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USO06130139A
United States Patent |1 111 Patent Number:; 6,130,139
Ukeda et al. (45} Date of Patent: Oct. 10, 2000
[54] METHOD OF MANUFACTURING TRENCH- SETTI66 31999 Stolmeijer et al oo 438424

[SOLATED SEMICONDUCTOR DEVICE FOREIGN PATENT DOCUMENTS

[75] loventors: Takaaki Ukeda, Osaka; Chiaki Kudo, N2205000 91986  Luropean Pal, Off. .
Kyoto: Toshiki Yabu, Osaka, all of N3Z88T7  £0/1092  European Par, Of. .
Japan 3H-200554  11/1983  Joapun .
ol-015494 /1985 Japan .
[73] Assignee: Matsushita Electric Industrial Co., 63-246842  LOVIOBS  Japan .
Ltd., Osaka, Japem 02272745 11/1990  lapan .
(50113505 11993 Japan .
[21] Appl. No.: 08/978,137 Primary Examirner—Carl Whitchead, Ir.
i Assistant Fxaminer—Khanh Duong
[22]  Tiled: Nov. 25, 1997 Attorney, Agenl, or I-'frm—Mc[)cn}un, Will & Emery
[30] Foreign Application Priority Data [57] ABSTRACT
Nov. 26, 1996 |TP]  JaPaN weeoreicocremsscssssirsins 8314762 ] . ,
Feb, 6, 1967 [I]  JApAN s 9-023843 lhc. top sur.[’acn; of a _l’-lypc _scmiconduc_tor substr_ute is
partilioned inte an active region W be formed with an
[51] It CL7 e HUO1L 21/76 clerment and an isolation region surrounding the aclive
[52] U.S. CL v, 4387424 438/414; 438/333, region. The isolation region is composed of lrench portions
438/300; 438/425 and dummy semiconductor portions. An interlayer insulat-
[58] Ficld of Search ... . A3R/414, 424, ing lilm is deposited on the subsirale, followed by a wire

434/423, 477. 353 ‘%54 355, 3506, 357, formed thereon. In cach of the semiconducior portions, an

3549, 300, 370, 404, 412, 413, 405, 425 impurity diffusion layer is formed simultancously with the

implantaticn of ions into the element sa that a PN junction

[56] References Cited is {ormed between the impurity dilfusion layer and the
U.S. PATENT DOCUMENTS silicon substratc. A capaf:ilancc ctfmpcmcm.u_l' the wiring—

lo-substrate capacitance in ihe region containing the semi-
3.622382 11710970 Brock et ale ovevevscmrsiesesren 128/448 conductior portions is oblained by adding in seres (he
4920560 5/1990 Beilman ... .. 4387423 capacitance in the impurily diffusion layer to the capacitance
4.948,742 81990 Nishimura el '1] R k1. 17 Pk in the interlaver insulating film, which is smaller than the
5270205 12/1993 Hemmenway el l. e 438O capacitance only in the inter laver iosulating {iim. Whal
3426062 61995 Tlwang o - 438423 results is a semiconductor device having lower total wiring,

2603568 911997 Suzuki ctal. . e 2570330 le-substrate capacitance and a higher operating specd
S605,033  GIL99T Meyer o w 4381427 P 1 gher operalitig Speet.

760,444 01908 Okumurs e, 237350
5850218 11999 Kinoshita el al o 438414 20 Claims, 21 Drawing Sheets
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6,130,139

1
METHOD OF MANUFACTURING TRENCH-
ISOLATED SEMICONDUCTOR DEVICE

The present invention relates 1o a semiconductor device
having a lrench-isolated structure and, more particularly, Lo
a mcthod of reducing the capacitance between the wiring
and) substrate ol (he semiconduclor device,

As higher-densily and increasingly minialunzed semi-
conductor devices have been implemented in recent years,
repeated attempts have been made to substitute a irench
isolation technique for a LOCOS technigque which is most
prevalently used to form isolalion lor providing insulalion
between individual elements ol Lhe semiconductor devices.
In accordance with the trench isclation technique, an insu-
lating material is [illed in a trench lormed in a2 semiconductor
substrate to form isolation.

Since planarization of a surface of a4 semiconductor
substrate including the insulating materal filled in the trench
is important o the trench isolation technique, chemical
mechanical polishing (CMP) has boen used as a planarizing
technique which achieves excellent in-plane uniformity tree
from pattern dependence. In the case where the trench
oceupics a large arca in a CMP process for planarization, the
provision of dummy island semiconductor portions bas been
proposcd 10 avoid trouble cesulting from so-called pattern
dependence, which causes polishing properties to vary
depending on the arca of a region w be planarized. In other
words, the trench is divided o a plurality of narrow
trenches sa that the surface of the semiconductor subsirate is
exposed between 1he individual trenches to form the dummy
scmiconductor portions which do not scrve as active
regions.

I'1G. 19 shows an example of the conventional trench-
isolaied semiconductor device having the dummy island
semivonducior portions.

As shown in LG, 19, an active repion 6 of a P-type
silicon substrate 1 is formed with: a gate oxide Alm 2; a gate
clectrode 4 made of a polysilicon film; and source/drain
regions 5§ inlo which an impurity has been introduced. An
isolation region 7 surrounding the active region 6 is lormed
with a plurality of trench portions 8 each filled with a silicon
oxile fitm. Between the individual trench portions 8, (here
are provided semiconductor portions 9 having lop surfaces
at the same level as the top surfaces of the trench portions
8. On the trench portions 8 also, there is provided a poly-
sificon wire 1 formed simultancousty with the gate oxide
film 2 and the gate electrode 4 of an element. An interlayer
insulating lilo1 12 is deposiled over the enlire surlace ol Lhe
substrate, followed by a metal wire 13 provided thereon.

i this casc, if the treneh portions have such large widths
as shown in FIG. 21(£). a silicon oxide filo flled in each of
the trench portions is polished during the CMP process lor
planarizing the whole substrate so that the surface thereof is
depressed due to pattern dependence, which leads 1a the
trouble of degraded planarity or the like. The isolation
structurce as shown in FIG. 19 has been proposcd to prevent
such trouble resulting from pattern dependence.

FIGS, 20(a) 1o 20{g) arc cross-scctional views ilustrat-
ing a process of manulacturing the conveational trench-
isolated semiconductor deviee having an NMOS transistor,

1n the step showan io FIG. 20 (@), a thin silicon oxide film
21 having a thickness of [0 nm and a silicon nitride film 22
arc formed sequentially on the P-type silicon substrate 1.

In the step shown in FIG. 200h), a plurality of trenches 14
cach having a given width arc tormed 1n the silicon substrate
1. However, the trenches 14 include: irenches 144 formed (o
surround the active region 6 10 be formed with the element;
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trenches 145 formed tn the isolation region 7 separaled [rom
the active region 6 by the trenches 1da to eliminate paticrn
dependence from planarity abtained at the comipletion of the
manulaclurng process; and lrenches 14¢ for [orming (he
polysiticon wires. In the isolalion region 7 also, the semi-
conductor portions ¥ have been provided to {orm at least one
projecting portion surrounded by the trenches 14, The semi-
conducior portions 9 may be considered as dummy active
regions which do not [unction as aclive regions.

In (he step shown in FIG. 20c¢). a silicon oxide fiim 23
is deposited over the catire surface of the substrate o fill in
the trenches 14,

In the step shown in FIG. 20(d), the silicon oxide (ilm 23
15 polished by 1 CMP method. Subsequently, the silicon
nitride filmy 22 and the silicen oxide film 21 are removed
selectively (o form the plurality of huried trench portions 8
cach lilled with the silicon oxide [ilm and having a pla-
narized surface. The buried trench portions 8 include: buricd
lrench portions 8a fuocticniog as isolation; buried trench
portions 8h [orming the dummy semiconductor portions %,
and buricd trench portions 8¢ for providing insulation
between the polysilicon wires and the silicon substrate.

In the step shown in TTIG. 20(e), there are formed the pate
oxide film 2, the gate electrode 4 having sidewalls 24 on the
side faces thercot, and the polysilicon wire 10 by using a
known technique. The gate clectrode 4 and the polysilicon
wire 10 are formed simullancously.

In the step shown in FIG. 200, amenic ions 25 are
implanted nto the active region 6 of the NMOSFET region
by using a resist mask Rem covering the PMOSIET repico
and the isolation region 1o form the sourcei!rain regions 5.
The NMOSFETT is formed by the [oregoing process steps.

[n the step shown in FIG. 20(g), the silicon oxide Rlm 1s
deposiled 1o lorm the inlerlayer insulating lilm 12, [ollowed
by the metal wire 13 lormed (hereon.

Iz the forcgoing step shown in F1G. 200f), 1ons of such an
impurily as phosphorus or arsenic have been implanted nto
the pate electrode 4 and source/drain repions 5 of the active
region & in the step shown in FIG. 20(0). However, impurity
tons are notl implanted in principle in the region other than
the active region 6, though they may be introduced slightly
extensively into the pedphery of the isolation region io
considerations of mask displacement. Henee, impurity ions
are not umplanted i (be dummy scmiconducior portions 9
Detween the individual trench portions 8.

A deseription will be given 1o the wiring-lo-substrate
capacitance of the trench-isolated semiconductor device
having the small trench portions 8 which are discretely
localed and the dummy semiconductor portions 9 as shown
in IIG. 19 and in & semiconductor device having z wide
isolating/insulating film such as a [.OCOS film. FIG. 21{a)
is 4 cross-scctional view for illustrating, by way of exampie,
the wiring-1o-substrate capacilance in the isolation region 7
having the dummy semiconductor portions 9. FIG. 21(H) is
a cross-sectional view for illustrating the wiring-to-substrate
capacitance of the semiconcuctor device having a LOCOS
isolation film 1M and 0o dummy semiconduclor pourlion.
is assumed here that impurity fons have not been tmplanted
in the isolation region 7 during the implantation of jons into
ithe source/drain regions and that the area occupied by ihe
whole isolation region 7 is equal in cach ol the two semni-
conductor devices,

Inn the semiconductor device shown in FIG. 21(#). a lotal
wiring-to-subsirate capacitance Cal corresponds to Lhe sum
of capacitances Cal and (a2, which is represented by the
following cqualion {1):

Cat=ZCa1+ECa2
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In the case where a member interposed between the wiring
and substrale 15 composed of a homogeneous matcrial, the
wiring-to-subslrate capacitance per unil arez is ioversely
proportional to the distance between the wiriop and
substrate, s0 thal the capacitance is larger as the distance is
sharter. IF the total wiring-to-substrate of the semiconductor
device shown in FIG. 21{6) is represenled by Cbl when (he
dimension Da2 shown in [IG. 21{a) is cqual to the dimen-
sion Dbt shown in FIG. 21(h), the following incquality {2)
1s salislied:

CatsUhe S

which indicates that the wiring-to-substrate capacitance Cal
in the structure shown in IIG. 21(g} is larger than the
wiring-lo-substrale capacitance (bl in the stieture shown in
IIG. 21(h).

Althoush the formation of the island patiem composed ol
the dummy semiconducior portions in the isolaiion region
has the advantage of achicviog planarization with ¢xecllent
in-plane uniformity, it slso has the possibility of increasing
the wiring-to-substrate capacitance and resultantly reducing
the operating speed ol the semiconductor device.

SUMMARY OF THE INVENTION

In view ol the forezoing, the present invention bas been
achicved based on the prineiple that, il cach clectrode ol a
parallel-plate capacitor cccupies an equal area, the capaci-
tance of the capacitor is generally smaller as the distance
between the clectrodes is larger or on the physical phenom-
enon that, cven when Lhe capacilor has cqual capacitance,
the amount of charge accumulated therem (s smaller as the
voltage belween the elecirodes is Jower,

It is therefore an objeet of the present mvention to
increase (e vperating speed of a treuch-isolaled semicon-
ductor 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 thie isolatlon region or means for reducing the
amount ol charge accumulated in the capacilance present
between thu wiring and substrate in the solation region.

A first semiconductor device according to Lhe present
invenlion comprises: a semiconducior substraic having an
active region and an selation region surrounding, Lhe active
region; a plurality of trench portions each formed in the
isolativn region and [illed witlr an insulaling malerial; semi-
conductor portions inlerposed between the individual irench
portions 1o the isolation region; an interlayer insulating Glm
formed 10 extend continuously over the active region and the
isolativn region; a wire formed on the interlayer insulating
film; and at lcast one PN junclion formed in the semicon-
ductor portions underlying the wire.

In the arrangement, the capacitance component of the
witing-lo-subsirale capacilance in the region conlaining the
semiconductor portions-of the isnlation region is obtained
by adding in series the capacitance in the upper porlion ol
the PN junciion of each ol the semiconductor portions e the
capacitance in the interlayer insulating film, which is smaller
than (he capacitance only in the interlayer insulating flm.
Accordingly, the wiring-to-substraic capacitance ol the
whole semiconductor device 1s reduced, tesulting in the
semiconductor device operating al a higher speed.

The PN junction may include a plurality of N junctions
[ormed in the semiconductor portions.

The arrangement achieves a further reduction in wirlng-
{o-substrate capacilance, resulling in a higher operaling
speed.
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The aclive region may be lormed wilh an impuritv
diffusion region and a PN junction may be formed al a
hottom face of the impurity diffusion region, the PN junction
ol the 1solation region being positioned al a level lower than
the PN junction of the active region.

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

A second semiconductor device according 1o the present
mvention comprises: a =emiconductor substrate having an
aclive reglon and an isolatien region surrounding the active
repion; & plurality of trench portions each formed in the
isolation region and {illed with an insulating material; semi-
conductor portions interposed belween Lhe individual rench
portions in the isalation region: an interlaver insulating film
tormed 10 extend continuously over the active region and the
tsolation region; a wire formed on the interlayer insulating
film; and a diclectric flm interposed between at least the
semiconductor portions of the isolation region and the
interlayer tsulating film.

In the arrangement, the capacitance component of the
wiring-te-substrate capacitance in the region containing the
semiconductor poriions al 1he isotalion region is oblained by
adding in series lhe capacilance in the diclectde lm (o the
cupacitance in the interlayer Insulating film, so that the total
wiring-to-substrate capacitance 15 lowered. Consequently,
the operating speed ol the semiconductor device is
mcreascd.

As the dielectric film, an underlying insulating flm may
be provided between the interlayer insulating film and the
semicondector portions and trench portions.

There can be further provided a gate clectrode formed on
the semiconductor subsitate within the active region and
sidewalls made of an insulating material and fommed on both
side faces of the pate electrode such thal the underlying
insulating film is formed of the same Hlm as forming he
sidewalls,

The underlyng nsulating filin may be composed of a
multilayer film,

The arrangement cnables the underlying insulating fiim
for reducing the wiring-to-substrale capacitance to be com-
poscd by using the sidewalls required to form a MOSFLET of
so-called DD struciure. Consequently, the wiring-1o-
substraie capacitance can be reduced, while avoiding an
Inerease in manufacturing cost,

The dielectde flm may be lormed io an upper portion of
each ol the wemiconductor porlions ol the semiconduclor
substrate to bave a top face at approximalely the same level
as a top face of each of the trench portions.

Preferably, the diclectric lilm is composed of at least one
of a silicon oxide film and a silicon nitride Hlm.

A third semiconductor device according (0 (he present
inveniion comprises: a semiconditetor substrale having an
active reglon and an isolation region surromnding the active
region; a plitrality of treach ponions cach formed in the
tsolation region and lilled with an insulating material; semi-
conductor portions interposed between he individual trench
portions in the isolation region; an interlayer insulating flm
formed 1o extend continvously over the active reglon and he
isplation region; a wire [ormed on the interlayer insulating
film; and a buricd insulating film formed in an inner portion
of each of the remiconductor portions in the isolation region.

The arrangement allows a reduction in the wining-to-
substrate capacitanee of the entire isolation region, resuliing
in a significant rednction In operating speed.

A fourth semivonducior device according (o the present
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aclive region and an isolalion region surrounding the active
rceion; a plurality of trench portions cach formed in the
isolation region and filled willy an insulating, material; semi-
conductor portions inlerposed between the individual rench
portions in lhe isolation region; an inlerlayer insulating film
formed 1o extend continnonsly over the active region and the
isolalion region; a wire formed on the interlayer insulaling
(ilm; an a resistor lilm lormed belwseen the interlayer insu-
lating film and at least the semiconductor porlions of the
1solation region,

In the arrangement, a volltage drop in the resistor film
reduces the amount of charge accumulated in the wiring-lo-
substrate capacitance in (be region of the semiconduclor
device containing the resistor film, though the wiring-to-
substrate capacilance is nol reduced in the region.
Conscquently, the time required tor charging or discharging
is reduced, resulling in the semiconductor device operaling
al a higher speed,

As the resistor film, an underlying cesistor Alm may be
Tormed 10 exiend conlinugusly over the semiconductor por-
tions and lrench portions.

The arrungement allows the wiring-to-substrale capaci-
tance Lo be reduced by using various {ilms having electric
resistivity which are [ormed on the semiconductor subslrale.

There can further be provided a resistor element formed
an 1he semiconductor substrale and having a high resistor
ilm such that the underlying resistor film is [ormed of the
same film as composing the high resistor film of the resistor
element.

In the arrangement, the underlying resistor [im having the
same resislance as the igh resistor film used as a resistor
slement achieves a remarkable voltage dropping eflect.

There can [urther be provided an clement having an
clectrode member composed of a conductor Rlim formed an
the semiconductor substrale within Lhe aclive region such
that the resistor lilm is composed of the same malerial as
compasing the clectrode member.

There can [uriber be provided a TFET having a sale
electrode composed ol a lirst conductor Llm [ormed on the
semiconductor portion within the active region and a second
conductor ilm deposited on the Rrst conductor film such that
a top surlace of the [first conductor Rlm ol the gate electrode
is gl approximalely the same Ievel as a top surface of cach
of the trench portions, while a region of (he resistor film
overlying each of the semiconductor portions is [ormed of
the same two lilms as composing the [first and second
conductor Alms of the gale clectrode and a region of the
resistor Alm overlying cach of the trench portions is com-
posed of the same malerial as composing the lirst conductor
film of the gate clecirade.

Each of the arrangements climinales the necessity for an
additional step ol forming (he rtesisior film, so that the
wiring-lo-subsirale capacitance is reduced, while an increase
in manufaciuring cost is prevented.

The resistor [1lm may be tormed in an upper portion ol
each of the semiconductor portions of the semiconductor
substrate to have a top face at approximately the same level
as a top swtace of cach of the 1rench portions.

The resistor lilm may be composed of a silicon film
containing at least ane of an oxygen alom and a nitropen
aton.

The resistor [1lm may be composed of at least one of a
polysilicon flny and an amorphous silicon Blm,

The arrangement allows the formation of the reststor film
by using the polysilicon Rlm or amomphous silicon film 1o
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compose the pate eleclrode and the resistor element and
thereby preveats an increase in manufacturing cost,

A [irst method ol manulacturing 2 semiconductor device
according 1o the present invention comprises: a [irst step of
forming, in a scmiconductor substrate having a substraic
repion of a first conductivity type, a first trench for parti-
lioning the substrale region into an active region and an
isplation region and 2 sccond trench lor partitioning the
isolation region into a plorality of dummy semiconductor
pactions; 2 second step ol lilling ap insulaling material in
cach of the lirst and second trenches 1o form a lirst buried
trench portion and a sccond 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
a sccond conductivity type into the dummy semiconductor
portions of the isolation region lo lorm at loasl onc PN
function in the dummy semiconductor portions; a fifth step
ol forming an interlayer imsulaling film owver an enlire
surface of the substrale; and a sixth step of forming a wire
on the interlayer wnsulating film.

The methods enables the Tormation of the semiconduclor
device including the dnmmy semiconductor portions cach
having the PN junction. The capacitance component of the
wiring-to-subsirate capacitance in the region containing the
semiconductor portions ol the isolaiion region is oblained by
adding in serics the capacitance in the upper portion of the
PN juaction of gach of (he semiconductor portions (o the
capacitance in the interlayer insulating film, which is smaller
than the capacitance only in the interlayer insulating Him.
Accordingly, thce wiring-to-substratc capacilance of the
whole semicondnctor device is redneed, resulting in the
semiconducior device operaling al a higher speed.

The third and fourth steps may include forming a gale
clectrode of a TLT as the elemenl on the active region,
introducing the impurily of the second conductivity type into
the active region and Lthe dummy semiconductor portions,
and thereby forming source/drain regions of the FE'T, while
forming the al least one PN junciion in the dummy semi-
conductor portions.

The meihod enables the formation of the semiconductor
device operating at a high speed by using a typical manu-
faciuring process for forming a FE'F withoul an additional
step of forming the PN junction in cach of the dummy
semiconduclor portions.

The 1hird step may include forming 2 gate electrode of &
FET as the clement on the aclive region by using a first inask
vovering the isolation region and introducing the impurily of
ihe second conductivily type into the active region lo [orm
source/drain regions ol the FET and (he lourth siep may
include introducing the Impurity containmg at least (he
impurity of the second conduclivity 1ype into the dummy
semiconductor portions by using a second mask covering the
active region to form the at least one PN junction in the
dummy semiconductor portions.

The method enables the formation of the semiconductor
device having an arbitraty number of PN junclions withoul
placing restraints on the depth and impurity concentration of
the PN junction in the active region, resuliing in a semicon-
ductor device having minimum wiring-1o-substrale capaci-
tance.

A second method of manufacturing a semiconductor
device according to the present invention compriscs: a Arest
step of forming, in a semiconductor substrate having a
substrate region, a fArst rench for partitioning the substrate
region inlo an aclive region and an isolation region and a
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plurality ol dummy semiconduclor portions; a second step of
filing an insulating malerial in cach of the first and sceond
trenches to torm a first buried trench portion and 4 second
buried trench porion; a thicd step of forming an element on
the active region; a fourth step ol forming a resistor (ilm on
cach of the dummy scmiconductor portions of the isolation
region; a lifth step ol lorming an inlerlayer insulatiog film
over an enlire surlace ol the substrate; and a sixth siep ol
forming a wirc on the interlayer insulating film.

The method enables the formalion ol the semiconductor
device comprising the resistor film belween the inlerlayer
nsulating Blm and dummy scmiconductor portions of the
isolation region. A voltage drop in the resistor Alm reduces
the amount of charge accuniulated in the wiring-lo-substrate
capactlance, though (he wiring-to-substrate capacilance is
not reduced in the region containing the resistor [flm ol the
semiconductor device. Consequently, the time required for
charging or discharging is reduced, resulling in the semi-
conductor device operating, al a higher speed.

The fourth step may include composing the resistor film
ol a film conlaining al least one of polysilicon and amor-
phous silicon.

The fourth step mav include composiog the resistor film
of a multilayer lm constituted by two or more conchuctor
films with at lcast an insulating film interposed therche-
tween,

‘The fourth step may include introducing an impurity at a
concentration ol 1x 1™ atoms-em™ or lower inlo the resis-
or flm.

Ahird method of manulacluring a senticonduclor device
according to the present invention comprises: a first sisp ol
forming, in a semicondueetor substrale having a substrate
region, a first trench for partitioning the substrate region into
an active region and an isolation region and a second 1rench
for partitioning the isolation region into a plurality of
dummy semiconducior portions; a sccond step of lling an
insulaling matenial in each of the limsl and second trenches (o
[orm a lirst buried teach portion and a second buried trench
portion; a third siep of forming an clement on the aclive
region; a founh step of implanting ions into an upper portion
of each of the dummy semiconductor portions 1o form a high
resistor portion thereing a {ilth step of forming an interlayer
insulating film over an catire surface of the substrate; and a
sixth slep ol forming a wire oo the inlerayer insulating {ilm.

The method allows 1he [omation of the semivonductor
device comprising the high resistor portion between the
interlayer insulaiing film and dummy semiconductor por-
tions of the isolation region. As described above, a voltage
drop in the region conlaining the high resislor portion of (he
serniconductor deviee reduces the amount of charge accu-
mulated in the wiring-to-substrate capacitance. What results
is lhe semiconductor device which requires a shorter time
lor charging or discharging and therefore operates insulating
film at a higher speed.

The [ourth step may include implanting ions contzining at
least an atomi haviog an oxidizing [unction w form the high
resistor portion.

The [ourth slep may include implanting ions containing, at
least an wlom having a nitriding [unction (o {orm the high
resistor portion.

A fourth method of mapufactunng a semiconductor
device according to the present invention comprises: a tirst
step of torming, in a scmiconductor substralc having a
substrate region, a st lrench for partitioning the substrale
region inlo an active region and an isolation region and a
second lrench Tor partitioning the isolalion region inlo a
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plurality of dummy semiconductor poriions; a second step of
filling an insulating material in cach of the first and sccond
trenches to form a first Duried trench portion and a sceond
buried rench portion; a third step ol foming an ¢lement on
lhe active region; a fourth step of lorming an underlying
insulating film over the dummy semiconductor portions of
the isolation region; a [ifth step ol Jorming an interlayer
insulating film over an entire surface of the substrate; and a
sixth step of torming a wire on the interlayer insulating flm,

In accordance with the method, there 8 formed the
semiconductor deviee including the underlying insulating
film beoeath the interlayer insulaiing film in the isolation
region thereof. Consequently, the capacitance component of
the wiring-lo-substrate capacilance in the region containing
the semiconductor portions ol the isolation region is
obtained by adding in series Lhe capacitance in the under-
ving insulating Glm to the capacitance in ibe interlayer
insulaling film, so that 1he total wiring-to-subsirale capaci-
lance is reduced. What resulls is the semiconduclor device
opcrating at 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, deposiling a dielectric Llm oo the subsirate, per-
forming anisoiropic etching wilth respect to the dielectoe
film by using a mask covering the isolalion region, and
thereby leaving sidewalls on both side faces of the gaic
electrode, while leaving, the underlying Insulating film over
the dummy semiconduclor porlions.

The method ¢nables the formation of a semiconductor
device operating al a high speed by using a typical manu-
facturing process for [orming a FET wilhoul an addilional
slep of lorming the underlying insulaling Llm.

The fourth step may include forming the underlving
msulating film of a diclectric Alm conluaining al least silicon
oxide.

The fourth swp may inclode forming the underlying
insulating film of a diclectrie [ilm conlaining at least silicon
nitride.

A [ilth method of manulacturing a semiconduclor device
according (o the presenl invenlion comprises: a first step of
forming, in a semiconductor substrate haviog a substrate
region, a first trench for partinoning the substrate reglon inio
an active region and an isolation region and a sccond trench
for partitionmg the isolation rcgion inlo a phirality of
dummy semiconductor portions; a second slep of Giling an
insulating materal in each of the first and second trenches o
form a lirst buried trench portion and a second buried trench
portion; a third step of forming an element on the active
region; a fourth step of forminy, depressed portions by
¢tehing the dummy semiconductor portions and [lling an
msulating material in the depressed portions 1o form inter-
trench Insulating lilms cach baviog a lop [ace at lhe same
level as respective top faces of the lirst aod second buried
trench poriions; a [ilth step of forming an inierlayer insu-
latnyg film over an entire surlface of the substrate; and a2 sixth
step of forming a wire on the interlayer insulating film,

In accordance with the method, there is formed the
semiconductor device comprising the inter-trench insulating
filims between the interlaver insulating lms 2nd dummy
semiconductor portions ol the isolation region Lhereol.
Consequently, the capacilance component of the wiring-Lo-
substrale capacitance in the region containing the semicon-
ductor portions of the isolation region is obtained by adding,
in serics the capacitance i the inter-trench buried insulating
films to the capacilance in the interlayer insulating film, so
that the total wiring-to-substrate capacitance is reduced.
What results is the semiconductor device operating at a high
speed.
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The {ourth siep may include forming cach of the inler-
trench insulating films of a diclectric Alm containing at least
silicon oxide.

The fourih step may include Torming each of the inler-
trench insulating lilms ol 2 dielectric lm containing at least
silicon nitride.

Asixth method of mamifacturing 2 semiconductor device
according to the present invention comprises: a first step of
[orming, in a semiconducior subsirale having a substrale
region, a lirsst irench lor partilioning the substrate region into
an active region amd an solation region and & second trench
for partitioning the isolation reglon into a plurality of
dnmmy semiconductor portions; a sceond step of filling an
insulaling material in cach of the Hrst and sccond trenches 1o
form a first buried trench portion and a second buried trench
portion; a third siep of forming an element on the active
region; a lourth step ol implanting oxygen ions inlo each ol
the dummy semiconductor partions to form a buried iasu-
lating film in an inner portion thereof: a fifth step of forming
am interlayer insulating [Hm over an entire surface of Lhe
substrate; and a sixth step of forming a wirc an the interlayer
insulating Rim.

