iL,v,~~- ~13 (b) i:.ffe-t~~ 

·~•i::: a:H1 olaki!-lH&r-ff(7)~~·~ Chtt Tot. 
Cat > Cbt (2) 

~oOOA~d~To. ?i~. ~13 (a) ~m-tfl•~~~o~~-~-~(7) 
•1tc aU1. ~ 1 3 ( b) i::m-t:tf~~;: cF.3 ,;- Q ic~~:t&rEff (7).:1; C btJ: •J :t:k ~ 

<~".)""(l,i?. 
[0017] 

::(I) J::? ,:.. ~-1-£-•ii~i:. ~ ~ -(7.)~~•a~n'; ~ o 8~1" ?f - ;.; ~~.1£-t 
Q t, iml7'J~-tt(f) J:: v ,.IJt:ta ft~ fi :> ::: t 7J''Z: ~Qt v'? ~U.~Ji® Qt, (7)(7), .& 

w. ~~-~•rm•t~~:kL. :t:(7)••· •~•=•(7)~~-•~~~-tocl3 
:t: t1, 7J' ® ".) t=. • 

[0018] 

*HaJH1 • o ,'?-J::: ~ § t., --c ~ ~ nt=. =t (7) -r: ® •J. -fnit¥-J i:.. .IJtfi'.IJt&~ -v 1" ~ 
?f - ~;: ~ v\ ""C, tliffiimffi;IJ,~ L, ,1 .tl,~ftifil'fflJmffitjJ,~ v' ti~~ -VI°'~ ?l - ©9:;A 

~j:;J, ~ <~Qt. V \? moJit 9X v\lj:laJ t ~ -v I"~ ?l -•:a-r: :tCfir~•IE7J'~'t ti, 

t:!~ffifflfPi:liti1>~ v' t v'-:> ~Ji~iH:::~ § t.,-rtu~ t., t=. t,(7.)"'r!'dbo. 

[0019] 

T~b~. *H~(f)ffil(7)§~~. ~d:>~b~$t~~-(7)~-~$t~6~ 

Q*-r7J'Mffiililifiii;t t::: l-- v ;.;,:;:-7.Ntt~~~~~-t;: cF.3 v' --c ffl-rJJ'fflHl~P'H: 

~~Q~~-~~l'ffl8Ai~~t.,:,Q¥Biffl~Q.::t~J:~. ~~~-©~~ 
~~Q::: t. t:®oo 

[0020] 

*H~(7)ffi2@§1¥-J~. ~d:>~bm$t~~-(7)~~••t.~6~o~=f£-ff 

ffi ~ ~ flu ;t 1=. l-- v ;.; .;:-£--~ ~ ~ {2ft ~ ffU;: cF.3 v ' -r . ~ -1--£-fflt fl~ l7'l i:: cF.3 tt Q fie~ 

-~•~~ffaTQ9A~-~~.tt,Qfflffltift~L,:>Q~~~~~Q:::t~J:: 
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9. ti~~-©~L~~o=t~~oo 
[0021] 

[ Jlh'm i Mite 'to t=. dJ © :¥,@:l L~· 1 © ~ ~ i~d't o f=.dJl:. *~aJft:tl:. ffl~lj{ 1, 2 i:12.•~ n -C v' 
0•10•~•~~0~•:n~~~-to~~t. •~m10-1s~Eti~n-c 
"'offi4 0¥?#•~•0~ii:n~1:oo-tQ:¥~t. ffl~lj{ 1 4 ...... 1 e ,:aa~~n 
-CI,,\ ofi 5 0•-~~6Hl©~iiini1H:OO't Q~~t. 1f~JJ{ 1 7 l:G2.~~ ti -C 1,,, 

Qffi 6 ©¥~-~tl©~-:n~iH:OO't Q.:¥~ t. tf~lJt 1 8 i:E~~ n-c v'Qffi 
7 ©¥~•~110~~:nitH:OO-tQ:¥~t. ffl~Jl 1 9 l:Gefi~n-cv,Q• 8 © 
¥~~~fl©~~1ii1H:M-t Q :¥Jj ti~ t -c v' Q o 

[0022) 

tt=.. LEffi2©§~i~d'tGf=.~~- *-~~~- ff-JJ{3.....,6~E~~ 
ti -c "'o• 2 0•~~~•0~~:n~i:00-t Q:¥f.3l'. t. M~ll 1....., s ,:ua~~ n 
-c v'Qffi 3 ©¥~{:if!:~tl©:!Mii!1i~~OOT Q~~t ~~ t -c v'Go 

[0 '023 ) 

*9lfij©ffi 1 ©¥~-~-©~~jj~li. mt~m 11:~~~ n -C v'o J:? I:. 

fil-ffl~©~--~~~TQ¥~•~-K. ~E~&ffi.iMttffi•tffir~ 
~-•tK~~TQffil©mt. ~~~r~•-•t~~©¥~-©¥~•-~ 
~M-tQ•2®Mti.d'tQffil©I~t. ~Effi1&~•2®MK~~ttM 
~~~~~N~ffil©~~~hM$t.2©~~~~m$ti~~~n-d'tQ 

ffi2©I~t. L~Mttffi•L~~~i-d-tQ•3©I~t.L~-~~-­
•®LE¥~-©·~--~-2~ffl~~~•i-AG-C.~~¥~-©¥~~ 
$K~~<t~l~©PNM~Bt•d-tQffi4©I~t. ~~©~m~~~~ 

M~~t-•-toffi5©I~t. ~~MM~~~©~~~~t-•-tQffi6©I 
~t if,fi~ -C l,,\Qo 

[0024) 

~©n~KJ:9. PNM~8~«TQ¥~-©·~--t~~t=.•~#~-# 
-•~nQo ~G-C. E~-~~M~A©?~~r~--~©·~•$t~QM 
-K~~i•~-~~- M~~~ffi~J:Q8t~MG-C. •~•&©?~PNM 
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*B®J:1i©$~©•tta~~M~L~~©~~~- M~M~m©h~tG@ 

~~ij~~~(~Go L~~~t. ~~~~-~~©~--~-~-t~~~< 
~ •J. ltb'{"F1!J.l© il 1.-,.:f:~~~tf tJ,.d ~ t1- Q o 

[0025] 

ffl~Jj{ 2 ,:1a~ ~ n -r "' Q ~ :> t:. if~Jj{ 1 ,: cl5 "' -r. J:acffi 3 0.Ifl& -a ..t 
Effi40I~~~-..tEmtta•-1:~..tE~~tL"C©FET©if-~-~i­

dLt::~. J:~~tt-•&~..t~~~-(i')*~~-~-2~-~~~~i-AT 
Q~t~~ij. J:~mttffi•~~J:EFET©Y-~· ~~~Yi.dT9-]j 

. J:E¥~-w•~~-~~l~©J:EPN~*Mi.dTG~t~~~Qo 
[0026] 

=©1i~~~~. -~~~FET0.d0~~©~-.Ifii~fflLt. ¥~­
®*~~msi: !Ht Q P N ~*$ i~dT Q ft ~©.I~ i Blii£ffiHt Q = t ~ <. ~ 
{'F,!J.l0)~1.,,=f:2'~~tl i%di" o,:: t ;IJt~ ~ Oo 

[0027) 

*~PR ©ffi 2 ©=f=zl~~tl©l!~:ni1H;;I:. ffl~~ 3 i:~-~ tit'-'' Q ~"Ji:, 

~&&•i~TQ~-~~~~- J:E~~• -iffitt• •t•~~-• •t~~ 
~Toffil©~t . ..t~-~~-••1•~©¥~·- 0*~~-~~~TQffi2 
O)~ti.dT9~10)Iffl~. J:Effil&V.20)m~~~ttMMi•~~~ 

~ffil©·~~hm8tffi2©·~~bffl$ti~tt~tt-•-tQffi2©.I~t 

.J:Emttffl•~-~i-di"Q.30).Ifflt . ..t~-~~-••0J:E~~­
O)~-~-O)J:~mm~~i-di"9•40)I~t.~-O)~ffiJ:~M~M~~ 

t•dToffi5©.I~t. J:~~M~~~©J:~~~i-di"Qffi60I~ti 
fit;t-r1.,,o. 

[0028] 

.:: ©:n~,: t •J: ~~?J'u,1• i.: 33 "' t Jiri;Uiffi~.mt t ~t ~ - O)*~~a~ t 01m 
~mm~ffltffi;tt::~~~~•~•d~ttQ.~L-r. =f:~~~•(i')mm~~t 

~ Q ffii?J' i: ;1:3 ", -r. ~*' -~:t&ri;U•~ ,1,1, ~ < t:i! i:, t:i! < t t>. mm:-t4tim i: cl5 it Q 

fflB:~r t: ~ •J, fie~- ~ffiiFiiil•i;~:§lf ~ ~offlfAi:t;IJ,{Ji~i" 9o L 1=. '/J' ~ t 

. fl1m'Q.>ftin:Uli:j!i" Q ~rJJ©~\.,, -:::it •J t/JWi!J.l©ilifr\.'*~~~-:IJ~~pj;~ 
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[0029] 

ffl*tJi 4 i:: Dati.~ n t v, o J:: ? i:: , ff*ll 3 i:: tn, t, ...tEffi 4 0) Iffl~ ,1, 

_t E fgffi f,it ffi; i ~ ~ fa ~ 1) ::r ::,, .& L111: Mr j( ~ 1) ::r ::,, 0) ? '5 ~ tj: < t ti v ' -f .ti, i'J' -

1.it~~m~J::~Wd-to.:.t~~~oo 
[0030] 

IDY*l1l 5 t:: Zc~ ~ ,ti, "t: v, o J:: ? ,:: , ffl*JJ{ 3 i:: ~ v' "t:, ..t~ffi 4 0) I*-ll ~ ii, 
...tEmffi-~i~~<tti~~~iM~~2~~_t®~•~~~1d!o~~~~J:: 
~) •• -t Q =- t tJ, ~ ~ Q 0 

[0031] 

ffl~tj{ 6 i:: ~~~,ti,"( v' o J:: ? i;:, mf *l.Jl 3 30i 4 i: t., v' "(. _t~ffi 4 0) .I. 
~li, J::iaf!Utc•mH:l X 1 o20atoms• cm-3~rO)i!J.lO)::fRufi4Wil;1J.7'.-to 
:::. t tJ,ijf t. G '-', o 

[0032] 

*~~O)ffi 3 O)•~,flft~fl0)~~1itlili. 5~:ij 7 i:EC~ ti, "t: v' o J:: :> i::, 

~•••t~-to•~•-•~-...t~~•••tmtt• •t•~~•••t~~ 
@-toffilO)•t . ...tE•~~---i-~0)¥~-0)·~--~~~Toffi2 
O)mti~d-toffilO).I.t,...tEffil.&t1ffi20)m~~~ttUMi~0~~ 

~ffi1©~0~hM$tffi2©~0~hm$tt~n~n~..Gt-tQffi2©I.*-llt 
. ...tEm~••~~~t•..Gt-toffi30).I•t . ...tE~~-O)•~••©...t•~ 
~~::,,tt.7'.ifi?"t"...t~••••O)...t•~~•m~t•..Gt-toffi40).Iat, ~ 
•©~W...t~~~M~mi%d-tQM50).I•t. _t£~~MS~O)_t~~~i 

••-t offi 6 ©I• t i-offi x. "t: v' o o 

[0033] 

.:. ni: J: ,; , ~~~uiJi•i: t., v't 11m1~~.mt ~-~ -O)•••a~ t ©rdii::~ 

BMMi~x.t=•~-~-~--~noo ~Gt, m~J1i3t~~~ffl~J::~, 

ffiltf-~fir~,::~?J•~•O)iflifgtJtfl i,iQ:S~~,:~ '-'' t, Jiffi:tJtJI ,:: ~~1 o • 
ff~ri:: J:: tJ. m~ -~•r~~~i:::fi•~ no •1iuttJ,~~-t o o Gt= tl·? t, 

fflffiO),'o~tU:~-t Q ~rdl©1-lH'. ~ i ~J ltbf'FilJ.lO)i@;v,~-f.tt~fR i~Q.:. t 
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tJ, 1: ~ Q 0 

( 0034 ] I 

a~ l.fi a ,: na• ~ n t 1, , o J: ? ,: • m, ~ l1t 1 i: in, t • .i wa • 4 (7) I ffl 1: tt. 

P~<t~Mre•rt~u1,t✓ ittALt.l:EaBffl~i-•To~t~1':! 

Qo 

(0035] 
ffl~l1t 9 i: ea•~ ti, t 1,, o J: :> ,:. ffl~JJl 7 i: ;ts 1,, t. J:Zr.ffi 4 (7) .I.~1: ,i. 

p~ < t :ti!{t.ri~U1 ,t ✓ ittA Lt J:Br.;e;mm.fi t•.stT o ~ t. tJ,-z: ~ 
Qo 

(0036] 
*~a~(J)ffi 4 (J)=j:~~~ffl:(J)!M~1.H1Hi. ffl~JJ{ 1 O i:~~~ ti'! 1,, o J: :> i: 

-~•ffi·i~TQ·~-~-~- J:E~&ffl•tmttffi•t~r~Mffi•t~ 
~@TQffil(J).t, J:E~r~Mffl•i-~(7)¥~-(7)·~~-~~~Toffi 
2(7.)mt.i.dTQffil(J)Ifit . .l:Effil&~ffi2(7)~~~~ttUMi~~~ 
~1:ffil(J)~~~hmStffi2(7)~~~hmUti~tl,~t\,-dTQffi2(7).Iffl 

t. J:Emttffl•~~~t-•Toffi3(7).I.fflt . .l:E*r~~ffl-(J)J:E¥~ 
- (7)•~--(J)J:~r~~~~~i-dt"offi4(7).I.Wt. ~-(J)~WJ:~M~ 
M~~i-dTQffi5WIWt . .l:EMOOM~~(J)J:~~~i-dt"Qffi6(7)I 
;f:it i-Offi.:it. '! 1,,Qo 

(0037] 

:::: W1J#H: J: 'J. ~r~•iJ•i: a:31,, t Jilfflffl~Mtwr:rH: "f~~ff.t!l~.ffi ifii 

;it.~·--~-~--~nQo L~~~t. ~~- ~•rmet(J)?~~r~-ffl 
•(J)•~••t~Qm•~s~Q•••~~. ~rm~~~(J)•~~MLtr~~ 
M~m(J)••~-~~M~~n~••t~ow-z:. ~•t.Lt(J)~~-~•rm• 
:i.:tJ,,J,~ < ~Qo t"tJ!h~. lb{'f.:,l.!lwa1,,*•~~fli~o~ttJ,1:~Qo 

[0038 ] 
ff~:tI11,:1a•~nt1,,QJ:-)i:. at~JJ{1 o,:s1,,t, J:waM3Wiffl.& 

~ .l:!nffi 4 W:CW"t' ,1 • ..tffi3mtt,J:•J:i:J:.E*r t. ~ Q F ET (J)Jf- t-fflffi i 

%dL~a. ~-.l:~~-~~i~fflL't. J:E*r~Mffl•..tta-)v~~i 
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}fl v ' 't ~ 0) ~ ffl-(.$ Jm 0) ~-jj 11.:r. o/ r Y ?0 i fi ? ~ t ~.: J ') • ..t gs Jf - 1-- lit :fi 0)-0{!J 
. . 

ffi..t.~~~~~~~-~~- ..t.E~!-0)•~~80)..t.~~..t.ET~~~~~i 

i; n~nJ!-t ~ t n'~ ~ Q o 
[0039] 

~O)jj~~J9. if-1--fflffiO)ruffi..t.K~~~~*-~iflij~~FETO)-~ 

