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AN ADVANCED LOW LEAKAGE ARCH TECTURE FOR SUB- 0. 18pm SALI Cl DED
CMOS DEVI CE BACKGROUND OF THE | NVENTI FI ELD OF
téﬁbUNﬂéﬁﬁ

HE | NVENTI ON : Theay i pvangi anqr e
faabrication of. integrated circuitzén@isﬁzl,szhg ao rg partlcul arly, to a
met hod of formng a | ow | eakage shallow trench |solat|on (STI) in the

fabrication of integrated circuits. =~ (2) DESCRI PTION OF THE PRI OR ART
As devi ce trarnDYVANCED SOW<HEAKAGH WRCHI TECPURE UBOR cSUBYOG 18w S§LASIRREY
bel ow, the use of the conventional |ocal oxidation of silicon (LOCOS)

i solation will be confined by smal IC4OScREMAREE-wi dt h encroachment (bird's
beak). Shallow trench isolation (STI) can be used to elimnate these
encroachnents, especifally in ultra |arge scale integrated (ULSlI) circuit

devi ces. BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

The present 1nvent1on relates to the
fabrication of integrated circuit dev1oes, and more
particularly, to a method of forming a low-leakage shellow
trench isolation (STI) in the‘fabricetion of integrated

~circuits.

 (2) DESCRIPTION OF THE PRIOR ART

As device technology is scaled down to the
quarter micron regime and below, the use of the conventional
local o#idation of silicon (LOCOS) isolation will be confined
by smaller channel-width encroachment (bird's beak). ‘Shallow
trench isolation (STI) can be_used to e1iminate these
encroachments, especially in ultra large scale integrated

(ULSI) circuit devices.

However, in forming shallow trench isolation
- regions, after the trench has been filled, the removal of the
- pad oxide also results in the removal of the corner regions

of the shallow trench isolation (STI) region causing corner



However, in form ng shallow trench isolation regions, after the trench has
been filled, the renoval of the pad oxide also results I n the renoval of
the corner Tegions of the shallow trench isolation (STlI) region causing

cor ner " recesses, as shown'in Fig. 1. STl region 20 forned in
the sem conductor substrate 10 has corner recesses 25. This results in a
sharp corner 27 at the edge of the active area which will lead to a high

el ectric fikaPSHTS| é&k&&@wﬁuﬂl dritd. Ipo| $IT| rediry A% Exgmed dpokhein a

| at | W) t t 27 th
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wrap- ar ounte &hf18e in a sharp corner 27 A $Be LHES dE€SUld Sadt’lv%ug'rgﬁesm)l d

hunps in the MOS transistors forned-in the active regions.
subt hr esholwhiuiwidl lsadntebaciigh JUTtaevi £eeld eind ):ea\li[a@er ]cuwéﬁe

caused by the high electric field built up at the sharp ST
Polysilicon gate 30 is shown in a lateral view. When the
polysilicon gate runs over the sharp corner 27 the high
electric field broblem occurs.' This is also known as "poly

wrap-around effect."

Also, this results in subthreshold_humps in
the MOS transistors formed in the active regions. The
subthreshold hump 21 is an abnormal MOS device Is - Ve curve ;
caused by the high electric field built up at the sharp STI
corner 27, as illustrated in Fig. 2. Fig. 2 illustrates gate
electrode voltage Ve as a function 6f saturation current Io.

_The'high electric field resuits in the "Va-kmk" phenomenon,
shown by 21, which results in a hlgher subthreshold leakage

current and dlfflculty in controlling the threshold voltage.

