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Background of the Invention

The semiconductor industry continually strives to increase
15 device performance and device density by reducing device
dimensions. For a given chip size, device density can be increased
by reducing the lateral distance separating active devices, or the
device isolation width. The desire to reduce device isolation
width, while maintaining the necessary electrical isolation
20 between adjacent active devices, has led to the development of
several different isolation schemes.
One technique which as been proposed for device isolation
in high density integrated circuits is trench isolation. With
~ trench isolation, field oxide encroachment of the surrounding
25 active regions is eliminated, and therefore device isolation width
can be reduced. Unfortunately, integrated circuits fabricated
with existing trench isolation schemes often suffer from
premature gate oxide breakdown, and thus have poor reliability.
- One reason for the premature breakdown is that gate oxide grown
30 near the trench corner has a lower breakdown voltage as
compared to that grown in other areas. This is because near the
trench corner the silicon substrate oxidizes at a slower rate
during gate oxidation, and this results in the gate oxide being
thinner near the trench corner, as compared to that grown in
35 other areas. In addition, due to the abrupt profile of the trench
corner, high electric fields are generated near the trench edge
during device operation, and these high electric fields further



One reason for the premature breakdown is that gate oxide grown 30 near
the trench corner has a | ower breakdown voltage as conpared to that grown
in other areas. This is because near the trench corner the silicon
substrate oxidizes at a slower rate during gate oxidation, and this results
in the gate oxide being thinner near the prench corner, as conpared to that
growmn in 35 other areas. In addition, due to the abrupt profile of the
trench corner hlgh eIectrlc fields are generated near the t{rench edge
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of the Inventinproved prretiabilityy nmentioned problems with int egr at ed circuits

10 fabrlﬁ\a/tted Wi th existing trench isolation schenes are overcone by the
present ention. In one enbodi ment of the invention.a trench isolation

structure in an integrated circuit has a seni conduct or substrate with a

trench isolation region formed Summary of the Invention

The previously mentioned problems with integrated circuits
10 fabricated with existing trench isolation schemes are overcome
by the present invention. In one embodiment of the invention a
trench isolation structure in an integrated circuit has a
semiconductor substrate with a trench isolation region formed
therein. It has an active region lying within the semiconductor
15 substrate, and the active region abuts the trench isolation region.
It has a first dielectric layer overlying the trench isolation
region and the active region, and the first dielectric layer has a
thickness of less than 20 nanometers. It has a transistor gate
electrode overlying the first dielectric layer, the active region,
20 and the trench isolation region. Other aspects of the invention
also involve methods for making the french isolation structure in
an integrated circuit. These and other features, and advantages,
will be more clearly understood from the following detailed
description taken in conjunction with the accompanying drawings.
25 It is important to point out that the illustrations may not
necessarily be drawn to scale, and that there may be other
embodiments of the present invention that are not specifically
illustrated.

30
Brief Description of the Drawings

FIGs. 1-10 illustrate, in cross-section, process steps in
accordance with one embodiment of the invention.
35 FIGs. 11-15 illustrates, in cross-section, process steps in
accordance with an alternative embodiment of the invention.
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tdPlcture comprising a semiconductor substrate 12, a buffer
layer 14, and an etch stop layer 16. Semiconductor substrate 12
is preferably a monocrystalline silicon substrate. Alternatively,
semiconductor substrate 12 may also be a silicon on insulator
substrate, a silicon on sapphire substrate, or the like.
Semiconductor substrate 12 is preferably thermally oxidized to
form buffer layer 14, which may have a thickness ranging from 10
to 100 nanometers. Alternatively, buffer layer 14 may be
chemical vapor deposited silicon dioxide.  Following the
formation of buffer layer 14, etch stop layer 16 is formed over
buffer layer 14. In accordance with a preferred embodiment, etch
stop layer 16 is preferably chemical vapor deposited silicon
nitride, which may have a thickness ranging from 50 to 200
nanometers. Alternatively, etch stop layer 16 may also be
another material, such as boronitride or silicon oxynitride.