~~~-Ifii~JfiL~~6. Tft~~S~i-dt"Q~~O)IfiiM~m~Q 
~ t ~ <. lbf1:,~t~O)it6v'*~-t1tffifl i•d-t Q ~ t nt~~ Q. 

[0040) 

~*lj{ 1 2 i.: Ne.~ ti "C v'-!> J :H.:. ~;}{}Ji 1 0 }Oi 1 1 1.: S v, 't. ..t.!cffi 4 

O)Ia~~- ~~<t~Mre~-i~Q~ffl~Jm~~~..t.ET~~M~~iMd 
t"Q~ttJ,~~-!>o 

[0041] 

~>ftll 1 3 i.: ~-~ti "C v, Q ~ :> i.:. M;ft:g{ 1 O J<Ji 1 1 i.: s v, 't. ..t.~ffi 4 

O)Ifi~~. ~~<t~~re~•i*b~-~~K~~..t.ET-~ffi~~i-· 
TQ~ tiJ,~~Qo 

[0042] 

*~~O)ffi 5 O)*ii-ftgfit0)~~1ir.tai. IDT>ftJ1l 1 4 i.:aa~~ n 't v' Q J :> ,.: 
. ~•••t*-tQ*~~~&~ . ..t~~&ffl•imtta•t•-1-~•••t~ 
~ffiTQffilO)Mt . ..t.E•-1-~Mffi•i~~O)~~-O)*~~-K~~t"6ffi 
20)mtiMdt"6ffilO)I•t . ..t.Effil&Vffi20)mK~~tt~Mi~~~ 
~~-lO)~~~bm8tffi20)~~~hM$ti~ti~n-•-tQffi20)I. 

t . ..t.~ffitt• •K~-1-i.dt"6ffi30)Ifit . ..t~~~-0)·~~$ix-.:, 

'f-Y~~Jij~~L'tffi30)MimdL . ..t.Effi30)M~Kffi~tt~Mi~~~ 

~~..t.Effil&Vffi20)~~~hM$t~~O)..t.ffi~fl~*TQ~~~h~~~ 

t•d-t6ffi40)I•t. ~-O)~ffi..t.KM~ffi~~~-dTQffi50).Ifit . 
..t ~ JI Im .$@tSJm 0) ..ti.: !ftl~ i M .ax; t" Q ffi 6 0) Ifi t i fli ~ 't v, Q o 

[0043] 

~0)/i~l.:J ~J. ~-1-7J'IUJ{•i.:sv,'t.li!Wffi1ii1Jtt ~~ -O)~l;f1'a~tO)fffl 

K~~~h~~~ifli~~*•-t$g•~~•~n-!>. L~~~-r. m~-~•rm 
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8A©~~-~~-ffi-©¥•••t~Qffl•~~HQeA•~~- -~~Sffi 
©9A~MLt~~~h~Sffi©8~~~ft~M~~.n~WAt~QO)~. ~­
t LtO)ffi!i$J-~if&r~•t;0t,J,~ < ~Qo 't~t>-s. tJJfF~.§EO)ifiv'•~-~t! 

i~Q.:. t jJ\~~ Qo 

(0044 ] 

ffl *JJi 1 5 i.: ~~ ~ .ti t v' Q J:: :> I.:. :ff *JJ{ 1 4 I.: 1-H' "C. J:: fdffi 4 OJ I~~ 

ti. P~<t~~~~-i~b~ffl•m~J::9J::~~~~h~~~i-~TQ.:. 
l::iJ'~~Qo 

(0045] 

~31{~ 1 6 i:: ~~~ti "C v, Q J:: :> 1.:. IDt*lJt 1 4 1.: iJ:3 v, "C. J::lcffi 4 O)Ifl ~ 

ti. P~<t~~re~•t~b~-~~~J:9J:E~~~bM~ffli•S-tQ.:. 
t1J'~~Qo 

[0046) 

*~199 ©ffi 6 O)•?#•~•O)~J.in~,i. iif*:q;: 1 7 i:: ra~ ~ .n -r \,, Q J:: '? 1.: 

. ~•ffi-iW-tQ••-~-~- J::E~ffiffi•i~ttffi•t~~~Mffl•t~ 
~@TQffil©mt. J:E•~~nffi•i-~©~~-O)•···K~~T~ffi 
2©mti.dTQffilO):C~t. J::Effil&~ffi2(7)m~~~tt~Mi~~~ 

fu~ffil©~~~hm•tffi2©~~~hmS~ti~.n~ti-•TQ.2©:C~ 
t. J:Emttii•i::~-1-- i *•T 7a> ffi 3 ©Ifl t. J:ffa :SI.~ -©•~«s:~~O) P-.Ji!~ 

K••1*✓©ttAiff~-CJ::E•~~-©~nK~~~h~S~i-dTQffi 

_40)Ifflt. ~&©~ffiJ:~~~~~ffii.d't6ffi5©I~t. J:m~~~~ 
Ill© J:: 1.: lie~ i •$:i"' 7a> ffi 6 0) I~ t i-Oii ~ "C v, Q o 

[0047 ] 

*~199©ffi 7 ©·~-P!t~fl©!i~n#Hi. ai*lj{ 1 8 i.:Eg~ tit\,, Q J:-:> i.: 

. ~-ffi•t•-tQ•~-~if&K. J::~~·ffi-iffittffi•t•~~ftffl•t~ 
~~TQffi l ©mt. J::~-~~-ffl·i-~(7)·~·-~~~TQffi2(7)mt 
t•dTQffilO):C~t. J::Effil&~ffi2©m~MStt~Mi~~~fu~ffil 
O)~~~hmfitffi2(7)~~~hm9ti~h~ti-•TQffi20)Ifflt, J::E 

·~•a~ i :c. 'Y 'T ✓ ~n:: J:: •J ~;t L -Cffi 3 O)ll i~-L. J::Effi 3 ©. J1'H.:~t! 
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%.lfZ 9 - 0 2 .3 8 4 4 -

tt t.t ~ i ti~ ib 1v 1: ..t. ir; • 1 & ~ • 2 C7) t1 ~ ib h mms J: ,; ~-0.& \, , ..t. oo {lt t1 i ;g--t 

Q~~ibh~~~i%~Toffi3C7)Ifflt . ..t.~ffittM•iYA~$t.t1:m~t= 

~~1:..t.E~~ibh~~~©..t.K*-•~id•a~-r~~-©¥~~$i~~ 

Toffi4©Ifflt . ..t.~~tt-•©..t.~~riMdToffi5C7)I~t. ~-Cl)~ 
m..t.~~oo~~gt~di"offiB©I~t . ..t.eM~~~~©..t.~~~i••-t 
offi 7 ©Iffit i-Offi;l -C t,,-50 

[0048] 

*~a,§ ©ffi s ©¥~~~-fR©~~:1:n~Hi. ffit~l:Ji 1 9 ,.:~•~ .n -rt,, o ~:, ,.: 

. ~---i~To*~~~-K . ..t.~~-• -©:,~~r~---~~~•o 
ffil©m~MdL . ..t.E~···Cl)?~mttffi•t~Tffil©Ifflt . ..t.mffi1 

C7)mK~~tt~Mi~~iblv1:..t.E~T-·••t~~C7)..t.ffi{lt~i-To~~ 

ibh~~~i%dToffi2©Ifft . ..t.~~tt• •&~..t.E~~~h~~~©..t. 