A eecond.problem is illustrated in Fig. 3.
After silicidation 32 of the source/drain region 34, the
recessed corners 25 allew junction leakage 35. A third
| problem occurs when fdrming a borderless cohtact, as shown in
Fig. 4. .Polysilicon contact 40 is formed over the STI

regidn; resulting in gouging into the STI region and causing
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corner 27, as illustrated in Fig. 2. Fig. 2 illustrates gate electrode
voltage VM err] as a function of saturation current I[err]. The high
electric field results in the "V[err]-knk" phenonmenon, shown by 21, which
results in a higher subthreshold | eakage current and difficulty in
controlling the threshold voltage. ' A second problemis

il Tustrated |0 Eig, é%nta%&tgggﬁ%%écéﬁygéﬂ¥14 2 of the source/drain region

34, the r&Cessed corners 2 w junction l'eakage 35. A third . probl em
occurs when formng a borderless contact, as shown in Fig. 4. Polysilicon
contact 40 is fornmed over the STI region; resulting in gouging into the
STl region and causing A number of patents have addressed the

excessi've contact |eakage current 41. A nunber of patents

have addr efeematien b shalilow sFesehesow Yrendadent Se83baihttS, 834, 360 to
'.I'esaur.o et Tgclsaxtxgg Cgte Safttcergc%%saes:éﬁggg éNi Errgnncha wsllﬁ?ﬁ{argt Substrate, . |
| forming a silicon etch stop léyer within the trench, and |
silicon nitride 5pacers on the'sidewalls of the trench, and
then oxidizing the silicon to form a fieid cxide.region
within the trench. U.S..Patenf 5,637,529 to Jang et al
teaches forming silicon nitride spacers on the sidewalls of a
patterned silicon nitride layer and then etching é trench
into the substrate betweeﬁ the spacers. Germanium is ion
implanted underlying the trench and a field oxidation region
is formed within the trench. U.S. Patent 5,780,325 to Lee
forms an ion implahted region in a substrate, forms spacers
on the sidewalls of an opening'in an insuléting layer_over
‘the implanted region, etches a trench through the implanted
'region, leaving implanted éreas under the spacers at'the.
'sidewalls\of the trench; and.then fills the trench. : U.S.
Patent 5,795,811 to Kim et al forms spacers on the sidewalls
of an opening in an insulatihg léyer and etches a tfenéh
between the spacers into the substrate. A two-step. trench
'fill and etch back completés the isolation region. U.S.
Patent 5,753,562 to Kim teaches an STI method in which a

trench is filled with layers of silicon nitride and oxide.
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formng a silicon etch stop layer within the trench, and silicon nitride
spacers on the sidewalls of the trench, and then oxidizing the silicon to
forma field oxide region wthin the trench. U S. Patent 5,637,529 to Jang
et al teaches formng silicon nitride spacers on the sidewalls of a
patterned silicon nitride | ayer and then etching a trench into the

Substrate BeLWEgHet Ne SPAL A% ppefObUBRI MRicul Ahe bBBLEH!SH wader|ying the

trench and a freld oxidation réegion s tormed wthin the trench. U S

Pat ent 5, 780eRreR bécbres 1y Mopabfi €Rei TPérdH ad peeventi comenbstrat e,
forms spacers on the sidewalls of an opening in an insulating |ayer over
t he i npl anredesgsgson, etches a trench through the inplanted region,

| eavi ng i npl anted areas under the spacers at the sidewalls of the trench,
and then fills the trench. U S. Patent 5,795,811 to Kimet al forns

spacers on the sidewalls enL.nd.4 ihsul ating | ayer and etches a
trench between the spacé?@hpﬁab%?hghguﬁg?ﬁgﬂghpA.tmo-step trench fill and
etch back conpletes the isolation region. U S. Patent 5,753,562 to Kim

teaches an STI nethod in which a trench is filled with layers of sili.con
nitride and oxi de. Accordingly, the primary objegt of the

invention is to provide a process for forming shallow trench

isolation in the fabrication of integrated circuits.

A further cobject of the invention is to
provide a process for forming shallow trench isolation which

prevents shallow trench isolation field edge exposure.

Another object of the invention is to provide
a process for forming shallow trench isolation in which there
is a smooth transition between_activé areas and the isolation

- region.

Yet another object of the invention is to
provide a process for forming a stepped shallow trench

isolation.