A seventh method of manufacturing 2 semiconductor
device according to the present invenlion comprises: 4 {inst
step of forming, in a semiconducior subsirale having a
substrate region, a first trench for partitioning the substrale
region nlo an aciive region and an isolation region and a
second trench for parlitioning the isolation region iato a
pluralily of dummy scmiconductor portions; a scvond step of
lilling an insulating materal in each of 1he firsl and second
trenches to form a [irst buried trepch portion and 2 second
buried trench portion; a third step of Formiing third renches
by eiching, the semiconductor portions and flling an insu-
lating material in the (hird trenches 1o form buried insulaling
films cach having a top tacc at a level lower than respective
top laces of the Brst and sceond buricd trench postions; a
[ourth step ol growing semiconductor lilms 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 iosulating tilm over an entire
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.

An eighth method of manufacturing a semiconductor
device according to the present invention comprises: a first
step of forming, in 2 semiconductor subsieawe having a
substrate region, a first trench exlending over an entire
isolation region of lhe substrale region, while leaving an
active region of the substrate region; a sccond step of flling
an insulating matcrial in the first trench to torm a buricd
insulating, film having a 1op face al the same level as a top
fce of the isolation region; a third step of growing a
sermiconductor film over (he active region and the buried
insulating film; a fourth step of forming, In (he semicon-
ductor substrate, a second trench for partitioning the semi-
conductor ilm and the substrate region into the active reglon
and the isolation region and a third trench lor partitioning the
portion of the semiconductor flm overlying the isolation
region into a plurality of dummy semiconduclor portions; a
lifth step of lilling an insulating material in cach ol the
second and third trenches 1o form a fist buried trench
portion and a second buried trench portion; a sixth step of
forming an clement on the portion of the semiconductor film
averlying the active region; a scventh step of forming an
interlayer insulating Alm over an entire surface of the
subsirate; and an eighth step ol forming a wire on (he
interlayer insulaiing {ilm.
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In accordance with the methods, there are obtained semi-
conductor devices cach comprising a buricd insulating, ilm
at a depth of each of the dummy semiconductor portions of
the isolation region. What results is the semiconductor
device having smaller wiring-to-subsirale capacitance and
opcraling at a higher speed.

BRIEF DESCRIFITON OF THE DRAWINGS

FIG. I{a) is a cross-sectional view of a semiconductor
device according to a tirst embodiment, having shallow PN
Junclions formed in the semiconductor portions thereof and
FIG. 1(h) is an cnlarged cross-scctional vicw of an isolation
region [or llustrating (he wiring-{o-substrate capacilance in
the semiconduclor device;

FI1GS, 2(a) to 2(g) are cross-sectional views illusirating a
process vl manulacturing the semiconducior device accord-
ing Lo the [imst embodiment;

F1G. 3 is a cross-sectional view of a semiconductor device
according v a sccond embodiment, having shallow PN
junctions formed in the semiconduclor portions thereof;

I'IG. 4 is a cross-sectional view of a se miconductor device
according to a third embodiment, having two PN junctions
i the semiconductor portions thereot;

['1G. Sis a cross-sectional view of a semiconductor device
according to a fourth embodiment, having a high resistor
film formed on the semiconductor portions thereotf;

[IGS. 6(c) 10 6(1r} are cross-sectional views illustrating a
process of manutacturing a semiconductor device according
o a fourth embodiment:

[1G. 7 is a cross-sectional view ol a semiconduclor device
according to a hifth cmbodiment, having a multilayer gate
provided therein;

['1G. B is a cross-scectional view of a semiconductlor device
according o an sighth embodiment, having an inter-trench
film formed on each of the semiconductor portions thereof;

FIGS. 9(a} 1o 9(f) urc cross-scelional views illustrating a
process of manufacturing the semiconductar deviee accord-
ing to lhe sixth embodiment;

FIG. I} is a cross-sectional view of a semiconductlor
device according o a seventh embodiment, having a high
resistor partion in the upper portion of each ol the semicon-
duclor porlions;

FIGS. T1{a)Y 10 11{/) are cross-sectional views illustrating,
a process of manufacturing a semiconducter device accord-
ing 1o a sevenih embodiment;

[IG. 12 is a cross-sectional view of a semiconductor
device according to an ¢ighth embodiment, havinp an
underlying, having an underlying iosulating {ilm [ormed
beneath an interlayer insulating fAlm;

FIGS. 13a) to L3(H are cross-sectional views illustrating
a process ol manulacturing the semiconductor device
according to the cighth embodiment;

[F1G. 14(a) is a cross-sectional view of a senticonductor
device according (o a ninth ¢mbodiment, having a bured
msulating film formed over the entire 1solation region and
FIG. 14(5) is an enlarged cross-scetional view of the isola-
tion region lor ilustrating (he wiring-lo-substrate capaci-
lance inr the semiconductor device;

FIGS. 15(a) Lo L5{/1) arc cross-scclional views itlustrating
a process ol mapubzciluring a semiconducior device accond-
ing (o the ninth embodiment;

FIGS. 16{a) to 16{7) arc cross-scctivnal views itlustrating
a process ol maputzciuring a semiconducior device accond-
ing (o a enth embodiment;
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[TGS. 17{«) to I} are cross-sectional views illustraling
the first half of a process of manufacturing a semiconductor
device according to an eleventh embodiment;

FIGS. 18(a) 1o 18{d) arc cross-scctional views illustrating
the second half of the process of manutacturing the semi-
conductor device according 1o the eleventh embodiment:

FIG. 19 is a cross-scational view ol a conventional
semiconductor device,

FIGS. 20(a) 10 20{¢) arc cross-scetional views illustrating
a process of manufacturing the conventional semiconductor
device: and

FIGS. 21(a) and 21{P) arc cross-scclional views lor
illustraiing the wiring-lo-substrate capacilance in cach ol a
conventional trench-isolated semiconductor device and a
conventional LOCOS-isolaled semiconductar device.

DETAILED DESCRIPTION OF THL
INVENTION

Relerring now 1o the drawings, the embodiments of he
present invention will be described.
(First Embodiment)

FIG. 1{a) is a cross-scetional view of 4 semiconductior
device baving a MOSFET according 1o a first embodiment.
As shown in the drawing, a first active region 6 of a P-type
silicon substrale 1 is provided with an element functioning,
as the MOSIET composed ol a gale oxide film 2; a gale
clectrode 4 made of a polysilicon film; and sourcefdrain
regions 5. An isolation region 7 for clectrically isolating the
individual elements is [ormed with a plurality of rench
portions & cach [ilked wilh a silicon oxide flm 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 rench portions 8
tormed in the isolation region 7, there 1s provided a poly-
siticon wire L formed simultancously with the pate msu-
lating film 2 and the gate electrode 4. There are Lurther
provided an inlerlayer insulating lilm 12 made ol a silicon
oxide film deposiled over the entire sirface of (he substrate
andl a4 metal wire 13 formed on the interlayer insulating film
12.

Each of the semiconductor portions 9 formed in the
isolation region 7 is provided wilk an impurity diffusion
layer 21 inlo which an N-type impurity ol the conductivily
type opposite 10 lhat ol the silicon substrate 1 bas been
introduced, s that 2 PN junction 22 is formed between Lhe
impurity diftusion layer 21 and the silicon substrate 1. The
PN junction 22 is positioned at a level betwern those of the
top and bottom Faces of the trench portions §.

FIG. I{(h) is a cross-scctional view for illustrating the
wiring-lo-subsirale capacilance in the isolation region 7 ol
the semiconductor device according o the present embodi-
menl. As shown in the drawing, the winng-lo-subsiraie
capacilance of the semiconductor device according to the
present embodiment includes the components of capaci-
tances Cal and a2, similarly to the wiring-to-substrale
capacilance ol the conventional semiconduclor device
shown in F1G. 21{x). Moreaver, since the PN junction 22 is
[ormed in each of the semiconductor portions 9, another
capacilance Cj1 is added in series to the capaciiance Cal.
Henee, the total wiring-to-substrate capacitance ()t 1s rep-
resented by the following equation (3%

Cp=X{{CabxCiL(Cal+01 )+ (3}

which is smaller than the total capacitance Cat represented
by the equalion {1). Accordingly, the following inequality
(4) is salislied {4}
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Ciieal {41.

Thus, the wiring-to-substraic capacitance can be reduced
in the semiconduclor device according lo the present
embodiment owing (o the PN junclion 22 present in cach of
the dummy scmicondoctor portions 9 of the isolation region
7, which increases the operating speed of the semiconductor
device,

A description will be given pext 1o a method ol manu-
factnring a scmiconductor device according to the present
embodiment. FIGS. 2{(a) to 2(g) are cross-sectional views
showinp, the structure of the semiconductor device haviop,
the NMOSFET zceording to the present embodiment in the
manufacluring process therefor.

[n the step shown in TG, 2(a), the thin silicon oxide flm
21 having a thickness ol 10 nm and a silicon nitride lilm 22
arc formed sequendially on the P-type silicon substrale L.

In the step shown in FEG. 2{b), the plurality of trenches 14
¢ach having a piven widih are formed in the silicon substrate
1. The wenehes 14 include: trenches 144 formed to swround
the active region & to be formed with the clement; trenches
146 formed in the isolation repion 7 separated from the
active 6 region by the trenches 149 1o eliminale pattern
dependuence from planarity obtained at the completion of the
manufacturing process; and lrenchics 14e for forming the
polysilicon wircs. In the isolation region 7 also, the scmi-
conducior portions 9 have been provided to form at leasi one
prajecling portion surrounded by the trenches 14, The semi-
conducior portions ¥ may he considered as dummy active
regions which do oot function as active regions. The
trenches include one formed in 2 position immediately under
the polysilicon wire 10, which is to he formed in the
subsequent slep.

In the step shown in FIG. 2{¢), a silicon oxide {ilm 23 is
deposiled over the entire surface ol the substralte o (il in (he
trenches 14,

[n (he step shown in I'1G. 2(d), the silicon oxide film 23
18 polished by a CMP method. Subsequently, the silicon
nitride 1Him 22 and the silicon oxide film 21 are removed
sclectively 1o form the plnrality of buried treach portions 8
cach lilled with the silicon oxide llm and having a pla-
narized surface. The buried trench portions 8 include: buried
trench portions 8a functioning as isolation; buried trench
portions 86 ferming the dummy semiconductor portions %;
and buried trench portions 8¢ for providing insulation
hetween the polysilicon wires and the silicon substrate.

[n the step shown in FIG. 2(e), 1bere are lormed the gate
oxide film 2, the gate electrode 4 having sidewalls 24 on the
side faces thercol, and the polysilicon wires 10 by using a
known technigne. The gate clectrode 4 and the polysilicon
wircs 1 can be formed simultancously by using a commen
mask.

[n the sicp shown in FIG. 2(f), arscnic ions 25 arc
implanted not vnly into the aclive region & but alse into the
entire isolation region 7. As a result, the NMOSEET having
the source/drain regions § is formed in lhe active repion 6.
On the other baed, an N-type impurity diffusion layer 31 is
formed in cach of the dummy semiconductor portions 6 of
the isolation region 7, resulting in a PN junction 32 formed
between the N-lype impurity difTusion layer 31 and the
P-type silicon substrate 1. The present embodiment s char-
acterized in that the PN junction 32 is positioned between
the op and hattom faces of 1the buried (rench portions 8.

In the step shown in FIG. 2(g), the silicon oxide filny is
deposited 1o form the interlayer nsulating film 12, followed
by the metal wire 13 formed thercon.

In the case of providing the MOSEET in the active region
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the present embodiment, the PN junction 22 in cach of ihe
semiconductor portions 9 can be formed casily through the
implantation of ions for forming the source/drain regions §,
s0 that manufacturing cost is nol increased.

Although the present embodiment has desceribed the case
of using the P-Lype silicon substrale, it will be appreciated
that the same eflects as achieved in (he present embodiment
are alser achieved in the case of using an N-type silicon
substrate by introducing a P-type impurily into the upper
portions of the semiconductor portions localed between the
individual trench portions and thereby forming the PN
junctions between the resulling P-type impurily dillusion
layers and the N-type silicon substrate.

Although the formation of the PN junctions 32 in the
dummy semiconductor portions 9 ol the isolation region 7
has been performed simultancously with the formation of
the sourcc/drain regions 5 in the manufacturing, method of
the present embodiment, the formation of the dummy serni-
conductor portions 9 may be preformed at any stage ol the
process ol munulacturing the semiconductor device, pro-
vided (hat the PN junctions can be formed in the dummny
semiconductor portions.

(Sceond Embodiment)

FI(3. 3 15 a cross-sectional view of a semiconductor device
according to a sceond ¢mbodiment,

As shown in (he drawing, a [irst aclive region 6 of 2 P-type
silicon substrate 1 is provided with an e¢lemem [unctioning
as a MOSI'LT composed oft a gate oxide film 2 a gate
clectrode 4 made of a polysilicon Alm; and source/idrain
regions 5. An isolativn region 7 lor clectrically isolating the
ndwvidual clements 8 formed with a plurality of trench
portions B cach filled with a silicon oxwde film as an
insulating material and with dummy semiconducior porlicons
9 provided belvween the individual trench portions 8 and not
serving as active repions. Un one of the (rench portions 8
formed in the isclation region 7, there is provided a poly-
silicon wire 10 formed simultaneously with the gate iasu-
lating film 2 and the gate cloctrade 4. There are {urlher
provided an interlayer insulating flm 12 made of a silicon
oxide {ilm deposiled over the entire surface ol (e substrale
and 2 melal wire 13 formed on be interlayer insulating film
12.

Each of the semiconductor poriions 9 formed in the
isolation repion 7 is provided with an impurity diffusion
layer 31 into which an N-type impurity ol the conductivity
type opposile v that of the impurity introduced inle the
silicon substrate 1 has been introduced, so that a PN junction
32 is lormed between the impurly dilTusion laver 31 and the
silicon substratc 1. The PN junction 32 18 positioncd at a
level lower than the bottom faces of the trench portions 8.

‘The wirinp-to-subsirate capacitance in the isolation
region 7 of the present embodiment is represented by the
[ollowing coualion (5):

CH=X{{CabCiLH(Cal+E]1 42 [(CaZxCRL(Ca2Z+COk D) (3t
which is smaller than the total capacilance Cal represcnled
by the equation (1), In the [oregoing equation {5), Ckl
represenls the capacitance botween the bottom face of the
trench portion 8 and the PN junciion 32. Hence, the follow-
ing incguality (4) is satisfied, similarly to the firsl embodi-
ment:

CjleCal (6.

Thus, the wiring-to-substratc capacitance can also be
reduced in the semiconductor device according o the
present embodiment since the PN junciion 32 is present in
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¢ach ol the duvmmy semiconductor porlions 9 of the isolation
region 7. similarly o the frst embodiment, so that the
operating speed of the semiconductor device is increased. In
particular, the present embodiment can reduce the wiring-
lo-substrale capacilance in Lhe entire isolation region con-
taining not only the semiconduclor portions 9 but also the
lrench porlions, so (hat the ellect ol increasing the operating
speed is remarkable,

Although it is difficult to form the PN junction 32 as
formed in the present embodiment through the implantation
of impurity ions for forming the source/drain repions of the
MOSFLT, the impurity concentration and the depth ol ionic
penetration into the substrate can be controlled arbitrarily, so
that a higher cffect of reducing the capacitance is achieved,
In particular, since the PN junction 32 is posilioned at a level
lower than the bottom Faces of the trench portions 8, a higher
cffeet of reducing the capacitance is achicved.

Although the present embodiment has described the case
ol using the P-type silicon substrale, an N-type silicon
substrate may also be used instead. En this case, a PN
junction can be formed by introducing a P-1ype impurity into
the semiconductor portions and thereby Forming an impurity
diffusion layer, so that the same cffcets as achieved in the
preseal embodiment are achicved.

(Third Embodiment)

[1G. 415 a cross-sectional view ol a semiconduclor device
according o a third embodiment.

As shown in the drawing, a first active repion 6 of a P-type
silicon substrate 1 is provided with an element functioning
a5 8 MOSFET composed ol a gate oxide [lm 2; a gate
clectrode 4 made of a polysilicon film; and sourcc/drain
regions 5. An isolation region 7 for clectricatly isolaling the
individual elements is formed with a plurality ol treoch
portions 8 {illed with a silicon oxide {ilm as an insulating
material and with dummy semiconductor portions % pro-
vided between the individual trench portions 8 and ool
serving as active regions. On one of the trench portions 8
formed in the isalation region 7, there is provided a poly-
silicon wire 19 formed simultancously with the gate insu-
lating lilm 2 and the gale clectrode 4. There are [urther
provided an interlayer insulating {ilm 12 made of a silicon
oxide film deposited ever the entire surface of the substrate
and a metal wire 13 formed on the interlaver insulating Glm
12.

Each ol the dummy semiconductor poctions 9 (ormed in
the isolation region 7 is provided with 4 P-lype impurity
diffusion layer 41 and an N-type impurily diffusion layer 42,
which are arranged in this order {from the surface of the
silicon substrate. As a result, a hirst PN junction 43 is formed
between Lhe P-type impurty diffusion layer 41 and the
N-type impurily diffusion laver 42, while a second PN
junction 44 is formed between the N-type impurity ditfusion
layer 42 and the P-type silicon substrate 1. The first and
second PN junctions 43 and 44 are positioned a1 levels
between the top and bottom faces of the trench portions 8.

I respective junction capacilances in the P-type and
N-type impurily diffusion layers 41 and 42 arc designated at
Gl and Cj2, a wial wirtg-to-substrate capacitance Cjt in
the semivonducior device according o the present embodi-
ment s represenied by the (ollowing cquation (7):

Ci=2 {10 LT (1L CJ ¥ a2 (7,

which is smaller than the toral capacilance Cal of the
semiconductor device according to the first embodiment
represented by the equation (1). Hence, the following cqua-
lion (8) is salisficd:
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Since the preseni embodiment has provided the plurality
of PN juncticns 43 and 44 1o the respective dummy scmi-
conducior podiens of the isolation region 7, (he capacitance
componeat of the wiring-to-subsirate capacitance in the
region containing the semiconductor portions 9 of the semi-
conductor device can be represealed by the capacitance
oblained by connecling in series Lhe respeclive capacilances
in the P-type and N-type impurily dilfusion layers 41 and 42
to the capacitance in the interlayer insulating fim.
Consequently, the wiring-to-substrale capacitance of the
semiconductor device can further be reduced than in the fArst
vmbodiment. resulting in the semicondector device operat-
ing at a higher speed.

Although 1he present embodiment has described the case
where the two PN junctions 43 and 44 are formed of the (wo
impurily diffosion layers, if three ve more PN junclions are
formed of three or more impurily diffusion laycers, the total
wiriog-to-subsirale capaciltance can be represented in the
same lashion as represented by the equation (7). For
example, if m PN juncitions {m is an integer cqual Lo or more
than 3} are formed in each of the dummy active regions 9
and o PN junctions {n is an integer equal 10 or more than 3)
are formed immudiately under the trench portion 8, the total
wiring-to-subsirale capacitance (jt s represented by the
tollowuig equation (9):

Ci=E{ (L Cal +Z P +2 1 L Ca2 HE (1T ] (“1,

which is smuller than the total capacitance Cal represented

by the cquation (1). Henee, the Tollowing incquality (10 is

satisfied:
Cjtetat (1.

In the case of using the strucure, the winng-lo-substrale
capaciance can be reduced signtiicantly since not only the
capacitance componenl io the region containing the semi-
conductor portions of the isolation region 7 but also (he
capacilunce component in the Tegion containing the rench
portions thercof s also reduced.

{Foutth embodiment)

ITG. 515 a cross-sectional view ol a semiconduclor device
aceording to a fourth cmbodiment.

As shown i the drawiog, a frst active region 6 of a P-type
silicon substrale 1 is provided with an ¢lement functioning,
as a MOSFET composed of: a gale oxide (Hm 2; a4 gale
cleetrode 4 made of a polysilicon film; and source/drain
regions 5. An isolation region 7 for electeically isolating the
individual elements is formed with a plurality of rench
portions 8 cach filled with a silicon oxide film as an
mnsulating matcrizl and with dummy semiconductor portions
9 provided between the individual trench portions 8 and not
serving as active regions. On one of the Irench portions 8
[ormed in the isolalion region 7, there is provided a poly-
silicon wire 10 formed sinmmbtaneously with the gate insu-
laling fitm 2 and the gaie electrode 4. In addition, a dummy
gate 51 composed of a polysilicon film formed simulta-
nconsly with the pate clectrode 4 extends continuously over
the scmiconcucior portions 9 and (rench portions 8. Over (he
dummy gate 51, the polysilicon wire 10, and a surface ol the
silicon substratc {cxcept [or the active region), a silicon
oxide film 52 and a high resistor film 53 composed of a
polysilicon film are further formed in lavers. The dummy
pate 51 has been formed by patterning a firsi-layer polysili-
con Alm uscd commonty 1o form the gate clectrode 4 and the
polysilicon wire 10 so that it is al a given distance from cach
ol the gate electrode 4 and the polysilicon wire 10, The
polysilicon litm composing the high resistor (lm 33 has a
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sheet resistance llm higher than that of the fimst-layer
polysiticon film composing the gate clectrode 4 and the like
and an impurity concentration of 1x107" em™ or less. The
sheet resistance of the dummy gate §1 can also be held high
by covering Lhe isolation region with a resist [im or the like
during the implantation of an impurity into the active region.

In the semiconductor device according (o the present
embodiment, it is sulivien! to consider (he capacilance
between the wiring and high resistor film instead of the
capacitance between he wiring and subslrate, [n this case,
since (he resistance of the polysilicon film composing the
high resistor film 53 is high, a vollage drop oceurs between
the top lace of the high resistor (ilm 53 and the surlace ol the
semiconductor substrate 1. Accordingly, the voltage applied
1o the top and bollom faces of the interlayer insulating lilm
is reducced, though the capacilance of the interlayer insulal-
g film 12 remains unchanged. Since the amount of charge
accumulated in the top and botiom faces of the interlayer
insulating film 12 decreases in dircet proportion to the
voltage applied thereto, the time required for charging or
discharging between the wiring and high resistor is reduced,
resulting in the semiconductor device operating at a higher
spocd.

A desceription will be given next to a method of manu-
facturing a semiconductor device according to the present
embodiment. FIGS. &) (o 6(4) are cross-seclional views
showing the structure of the semiconductor deviee having an
NMOSEFLET according to the presenl embodiment [n (he
manufacturing process therefor,

In the siep shown in FIG. 6(a), 4 thin silicon oxide lilm 21
having a thickness of 10 am and 2 silicon mitride flm 22 are
formed scquentially on the P-type stlicon sobsirate L.

In the step shown in F1G. &(6), a plurality of trenches 14
cach baving a given width are [ormed in the silicon subsirale
L. The trenches 14 include: trenches 14a formed to surround
the active region 6 to be formed with the clement; trenches
146 formed in the isolation region 7 separated from the
aclive region 6 by the trenches 14a 1o climinate patiern
dependence from planarity oblained al the completion of the
manulacturing process; aod Ireoches 14¢ for lorming Lhe
polysilicon wires. In the isolation region 7 also, the semi-
conductor portions 9 have been provided 1o form at least oae
projecting portion surrounded by the trenches 14, The semi-
conducior porlions ¥ may be considered as dummy active
regions which do pot {unction as active regions. The
trenches inelude one formed in 2 position immediately under
the polysilicon wire 10, which is to be formed in the
subsequent slep.

In the step shown in FIG. 6(c}, a silicon oxide Hlm 23 is
deposited over the entire surface of the substrate to H1l in the
trenches 14,

In the step shown in FIG. 6(d), the silicon oxide 1ilm 23
is polished by 2 CMP process. Subsequently, the silicon
pitride film 22 and the silicon oxide film 21 are remaoved
selectively to form a plurality of buricd trench portions 8
cach Rlled with a silicon oxide Alm and having a planarized
surface. The buried Lrench portions B include: boried trench
portions Ba functioning as iselation; buricd trench portions
8H lorming the dummy semiconductor portions 9; and
buricd trench portions 8¢ {or providing insnlalion between
the polysilicon wires and the silicon subsirate.

[n the step shown in FIG. 6{¢), there arc formed the gate
oxidc film 2, the gale electrode 4 having sidewalls 24 on the
side faces thereof, and the polysilicon wires 10 by using a
known lechnique. During the process, the dummy pate 51 is
tormed simulianeously with the gale electrode 4 and the
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vate electrode 4 and the polysilicen wire 10, so that the
dummy gate 51 ncither cross nor contact the gate clectrode
4 and the polysilicon wire 1 The gate clectrode 4, the
polysilicon wire I, aod the dummy gale 51 can be [ormed
simullancously by using a2 common semiconductor mask.
‘The dummy gale 51 has a sheel resistance higher than those
of the gate clectrode 4 and polysilicon wire 10, which are
used as interconnections, and has an impurity concentration
adjusted to be Lx10™ awoms-em™ or lower by ien implan-
tation or the like.

In the sep shown in FIG. 6(f), the silicon oxide (ilm 52
and the bigh resistor film 53 made of polysilicon are formed
over the isolation region 7. The high resistor Alm 53 has a
sheel resistance higher than those of the gaie electrode 4 and
polysilicon wires 100 and has an impurily concentralion
adjusicd to be LxHF atoms-em™ or lower by ion implan-
tation 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), 2 resist mask 55 covering
at least the isolation region 7 is formed and arsenic ions 28
are implanted into the active region 6 10 form the NMOS
having the sourcesdrain regions 5. During the process,
arscnic fons are nol implanted in the isolation region 7.

In the step shown in FIG. 6{4), a silicon oxide Rlm s
deposited w form (he intertayer insulating film 12, tollowced
by 2 melal wire 13 formed thereon.

In ihe semiconductor device according o the present
embodiment, it is sufficient to consider the capacitance
between the wiring and hish resistor film instead of the
capactlance betwoeen the wiring and substrate. In this case,
since the reaistance of the polysilicon Blim composing the
high resistor ilm 53 is high, a voltage drop oecurs bebween
the top face ol the high resistor [1lm 83 and the surlace ol the
semiconductor substrale 1. Accordingly, the vollage applied
to the top and bottom faces of the interlayer insulating Alm
is reduced, thouph the capacitance of the interlayer insulai-
ing flm 12 remains unchanged. Since the amount of charge
accumulaled in the top and bottom faces of the inlerlayer
nsulating film 12 deercases in dircet proporiion to the
voltage applicd thereto, the 1ime required lor charging or
discharging belween the wiring and high resistor is reduced,
resulting in the semiconducior device operating at a hugber
speed.

‘The high-resistance film 53 according to the present
embodiment can be lormed casily al low cost by palterning
the same film as composing, ¢.g2., the high resislor film ol the
tesistor element and local wiring. Instead of forming the
dummy zale 51, it is possible 1o form {ilms corresponding o
the lugh resistor filny 53, the silicon oxide hilm 52, and the
dummy gate 51 from three films composing the upper-layer
Hlm, capacitor iosulating film, and lower-layer ilm com-
posing the MIM capacitor formed anywhere on the semi-
conductor subsirate.

It is also possible (o increase the operating speed of the
semiconductor device by reducing the time required for
charging or discharging without forming cither of the
dummy gate 51 and the high resistor Flm 53 as well as the
silicon oxide Alm 52,

Although the description has been given 1o the case where
the high resistor film 83 composed of the polysilicon {ilm
and (he silicon oxide film 52 are stacked in lavers on (he
isolation region 7, similar effects can also be achieved in the
casc of using an amorphous silicon film or a silicon nitride
film instead of the polysilicon film. In particular, the use of
an insulating Alm composed of a silicon oxide filin allows a
reduction in total capacitance and a further increase in the
operaling speed ol the semiconductor device.
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(T'ilih Lmbodiment)

F1G. 7 1s a cross-sectional view of a scmiconductor device
according to a fifth embodiment.

As shown in the drawing, an active region 6 of a P-type
sificon substrale 1 3s provided with an clement functioning
as 8 MOSFET composed of: a gatc oxide Alm 2; a gate
¢lectrode 4; and source/drain regions 5. An isolalion region
7 lor electrically isolating the individual elemenis is [ormed
with a plurality of trench portions B cach filled with a silicon
oxide film as an insulating maierial and with dummy semi-
conductor portions 9 provided between the individual trench
portions 8 and not serving as active regions. On one of the
treneh portions 8 formed in the isolation region 7, there s
provided a polysilicon wire 10 formed simultaneousiv wiih
the gale clectrode 4.