In FIG. 2, a photoresist mask 18, which overlies. a portion of
etch stop layer 16, is used to pattern etch stop layer 16 and
underlying buffer layer 14 so that a first portion 20 of
semiconductor substrate 12 is exposed. Photoresist mask 18 is
formed using standard photolithographic patterning processes,
and etch stop layer 16 and buffer layer 14 are patterned using
standard etching techniques.

In FIG. 3, first portion 20 of semiconductor substrate 12 is
then anisotropically etched using standard etching techniques to
form a trench 22. Trench 22 also defines an active region 23
within a second portion of semiconductor substrate 12, as shown
in FIG. 3. Trench 22 has a trench sidewall 24 and a trench bottom
26, and active region 23 abuts trench sidewall 24. After trench
22 has been formed, photoresist mask 18 is then removed using
standard photoresist stripping techniques.



3 Detdiled Description of a Preferred Enbodi nent FIGS. 1 through 10
iTlustrate, in cross-section, process 5 steps in accordance with one
enbodi nent of the invention wherein a trench isolation structure is forned
in an integrated circuit. Shown in FIG 1 is a portion 10 of an integrated
circuit structure conprising a sem conducgor substrate 12, a buffer |ayer
14, and an etch stop |ayer 16. Sem conductor substrate 12 10 1is preferably
a nonocrystalline silicon substrate, Alternatively, sem ¢conductor

substrate 12 may adnsKl@e 4 3itrepeh Wien R8uisathen sosmadiadiaceny; 1o desnain
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14 so th? tO a t];rliéésﬁyi%%r ttr'eorlr<':h2%o%om surface 26 may also be implanted with
' ions to form a channel stop region 30 adjacent to trench bottom
26. Channel stop region 30 may be formed either before or after
the formation of trench liner 28.
| in FIG. 5, a trench fill material 32 is then formed overlying
15 etch stop layer 16 and trench liner 28, such that trench 22 is
substantially filled. In a preferred embodiment, trench fill
material 32 is chemically vapor deposited silicon dioxide, which
is deposited using ozone and tetraethylorthosilicate (TEOS) as
source gases. Alternatively, trench fill material 32 may also be
20 another dielectric material, such as germanium oxide, spin-on-
glass, et cetera, or a combination of different materials such as
polysilicon and silicon dioxide. In addition, trench fill material
32 may be formed using other techniques such as plasma enhanced
chemical vapor deposition, electron cyclotron resonance
25 deposition, or spin-on deposition.
In FIG. 6, a portion of trench fill material 32 is then
selectively removed to expose etch stop layer 16, and to form a
trench plug 34 that substantially fills trench 22. As shown in
FIG. 6, trench plug 34 lies within trench 22 and is adjacent to
30 trench liner 28. In a preferred embodiment, chemical mechanical
polishing is used to selectively remove a portion of trench plug
material 32 and form trench plug 34. Alternatively, standard
wet or plasma eiching techniques may also be used to form trench
plug 34, or a combination of chemical mechanical polishing and
35 standard etching techniques may also be used to form trench plug
34.



sem conductor substrate 12 is exposed. Photoresist mask 18 is formed using
st andard photolithographi c patterning processes, and eétch stop |layer 16 and
buffer |ayer 14 are patterned using standard etching techni ques. 30