A still further object of the invention is to

provide a process for forming a stepped shallow trench



The substrate is flipped over wherein the bottomof the trench becones the

top of the trench to prevent corner recesses. _ "~ SUMMARY OF
THE | NVENTI ON . Accordingly, the primary object of the
invention is to provide a process for form.ng shallow trench isolation in
the fabrication of integrated circuits. A further object

of the | VALY dr HoinB" QVEUfackd HAGEIGe! Bpaber Mtrshal | ow trench
i sol ation I C preventS shallow trench isolation field edge exposure.
Anot her object of the invention is to provide a process for formng
shal l ow trench isolation in which there is a snooth transition between
active areas and the isoNati amotheyiahject is to provide a process for

forming a stepped shallow trench isolation with channel field

implants to reduce isolation leakage.

Yet another object is to provide a process for
fo;ming a stepped shallow trench isolation with a blocking
nitride spacer and channel field implants to reduce isolation

leakage.

A still further object is to provide a process
for forming a self-aligned nitride spacer which acts'as an
etch-stopping layer for borderless contact formation to .

minimize contact leakage.

In accordancenwith the objects of the
iﬁvention, a method for fofﬁing a stepped shallow trench-
isolation is achieved. A pad.OXide layer is deposited on the
surface of a semiconductor substrate. A first nitride layer
is deposited overiying the pad oxidé layer. The first.

nitride layer is etched'thrqugh wheré it is not covered by a
mask to prqvide an opening to the pad oxide layer. A first
trench ié etched through the pad oxide layer within the

opening and into the semiconductdr substrate. A second



Yet another object of the invention is to provide a process for formng a

st epped.shal l ow trench isolation. ' A still further object
of, the |nvent|on is to provide a process for forn1ng a stepped shal | ow
trench i -4 i solation having a
reduced nitride spacer w dth. Yet another object is to
provi de a process for forn1n a ste shal eq?h Jdsaolation with
channel f|%&¥quQnﬂ§§ﬁFélFodFE tEP¢ Y&Hgléﬁﬁa%%r nitride layer Yet

oo, A A B B BEORET, SR R o0

to reduce j} 0l ald Ohydred6288i sotropically etched to form nitride
spacers on the sidewalls of the first trench and the
semiconductor substrate is etched into where it is not
covefed by the spacers to fofh a second trench. Ions are
iﬁplanted into the semiconductor substfate underlying the-
second trench. The first.and second trenches aré filled with
an oxide layer. Thereafter,-the first nitride and pad oxide
layers are removed completing the formation of shallbw trench
isolation in the fabrication of an integrated circuit deviée.
This nitride spacer STI architecture prevents STI corner
_6xide.récess'and enables borderless contact formation. This
unique process'reduces junction leakage.and also reduces

contact leakage.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

matgrial part of this description,_there is shown:

Figs. 1, 3, and 4 are cross-sectional

representations of an embodiment of the prior art.
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A still further object is to provide a process for formng a self-aligned
ni toride.spacer which acts as an etch-stopping |ayer for borderless contact
formation to mnimze contact |eakage. | n accordance
with the objects of the invention, a nmethod for formng a stepped shall ow
trench isolation is achieved. A pad oxi de | ayer is deposi ted on the

surface of a sen1conduct supstrate. N it nltg aé@%n f %.d sited
overlying the pad oxi de Ié?ér The® f95§ﬁh SRt FrgeE f% i Schéd rough
where it i &F R/ io3Ng Eeﬂé@ﬁx el dized oxide
| ayer. ?h 'rené%ﬂ 'S gtc ed throug eopa oxli de éayer w thin the

openlng angofﬁ@f)5§Eaéu¥ada@§dgctor substrate. A second

Figs. 5 throughllz are cross-—sectional
representations of a preferred embodiment of the present

invention.
DESCRIPTION OF THE_PREFERRED EMBODIMENTS

The process of the present invention provides

- a steﬁped shallow trench isolation (STI) thch prevents STI
field edge exposure which would lead to high field edge
junction leakage. A thin blocking nitride spacer is used in
the process of the'invention. The presence of this spacer
alloﬁs for channel field imﬁlénts to redﬁce isolatiqn
leakage. This is especially important in devices havingi
feature sizes of 0.18 um énd below. The process of the
invention will be described with reference to Figs. 5 th;ough

12.