K*~~~i~A!~offi3©~fflt. ·~-~-~•~ . ..t.~*~*~&~..t. 
m~•••tffitt• •t~~~•••t~~@-toffiz©mt . ..t.~~T~•• 
•©•~~mi~~©~~-C7)*~••~~~-toffi3©mtt••ToM4© 
Iffl t . ..t.REM 1 & ~- 2 ©mi.:~~tt~~ ttI~ib/v 1:ffi 1 ©tl~ibJJ.i'lii~ t 

M2©~~ibJJ.mMti~.n~n•dToffi5©I.t . ..t.~ffitt• •..t.©..t.re 

*~~~©..t.~•Ti%.Toffi6©I.t. ~-©~00..t.~~~~-~im• 
ToM7©Ifflt . ..t.~~~~~mC7)..t.~m~i-•Toffi8©Ifflti~~L 

(0049] 

lf~~ 1 1. 1 s Jui 1 s ,.: J: ~J. ~r~iu«•i.: .J5 t,, -r ~ ~ -w *~121t~~© 

~~K~~ibhM~~i-Oiu~~*·•~M~~6tl,oo Lf=~?L. ffi~:g{l4 

t la.J~©fl:.ffl iJ,~, i:, .n. tll{'Fi!ll©ilfit,, ~-~~if iJ,ffi. 6 .no o 

(0050) 

[~P,ij C7)~~C7)~fflt] 

(ffi 1 Cl)~jj!g~~) 

~l (a),_ (g) ,i. ffilC1)~:b'fg-1ffl,:;1J,tJ,oNMOSFETi;fii"o¥z# 

•~m©~miffl~~~o-Bi~T~ffii~1:~oo 
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[0051] 

~ 1 (a) ~:m-t.I.ffl-Z: ,1. P ~ ~ 1) :J ✓~& 1 O)J:,:. ,IJ~ 1 0 n mO)fJ\,\ 

•reli-~2lt~re~•ffi22tiM*•dTQo 
[0052] 

~l (b)~mTiffi~~. ~9:J ✓~&I~ffi~~O)~~O)ffll4~5d-t 

Qo ~~L. ~n~O)ml4~~-~~~5dahQffittffi•6i.~fmO~? 

~-d~nf=ffl14at. =O)M~J:~~fflttffi•t~@anQ•~~mffiU7 
,:Y6dan-!>ttJ:-JJt ~) O)lJLj!!'f10)J'\?f- ✓ft{#ttiM¥~TQf=~O)i'J 1 4 b t. 

--~~9:i ✓m~tm•-tQ~~0)-14ct~~-!>o ~Lt.•~~Mffl• 

7 p;,n;: t, • J: ffa ii 1 4 i: J: ~ t fm i ti Q 1 -::> ~J: 0) 8 $ t ~ -!> ~ - fifql~ 9 'll· Y6 d 

i5 n t 1,,,-!>. = O)•~«t~~ 9 i1. ri!ittf.l{1§l t L, t iitiffl Lf.i! "' ?l. ~ -O)fflttffi• 

tt,i.,,:>~~t,0)1:®Qo a~,:. ~O)If11?mdanQ•ff,at:Ws~ 1J ::I ✓ ifil~ 1 

o 0) i«~ i: tim i•d -t Q o 

[0053] 

~1 (c)~mTift-Z:~. ~&O)~ffiJ:~~reliaffi23~~~L,.6ffll 

4 ~fflHt;~•!Jj-z:i!~iboo 

[0054] 

~ 1 (d) i:m-tif11?,t. CMP~iffli.,,tffl!{t;l~HJ~!Dt2 3 iif!ITQo mre 

"' t . ~1tli.~ 2 2 t. fflr1t;~~~ 2 1 i ~~ L. ~ffi:IJtlJlf!J.1:fflHtli*lm'IJ~tl 

~~ih~~~~hmSat•dTQo =O)~~ibhmSB©?~~~~bm$ 

8a~~~~-tLt~~TQ~O)~®ij, il~ibhm$Bb~¥~-O)··~ 

$9i•d-t,Qt,0)1?®9. ~~ib8m■ ac~•MA~9:i ✓~~t.~9:i ✓ 

~~t.~~~TQ~ffli~TQBO)"t:®-!>o 

[0055] 

· ~ 1 ( e ) ,: ~ -t Iffi 1: ii. Jffl ~ 0) ttffi i ffl v' t Jf - t- fflHtlll 2 t.. -iJlilffi J: ,: 

~~~~*-~24i~TQJf-t-fflffi4t.. -~A~9:J~~~10t.i•d 

T Q o If- l--fflffi 4 t ••ra ~ 1) :J ✓Dnt.! 1 0 t. £ifi!i]-O).~{,it'y' 7-? i Jf.J i.,, t 

laJ~i:•d-tQ ~ t. -JJ~PJfm"r!'®-!>o 
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[0056] 

~l (f) ~~TI~~~. ffittffi•6~~~~<~~~-ffi-7:i:·~~­

~~*~25tttATQo =©I~~J:.ij, ffittffi•6~~~-~ - ~~~~5 

t•TQNMOSFET~%danQo -~. ~~~-ffi-7©¥~-©·-· 

•s~~tt. N-~-·-ft~31~•dah. =©N~~N•-~-3ltP 
• ~ 1) :J ✓~• 1 t ©reU~: p NM~S~ 3 2 1J'•da ti,"(~\ Q O = © p NMtiil~ 3 

2~~~~~mss©~ffit&ffit©~~~Qo =©4#*•~-~©"·-~ 

"r~Qo 
. 

[0057] 

~l (g) K~TI~~~. M~~-~t~~G"t"M~~~~l2t.dG. 

a6~~©~~~~N~~l3i%dTQo 

[005?] 

~2~·*•~-~~-Q•~••M©~~~•ffi•7~~~6m~-~-~ 
9AtS~TQ~~©ffiffi~~~Qo ~~~ffiTJ:.~~- *•~-~~•o•~ 

•&2©~~-~•oo••~tt. ~13 (a) ~mT~*©•----~~~Q 
~~- ~:+&r~9ittfaJfJM:. ~:ltCalt9:;l;Ca2©d~n~#:(£TQo a 6~:. * -~-~~tt. ~~--9~~PNM~S32#.danQ~~- -~~•tc 
H ;IJ1i9:I;: 9 aH.:t-f ~ "t" i!JU i:t-.tw a n ·Q o J:.-:> "t" . :i:lftlt&-~~rffl9:it C j Hi. 

r!c~ ca> 
C j t = :E { ( C a 1 x C j1) / ( C a 1 + C j 1) } + :E C a2 ( 3 ) 

i.:J:. ~J~~n. ~ < 1) "f*ibanQ:i:9:acatJ: ~J,1,a < t:to. -t~h!,. r 
ia~ < 4) 

Cjt < Cat 

7J' PX,') ft"? 0 

[0059] 

( 4) 

G~#?"t", *•~-~©····-~J:.Qt, ~~~-ffl-7~©~~-© 

··••e~~PN·~-32~#:(fTQ~~K. ~~-~•rm•tte~TQ 
=t~~~K~ij. ·~-·-©~~--©~~t~Q=t~"f~Qo 
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[0060] 

itt. *•~~~©~t<. mttffi-~MOSFETi~~o~~- ·~~-
9 © P NM~Sll 3 2 ~;t. Y- 7-. • F v1::,, 5 i~.sx;i" o~·©.iF~~-1 ,t::,, ©ttA 

,:: J:? -CW9., ,::~µx;~ ~ Q ©~. ~-:J A ~ ®jff* it£< ~ t :t.,t:t y\. 

[0061] 

t:t S. *•~~~~ i;t P ~ ~ 1J :J ::,,~;f& i Jti v' tt~• i~"'tt 7J'. N~ ~ 1) :J 

::,,~~ i m v' Q ~•,1. ff~ibJJ.t1a~0im0••~•0...1:a~,: P ~®.:f~~ iii 

ATQ.:::t~. N~~lJ:J>'~~t©lm~PN···~~d~.ti,o©~. *•~ 
M~ t !aJti©~iJ~fb1J'li 1::, nQ.::: t i1 v'? i ~ tJ ~ v,. 

[0062] 

*-~~~~~- -~~-ffi-7~©¥~-®·~~-9~S~oPNM*8 
3 2 ©~,6,x; i ~ - 7-. • F v -1 ::,, 5 ©~.Bx; t Fa]~ i;: fi? -C v' o tJ,. ~· ~ - ®·~tit 

-~~PNM*$®~-~~~~z~~- ·····®~·I~*®~©am~ 
fi-:, -c tim:v ~ y\o 

[0063]. 

itt.*W~~~~~PN •• $~1~--~#~i"o •• i~"'tt~. 2M 

~...l:©ffl~~Fal~~at.>~. ·~~$9~PNM*$~mM •• i. ~;~~~ 
:ibhm:S~ 8 a, 8 b, 8 c W:r Kn Ji~,! i ~ L, -C ~'Qt T Qt. ~!a~-~;f& 

rm@:tc j Hi. ria~ < s) 
Cjt = :E {1/ [ (1/Cal) +:E (1/Cjm)]} 

+ Z . { 1 / [ ( 1 / C a2) + Z ( 1 / C jn) ] } ( 5) 

i;:J:lJ~~.tl,. ~ (1) ~~,b~.ti,Q~@-=CatJ:~J,J,~(tj:Q. t=.t=.L,. Ck! 

~~~~JJ.Mtiwa@tPNM••t®~®•t~Zo. i"t:tb~. J:~Ml© 

•~~~t ~tH::. r~~ ( 6) 

Cjt < Cat 

iJ' fb.:II. i" Q • 

(0064] 

( 6) 

~t:tb~. -~~Uffi•7~®·~~-9~Pt:t<t:t.>l~©PNM*$~~ 

~i"Q.:::t~J:9. ~-~~-~~-~~hQtt~~~-~~~@tiaN~Q 
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.:.t~~~~~~- *-~~-©~-~x~W~Too 
(0065] 

<~ 2 w•~•fffl) 
~3 (a)-(h)~. ffi2®·~-~~~~oNMOSFETi~T6*~ 

-~-©~Biffl~~Ho--i~Tffiffi~~~Oo D 

[0066] 

~ 3 (a) i:~-t.I.ffl~ti. Pm!v 1) ::J >-~;t& 1 xi:. JJ~ 1 0 n m©ffi:~,ffit 

reli•~21t~reli•~22tim~~-T~o 
[0067] 

~ 3 ( b) K:~T.I~~i;J:. v lJ :::i >-~if& l i:m~ffi©fl~©M 1 4 t•d-t 

oo ~~L, • .:.~;wm14~~. -~~--~~offittM.6i~900U~? 

~-d~n~•14at. ~wm~~?tMtt••t~@~~Q~~~-• -7 
,:~•~ n ottxiJ0 J wSJt-mttw,~ ~ - >-f:&#tt 1,wi~-t o ~~0m 1 4 b t. 

•M&v1J::J>'~~i-d-to~~©Ml4ct~®oo ~t.,t. ~~~---
7~~t,. x~ffi14~~?t~ih~l~~x©8$t~~¥~~-9~-d 

~nt~,o • .:.®*?#~½l~9 ti. ristt,i•t t.,t~im~t.,~~,?l"~ -®~tt•• 

t t,~,?~~~©1:®oo ~ ;i:. ~©.Iffic:~d~no$-MAv 1J :1 >-~~ 1 

·ow ut-r i: ti ffi i ~d-t o o 
[0068) 

~ s < c) i:~-tx.~c:,1. liH!it®~rmxi:1Htli~~ 2 s i~ffl t.,. m 1 4 

i Mftli~fflc:!f d;,ibU o 
[0069] 

~ 3 ( d) i:~-t.I.ffic: ii. CM P ~ i Jfl ~' tfflHtli~Bt 2 3 ifflM-t o. ~ 

~, -c ~ft;3i~Bl2 2 tfflHtli~ffi2 1 i~~t.,. ~ffiiJ,.ifZ-fflc:fift~fflmt~!! 