In the present embodiment, the gate elecirode 4 consists
of a lower-layer portion 4 made of a frsl conducior film
composed of & polysilicon Rim or the like and an upper-layer
portion 45 made of a sccond conducter [lm composed ol a
lungsten film or the like. In the isolalion region 7, there is
provided a dummy gate 51 coosisting of a lower-layer
portion 51a composed of the same first conductor film as
composing the lower-layer portion 4a of the gale clectrode
4 and an upper-layer portion 516 composed of the same
sccond conductor Blm composing the upper-layer portion 46
ol the gate electrode 4. The lower-layer poriion 51« of the
dummy gate 51 has a top surlace at the same Jovel as the wop
face of each of the wreach portions 8, so that planarization is
achieved between the lower-laver portion 51 and the trench
portions 8. The polysilicon wire L0 is composed only of the
sceond conductor Blm composmg the uppet-laver portion 45
of the gate clectrode 4. 'Fhe dummy gaie 51 has been formed
al a given distance {rom each of the gate electrode 4 and
polysilicon wire 14 s0 as 1o improve pallern accuracy in a
photolithographic process i accordance with 2 line-and-
space relationship. There are also provided an interlayer
insulating film 12 composed of a silicon oxide film depos-
ited over the entire surface of the substrate and a metal wire
13 tormed on the interlayer insulaling flm 12

In accordance with a process ol manulaciuring the semi-
conductor device according (o the present embodiment, the
structure of the senuconductor device as shown o FIG, 7
can be implemented by the following procedure, though the
drawing thereof is omitted here.

Firs1, the gale insulating film and the first conductor film
composed of 2 polysilicon film or the like are deposited on
the semiconductor substrate, which are partially opened to
form trenches. Therealler, an insulating Llm is deposited oo
the subsirate Lo 811 i the trenches for planarization, therebhy
forming trench portions, Subscquently, the sceond conduc-
lor GIm of wapsten or the like is deposited on the planarized
substrate and patterned o form the gate clectrode 4, the
dummy gate 51, and the polysilicon wircs L0, Alter that, the
interlayer insulating film 12 and the metal wire 13 can be
formed by a well-known method.

In the present cibodiment also, the operating speed can
be increased by reducing the amount of charge accumulated
in the top and botiom faces of the interlayer insulating filny,
similarly 1o the fourth embodiment. In the semiconducior
dovice having such a structure as used in the present
embodiment, (he upper-laver partion 4b of the pate electrode
4 is typically composed of a low resistor Blm composed of
silieide or the like. However, since the wiring-to-sulsstrate
voltage is alse applicd in serics to the upper-layer and
lower-layer portions 46 and 4a, the amount of charge is
effectively reduced by # voltage drop and (he operating
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Although the present embodiment has not used such a
high resistor film as used 1n the fourth embodiment, it will
be appreciated that a high resistor film may be provided over
the dummy pate with an insulating film interposed 1herche-
tween.

(Sixth Embodiment)

I'TG. 8 is a cross-sectional view ol a semiconductor device
according o a sixth embodiment.

As shown in the drawing, an aclive region 6 of a P-type
silicon substrate 1 i» provided with an element functioning
as & MOSFET composed of; 4 pate oxide flm 2: a pate
clectrode 4 made of a polysilicon {ilm; and source/drain
regions 5. An isolation region 7 [or electrically isolating (he
individual elements is formed with a plurality of trench
portions 8 cach lilled with a silicon oxide [ilm as an
insulating material and with dummy semiconductor portions
9 provided belween the individual trench portions 8 and not
serving as aclive regions. Un one of the trench portions 8
lormed in the iselation region 7, there is provided a poly-
siticon wire 10 formed simubtancously with the gate insu-
lating, ilm 2 and the gate clectrode 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 interlaver insulating Alm
12,

In tbe isolation region 7, inter-trench insulating {ilms 61
cach compaosed ol a silicon oxide film and surrounded by the
trench portions 8 are formed 10 overlie the dummy semi-
conductor portions ¢ and underlie the interlayer nsulating
Alm 12, The top faces of the inter-trench insulating {ilms 61
arc at the same level ag the op faces of the buried trench
portions 8, while the bottom faces thercof are al a level
between the 1op and bottum laces ol the buried rench
poriions 8.

Acdescription will be given next to a method of manu-
facturing a semiconductor device according (o Lhe present
embodiment. FIGS. Ha) to %) are cross-sectional views
showing the structure ol the semiconduclor deviee having an
NMOSFET according to the present emhodiment i the
manufacluring process therefor,

I the siep shown-in F1G. %), a thin silicon oxide lilm 21
having a thickness of 10 am and a silicon nitride film 22 arc
formed sequentially on the P-type silicon substrate 1,

In the step shown in FTG. 9{4). a plurality of wrenches 14
cach having a given width are formed in the silicon substrate
1. The trenches 14 include: tronehes 14a formed 1o surround
the active region 6 to be formed with the element; trenches
14bh [ormed o the isolation region 7 separated [rom (he
active region & by the trenches 14a to climinate pattern
dependence from planarity obtained al the completion of the
manufacturing process: and trenches lde for forming the
polysilicon wires. In the isolation region 7 also, the semi-
conductor portions % have been provided 1o form at least one
projecting portion surrounded by the (renches 14, The semi-
conductor partions 9 may be considersd as dummy aclive
regions which do not function as active regions. The
trenches include one formed in a position immediately under
the polysilicon wirc 18, which is lo be formed i the
subsequent step.

In the step shown in FIG. 9(c), a silicon oxide film 23 is
deposiled over (he entire surface of (the substrate to fll in the
trenches 14.

In the step shown in FIG. %{d), the silicon oxide film 23
is polished by a UM?P mcthod. Subsequently, the silicon
nitride Hlm 22 and the silicon oxide film 21 arc removed
selectively (o form the plurality ol buried trench portions 8
each filled with the silicon oxide lilm and having a pla-
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narized surface. The buried trench portions 8 include: buried
irench portions 8a functioning as isolation; buricd trench
pertions Bb forming the dummy semiconductor porlions 9;
and bhuricd (rench porlions 8¢ for providing insulalion
between the polysilicon wires and the silicon subsirale.

In the step shown in FIG. 9(e), the sermiconductor portions
ol the isolation region 7 are subjected to dry ctehing lor
forming trenches 62.

[n the siep showa in FIG. %(f), as silicon oxide film is
filled in each of the renches 62 1o {orm the inter-trench
insulaling film 61.

In the step shown i FIG. 9(g}, there are formed (he gate
oxide film 2, the gate clectrode 4 having sidewalls 24 on the
side [aces thereol, and the polysilicon wire 10 by using a
known lechnique. The gate electrode 4 and the polysilicon
wire L can be formed simultancously by using o commaon
semiconductor mask.

In the step shown in FTG. %M, arsenic ions 2§ are
implanted from above to form the NMQSIET having the
source/drain regions in the active region 6. Although the
arsonic ions 25 are also implanted into 1he isolation region
25 during the process, no trouble veeurs. In (he case of using,
a resisi mask covering a region to be formed with a
PMOSFET, however, the iselation region 7 may be covered
with the resist mask.

[n the step shown in FIG. 9(f), a silicon oxwle film is
deposiled (o form the interdayer insulaling Lim 12, lollowed
by the metal wire 13 lormed thereon.

In the semiconductor device accarding 1o the present
ebodiment, the inter-trench insularing filas 61 each com-
pused ol the silicon oxide film are formed over the dummy
semiconductor portions 9 of the isolation region 7 and uader
the interlayer insniating film 12 1o be surrounded by the
buried trench poriions 8. The top laces of the inter-trench
insufaling [lms &1 are at the same level as the wop laces of
the buried trench portions 8, while the botiom faces thereof
are at a level between the top and bottom faces of the buried
trench portions 8.

Thus, in 1he semiconductor devies according to {he
present embodiment, the inter-lrench insulating films 61 arc
formed by Liling the silicon oxide lms in the respective
dummy semiconducior portions 9 that have been lowered in
kevel, so that the distance between the wiring and the
substrate is longer than in the conventional semiconductor
device shown in 11G. 19. Since the wiring-to-substrate
capacitance decreases in inverse proportion o the distance,
the wiring-to-substrale capacitanee is smaller in the semi-
conducior device according (o the present embodimien than
in the cooveniional semiconduclor device, resulting in a
higher operating specd.

Although the present cmbodiment has described (he case
where the silicon oxide film is buried in each of the
semiconductor portions, similar efTeets can also be achioved
il an insulating film composed of a silicon nitride film is
used.

Although the semiconductor poriions 9 have been low-
cred in level and filled with the silicon oxide Alms prior to
the formation of the gate clectrode, the method of manu-
facturing a scmiconductor device according to the present
invention is nol limited 0 suech an embodiment. The same
clicets as achieved in the presentl embodiment can also he
achieved if the steps of lowering the semiconductor portions
9 in level and filling the silicon oxide flms thercin are
pecformed after the formation of the gate cleetrode or prior
to the formation ot trench solation.

{Seventh Embodiment)
FIG. W} 15 a cross-seclional view ol a semiconducior

device according o 4 mvcnwgﬁ%§1c§b756 Page 00043
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As shown in the drawing, an active region & ol a P-type
siticon substrate 1 is provided with an ¢lement functioning
as & MOSFET composed of: a gate oxide 1Hlm 2; a pate
electrode 4 made of a polysilicon film; and source/drain
regions 5. An isolation region 7 lor electrically isolating the
mdivideal cloments is formed with s plurality ol trench
porticns 8 cach filled with a silicon oxide lilm as an
insulating maleral and with dJummy semiconcducior porlions
9 provided between the individual trench purlions 8 and not
serving as active regions. On one of the trench porions 8
formed in the isolation region 7, there is provided a poly-
silicon wire Mb formed simultaneously with the gate insu-
lating {ilm 2 and Lhe gale clectrode 4. There are (urther
provided an interlayer insulating film 12 made of a silicon
oxide film deposited over the entire surlface ol the substrale
and a melal wire 13 formed on the interlayer wnsulating Hlm
12.

In upper portions of the dummy semiconductor poriions 9
ol the isolalion region 7, oxygen aloms have been introduced
by ion implantalion or the like to lorm high resistor portions
71 each composed of a high-resistance silicon layer.
Although the bottom faces of the high resistor portions 71
are al a level belween the top and bottom faces of the trench
portions 8, they may be positioned &t a level lower than the
bottom laces of the trench portions 8.

A description will be viven next © a meihod of manu-
[acturing a semiconductar device according 1o the present
embodiment. FIGS. Ll{a) to L1(/) are cross-sectional views
showing the structure of the semiconductor device baving an
NMOSFET according to the present smbodiment in the
manufacturing process theretor.

In the step shown in FIG. 11{a), a thin silicon oxide film
21 having a thickness ol 10 nm and a silicon nitride 1ilm 22
are formed sequentially on the P-type silicon subsirate 1.

In the step shown s FIG. LI{b), a plurality of trenches 14
each having a piven width are formed in the silicon substrate
1. The trenches 14 include: trenches 144 formed 10 surround
the active region 6 1o be formed with the clemenl; trenches
b formed in the isolation region 7 scparated from the
active region 6 by the irenches 14¢ (o eliminale patlern
dependence from planarly obtained al the completion of the
manufacturing process: and treoches Lde for forming the
polvsilicon wires. In the isolation region 7 also, the semi-
conductor portions 9 have been provided 1o form al least one
projecling partion surrounded by the trenches 14. The semi-
conductor portions 9 may be considered as dummy sctive
tegions which do aot [unction as active regions. The
trenches include one formed in a position immediately vader
the polysilicon wire 1y, which is to be formed in the
subscquent sicp.

In the step shown in FIG. 11(c), a silicon oxide ilm 23 is
depuosited over the entire surface ol the substrate 1o fill in the
renches 14.

In the step showa in FIG. 11 (d), the silicon oxide film 23
is polished by a CMP method. Subsequently, the silicon
nitride film 22 and the silicon oxide Hlm 21 are removed
sclectively to form the piurality of buricd trench portions B
cach filled with the silicon oxide Almr and haviog a pla-
narized surlace. The buried trench portions 8 include: buried
trench portions 8« [unctioning as isolation; buried trench
porticns 86 forning the dommy semiconductor porlions 9,
and buried trench portions 8¢ for providing insulation
hetween the polysilicon wire and the silicon substrate.

In the step showan in FICG. L{e}, a resist mask 73 covering
the active region 6 is formed and oxygen ions 72 arc
implanted only into the isolation tegion 7 1o form the high
resistor portions 71 in the outermost surface of the silicon
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substrale, In which ihe oxygen ions have been introduced as
an impurity i the scmiconducior portions 9 of the isolation
repion 7.

In the step shown in FIG. 11(f), there are formed the gate
axide ilm 2, the gate clectrode 4 having sidewalls 24 on the
side faces thereot, and the polysilicon wire 10 by using a
known lechnique. The gale elecirode 4 and the polysilicon
wire 10 can be formed simultaneously by using a common
semiconductor inask.

In the step shown [n F1G, 11{g), arsenic 1ons are inplanted
from abowve the substrate to Form the NMOSFEET having the
source/drain regions § in the active region 6. Although the
amsenic ions 25 are also implanted into Lhe isolation region
7 during the process, no trouble occurs. In the case of using
a resist mask covering a region to belormmed with a
PMOSFLET, however, Lhe isolation regioa 7 may be covered
with the resist mask.

[n the step shown 1o FIG. L1{4), 1 silicon oxide film is
formed as the interlayer insulating {ilm 12, {ollowed by the
metal wire 13 formed thercon.

The semiconductor device according 1o Lhe present
embodiment is characterized in that the oxypen atoms bhave
been iatroduced into the upper portions of the semiconduc-
tor portions 9 of the 1solation region 7 by won implantation
or the like o form the bigh resistor portions 71 cach
composed of a high-resistance silicon layer. Although (he
bottom laces of the high resistor portions 71 are al a level
between the top and bottom faces of the buried trench
portions 8, they may be positioned at a level lower than the
bottom faces of the buricd trench portions K.

Since the high resistor portions 71 cach composed of a
high-resistance silicon layer have been formed o the
dummy semiconducior porions 9 of the silicon subslirate, a
voltage drop occurs in the high resisior portions 71 ol the
silicon substrale when a voltage 15 placed between Lhe
wiring and the substrate., Consequently, a potential ditfer-
ence hetween the wiring and semiconductor portions 9 is
reduced so that the amount ol charge s reduced in direet
proportion to the placed voltage, though the capacitance of
the interlayer insulating {ilm 12 between the wiring and he
semiconductor porions 9 is equal (o that of the interlayer
imsulating film 12 i the conventional semiconductor device
shown in F1G. 19, Accordingly, the time required for charg-
tng or discharging is reduced and the operating, speed of the
semiconductor device is inereased.

Although the present embodiment has deseribed Lhe case
where oxygen atoms are introduced as an impurity into the
dummy semiconductor portions 9, similar eflects can be
achicved if nitrogen atoms are introduced.

Aldthough the high resistor portions are formed prior 10 the
formation of the pate electrode in the present embodiment,
they may be Tormed at any stage of the process of manu-
facturing the semiconductor deviee provided Lhal oxygen
atoms can he introduced into the semiconductor portions.
{Cighth Lmbodinment)

FIG. 12 is a cross-sectional view of a semiconductior
device according 1o an cighth embodiment.

As shown in the drawing, a first active region 6 of a P-type
silicon subsiraie 1 s provided with an element functioning
as a MOSFET composcd oft a gate oxide film 2; a gate
electrode 4 made of a polysilicon film; sidewalls 3 formed
on the side faces of the pate electrode 4 and composed of
silicon oxide flms; and source/drain regions 5. An isolation
region 7 tor clectrically isolaling the mdividual clements is
formed with a plurality of trench portions 8 cach filled with
a stlicon oxide film s an Insulating material and with
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individual irench poriions 8 and ot serving as active
regions, On one of the trench portions 8 formed in the
isolation repion 7, there is provided a polysilicon wire 10
formed simultaneously with the gate insulating film 2 and
the gale cleetrode 4. There are further provided an interlayer
msulating film 12 made of a silicon oxide ilm deposited
over Lhe entire surlace ol the substrate and a metal wire 13
[ormed on the interlaver insulating llm 12.

Over the dummy semiconductor portions 9 and trench
portions 8 of the isolation region 7, an underlying msulating
film 81 made of a silicon oxide Olm bhas been formed
simultancously with the sidewalls on the side laces of the
gate electrode 4. The underlying insulating ilm 81 has been
formed 10 cover the enlire polysilicon wire 10,

A descriplion will be gwiven next © a method of maou-
facturing a scmiconductor deviee according to the present
embodiment. FIGS. 13{(a) to 13(5) arc cross-scetional views
showiny the structure of the semiconductor device having an
NMOSFET according to the presenl embodiment in the
manufacturing process therelor,

In the step shown in FIG. 13(a). a thin silicon oxide film
21 having a thickness of 10 am and a silicon nitride film 22
are formed scquentially on the P-type silicon substrate 1.

In the step shown in FIG. 13(5), a plurality of trenches 14
cach having a given width arc formed in the silicon substrate
1. The trenches 14 include: trenches 14g [ormed (o sumround
the active region 6 1o be formed with the clement; trenches
146 formed in the isolation repion 7 separated from the
active region 6 by tbe trenches 1da to eliminale pattern
dependence from planarity obtained al the completion of the
manufacturing process; and trenches 14e for forming the
polysilicon wires. In the isolation region 7 also, the semi-
conductor portions 9 have been provided o form al least ooe
prejecting portion surrounded by the (renches 14, The semi-
conductor portions 9 may be considered as dummy aclive
regions which do not function as active repions, The
renches include one formed in a position immedialely under
the polysilicon wire 1@, which is (o be {ormed in the
subscquenl step.

In the step shown in FIG. 13e), a silicon oxide {ilm 23 is
deposited over (he entire surlace ol the substrate 1o fill in the
trenches 14,

In the step shown in FIG. 13(d), the silicon oxide flm 23
is polished by a CMP method. Subsequently. (he silicon
nitride {ilm 22 and the silicon oxide film 21 are removed
seloetively o form the plurality of buricd treneh portions 8
each filled wilh the sificon oxide Llm and having a pla-
narized surlace. The buried rench portions 8 include: buried
trench pertions 8z functioning as isolation; buried irench
portions 86 forming dummy seancoenductor podions ¥; and
buried (rench portions 8¢ for providing insulation between
the polysilicon wire and the silicon substrate.

In the step shown in FIG. 13(e), there are [ormed the pate
oxide film 2, the gate clectrode 4 made of palysilicon, and
the polysilicon wire 1 by using a known technique. The
gate clectrode 4 can be formed simultancously with (he
polysilicon wire by using a common scmiconductor mask.

In the step shown in FIG, 13(f), a silicon oxide Hlm 82 is
deposited over Lhe entire surlace of the substrate, followed
by a resist mask 84 formwed thereon o cover the isolation
repion 7.

In the step shown-in FIG. 13(g), a silicon oxide film 82 is
removed sclectively by anisotropic dry stehing using the
resist mask 84 to form an underlying insulating flm 81 over
the isolation region 7, while the sidewalls are formed on the
side faces ol the pale electrode 4. The polysilicon wire 10 is
completely covered with the voderlying insulating (ilm 81.
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In the siep shown in FIG. 13{4), arsenic 1ons 25 are
mmplanted from above o form the NMOSEFET having the
source/fdrain regions § In the active region 6. Although the
arsenic ons are also implanted into the isolation region 7
during Lhe process, no trouble occurs. However, in the case
ol using a resist mask covering a region to be tormed with
a PMOSTET, the isolation region 7 may be covered with (he
resisl mask,

In the step shown in FIG. 13(4), a silicon oxide fiim is
deposiied to torm the interlayer insulating flm 12, followed
by a metal wire 13 formed thereon.

The semiconductor deviee aceording to the present
embodiment is characterized in thal the underlying insulal-
ing film 81 composed of the silicon oxide film is formed
simultaneously with the sidewalls on (he side [aces of the
pate clectrode 4 to extend over the dummy semiconductor
portions 9 and buried irench portions 8 of the isolation
region 7. The resulting underlying insulating film 8 covers
the entire polysilicon wire ).

Thus, in the semiconduector device according o the
present embodiment, the underlying insulating tilm 81 com-
pased of the silicon oxide film is present aver the isolation
region 7, so that the distance between the wiring and the
substratc is Tonger than in the conventional semiconductor
device shown in FIG. 19, Sioce the wiring-to-substrate
capacilance decreases in invemse proportion to the distance,
the wiring-1o-substrate capacitance is redueed in the semi-
conducior device according to the present embodinent,
resulting in a higher operating speed.

Although the present ecmbodiment has described (he case
where the underlying insulating lm 81 13 composcd of the
silicon oxide filin, similar cffcets can also be achieved if an
insulating film composed ol a silicon nitride Glm is vsed.

Although the present embodiment has ¢lescobed (he case
where the underlymg insulating flm is composed of a
single-layer film, the underlying insulating film may be
composed of a multi-layer film. Tor example, in the case
where the sidewalls cansist ol 1.-shaped portions cxlending
aver the side faces of the gate cleetrade and the substrate and
ol upper wedge-shaped porlions or, alternalively, (the side-
walls are provided along with #n on-gate protective [ilm, the
underlying insulating film should be composcd of a multi-
layer film. It will be appreciated that, in that case also, the
same effects as achieved in the present embodiment ure
achicved.

(Ninth Embodiment)

F1G. 14{a@)} is a cross-sectional view of a semiconductor
device according o a ninth embodiment.

As shown in the drawing, an active region 6 of a P-type
silicon substrate L is provided with an clement Runctioniog
as 8 MOSFET composed of; a gate oxide Alm 2; a pae
cleetrode 4 made of a polysilicon ilm; and source/drain
regions 5. An isolalion region 7 lor clectrically isolating the
individual elements is farmed with a plurality of trench
portions 8 each filled with a silicon oxide hlm as an
insulating material and with dummy semiconductor portions
9 provided between the individual trench portions § and not
serving as active regions. On one of the trench portions 8
tormed in the isolation region 7, there s provided a poly-
silicon wire 14 formed simultancously with the gate insu-
lating film 2 and the pate electrode 4, There are furiher
provided an imerlayer insulating film 12 made of a silicon
oxide Blm deposited over the entire surface of the substrate
and a melal wire 13 formed on the interlayer insulating film
12.

Under the dummy semiconducior portions 9 and (he
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silicon oxide {ilm is [ormed in contact with the boitom laces
of \he (reach portions 8. As a resull, the side faces of the
semiconductor portions 9 are in contact with the trench
porticns 8, while the bottom Faces thereof are in contact wilh
the buricd insuluting film 91,

FIG. H4(h) is a cross-scctional view for illusirating the
wirng-lo-substrale capacitance of {he semiconductor device
according lo the present embodiment. In the semiconducior
device according to the present embodiment, since the
buried nsulating film 91 composed of the silicon oxide film
is formed in the silicon substrale, the capacilance C
becomes a hall ol the capacitance Cj1 shown in FIG. 1{b) vr
less (F. Nishimura and Y. Inous: Procecdings ol VISI
TECIINOLOGY WORKSIIOP ON “WIIAT I8 TIIE
TUTURL O SOFY (1993) p.123).

‘Therctore, the total wiring-to-subsirate capacitance Cijl of
the semiconductor device 15 represented by the following
equation (11):

Clj={{Cal» CIACALCi+2Cn2 (11,
which is smaller than the total capacilance Ci represenied
by the equation {3). Accordingly, the following incquality
(12) is satisfied:

Cijt<Cit (12

[lence,
Clfre=CCal

is derived from the relationship represented by the cquation
{4), 5o that the wiring-to-substrate capacitanee of the semi-
conductor device according 1o the present embodiment is
reduced, resulling in the semiconductor device operaling at
a higher speed.

FIGS. 15(a) w0 IS are cross-sectional views of the
structure of the semiconductor device having the NMOS-
LT according (o the present embodiment in the manufac-
turing process therefor.

In the step shown n F1G. 15{a), a thin silicon oxide film
21 having a thickness of 10 nm and a silicon nitride lilm 22
are [ormed sequentizlly on the P-lype silicon subsirate 1.

I the step shown io FIG, 15(8). a plurality of treoches 14
each having a given widih are formed in the silicon substrate
1. The trenches 14 include: wrenches 14a formed 1o surrcund
the aclive region & o be formed with the clement; trenches
14b formed in Lhe isolation region 7 separated from the
active region 6 by 1he trenches 147 (o eliminate pattern
dependence from planantly obiained al the completion of (he
manufacturing process; and trenches Lde for forming the
polysilicon wires. In the 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
regions which do nol [unction as active regions. The
trenches include one formed in a postiion immecliately under
the polysilicon wire I, which is to bc formed in the
subscquent stcp.

In the step shown 1o FIG. L5(e), a silicon oxide film 23 is
deposited vver the entire surface ol the subsirate 10 fill in the
trenches 14.

In the step shown in 11G. 15(d), the silicon oxide flm 23
is polished by a CMP method. Subsequently, he silicon
nitride film 22 and the silicon oxide Hlm 21 arc removed
sclectively to form the plurality of buried trench portions 8
cach filled with the silicon oxide flim and having a pla-
narized surlace. The buried rench poriions 8 include: buried
trench portions 8 [unctioning as isolation; buded trench
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portions 8b forming dummy semiconducior portions 9; and
buried treach portions Be for providing insulation between
the polysilicon wire and the silicon substrate,

In the step shown in FIG. 15(¢), a resist mask 92 covering
the active region & is [ormed and oxygen ions 93 are
mmplanted only inte the isolation region 7 so that the buried
insulaling [ilm 91 into which lhe oxygen atoms have been
introduced as an impurily is [omed. The buried insulating
film 91 provides insulation between the silicon substrate |
and the senmiconductor portions ¥ 1n the 1solation region 7.
In (his case, the buried insulating Alm 91 is connected to the
respective side faces of cach of the individual trench por-
tions 8a to 8c and energy for implanting the oxygen ions 15
sel such that (he semiconductor portions 9 are in the foating
slale.

In the step shown in F1G. 15(f), Lhere are formed the gate
oxide fim 2, the gate electrode 4 having sidewalls 24 on the
side [aces thereof, and the polysilicon wire 10 by using 4
known lechnique. The gate clectrode 4 may be lormed
simuhaneously with the polysilicon wire 10 by using 2
commoen semiconductor mask.

In the step shown in FFIG. 15 (g), a resist mask 95 is
formed to cover the isolation region 7 and arscnic ions 25 arc
mmplanted into the active region 6 Lo form the NMOSFET
having the source/drain regions 3, ba this case, no implan-
lation is performed with respect o the isolation region 7.

In the step shown in FIG. 15(7), a silicon oxide film is
deposited Lo form the {oterlayer insulating flm 12, Followed
by a metal wire 13 formed thereon.

In the semiconductor deviee formed by the manulacturing
method accorching to the present embodiment, the buricd
msufating film 91 composed of the silicon oxide film is
formed upder the dummy semiconductor portions 9 and (he
buried trench porlions 8 to be in contact with the botlom
faces of the buried trench portions 8. As a result, the side
faces of the semiconductor portions 9 are in contact with the
buried trench portions 8, while the bottan: faces thereof are
in contacl with the insulzting film 91. Although the present
cmbodiment has formed the buried insulaiing Rlm by
implanling oxygen ions prior to lhe formation of the gale
electrode, the bured insulaiing lilm may be {ormed al 2oy
stage of the method of manufacturing the semiconduclor
device provided that oxygen atoms can be mtroduced mto
the semiconductor portions.

{Tenth Embodiment)

The presenl cmbodiment will basically deseribe another
example of the manutactuning process shown in FIG. 14{b),
which is [or achieving (he elfect ol capacilance reduction.

FIGS. 16(a) to 16({) arc cross-scctional views ol the
structure of a scmiconducior device having an NMOSFET
according fo a tenth embodiment in the manufacturing
process therelor.

In the step shown in FIG. 16(a), a thin silicon oxide (Im
21 having a thickness ol 10 om and a silicon nitride film 22
are formed sequentially on a P-lype silicon subsirate 1.