In FIG 3, first portion 20 of sem conductor substrate 12 is then

ani sotropically etched using standard etchging techniques to forma trench
22. Trench 22 al so defines an active region 23 within a second portion of
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dielectric materiral, such as silicon oxynpitride. [
layer 14 are silicon nitride ar}/é1 si{icon dioxide, respectively, etch

stop layer 16 may be removed in phosphoric acid and buffer layer
10 14 may be removed in buffered hydrofluoric acid. Alternatively,
etch stop layer 16 may also be removed using standard dry
etching techniques.
In FIG. 8, a first dielectric layer 42 having a thickness of
less than 20 nanometers is then formed overlying active region
15 23. In a preferred embodiment first dielectric layer 42 is
thermal silicon dioxide, which is formed by thermally oxidizing
exposed surface portion 36. Alternatively, first dielectric layer
42 may be another dielectric material such as silicon oxynitride,
which may be formed by thermally nitriding a layer of thermal
20 silicon dioxide in an ambient containing ammonia (NH3), nitrous
oxide (N20), or nitric oxide (NO). Alternatively, a layer of silicon
oxynitride could also be formed by direct nitridation of exposed
surface 36 in an ambient containing one of the previously
mentioned gases. In addition, a sacrificial layer of thin thermal
25 oxide may be formed over exposed surface 36, and then
subsequently stripped prior to forming first dielectric layer 42.
~ In FIG. 9, a second dielectric layer 44 is then formed
overlying first dielectric layer 42, active region 23, and trench
isolation region 40. In addition, second dielectric layer 44 and
30 first dielectric layer 42 have -a combined thickness of less than
20 nanometers. In a preferred embodiment second dielectric layer
44 is chemically vapor deposited silicon dioxide, which has been
densified after deposition in an ambient containing nitrogen and
oxygen for approximately thirty minutes at a temperature of
35 approximately 1000 degrees Celsius. Alternatively, second
deposited dielectric layer 44 may be another dielectric layer such



addi tion, as shown in FIG 4, a portion of silicon substrate 12 1 0
underlying trench bottom surface 26 nmay al so be inplanted with ions to form
a channel stop region 30 adjacent to trench bottom 26. Channel stop region
30 may be forned either before or after the formation of trench Iiner 28.

In FIG 5, atrench fill material 32 is tigen fornmed overlying 15 etch stop
| ayer 16 and trench liner 28, such that trench 22 is substantially filled.

In a preferred enbodinent, trench fill material 32 is chemcally vapor
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conformally deposited the total thickness of the gate dielectric
adjacent the trench corner may be increased by an amount that is
essentially two times the thickness of second dielectric layer 44,
This is because the area between the trench plug and the trench
15 corner is filled or plugged by second dielectric layer 44.
Therefore, the breakdown voltage of the gate dielectric lying
between the trench corner and the overlying transistor gate
electrode is increased. In a preferred embodiment first
transistor gate electrode 46 comprises polysilicon.
20 Alternatively, transistor gate electrode 36 may be a metal, a
metal silicide, a metal nitride, or a composite of polysilicon and
a metal, or a composite of polysilicon and a metal silicide, or a
composite of polysilicon and a metal nitride. As shown in FIG. 9,
transistor gate electrode 46 overlies second deposited dielectric
25 layer 44, active region 23, and trench isolation region 40.
A cross-sectional view of FIG. 9 taken along the line 10-10
is shown in FIG. 10. :
FIGS. 11 through 15 illustrate, in cross-section, process
steps in accordance with an alternative embodiment of the
30 invention wherein a trench isolation structure is formed in an
integrated circuit. Shown in FIG. 11 is a portion 15 of an
integrated circuit structure wherein a second trench liner 50 is
subsequently formed over the integrated circuit structure of FIG.
4. Second trench liner 50 is formed adjacent to trench liner 28,
35 and is subsequently used to form a composite trench liner. In a
preferred embodiment, trench liner 28 is a layer of thermal



wet or plasma etching techniques may also be used to formtrench plug 34,
or a conbination of chem cal nechanical polishing and 35 standard etching
techni ques may al so be used to formtrench plug 34. 51n FIG 7, etch
stop layer 16 and buffer layer 14 are then renoved to expose a surface
portion 36 of active region 23, and to foyma trench isolation region 40 in
sem conduct or substrate 12, wherein trench |soI atlon regl on 40 conpri ses
trench 22, 5 trench liner 28 and trench plug own in FL.G 7,
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Alternatively, trench fill. material 32 may also be another

dielectric material, such as germanium oxide, spin-on-glass, et

10 cetera, or a combination of different materials such as
polysilicon and silicon dioxide. In addition, trench fill material
32 may be formed using other techniques such as plasma enhanced
chemical vapor deposition, electron cyclotron resonance
deposition, or spin-on deposition.