Referring now more particularly to Fig. 5,
there is shown a semiconductor substrate 10. A 1ayér of pad
silicon oxide 42 is grown on the surface of the semiconductor

substrate to a thickness of between about 50 and 200



nitride layer is deposited overlying the first nitride Iayer' and fifIing

the first

ani sotropically etched to formnitride

trench. Simultaneously, the second nitride |ayer is

first trench and the seniconductor substrate is etched into where it
not covered by the spacers to forma second trench. lons are inplanted

into the sem conduct or ubstra derl the se first

and second®RISHINY afk FFea%mf¥ﬂ c%ﬂ1 de I§§e}§ iﬁ%rea %pcwl$ﬁe first

nitride ang p ah&'a & d:iRe '1%%&8%%&&@#&:@%@5?%@9@&? dgmtiovy of
1 SO

shal | ow t rénc
Thhe 2040 iRysyromel, STl architecture prevents STl corner oxide
recess and enabl es borderl ess contact formation. This unique process -

devi ce.

ation e fabrication of an integrated circuit

reduces junction | eakage and al so reduces contact Ieakage

BRI EF DESCRI PTI ON OF THE _DRAW NGS he_acco an |ng

drawings formng a natef 2ROFAFESEFL (PREK O, FB’PY’Bn lf HEP g
ThOe  For kpe S dlE O WR %ﬁ%&h&&aiayéxe%%e%aabgﬂfnafwﬁ&eew' rent. of

the prior

shallow trenqh isolation region is to be formed._ Using
conventional photolithography and etching technigues, the
nitride layer is etched to leave an opening 45 where the

isolation regibn is to be formed.

Referring now to Fig. 6, using the silicon

‘nitride as a hard mask, the_pad oxide layer and the

semiconductor substrate exposed within the openiné are etched
into to a depth of between about 2000 and 3500 Angstroms to

form a trench 46.

Referring now to Fig. 7, a blanket deposition

of silicon nitride 48 is made over the surface of the

substrate and within the trench. The silicon nitride layer

is deposited to a thickness of between about 300 and 1000

Angstroms.

As iliustrated in Fig. 8, the silicon'nitride

layer 48 is anisotropically etchéd to leave spacers 50 on the

spacers on the sidewalls of the

S

3
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6 - . Fig. 2 is a graphical representation of
V[err]-knk phenonenon existing in STI of the prior art having excessive

cqQrner oxide recesses. Figs. 5 through 12 are,
cross-sectional representations of a preferred enbodi nent of the present
I nventi on. ' DESCRI PTI ON OF THE PREFERRED ENMBCDI MENTS

S0l At on Seeyaiin G ik, srpeearhe PP E35p BrBRoRPES, AT oul 0l ead (o
i gh {1 el dg GH0Fear 1619 FREE e dpd i e U A 162N dnBb  ERECRRGAT S Used
| under that part of the trench 46 not covered by the nitride
spacers 50. This trénch 52 has a depth of between about 506
and 2500 Angstroms. The silicon nitride spacers have a width

of between about 300 and 1000 Angstroms.

wa, a reverse NMOS-PMOS field implant mask,
not shown, is forméd over the-éubstrate.and ionS'a:e_
implanted into the semiconductor substraté underlying the
.deep trench 52 to prevent leakage. The field implant region
56, shown in Fig. 9, ﬁill_be either N+ or P+ depending upon
-the nearby devices. For example, an N+ field implént méy
comprise boron oi BF= ions implanted at a dpsage_of between
about 1 x 10** andll x 102 atoms/cm® at an energy of 30 to'
.80 Kév. A P+ field implant_méy‘comprise'phosphqrus or
arsenic ions implanted at a dosage of between about 1'# 1011

and 1 x 10** atoms/cm® at an energy of 30 to 80 KeV.

An oxide layer is deposited by CVD over the
surface of the substrate and filling the trench. The oxide
layer may have a thickness of between about 4000 and 8000.