In the step shown in FIG. 16(h), a plurality of trenches 14
cach having a given width are formed in the silicon substrate
L. The trenches 14 include: trenches 14a formed to surround
an active region 6 to be lormed with the element; lrenches
L4 Tormed in the isolation region 7 separated {tom the
active region 6 by (he (renches 1de 1o eliminate patiern
dependence from planarity obtained at the completion of the
manufacturing process; and trenches 14e for forming the
polysilicon wircs. In the isolation region 7 also, semicon-
ductor portions % have been provided to form at least onc
projecting  portion surrounded by the (renches 14, The

trenches include one lormed M(fﬁti(g]_ Hﬂuig%dﬁil‘vg %ndbro 46
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the polysilicon wire 1}, which is 1o be [ormed in the
subscquent step. In the step shown in FIG. 15(c), a silicon
oxide film 23 is deposited over the entire surface of the
substrate to fll iu the trenches 14,

In (he step shown io FIG. 16(c), a silicon oxide {ilm 23 is
deposiled vver the entire surlace of the substrate 1o il in the
trenches 14,

In ihe step shown in FIG. 16(d), the silicon oxide film 23
is polished by a CMP method. Subsequently, the silicon
nitcdde {ilm 22 and the silicon oxide lm 21 are remaoved
sclectively exeeptl lor the portions overlying the active
region 6 1o form a plurality of buricd trench portions 8 cach
filled with a silicon oxide film and having a planarized
surlace. The buried {reuch portions 8 ioclude: buried irench
portions 8¢ [uncliouing as isolation: buried trench portions
86 forming dummy semiconductor portions 9; and buried
trench portions 8c lor providing msulation between the
polysilicon wire and the silicon substrate.

In the step shown in F1G. 16(¢), (he semiconcuctor
portions 9 of the isolation region 7 are subjected o dry
stehing for formiing lrenches 96.

In the step shown in FIG. 16(f), a silicon oxide flm is
deposited in each of the (renches 96 to form a buried
insulating Glm 91, lollowed by a silicon [lm depostled
thereon o lomm semiconducior portions 97 serving as
dummy active regions. The buried insulating films 91 arc in
contact with the buried trench portions 8a to Be.

In the step shown in FIG. 16(g), there are formed the sate
oxide {ilm 2, the gale electrode 4 having sidewalls 24 on the
side faces thercol, and the polysilicon wire 18 by using a
known technique. The gate clecirode 4 may be lformed
simultaneously with the polysilicon wire 10 by using a
common semiconcuctor mask.

In thw step shawn in FIG. 16{7), u resist mask 98 is Tormed
o cover the isolation region 7 and arsenic ions 25 are
implanted into the active region 6 to form the NMOSFLET
having source/drain regions 5. [n this case, implantation may
be performed wilh respect o the isolalion region 7, though
il is nol pertformed in be example.

In the slep shown in FIG. 16(4), a sificon oxide film is
deposited 1o form the interlayer insulating, ilm 12, followed
by a melal wire 13 formed thereon.

The mapulactunng method acconding o the present
cmbodiment also cnables the formation of a semiconductor
device having the samc structure as Lhe semiconductor
device according, (0 the ninth embodiment, resulting in
smaller wiring-lo-substrate capacitance and a higher oper-
ating speed.

Although the present embodirnent has grown the silicon
oxide [ilms aod the silicon lilms in (he trenches 96 pror o
forming the gate clectrode, the silicon oxide Rlms and the

silicon films may be prown at any stage of the process of

manufacturing the semiconductor device provided thal they
can be grown and bured in the trenches 86.
{Eleventh Embodiment)

The present embodiment will also basically describe still
anotber example of the manufacturing process shown in
FI1G. 14{hy, which is for achicving the effect of capacitance
reduction.

FIGS. 17(a) to 17(f) and FIGS, 18(2) to 18(d) arc cross-
sectional views showing ihe structure of a semiconducior
device having an NMOSFET according 1o an cleventh
embodiment in the manufacturing process therefor.

In the step showa in TIG. 17(a), a trench 102 s formed in
a region of a P-type silicon snbstrate 1 in which an isolation
region is to be formed.

In the step shown in FIG. 17(h), a silicon oxide Alm is
lilled in the (rench 102 to lorm an iosulatiog film 101 so that
the entire surlace ol the subsirate is planarized.
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In the step shown in TTG. 12{c), a silicon {ilm 13 is
cpitaxially grown over the entire surface of the substrate.
During the step, since single-crystal silicon is prown on
single-crystal silicon in an active region 6, a semiconductor
region having an excellent erystallographic properly s
formed thercin, while a silicon fitm having an inferior
cryslallographic properly is [ormed on the silicon oxide Gim
in the isolation region 7. ITowever, since the silicon film in
the isolation region 7 docs not function as an active region,
the inferior crystallographic property thercol will not
adversely affect the properiies of (he semiconductor device.,

In the step shown in FIG. 17(d), a thin silicon oxide iim
21 having 4 thickness of 160 nm and a silicon nitride [ilm 22
are formed sequentially on the silicon flm 103,

In the step shown in [1G. 17(e), a plurality ol trenches 14
cach having a given width are formed in the subsirate. The
irenches 14 include: irenches 14a formed to surround the
active region 6 to be tormed with the clement; trenches 146
formed in the isolaton region 7 separated [rom the active
region by the trenches 14a to eliminate patiern dependence
from planarity obtained at the completion of the manufac-
turing process; and trenches 14¢ for forming, the polysilicon
wirces. In the isolation region 7 also, semiconductor portions
% have been provided 1o form at least onc projecting portion
surrounded by the trenches 14, The senriconductor portions
9 may be considered as dummy aciive regions which do noi
function as active regions. The trenches include one lormed
in a position immediately under the polysiicon wire 10,
which is to be formed in the subsequent step. In forming the
trenches 14, eiehing s performed G the surlace of the
buricd insulating film 101 18 exposcd 10 the treaches 14

In the siep shown in FIG. 17{f}, a silicon oxide Blm 23 is
deposiled over the enlire surlace ol the substrate to (1l in (he
irenches 14,

[n the step shown in FIG. 18(a), the silicon oxide film 23
is polished by a UMP method. Subsequently, the silicon
nitride film 22 and the silicon oxide film 21 are removed
selectively o form a plurality ol buricd trench portions 8
cuch filled wilh a siticon oxide Alm and having a planarized
surlace. The buried trench portions 8 include: buried trench
portions 8¢ functioning as isolation; buried trench portions
8H forming dummy scmiconductor porlions 9, and buricd
trench portions 8¢ tor providing insulation between Lhe
polysilicon wire and the silicon subsirate.

In the slep shown in FIG. 18(R), there are formed Lhe gate
oxide film 2. the gate cleetrnde 4 having sidewalls 24 on ihe
side faces thereof, and the polysilicon wire 10 by using a
koown iechnoique. The gate clectrode 4 18 [ommed simulla-
ncously with the polysilicon wire 1.

[n the stcp shown in FIG. 18(c), amcnic lons 25 arc
implanted into the active region 6 to form source/drain
regions by using a resist mask 95 formed 0 cover the
isolation region 7. The NMOSFET is formed by the [ore-
eoing process. Although arsenic ions 25 are not implanted in
the isalation region 7 in the example, they may be implanted
allcrnatively.

In the step shown in FI1G. 1B(d), 2 silicon oxide Rlm is
deposited to form an interlayer insulating Bim 12, followed
by a4 melal wire 13 lormed thereon.

Ths manufacturing method according o the present
embodiment also enables the formation of a semiconductar
device having the same structure as the semiconductor
dovice according to the ninth cmbodiment, resulling in
smallcr wiring-to-substratc capacitance and a higher oper-
ating specd.

Although the present embodimient has [ormed the trench

102 in the silicon substrate 1%8%_%%5%] “5%8"6%047
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film therein (0 lorm a miniaturized gale clectrods 4, the
silicon oxide Alm may be formed directly on the isolation
region without torming the lrench if the scmiconductor
substrate inlerior in planarity does ool adversely allect he
patterning of the sale during the tormation of the pale
clectrde.

(Variatinons ol Individual Embodiments)

Although the ciphth embodiments of the present inven-
tion have been described, there are variations obtained by
combining the individual embodiments with cach other.

By way of cxample, the lirst embodiment vsed in com-
bination with the sccond to cighth embodiments achicves a
further reduction in wiring-to-substrate capacitance and a
reduciion in Ume required lor charging or discharging, so
that the resulling semiconductor device operales al & higher
speed than e the case where cach of the embodiments s
used singly.

Thus, according 1o the present invention, 1he ndividual
emtbodiments used in combinalion can achieve more
remarkable cfects than o the case where cach of the
embodiments 1s used singly.

Adthough each of the embodiments has used the NMOS-
FET as the clement to be disposed in the active region 6, the
present invention is not limited o such smbodiments. The
clement includes an active ¢lement other than the MOSFET
such as a bipolar iransistor or diode or a passive element
such as a capacitor.

We claim:

1. A method of manufacluring a semiconcucior device,
COMprising:

a frst step of forming, in a semiconductor substrate
having a substrate region of a first conductivity type, a
lirst treneh Lor partitioning said subslrate region inlo an
active repion and an isolation region and a scceond
trench for partitioniog said isolation region inte a
plurality of dummy semiconducior portions:

a second siep of Lilling an iosulating material in each of
said first and scecond (renches to form a Hrst buricd
trench portion and a second buried trench portion;

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

a [ourth step of introduciog an impurity containing at least
an impurity of a second conductivity type ioto said
dummy semiconductor porlions of said isolalion region
to form at least ane PN junction in said dummy
semiconduclor porlions;

a [iflh step ol Torming an interlayer insulaling, (ilm over an
vntire surface of the substrate; and

a sixth step of forming a wire on said mterlayer msulaling
11im.

2. A mcthod ol manulacturing a semiconductor device
according 1o claim 1, wherein said third aond fourth steps
include forming a gate elecirode 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, and therehy forming source/drain
cepions of said FET, while [orming said at least one PN
junciion in said dummy semiconducior portions.

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

said (bird step includes [orming 4 pate electrode of a FET
as said clement on said active repion by using 2 first
mask covering suid isolalion region and introducing the
impurity of the sccond conductivity type into said
active region o fonm source/drain regions of said FET
and

said fourth step includes introducing the impuerily con-
taining at least the impurity of the second conductivity
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type inlo said dummy semiconductor portions by using
a second mask covermg saidd active region to form said
at least one PN junction i said dummy semiconductor
porlions.

4. A method of manulaciuring 4 semiconductor device,
comprising;

a first step of forming, in a semiconducior substrate
having a substratc rogion, a first trench for partitioning
said substrate region into an active region and an
isolation region and second (rench Lor pantitioning said
isolation region inle a plurality of dummy semiconduc-
tor portions;

a second step ol lilling an insulsting material in each of
said first and sceond trenches o form a fitst buricd
trench portion and « second buried trench portion;

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

a fourth srep of torming a resistor filim on each of said
dummy semiconductor portions of said isolation
region;

a fifth step of forming an interlayer nsulating Alm over an
entire surface of the substrate; and

a sixth step of forming 4 wire on said interlayer insulating
film.

5. A method of manufacturing 4 semiconductor device
according 1o claim 4, wherein said lourth step includes
composing said resistor film of a film containing at least onc
ol polysilicon and amaorphous silicon.

6. A method of manulacturing a semiconductor device
according 1o ¢laim 4, wherein said [ourth siep includes
composing said resistor film of a multilayer hlm constituted
by two or more conductor filims with a1 least an insulaiing
film interposed therebelween.

7. A method ol manufacturing s semiconductor device
according 10 claim 4, wherein said fourth step includes
introducing an impurity al a conceniration of 1x10™
aloms-cm ™ or lower inlo said resistor fim.

8. A mcthod of manufacturing a semiconductor device,
comprising;

a lirst step of lorming, in a semiconductor sebsirate
having a substrate region, a first trench for partitioning
said substrale region iolo an aclive repion and an
isolaiion rezion and a second trench for panitioning
said isolation region inte & plurality of dummy scini-
conductor portions:

4 second step ol lilling an insulating maierial in esch of
said first and sccond lrenches to form a fitst buried
irench portion and a second buried rrench portion;

3

4 Lhird step of forming an element on said active region;

a fourth step of implanting tons into an upper portion of
cach of said dummy scimiconductor portions to torm a
high resistor portion therein;

a fifth step of forming an wmterlayer insulating film over an

entire surface ol the subsirate; and

a sixth step of forming a wire on said interlayer insulating

film.

9. A mcthod of manufacturing a serniconductor device
according 10 claim 8, wherein said [ourth step includes
implanting ions conlaining al least an atom having an
oxidizing function o form said high resistor portion.

10. A method of manufacturing a semiconductor device
according to claim 8, wherein said fourth siep includes
mmplanting fons ¢ontaining at least an atom having a nitrid-
ing function to form said high resistor portion.

11. A method of maoufacturing 2 semiconductor device,
COMPprising:

IPR2018-00756 Page 00048
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a [irst step of forming, in a semiconductor substrale
having a substrate region, a first {reach for partitioning
said substratc region into an aclive region and an
isolation region and a second trench Lor partitioning
said isulation tegion inlo a plurality of dummy semi-
conduclor portions;

a second step ol Lilling an iosulating material in each ol
said {firsl and second (renches to form a first buried
trench portion and a second buricd trench portion;

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

a lourth step ol lorming an underlying insulating lilm over
said dummy semiconductor portions of said isolalion
region;

a lifth step of forming an inlerlayer insulaiing film over an
entire surface of the snbatrate; and

a sixth step of forming 2 wire on said interlayer insulating
tilm.

12. A method of manufacturing a semiconductor device
according to claim 11, wherein said third step and said fourlh
step include lorming a gate electrode ol 4 FET [omming said
element on sald active region, deposiiing o dieleciric iiim on
the substrate, performing anisotropic ciching with respect
the dieleciric lm by using a mask covering said isolation
region, and thereby leaving sidewalls on both side faces of
said gale clectrode, whils leaving said underiying insulating
fAlm over said dommy semiconductor portions.

13. A method ol manulaciuring g semiconduclor device
according o ¢laim 11, wherein said lourth siep includes
[orming said underlying insulating (ilm ol a dielectric film
containing at least silicon oxide,

14. A method of manufacturing a semiconductor device
according o elaim 11, wherein said lourth step includes
forming said underlying insulating film of a diclectrie film
containing al least silicon nitride.

15. A method of manulacturing a semiconductor device,
comprising:

a first step of forming. in a semiconducior substrate
having a subsirate region, a Hrsi trench for partitioning,
said substralc region into an active region and an
isolation region and a second trench for partitioning
said 1solation region inlo 2 pluralily of dummy scmi-
conducior porlions;

a sceond step of Riling an insulating material in cach of
said first and second (renches to form a lirst buried
trench portion and a second bured trench poriion;

a Lhird step of lorming depressed portions by etebing sald
dummy semiconductor portions and filling an insulal-
ing, material in said depressed porlions 1o form inler-
trench insulating films each baving a top face at the
same level as respective top lzces of said first and
sceond buricd trench portions;

a fourth step ol forming an clement on said active region;

a fifth step of forming an interlaver insulating film over an
entire surface of the substrate: and

a sixth step of forming a wirc on said interlayer insulating
.

16. A mcthod of masufacturing a scmiconductor device
according to claim 15, wherein said lourih slep includes
[orming cach of said inter-trench insulating (ims ol a
dielectric film containing a1 least silicon vxide,

17. A method of manufacturing a semiconductor device
according to claim 15, wherein said fourth step includes
forming cach of said inter-trench insulating Alms of a
diclectric film containing at least silicon nitride.

18. A method of manulacturing a semiconduclor device,
COmprising:
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a lizst step of [orming, in a semiconductor substrate
baving a substratc region, a ficst trench for partitioning
said subsirate region into an active region and an
isolation region and # second trench for partitioning
said isolation reginn inle a pluralily ol dummy semi-
conductor porlions;

a sucond step ol [illing an insulaling material in cach of
said (irsl and second renches 1o form a first buricd
trench portion and a sccond buried treach portion;

a third step uf implanting oxygen ions into cach of said
dummy semiconductlor partions with said active region
heing covered by a mask to lorm a buricd insulating,
liim in 2o inner poriion lhereof;

a lourth step of lorming an ¢lement on said active tegion;

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

a sixth siep of forming a wire on said intcrlayer insulating
film.

19. A methad of manufacturing a semiconductor device,

comprising:

a first step of forming, in a semiconductor substraie
having a subsirate region, a first Lrench [or partitioning,
said subsirale region into an aclive region and an
isolation region and a second trench for partitioning
said isolation region into a plurality of dummy semi-
conductor porlions,;
second step of flling an insulating maiterial in each of
said first and second trenches to form a first buried
trench portion and a seeond buried trench porlion;

a third step of forming third trenches by etching said
semiconductor portions and flling an insulating male-
rial in said third trenches (o fornl buried, insulating
iims cach having a lop lace al a level lower than
respective top faces of said first and sccond buricd
trench portions;

a fourth step ol growing semiconductor lilms on said
buried insulating films, with said active region covered
with a mask member, 10 formt dommy semiconductor
portions;

a fifth step of forming an element on said active region;

sixth step of [omming an interlayer insulaling [ilm over

an entire surface ol (be substrale; and

seventh step ol forming o wire on said Interlayer

insulating film.

20. A method of manulacturing a semiconductor device,
comprising:

a first step of [orming, in a semiconductor substrate
having a substrale region, a first trench extending over
an entire isolation region of said substrate region, while
leaving an aclive region of said substrale region;

4 second step of iHing an insulating material in satd liest
trench 1o form a buried insulating (ilm having a top lace
at the same level as a top face of said iselation region;

4 third siep ol growing a semiconductor film over said
active region and said buried insulating film;

a [ourth step of forming, in the semiconductor substrale,
a second trench for partitioning said semiconductlor
[iloy and said subsirate region into the sclive region and
the 1solation region aond a third trench for partitioning
the portion of the semiconductor lm overlying said
isulation region into a plurality of dummy semiconduc-
LoT poTticons;

a fifth step of flling an insulating material in cach of said
second and third trenches to form a lirst buried trench

portion and a second blﬂ{.ﬁgﬁli‘ﬁlﬂﬁgﬂgg;l)age 00049
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a sixth step ol {forming an element on the portion ol said an eighth siep of lorming a wire on sald inlerlayer
semiconductor fillm overlying said active region; insulating film.

a seventh step ol lormming an imerlayer insulating {ilm
over an entire surface ol the substrate; and LI
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SEMICONDUCTOR DEVICE AND METHOD QF MANUFACTURING THE SAME
PED

A
] :
wﬂs\w Bl The present invention relates to a semiconductor device
[y
O
%@W&mm ing a trench-isclated structure and, more particularly, to a

5 method of reducing the capacitance between the wiring and -
substrate of the semiconductor device.

As higher-densilty a;nd increasingly miniaturized
semiconductor devices have been implemented in recent years,

b repeated attempts. have been made to substitute a trench isolation
% 10 technique for a LOCOS technique which is most prevalently used
to form isolation for providing insulation between individual
elements of the semiconductor devices. 1In accordance with the
trench isolation technigue, an insulating material is filled in
ifi a trench formed in a semiconductor substrate to form isolation.
15 Since planarization of a surface of a semiconductor
substrate inclt.iding 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 properties to vary depending on the area of a region

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

7 ~ IPR2018-00756 Page 00055



plurality of narrow trenches so that the surface of the
semiconductor substrate is exposed between the individual
trenches to form the dummy semiconductor ﬁortions which do not
serve as active regions.

5 FIG. 19 shows a.n 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
E substrate 1 is formed with: a gaté oxide film 2; a gate electrode

") 10 4 made of apolysilicon film; and source/drain regions 5 into which

=

i+ an impurity has been introduced. An isolation region® 7
l:f . surrounding the active region 6 is formgd with a plurality of
5

gj trench portions 8 each filled with a silicon oxide film. Between
:;;,‘f the indiiidual trench bortions g, there are provided

e 15 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 elemer;xt. 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. 21{b), a silicon oxide film filled in each of
the trench portions 1is polished during the CMP process for

25 planarizing the whole substrate so that the surface thereof is
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depressed 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} to20(g) are cro-ss-sectional views illustrating -
a proce-ss of manufacturing the conventional trench—isolat.ed
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 each having a giveh width are formed in the silicon substrate
1. However, the trenches 14 include: trenches l4a 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 tl}e trenches 1l4a to eliminate pattern
dependence from planarity obtained at the completion of the
manufacturing process; and trenches l4c for forming the
polysilicon wires. In the isolation region 7 also, the
semiconductor portions 9 have been provided tc form at least one
projecting portion surrounded by thé trenches 14, The
semiconductor portions 9may be considered és dummy active regions
which do not function as. active regions.

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

is deposited over the entire surface of the substrate to fill in
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the trenches 14,

In the step shown in FIG. 20(d), the silicon oxide £ilm 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 po-rtions 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 8b forming the
dummy semiconduct:_or portions 9; and buried trench portions 8c for
providing insulation between the polysilicon wires and the
silicon substrate.

In the step shown in FIG. 20(e), there are formed the gate
oxide film 2, the gate electrode 4Ihaving 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 are
formed simultaneously. |

In the step shown in FIG. 20(f), arsenic ioﬁs 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
region to form the source/drain regions 5. The NMOSFET is formed
by the foregoing process steps.

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), lons of such an
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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

region 6, though tlhey may be introduced slightly extensively into
the periphery of the isolation region in considerations of mask
displacement. Hence, impurity ions. arenot implanted in the dummy
semiconductor portions 9 between the individual trench portions
B.

A description will be given to the wiring-to-substrate
capacitance of the trench-isolated semiconductor device having
the small trench portions B which are discretely located and the
dummy semiconductor portions 8 as shown in FIG. 19 and in a
semiconductor device having awide isolating/insulating film such
as a LOCOS film, FIG. 21({a} is a cross-secticnal view for
illustrating, by way of example, the wiring-to-substrate
capacitance 1n the ' iscolation regiqn 7 having the dummy
semiconductor portions 9. FIG, 21(b) is a cross-sectional view
for illustrating the '.;riring-to-—s'ubstrate capacitance of the
semiconductor device having a LOCOS isolation film 100 and no
dummy semiconductor portion. It is assumed here that impurity
ions have rot been implanted in the isolation region 7 durling the
implantation of ions into the source/drain regions and that the
area occupied by thelwhole'isolation region 7 is equal in each

of the two semiconductor devices.,
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In the semiconductor device shown in FIG. 21{a}, a total
wiring-to-substrate capacitance Cat corresponds to the sum of
capacitances Cal and Ca2, which is represented by the following
equation (1):

5 -Cat = ZCal + LcCa2 w (1),
In the case where a member interposed between the wiring and
substrate is composed of a homogeneous material, the wiring-
to-substrate cap_aci‘tance per unit area is inversely proportional
£ to the distance between the wiring and substrate, so that the

;_5 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.
z: 21{a) is equal to the dimension Dbt shown in FIG. 21{b), the
gg following inequality (2} is satisfied:
T
'u 15 Cat > Cbt . {12),
which indicates that the wiring-to-substrate capacitance Cat in
the structure sh‘own in FIG. 21{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 ©f achieving planarization with excellent in-plane
uniformity, it also has the possibility of increasing the
wiriﬁg-to—subétrate capacitance and resultantly reducing the
operating‘speed of the semiconductor device.
25
e 6
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SUMMARY OF THE INVENTION

In view of the foregoing, the present invention has been
achieved based on the principle that, if each electrode of a
parallel-plate capacitor occupies an equal area, the capacitance
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 the;ein is smaller as the voltage between the
electrodes is lower.

It is therefore an object of the present invention to
increase the operating speed of a trench-isolated semiconductor
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 capacitance present between the wiring and
substrate in the isolation region.

A first semiconductor device.accbrding 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 insuiating material; semiconductor portions
interposed between the individual trench portions in the
iscolation region; an interlayer insulating film formed to extend

continuously over the active region and the isclation region; a
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wire formed on the interlayer insulating film; and at least one
PN junction formed in the semiconductor portions underlying the
wire, |

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 upper portion of the PN
junctionbof each qf the semiconductor portions to the capacitance
in the interlayer insulating film, which is smaller than the
capacitanceonly in the initerlayer insulating film. Accordingly,
the wiring-to-substfate capacitance of the whole semiconductor
device is reduced, ‘resulting in the semiconductor device
operating at a higherISpeed.

The PN junction may include a plurality of PN junctions
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 impurity diffusion
region and a PN junction may be formed at a bottom face of the
impurity diffusionregion, the PN junction of the isplation region

being positionedat a level lower than the PN junction of the active

. H
region.

The arrangement further reduces the wiring-to-substrate

capacitance.

A second semiconductor device according to the present
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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 iaortions each formed in the isolation region
and filled with an insulating material; semiconductor

5 portions interposed‘between the individual trench portions in the
ispolation region; an interlayer insulating film formed to extend
continuously over the active region ar;d the iscolation region; a

wire formed con the interlayer insulating film; and a dielectric

;g film interposed between at least the semiconductor portions of
i

IE 10 the isolation region and the interlayer insulating film.

;’L In the arrangement, the capacitance component of the
:*i wiring-to-substrate capacitance in the region containing the
;: semiconductor portidhs of the isclation region is obtained by
;d adding in series the capacitance in the dielectric film to the
i

«j 15 capacitance in the interlayetr insulating film, 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
sidewalls made of an insulating material and formed on both side
faces of the gate electrode such that the underlying insulating

250 film is formed of the same film as forming the sidewalls.
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The underlying insulating film may be composed of a

multilayer film.

| The arrangement enables the uinderlying insulating film for
reducing the wiring—to-substraté capacitance to be composed by
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 ma‘nufacturing cost.

The dielectric 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 face
of each of the trench portions.

Preferably, the dielectric film is composedlof 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
ispolation region; an interlayer insulating film formed to extend
continuously bver the active region and the isolation region; a
wire fofmed 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.

The arrangement allows a reduction in the wiring-to-

10
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substrate capacitance of the entire iscolation region, resulting
in a significant reduction in operating speed.
A fourth semiconductor device according to the present
invention comprises:l a semiconductor substrate having an active
5 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
"J;‘. isolation region; an interlayer insulating- film formed to extend

"} * 10 continuously over the active region and the isolation region; a

ind

§: wire formed on the interlayer insulating film; an a resistor film
:J formed between the iriterlayer insulating film and at least the
:j semiconductor portions of the isclation region,

‘I"i In the arrangement, a voitage drop in the reéesistor film

%] 15 reduces the amount of charge accumulated in the wiring-to-
substrate capacitance in the region of the‘semiconductor device
coﬁtaining the resistor film, '&hough 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 thewiring-to-substrate capacitance

26 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 hi.gh resistor film such
that the underlying resistor film is formed of the same film as
composing the-high resistor film of the resistor element.

In the arrangement_, the underl})ing resistor film having the
same resistance as the high resistor film used as a resistor
element achieves a remarkable voltage dropping effect.

There can fﬁrther be provided an element having an electrode
member composed 0f 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 fi].l'st conductorlfilm 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 filmof 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 Ifilm overlying each of the
semiconductor portions is formed of the same two films as
;:ompOSing the first and second conductor films of the gate
electrode and a region of the resistor fiirn overlying each of the
trench portions is composed of the same material as composing the

first conductor film of the gate electrode.

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 colst 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 resis1;.or film may be composed of a silicon film
containing at least one of an oxygen atom and a nitrogen atom.

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

The arrangement allows the formation of the resistor film
by using the polgsilicon film or amorphous silicon film to compose
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
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 blurality of dummy semiconductor portions; a second step of
filling an insulating material in each of the first and second

trenches to forma first buried trench portion and a second buried

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 conductivitg type inteo the dummy
semiconductor portions of the isolation region to form at least
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 methodé enables the formation ¢f the semiconductor
device including the dummy semiconductor portions each having the
PN <dunction. The capacitance component of thé wiring-to-
substrate capacitancé in the regicon 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
of the semiconductor portions to the capacitance in the interlayer
insulating film, which is smaller than the capacitancé only in
the interlayer insulating film, Accerdingly, the wiring-to-
substrate capacitance of the whole semiconductor device is
reduced, resulting in the semiconductor device operating at a
higher speed.

The third and fourth steps may include forming a gate
electrode of a FET as t;_he 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

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

14
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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 manufac{:uring
process for forming a FET without an additional step qf forming
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 iméurity of the
second conductivity type into the active region to form
source/drain regions of the FET and the fourth step may include
introducing the impurity coﬁtaining at- 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 t_he dummy semiconductor pertions.