15 In FIG. 13, a portion of trench fill material 32 is then
selectively removed to expose a portion of second trench liner 50,
and to form a trench plug 34 that substantially fills trench 22. In
a preferred embodiment, chemical mechanical polishing is used to
selectively remove a portion of trench plug material 32 and form

20 trench plug 34. Alternatively, standard wet or plasma etching
techniques may also be used to form trench plug 34, or a
combination of chemical mechanical polishing and standard
etching techniques may also be used to form trench plug 34.

In FIG. 14, the exposed portion of second trench liner 50 is

25 then removed to leave a remaining portion 52 of second trench
liner 50, and to form a composite trench liner 54 comprising
remaining portion 52 and trench liner 28. Etch stop layer 16 and
buffer layer 14 are then removed to expose a surface portion 36
of active region 23, and to form a trench isolation region 56 in

30 semiconductor substrate 12, wherein trench isolation region 56
comprises trench 22, composite trench liner 54 and trench plug
34. As shown in FIG. 7, active region 23 abuts trench isolation
region 56. In accordance with a preferred embodiment, wherein
etch stop layer 16 and second trench liner 14 are silicon nitride

35 and buffer layer 14 is silicon dioxide, etch stop layer 16 and the
exposed portion of second trench liner 50 may be removed in



exposed surface portion 36. Alternatively, first dielectric layer 42 may
be another dielectric material such as silicon oxynitride, which may be
formed by thermally nitriding a layer of thermal 20 silicon dioxide in an
anbi ent containing ammonia (NH3), nitrous oxide (N err]O, or nitric oxide
(NO. Aternatively, a layer of silicon ogynitride could also be forned by
?Lrect n|tr|Fat|on of eéposed surface 36 in an anbi ent contalhlng one of
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dielectric layer 44 and transistor gate electrode 46 are then

10 formed as previously described in FIGs. 8-9, and these processing
steps result in the formation of the trench isolation structure
shown in FIG. 15.

The foregoing description and illustrations contamed herein

demonstrate many of the advantages associated with the present
15 invention. In particular, it has been revealed that the thickness
of the gate dielectric overlying the trench corner can be
increased by forming a dielectric layer which overlies both the
trench isolation region and the adjacent active region. Therefore,
the breakdown voltage of the gate dielectric overlying the trench
20 corner is increased. Moreover, since the gate dielectric overlying
the trench corner has a higher breakdown voltage the reliability
of integrated circuits fabricated with trench isolation is
increased because they are now less susceptible to premature
gate oxide breakdown. Therefore, integrated circuits ‘with high
25 device densities and high reliability can be manufactured.

Thus it is apparent that there has been provided, in
accordance with the invention, a trench isolation structure in an
integrated circuit .that fully meets the need and advantages set
forth previously. Although the invention has been described and

30 illustrated with reference to specific embodiments thereof, it is
not intended that the invention be limited to these illustrative
embodiments. Those skilled in the art will recognize that
modifications and variations can be made without departing from
the spirit of the invention. For example, the invention is not