~~in~~aw~~~b?l$8i.d"too .:.©~~~bmBB©?~~~ib 

bm8Ba~-~~-~L,t~~'toti07:®~. ~d;,~~ffi88b~~~-© 

*~#89i•dTo~®c:~~- ~~~bmSac~$-M~vlJ::J>'~~tv 

1J:::1>-~~ti~~-toM~i~-toti©c:®o. 
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(0070) 

IE 3 ( e) i::mi"I~~,1 . .ffi:l~©ttffi i Jfl 1,,,-c. Jf- )-. fflHtlm 2 t. OOiiU: 

~~-1~~*-~24t«i"QJ/-"ffl~4t. •-~~9::1 ✓~~1otmd 

'fQo i"Gt . .:.©Jf-),-ffl~4&V•M~~9~~~~1ot~~- Jf-)-.S 

fi 4 1.3 J: V~tidfi ~ IJ :::1 ✓Be~ 1 0 t ,1-~0JieM t 1.3 i.,, tfflU1,. 7J''? jS]f i.,,,:: 

3c~=t L, < i-:t~i" Q.:. t ,1t.i! P ¥ ~--Jf- " 5 1 tmd-t Q o Jf- "11ffi 4. ~ . 

•~~9~✓m~1o&a¥~-Jf-)-.51~~-0~~•v~~-c:~~~%d 

-t Q.:. t n'i:iJjg-c: ~ Q o .:. .:. '"t:'. -9,· ~·-if- t- 5 1 ,i. m• t L, -r <sevnQ Jf-

" •ffi~••~ ~ 9 ~ ✓ ~• 1 o J: 9 ~- "•m~• <. ~-·~J.l~lXl0 
20ato11s • C m·- 3w_-fl;: t.i!-5 J: 'J .,( 7t ✓¥±.A~t.i! ~1:~~¥.oi.l~tJ~Wfjfit~ .ti, LI,,\ 

Qo 

(0071) 