The method enables the formation of 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 manufactufing 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 ré‘gion and a second trench for

partitioning the isclation region into a plurality of dummy

15
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semiconductor portions; a second step of filling an insulating
material in each of the first and second trenches to form a first
buried trench éortion and a second buried trench portion; a third
step of forming an element on the active region; a fourth step
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 s_urface of the
substrate; and a sixth step of forming a wire on the interlayer‘
insulating film, -

The method enables the formati_on of the semiconductor
device comprising the resistor film between the interlayer
insulating film and dummy semiconductor portions of the isolation
region. R 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 resistor film of the semiconductor device.
Consequently, the time ;equired for charging or discharging is
reduced, resulting in the semiconductor devic:'e operating at a
higher speed.

The fourth step may include composing the resistor £ilm of
a film containing at least one of polysilicon and amorphous
silicon.

The fourth step may include composihg the resistor film of
amultilayer film constituted by two or more conductor films with

at least an insulatingbfilm interposed therebetween.

16
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The fourth step may include introducing an impurity at a
concentration of 1 x 10* atoms * cm™® 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

R

% partitioning the isolation region into a plurality of dummy
;g 10 semiconductor portions; a second step of filling an insulating
;; material in each of the first and secand trenches to form a first
!t'j buried trench portion and a sec.ond buried trench portion; a third

[N

I;_é step of forming an element on the active region; a fourth step
ﬁ of implanting ions into an upper portion of each of the dummy
% 15 semiconductor portions to form a high resistor portion therein;

a fifth step of forming an interlayer insulating f£ilm over an

éntire surface of the substrate; and a sixth step of forming a
wire on the interlayer Iinsulating film.

The method allows the formation of the semiconductor device

20 comprisling the high resistor portion between the interlayer

insulating £ilm 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
resistor portion.

The fourth step may include implanting ions containing at
least an atomhaving anitriding function to form the highresistor
portion.

A fourth method of manufacturing a semiconductor device
according to the present invention comprises: a first steﬁ of
forming, in a semiceonductor substrate having a substrate regicen,
a first trench for partitioning the substrate region into an
active region and an isclation region and a second trench for
partitioning the isolation region into a plurality of dummy
semiconductor portions; a second step of filling an insulating
matérial in each of the first and secend trenches to form a first
buried trench pertion and a second buried trench portien; a third
step of forming an element on the active region; a fourth step
of forming an underlying insulating film cover 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 forminga wire on the interlayer
insulating film.

In accordance with the method, there is formed the

semiconductor device including the underlying insulating film

18
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beneath tl'.1e interlayer insulating film in the isolation region
thereof. Consequently, the capacitance component of the
wiring-to-substrate capacitance in the region containing the
semiconductor portions of the isclation region is obtainea by
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 .semicondugtor device operatling at 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, performing
anisotropic etching with respect to the dielectric film by using
a mask covering the isclation region, and thereby leaving
sidewalls on both side faces of the gate electrode, while leaving
the underlying insulating film over the dummy semiconductor
portions.

The method enables the formation of a semiconducteor device
operating at a high speeq by using a typical manufacturing process
for forming a FET without an additiconal step of forming the
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' underlving
insulating film of a dielectric film containing at least silicon

19
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nitride.

A fifth method of manufacturing a §emiconductor device
acco;‘ding .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 reéion into an
active region and an isolation‘region and a second trench for
partitioning the isclation region into a plurality of dummy
semiconductor portions; a second step of filling an insulating
material in eéch c.:f the fi'.rst 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 depressed portions by etching _the dummy semiconductor
portions and filling an insulating material in the depressed
portions to form :?.nter-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 inteflayer
insulating film. |

In accordance with the method, there is formed the
semiconductor device comprising the inter-french insulating
films between the interlayer -insulating films and dummy
semiconductor portions of the isolation region thereof.
Consequently, the capacitance component of the wiring-to-

substrate capacitance in the region containing the semiconductor

20
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portions of the isolation region is obtained by adding in series
the capacitance in the inter-trench burised insulating films to
the capacitance in the interlayer insulating film, so that the
total wiring-to—substrate capacitance is reduced. What results
is the semiconductor device operating at a high speed.

The fourth stepmay include forming each of the inter-trench
insulating films of a dielectric film containing at least silicon
oxide.

The fourth stepmay 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 régiqn 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 portion; a third
step of forming an element on the active region; a fourth step
of implanting oxygen ions into each of the dummy semiconductor
portions to form a buried insulating film in an inner portion
thereof; a fifth stepb of forming anlinterlayer insulating film

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
material in each c;f the first and second trenches to form a first

10 buried trench portion an.d a second buried trench portion; a third
step of forming third trenches by etching the semiconductor
portions Iand 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

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 of forming a wire on the interlayer
insulating film,

An eighth method of manufactufinq a semj.conductor 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

o 22
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substrate region, while leaving an active region of the substrate
reqgion; a second step of filling an insul-ating 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
step of growing a semic&nductor film over the active region and
the buried insulating film; a fourth step of forming, in the

semiconductor substrate, a second trench for paftitioning the
semiconductor film and the substrate region into the active region
and the isolation regicn and a third trench for partitioning the
portion of the semiconductor film overlying the isolation region
into a plurality of dummy semiconductor portions; a fifth step
of filling an insulating material in each of the second and third
trenches to forma first buried trench portion and a second buried
trench portion; a sixth step of forming an element on the portion
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 fo;ming a wire
on the interlayer insulating film,

In accordance with the methods, there are obtained
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 semiconducfor device
having smaller wiring-to-substrate capacitance and operating at

a higher speed,
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1({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.
i(b} is an 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 manufactu;ing the semiconductor device according to
the first embodiment;

FIG. 3 is a cross-sectional view of a semiconductor device
according te 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 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, havingamultilayer gate provided

therein;
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FIG. B 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
a process of‘manufacturing the semiconductor device according to
the sixth embodiment;

FIG. 10 is a cross-sectional view of a semiconductor device
according to a _s.eventh embodiment, having a high resistor portion
in the upper portion of each of the semiconductor portions;

FIGS. llia}to 11 {th) 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
an underlying insulatiﬁg film formed beneath an interlayer
insulating film; ;

FIGS. 13(a) to 13 W} are cross—sectional views illustrating
a process of manufacturing the semiconductor device according to
the eighth embodiment;

FIG. 14(a) is a cross-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 iscolation region for
illustrating the wiring-to-substrate capacitance in the

semiconductor device;
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FIGS. 15(a) to 15{h) are cross—-sectional views illustrating
a2 process of manufacturing a semiconductor device according to
the ninth embodiment;

FIGS. 16{(2a) tol16(i} arecross-sectional views'illustrating
a process of manufacturing é semiconductor device according to
a tenfh embodiment;

FIGS. 17(a) tol7(f} are cross-sectional views. illustrating
the first half of a process of manufacturing a semiconductor
device according'to an eleventh embodiment;

FIGS. 18{a) to18(d} arecross—-sectional views illustrating
the second half of the process of manufacturing the semiconductor
device according to the eleventh embodiment;

FIG. 19 is a cross-sectional view o0f a conventional
semiconductor device;

FIGS. 20(a) to 20{g) are cross-sectional views
illustrating a process of manufacturing the conventional
semiconductor device; and

3 () and ML) are cross-Sechon! views

E‘IGA 211\ Fr—gerosg-roetiontd-tisw for illustrating the

wiring-to-substrate capacitance in each of a conventional

trench-isclated semiconductor device and a conventional LOCQOS-

isolated semiconductor device.

DETAILED DESCRIPTION OF THE INVENTION
Referring now to the drawings, the embodiments of the

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 embodiment. As shown
in the drawing, a first active région 6 of a P-type silicon
substrate 1 is provided with an element functioning as the MOSFET
compo_sed 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 p_lqrality 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
portions 8 formed in the isclation region 7, there is provided
a pplysiliCOn wire 10 formed simultaneously with the gate
insulating film 2 and tlhe gate electrode 4. There are further
provided an interlayer insulating film 12 made of a silicon oxide
fi'_lm deposited over the entire surface of the substrate and ametal
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 21 into which
an N-type impurity of thé cI:onductivity type opposite to that of
the silicen substraté 1 has been introduced, so that a PN junction
22 is formed between the impurity diffusion layer 21 and the
silicon substrate 1. The PN junction 22 is positioned at a level

between those of the top and bottom faces of the trench portions

27
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FIG. 1(b) is a cross-sectional view for illustrating the
wiring-to-substrate capacitance in the isalation region 7 of the
semiconductor device according to the present embodiment. As
shown in the drawing, the wiring-to-substrate capacitance of the
semiconductordeviceaccordingtothepresentembodiméntincludes
the components of capacitances Cal and Ca2, similarly to the
wiring-to-substrate capacitance of the conventional
semiconductor‘deQice shown in FIG. 21 ({a}. Moreover, since the
PN'junction 22 is formed in each of the semiconductor portions
9, another capacitance Cjl is added in series to the cépacitance
Cal. Hence, the tbtal wiring-to-substrate capacitance Cjt is
represented by the following equation (3):

Cit = Z{(Ccal x Cjl)/{Cal + Cjl}} + ZCa2 - {3,
which is smaller than the total capacitance Cat represented by
the equation(l}. Accordingly, the following inequality (4) is
satisfied(4):

Cit < Cat oo {4} .

Thus, the wiring-to-substrate capacitance can be reduced
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 next to a methed of

manufacturing a semiconductor device according to the present

_//iX? 28
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embodiment. FIGS. 2(a) to 2(g) are cross-sectional views
showing the structure of the semiconducter de.vice 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 nm 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
14 each having a given width are formed in the silicon substrate
1. The trenches 14 inclﬁde: 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 6 region by
the trenches l4a to eliminate pattern dependence from planarity
obtained at the completion of the manufacturing process; and
trenches l4c¢ for forming the polysilicon wires. 1In the isolation
region 7 also, the semiconductor portions 9 have been provided
to form at least one projecting portion surrounded by the trenches
l4. The semiconductor portions 9 may be considered as dummy
active regions which do not function as active regions. The
trenches include one foz;*med in a position immediately under the
polys‘ilicon wire 10, which is to be formed in the subsequent step.

In the step shown in FIG. 2(c), a silicon oxide f£ilm 23 is

deposited over the entire surface of the substrate to £ill 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 ;‘emoved selectively to
form‘ the plurality of buried trench portions B each filled with
the silicon oxide film and having a planarized surface. The
5 buried trench portions B include: buried trench portions Ba
functioning as isolation; buried trench portions 8b forming the
dummy semiconductor portions 9; and buried trench portions B¢ for
providing insulation 'between the polysilicon wires and the

silicon substrate.

e i

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

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

T SETE LS EE
it
o

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

LIRS R

technique. The gate electrode 4 and the polysilicon wires 10 can

=]

"

;}J!r be formed simultaneously by using a common mask.

1

wW 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 entire isolation
region 7. As a result, the NMOSFET having the sourée/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 silicon 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

256 portions 8.
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In the step shown in FIG. 2{g}, the silicon oxide film is
deposited to form the interlayer insulating film 12, followed by
the metal wire 13 formed thereon. |

In the case of providing the MOSFET in the active region
as provided in accordance with the manufacturing method of the
present embodiment, the PN dJunction 22 in each of the .
semiconductor portions ¢ can be formed easily through the
implantétion of ions for forming the source/drain regions 5, so
that manufacturing cosf is not increased.

Although the present embodiment has described the case of
using the P—-type silicon substrate, it will be appreciated that
the same effects as achieved in the present embodiment are also
achieved in the case of using an N-type silicon substrate by
intreducing a P-type impurity inte 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 the N-type silicon
substrate.

Although the formétion of the PN junctions 32 in the dummy
semiconductor portions 9 of the isolation region 7 has been
performed simultaneously with the formation of the source/drain
regions 5 in the~manufacturing methoa.of the present embodiment,
the formation of the dummy semiconductor portions 9 may be
preformed at any stage of the process of manufacturing the

semiconductor device, provided that the PN junctions can be formed
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in the dummy semiconductor porticons.
(Second Embodiment}

FIG. 3 is a cross-secticnal 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 isolaticen
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
portions 8 formed in the isolation region 7, there is provided
a polysilicon wire 10 formed simultanecusly 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
filmdeposited 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 isclation
region 7 is provided w;ith an impurity diffusion layer 31 into which
an N—t'ype impurity of the conductivity type opposite to that of
the impurity introduce-d into the silicon substrate 1 has been
introduced, so that a PN junction 32 is formed between the impurity

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 B.
The wiring-to-substrate capacitance in the isolation
region 7 of the present embodiment is represented by the following
5 equation (9):

Cit = Z{(Cal x Cjl)/{Cal + Cjl}}

+Z({Ca2 x Cx1)/(Ca2 + Ck1)} .. (5),
which is smaller than the total capacitance Cat represented by
3 N
f-E the equation (1). 1In the foregoing equation (5), Ckl represents i
(1 .

1 10 the capacitance between the bottom face of the trench portion 8

;f and the PN junction 32. Hence, the following inequality (6) is
&J satisfied, similarly to the first embodiment:

f: | Cjt < Cat w (B},

5t

Ef Thus, the wiring-to-substrate capacitance can also be
0

. 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 isolation region 7, similarly to

the first embodiment, .so that the operating speed of the
semiconductor device is increased. In particular, the present

20 embddiment can reduce the wiring-to-substrate capacitance in the
entire isolgfion region containiﬁg not only the semiconductor
portions 9 but also the trench portions, 'Iso 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
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ions for forming the source/drain reg.ions ‘of the MOSFET, the
impurity concentration and the depth of ionic penetration into
the substrate can be controlled arbitrari‘ly, so that a higher
effect of reducing the capacitance is achieved. In particular,
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 ach;eved.

Although the present embodiment has described the case of
using the P-type ;ilicdn substré‘xte, an N-type silicon substrate
may also be used instead. Inthis case, a PN junction canbe formed
by introduoing 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)

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
of a polysilicon film; and source/drain regions 5. BAn isolation
region 7 for electrically isolating 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 bet.ween the individual trench portions 8 and

not serving as active regions. On one of the trench portions 6
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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 £ilm 12 made of a silicon oxide filmldeposited 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‘ ifnpurity diffusipn
E layer 41 and an N-type impurity diffusion layer 42, which are

W 10 arranged in this order from the surface of the silicon substrate.

L

E: As a result, a first PN junction 43 is formed between the P-type
-'j impurity diffusion layer 41 and the N-type impurity diffusion
;: layer 42, while a second PN junction 44 is formed between the N-type
E}: impurity diffusion layer 42 and the P-type silicon substrate 1.
1

W} 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 = Z{1/[(1/Cal} + (1/Cj1l} + (1/C32}}} + ZCa2 - AT,

which 1is smaller than the total capacitance Cat of the

semiconductor device according to the first embodiment

25 represented by the eguation (1}. Hénce, the following equation

: 35
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{8) is satisfied:

Cjt < Cat - {B}.

Since the present embodiment has provided the plurality of
PN junctions 43 and 44 in the respective dummy semiconductor
portions of the isolatiop region 7, the capacitance component of
the wiring-to-substrate capacitance in ti’le region containing the
semiconductor portions.g of the semiconductor device can be
represented by the capacitance obtained by connecting in series
the respective éapacitances in the P-type and N-type impurity.
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
than in the first embodiment, resulting in the semiconductor
device operating at a higher speed.

Rlthough the present embodiment has described the case
where the two PN junctions 43 and 44 are formed of the two impurity
diffusionlayers,ifthréeornmrePNjunctionsareformmdofthree
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 junctions {(m is 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 Cjt is represented by

the following equation (39):
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Cit = ZIZ{1/(({1/Cal) + Z{1/Cim}}}
+Z{1/[(1/Ca2} + Z(1/Cin}}} - (9,
which is smaller than the total capacitance Cat represented by
the equation {(1}. Hence, the following inequality (10} 1is
satisfied: .

ij < Cat e (10),

In the case of using the structure, th’g wiring—to—substrate
capacitance can be reduced significantly since not only the
capacitance component in the region containing the semiconductor
portions of the isolation region 7 but-alllso the capacitance
component in the region containing the t}'ehch portions thereof

is also reduced.

{Fourth embodiment)

‘.:?‘IG. Sisa cross-—sectionallview of a semiconductor device
according to a fourth embodiment. I

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 ga'te oxide film 2; a gate electrode 4 made
of a polysilicon film; and source/drain regions 5. An iscolation
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 regicns, 0©n one of the trench

portions B formed in the isolation region 7, there is provided
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a polysilicon 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 eiectrode 4 extends continuously over the semiconductor
portions 9 and trench portions 8, Qver the'dummy gate 51, {ihe
polysilicon wire 10, and a surface of the silicon substrate
(except for the active region), a silicon oxide film 52 and a high
resistor £ilm 53 composed of a polysilicon film are further formed
in layers. The dummy gate 51 has been formed by patterning a
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 each of the gate electrode 4 and the polysilicon
wire 10. The polysilicon film composing the high resistor film
53 has a 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 1 x 10* ¢m™ 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 impurity into the active region.

In the semiconductor device according to the present
embodiment, it is sufficient to consider tﬁe capacitance between
the wiring and high resistor film instead cf the capacitance
between the wiring and substrate. In this case, since the
resistance of the polysilicon film compcsing the high resistor

film 53 is high, a voltage drop occurs between the top face of

38

IPR2018-00756 Page 00092



10

15

20

" the high resistor film 53 and the surface of the semiconductor

substrate 1. Accordingly, the voltage appiied 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 intérlayer insulating film 12 decreases in
direct proportioﬁ to the voltage applied thereto, the time

required for charging or discharging between the wiring and high

. resistor is reduced, resulting in the semiconductor device

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
showing the structure of the semiconducteor device having an
NMOSFET according to the present embodiment in the:qanufacﬁuring
procegs 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 sequentiaily on the P-type silicon substrate 1.

In the step shown in FIG. 6(b), a plurality of trenches 14
each having a given width are formed in the.silicon substrate 1.
The trenches 14 include: trenches l4a formed fo 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

39

IPR2018-00756 Page 00093



15

20

obtained at the completion of the manufacturing process; and
trenches l4c¢ for forming the polysi;icon wires. 1In the isolation
region 7 also, the semiconductor portions ¢ 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 d.o 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
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
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 8b 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. 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

technique. During the process, the dummy gate 51 is formed
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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 polysiliconwire 10. The
gate electrode 4, the polysilicon wire 10, and the dummy gate 51
can be formed simultaneously by using a commen semiconductor mask.
The dummy gate 51 has a sheet resistance higher than those of the
gate electreode 4 and peolysilicon wire 10, which are used as

interconnections, and has an impurity concentration adjusted to
be 1 x 10*° atoms * cm™ or lower by ion implantation or the like.

In the step shown in FIG. 6{(f), the silicon oxide film 52
and the high resistor film 53 made of polysilicon are formed over
the isclation region 7. The high resister film 53 has a sheet
resistance higher than those of the gate electrecde 4 and
polysilicon wires 10 and has an impurity concentration adjusted
to be 1 x 10“_ atoms * cm™ 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 aﬁd a resistor.

In the step shown in FIG. 6(qg), a resist mask 55 covering
at least the isolation region 7 is formed and arsenic ions 25 are
implanted into the active region & to form the NMOS having ﬁhe
source/drain regions 5, During the process, arsenic ions are not
implanted in the isoelation region 7. |

In the step shown in FIG. 6(h), a silicon oxide film is

deposited to form the interlayer insulating film 12, followed by
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a metal wire 13 formed thereon.

Iﬁ the semiconductor device according teo the present
embodiment, it is sufficient to consider thé capacitance between
the wiring and high resistor film instead of the capacitance
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 voltage applied to the top and
bottom faces of the interlayer insulating film is reduced, t};ough
the capacitance of the interlayer insulating film 12 remains
unchanged. S5Since 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
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
film as composing, e.qg., the high resistor film of the resistor
element and local wiring. Instead of forming the dummy gate 51,
it 1s possible to form films corresponding to the high resistor
film 53, the silicon oxide film 52, and the dummy gate 51 from
three films composing the upper-layer film, capacitor insuiating

film, and lower-layer film composing the MIM capacitor formed
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anywhere on the semiconductor substrate.

It is also possibkble 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

=
mad

o region 7, similar effects can alsc be achieved in the case of using

ai
“ 10 an amorphous silicon film or a silicon nitride film instead of

125
ek

Eﬂ- the polysilicon film. In particular, the use of an insulating
i

= film composed of a silicon oxide film allows a reduction in total
ii capacitance and a further increase in the operating speed of the
f:;’-: semiconductor device.

g

o 15 (Fifth Embodiment)
FIG. 7 is a crosé—sgctional 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 1 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 ofltrench portions 8 each filled with a silicon oxide

film as an insulating material and with dummy semiconductor

20 portions 9 provided between the individual trench portions 8 and

- 43
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not serving asg actilve regions. On one of the trench portions 8
formed in the isoiation 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
of a lower-layer portion 4amadeof 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. 1In the isolation region 7, there is provided a dummy
gate 51 consisting of a lower-layer portion S5la composed of the
same first conductor film as composing the lower-layer portion
4a of the gaﬁe electrode 4 and an upper-layer portion 51b composed
of the same second conductor £1lm composing the upper-layer
portion 4b of the gate electrode 4. The lower-layer porticn 5la
of the dummy gate 91 has a top surface at the same level as the
top face of each of the trench portions 8, so ti’lat planarization
is achieved between the lower-layer poftion S5la and the trench
portions 8., Thepolysiliconwire 10 is composedonly of the second
conductor f£ilm composing the upper-layer portion 4b of the gate
electrode 4., The dummy gate 51 has been formed at a given distance
from each of the gate electrode 4 and polysilicon wire 10 s0 as
to improve pattern accuracy in a photolithographic process in
accordance with a line-and-space relat_ionship. There are also
provided an interlayer insulating film 12 composed 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,
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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
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
trenches. Thereafter, an insulating film is deposited on the
substrate to fill in the trenches for planarization, thereby
forming trench portions. Subsequently, the second conductor
film -oflltungsten or the like is deposited on the planarized
substrate and patterned to form the gate electrode 4, the dummy
gate 51, and the polysiliconwires 10. After that, the interlayer
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
the fourth embodiment. 1In the semiconductor device having such
a structure as used in the present embodiment, the upper-layer
poertion 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*substratelvoltage is also applied in series to the

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 0of the 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
appreciated that a high resistor film may be provided over the
dummy gate with an insulating film interposed therebetween.
(Sixth Embodiment}

FIG. 8 15 a cross-sectional view of a semiconductor device
according to a sixth embodiment.

As shown_in the drawing, an active region 6 of a P-type
silicon sﬁbstrate 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 iscolation
region 7 for electrically isolating the individual elements is
formed with a plurality of trer.lch 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
portions 8 formed in the isolation region 7, there is provided
a polysilicon wire 10 formed simultaneously with the gate
insulai:ing film 2 and tﬁe gate electrode 4, There are further
provided an interlayer insulating film 12 made of a silicon oxide
filmdeposited over the entire surface of the substrate and a metal
wire 13 formed on the interlayer insulating film 12.

In the isclatien region 7, inter-trench insulating films
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61 each i:ornposed of a silicon oxide film and surrounded by the
trench portions 8 are formed to overlie thé dummy semiconductor
portions 9 and underlie the interlayer insulating film 12. The
top faces of the inter-trench insulating films 61 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

E manufacturing a semiconductor device according to the present
Nl

‘E 10 embodiment. FIGS. 9(a) to 9{(i}) are cross-sectional views
E showing the structure of the semiconductor devicé having an
"3 NMOSFET accordihg to the present embodiment in the manufacturing
; proceés therefor.

-j; In the step shown.in FIG. 9(a), a thin silicon oxide film
1

' 15 21 having a thickness of 10 nm and a silicon nitride film 22 are
formed sequentially on the P-type silicon substrate l.l

In 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 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 l4a to elimi‘nate pattern depéndence from planarity

obtained at the completion ¢of the manufacturing process; and

trenches l4c for forming.the polysiliconwires. 1In 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 function as ;ctive regions. The
trenches include one formed in a position ilmmediately under the
polysilicon wire 10, which is to be formed in the subsequent step.

In the étep shown in FIG. 9(c}, a silicon oxide film 23 is
deposited over the entire surface of the substrate to £ill in the
trenches 14.

In the step shown in FIG. 9(d), the silicon oxide f£ilm 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
the silicon oxXide film and having a planarized surface. The
buried trench portions 8 include: buried trench portions 8a
functioning aé isolation; buried trench portions 8b 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, %{e), the semiconductor portions
of the isolation region 7 are subjected to dry etching for forming
trenches 62.

In the step shown in FIG. 9(f), asilicon oxide filmis filled
in each of the trenches 62 to form the inter-trench insulating
film 61.

In the step shown in FIG. 9{qg), 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 10 by using a known
technigque. The gate electrode 4 and the polysilicon wire 10 can
be formed simultaneousl-y by using a common semiconductor mask,
5 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 arsénic ions 25 are also
implanted into the isolation region 25 during the process, no.
¥ trouble occurs. 1In the case of using a resist mask covering a
= 10 region to be formed with a PMOSFET, however, the isolation region

7 may be covered with the resist mask.

X

:‘ In the step shown in FIG. 9(i}, a silicon oxide film is
Ij - deposited to form the interlayer insulating film 12, followed by
:J; the metal wire 13 forrne-d thereon.

k,,; 15 In the semiconductor device according to the present

embodiment, the inter-trench insulating f£ilms 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 semic.onductor device according to the present

25 embodiment, the inter-trench insulating films 61 are formed by

. 49
T IPR2018-00756 Page 00103



10

15

20

25

filling the 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 semiﬁonductor device shown in FIG. 19. Since
the wiring-to-substrate capacitance decreases in iﬁverse
proportion to the distance, the wiring-to-substrate capacitance
is smaller in the semiconductor device according to the present
erqbodiment than in the conventional semiconductor device,
resulting in a 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 semiclonductor 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
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 isolation.
{Seventh Embodiment)

FIG. 10 is a cross—'sectional view of a semiconductor device

according to a seventh embodiment.
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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 iscolating 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
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
film deposited over the entire surface of the substrate and a
metal wire 13 formed on the interlayer insulating film 12,

In upper portions of the dummy semiconductor portions 9 of
the isolation region 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
bottom faces of the high resistor portions 71 are at a level between
the top and bottom faces of the tr-ench portions 8, they may be
positiconed at a level lower than the bottom faces of the trench
portions B.

A description wil]l be given next to a method of

manufacturing a semiconductor device according to the present
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embodiment, FIGS. 1ll(a) to 1ll(h) are cross-sectional views
showing the structure of the semiconductor device having an
NMOSFET according to the present embodiment in the manufacturing

process therefor.

In the step shown in FIG. 11l{a}, a thin silicon oxide film

‘21 having a2 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. 11(b}), a plurality of trenches
14 each having a given width are formed in the silicon substrate
1. The trenches 14 incllude: 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 l4a 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 semic:bnduc:tor portions 9 have been provided
to format 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
trenches include one formed in a position immediately undef the
polysilicon wire 10, which is to be formed in the subsequent step.

In the step shown in FIG. 11(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., 11(d), the silicon oxide film 23
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is polished by a CMP method. Subgequently, the silicon nitride
film 22 and the silicon oxide £film.21 are rgmoved selectively to
form the plurality of buried trench perticons 8 each filled with
the silicon oxide film and having a planarized surface. The
buried trench portions 8 include: buried trench portions 8a
funcfioning as isclation; buried trench porticns 8b forming the
dummy semiconductor portions 9; and buried trench portions 8c for
providing insulation between the polysilicen wire and the silicon
substrate. |

In the step shown in FIG. 1l{e), a resist mask 73 covering
the active region 6 is formed and oxygen ions 72 are implanted
only into the iscolation r_egion 7Tto form the high resistor pertions
71 in the outermost surface of the silicon substrate, in which
the oxygen ions have been introduced as an impurity in the
semiconductor portions 9 of the iscolation region 7.

In the step shown in FIG. 11(f), there are formed the gate
oxide film 2, thfa 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
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 te form the NMOSFET having the
source/drain regions 5 in the active regicon 6. Although the
arsenic icns 25 are also implanted into the isclaticn region 7

during the process, no trcuble cccurs. In the case of using a
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resist mask covering a region to be formed with a PMOSFET, however,
the isolation région 7 may be covered with the resist mask. |

In the step shown in FIG. 1l1(h}), a silicon oxide film is
formed as the interlayer insulating film 12, followed by the metal
wire 13 formed 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
9 of the isclation region 7 by ion implantation or the like to
form the high resistor portions 71 each composed of a high-
resistance sil.icon layer. Although the bottom faces of the high
resistor portions 71 are at a level between the top and bottom
faces of the buried trench portions 8, they may be positioned at
a level lower than the bottom faces of the buried trench portions
B.