35 limited to a specific type of trench isolation region. Trench
isolation regions other than those shown in FIGs. 7 and 14 may



as siticon oxynitride, which may be fornmed by thermally nitriding a |ayer
of chem cally vapor deposited silicon dioxide in an anbi ent contai ning
anmonia (NH3), nitrous oxide (N err]O, or nitric oxide (NO. A conductive
| ayer is then subsequently 5 deposited and patterned to forma transistor
gate el ectrode 46, wherein first dielectrigc |ayer 42 and second dielectric
| ayer 44 forma conposite gate dielectric that underlies transistor gate

el ectrode 46. As shown in FIG 9, second dielectric |layer 44 increases the
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25 layer 44, active region 23, and trench isolation region 40. A
cross-sectional viewof FIG 9 taken along the line 10-10 is shown in FIG
10. FI_Gi il lustrate, in cross-section, process steps in
‘accor da ulﬂﬂnllﬂuIWIﬂnlanatlve enbodi ment of the 30 invention wherein a
trench isol &tibn structure is formed in agg ntegrated circuit. Shown in
FIG 11 is a portion 15 of an integrated circuit structure wherein a second
trench liner 50 is subsequently formed over the integrated circuit

structure of FIG 4. Second trench |ineflgimss formed adjacent to trench
liner 28, 35 and is subsequently used to forma conposite trench liner. In

a preferred enbodLnent,.trench liner 28 is a |layer of thernal 7 silicon
di oxi de and secont @/8HReh liner 50 is a | ayer of silicon nitride. In FIG
.12, a trench fill material 32 is then fornmed overlying second trench |iner
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as source gases. Alter n%t is\éﬁl:i}éonﬁhﬁf&hs[ll)E{ra?@tﬁré)ahaéﬁld@ytlaérf&l be anot her
isolation region (40, 56) and an active region (23)
formed therein, the trench isolation region (40,
10 56) abutting the active region (23) to form a
trench corner;

a first dielectric layer (42) overlying the active
region (23), wherein the first dielectric layer
(42) is self-aligned to the active region (23) and

15 abuts the trench corner;

a second dielectric layer (44) overlying the trench
corner, wherein the first dielectric layer (42) and
the second dielectric layer (44) form a gate
dielectric layer, the gate dielectric layer having a

20 thickness of less than 20 nanometers; and

a transistor gate electrode (46) overlying the trench
corner, wherein the gate dielectric layer lies
between the trench corner and the transistor gate
electrode (46). '

25
2. The device of claim 1, wherein the trench isolation
region (40, 56) comprises:
a trench (22), the trench (22) having a trench sidewall
(24);
30 a trench liner (28, 54) of dielectric material adjacent
the trench sidewall (24); and
a trench plug (34) adjacent the trench liner (2'8, 54)
and substantially filling the trench (22).
35 3. The device of claim 2, wherein the trench liner (28, 54)

comprises a layer of thermal silicon dioxide.



di el ectyd | h as germani um oxi de, spin-on-glass, et 1 0 cetera,
ot a conbination of different materials such as polysilicon and silicon

di oxi da u] H“ﬂiul}ﬂ”lurench fill material- 32 may be fornmed using other
t echni 5 yaeill l@8ma enhanced chemi cal vapor deposition, electron

cyclotron resonance deposition, or spin-opqdeposition. 1 5 In FIG
13, a portion of trench fill material 32 I1s then selectively renpved to

expose a portion of second trench |liner 50, and to forma trench plug 34
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material 32 and form 2 trench plug 34. Alternatively, standard wet or
pl asma etching techni ques may al so be used to formtrench plug 34, or a

corrtr)]i nation of clf&m' CRite rnbe«o?ﬁcei ol clairhi 40i whepeia Zhenﬂm?gmlggt’mgr!ayer g
t echni queg may al so sed_t t p . , the expose
portion 03 second trgﬁgx 'Si ﬁefai%lgz %@ﬁ‘ﬁle%ﬂ’iggﬁogghag "l eave a renmining
portion 52 of second trench liner 50, and to forma conposite trench |iner