~3 (f) ~m-t.I•-c:~. -~~•~•7©J:1J~. ~~Q-ffl52t~ ~ 

-~~9~~~1.:,t.i!Q•mfflBt53tm•-tQo .:..:.1:•mmffl53~.~~t 

L,tfsebnQJ/-"•ffi4~••~vv::1 ✓~~10J:~~-"mm~•<. ~ 

~¥.o~~tt 1 x 1 0 20atoms • cm -3J;Ari: Tj!Q J: :> -1 ::t ✓ttA~tJ: ~-C:~ffitts~ 

~J.lif~J.l~.n"Cv'Q·o t.i!1.3. ffleftQ~)m5 2. i116"mm.l!l5 3ii, MIM~"'7/\' 

~~~•m•tN~Q~~~md!hQo 
(0072) 

~3 (g)~mi"I~'"t:'tt.~7j!(t~~~~•ffi•7~m:>~~~i,..v~~ 

sstmdL,, mttffl•s~m•-1,1-✓ 25tttJ...~t. v-~· ~~-1~5t 

•-tQNMOSt.dTQo ~©t~.-~~-ffi-7~~-•-1::t✓©ttA~ 

[0073) 

~3 (h) ~mi"I~~~. ffle~Q~mt~~L,"(~~~~-12i.dL,. 
~ 1.:, i: i-©J:i: ~ ~ Jvffc~ 1 ·3 ~%dT Qo 

(0074) 

*~~%:fm©~~1J1~lH:: J:-:> tmd ! .ti,Q~~•~tRi::.JSi.,, t ti. ftl~-~~ 

fr.ffO)~it-r: ,1~ < ffa~-illimmBtFliff©~:A i~~-t.t\iit J: 1,,,0 i"©~~. iifi~m 

2 1 tfi5:~.lJZO 9 - 3 0 9 3 0 8 0 
.. 
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lil 5 3 ~m.6Jt,Q~~3k~ 1J ::i :,,mO)mffLtJiiffii,,tt~i::. iimm:ii; s 3 O)..t~t 

~9::1:,,~filO)aOOtO)lm~-ff~~~~~o. Gt=~~T. Jl~~~ii;12 
EI ~O)~tit~v 1::> ~ v, tJ, . 11 r~~~ffiO) iilil'.tirH: 1=nnu ~ no ti:E£tJ,~v,. Mffflffi 

~D; 1 2 O)il!iiffl!J1:1t.-t. f:> no •w•ii111±1:.1tgiJ G t~j>-t Q O)~. mll-·ilim 

f1t ffi Im i::.1.:n:t o fl w 0) 3'ti ~ C i;: ~ i" Q ffif m'J tJi ffi < ~ ~J • •ill~~ fl 0) '11 {1= i! & ti 

JtiJ...t i" o. 

[0075) 

*~fjfg~tf!H;: ;J:H1 o i(filttm:ii; s 3 i;t. giJ;ti;fAim~-rO)iifimtitffi~ • -:JJ ;vma 
1.& t ~~O)J3tiJ, f:> I '\ ~ - =.:,, 7·-t o ~ti;: J: ~J ~~tJ,-::,:£fllli i:~J£T Q ~ t tJ(c: 

~o. *f=. ~·~-if-1'5IO)~vtn;:, •~~ili'H&...tO)v,-fntJ,i:MrM~ 

-v ri~ ~ i~~t-olH:~JfJ-t o..tlilfl, ~•~~ii;.&.rfr 11/Bt iffl~i" o 3-::> 

O)ffi~1::>...tE••mmss, Mreli~ii;s2.&.~¥~-if-~s1~ffl~i"Qii; 

i ~.&.x;-t o ~ t ti i:iJ~ c: ab o. 
[0076] 

~i:,t:, ...tffiHt~-if- t,. 5 l&~jlifjgfitii;5 30):,t>v,-fntJ,-jjtfflHt!i 

~ii; 5 2 ti~~ G~ < T :t, fl{ilj0)7fi~flt:~t- Q ~rdJO)f~~i;: J: Q ·~Pit~ 

-0)~~--0)~..ti@Q~t~~-C:~Q. 

[0077] 
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Filing Date: 25 November 1997 
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Sir: \ 

:¾ 
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Washington, D.C. 20005-3096 
(202) 756-8000 
(202) 756-8087 

Respectfully submitted, 

MCDERMOTT, WILL & EMERY 

Ii 

f 

IPR2018-00756 Page 00313



Attorney Docket No. 43889-677 

In Re: 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Takaaki UKEDA, et al. 

Serial Numbs.-: 08/978, 137 

Filing Date: 25 November 1997 

For: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE 
SAME 

REQUEST FOR CORRECTED OFFICIAL FILING RECEIPT 

Assistant Commissioner for Patents 
Washington, D. C. 20231 

Sir: 

A corrected Official Filing Receipt is hereby requested in view of the errors 

which appear in the original. For the convenience of the Patent and Trademark 

Office, attached is a photocopy of the original receipt on which the errors have been . 

highlighted. 

Because the error was made by the Patent and Trademark Office, it is 

believed that no fee is required. Please grant any extension of time deemed 

necessary. Please charge any deficient fees, or credit any overpayment of fees, to 

Deposit Account No. 13-0203. A duplicate copy of this communication is enclosed. 

Date: 10 April 1998 

600 13th Street, N.W. 
Washington, D.C. 20005-3096 
(202) 756-8000 
(202) 756-8087 

Respectfully submitted, 

MCDERMOTT, WILL & EMERY 

B~ EwE.Kubasiewicz 
Registration No. 30,020 

IPR2018-00756 Page 00314



PTO·103X 
IRe11. 8-961 

FILING RECEIPT 

UNITED STATES ... .:PARTMENT OF COMMERCE 
Patent and Trademark Office 
ASSISTANT SECRETARY AND COMMISSIONER 
OF PATENTS ANO TRADEMARKS 
Washington, O.C. 20231 

APPLICATION NUMBER! FILING DATE I GAP ART UNIT i FIL FEE REC'D jATTORNEY DOCKET NO.[ DRWGS I TOT CL! IND CL 

08/978,137 11/25/97 

KENNETH L CAGE 
MCDERMOTT WILL & EMERY 
1850 K STREET NW 
SUITE 500 
W~SHINGTON DC 20006 

2503 $1,924.00 43889-677 21 38 12 

UAR 2 ~ 1998 

1,/: ,o,.,,.,-.Lt l".11 C •· ·,:r./ c11 i v~ 1 (Vi" ci unery 
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In accordance with the duty of disclosure under 37 C.F.R. §§ 1.56 and 1.98, 
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the reference(s) listed on the enclosed Form PTO-1449 (2). The references were cited 

in the corresponding European Search Report. Copies of the listed reference(s) and 

search report are attached. 
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Office Action Summary 

-The MAILING DATE of this communication appears on t . over sheet be'!eath the correspondence address-

Period for Reply ( 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE __ .___..,. __ MONTH(S) FROM THE MAILING DATE 
OF THIS COMMUNICATION . 

• Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS 
from the mailing date of !his communication . 

• If the period for reply specified above is less than thirty (30) days, a reply wilh!n the statutoiy minimum of thirty (30) days will be considered timely . 
• II NO period for reply is specified above, such period shall, by default. expire SIX (6) MONTHS from the mailing date of this communication . 
• Failure to reply within the set or extended period for reply will, by statule, cause the application to become ABANDONED (35 U.S.C. § 133). 

Status 

D Responsive to communicalion(s) filed on __________________________ _ 

0 This action Is FINAL. 
O Since this application is in condition for allowance except fo( formal matters, prosecution as to the merits Is closed in 

accordance with the practice under Ex parte Quayle, 1935 C.D. 1 1; 453 0.G. 213. 

Disposition of Claims 
·, 1 ,,e'Claim(s) _ _,__-__________________ ______ is/are pending In the application. 

Of the above c1aim(s) ls/are withdrawn from consideration. 

D C!aim(s)------------------------ ---is/are allowed. 

D Clalm(s)' is/are rejected. 

D Claim(s) is/are objected to. 
t - $ gr 

~ Claim(s) are subject to restriction or election 
requirement. 

Application Papers 

D See the attached Notice of Draftsperson's Patent Drawing Review, PT0-948. 

D The proposed drawing correction, flied on _____ __ is D approved D disapproved. 

D ~e drawing(s) flled on ____ ___ is/are objected to by the Examiner. 

D The specification is objected to by the Examiner. 

D The oath or declaratlon is objected to by the Examiner. 

Priority under 35 U.S.C. § 119 (a)-(d) 

D Acknowledgment is made of a claim for foreign priority under 35 U .S.C. § 11 9(a)·(d). 

D All D Some• D None of the·CERTIFIEO copies of the priority documents have been 

D received. 
D received in Application No. (Series Code/Serial Number} _____________ _ 

O received In this national stage application from the International Bureau (PCT Rule 1 7.2(a)). 

•Certified copies not received,~· _______________________ _ 

Attachment(s) · 

D Information Disclosure Statement(s), PT0-1449, Paper No(s). ---­

• Notice of Reference(s) Cited, PT0-892 

D Notice of Draftsperson's Patent Drawing Review, PT0-948 

U. S. Paten! and Trs<lemark Office 
PT0-326 (Rev. 9-97) 

Office AGtlon Summary 

·u.s. GPO: 1997• 33-221182717 

• Interview Summary, PT0-413 

D Notice of Informal Patent Application, PT0-152 

D Other ____ _________ _ 

Part of Paper No. ___ _ 
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Application/Control Number: 08/978137 

A.rt Unit: 2815 

1. Restriction to one of the following inventions is required under 35 U.S.C. 121: 

I. Claims 1-18, drawn to a device, classified in class 257, subclass 355. 

II. Claims 19-38, drawn to a process, classified in class 437, subclass 15+. 

2. The inventions are distinct, each from the other because of the following reasons: 

Page 2 

Inventions II and I are related as process of making and product made. The inventions are 

distinct if eit~er or both of the following can be shown: (1) that the process as claimed can be 

used to make other and materially different product or (2) that the product as claimed can be 

made by another and materially different process (?-.1PEP § 806.05(£)). In the instant case the 

product as claimed can be made by a materially different process such as forming the element 

prior to filling the trench. 

3. Because these inventions are distinct for the reasons given above and have acquired a 

separate status in the art as shown by their different classification, restriction for examination 

purposes as indicated is proper. 

Applicant is advised that the reply to this requirement to be complete must include an 

election of the invention to be examined even though the requirement be traversed (37 

CFR l.143). 

4. Applicant is reminded that upon the cancellation of claims to a non-elected invention, the 

inventorship must be amended in compliance_ with 37 CFR 1.48(b) if one or more of the currently 

named inventors is no longer an inventor of at least one claim remaining in the application. Any 
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Application/Control Number: 08/97813 7 

Art Unit: 2815 

Page 3 

amendment of inventorship must be accompanied by a petition under 37 CFR l.48(b) and by the 

fee required under 3 7 CFR l.17(i). 

5. Any inquiry concerning this communication or earlier communications from the examiner 

should be directed to Jerome Jackson whose telephone number is (703) 308M4937 . 

. ·. 

JJ 

January 13, 1999 
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ATTORNEY DOCKET NO. 43889-677 
PATENT APPLICATION 

IN THE m{ITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Takaaki UKEDA et al. 

Serial No.: 08/978,137 

Filed : . July 7, 1997 

For: SEMICONDUCTOR DEVICE AND 
METHOD OF MANUFACTURING THE 

) 
) 

) Group Art Unit: 2815 
) 
) 
) Examiner: J. Jackson, Jr. 
) 
) 
) 

SAME 

REQUEST FOR CHANGE OF ADDRESS 

Honorable Assistant Commissioner 

RECEIVED 
FEB 1 6 lY~, 

~~ROUP 2100 
for Patents 

Washington, D.C. 20231 

sir: 

Applicants, by and through their attorney, hereby request 

that, for the above-identified application, all future 

correspondence, facsimiles and telephone calls be addressed to: 

Edward E. Kubasiewicz, Esq. 
600 13th Street, N.W. 
Washington, D.C. 20005-3096 
Telephone: 202-756-8000 
Facsimile: 202-756-8087 

llllffllll~IM/~1111111~ 
020277 

P~ltHT AA'D ~ CfFJCE 

Respectfully submitted, 

Date: February 1 1 1999 

600 13th Street, N.W. 
Washington, D.C. 20005-3096 
Telephone: 202-756-8000 
Facsimile: 202-756-8087 
\43889\677\CHG-ADD.PIL 

By: 

MCDERMOTT, WILL & EMERY 

' ' 

~ 
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ATTORNEY DOCKET NO. 43889/677 

PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: O\.PE' 
""o 

> 
Takaai UKEDA et al. m ' t> ~gg ~ 

~ 
~ Serial No.: 08/978,13 ~ ~ 

'" & TRAO~~~ 
Filed: November 25, 1997 

For: SEMICONDUCTOR DEVICE AND 
METHOD OF MANUFACTURING THE 
SAME 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Group Art Unit: 2503 

Examiner: o. NADAV 

RECEIVED 
ftd \ 7 W'>"I 

ELECTION UNDER 3 5 U.S. C. § 121 r.;A011P ?4 no 

Honorable Assistant Commissioner 
for Patents 

Washington, D.C . 20231 

Sir: 

In response to the Office Action mailed January 21, 1999, a 

shortened statutory period for response due to expire on February 

21, 1999, requiring that Applicants elect one of the following 

groups for prosecution in the above ~identified application: 

Group I 

Group II 

Claims 1-18, drawn to a device; and 

Claims 19-38, drawn to a process. 

Applicants hereby provisionally elect Group II, Claims 19-

38, drawn to a process for prosecution on the merits. 

Applicants reserve the right to file a divisional 

application on the non-elected claims. 
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The Commissioner is hereby authorized to charge any 

additional fees associated with this communication or credit any 

overpayment to Deposit Account No. 13 - 0203. A duplicate copy of 

this communication is enclosed for accounting purposes. 

Date: February 16 1 1999 

600 13th Street, N.W . 
Washington, D. C. 20005-3096 
Telephone: 202-756-8000 
Facsimile : 202-756-8087 
\43889\677\ELECTION.RES 

Respectful l y submitted, 

By: 

2 
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ATTORNEY DOCKET NO. 43889/677 
PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRAD~K OFFICE · 

In re Application of: } 
) 

Takaai UKEDA et al. ) 
) Group Art Unit: 2503 

Serial No.: 08/978, 13 7 ) 
) Examiner: 0. NADAV 

Filed : November 25, 1997 ) 
} 

For: SEMICONDUCTOR DEVICE AND ) 

METHOD OF MANUFACTURING THE ) 
SAME ) 

ELECTION UNDER 35 U.S.C. § 121 

Honorable Assistant Commissioner 
for Patents 

Washington, D.C . 20231 

Sir: 

RECEIVED 
ftd 1 7 1,Y~ 

~An1 IP ')1 "l() 

1n response to the Office Action mailed January 21, 1999, a 

shortened statutory period for response due to expire on February 

21, 1999, requiring that Applicants elect one of the following 

groups for prosecution in the above-identified application: 

Group I 

Group II 

Claims 1 - 18 , drawn to a device; and 
. . 

Claims 19-38, drawn to a process. 

Applicants hereby provisionally elect Group II, Claims 19-

38, drawn to a process for prosecution on the merits. 

Applicants reserve the right to file a divisional 

application on the non- elected claims. 
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The Commissioner is hereby authorized to charge any 

additional fees associated with this communication or credit any 

overpayment to Deposit Account No. 13-0203. A duplicate copy of 

this communication is enclosed for accounting purposes . 

Date: 

600 13th Street, N.W. 
Washington, D.C. 20005-3096 
Telephone: 202-756-8000 
Facsimile: 202-756-8087 
\43889\677\£L£CTION. R£S 

2 

Respectfully submitted, 

T, WILL & EMERY 
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Patent and Trademark Office 
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Washington, 0.C. 20231 
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Please find below and/or attached an Office communication concerning this appllcatlon or 
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PTO•90C (Rev. 2/95) 1· FIie Copy 
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Office Action Summary 

Application No, 

08/978,137 

Examiner 