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
when a voltage is placed between the wiring and the substrate.
Consequently, a potential difference between the Qiring and
semiconductor peortions 9 is reduced so that the amount of charge
is reduced in direct proportion to the placed voltage, though the
capacitance of the interlayer insulatiné film 12 between the

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, 15. Accordingly, the time required for
charging or discharging is reduced and the operalting speed of the
semiconductor device is increased,

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

Al£hough-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 pro‘vided that oxygen atoms can be introduced
into the semiconductor portions.

{Eighth Embodiment)

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
silicon substrate 1 is provided with an element functioning as
a MOSFET composed cf; a gate oxide film 2; a gate electrode 4 made
of a polysilicon film; sidewalls 3 formed on the side faces of
the gate electrode 4 and composed of silicon oxide films; and
source/drain regions 5. An isolation region 7 for electrically
isclating the individual elements is formed with a plurality of
trench portions 8 each filled with a silico’ﬁ oxide film as an

insulating material and with dummy semiconductor portions 9
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provided between the individual trench portions B and not serving
as acti_ve regions. On one of the trench portions 8 formed in the
isolation region 7, there is provideda polysiiicon wire 10 formed
simultaneousl.y 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 Iof the_ substrate and a metal wire 13 formed on the
interlayer insulatin_.g film 12,

Over the dummy semiconductor portions 9 aﬁd trench portions
B of the isclation region 7, an underlying insulating £ilm 81 made
of a silicon oxide film has been formed simultanecusly with the
sidewalls on the side faces of the gate electrode 4. The
underlying insulating film B1 has been formed to cover the entire
pelysilicon wire 10.

A description will be given next to a metl"xod cof
manufacturing a semiconductor device according to the present
embodiment. FIGS. 13(a} to 13{i) are cross-sectional views
showing the structure of the semicbnductor device having an
NMOSFET according to the present embodiment in the manufacturing
process therefor, |

| In the step shown in FIG. 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 1.
In thé step shown in FIG. 13(b), a plurality of trenches

14 each having a given width are formed in the silicon substrate
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1. The trenches 14 inclﬁde: 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
obtainéd at the completion of the manufacturing process; and
trenches 14c¢ for forming the polysiliconwires. 1In the isolation
region 7 also, the semiconductor portions 9 have been provided
to form at least one projectingportion surrounded by the trenches
14, The semiconductor portions 9 may be considered as dummy
active regiqns which do not function as active regions. The
trenches include one fox;med 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(¢), 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. 13(d}, the silicon oxide film “23
1s 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
the silicon oxide film and having a planarized surface. The
buried trench portions“ 8 include: buried trench portions Ba
functioning as isolation; buried trench portions 8b forming durmy
semiconductor portions 9; and buried trench portions 8¢ for
providing insulation between the polysiliconwire and the silicon

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 canbe formed simultaneously with the polysiliconwire

‘10 by using a common semiconductor mask.

In the step shown in FIG. 13(f), a silicon oxide film B2
is deposited over the entire surface of the substrate, followed
by a resist mask 84 formed thereon to cover the isolat.ion region
1.

In the . step shown . in FIG. 13(g), a silicon oxide film 82
is removed selectively by anisotropicdryetching using the resist:
mask 84 to form an underlying insulating film 81 claver the isolation
region 7, while the sidewalls are formed on the sidé faces of the
gate electrode 4. The polysilicon wire 10 is completely covered
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
régions 5 in the actiwl.re region 6. Although the arsenic ions are
aléo implanted into the isolation region 7 during the process,
no trouble oécurs. However, in the case of using a resist mask
covering a region to be forfned with a PMOSFET, the isclation 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 £ilm 12, followed by

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
electrode 4 to extend over the dummy semiconductor portions 9 and
buried trench portions 8 of the isclation region7. The resulting
underlying insulating £ilm 81 covers the entire polysilicon wire
10,

Thus, in the semiconductor device according to th‘e present
embodiment, the underlying insulating film 81 composed 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 the conventional semiconductor device shown in FIG. 19. Since
the wiring-to-substrate capacitance decreases in inverse
proportion to the distance, the wiring-to-substrate capacitance
is reduced in the semiconductor device according to the present.:.
embodiment, resulting in a higher operating speed.

Although the present embodiment has described the case
where the underlying insulating film 81 is composed of the silicon
oxide ‘film, similar effe-cts can also be achieved if an insulating
film composed of a silicon nitride film 1s used.

‘Although the present embodiment has described the case -
where the underlying insulating film is composed of a single-
layer film, the underlying insulating f£ilm rﬁay be composed of a

multi-layer film. For example, in the case where the sidewalls
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consist of L-shaped portioné extending over the side faces of the
gate electrode and the substrate and of upper wgdge—shaped
portions or, alternatively, the sidewalls are provided along with
an on-gate protective film, the underlying insulating film should
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.

{Ninth Embodiment)

FIG. 14{a} is a cross-sectional view of a semiconductor
device according to a ninth embodiment.

As shom:m 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 portiong 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 polysilicon wire 10 formed simultaneously with the gate
insulafing 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.
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Under the dummy semlconductor portions 9 and the trench
portions 8, a buried insulating film 91 composed of a silicon oxide
film 1s formed in contact with the bottom faces of the trench

portions 8. As a result, the side faces of the semiconductor

- portions 9 are in contact with the trench portions 8, while the

bottom faces thereof are in contact with the buriled insulating
film 91.

FIG. 14(b) 1s a cross-sectional view for illustrating the
wiring-to-substrate capacltance of the semiconductor device
according to the present embodiment. In the semiconductor device
according to the present embodiment, since the buried insulating
film 91 composed of the silicon oxide £film is formed in the silicon
substrate, the capacitance Clj becomes a half of the capacitance
Cjl shown in FIG. 1(b) or less (T. Nishimura and Y. Inoue:
Proceedings of VLSI TECHNOLOGY WORKSHOP ON "WHAT IS THE FUTURE
OF SOI?" (1995) p.123).

Therefore, the total wiring-to-substrate capacitance Ci1it
of the semiconductor device 1s represented by the following
equation (11): ‘

Cijt = {(Cal x Cij)/(cal + Cij)} + ZcCaz ... {11),
which 1s smaller than the total capacitance Cit rep;esanted by
the equation {(3). Accordingly, the following ilnequality {(12) is
satisfled:

Cijt ¢ Cit oo {(12).

Hence,
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Cijt < Cat
is derived from the relationship represented by the equation (4},
so that the wiring-to-substrate Capacitancé of the .semiconductor
device according to the present embodiment is reduced, resulting
in the semiconductor device operating at a higher sp"eed.

FIGS. 15(a} to 15(h) are cross-sectional views of the
structure of the semiconductor deviée having the NMOSFET
according to the present e‘mbodiment in the manufacturing process
therefor. |

In the sthep.shown in FIG. 15(a}, a tﬁin silicon oxide film
21 having a thickness of 10 nm and a silicon nitride film 22 are
formed sequentially on thée P-type 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 l4a formed to surround the
active region 6 to be formed with £he 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 l4¢c for forming the polysilicon wires. 1In 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 Ibe consi;:lered as dummy
active regions which do not function as active regions. The

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 f£ilm 23

is deposited over the entire surface of the substrate to £ill in
the trenches 14,

5 In the step shown in FIG. 15{d), the silicon oxide film 23

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

film 22 a;nd 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
ﬁ 10 buried trench 'portions 8 include: buried trench portions 8a
3 functioning és isolation; buried trench portions 8b forming dummy
d semiconductor portions 9; and buried trench portions 8c for
;;1. providing insulation between the polysiliconwire and the silicon
;ﬂ substrate,

;g 15 In the step shown in FIG. 15(e), a resist mask 92 covering
3]

the active region 6 is formed and oxygen ioﬁs 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 subst.rate 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 8a to Bc and energy for
implanting the oxygen ions is set such that the semiconductor

256 portions 9 are in the floating state.

63
N ‘ IPR2018-00756 Page 00117



15

20

In the step shown in FIG. 15(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 maybe formed simultaneouslywith
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
performed with respect to the isolation region 7.

In the stelp 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
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 Itrench portions 8
tobe in contact with the bottom faces of the buried trench portions
8. As a result, the side faces of the semiconductor portions 9
are in contact with the buried trench porticns 8, while the bottom
faces therecf are in contact with the insulating film 9i.
Although the present embodiment has formed the buried insulatimé
film by implanting oxygen ions prior to the formation of the gate
electrode, the buried insulating film may be formed at any stage

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

FIGS. 16({a) to 1l6(i) are cross-sectional views of the
structure of .a semicoﬁdﬁctor device having an NMOSFET according
to a tenth embodiment in the manufacturing process therefor.

In the s.tvep shown in FIG. 16(a), a thin silicon oxide film
21 having d thickness of 10 nm and a silicon nitride film 22 are
formed seqﬁentially on a P-type silicon substrate 1.

In the step shown in FIG. l6(b), a plurality of trenches
14 each having a given width are formed in the silicon substrate
1. The trenches id include: trenches l4a formed to surround an
active region 6 to bé formed with the element; trenches 1l4b formed
in the isolation region 7 separated from the active region 6 by
the trenches 14a to eliﬁinate pattern dependence from planarity
obtained at the completion of the manufactﬁring process; and
trenches l14c 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 immediately under
the 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
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is deposited over the entire surféce of thé substrate to fill in
the trenches 14.

In the step shown in FIG. 16(c), a silicon oxide film 23
is deposited ovef the entire surface of the substréte to fill in
the trenches 14.

In the step shown in FIG. 16(d}, the silicon oxide film 23
is polished by a CMP method. Subsequently, the silicon nitride
film 22 and the silicoﬂ oxide film 21 are removed selectively
except for the portions overlying the active region 6 to form a
plurality of buried trench portions 8 éach filled with a silicon
oxide fil@ and having a planarized surface. The buried trench
portions 8 include: buried trench portions 8a functioning as
isolatiop; buried trench portions 8b forming dummy semiconductor
portions 9; and buried trench portions 8c for providing insulation
between the polysilicon wire and the silicon substrate.

In the step shown in FIG. 16(e}, the semiconductor portions
9of the isolationregion 7 are subjected to dry etching for forming
trenches 96,

IA the step shown in FIG. 16(f}), a silicon oxide film is
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 87 serving as dummy active regions. The
buried insulating films 91 are in contact with the buried trench
portions Ba to 8c¢.

In the step shown in FIG. 16(g), there are formed the gate
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oxXide film 2, the gate electrode 4 having sidewalls 24 on the side
faces thereof, and the polysilicon wire .10 by using a known
technigue. The gateelectrode {maybe formed simultaneouslywith
the polysilicon wire 10 by using a common semiconductor mask,

In the step shown in FIG. 16(h), a resist mask 99 is formed
to cover the isolation region 7 and arsenic ions 25 are implanted
into the active regidn 6. to form the NMOSFET having source/drain
regions 5, 1In this'case, implantation may be performed with
respect to the isolation region 7, though it is not performed
in the example.

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
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 ahd a higher operating speed,.

Although the present embodiment has grown the silicon oxide
£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.

(Eleventh Embodiment)
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The presént embodiment will also basically describe still
another example of the manufacturing 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
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
a region of a P-type silicon substrate 1 in which an isclation
fegion is to be formed.

In the step shown in FIG. 17(b), a silicon oxide film is
filled in the french 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 crystallegraphic property is formed
therein, while a silicon filmhaving an iﬁferior crystallographic
property is formed on the silicon oxide film in the isolation
region 7. However,sincethesiliconfilijatheisolationregioﬁ
7 does not function as an active region, 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
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21 having a thickness of 10 nm and a silicon nitride film 22 are
formed sequentially on the silicon film 103.

In the step shown in FIG. 17(e), a plurality of trenches
14 each having a éiven width are formed in the substrate. The
trenches 14 include: trenches l4a 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 l4a to eliminate pattern dependence from planarity
obtained at the completj;on of the manufacturing process; and
trenches l4c for forming the polysilicon wires. 1In 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
regions which do not function as active regions. The trenches
include one formed in aposition immediately under the polysilicon
wire 1'0, 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
is deposited over the entire surface of the substrate to fill in
the trenches 1l4.

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 B each filled with a
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silicon oxide film and having a planarized surface. The buried
trench portions 8 include: buried trench portions 8a functioning
as isolation; buried trench porticens 8b forming dummy
semiconductor portions 9; and buried trench portions Bc for
providing insulation between the polysilicon wire and the silicon
éubstrate.

In the step shown in FIG. 1B({b), 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 is formed simultaneously with
the polysilicon wire 10.

In the step shown in FIG. 1B{c}, arsenic ions 25 are
implanted into the active region 6 to form source/drain regions
5 by using a resist mask 95 formed to cover the isolation region
7. The NMOSFET is formed by the foregoing process. Although
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
déposited to form an interlayer insulating film 12, followed by
a metal wire 13 formed thereon.

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 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 formaminiaturized gate electrode 4, the silicon oxide
film may be formed directly on the isolation region without
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 electrbde.

{variations of Individual Embodiments)

Although the eighth embodiments of the present invention
have be‘en described, there are variations obtained by combining
the individual embodiments with each other.

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
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
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 t;o be disposed in the active region 6, the present
invention is not limited to such embodiments. The element

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.
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We claim:

1\ A semiconductor device comprising:
a sgmiconductor substrate having an active region and an
isolation rggion surrounding said active region;

apluralityof trench portions each formed in said isolation

region and filyed with an insulating material;

semicondugtor portions interposed between said individu'al
trench portions iy said isolation region;

an interlayeryinsulating film formed to extend continuously
over said active region and said isolation region;

a wire formed om\ said interlayer insulating film;.and

at least one PN Junction formed in said semiconductor

portions underlying said
2. A semiconductor device according toclaim 1, wherein said

PN junction includes a pluraliNy of PN junctions formed in said

semiconductor portionsi

3. A semiconductondevicg prding toclaiml, wherein said
active region is formed w;th an i rity diffusion region and a
PN junction is formed at a bottom face f said impurity diffusion

region, the PN junction of said isolation\region being positioned

at a level lower than the PN junction of\ sald active region.
4. A semic&nductor device comprising:
a semiconductor substrate having an adtive region and an
isclation region surrounding said active region;

aplurality of trench portions each formed 3n said isolation
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region any filled with &n insulating material;

semiconductor pbrtions interposed between said individual
trench portigns in said isolation regioh;

an inter ayefinsulatingfilmformmﬂtoextendcontinuously

over said activg region and said isolation region;
a wire formed on said interlayer insulating film; and
a dielectriq film interposed between at least said
semiconductor portipns of said isoclation region and said
interlayer insulating, film,

5. A semicond_ucto deﬁice according toclaim 4, wherein said
dielectric film is an uWderlying insulating film interposed
between said interlayer ingulating film and said semiconductor
portions and trench portion

6. A semiconductor d ccording to claim 5, further

wherein said underlying insulating fi nis formed of the same film
as forming said sidewalls.
7. Asemiconductor device according to claim 6, wherein said
underlying insulating film is composed 6f a multilayer film.
8. A semiconductor device according td,claim 4, wherein said
dielectric film is formed in an upper peortion of each of said

semiconductor portions of the semiconductor substrate to have a

top face at approximately the same level as a\top face of each
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of said ench portions.

9. A Semiconductor device according to claim 4, wherein said
dielectric fiAlm is composed of at least one of a silicon oxide
film and a siltcon nitride film.

10. A semiconductor device comprising:

a semicondutc.)r substrate having an active region and an
isolation region surrounding said active region;

aplurality of txench portions each formed in said isolation
region and filled with Ian insulating material;

semiconductor portions interposed between said individual

trench portions in said isplation region;

region and filled with an insulating material;

sericonductor portions interposed between, said individual
trench portions in said isolation region;
an interlayer insulating film formed to extend\continuously

over said active region and said isolation region;
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a wing formed on said interlayer insulating film; an
a resistQr film formed between said interlayer insulating
film and at least)\said semiconductor portians of said isolation
region.
12. A semicondudtor deviée according to claim 11, wherein
said resistor filmis an Wnderlying resistor film formed to extend
continuously over said \semiconductor portions and trench
portions.
13. A semiconductor devwice according to claim 12, further
comprising a resistor elemen{ formed on said semiconductor
substrateandhévingarﬁghresiSiorfilﬁ,whereinsaidunderlying
resistor film is formed of the same film as composing the high
resistor film of said resistor elepent.
14. A semiconductor device Fccdrding to claim 12, further
comprising an element having an ¢ 5 :: member composed of a
conductor film formed on the semicg gr Xubstrate within said
active region; wherein said resisto mys coﬁposeclof the same
material as composing said electrode memb
15. A semiconductor device according o claim 12, fgrther
comprising a FET having a gate electrode copposed of a first
conductor film formed on the semiconductor peortion within said
active region and a second conductor £ilm deposited on said first
conductor film, wherein \\

8 top surface of the first conductor film of said gate

electrode is at approximately the same level as a top surface of

\
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each of s&id trench portions,
ion of said resistor film ovérlying each of said
semiconductor\ portions is formed of the same two films as
composing said first and second conductor films of said gate
electrode, and
aregion of said resistor filmoverlying each of said trench
portions is composed §f the same material as composing said first
conductor film of séi

gate electrode.

16. A semiconductody device according to claim 11, wherein

said resistor film is formed in an upper portion of each of said
semiconductor portions of the semiconductor substrate to have a

top face at approximately the same level as a top surface of each

of said trench portions.
17. A semiconductor devicel\gcoording to claim 16, wherein
said resistor film is composed/of \a &ilicon film containing at

ogen atom.
18. A semiconductor devide acegiding to claim 11, wherein

least one of a polysilicon

said resistor film is cqmposed of a
film and an amorphous silicon film,
l%ﬁ. A method of manufacturing a semiconductor device,
comprising:
a first step of forming, in a semiconductor substrate having
a substrate region of a first conductivity type, a first trench
for partitioning said substrate region into an active region and

an isolation region and a second trench for partitioning said
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isplation region into a plurality of dummy semiconductor
portions;

a second step of £filling an insulating material in each of
sald first and second trenches tb 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 introducing an 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 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.
22/}& method of manufacturing a semiconductor device
according to claim ¥9, wherein said third and fourth steps include
forming a gate electrode of a FET as said elément on said activ;a
region, introducing the impurity of the second conductivity type
into said active region and said dummy semiconductor portions,
and thereby forming .source/drain regions of said E‘ET, while
forming said at least one PN j‘unction in said dummy semiconductor
portions.

\g fl. A method of manufacturing a semiconductor device
according to claim ]!g, wherein

said third step includes forming a gate electrode of a FET
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as said element on said active regionbyusing a first mask covering
said isoclation region and introducing the impurity of the second
conductivity type into said active regioﬁ to form source/drain
regions of said FET and

said fourth step includes introducing the impurity
containing 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
in said dummy semiconductor portions.

L{zﬁ. A method of manufacturing a semiconductor device,
comprising:

afirst 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 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 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

a8 sixth step of forming a wire on said-interlayer insulating
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film.

?5. A method of manufacturing a semlconductor device
according to claim ?5 wherein said fourth step includes composing
said resistor filmof afilmcontaining at least one of polysilicon
aﬁd amorphous silicon.

QV qu A method of manufacturing a semiconductor device
according to claim ?r;{ wherein said fourth step includes composing
said resistor filmof amultilayer film constituted by two or more
conductor films with at least an insulating film interposed
therebetween.

\7 ?5 A method of manufacturing a semiconductor device
according to claim %%27{ wherein said fourth step includes
introducing an impurity at a concentration of 1 x 10?" atoms -
cm™® or lower into said resistor film.

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

afirst stepof 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
trench for partitioning said isolation region into a plurality
of dummy semiconductor portions;

a slecond 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;
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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
an entire surface of the substrate; and

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

47. A method of manufacturing a semiconductor device
éccording to claim ? + wherein said fourth step includes
implanting ions containing at least an atom having an oxidizing
function to form said high resistor portion.

[ 048 . A method o_f manufacturing a semiconductor device
according to claim éﬁi wherein said fourth step includes
implanting ions containing at least an atom having a nitriding
function to form said high resistor portion.

l(49. A method of manufacturing a semiconductor device,
comprising:

a first stepof forming, in a semiconductor sgbstrate having
a substrate region, a 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 plurélity
of dummy semiconductor portions;

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

a fourth step of forming an underlying insulating film over

said dummy semiconductor portions of said iseclation 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

Uy~

:{0. A method of manufacturing a semiconductor device

film.

according to claim yu wherein said third step and said fourth
step include. forming a gate electrode of a FET forming said element
on said active region, depositing a dielectric film on the
substrate, performing anisotror;:ic etching with respect to the
dielectric fllm by using a mask covering said isclation region,
and thereby leaving sidewalls on both side faces of said gate
electrode, while leaving said underlying insulating film over
said dummy semiconductor portions,

‘33{1 A method of manufacturing a semiconductor device
according to claim %L, wherein said fourth step includes forming
said underlying insulating film of a dielectric film containing
at least silicon oxide.

("% A method of manufacturing a semiconductor device .
according to claim %9!, wherein said fourth step includes forming

said underlying insulating film of a dielectric film containing

at least silicon nitride.

25 - SThGA O i i : tor ice
o .
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" of dummy semiconduct

comprising:
a firsthstep of forming, ina semiconductor substrate having

a substrate regidn, a first trench forpartitioning said substrate

region into an actidve region and an isolation region and a second

-trench for partitioning said isolation region into a plurality

portions;

a second step of filling an insulating material in each of

said f_irst and second tdenches to form a first buried trench
portion and a second burisd trench portion;

a third step of forn_tin an element on said active region:

a fourth step of forming §epressed portions by etching said
dummy semiconductor portions and filling an insulating material
in said depressed portions to forminter-trench insulating films
each having a top face at the same Aevel as respective top faces
of said first and second buried trekch portions:

a fiftfx step of forming an interlayer insulating film over
an entire surface of the substrate; an.

a sixth step of forming awire on said\interlayer insulating
film, {6 .

3}4. A method of manufacturing a semiconductor device
according to claim J&8; wherein said fourth step includes forming
each of said inter-trench insulating films of a dielectric film
containi'ng at least silicon oxide.

(13?5. A method of manufacturing a semiconductor device

according to claim 33, wherein said fourth step includes forming
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each of said inter-trench insulating films of a dielectric film

containing at least silicon nitride,

3

comprisin

A method of manufacturing a semiconductor device,

5 a firststep of forming, in a semiconductor substrate having
a substrate regign, a first trench for partitioning said substrate
region into an active region and an isolation region and a second
trench for partitioning said isclation region into a plurality
of dummy semiconductor portions;

10 a second step of ”1ling an insulating material in each of

said first and second tregches to form a first buried trench
portien and a second buried \rench portion;

a third step of forming ak element on said active region;

a, fourth step of implanting‘oxygen ions info each of said

15 dummy semiconductor portions to form\a buried insulating film in
an inner portion thereof;
a fifth step of forming an interlayeX insulating film over

an entire surface of the substrate;.and
a sixth step of forming awire on said interlayer insulating

7&. 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 region into an active region and an iseclaticn region
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and a second trench for partitioning said isolation region in‘_co
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 third trenches by etching said
semicopductor portions and filling an insulatingmaterial 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 polrtions;

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,
| ya A method of manufacturing a semiconductor device,
comprising:

afirst stepof forming, in a semiconductor substrate having
a substrate region, a first trench extending over an entire
isolation regionof said substrate region, while leaving an active
region of said g$ubstrate region;

a second step of filling an insulating material in said
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first trench to form a suried insulating film having a top face
at the same level as a 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 partitionin;; 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
semiconductor . film overlying said isolation region into a

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

semiconductor film overlying said active region;

aseventhstepoffbrminganintérlayerinsulatingfilmover
an entire surface of the substrate; and

an eighth step of forming a wire on said interlayer

insulating film.
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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 acfive region. The
isclation region is composed of trench portions and dummy.
semiconductor portions. An interlayer inéulating film 1is
deposited on the substrate, followed by a wire formed theréo;.
In each of the semiconductor portions, an impuritydiffusion 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 impurity diffusion layer to the
capacitance in the interlayer insulating film, which is smalle.r:
than the capacitanceonly in the interlayer insulating film. What
re;ults is a semiconductor device having logwer total wiring-

to-substrate capacitance and a higher operating speed.
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Docket No. L}Z?ﬂq Lo -77

As a below named inventor, I hereby declare that: .~
My residence, post office address and citizenship are as stated below next to my name. 4

(I- .

I believe 1 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

, the specification of which

(check one) X isattached 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, § 1.56(a).

[ hereby claim foreign priority benefits under Title 35, United States Code, § 119 of any .
foreign application(s) for patent or invenior's certificate listed below and have also identified
below any foreign application for patent or inventor's cextificate having a filing date before that
of the application on which priority is claimed:

Prior Foreign Application(s}) Priority Claimed

8-314762 JAPAN 26/11/1996 X Yes __No
(Number) (Country) (Day/Month/Year Filed)
9-023844 JAPAN 06/02/1997 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
appiication 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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CMFe e

{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); 4
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 ' PAYOR NO. /
1850 K STREET, N.W., SUITE 500 020277

WASHINGTON, D.C. 20006
(202) 778-8300

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 Iike so made are
punishable by fine or imprisonment, or hoth, 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 Takaaki UKEDA '
Inventor's signature TMéNMé& Lkl Date __Nov. 18, 1997
Residence* QOsaka, Japan .. Citizenship Japan

Post Office Address_6-2-205, Myokenzaka, Katano-shi, Osaka 576, Japan

IPR2018-00756 Page 00206



\“_-.

Full name of second inventor Chiaki KUDO

Inventor's signature Chiaks Fuetir—  Date _ Hov, 18, 1997
Residence* Kyoto, Japan  Citizenship Japan
Post Office Address 108-D-504. Uji-hanpaku, Uji-shi, Kyoto 614, Japan

Full name of third inventor Toshiki YABU

Inventor's signature loshile L_fﬂ-bh Date _ Mov. 18, 1997
Residence® QOsaka, Japan Citizenship Japan

Post Office Address 4:14-1, Nagaodaj, Hirakata-shi, Qsaka 573-01, Japan

* City and State, or City and Country for foreign inventors

¢ QFee
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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 Officc 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 USPTO record. It has been determined that content
identified on this document is missing from the original file history record.
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Transaction History Date chB"O’ -0
Date information retrieved from USPTO Patent
Application Infarmation Retrieval {PAIR)
systom records at www, usplo.gov

ATTORNEY DOCKET NO. 43889-677

UNFIB&QTATES PATENT AND TRADEMARK OFFICE  EEHO"

IN RE: & Takaaki UKEDA, et al. < W;L
SERIAL NO?5 -faN 061555 | osr978,137 e Z/C:‘TFO%

FILING DATED. &/ 25 November 1997 / '

$ B apepsts
FOR: SEMlCOND PTOR 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
Washington, D.C. 20231 e

"."'L

Sir: ' | HECEIVED

In accordance with the provisions of 37 C.F.R. § 1.55, Applicaﬁlﬂ@ﬂb&i 1998
herewith a certified copy of each of the following foreign appllcation@ROUp 2500

Japanese Patent Application No. 8-314762 Lt
Filed: 26 November 1996

Japanese Patent Application No. 9-023844

Filed: 06 February 1997 v

Tt 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.

Respectfully submitted,

McDERMOTT, WILL & EMERY

Pate: QG_lgmjgy_ma_ By: Mﬂj‘-—/

Edward E. Kubasiewicz
Registration No. 30,020

600 13th Street, N. W,
Washington, D.C. 20005-3096
Telepbone: 202-756-8000

Facsimile: 202-756-8087
IPR2018-00756 Page 00209



ATTORNE. JOCKET NO. 43889-677
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE: Takaaki UKEDA, et al.
SERIAL NO.; 08/978,137
FILING DATE: 25 November 1997

FOR: SEMICONDUCTOR 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
Washington, D.C. 20231

Sir:
In accordance with the provisions of 37 C.F.R. § 1.35, 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 fifing
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.