. Angstroms. The oxide léyer is polished using CMP with a
_polish siop at the nitride layer 44. The resulting STI

region 60 is illustrated in Fig. 10.
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the process of the invention. The presence of this spacer allows for
channel field inplants to reduce isolation |eakage. This is especially
inportant in devices having feature sizes of 0.18 pmand bel ow. The
process of the invention will be described with reference to Figs. 5

t hrough 12. ' Referring now nore particularly to Fig. 5,

there is shown a senicong@&%?EPﬁggl {53534¥%r§ée'§§§%§CH4‘¥¥jréH34eﬁpn oxi de

42 is grown on the surfa sen-conductor trate to a thickness

of betmeenu%?ﬁgfafghégﬂﬁ 2%nback. Since plasma etchback is - 7

Angst rons. yer of silicon nitride 44'is deposited over the pad oxide
| ayer 12 t@isdeébictdes i nieriaenspdeeis EW@reapdoR86fed\ iy titons.

A phot oresi st nmask, not shown, is formed over _
oxide layer 60 and not removed. Next, the pad oxide 42 is
remoﬁed. This results in smoothing the corners of the

nitride spacers 50, as shown in Fig. 11.

Proceséing_continues as is convenfional in the
art. For example, as illustrated in Fig._lz, a géte oxide
and a polysiliéon layer are dePoSited over the surfaée of the
substrate and patterned to form gate electrodes 70. Source

:and drain regions 72 associated with the gate électrodes 70
may be formed in the éctive regions between isolation regions
as is conventional in the art. The'gate electrodes and

source/drain regidns may be silicided 74, as is conventional.

There ié no juﬁction'lgakage after
éilicidation in the process of the invention. As shown ih
.Fig. 3, the junction leakage 3S'occurs because the corner
recess 25 of.the STI region allows curient to pass f:om an
overlying conducting layer, not shown, into the'substrate at
the source/drain region 34. In the process of the invention,
as shown in Fig. 12, the recess 65 is bounded by the silicon

nitride spacer 50.

10
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the surface of the nitride layer with an opening where the shallow trench
I selation region is to be forned. Using conventional photolithography and
etching techniques, the nitride layer is etched to | eave an opening 45
where the isolation region is to be forned. Referring
nowto Fig. 6, using the silicon nitride as a hard nmask, the pad oxide

| ayer and the sem co_ndug.Tt_Lar fybfﬂ‘?%%l?%%o ed %;:mﬂ&peofogem ng are

etched into to a depth o tween a O and 3500 Angstrons to forma

trench 46.porderless contact 78¢f erfid Mbr@Y bRokkfs doed dytarkaiowdeposi tion
of silicon nitride 48 is nade over the surface of the substrate and within
t he trenchbodderbids comtaictri d8iheg crhe iintdapevelcdiebectnin diavess 76f

bet ween about 300 and 1000 Angstrons. ﬁf |IIu rated in
Fig. 8, thandjthediThifd pde bpEhcrxides s contast: SEF]&H’L?W L HFEFYS | eave

spacers 5018” x£§§51ve STI oxide loss (as shown in Fig. 4) However,

in the process of the_present invention, the nitride spacer
50 at the STI-acfive area junction acts as an etch stop to
prevent STI oxide gduging. Therefore, contact leakage is

minimized.

The process of the present invention results
:in the formation of a stepped shallow trench isolation (STI).
"The STI field edge exposufe is prevented by the pfesence of
the thin nitride spacers. This in turn prevents_high field
edge junction leakage after salicidation. The stepped STI
w1th blocklng silicon nltrlde spacers allows channel field
1mplants to reduce isolation leakage especially in devzces
with feature sizes of 0.18 pm and below. The borderless:
contact process is fully supported by the process of the

invention.

While the invention has been particularly
shown and described wifh reference to the preferred
~embodiments thereof, it will be understood by those skilled

in the art that various chariges in form and details may be

11
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sidewal s of the trench 46. This etch step also sinultaneously etches a
deeper .trench 52 into the substrate wunder that part of the trench 46 not .

covered by the nitride spacers 50. This trench 52 has a depth of between
about 500 ~and 2500 Angstrons. The silicon nitride spacers have a width of
bet ween about 300 and 1000 Angstrons. Now, a reverse

NMOS- PMOS fiel d, | o] r ubstrate and
ions are m?ﬁﬁlﬁh?% u?ré??ﬁﬁiéhgéﬁf gﬁgm%ﬁi J%g??gggeﬁﬁdgfrﬁ?ﬁg the deep
trench 52, Lo B% gygnt | eakage. The fleld i npl ant region 56, shown in Fig.