Applicant(s) 

Khanh Duong 

Ukeda et al, 

Group Art Unit 

2822 

IZI Responsive to communlcation(s) filed on Feb 16 1999 .;;...=..;::....;..=....;..;;;.=..--------------------
• This action is FINAL. 

D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is closed 
in accordance with the practice under Ex psrte Quayle, 1935 C.D. 11 ; 453 O.G. 213. 

A shortened statutory period for response to this action is set to expire 3 month{sl, or thirty days, whichever 
is longer, from the mailing date of this communication. Failure to respond within the period for response will cause the 
application to become abandoned. (35 U.S.C. § 133). Extensions of time may be obtained under the provisions of 
37 CFR 1.136(a). 

Disposition of ~lalms 
IZI Claim(sJ -=-'-=-3:.::8:_ _ _____________________ is/are pending in the application. 

Of the above, claim(s) -'1_-""'18"------------------ is/are withdrawn from consideration. 

IZI Claim(sl 22-35, 37 and 38 is/are allowed. 

IZI Claim(sJ 19-21 and 36 ls/are rejected. 

0 Claim(sl __________________________ is/are objected to. 

D Claims are subject to restriction or election requirement. 

Application Papers 

!XI See the attached Notice of Draftsperson's Patent Drawing Review, PT0-948. 

D The drawing(s) filed on _______ is/are objected to by the Examiner. 

D The proposed drawing_ correction, filed on _______ is [Jipproved Olisapproved. 

D The specification Is objected to by the Examiner. 

D The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. § 119 
IZl Acknowledgement Is made of a claim for foreign priority under 35 U.S.C. § 119(al-(d). 

lZI All D Some• D None of the CERTIFIED copies of the priority docum~nts have been 

IZl received. 

D received in Application No. (Series Code/Serial Number) _______ _ 

D received in this national stage application from the International Bureau {PCT Rule 17.2{a)J. 

•certified copies not received: ____________________________ _ 

D Acknowledgement Is made of a claim for domestic priority under 35 U.S.C. § 119(e). 

Attachment(s) 

IXl Notice of References Cited, PT0-892 

lZI Information Disclosure Statement(s), PT0-1449, Paper No(s). __ 4-'---_ 

0 Interview Summary, PT0-413 

IZl Notice of Draftsperson's Patent Drawing Review, PT0-948 

0 Notice of Informal Patent Application, PT0-152 

--· SEE OFFICE ACTION ON THE FOLLOWING PAGES --

U. $ . Pttl'nl and Tredatn1r\ OUieo 

PT0-326 (Rev. 9-96) Office Action Summary Part of Paper No. 7 
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Applioatio~Control Number: 08/978,137 

Art Unit 2822 

DETAILED ACTION 

Election/Restriction 

Page 2 

1. Applicant's election of claims 19-38 in Paper No. 6 is acknowledged. Because applicant 

did not distinctly and specifically point out the supposed errors in the restriction requirement, the 

election has been treated as an election without traverse (MPEP § 818.03(a)). 

Priority 

2. Receipt is acknowledged of papers submitted Wlder 35 U.S.C. l 19(a)-(d), which papers 

have been placed of record in the file. 

Claim Rejections-JS USC§ 103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 

rejections set forth in this Office action: 

(a) A patent may not be obtained ~ough the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

4. ~laims 19-21 are rejected W1der 35 U.S.C. 103(a) as being Wlpatentable over applicants' 

admitted prior art in view of Kinoshita et al. (US 5,856,218). 

Applicants' admitted prior art discloses a method of fabricating a semiconductor device 

(see Figs 20a-20g) comprising at least the steps_ of: forming buried trench portions; forming a 
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Application/Control Nwnber: 08/978, 13 7 

A.rt Unit: 2822 · 

Page 3 

transistor element on an active region; forming an interlayer insulating film over the entire surface 

of the substrate; and forming a wire <?n the interlayer insulating film. 

However, applicants' admitted prior art fails to teach introducing an impurity of a second 

conductivity type into the semiconductor portions of an isolation region to form at least one PN 

junction. Kinoshita et al. teaches (see Figs 1E-2B; col 4, lines 18-37) to implant N-type impurity 

into a P-type substrate to simultaneously form N-type source/drain regions 17, an~ layer 20, 

and an~ layer 22. Therefore, it would have been obvious to one having an ordinary skill in the 

art at the time the invention was made to modify the process of applicants ' admitted prior art by 

implanting an impurity of a second conductivity type into the substrate to forin at least one PN 

junction as taught by Kinoshita et al. because of the desirability to minimize process steps and 

manufacturing cost. Re further claim 21, eventhough the preferred embodiment of Kinoshita et 

al. is simultaneously forming the source/drain and the PN junction, it would have been obvious to 

o_ne having an ordinary skill in the art to form the source/drain regions and the PN junction in 

separate steps, since it has been held that the performance of two steps simultaneously or in 

sequence has been held to be obvious. See In re Tatincloux, 108 USPQ 125 (CCPA 1955). 

5. Claim 36 is rejected under 35 U.S.C. 103(a) as being unpatentable over applicants' 

admitted prior art in view of Beitman (US 4,929,566). 

Applicants' admitted prior art discloses a method of fabricating a semiconductor device 

previously as described, which method is repeated herein. 
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However, applicants• admitted prior art fails to teach implanting oxygen ions into each of 

the dummy semiconductor portions to form a buried insulating film. Beitman teaches (see Fig 7; 

col 3, lines 16-22) to implant oxygen ions into the epitaxial layer 12 to form a bwied insulating 

film 22. Therefore, it would have been obvious to one having an ordinary skill in the art at the 

time the invention was made to modify the process of applicants' admitted prior art by 

implanting oxygen ions into each of the dummy semiconductor portions because of the desirability 

to form "totally dielectrically isolated islands" as suggested by Beitman at column 3, lines 3-5. 

Allowable Subject Matter 

6. Claims 22-35, 37 and 38 are allowed over the art of record. 

7. The following is a statement of reasons for the indication of allowable subject matter: the 

prior art of record does not show or suggest a method of fabricating a semiconductor device 

comprising the steps in the independent claims as follow: 

22. A method of. .. forming a resistor film on each of said dummy semiconductor 

portions of said isolation region. .. 

26. A method of ... implanting ions into an upper portion of each of said dummy 

semiconductor portions to form a high resistor portion therein. .. 

29. ·A method of ... forming an underlying insulating film over said dummy 

semiconductor portions of said isolation region. .. 

.... ... 
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33. A method of .. . forming depressed portions by etching said dummy semiconductor 

portions and filling an insulating material in said depressed portions to form inter-trench 

insulatingfilms each having a top face at the same level as respective top faces ofsaidfirs_t and 

second buried trench portions ... 

3 7. A method of. .. forming third trenches by etching said semiconductor portions and 

filling an insulating material in said third trenches to.form buried insulating films each having a 

top face at a level lower than respective top faces of said first and second buried trench portions 

... growing semiconductor films on said buried insulating films, with said active region covered 

with a mask member, to form dummy semiconductor portions ... 

38. A method of .. . forming, in a semiconductor substrate having a substrate region, a 

first trench extending over an entire isolation region of said substrate region, while leaving an 

active region of said substrate region ... filling an insulating material in said first trench to form 

a buried insulating film having a top face at the same level as a top face of said isolation region 

... growing a semiconductor film over said active region and said buried insulating film ... 

Conclusion 

This office action has been created under the Patent and Trademark Office Semiconductor 

Technology Quality Assurance Pilot Program. It incorporates the examination quality standards 

set as a result of customer focus sessions with the semiconductor industry. The listing of the field 

of search to follow is one of these standards. 
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4/28/99 

8. Any inquiry concerning this communication or earlier communications from the examiner 

should be directed to Khanh Duong whose telephone number is (703) 308-5840. If attempts to 

reach the examiner by telephone are unsuccessful, the examiner's supervisor, ~eter Toby Brown, 

can be reached at (703) 308-4083. The fax numbers for the Group is (703) 305-3431 and (703) . 

308-7722. 

Any inquiry of a general nature or relating to the status of this application should be 

directed to the Group receptionist whose phone number is (703) 308-1778. · 

April 29, 1999 

<~ .4Jd r~ ✓1 v~ ~111\l?• 
TERESA M. ARROYO -, p;:; 

· PRIMARY EXAMINER 
QROUP2810 
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UNITED ~TES 

PATENT APPLICATION 
ATTORNEY DOCKET NO. 43889-677 

In re Application of: Takali~oA 

PATENT AND TRADEMARK OFFICE 

et al. 

Serial No.: 08/978,137 / 

Filed: November 25, 1997 
Group Art Unit: 2822 

Examiner: K. Duong 

-I 
n 
N t:,, 

For: SEMICONDUCTOR DEVICE AND 
METHOD OF MANUFACTURING THE 

Ci 
a 
--· 

TRANSMITTAL r-· ... . 
Honorable Assistant Commissioner 

for Patents 

,. . 
0 
0 
:t 

,. 

Washington, D.C. 20231 

Sir: 

1. 

STATUS 

2. 

.JL 

Transmitted herewith is an amendment for the above-identified 
application. 

Applicant is is small entity - verified statement: 
__ attached __ already filed . 
other than a small entity . 

EXTENSION OF TIME 

3. The proceedings herein are for a patent application and the provisions 
of 37 C.F.R. § 1.136 apply. 

(a) .JL Applicant petitions for an extension of time for the total 
number of months checked below: 

EXTENSION 
(months) 

FEE FOR 
SMALL ENTITY 

FEE FOR OTHER THAN 
SMALL ENTITY 

.JL one month 
__ two months 

OCJ/10/14139 MOlfAtlll£ 00000058 130203 tl&WBM~on,ths 
four months 

$ 55.00 
190.00 
435.00 
680.00 

$ 110.00 
380 . 00 
870.00 

1,360.00 
01 FC:115 110.00 at 

Fee $ 110. oo 

If an additional extension of time is required, please consider this a 
petition therefor. 

(b) 

An extension for __ months has already been secured and the fee 
paid therefor of __ is deducted from the total fee due for the 
total months of extension now requested. 

Extension fee due with this Request $ ___ _ 

Applicant believes that no extension of time is required. 
However, this conditional petition is being made to provide 
for the possibility that Applicant has inadvertently 
overlooked the need for a petition for extension of time . 
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4. The fee for claims has been calculated as shown below: 

Claims 
Remaining 
After 
Amendment 

Highest 
Number 
Previously 
Paid For 

Present 
Extra Rate 

Additional 
Fee 

Total 
Claims 20 38 0 X $ 18.00 s 

Independent 
Claims 8 12 0 X $ 78.00 c 

Multiple Dependent Claims (first presentation) $260 . 00 = 

(a} 

(b) 

FEE PAYMENT 

5 . 

Total 
Reduction by½ for 
small entity 
TOTAL FEE 

No additional fee for claims is required. 

-OR-

The total additional fee for claims required$ ___ _ 

Attached is a check in the amount of$ ____ _ 

0.00 

0.00 
0.00 
0.00 

0.00 
0.00 

Charge Deposit Account No. 13-0203 the amount of 110.00 . A 
duplicate copy of this Transmittal is enclosed for accounting 
purposes . 

FEE DEFICIENCY 

..JL If any additional extension and/or fee is required, this is the 
request therefor and to charge Deposit Account No. 13-0203. 

AND/OR 

..JL If any additional fee for claims is required, charge Deposit 
Account No . 13-0203. A duplicate copy of this Transmittal is 
enclosed for accounting purposes. 

Date: September 9, 1999 

600 13TH Street, N.W . 
Washington, D.C. 20005-3096 
Telephone: 202-756-8000 
Facsimile: 202-756-8087 
89\4 3889\677\IIOHT- l ll. TRN 

By: 

Respectfully submitted, 

McDERMOTT, WILL & EMERY . 
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~ IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
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~&m~~~ / 
In re Application of: 

Takaai UKEDA et al. 

Serial No.: 08/978, 137 

Filed: November 25, 

For: SEMICONDU OR DEVICE AND 
METHOD OF ANUFACTURING THE 
SAME 
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) 
) Group Art Unit: 2822 
) 
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) 
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) 
) 
) 

Examiner: K. DUONG 

AMENDMENT UNDER 37 C.F.R. § 1.111 

Honorable Assistant Commissioner 
for Patents and Trademarks 

Washington, D.C. 20231 

Sir: 

In response to the Office Action dated May 10, 1999, having a (3) three-month 

period for response set to expire Auguit 10, 1999, a one month petition for an 

extension of time up to and including September 10, 1999 being filed concurrently 

herewith, please amend the application as follows: 
-1 
n 

0 

,., 
• I 
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• .. · ... > : : ! 
::.·" ... ....... 
,-- : · . : ·"l 
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I - ••'-•• ~ 

IN THE DRAWINGS: 

Please amend Fig. 1 (a) as illustrated on the marked-up copy of the figure 

enclosed herewith. It is noted that the amendment to Fig. 1(a) corrects an inadvertent 

clerical error . 

. IN THE CLAIMS: 

Please cancel cI7·a, without prejudice, and amend claims 33 and 36 as 

follows: 

Jj f3 , (Amended) A method of manufacturing a semiconductor device, 

comprising: 

a first step of forming, in a semiconductor substrate having a substrate region, a 

{jv \ first trench for partitioning said substrate region into an active region and an isolation 