Respectfully submitted,

McDERMOTT, WILL & EMERY

Date: 06 January 1998 By: M%v

Edward E. Kubasiewicz
Registration No. 30,020

600 13th Street, N.W.
Washington, D.C. 20005-3096
Telephone: 202-756-8000
Facsimile: 202-756-8087
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\ In Re:é‘ Takaaki UKEDA, et al.
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g T Shal Number: 08/978,137 v
Filing Date: 25 Novemnber 1997
For: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE
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REQUEST FOR CORRECTED OFFICIAL FILIN%'_EE-:‘E-:QR Y; ED i
Assistant Commissioner for Patents \
Washington, D. C. 20231 HaY 2 7 159
. (-—.‘ '.-"}_; i) “ .‘-'-:-’1'
. - !l R e
Sir ¢ TULRER 2 ‘
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
nacessary. 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.

Respectfully submitted,

MCDERMOTT, WILL & EMERY

Date: 10 April 1998

Edward E. Kubasiewicz
Registration No. 30,020
600 13th Street, N.W.

Washington, D.C. 20005-3096
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MCDERMOTT, WILL & EMERY

Date: 10 April 1998
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600 13th Street, N.W.

Washington, D.C. 20005-3096
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results of the oxaminstion. Be sure to provide the U.5. APPLICATION NUMBER, FILING DATE, NAME OF APPLICANT, and TITLE OF
INVENTION when Inquiring about this applicetion, Feea Lanemittad by check or draft are sublect to collection, Please verify the sccuracy
of the data presenled on this recelpt. if sn emor ls netad on this Filng Recaipt, pleass wiite to the Application Procesaing Division’s
Customer Comsction Branch wihin 10 deys of receipt. Pleass provide a copy of the Fling Feceipl with the changes noted thamon.

licant{s
App ) TAKARKI UKEDA, OSAKA, JAPAN; CHIAKI KUDO, KYOTO, JAPRN;
TOSHIKI PBABU, OSAKA, JAPAN.
NyARY
FOREIGN APPLICATIONS- JAPAN B-314762 11/26/96
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TITLE
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IN RE APPLICATION: Takaaki UKEDA etal. Yo
’ anv ‘
SERIAL NO.: 08/978,137 [t MAY2 21558 1 4 ,q"iu
- _.:’ T‘ Sy
FILING DATE: 25 November 1997~

“‘-Iﬂ,

RE: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME -

INFORMATION DISCLOSURE STATEMENT

Assistant Commissioner for Patents poae o
Washington, D.C. 20231

Sir:

in accordance with the duty of disclosure under 37 C.F.R. §§ 1.56 and 1.98,
Applicant(s) wish(es) to bring to the attention of the U.S. Patent and Trademark Office
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.

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
dublicate copy of this communication is enclosed for accounting purposes.

Respectfully submitted,
McDERMOTT, WILL & EMERY

Date: 22 May 1998

dward E. Kuba&ewu:z
Registration No. 30,020 »~

600 13th Street, N.W.
Washington, D.C. 20005-3086
Telephone: 202-756-8000
Facsimile: 202-756-8087
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COMMUNICATION

The European Palent Qffice herewith transmits as an enciosure the European search report for the
above-mentioned European patent application.

i applicable, copies of the documents cited in the European search report are attached.

] Additiona set{s} of copies of Ihe documents cited in Ine European search report is (are) enclosed
as well,

The loliowing specifications given by the applicant have been approved by the Search Division:

(& abstract @ tve
O The abstract was moditied by the Search Division and the definitive tex! is allached to this
communication. )
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REFUND OF THE SEARCH FEE
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For more details aboul this annex : see Otficial Journa! ol the European Patent Office, No. 12/82
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Patent and Trademark Offica

Addrass: COMMISSIONER OF PATENTS AND TRADEMARKS
Waeshinaton. DC 20231

| APPLICATION NO. | FILING DATE | FIRST NAMEO (NVENTOR | ATTORNEY DOCKET NO. |
0&/275, 137 11/26/97 LI ELA T dagisy -6/ 7

r MMzl /0121 = EXAMINER |
FENNETH L CAGE

JACKSON IR, J
MIDERMOTT WILL % EMERY

1550 K STREET NW | ART UNIT | PAPER NUMBER |
SINITE 500 2lh
WASHINGTON [ 20006

DATE MAILED: D1/21/39%

Please find below and/or attached an Office communication concerning this application or o
proceeding.

Commissianer of Patents and Trademarks

FTO-BOC (REV. 295} 1-Film Copy

#U.S QOVERNMENT PRINTING QFFICE 1993-319-826
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Application No, Applicani(s)

775057 Y heda
Exami protﬁ/_@g_uni!

=-The MAILING DATE of this commun}caﬂcn appears on thgtover sheat ber_wam the correspondence addross—

Office Acifon Summary

Farlod for Reply
A SHORTENEQ STATUTCRY PERIOD FOR REPLY IS SET TO EXPIRE f __MONTH(S) FROM THE MAILING DATE
OF THIS COMMUNICATION.

- Extensions of tima may be available under the provisions of 37 CFR 1.138{a}. In no event, howaver, may a reply ba timaly filed after SIXI {5} MONTHS
from the maiting date of this communicafion.

- If the period fer reply specified above is lesa than thinty (30) days, a reply within the statutory minlmwm of thirty {30) days will ba considered timely.
- if NO period fur reply is specilied abave, such penod shall, by default, expire SIX (8) MONTHS from the mailing date of this communication .
- Failura to reply within the set or extended period for reply will, by statute, cause the application o become ABANDONED (35 U.5.C. § 133).

Status

O Responsive to communication{s} filed on
O This action is FINAL.

O Since thls application is in condition for aflowance except for formai matters, prosecution as to the merits Is closed in
accordance with the practice under Ex parte Quayle, 1935 C.D. 1 1, 4563 0.G. 213, X

Disposition of Claims

IEVCIaim{s} { >~ 3 ¥ is/are pending in the application.
Of the above claim(s) isfare withdrawn from consideration.
O Claim{s) I is/are allowed.
0O Claim{s): isfare rejecled.
0 Ciaim(s) isfare objected to.
A Claim(s) L~ ? 37 are subject to restriction or election
requirement.

Appiication Papers

O See the attached Notice of Draftsperson's Patent Drawing Review, PTO-948.
O The proposed drawing correction, Hled on is Oapproved O disapproved.
O Tha drawling(s) filed on, la/are objected to by the Examiner,
O The specification is objected to by the Examiner.
O The oath or daclaration is objected to by the Examiner,
Priorlty under 35 U.S.C, § 119 (a}+{d)
O Acknowledgment is made of a claim for forelgn priority under 35 U.S.C. § 11 8(a)-(d).
O All OSome* ONone of the CERTIFIED copigs of the priority documents have been
O received.
O 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))-

*Cerified copies not received:

Attachmeni{s)
O Irdormation Disclosure Statement(s), PTO-1448, Paper Ne(s). — Olnterview Summary, PTO-413
O Netice of Asterence(s) Cited, PT(-882 O Notice of Informal Patent Application, PTQ-152
O Notice of Drattsperson’s Patent Drawing Review, PTO-348 ' O Other
Office Actlon Summary
gig;:;sﬁ;:fsﬁmmm Offes “U.5. GPO: 1957-413-221/827 17 Pa of Paper No.
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Application/Control Number: 08/978137 ' Page 2

Art Unit: 2815
1. Restriction to one of the following inventions is required under 35 U.8.C. 121:
L 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:

Inventions IT and I are related as process of making and product made. The inventions are
distinct if either or bogh 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 ¢laimed can be
made by another and materially different process (MPEP § 806.05(f)). In the instant case the
product as claimed can be made by a materally 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 s 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 tra\'rersed (37
CFR 1.143).
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; 08/978137 Page 3

Art Unit: 2815

amendment of inventorship must be accompanied by a petition under 37 CFR 1.48(b) and by the
fee required under 37 CFR 1.17(i).
5, Any inquiry concemning this communication or earlier communications from the examiner

should be directed to Jerome Jackson whose telephone number is (703) 308-4937,

i

January 13, 1999 Jeromé Jackson, Jr.

Primary Examiner
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ATTORNEY DOCKET NO, 43889-677
PATENT APPLICATICN

IN THE UNITED STATES PATENT AND TRADEMARK QFFICE -#Z'//cﬂ-
0/ 5(%

In re Application of:

Takaaki UKEDA et al. Group Art Unit: 2815
Serial MNo.: 08/978,137
Examiner: J. Jackson, Jr.
Filed: July 7, 1997

For: SEMICONDUCTOR DEVICE AND RECEivER
METHOD OF MANUFACTURING THE SAME ;
£8.16 1yyy
REQUEST FOR E OF ADDRESS .
GROUpP 2100

Honorable Assistant Commissioner
for Patents
Washington, D.C. 20231

Sir:

Applicants, by and through their attorney, hereby request
that, for the above-identified applicaticn, all future
correspondence, facsimiles and telephone calls be addressed to:

Edward E. Kubasiewicz, Esq. :
600 13th Street, N.W. mmmmm‘m’
Washington, D.C. 20005-3096

Telephone: 202-756-8000 02027?

Facsimile: 202-756-8087
PATENT MDD umlnmu OFFiE

Respectfully submitted,

MCDERMOTT, WILL & EMERY

Date: February 1. 1999 By:@%

///Kenneth L. CageZ
Registration No6. 26,151

600 13th Street, N.W.
Washington, D.C. 20005-3096
Telephone: 202-756-8000

Facsimile: 202-756-8087
\41889\677\CHG-ADD.FIL
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ATTORNEY DOCKET NO. 43889/677
PATENT APPLICATION

METHOD OF MANUFACTURING THE
SAME

IN THE UNITED STATES PATENT AND TRADEMAREK OFFICE #_é/
Ehocy,
In re Application of; |, ; 2%/?%?é;
Takaai UKEDA et al. ) i <
_ ) Group Art Unit: 2503 Vi

Serial No.: DB/978,13%¥ )

) Examiner: ©O. NADAV
Filed: November 25, 1997 )

)
For: SEMICONDUCTOR DEVICE AND ) RECE\VED

}

)

FES | 7 WYY

ELECTION UNDER 35 U.S.C. § 121 AP 100

Honorable Assistant Commissioner
for Patents

Waghington, 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 - Claims 1-18, drawn to a device; and

Group II - Claimg 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 rxeserve 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.

Respectfully submitted,

Date: Februar 6, 1959

Registraticon No. 30,020

600 13th Street, N.W.
Washington, D.C. 20005-30%96
Telephone: 202-756-8000

Facsimile: 202-756-8087
4423889\6TI\ELECTION, RES
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ATTORNEY DOCKET NO. 43889/677
PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE -

In re Application of;

Takaai UKEDA et al.
Group Art Unit: 2503
Serial No.: 08/978,137
Examiner: Q. NADAV
Filed: November 25, 1937

For: BSEMICONDUCTOR DEVICE AND
METHOD OF MANUFACTURING THE

L I I T e e )

SAME
ELECTION UNDER 35 U.S.C. § 121 RECE
T IVED -
Honorable Assistant Commissioner : Feg 1 7 15yy
for Patents
Washington, D.C. 20231 RROIND n1ng

S5ir:

In response to the Office Action mailed Januvary 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 presecution in the above-identified application:

Group I - Claims 1-1B, drawn to a device; and

Group I - Claims 19-38, drawn to a process.

Applicants hereby provisionally elect Group II, Claims 19-
38, drawn to a process for prosecuticn on the merits.

Applicants reserve the right to file a divisional

application on the non-elected claims,

IPR2018-00756 Page 00331



The Commissioner is hereby authorized to charge any
additional fees associated with this communication or credit any
overpayment to Deposit Account Ne. 13-0203. .A duplicate copy of
this communication is enclosed for accounting purposes.

Regpectfully submitted,
McDERMOTT, WILL & EMERY

EPE s 2w

o n

VLS B,
basiewicz
Registration No. 30,020

Date: February 16, 1999 By:

600 13th Street, N.W.
Washington, D.C. 20005-3096
Telephone: 202-756-8000

Facsimile: 202-756-8087
4358967 TVELECTION .RES
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Patent and Trademark Qffice

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
‘ Washington, D.C. 20231

or
f%? UNITED STA. S DEPARTMENT OF COMMERCE-
%%ﬁmaﬂgi

| APPLICATIONNO. | FILINGDATE | FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |
UE7375: 197 11725757  LREDA T 43385677
MMZ1/0510 - L EXAMINER ]
KENNETH L CAGE DUQNG . K
MIDERMOTT WILL % EMERY
1250 K STREET Nu |  ARTUNT | PAPER NUMBER |
SUITE sS40 2822

WASHINGTION DC 20005
DATE MAILED: U05/10/99

Piease find below and/or attached an Office communication concerning this application or
proceeding.

Commissloner of Patents and Trademarks

PTO-20C [Rav. 2/95) 1+ Flls Copy
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Application No. Applicant(s)

08/878.137 Ukeda et al.

Examiner Group Art Unit
Khanh Duong - 2922

Office Action Summary

T

(] Responsive to communication{s) filed on Feb 76, 1999

(0 This action is FINAL,

(1 Since this application is in condition for altowance except for formal matters, prosecution as to the merits is closed
in accordance with the practice under Ex parfe Queyfe, 1935 C.D. 11; 453 0.G. 213.

A shortened statutory period for response to this action is set to expire 3 month{s}, 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 Clalms

X Claimis) 1-38 isfare pending in the application.

Of the above, claimis} -18 is/are withdrawn trom consideration.
Claim(s) 22-38, 37, snd 38 ‘ isfare allowed, ]
Claim{s] 79-27 and 36 isfare rejected.

[ Claimis) isfare objected to.
] Ctaims ars subject to restriction or election requiramant.

Application Papers
X Sea the attached Notice of Draftsperson's Patent Drawing Review, PT(-948.

3 The drawingis} filed on isfare objected to by the Examiner.

[ The proposed drawing correction, filed on is (hpproved [Hisapproved.

[ Tha specification 1s objected to by the Examiner.
[ Tne oath or dectaration is objected to by the Examiner.

Priority under 35 U.S.C. § 119
X Acknowledgement is made of a ciaim for foreign priority under 35 U.5.C. § 113{a)-(d).

B al OSome* [ONone of the CERTIFIED copies of the priority documants heve been
X receivad.
O received in Application No, [Series Code/Sarial Number}

[ received in this nationa! stage application from the International Bureau (PCT Rule 17.2{a]}.
*Certified copies not receivea:
[0 Acknowtedgemant Is made of a claim for domestic priority under 35 U.5.C. § 119l

Attachment{s)
(0 Notice of References Cited, PT0-892
X! Information Disclosure Statement{s), PTO-14489, Paper No(s), 4
CJ Interview Summary, PTO-413
¥ Notice of Draftsperson's Fatent Drawing Review, PTO-948
[J Notice of informal Patent Application, FTO-152

- SEE OFFICE ACTION ON THE FOLLOWING PAGES

U, S. Pawenc andd Tradarmark Oitice

PTO-326 |Rev, 9-95} Office Actlon Summary Part of Paper No. __ 7
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Application/Control Number: 08/978,137 Page 2

Art Unit: 2822
DETAILED ACTION
Election/Restriction
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

glection has been treated as an election without traverse (MPEP § 818.03(a)).

Priority
2. Receipt is acknowledged of papers submitted under 35 U.S.C. 119(a)-(d), which papers

have been placed of record in the file,

Claim Rejections - 35 USC § 103
3 The following is a quotation of 35 U.S.C. 103(&) which forms the basis for all obviousness

rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter soupht to be patented and the prior art are
such that the subject matter as 8 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, Claims 19-21 are rejected under 35 U.S.C. 103(a) as being unpatentable over applicants’
admitted prior art in view of Kinoshita et al. (US 5,856,218).
Applicants’ admitted prior art discloses & 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 Number: 08/978,137 ' Page 3

Art Unit: 2822

transistor element on an active region; forming an interlayer insulating film over the entire surface
of the substrate; and forming a wire on 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 N™ layer 20,
and an N* 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 form at least one PN
junction as taught by Kinoshita et al. because of the désirallzility 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
one 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 fn 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 4,929,766).
Applicants’ admitted prior art discloses a method of fabricating a semiconductor device

previously as described, which method is repeated herein.
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Application/Control Number: 08/978,137 Page 4

Art Unit: 2822

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 buried 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 sﬁtem’ent 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
compfising the steps in the independent claims as follow:

22. A method of ... forming a resistor film on each of said dumm)g semiconductor
portions of said isolation region. ..

26. A method of ... implanting ions inio 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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Application/Control Number: 08/978,137 Page 5

Art Unit: 2822

33. A method of ... forming depressed portions by efching said dummy semiconductor
portions and filling an insulating material in said depressed partions to form inter-trench
insulating films each having a top face at the same level as respective top faces of said ﬁr.s;_r and
second buried trench portions...

37. A method of ... forming third trenches by etching said semiconduéror 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 subsirate region, while leaving an
active region af said sgbsrrate 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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Application/Control Number: 08/978,137 Page 6

Art Unit; 2822

U.S. Class and subclass:

438/404,405,412-414,423-425,427,353-357,359,360,370 4/28/99

§ Electronic data base(s): USPAT 4/28/99

Contacts Information
8. Any inquiry conceming 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, Peter 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 natﬁre or relating to the status of this application should be

directed to the Group receptionist whose phone number is (703) 308-1778.

. _ -7
. /;/}’f » %/Z—n-. %%\ PO
) 'o- ‘ -
; " //" TERESA M. ARROYO
/  PRIMARY EXAMINER
KBD

§ GROUP 2810

April 29, 1999
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Application Na. Applicant(s)
X i 08/979,137 Ukeda at al.
Notice of References Cited e Group AT URT
Khanh Duong . 2822 Page 1 of 1

U.5. PATENT DOCUMENTS

DOCUMENT KO, DATE NAME CLASS |  SUBCLASS
A 3,622,382 13423/7% Brack et al. 428 448
B 4,929,568 5/29/80 Beitman 438 423
c 4,948,742 8114490 Nighimura at al. 438 423
] 5,426,082 8720485 Hwang 438 423
E 5,270,285 12/14/93 e Hemmenway et al. 438 404
¢ 5,760,444 8298 I~ Okurmura 257 350
G 5,856,218 1.-'5)‘,99/ Kinoshita et al. 438 414
H 5,877,068 3."5;"99 Stolmaeijar at al. 438 424

M
FOREIGN PATENT DOCUNENTS
DOCUMENT NO. DATE COUNTRY NAME CLASE slecLass
N
o]
]
‘a
R
5
T
NON-PATENT DOCUMENTS
DOCUMENT |Including Author, Titla, Source, and Pertinent Pages] DATE
U
v
1
W
X

L. 5. Patent and Tradamark Gitice 3
PTO-892 (Rev. 9-95) Natice of References Cltag - Part of Paper No. _ ?
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o THG 948 Rev. 10-94)

L5 DEPARTMENT OF COMMERCE - Faient and Trodemark Qffice Applicativn ‘41?7_5/%

NOTICE OF DRAFTSPERSON’S PATENT DRAWING REVIEW

PTO Drufipersons review all originally filed drwings regardless of whether they are designated us forma) or informal. Additionally,
paient Examiners will review the dmwings for compliance with the regulations. Direct telephone i |nqu|ne< concerning this review

the Drawing Review Branch, 703-305-8404.

|
NZ5F7
dra. * filzd (insent dae) Lare
W: abjected to by Lhe Dmr:spemA under 37 CFR 1.84 o5 1,152,
B.___\_ chjecied {0 by he Drafisperson under 37 CFR 184 or 1152 29
indicaled below. The Examiner will require submission of new, corrected

deawings when necessary. Comected drawings must be submiied
according m the insicuctions an 1he back of thiv Noliee,

l. DRAWINGS. 37 CTR 1.84{a): Acceplahle caicgorics ol drawings:
Black in%. Color.
_— Mot bluek solid lines. Fig(s) -
—_ Colar drewings ara nol acceplable until pelilion is granted.
Figls) __________
2 PHOTOGRAPHS 37 CFR 1.84(b)
hy are nod il

untid pelition iy granted.

Fls(s) U

__ Photographs nol propedly mounted (must use brystol board or
phologrophic double-weighl paper). Fig(s)

Poor quality (hal(-tope}. Fig(s}.

1. GRAPHIC FORMS. 37 CFR I l!-i W)
__ Chemical ar math i k
Fig{s)

—.. Group of wavelonms not presented a5 a single figure, using
common venical axis with time extending nlong horizental axis.
Figls)l

_ . !ndividuals wavelorm oot idewiified with o sepurole leiter
Jesignation adfacent g Lthe wertical cxin. FE(s)

4. TYPE OF PAPER. 37 CFR 1.34{r)

___ Paper nol Rexible, swong, white, samoch, nenshiny, and doruble,

Sheelis}

Vo bl ad

0ol as seperaic figure.

- b , alierations, ovierwrilingy, inteclineations, sracks, cresses,
znid folds copry mathine marks not nwed. Fig(s)
— Myior, velurn paper i5 ot acceplable (wo Lhin), Fig{s)
5. S1ZE OF PAPER, 37 CFR L.B4(}: Aczepiable sizea:
21.6 om. by 35.6 cm. (B 2 by 14 inches}
21.6 cm. by 33.1 o, {8 L' by 13 inches}
216 ¢im. by 27.9 em. {8 2 by 1§ inches)
21.0 em. by 2.7 ¢m. (DIN size Ad)
_— All drawing sheels ame the saine siza. Sheeu(s)
— Drawing sheet nod an acceplable size. Sheeifs)
6. MARGINS. 37 CFR 1.84(g): Acceptoble margins:

Puger size

ZLdom X Pifen. 21 5em XI5l em 206em. X 20 %em, 21 B om, ¥ 29 o,
fB L2 X 14 inches) 18 12 X 12 inches) (B 12 X 11 inehesy (DIN Sizc Ad)

T 5.0an (2 15 em. (17 25om (17) 15cm.
L6 g (147) Lem (1899 B cm, (14" Z5¢in,
R Sem [IAT S em. (147) S cm. (LAY 1.5 e,
B oAcom (14 Gem (¥4 6em (140 1.0&m,

Wtarping do oot cowfnn u chan above,
Sheelfs)
_Top{Ty __ Laf{L) ___Right (R)

7. ¥IGWS. 17 CFR 1.84(h)
REMINDER: Specificaton may require revisian 1o comespand to
drawing changes.
Al views not grovped tapether. Figls)
___. Views connecled by projection lings or ged bas.
(704 ) I —
Partial views. 37 CFR 1842

Botiom (B}

. ¥itw and enlorged view ol labled separmly or properly,
Figlsy
Sectiona] views. 37 CFR 184 (h) 3
__ Hatching not indieated lor

| partions of an objcel.

Figs
= Cross section not drawn same a3 vicw wilk pors in cross sceson

with regularly spaced paralicl obligue strokes. Fig{s)

8. ARRANGEMENT OF VIEWS. 37 CFR +.84{i)

e Words do irol appear o5 2 horizontat, JeR-wo-right fashion when
page is either upright or wreed se thal 1he 1op becomes 1he right
side, excep for graphs. Fip(s)

9. SCALE, 37 CPR 1.34(K)

— Scale not Jarge gh to show h wilth crowsding
when drowing i3 reduced jn size 10 two-thirds ia ceproduction.
[
. Indicolion such 28 "aciua) size™ or Scale 1/2" nol permiled.
Fig(s)
10. CHARACTER OF LINES, NUMBERS, & LETTERS. 37 CFR

1L.B4()
_ .. Lines, numbers & tettees not unilormly thick and well delioed,

clesn, durable, and black {excepl for eelur deuwings).
Fig(s}
1i. SHADING. 37CFR L. Ed-ﬂn]
—— Sodid Back sheding areas not permittod.
Figls)_____
— Shade Lines, pale, teugh ol Blureed, Tigls)
12. NUMBERS, LETTERS, & REFERENCE CHARACTERS. 37 CFR
1.84a{p)
. Numbers and reference characters not plain and legible. 37 CFR
tB4(p)() FIB{S)
__N an not
BS 1Le view. 3? CFR 1.84(p}(l) Figis)
—— English slphabet nol used. 37 CFR 1.84(p}(3)
Fig(s)
___ Numbers, leuers, and reft de ngl
I em. (LB inch) in height. 37 CFR{p)())
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___ Sheets nol numbercd conseculiveiy, and in Arbic numerals,
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___ Views nat numbered conscoutively, and i Arabic numerals,
beginning wilh bet 1. Figf{s}
__ Vicw numbers not preceded by the abbroviation Fig.
Figls)
16, CORRECTIONS. 37 CFR 1 .Bd{w)
__ Cumections not mule mm prior PTO-048.
Fig(s)
17, QESIGH DRAWING, 17 CFR 3,152
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PATENT APPLICATION
ATTORNEY DOCKET NO. 43889-677

IN THE UNITED SATATES PATENT AND TRADEMARK OFFICE

In re Application of: Takadi UKEDA et al. /

o
Serial No.: 0B8/978,137 C? [‘5 q
Group Art Unit: 2822 /\P
Filed: November 25, 1997 a OYRs
Examiner: X. Duong o ey
@ A
For: SEMICONDUCTOR DEVICE AND S B
METHOD OF MANUFACTURING THE S . T e
A e
AMEND oo L0
e -3
Honorable Assistant Commissioner P ’
for Patents o]
Washington, D.C. 20231 =
Sir:
1 X Tranemitted herewith is an amendment for the above-identified
application.
STATUS
2.

Applicant ise 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. § 1.135 apply.
(a) X Applicant petitiona for an extension of time for the total
number of months checked below:
EXTENSION FEE FOR FEE FOR OTHER THAN
{months) SMALL ENTITY SMALL ENTITY
X one month 5 55.00 5 110.00
two months 190.00 380.060
09/10/1939 AXGHAMME 00000058 130203 cWEF&IRonths 435.00 870.00
four months 680.00
01 FC:115 110.00 CH

1,360.00

Fee $_110.00
Tf an additional extension of time is required, please coneider this a
petition therefor.

_ An extenslion 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 3§
(b)

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. X The fee for claims has been calculated as shown below:

Claima Highest
Remaining Number .
After Previously Present Additional
: _Amendment : Paid For : Extra : Rate : Fee
Total : : : :
Claims : 20 : 38 : 4] 1 X 5 18.00 = c.00
Independent : : : :
Claims : B : 12 : 0 : x § 78.00 = 0.00
Multiple Dependent Claims {(first presentation) : §260.00 = 0.00
Total - 0.00
Reductien by % for :
gmall entity : - 0.00
: 0.00

TOTAL FEE

(a} X No additional fee for claims igs required.

“OR~

(b} The total additional fee for claims required $
FEE PAYMENT .

5. Attached is a check in the amount of § .

X Charge Deposit Account No. 13-0203 the amount of _110.00 . A
duplicate copy of this Transmittal is enclosed for acccunting

PUrposes.

FEE DEFICIENCY

X If any additional extension and/or fee is required, this is the
regquest therefor and to charge Deposit Account No. 13-0203.
AND/OR
X 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.

Respectfully submitted,

McDERMOTT, WILL & EMERY.

Date: September 9, 1999 By:
Michael E. ?ﬁa‘r\:y
Registratig No. 36,139

600 13™ Street, N.W.
Washington, D.C. 20005-3096
Telephone: 202-756-B0CO
Facsimile: 202-756-B0DB7
BONASHANETTAADNT-111. TR
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ATTORNEY DOCKET NO. 43889/677
PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 4 { A

a in re Application of:/ 4 { lS, {fj{—,

Ve
Takaai UKEDA et al.

Group Art Unit; 2822
_Serial No.: 08/978,137

Examiner: K. DUONG
Fited: November 25, 7

For. SEMICONDUGTOR DEVICE AND
METHOD OF KIANUFACTURING THE
SAME

Nt Nt St Nt Nt il Nmgt? gt Nt st Smegr?

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 August 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:
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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.

AN THE CLAIMS:

Please cancel Clai?1/"3. without prejudice, and amend claims 33 and 36 as

follows:

]\5 )’!3. (Amended) 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 isollation
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 elemeni 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:;
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#\ a fifth step of forming an interlayer insulating film over an entire surface of the

(/b O\J\ substrate; and

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

i

K Bﬁ. (Amended) 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
Q\réx 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 ofl 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 fiim over an entire surface of the

substrate; and

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

. Introduction

in response to the outstanding Office Action, Applicants have amended Fig. 1(a)
to indicate that reference numeral 8 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 18-21 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.

il The Reiéction 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 (AAPAY} in view of Beitman (USP No. 4,929,566).