9, will bé el N+ or P+ dependi ng upon the nearby devices. For exanple,
an N+ field inplant may conprise boron or BF[err] ions inplanted at a
dosage of between about 1 x 1011 and 1 x 10[err] atoms/cnferr] at an’
energy of 30 to 80 KeV. A P+ field inplant may conprise phosphorus or
arsenic ions inplanted at a dosage of between about 1 x 10[err] and 1 x
10[err] atons/cnR at an energy of 30 to 80 KeV. ' _

12



An oxide layer is deposited by CVD over the surface of the substrate and
frlling the trench. The oxide |ayer nay have a thj MMn about
4000 and ‘8000 Angstrons. The oxide |ayer is poli shﬂ“maﬂnm a
polish stop at the nitride layer 44. The resulting STl ¢régidn 80 s
illustrated i n Figamd. ’ 9

Now, the silicon Qitl y ' ' LN G e tglaback.
Since plasm ?’cﬁgaf{fhﬁg L)gl ?{éﬁlﬁﬁ%zﬁﬁﬁqﬁ\gﬁﬁffﬁﬁge&s%a%ers 56pare pr ot ect ed
by the oxide tawaiciGonndingh igrEytted\RiircutBed@erce datpriZiiny: removed.
This results in snmoothing the corners of the nitride spacers 50, as shown

in Fig. 11. depositing aPpadecssidey layer wnethassyrfaemadtd onal in

the art. For exanple, as illustrated in Fig. 12, a gate oxide
semiconductor substrate;

5 depositing a first nitride layer overlying said pad
oxide layer; | |
patterning said first nitride layei to provide an
" opening to said péd oxide layer;
etching é first tnencﬁ through said pad oxide layer
10 within said opening and into said semiconductor
substrate;
depositing a second nitride layer overlying said'
first nitride layer and fiiling said first trench;
simultaneously anisotropically etching said second
15 nitride layer to form nitride spacers on the.sidéwalls
of said first trench and étching into said semiépnductof
substrate not covered by said sﬁacérs to form a second
trench;
implanting ions intoﬂsaid sgmicqnductor_substrate
20 underlying said second trench}
filling said first and second trenches with an
loxide layer;
théreafter removing said first nitride and pad
oxidé layers'completing said formation of said'Shallow

25 trench isolation in said fabrication of said integrated

13



and a polysilicon |ayer are deposited over the surface of the substrate
and patterned to formgate electrodes 70. Source and drain regions 72
associated with the gate el ectrodes 70 nay be forned in the active regions
bet ween isolation regions as is conventional in the art The gate —

el ectrodes and source/drain regions may be silici '
conventional. - . ) There is no juncti a ai HeHgl“l
silicidation CATEH&tpE®EE®: of the invention. As s s 3, the

junction | eakage 35 occurs because the corner recess 25 of the STl region
allows current to pass froman overlying conducti.ng |ayer, not shown, into
the substrate at pplhRe$R4E CEéErling 8l eladd. 1 Ivhddwinpraddspadf the -
invention, as shown in Fig. 12, the recess 65 is bounded by the silicon
nitride spacergy3@e layer has a thickness of between about B® and 200

Angstroms.

3. The method éccording to Claim 1 wherein said first
. nitride layer is-deposited to a thickness of between

about 1000 and 2000 Angstroms.

4. The ﬁethod according to Claim 1 wherein said first
trench has a depth of between about 2000 and 3500

Angstroms.

5. The method'according-to Claim 1 wherein said second
nitride layer is deposited to a thickness of between

about 300 and 1000 Angstroms.
6. The method according to Claim 1 wherein said second
trench has a depth of between about 500 and 2500

Angstroms.