54 conpri sing rerq.i ”W%Eﬁﬁé& %r%rgﬂﬂgt aefrehch 'ihf‘dlaﬁén Efraﬁpfrboﬂg'éﬂer 16
and buffer layer 14 are then renoved t0 expose a surtace portion 36 of
active region 23, andntegrated, eireuidneampyising; bherstaps ofs in 30

sem conduct or substr at epfadridiif £ serhictifdudtsp! Aibstratec {2y, Weconpri ses
trench Zi, conposi te trench liner cgfgtan-d tré?act% Q%E? I'?aA'VinAsas?l%vr\l%H n FI G
7, activdQegion 23 abuts tSRIGENAYGIQY;SHP g

isolation region (40, 56) and an active region (23)

formed therein, the trench isolation region (40,

56) abutting the active region (23) to form a

trench corner,

15 : forming a first dielectric  layer (42) overlying the
active region (23), wherein the first dielectric
layer (42) is self-aligned to the active region
(23) and abuts the trench corner;

forming a second dielectric layer (44) overlying the

20 trench corner, wherein the first dielectric layer
(42) and the second dielectric layer (44) form a
gate dielectric layer, the gate dielectric layer
having a thickness of less than 20 nanometers;
and

25 forming a transistor gate electrode (46) overlying the
trench corner, wherein the gate dielectric layer
lies between the trench corner and the transistor
gate electrode (46).

30 7. The method of claim 6, wherein the step of forming the
first dielectric layer (42) is further characterized as
forming a layer of thermal silicon dioxide.



regi on : a fth a preferred enbodi nent, wherein etch stop

| ayer 16 liner 14 are silicon nitride 35 and buffer
| ayer 14 @mﬂﬂﬂﬁmuﬂﬁmEe etch stop layer 16 and the exposed portion of
second traenc L be renoved in 8 phosphoric acid and buffer
| ayer 14 may be renoved in buffered hydrofluoric acid. Aternatively, the
etch stop layer 16 and the exposed portion of the second trench |iner 50

may al so be renoved using standard dry etching techniques. In addition, 5

although it is no8- sndwmathod tor farming & drenchdsolation sticiure dnsanpe

formed such that rermihlfé?gatggr cireuito compfising thet etdpgbefie exposed surface
portion 36. In FIG 15, Ti

Irst dielectric lLayer 42 econ epgsited
dielectric layer 44 andpFPXﬁt?gtﬁrsﬁﬂygo%g%%FVoﬁgbﬁﬁag?éﬂgﬁeﬁﬂf 0 forned as
previously described in Fl GsenfieOndactbrt sabstratecEdd)i havirigess mejor t in the
formation of the trench iso%gwag(%[_structure shown in FIG 15. The foregoing
description and illustrationhsS cont’ained herein denonstrate many of the
advant ages associ at ed wifoming apiteench (223 imaefirsbportianpeaf ttheul ar, it has

been reveal ed that the thickpgfigoRfubtst $abudité! EraY,! whersir thad tidifch
trench corner can be . . . .
(22) defines an active region (23) in a second
portion of the semiconductor substrate (12), the

10 trench (22) having a trench sidewall (24) and a
trench bottom (26), the trench sidewall (24)
intersecting with the major surface to form a
trench corner;

forming a trench liner (28, 54) of dielectric material

15 adjacent to the trench sidewall (24) and the

trench bottom (26); .

forming a trench plug (34) adjacent the trench liner
(28, 54), the trench plug (34) substantially filling
the trench (22);

20 forming a first dielectric layer (42) overlying the
active region (23), wherein the first dielectric
layer (42) is self-aligned to the active region
(23) and abuts the trench corner;

forming a second dielectric layer (44) overlying the

25 trench corner, wherein the first dielectric layer
(42) and the second dielectric layer (44) form a
gate dielectric layer, the gate dielectric layer
having a thickness of less than 20 nanometers;
and

30 forming a transistor gate electrode (46) overlying the
trench corner, wherein the gate dielectric layer
lies between the trench corner and the transistor
gate electrode (46).