Applicants respectfully traverse the pending rejections for the reasons set forth below.
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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
french in an isolation region. The introduction of the impurity into the dummy
semiconductor portions results in the formation of at ieast 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 technigque 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 isolation 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) whilé 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-
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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 ar, 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+ [ayer 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
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transiator 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, itis

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 pri.or art suggests the desirability of the modification. /n 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).

Itis only Applicants’ disclosure that discloses the formation of a PN junction in the
dummy semiconduc’tor 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 legat 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).
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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 nove!l method of manufacturing a trench-isolated
semiconductor device having dummy semiconductor portions. One of the novel
features of the ciaih 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 prima 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
fitm in the dummy semiconductor portion of the clailrned 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 Gorp. 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.

. 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.

Respectiully submitted,

McDERMOTT, WILL & EMERY

Date: _September 9, 1999 By: %%
Michael E. Fogar?\
Registration No. 36,139

600 13th Street, N.W.
Washington, D.C. 20005-3096
Telephone: 202-756-8000
Facsimile: 202-756-8087

BNAMIPRSTNS I AMDMAF.001

10
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f . UNITED ‘STATEs DEPARTMENT OF COMMERCE
o &=l . | Patentand Trademark Oftice
‘% 4 j I Acdiess: COMMISSIONER OF PATENTS AND TRADEMARKS
.. .Washington, D.C. 20231
APPLICATIONNO. | FILING DATE - | I - 'FIRSTNAMEDINVENTOR . -~ [ arToANEY bockETNO. |
TErFTE, T37 TI725/797 OFEDA T L e W
' C T MMziszionl — EXAMINER
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MCDERMOTT WILL % EMERY _
1550 K STREET .NW : S [ ARTUNIT. . |~ PAPER NUMBER |
SUITE 500 B o : ZTEE

WASHINGTON DT 20006

DATE MAILED: 10401799

Please find-below.and/or attached an Office communication concerning-this:application or
proceeding. '

. Commissioner of Pateénta and Trademarks

PTO-80C {Rev. 2/185) . ’ 1. Fils 'Copy
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Application No, © | Applicani(s)
08/878,137 Ukeda at al.
Notice of Allowability TramTey Broup AT Uit
Khanh Duong 2822

All cleims being allowabte, PROSECUTION ON THE MERITS IS (QR REMAINS} CLOSED in this application. If not included
hergwith {or previously mailed}, a Notice of Allowance and Issue Fee Due or other appropriate communication will be
mailed in due course.

] This communication is responsive to Sept 9, 1999

X The aliowed claimis) is/fare 719-38

[0 The drawings filed on arg acceptable,

X Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 118{a)-{d).
Al O Some* [0 None of the CERTIFIED copies of the priority documents have been
X received.
[ received in Application No. (Series Code/Serial Number)

O received in this netioral stage application from the International Bureau (PCT Rule 17.2(a}}.
*Certifiad copies not received:
3 Acknowledgement is made of a claim for domestic priority under 35 U.5.C. & 119{el.

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set 10 EXPIRE
THREE MONTHS FROM THE "DATE MAILED" of this Oiffice action. Failure to timely comply will result in
ABANDDNMENT of this applicetion. Extensions of time may be obtained under the provisions of 37 CFR 1,136ia).

(J Note the attached EXAMINER'S AMENOMENT or ROTICE OF INFORMAL APPLICATION, PTO-152, which discloses
that the oath or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION (S REQUIRED,

X Applicant MUST submit NEW FORMAL DRAWINGS

(J because the originally filed drawings were declared by applicant to be informal,

O including changes required by the Notice of Oraftsperson's Patent Drawing Review, PT0-948, sttached hereto or
to Paper No.

X including changes required by the proposed drawing correction filed on Sep 9, 1999 , which hes been
approved by the axaminer.

O including changes required by the atteched Exeminer's Amendment/Comment,

1dentifying indlcia such as the application number {see 37 CFR 1.844{c)) should be written on the raverse side of the
drawings. The drawings should be filed as a separate paper with a transmittal lettter eddressed to the Official

Draftsperson.
(J Note the attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIDLOGICAL MATERIAL.

Any rasponse to this fetter should include, in the upper right hand corner, the APPLICATION NUMBER (SERIES
CODE/SERIAL NUMBER}. If applicent has received a Notice of Allowance and Issue Fee Due, the {SSUE BATCH NUMBER
and DATE of the NOTICE OF ALLOWANCE should elso be included.

Attachmentis)
[0 Notice of References Cited, PT0-892
J Information Disclosure Statement(s), PT0O-1449, Paper Nofs).

[0 Notice of Draftsperson’s Patent Drewing Review, PT0-348 ' %//d‘é/
O Notice of Informa! Patent Application, PTO-152 { fﬂ

O Interview Surnmary, PTO-413 Carl White A
[0 Examiner's Amendment/Comment SWW!I Patent F r
(J Examiner's Comment Regarding Reguirement for Deposit of Biological Material MMW Technolo
(X Examiner’s Statement of Reasons for Allowance :

). 5. Fatent and Tragemark Ofilce

PTD-37 {Rev..9-95) Notica of Allowability Part of Paper No, 10
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Application/Control Number: 08/978,137 Page 2

Art Unit: 2822

DETAILED ACTION
1. In response to the Afnendment 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: filling an insulating material in each of the first and second trenches to form a first burie{i
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 PN junction in the
dummy semiconductor portions; forming an interlayer insulating film over an entire surface of

the subsirate; forming a wire on the interlayer insulating film.
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Application/Control Number: 08/978,137 Page 3

Art Unit: 2822

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 Khank Duong whose telephone number is (703) 308-5840. If attempts to
reach the examiner by telephone are unsuccessful, the examiner’s supetvisor, Car! 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.

AT,

kep ) : |

October 1, 1999 & 0{ j[{{%g«/
T cat Wi

Supervisory Patent Examiner
Semiconductor Techinology
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Applican! CUREDA, 35 USC 154 () berm eub, = O Jepwes,
TITLE OF

INVENTION MESHOD OF MANUFACTURTIG THRENCH= ISOLATED SEMICONMYICTOR DEVITE
(fs AMEMDED) .

ATTYSDOCKETNO. | CLASSSUBCLASS |  BATCHNO. APPLN.TYPE | SMALLENTTY |  FEEDUE | DATE DUE
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THE APPLICATION IDENTIFIED ABDVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
E MERI ED.

THE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE OR THIS
APPLICATION SHALL BE REGARDED AS ABANDONED. THI g BE EXTE, ,

HOW TO RESPOND TO THIS NOTICE:

1. Review the SMALL ENTITY status shown above.
If the SMALL ENTITY is shown as YES, verily your it the SMALL ENTITY is shown as NO:
current SMALL ENTITY status:

A. If the status is changed, pay twics the amount of the
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B. if tha status is the same, pay the FEE DUE shown
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Docket No.: 43889-677 : 5 PATENT
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.

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of e
BATCH NO.: C61 R
Takaaki UKEDA, et al.
: MY CA 1559
Serial No.: 08/978,137 :  Group Art Unit: 2822
. Allowed: October 01, 1999 Pullzltes Diiion
Filed: November 25, 1997 . Examiner: K. Duong £

For: METHOD OF MANUFACTURING 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 in
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--.

WDLS9 172327-1.042889.0677

IPR2018-00756 Page 00360



08/978,137

REMARKS

The drawing corrections required in the Notice of Aliowability and PTO 948 have now
been made. The corrected formal drawings are being filed concurr;ently 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.

Respectfully submitted,

MCDERMOTT, WILL & EMERY

Michael E. Fog
Registration Né. 36,139

600 13" Street, N.W.
Washington, DC 20005-3096
{202) 756-8000 MEF:th
Date: November 3, 1999
Facsimile: (202} 756-8087
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BATCH NO.: C61
Takaaki UKEDA, et al.
Serial No.: 08/978,137 / Group Art Unit: 2822
i Allowed: October 01, 1999
Filed: November 25, 1997 :  Examiner: K. Duong

For: METHOD OF MANUFACTURING TRENCH-ISOLATED SEMICONDUCTOR
DEVICE (AS AMENDED)
LETTER SUBMITTING FORMAL DRAWINGS

Box Issue Fee

Assistant Commissioner for Patents

Washington, DC 20231

Sir;

In response to the Notice of Allowability dated October 01, 1999, submitted herewith are

twenty-one (21) sheets of Formal Drawings in connection with the above referenced application.
Respectfully submitted,
MCDERMOTT, WILL & EMERY
Michael E. Fogaply
Registration Ng'. 36,139

600 13" Street, N.W.

Washington, DC 20005-3096

(202) 756-8000 MEF:th

Date: November 3, 1999
Facsimile: (202) 756-8087
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Docket No.: 43889-677 . - PATENT 9:\00
AX
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of
Takaaki UKEDA, et al. Batch No.: C61
Serial No.: 08/978,137 Group Art Unit: 2822
Allowed: 10/1/99
Filed: November 25, 1997 Examiner: K. Duong
For: METHOD OF MANUFACTURING TRENCH-ISOLATED SEMICONDUCTOR
DEVICE (AS AMENDED)
Honorable Commissioner of
Patents and Trademarks
Washington,D. C. 20231
C P CE CHANGE
Sir:
Please change the records to indicate the current firm name and telephone number for the
above-identified application and forward al} future correspondence as follows:
McDERMOTT, WILL & EMERY
600 13th Street, N.W.
Washington,DC 20005-3096
RECEI/ED
202-756-8000 Publishing Divison
Facsimile: 202-756-8087
DEC 2 9 1999
Respectfully submitted, 52 _
TECH®#
MCDERMOTT, WILL & EMERY
2 4
No. 36,139 RECEVED

Pulfiching Divie
600 13" Street, N.W. g Divisian

Washington, DC 20005-3096 DEC 2 ¢ 1999
(202) 756-8000 MEF:th
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Application or Docket Number
PATENT APPLICATION FEE DETERMINATION RECORD
Effective "Noveuber 10, 1998
CLAIMS AS FILED - PART | SMALL ENTITY OTHER THAN
(Column 1) (Column 2) TYPE [ OR SMALL ENTTTY
FOR NUMBER FILED NUMBER EXTRA “ATE | FEE RATE | FEE
BASIC FEE 380.00 {oR 760.00
TOTAL CLAIMS minus 20= |« X$ 8= orl xsie=
' FINDEPENDENT CLAIMS _ minus 3 = |* X39= orl x7s<
MULTIPLE DEPENDENT CLAIM PRESENT
+130= OR| +260=
* If the difference in column 1 is less than zero, enter *0” in column 2 ! TOTAL OR TOTAL
CLAIMS AS AMENDED - PART I| ~ OTHERTHAN |
(Column 1) {Column 2} .(Column3)  SMALLENTITY OR SMALLZNTITY -
CLAMS HIGHEST -
ADDI- ADDI-
< REMAINI
= H/ AFTER PREVioUeLy | TRESENT RATE |mioNAL RATE | MONAL
| ) AMENOMENT PAID FOR FEE FEE
g Total . aZJO Minus - 35 = X% 9= oRr| Xs18= _ .
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PATENT APPLICATION FEE DETERMINATION RECORD
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CLAIMS AS FILED - PART{ 'SMALL ENTITY OTHER THAN
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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

IPC Class Table:
IPC Section Class
HO01L002176 H HO1
HO01L0021768 H HO1
HO01L0023522 H HO1
HO01L002978 H HO1

IPC Class Table - DWPI:

IPC - DWPI Section - DWPI Class - DWPI
HO01L002102 H HO1
HO01L002170 H HO1
HO01L002352 H HO1
HO01L002902 H HO1
HO01L002966 H HO1
HO01L00213205 H HO1

Subclass

HO1L

HO1L

HO1L

HO1L

Subclass - DWPI

HO1L

HO1L

HO1L

HO1L

HO1L

HO1L

Class Group
HO01L0021
HO01L0021
HO01L0023

HO1L0029

Class Group -
DWPI

HO01L0021
HO1L0021
HO1L0023
HO01L0029
HO01L0029

HO01L0021

Subgroup
HO01L002176
HO01L0021768
HO01L0023522

HO01L002978

Subgroup - DWPI

HO01L002102
HO01L002170
HO01L002352
HO01L002902
HO01L002966

HO01L00213205
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HO01L002176 H HO1 HO1L HO1L0021 HO01L002176

HO1L0021762 H HO1 HO1L HO1L0021 HO01L0021762
HO01L0021768 H HO1 HO1L HO1L0021 HO01L0021768
HO01L0023522 H HO1 HO1L HO1L0023 HO01L0023522
HO01L002906 H HO1 HO1L HO01L0029 HO01L002906
HO01L002978 H HO1 HO1L HO01L0029 HO01L002978

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 | 5F033HHO04 | 5F033HHO5 | 5F033HHO7 | 5F033HH26 | 5F033LLO03 |
5F033MMO05 | 5F033QQ58 | 5F033QQ63 | 5SF033RR04 | 5F033RR06 | 5FO33TTO0 | 5FO033TTO02 |
5F033TT08 | 5F033VV01 | 5F033VV06 | 5F033VV09 | 5F033VV10 | 5F033XX24 | 5F040DA01 |
5F040DB01 | 5F040DCO01 | 5FO40ECO07 | 5F040EKO05 | 5F140AA00 | 5F140AA01 | 5F140AA15 |
5F140AB10 | 5F140BA01 | 5F140BF01 | 5F140BF04 | 5F140BF11 | 5F140BF18 | 5F140CA01 |
5F140CA03 | 5F140CA04 | 5F140CA06 | 5F140CB04 | 5F140CCO01 | 5F140CCO03 | 5F140CCO08 |
5F140CEOQ7 | 5F140CF00 | 5F140CF01

JP Fl Codes: | HO1L002176-N | HO1L002190-V | HO1L002978-301X

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:
Publication Date:

IPC Class Table:

IPC
HO01L002176
HO01L0021768
HO01L0023522

HO01L002978

IPC Class Table -

IPC - DWPI

HO01L002102

HO01L002170

HO01L002352

HO01L002902

HO01L002966

HO01L00213205

HO01L002176

H01L0021762

HO01L0021768

H01L0023522

HO01L002906

HO01L002978

1997-02-06
1998-08-21

Section
H
H
H

H

DWPI:

Section - DWPI

Class

HO1

HO1

HO1

HO1

Class - DWPI

HO1

HO1

HO1

HO1

HO1

HO1

HO1

HO1

HO1

HO1

HO1

HO1

Subclass

HO1L

HO1L

HO1L

HO1L

Subclass - DWPI

HO1L

HO1L

HO1L

HO1L

HO1L

HO1L

HO1L

HO1L

HO1L

HO1L

HO1L

HO1L

Class Group
HO01L0021
HO1L0021
HO01L0023

HO01L0029

Class Group -
DWPI

HO1L0021
HO1L0021
HO1L0023
HO01L0029
HO1L0029
HO1L0021
HO1L0021
HO1L0021
HO1L0021
HO01L0023
HO1L0029

HO1L0029

Subgroup
HO01L002176
HO01L0021768
HO01L0023522

HO01L002978

Subgroup - DWPI

HO01L002102
HO01L002170
HO01L002352
HO01L002902
HO01L002966
HO01L00213205
HO01L002176
H01L0021762
HO01L0021768
H01L0023522
HO01L002906

HO01L002978
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Assignee/Applicant: MATSUSHITA ELECTRIC IND CO LTD

JP F Terms: | 5F032AA34 | 5F032AA44 | 5F032AA48 | 5F032AA67 | SF032AA70 | 5SF032BA01 |
5F032BB03 | 5F032BB04 | 5F032CA17 | 5F032CA20 | 5F032DA14 | 5F032DA33 | 5F032DA43 |
5F032DA60 | 5F032DA78 | 5F033BA02 | 5F033EA25 | 5F033FA03 | 5F033HHO7 | 5FO033KKO01 |
5F033LL04 | 5F033QQ48 | 5F033QQA58 | 5F033QQ63 | 5F033QQ65 | 5SF033RR04 | 5F033VV01 |
5F033VV10 | 5F033VV15 | 5F033XX24 | 5F033XX27 | 5F040DA01 | 5F040DBO01 | 5F040DBO03 |
5F040DCO01 | SF040ECO7 | 5F040EKO05 | 5F040FAOQ5 | 5F040FB04 | 5SF140AA00 | 5F140AA01 |
5F140AA15 | 5F140AB09 | 5F140AB10 | 5F140BA01 | 5F140BFO01 | 5F140BF04 | 5F140BGO08 |
5F140BGO09 | 5F140BG12 | 5F140BG14 | 5F140BK13 | 5F140CA03 | 5F140CB04 | 5F140CCO01 |
5F140CCO03 | 5F140CCO08 | 5F140CEOQ7

JP Fl Codes: | HO1L002176-N | HO1L002190-V | HO1L002978-301X

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.

COPYRIGHT: (C)1998,JPO&Japio
Language of Publication: JA
INPADOC Legal Status Table:

Gazette Date Code INPADOC Legal Status Impact
2004-03-03 A02

Description: DECISION OF REFUSAL JAPANESE INTERMEDIATE CODE: A02 2004-03-02

2004-01-07 A521

Description: WRITTEN AMENDMENT JAPANESE INTERMEDIATE CODE: A523 2004-01-06

2003-11-26 A131

Description: NOTIFICATION OF REASONS FOR REFUSAL JAPANESE INTERMEDIATE CODE: A131 2003-11-25
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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 3/7 US6130139A Method of manufacturing trench-isolated semiconductor device
Publication Number: US6130139A 20001010

Title: Method of manufacturing trench-isolated 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 | JP199723844A

Priority Date: 1996-11-26 | 1997-02-06

Application Number: US1997978137A

Application Date: 1997-11-25

Publication Date: 2000-10-10

IPC Class Table:
IPC Section Class Subclass Class Group Subgroup
H01L0021762 H HO1 HO1L HO1L0021 HO01L0021762
H01L0023522 H HO1 HO1L HO01L0023 H01L0023522

IPC Class Table - DWPI:

IPC - DWPI Section - DWPI Class - DWPI Subclass - DWPI Class Group - Subgroup - DWPI
DWPI
H01L002102 H HO1 HO1L HO01L0021 H01L002102
HO01L002170 H HO1 HO1L HO01L0021 HO01L002170
HO01L002352 H HO1 HO1L HO01L0023 HO01L002352
HO01L002902 H HO1 HO1L HO01L0029 HO01L002902
HO01L002966 H HO1 HO1L HO1L0029 HO01L002966
HO01L00213205 H HO1 HO1L HO1L0021 HO01L00213205
HO01L002176 H HO1 HO1L HO01L0021 HO01L002176
HO01L0021762 H HO1 HO1L HO1L0021 HO01L0021762
HO01L0021768 H HO1 HO1L HO01L0021 HO01L0021768
HO01L0023522 H HO1 HO1L HO01L0023 HO01L0023522
HO01L002906 H HO1 HO1L HO01L0029 HO01L002906
HO01L002978 H HO1 HO1L HO01L0029 HO01L002978

Assignee/Applicant: Matsushita Electric Industrial Co. Ltd.,Osaka,JP
JP F Terms:
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JP Fl Codes:
Assignee - Original: Matsushita Electric Industrial Co. Ltd.

Any CPC Table:
Type Invention Additional Version Office
Current HO1L 23/5222 - 20130101 EP
Current HO1L 21/76232 20130101 EP

ECLA: HO1L0021762C6 | HO1L0023522C

Abstract:

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 region. The isolation region
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
impurity diffusion layer to the capacitance in the interlayer insulating film, which is smaller than the
capacitance only in the inter layer 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

2012-03-20 FPAY +

Description: FEE PAYMENT

2008-03-13 FPAY +

Description: FEE PAYMENT

2004-03-10 FPAY +

Description: FEE PAYMENT

1997-11-25 AS -

Description: ASSIGNMENT MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD., JAPAN ASSIGNMENT OF ASSIGNORS
INTEREST; ASSIGNORS:UKEDA, TAKAAKI; KUDO, CHIAKI; YABU, TOSHIKI; REEL/FRAME:008899/0411 1997-11-18
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Post-Issuance (US):

Reassignment (US) Table:
Assignee Assignor Date Signed Reel/Frame Date
GODO KAISHA IP BRIDGE PANASONIC 2014-01-17 032152/0514 2014-02-03
1,TOKYO,JP CORPORATION

(FORMERLY MATSUSHITA
ELECTRIC INDUSTRIAL
CO.,LTD.)
Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).

Corresponent: SUGHRUE MION, PLLC 2100 PENNSYLVANIA AVE. NW SUITE 800 WASHINGTON, DC 20037-3213

MATSUSHITA ELECTRIC UKEDA, TAKAAKI 1997-11-18 008899/0411 1997-11-25
INDUSTRIAL CO.
LTD.,0SAKA 571,JP KUDO, CHIAKI 1997-11-18

YABU, TOSHIKI 1997-11-18

Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).

Corresponent: MCDERMOTT, WILL & EMERY EDWARD E. KUBASIEWICZ, ESQ. 600 13TH STREET, N.W.
WASHINGTON, D.C. 20005-3096

Maintenance Status (US):
Litigation (US):
Opposition (EP):

License (EP):

EPO Procedural Status:
Front Page Drawing:
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Record 4/7 US6346736B1 Trench isolated semiconductor device
Publication Number: US6346736B1 20020212

Title: Trench isolated 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 | JP199723844A | US1997978137A

Priority Date: 1996-11-26 | 1997-02-06 | 1997-11-25

Application Number: US1999469498A

Application Date: 1999-12-22

Publication Date: 2002-02-12

IPC Class Table:
IPC Section Class Subclass Class Group Subgroup
H01L0021762 H HO1 HO1L HO1L0021 HO01L0021762
H01L0023522 H HO1 HO1L HO01L0023 H01L0023522

IPC Class Table - DWPI:

IPC - DWPI Section - DWPI Class - DWPI Subclass - DWPI Class Group - Subgroup - DWPI
DWPI
H01L002102 H HO1 HO1L HO01L0021 H01L002102
HO01L002170 H HO1 HO1L HO01L0021 HO01L002170
HO01L002352 H HO1 HO1L HO01L0023 HO01L002352
HO01L002902 H HO1 HO1L HO01L0029 HO01L002902
HO01L002966 H HO1 HO1L HO1L0029 HO01L002966
HO01L00213205 H HO1 HO1L HO1L0021 HO01L00213205
HO01L002176 H HO1 HO1L HO01L0021 HO01L002176
HO01L0021762 H HO1 HO1L HO1L0021 HO01L0021762
HO01L0021768 H HO1 HO1L HO01L0021 HO01L0021768
HO01L0023522 H HO1 HO1L HO01L0023 HO01L0023522
HO01L002906 H HO1 HO1L HO01L0029 HO01L002906
HO01L002978 H HO1 HO1L HO01L0029 HO01L002978

Assignee/Applicant: Matsushita Electric Industrial Co. Ltd.,Osaka,JP
JP F Terms:
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JP Fl Codes:
Assignee - Original: Matsushita Electric Industrial Co. Ltd.

Any CPC Table:
Type Invention Additional Version Office
Current HO1L 23/5222 - 20130101 EP
Current HO1L 21/76232 20130101 EP

ECLA: HO1L0021762C6 | HO1L0023522C

Abstract:

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 region. The isolation region
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
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:
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Assignee Assignor Date Signed Reel/Frame Date

GODO KAISHA IP BRIDGE ~ PANASONIC 2014-01-17 032152/0514 2014-02-03
1,TOKYO,JP CORPORATION

(FORMERLY MATSUSHITA

ELECTRIC INDUSTRIAL

CO., LTD.)

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 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
HO01L002176 H HO1 HO1L HO01L0021 HO01L002176
H01L0021762 H HO1 HO1L HO01L0021 H01L0021762
HO01L0023522 H HO1 HO1L HO01L0023 HO01L0023522

IPC Class Table - DWPI:
Assignee/Applicant:

JP F Terms:

JP FI Codes:

Assignee - Original:

Any CPC Table:

Type Invention Additional Version Office

Current HO1L 23/5222 - 20130101 EP
Current HO1L 21/76232 20130101 EP

ECLA:

Abstract:

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 region. The isolation region
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
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. <IMAGE>

Language of Publication: KO

INPADOC Legal Status Table:

14 IPR2018-00756 Page 00404



Post-Issuance (US):
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Record 6/7 EP844660B1 Semiconductor device and method of manufacturing the same |
Halbleitervorrichtung und deren Herstellungsverfahren | Dispositif semi-conducteur et son procédé

de fabrication

Publication Number: EP844660B1 20070815

EP844660A1 19980527

Title: Semiconductor device and method of manufacturing the same | Halbleitervorrichtung und
deren Herstellungsverfahren | Dispositif semi-conducteur et son procédé de fabrication

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 | JP199723844A
Priority Date: 1996-11-26 | 1997-02-06
Application Number: EP1997120656A

Application Date:
Publication Date:

IPC Class Table:

IPC
HO01L0021762
H01L00213205
H01L0023522

HO01L002906

IPC Class Table -

IPC - DWPI

HO01L002102

HO01L002170

HO01L002352

HO01L002902

HO01L002966

H01L00213205

HO01L002176

HO01L0021762

HO01L0021768

HO01L0023522
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2007-08-15

Section
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H
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HO1

Class - DWPI

HO1
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HO1

HO1

HO1

HO1

HO1

HO1

Subclass

HO1L

HO1L

HO1L

HO1L
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HO1L

HO1L

HO1L

HO1L

HO1L

HO1L

HO1L
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HO01L0023
HO1L0029
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HO1L0021
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HO1L0023

Subgroup
HO01L0021762
HO01L00213205
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HO01L002102
HO01L002170
HO01L002352
H01L002902
HO01L002966
HO01L00213205
HO01L002176
HO01L0021762
HO01L0021768

HO01L0023522

IPR2018-00756 Page 00406



HO01L002906 H HO1 HO1L HO01L0029 HO01L002906

HO01L002978 H HO1 HO1L HO01L0029 HO01L002978

Assignee/Applicant: MATSUSHITA ELECTRIC INDUSTRIAL CO. LTD.,Kadoma-shi, Osaka 571-
0050,JP,00216885

JP F Terms:

JP FI Codes:

Assignee - Original: MATSUSHITA ELECTRIC INDUSTRIAL CO. LTD.

Any CPC Table:
Type Invention Additional Version Office
Current HO1L 23/5222 - 20130101 EP
Current HO1L 21/76232 20130101 EP

ECLA: HO1L0021762C6 | HO1L0023522C

Abstract:

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 region. The isolation region
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
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
2014-02-28 PGFP +

Description: POSTGRANT: ANNUAL FEES PAID TO NATIONAL OFFICE NL

2014-01-31 PGFP +

Description: POSTGRANT: ANNUAL FEES PAID TO NATIONAL OFFICE GB

2014-01-31 PGFP +

Description: POSTGRANT: ANNUAL FEES PAID TO NATIONAL OFFICE DE

2014-01-31 PGFP +
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Description:
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FR: TRANSLATION FILED

REF -
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REG -

REFERENCE TO A NATIONAL CODE GB FG4D EUROPEAN PATENT GRANTED

AK +

DESIGNATED CONTRACTING STATES: EP 0844660 B1 DE; FR; GB; NL

17Q +

FIRST EXAMINATION REPORT 2004-06-15

RBV +

DESIGNATED CONTRACTING STATES (CORRECTION): DE; FR; GB; NL

AKX +
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REQUEST FOR EXAMINATION FILED 1998-08-14
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EXTENSION OR VALIDATION OF THE EUROPEAN PATENT TO AL; LT; LV; MK; RO; SI

AK +

DESIGNATED CONTRACTING STATES: EP 0844660 A1 DE;FR; GB; NL

Post-Issuance (US):

Reassignment (US) Table:

Maintenance Status (US):

Litigation (US):

Opposition (EP):

License (EP):

EPO Procedural Status: EX-REPORT 2004-06-15 2004 Dispatch of 1st examination report | EX-
RQ 1998-08-14 1998 Request for examination

Front Page Drawing:
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Record 7/7 DE69738012T2 Halbleitervorrichtung und deren Herstellungsverfahren

Publication Number: DE69738012T2 20071213
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Title: Halbleitervorrichtung und deren Herstellungsverfahren
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JP Fl Codes:
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Any CPC Table:

Type Invention Additional Version
Current HO1L 23/5222 - 20130101
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Abstract:

Language of Publication: DE
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Post-Issuance (US):
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Maintenance Status (US):
Litigation (US):

Opposition (EP):

License (EP):

EPO Procedural Status:

Front Page Drawing:

Copyright 2007-2014 THOMSON REUTERS
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