7. The method according to Claim 1 wherein said spacers .

‘have a width of between about 300 and 1000 Angstroms.

14
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Fig. 13 illustrates the formation of a borderless contact 78. The nornal
process does not allow a borderless contact. Since the interlevel
dielectrirc layer 76 and the STI 60 are both oxides, contact etching wll
result in excessive STI oxide loss (as shown in Fig. 4). However, in the .
process of the present invention, the nitride spacer 50 at the STl-active
area junction ac as tch stop to: eyen axi de .gou N0, ¢
Therefore, co a%% I@ﬁggﬁ Fece qg%?egialm Eier81n said S%ﬁ@ process of
t he present t ftc;bq Jegdgshal I ow trench
I.sol ation (STr}')\i%#%gegg'éy#l%?dé& geé g%gggﬁ%geﬁg%r%vle%nt ed %;/1 the presence
of the thin mijttride 3BgELrsnd THiY isenii¢oAdREEYENESodtgitd iiel d _edge .
junction | eakage after salicidation. The stepped STI wth bl ocking si
nitri de spacenerdioroes ubingeinisaimbpiicnplasns e¢tchigdnce i sol atﬂ“uﬂl‘“‘ﬂ‘m%i“ “ ‘“‘
especially in devices wth feature sizes of 0.18 pm and bel ow. L
borderl ess contact process is fuIIy supported by the process of the

i nventi on. Wil e the invention has, been particularly

shown and desc Jh¢ Wethoderererding Fo Féaﬁ’r“e?'eﬁ”lf‘%’ﬁel'érﬂﬁ)‘d!lo Fe%Ps ®Eher eof

IF wll be un%%& %%QQngylgHQScoﬁb Jéégjlmplantlng boron or BF=z ions

"at a dosage of between about 1 x 10** and 1 x 10%*=
atoms/cm® at an energy of 30 to 80 KeV to form_an N+
field implart region underlying said shallow trench

isolation.

10. The method according to Claim 1 wherein said“step of
implanfing ions comprises implanting phosphorus or
arsenic ions at a dosage of between about 1 # i0** and
1x 1013 atoms/cm® at an ehergy of 30 to 80 KeV to form
a P+ field implant regioﬁ underiying said shallow treneh'

isolation.

11. The method according to Claim 1 wherein said step of
filling said first and second trenches coﬁpfises;
depositing an exide layer by low pressure chemical
- vapor deposition to a thickness of between about 4000
5 and 8000 Angstroms; and |

polishing said oxide layer using chemical

15



in the art that various changes in formand details may be - rade

Wthout departing fromthe spirit and scope of the '”VemIIWIIHHIHIIIIHIIIIIllll-

mechanical polishing with a polish stop at said first

nitride layer.

12. The method according to Claimll further comprising
fabricating semiconductor device structures in and on -
- said semiconductor substrate between said shallow trench

isclation.

13. A method of forming shallow trench isolaﬁion-in the
fabrication of an 1ntegrated circuit device compr1s1ng.
depos1t1ng a pad oxide layer on the surface of a
semiconductor substrate;
5 ' depositing a first nitride layer overlying said pad
oxide layer; ' |
patterninQ said_first nitride layer to provide'an
_opening to said bad oxide ieyer;
etching a first trench'through said pad oxide layer
io' within said opening and into said semiconductor
substrate; |
depositing a second nitride layer overlying said
fi:st.nitfide,layer and filling said first trench;
simultaneously _enisotropically etching said second
15 5n1trlde layer to form nltrlde spacers on the sidewalls
of sa1d first trench and etchlng 1nto said semlconductor

substrate not covered by sald_spacers to form a second

16



12 | CLAI M5 1. A method of forming shallow trench

i solation in the fabrication of an integrated circuit device
CONpPFi si ng: - depositing a pad oxide layer on the surface of a
seni conduct or substrate; 5 depositing a fiTst r nitride |aye

overlying said pad ~  oxide |ayer; patt Imllmuﬂm/“ ml
nitride |ayer to provide an opening to said pad
.etching a firsrencdich through said pad oxide layer 10 Within said
opening and into said sem conductor

implanting ions into said semiconductor substrate

20 underlying said second trench to form a channel field

implant;

depositing an oxide layer overlying said first
nitride layer and filling said first and second
trenches; | | _

25 polishing said oxide layer with a polish stop at
said first nitride layer; thereafter removing said first
| nitridé and pad oxidellayexs Whérein'saidlnitride
.spacers block leakage through exposed corners of said’
oxide layer within said first and second treﬁches

30. completing said formation of said shallow trench
isolation in said fabrication of said iptegrated circuit

device.