-
increased by formng a dielectric layer which overlies both the trench
i'sol ation t mmumuiﬂm j acent active region. Therefore, the breakdown
vol t age of ; i mric overlying the trench 20 corner is

i ncreased. Moreover " sifncé the gate dielectric overlying the trench corner
has a hi gher breakdown voltage the reliabjgity of integrated circuits

fabricated with trench isolation is increased because they are now | ess
susceptible to premature gate oxi de breakdown. Therefore, rat ed

inte
circuits with hi gh 23 heiduethodi@fsclaims 8awherein the _iS&%IPIQgt jorming, the
manuf act ured. Thus i tsdep P RAGRRriERlydrh ¢44) hasmpeisaspeRentigdllyi vapor
accordance with the ipvention, g,trench i,golation structure in an
integrated circuit . Oﬁ'Ur‘gyﬁ?}L‘"&% 'r?é‘"i%ed and advant ages set forth
previ ously. Although the invention has been described and 30 illustrated

ith reference to i fic enbodi h N t 4 at the
;anenti onde | i m1é8 I hﬁ@ﬁ@‘ﬁéﬂgg}ﬂi‘t p\’/éké%edﬂ: m%%ggaﬂfogéﬁﬁﬁﬁdltég in
the art will recogni zeendtatlimeni(28sab4preomptisesr thetroally caxidizingadlae

wi t hout departing fr N i N, eto !l

i nvention !Os not g35 Q@rﬁé?fesza{eg\)agll p% !@%Qﬁ%pgﬂe‘ﬁ;&ht ?gﬁlt(?ﬁﬁ??cﬁ)att?oﬁr??pegi on.
Trench isol ation regiddeyer refr theanal tﬁ!&@%r%‘ﬂ?ﬂ & FIGs. 7 and 14 may 9



al so be used. In addition, the invention is not limted to a specific
‘trench shape, depth or wwdth. Furthernore, the invention is not limted to
.a specific trench fill material. In addition, first dielectric |layer 42
need not be fornmed under second dielectric 5 | ayer 44 in order to obtain
an increase in breakdown voltage at the tygnch corner, because second
dielectric layer 44 will not be thinned near the trench corner. Moreover,
the invention is not limted to a specific nunber of |layers for_the trench

liner, or to specTRENCHdSOLATION STRUGEURE: IN ANJINTEGRATED ot this
1 0 invention enconpassCIRCUITt ANDr METHOD :0F FORMAJIONNs as fal |
within the scope of the appended cl ai ns. Clains | claim 5 1. A
‘trench isolation structure in an integrated circuit conprising: a

sem conduct or substrate (12) hayi trench Lsol.ation region (40, 56) and
an active®egion (23) forned tﬁ)é?‘%?%& e ‘?eh@?l??d?eation region (40, 1 0
56) abutting the active region (23) to forma trench corner; a first

dielectric layer (4hp Pehiabiityd dfhenfisgratéd . circuits fabricated with trench
:' isolation is improved by increasing the thickness of the gate
dielectric overlying the trench corner. After the trench isolation

10 region (40, 56) has been formed a thin layer of silicon dioxide
(44) is chemically vapor deposited over the trench isolation
region (44) and the adjacent active region (23). A transistor gate
electrode (46) is subsequently formed over the thin layer of
silicon dioxide (44). The thin layer of silicon dioxide (44)

15 increases the thickness of the gate dielectric that lies between
the transistor gate electrode (46) and the trench corner, and
therefore the breakdown voltage of the gate dielectric at the
trench corner is increased.

FIG. 15 accompanies this abstract.