region and a second trench for partitioning said isolation region into a plurality of 

dummy semiconductor portions; 

a second step of filling an insulating material in each of said first and second 

trenches to form a first buried trench portion and a ·second buried trench portion; 

a third step of [forming an element on said active region; 

a fourth step of] forming depressed portions by etching said dummy 

semiconductor portions and filling an insulating material in said depressed portions to 

form inter-trench insulating films each having a top face at the same level as respective 

top faces of said first and second buried trench portions; 

a fourth step of forming an element on said active region; 

.- . ,/ 
. . . -... 2 
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a fifth step of forming an interlayer insulating film over an entire surface of the 

substrate; and 

a s·xth step of forming a wire on said interlayer insulating film. 

(Amended) A method of manufacturing a semiconductor device, 

comprising: 

a first step of forming, in a semiconductor substrate having a substrate reg ion, a 

first trench for partitioning said substrate region into an active region and an isolation 

region and a second trench for partitio"ning said isolation region into a plurality of 

dummy semiconductor portions; 

a second step of filling an insulating m~terial in each of said first and second 

trenches to form a first buried trench portion and a second buried trench portion; 

a third step of (forming an element on said active region; 

a fourth step ofJ implanting oxygen ions into each of said dummy semiconductor 

portions with said active region being covered by a mask to form a buried insulating film 

in an inner portion thereof; 

a fourth step of forming an element on said active region; 

a fifth step of forming an interlayer insulating film over an entire surface of the 

substrate; and 

a sixth step of forming a wire on said interlayer insulating film. 

3 
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REMARKS 

I. Introduction 

In response to the outstanding Office Action, Applicants have amended Fig. 1 (a) 

to indicate that reference numeral 9 corresponds to the "dummy semiconductor 

portion", and not the trench portion as erroneously indicated in the figure as originally 

filed. Support for the amendment can be found on page 27, lines 10-11 of the 

specification. Applicants would like to thank the Examiner for the indication of 

allowance of claims 22-35, 37 and 38. Applicants respectfully traverse the rejection of 

claims 19-21 and 36 under 35 U.S.C. § 103 for the reasons set forth below. 

Finally, claims 1-18 have been cancelled, without prejudice. Claims 1-18 were 

subject to a restriction requirement and were not elected for prosecution on the merits 

in the instant application. Claims 33 and 36 have been amended so as to more 

particularly recite the subject matter that the Applicants regard as the invention. 

II. The Rejection Of Claims 19 And 36 Under 35 U.S.C. § 103 

Claims 19-21 were rejected under 35 U.S.C. § 103 as being unpatentable over 

the Applicants' Admitted Prior Art (AAPA) in view of Kinoshita et al. (USP No. 

5,856,218). Claim 36 was rejected under 35 U.S.C. § 103 as being unpatentable over 

the Applicants' Admitted Prior Art (AAPA) in view of Beitman (USP No. 4,929,566). 

Applicants respectfully traverse the pending rejections for the reasons set forth below. 

4 
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A. Claims 19-21 

Claim 19 recites a novel method of manufacturing a trench-isolated 

semiconductor device. One of the novel features of the claim resides in the fourth step, 

wherein an impurity containing at least an impurity of a second conductivity type is 

introduced into dummy semiconductor portions, which are formed by forming a second 

trench in an isolation region. The introduction of the impurity into the dummy 

semiconductor portions results in the formation of at least one PN junction in the 

dummy semiconductor portions, which produces significant advantages and solves 

problems associated with prior art devices. 

More specifically, it is a known technique to form dummy semiconductor portions 

in an isolation region in order to obtain an isolation region having a planarized surface. 

Indeed, without such dummy semiconductor portions, it would be difficult to obtain a 

planarized surface of the isolation region. However, prior to the present invention there 

has been the problem that the formation of the dummy semiconductor portions 

increases the wiring-to-substrate capacitance in the isol.ation region, as described in the 

"BACKGROUND OF THE INVENTION" portion of the specification and Figs. 21 (a)-

21 (c). 

The Applicants' have discovered that in order to overcome this problem, 

according to the claimed method, a PN junction is formed within the dummy 

semiconductor portions in the isolation region. As shown in Fig. 1(b) while formation of 

the dummy semiconductor portions 9 produces an additional capacitance Cj1, because 

of formation of the PN junction 22 within the dummy semiconductor portions 9, the 

capacitance Cj1 is added in series to a capacitance Cal, which decreases the wiring-to-

5 
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substrate capacitance in the isolation region. As a result, the operation speed of the 

device is advantageously increased. 

Turning to the cited art, it is asserted that because Kinoshita teaches 

implantation of N-type impurity into a P-type substrate to form N-type source/drain 

regions 17, an N+ layer 20 and an N layer 22, Kinoshita suggests formation of at least 

one PN junction. It is then concluded that because Kinoshita discloses the formation of 

a PN junction, the combination of Kinoshita and the AAPA renders the claimed 

invention obvious. Applicants respectfully disagree. 

First and foremost, there is absolutely no motivation to combine Kinoshita with 

the AAPA as set forth in the Office Action. Kinoshita does not disclose a trench­

isolated semiconductor device having dummy semiconductor portions (Kinoshita relates 

to the formation of a bi-polar transistor wherein the isolations 12 extend above the 

surface of the semiconductor substrate), and Kinoshita neither acknowledges nor 

addresses the problem solved by the present invention. Accordingly, there is no 

motivation, whatsoever, found in Kinoshita that would suggest forming a PN junction in 

the dummy semiconductor portion of the claimed trench-isolated semiconductor to 

decrease the wiring-to-substrate capacitance in the isolation region. As such, the 

rejection is clearly in error. 

Furthermore, it is also noted that all of the N-type source/drain regions 17, the 

N+ layer 20 and the N layer 22 layer in Kinoshita are formed In an active region for 

forming a transistor, not in dummy semiconductor portions which are formed in the 

isolation region as claimed by the present invention. More specifically, in Kinoshita, the 

N-type source/drain region 17 forms collector electrode junction of the NPN bipolar 

6 
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translator 25, the N+ layer 20 forms an emitter electrode junction of the NPN bipolar 

transistor 25, and the N+ layer 22 is a diffusion layer forming a transistor. Thus, it is 

clear that Kinoshita does not disclose forming PN junctions in dummy semiconductor 

portions. 

It is well known that the fact that the prior art could be modified so as to result in 

the combination defined by the claims at bar would not have made the modification 

obvious unless the prior art suggests the desirability of the modification. In re 

Deminski, 796 F.2d 436, 230 USPQ 313 (Fed. Cir. 1986). 

Moreover, recognizing after the fact that such a modification would provide an 

improvement or advantage, without suggestion thereof by the prior art, rather than 

dictating a conclusion of obviousness, is an indication of improper application of 

hindsight considerations. Simplicity and hindsight are not proper criteria for resolving 

obviousness. In re Warner, 379 F.2d 1011, 154, USPQ 173 (CCPA 1967). 

It is only Applicants' disclosure that discloses the formation of a PN junction in the 

dummy semiconductor portion of the claimed trench-isolated semiconductor to 

decrease the wiring-to-substrate capacitance in the isolation region. Neither AAPA nor 

Kinoshita describe or suggest this claimed feature. Moreover, Kinoshita does not even 

acknowledge the problems solved by the present invention. Thus, the only motivation of 

record for the proposed modification of the device of AAPA to arrive at the claimed 

invention is found in Applicants' disclosure which, of course, may not properly be relied 

upon to support the ultimate legal conclusion of obviousness under 35 U.S.C. §103. 

PanduitCorp. v. Dennison Mfg. Co., 810 F.2d 1561, 227 1 USPQ2d 1593 (Fed. Cir. 

1987). 
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For all of the foregoing reasons, the Applicants' admitted prior art and Kinoshita, 

even if combined, do not render the present invention, as recited by claims 19-21, 

obvious. 

B. Claim 36 

Claim 36 also recites a novel method of manufacturing a trench-isolated 

semiconductor device having dummy semiconductor portions. One of the novel 

features of the claim resides in the third step (as amended), wherein oxygen ions are 

implanted into each of dummy semiconductor portions, which are formed by forming a 

second trench in an isolation region so as to form a buried insulating film in an inner 

portion of each of the dummy semiconductor portions. The formation of the buried 

insulation film produces the same advantages that are produced by the method recited 

by claims 19-21 . 

Turning to the pending rejection, similar to the rejection of claims 19-21, it is 

asserted that the combination of a reference (Beitman) that merely discloses implanting 

oxygen ions to form a buried insulating film and the AAPA renders the claimed 

invention obvious. For the same reasons as set forth above, it is respectfully submitted 

that there is no motivation to combine Beitman with the AAPA, and therefore the 

pending rejection does not establish a prims facie case of obviousness and should be 

withdrawn. 

More specifically, Beitman merely discloses that oxygen ions are implanted into 

the epitaxial layer 20 on a substrate 10, which includes an insulative layer 12. Beitman 

fails to disclose or suggest that implantation of oxygen ions is performed on an inner 
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portion of the dummy semiconductor portions with an active region covered with a mask 

so as to form a buried insulating film only in an inner portion of each of the dummy 

semiconductor portions, which are formed in an isolation region, as claimed. Further, 

as with Kinoshita, Beitman does not even appear to address the issue of reducing a 

wiring-to-substrate capacitance in an isolation region. 

It is only Applicants' disclosure that discloses the formation of a buried insulating 

film in the dumrt:iy semiconductor portion of the claimed trench-isolated semiconductor 
' 

to decrease the wiring-to-substrate capacitance in the isolation region. Neither AAPA 

nor Beitman describe or suggest this claimed feature. Moreover, Beitman does not even 

acknowledge the problems solved by the present invention. Thus, the only motivation of 

record for the proposed modification of the device of AAPA to arrive at the claimed 

invention is found in Applicants' disclosure which, of course, may not properly be relied 

upon to support the ultimate legal conclusion of obviousness under 35 U.S.C. §103. 

Panduit Corp. v. Dennison Mfg. Co., 810 F.2d 1561, 227 1 USPQ2d 1593 (Fed. Cir. 

1987). 

For all of the foregoing reasons, the Applicants' admitted prior art and Beitman, 

even if combined, do not render the present invention, as recited by claim 36, obvious. 

Ill. REQUEST FOR NOTICE OF ALLOWANCE 

Having fully responded to all matters raised in the Office Action, Applicants 

submit that all claims are in condition for allowance, an indication for which is 

respectfully solicited. 
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If there are any outstanding issues that might be resolved by an interview or an 

Examiner's amendment, the Examiner is requested to call Applicants' attorney at the 

· telephone number shown below. 

Date: September 9, 1999 

600 13th Street, N. W. 
Washington, D.C. 20005-3096 
Telephone: 202-756-8000 
Facsimile: 202-756-8087 
19143119\677151AMDMAF.001 

By: 

JO 

Respectfully submitted, 

McDERMOTT, WILL & EMERY 

Michael E. Foga 
Registration No. 3 
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herewith (or previously mailed), a Notice of Allowance and Issue Fee Due or other appropriate communication will be 
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Draftsperson. 

0 Note the attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 
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Application/Control Number: 08/978,137 

A.rt Unit: 2822 

DETAILED ACTION 

Page 2 

1. In response to the Amendment dated September 9, 1999, claims 19-38 are active in this 

application and claims 1-18 are cancelled. 

Drawings 

2. The corrected or substitute drawings were received on September 9, 1999. These 

drawings are approved. 

Examiner's Amendment 

3. The application has been amended as follows: Please substitute the title with the following 

new title: --METHOD OF MANUFACTURING TRENCH-ISOLATED SEMICONDUCTOR 

DEVICE--. 

Allowable Subject Matter 

4. Claims 19-38 are allowed. 

5. The following is an examiner's statement of reasons for allowance: the prior art of record 

does not show or suggest a method for fabricating a semiconductor device comprising the steps 

of:jilling an insulating material in each of the first and second trenches to form afirst buried 

trench portion and a second buried trench portion; forming an element on the active region; 

introducing an impurity containing at least an impurity of a_ second conductivity type into the 

dummy semiconductor portions of the isolation region to form at least on P N junction in the 

dummy semiconductor portions; forming an interlayer insulating film over an entire surface of 

the substrate; forming a wire on !he interlayer insulating film. 

,, . 
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Application/Control Number: 08/978,137 

Art Unit: 2822 

Page 3 

Any comments considered necessary by applicant must be submitted no later than the 

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 

fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 

Allowance." 

Contacts Information 

5. Any inquiry concerning this communication or earlier communications from the examiner 

should be directed to Khanh Duong whose telephone number is (703) 308-5840. If attempts to 

reach the examiner by telephone are unsuccessful, the examiner's supervisor, Carl Whitehead, can 

be reached at (703) 308-4940. The fax numbers for the Group is (703) 305-3431 and (703) 308-

7722. 

Any inquiry of a general nature or relating to the status of this application should be 

directed to the Group receptionist whose phone number is (703) 308-0956. 

•j-JN, ... ;:.z;;7~ . ,•• I,. / _. --
KBo / ,·· 
October 1, I9i9 

Supervisory Patent ,r_aminer 
Semiconauctor 'TecfinoCogy 
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Docket No.: 43889-677 PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Takaaki UKEDA, et al. 

SerialNo.: 08/978,137 

Filed: November 25, 1997 

BATCH NO.: C61 

Group Art Unit: 2822 
Allowed: October O 1, 1999 
Examiner: K. Duong 

r---- ... •' ... . .. .. .... 
' ·I 

.. . . .. . . .. ,J , .... • 

I; ; -i, CJ' ·1- r9 . :.· J .!: :;.;, • 

For: METHOD OF MANUFACTURJNG TRENCH-ISOLATED SEMICONDUCTOR 
DEVICE (AS AMENDED) 

AMENDMENT UNDER 37 CFR 1.312 

Box Issue Fee 
Assistant Commissioner for Patents 
Washington, DC 20231 

Sir: 

We are in receipt of the Notice of Allowance dated October 01, 1999, issued m 

connection with the above-identified application. 

Please make the following changes in the specification: 

IN THE SPECIFICATION 

Page 25, line 17, change "(h)" to --(i-)-; and 

Page 26, line 18, change "FIG. 21 is a cross-sectional view" to --FIGS. 21(a) and 21(b) 

are cross-sectional views--. 
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08/978,137 

REMARKS 

The drawing corrections required in the Notice of Allowability and PTO 948 have now 

been made. The corrected formal drawings are being filed concurrently herewith. The above 

amendment was made to have the specification correspond to the required drawing changes and 

does not contain any new matter. Accordingly, it is respectfully requested that this amendment 

be entered. 

600 I 3'h Street, N.W. 
Washington, DC 20005-3096 
(202) 756-8000 MEF:th 
Date: November 3, 1999 
Facsimile: (202) 756-8087 

Respectfully submitted, 

MCDERMOTT, WILL & EMERY 

~ 
Registration N~36,139 
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Family 1/1
9 record(s) per family, collapsed by 7 record(s)

Record 1/7 JP10154751A SEMICONDUCTOR DEVICE

Publication Number: JP10154751A 19980609

Title: SEMICONDUCTOR DEVICE
Title - DWPI: Semiconductor device comprises semiconductor substrate with active region and
isolation region, trench portions, semiconductor portions, interlayer insulating film, wire and PN
junction
Priority Number: JP1996314762A
Priority Date: 1996-11-26
Application Number: JP1996314762A
Application Date: 1996-11-26
Publication Date: 1998-06-09
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H01L002352 H H01 H01L H01L0023 H01L002352

H01L002902 H H01 H01L H01L0029 H01L002902

H01L002966 H H01 H01L H01L0029 H01L002966

H01L00213205 H H01 H01L H01L0021 H01L00213205
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H01L002176 H H01 H01L H01L0021 H01L002176

H01L0021762 H H01 H01L H01L0021 H01L0021762

H01L0021768 H H01 H01L H01L0021 H01L0021768

H01L0023522 H H01 H01L H01L0023 H01L0023522

H01L002906 H H01 H01L H01L0029 H01L002906

H01L002978 H H01 H01L H01L0029 H01L002978

Assignee/Applicant: MATSUSHITA ELECTRIC IND CO LTD
JP F Terms:  | 5F032AA34 | 5F032AA44 | 5F032BA01 | 5F032BA02 | 5F032BA03 | 5F032BB03 |
5F032BB04 | 5F032CA01 | 5F032CA03 | 5F032CA17 | 5F033BA02 | 5F033CA04 | 5F033DA07 |
5F033DA32 | 5F033EA25 | 5F033HH04 | 5F033HH05 | 5F033HH07 | 5F033HH26 | 5F033LL03 |
5F033MM05 | 5F033QQ58 | 5F033QQ63 | 5F033RR04 | 5F033RR06 | 5F033TT00 | 5F033TT02 |
5F033TT08 | 5F033VV01 | 5F033VV06 | 5F033VV09 | 5F033VV10 | 5F033XX24 | 5F040DA01 |
5F040DB01 | 5F040DC01 | 5F040EC07 | 5F040EK05 | 5F140AA00 | 5F140AA01 | 5F140AA15 |
5F140AB10 | 5F140BA01 | 5F140BF01 | 5F140BF04 | 5F140BF11 | 5F140BF18 | 5F140CA01 |
5F140CA03 | 5F140CA04 | 5F140CA06 | 5F140CB04 | 5F140CC01 | 5F140CC03 | 5F140CC08 |
5F140CE07 | 5F140CF00 | 5F140CF01
JP FI Codes:  | H01L002176-N | H01L002190-V | H01L002978-301X
Assignee - Original: MATSUSHITA ELECTRIC IND CO LTD
Any CPC Table: 
ECLA: 
Abstract:  
PROBLEM TO BE SOLVED: To provide a semiconductor device of high operation speed, by
reducing a wiring-substrate capacitance in an element isolation region, or reducing an
accumulated electric charge amount in capacitance. 
 
SOLUTION: On a P-type silicon substrate 1, an active region 6 where an element is provided, and
an element isolation region 7 surrounding it are provided, and comprises a groove part 8 and a
dummy semiconductor part 9. An inter-layer insulation film 12 is deposited on the substrate, with a
wiring 13 over it. In the semiconductor part 9, an impurity diffusion layer 21 which is formed at the
same time with ion-implantation into element is formed, while a PN joint part 22 formed between
the impurity diffusion layer 21 and the silicon substrate 1. The capacitance component in the
region passing the semiconductor part 9 among wiring-substrate capacitance is equal to addition,
in series, of capacitance of impurity diffusion layer 21 to that of inter-layer insulation film 12,
resulting in the amount less than the capacitance only with inter-layer insulation film, so that the
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entire wiring-substrate capacitance is reduced and the semiconductor device & operate at higher
speeds.
 
COPYRIGHT: (C)1998,JPO&Japio 
 
PROBLEM TO BE SOLVED: To provide a semiconductor device of high operation speed, by
reducing a wiring-substrate capacitance in an element isolation region, or reducing an
accumulated electric charge amount in capacitance. SOLUTION: On a P-type silicon substrate 1,
an active region 6 where an element is provided, and an element isolation region 7 surrounding it
are provided, and comprises a groove part 8 and a dummy semiconductor part 9. An inter-layer
insulation film 12 is deposited on the substrate, with a wiring 13 over it. In the semiconductor part
9, an impurity diffusion layer 21 which is formed at the same time with ion-implantation into
element is formed, while a PN joint part 22 formed between the impurity diffusion layer 21 and the
silicon substrate 1.  The capacitance component in the region passing the semiconductor part 9
among wiring-substrate capacitance is equal to addition, in series, of capacitance of impurity
diffusion layer 21 to that of inter-layer insulation film 12, resulting in the amount less than the
capacitance only with inter-layer insulation film, so that the entire wiring-substrate capacitance is
reduced and the semiconductor device & operate at higher speeds.
Language of Publication: JA
INPADOC Legal Status Table: 

Gazette Date Code INPADOC Legal Status Impact

2005-05-18 A02 -

Description:  DECISION OF REFUSAL   JAPANESE INTERMEDIATE CODE: A02   2005-05-17 

Post-Issuance (US): 
Reassignment (US) Table: 
Maintenance Status (US): 
Litigation (US): 
Opposition (EP): 
License (EP): 
EPO Procedural Status: 
Front Page Drawing: 
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Record 2/7 JP10223750A MANUFACTURE OF SEMICONDUCTOR DEVICE

Publication Number: JP10223750A 19980821

Title: MANUFACTURE OF SEMICONDUCTOR DEVICE
Title - DWPI: Semiconductor device comprises semiconductor substrate with active region and
isolation region, trench portions, semiconductor portions, interlayer insulating film, wire and PN
junction
Priority Number: JP199723844A
Priority Date: 1997-02-06
Application Number: JP199723844A
Application Date: 1997-02-06
Publication Date: 1998-08-21
IPC Class Table: 

IPC Section Class Subclass Class Group Subgroup

H01L002176 H H01 H01L H01L0021 H01L002176
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H01L002978 H H01 H01L H01L0029 H01L002978

IPC Class Table - DWPI: 

IPC - DWPI Section - DWPI Class - DWPI Subclass - DWPI Class Group -
DWPI

Subgroup - DWPI
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Assignee/Applicant: MATSUSHITA ELECTRIC IND CO LTD
JP F Terms:  | 5F032AA34 | 5F032AA44 | 5F032AA48 | 5F032AA67 | 5F032AA70 | 5F032BA01 |
5F032BB03 | 5F032BB04 | 5F032CA17 | 5F032CA20 | 5F032DA14 | 5F032DA33 | 5F032DA43 |
5F032DA60 | 5F032DA78 | 5F033BA02 | 5F033EA25 | 5F033FA03 | 5F033HH07 | 5F033KK01 |
5F033LL04 | 5F033QQ48 | 5F033QQ58 | 5F033QQ63 | 5F033QQ65 | 5F033RR04 | 5F033VV01 |
5F033VV10 | 5F033VV15 | 5F033XX24 | 5F033XX27 | 5F040DA01 | 5F040DB01 | 5F040DB03 |
5F040DC01 | 5F040EC07 | 5F040EK05 | 5F040FA05 | 5F040FB04 | 5F140AA00 | 5F140AA01 |
5F140AA15 | 5F140AB09 | 5F140AB10 | 5F140BA01 | 5F140BF01 | 5F140BF04 | 5F140BG08 |
5F140BG09 | 5F140BG12 | 5F140BG14 | 5F140BK13 | 5F140CA03 | 5F140CB04 | 5F140CC01 |
5F140CC03 | 5F140CC08 | 5F140CE07
JP FI Codes:  | H01L002176-N | H01L002190-V | H01L002978-301X
Assignee - Original: MATSUSHITA ELECTRIC IND CO LTD
Any CPC Table: 
ECLA: 
Abstract:  
PROBLEM TO BE SOLVED: To obtain a semiconductor device in which a capacitance across an
interconnection and a substrate inside an element isolation region is reduced by a method wherein
a P-N junction part is formed in a dummy semiconductor part which does not function as an active
region inside the element isolation region. 
 
SOLUTION: A thin silicon oxide film 21 and a thin silicon nitride film 22 are formed sequentially on
a P-type silicon substrate 1, and, in succession, a plurality of grooves 14a to 14c having a
prescribed width are formed in the P-type silicon substrate 1. Then, dummy semiconductor parts 9
which are surrounded by the respective grooves 14a to 14c, which are used as one or more
protruding parts and which do not function as an active region are formed inside element isolation
regions 7. N-type impurity diffusion layers are formed inside the dummy semiconductor parts 9,
and P-N junction parts 32 are formed between the N-type impurity diffused layers and the P-type
silicon substrate 1. Thereby, it is possible to reduce a capacitance across an interaction and the
substrate inside the element isolation regions 7, and the operating speed of a semiconductor
device can be enchanced.
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impurity diffusion layer to the capacitance in the interlayer insulating film, which is smaller than the
capacitance only in the interlayer insulating film. What results is a semiconductor device having
lower total wiring-to-substrate capacitance and a higher operating speed.
Language of Publication: EN
INPADOC Legal Status Table: 

Gazette Date Code INPADOC Legal Status Impact

2014-02-03 AS -

Description:  ASSIGNMENT   GODO KAISHA IP BRIDGE 1, JAPAN   ASSIGNMENT OF ASSIGNORS INTEREST;
ASSIGNOR:PANASONIC CORPORATION (FORMERLY MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.);
REEL/FRAME:032152/0514   2014-01-17 

2013-03-13 FPAY +

Description:  FEE PAYMENT 

2009-07-15 FPAY +

Description:  FEE PAYMENT 

2005-07-20 FPAY +

Description:  FEE PAYMENT 

Post-Issuance (US): 
Reassignment (US) Table: 

12 IPR2018-00756 Page 00402



Assignee Assignor Date Signed Reel/Frame Date

GODO KAISHA IP BRIDGE
1,TOKYO,JP

PANASONIC
CORPORATION
(FORMERLY MATSUSHITA
ELECTRIC INDUSTRIAL
CO., LTD.)

2014-01-17 032152/0514 2014-02-03

Conveyance:  ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS). 

Corresponent:  SUGHRUE MION, PLLC 2100 PENNSYLVANIA AVE. NW SUITE 800 WASHINGTON, DC 20037-3213 

Maintenance Status (US): 
Litigation (US): 
Opposition (EP): 
License (EP): 
EPO Procedural Status: 
Front Page Drawing: 

13

META). WIii!: 
13 

POl.YSll!CON WIRE 
10 IIIT£XI.AY!II 

IHSLATII(; FUJI 

7 
ISOLATION 

llllCI"' 

12 

1 
SILICON 

stm?IAT@ 

IPR2018-00756 Page 00403



Record 5/7 KR403012B1 

Publication Number: KR403012B1 20040205

Title: 
Title - DWPI: 
Priority Number: JP1996314762A | JP199723844A
Priority Date: 1996-11-26 | 1997-02-06
Application Number: KR199763007A
Application Date: 1997-11-26
Publication Date: 2004-02-05
IPC Class Table: 

IPC Section Class Subclass Class Group Subgroup

H01L002176 H H01 H01L H01L0021 H01L002176

H01L0021762 H H01 H01L H01L0021 H01L0021762

H01L0023522 H H01 H01L H01L0023 H01L0023522

IPC Class Table - DWPI: 
Assignee/Applicant: 
JP F Terms: 
JP FI Codes: 
Assignee - Original: 
Any CPC Table: 

Type Invention Additional Version Office

Current 
Current 

H01L 23/5222 
H01L 21/76232 

- 
 

20130101 
20130101 

EP 
EP 

ECLA: 
Abstract:  
The top surface of a P-type semiconductor substrate is partitioned into an active region to be
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is composed of trench portions and dummy semiconductor portions. An interlayer insulating film is
deposited on the substrate, followed by a wire formed thereon. In each of the semiconductor
portions, an impurity diffusion layer is formed simultaneously with the implantation of ions into the
element so that a PN junction is formed between the impurity diffusion layer and the silicon
substrate. A capacitance component of the wiring-to-substrate capacitance in the region
containing the semiconductor portions is obtained by adding in series the capacitance in the
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fee purposes: 

PANASONIC PATENT CENTER 
20000 Mariner Avenue, Suite 200 
Torrance CA 90503 
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