20



region (23), wherein the first dielectric layer (42) is self-aligned to the
active region (23) and 1 5 ~abuts the trench corner; a second
dicel ectric layer (44) overlying the trench corner, wherein the first
dielectric layer (42) and the second dielectric layer (44) forma gate
dielectriclD , the gate dielectric Ia%gy havi ng a 20

t hi ckness of | ess than 20 nanoneters; a transistor gate el ectrode (I®)
overlying thg

the trench c &%\\\Q&Wﬁ\\“\ﬂ\&“\‘ﬁ\\%ﬁ\ oo

(L (L L Ll
of claiml, W : s Om rlses
trench (22), \the trench (22) haV|ng a trench S|demall (24) 30
atrench lingr (28, 54) of dielectric nmaterial adjacent the trenth sidgwall
(24); and a {rench plug (34) adjacent the trench liner (28, 54) and
substantial Il % filling the trench (22) 35 3. The deV|ce of clair
wherein the t 54 =V Qs g
di oxi de.

18 N 18
16 16
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14 14
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11 4. The device of claim1, wherein the second dielectric layer (44) is
chem cally vapor deposited silicon dioxide. 5. The device of claim 1,
whrerein the first dielectric layer 5 (42) is a layer of thermal
silicon dioxide. 6. A nmethod for formng a trench isolation structure in an
Integrated circuit conprising the steps of: providing a sem conductor
substrate (12), the 10 I conduct or substrate (12) having
a trench isolation region (40, 56) and an active region (23) forned
therein, tH&t+ench isolation region (40,;%%2%butting the active region
(23) to forma tNhench corner; 15 formng a first dielectric

| ayer (42) ov ; I C
| ayer (42) i el V- gt gfied't o t e Actyve/r efi 3 d s £he/'t h
corner; formyhg/a gecong’/dil g€t )1 C er3244) HOvefl yi ng t He -
trench corgper red n/the 11T eecyfie |4y 2)/ apll ¥he/5e€0 /}5
dielectric ciprie |
| ayer havi ng/ ; ; n I"/o,r/////////////\
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and 25 formng a transi stor gate el ectrode (46) overlying the
trench corner, wherein the gate dielectric layer lies between the trench

corner and the transistor gate el ectrode (46). 30 7. The net hod of
claim®6, wherein the step of formng the first dielectric |layer (42) is
further characterized as formng a |ayer gy thermal silicon dioxide. 12

8. Anmethod for formng a trench isolation structure in an integrated
circuit conprising the steps of: providing a@fm conductor substrate (12),
t he sem conrduct substrate (12) havi ng a surface;

forming a trench (22) igpa first por | sem condyct@ substrate
(12), wher ei nAZeAvEREr AR 772 77 b L2 NENSIILENALD IF IS N
portion of the sem comductor)y substrf _1o® 23 t Aench
(22) having @ trench sidewaBp (24) ¢ boé%om (26), the tBénc
sidewal | (24)\ intersecting with € forma
308 - /TZG 12
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trench co

adj acent to the trench sidewall (24) and the trench bottom (26); forming a
trench plug (34) adjacent the trench liner (28, 54), the trench plug (34)
substantially filling the trench (22); 20 formng a first
dielectric layer (42) overlying the actiyg@region (23), wherein the first
dielectric layer (42) is self-aligned to the active region (23) and abuts
t he trenchlg er; formng a second di el ectri2“2I ayer (44) overlying the 25
trench cor nemerei n the first ghelectrig ayer (42) and the second
Ioli el echiﬁﬁl ayer (44) forma gate(die (Zagtric :Inaver, t he gate diel ectri016
ayer havitRg atiickressoitesscihay nano :
fornming a Q&mm SENION 'h6) over [ {N
wher ei n t he fréreldrétleetrd€dbfet44E bet weef Fdaé<4
transi storl4hte el ect 2&e (46). }—28 23 14
24~ —24
va S 12
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13 9. The method of claim8, wherein the step of formng the second

di'el ectric |ayer (44) conprises chenically vapor depositing silicon
di'oxide. 5 10. The method of claim8, wherein the step of formng the
trench liner (28, 54) conprises thermally oxidizing the trench sidewall

(24) and the trench bottom (26) to forma5ll5ayer of thermal silicon dioxide.
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