14. The method according to Claim 13 wherein said pad
oxide layer has a thickness of between about 50 and 200

Angstrbms.
15. The method according to Claim 13 wherein said first

pitride layer is deposited to a thickness of between

about 1000 and 2000 Angstroms.

17
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substrat e; depositing a second nitride | ayer overlying said

first.nitride layer and filling said first trench;

S|nultaneously ani sotropically etching said second 15 nitride | ayer to
formnitride spacers on the sidewalls .- of said first trench and
etching into said sem conductor - substrate not covered by said spacers

to forma seco

h. .. _inplanti
sem conduct or ggbs??%t’%é{h%gc aﬁﬁaﬁﬂ"%’ NP s%#a(r;p“bg o ggf?y_ﬁ&ﬁ
filling said ftféﬂcﬁ%é%f th! 68 Bl t 2000 8¥4CS50@Yer:

thereafter renoving sald r|de and oXI ayers
conpl eting sai fin§&¢rdrhd ON of sald shal | ow 25 trench isolation in said

fabrication of said integrated : ' 13

O s

17. The method according to Claim 13 wherein said second
nitride layer is deposited to a thickness of between

about 300 and 1000 Angstroms.

18. The method aécording to Claim 13 wherein said second

trench has a depth of between about 500 and 2500

rastrone. AR O AR O 1
o * [ L M s *

19. The method according to Claim 13 wherein said
spacers have a width of between about 300 and 1000

Angstroms.

20. The method accordlng to C1a1m 13 whereln said step
of s1mu1taneously an1sotrop1ca11y etchlng said second
nitride layer and said semiconductor substrate is-

performed using anisotropic plasma etching.

21. The method according to Claim 13 wherein said step
of implanting ions comprises implanting boron or BF=
ions at a dosage of between‘aboutll x 10** and 1 x 10*=

atoms/cm® at an energy of 30 to 80 KeV to form an N+

18



2. The nethod according to Claim1l wherein said pad oxide |layer has a

"t hickness of between about 50 and 200 Angstrons. 3. The net hod .
according.to daim1 wherein said first nitride layer is deposited to a
tthi ckness of between about 1000 and 2000 Angstr ons. 4. The net hod
according to Caim1 wherein said first trench has a depth of between
about 2000 and 3500 _Angstrons. 5. The method according to Claim1l -
wherein said s&&ehd 1W9¥#ﬂ§h¥eﬂé?§runéeﬁbxingtﬁﬁidt§haliﬁchﬁ%%§hof betmeeh
about 300 and 100 Nt ‘%itroms 6. The net hod accord

sai d second t &R a depth of between about 500 and 2500 lm J"l“ﬂ"”ll"”“l
7. The nethod according to Caim1l wherein said spacers ' have
bet ween about 300 and 1000 Angstrons.

22. The method according to Claim 13 whereln said step

of implanting ions comprises implanting phosphorus or.
arsenic ions at a dosage of between about 1 x 1022 and
1 x 10*% atoms/cm® at an energy of 30 to 80 KeV to form
a P+ field jmplant regisn underlying said shallow trench

isolation.

23. The method according to Claim 13 further comprising
fabrlcatlng semiconductor dev:ce structures in and on
said semiconductor substrate between said shallow trench

isolation.

24. A method of'forming shallow trench isolation in'the
fabrication of an integfated circuit device cémprisihg:
depositing a pad oxide layer sn the surface of a
sem1conductor substrate; |
5 dep031t1ng a first nitride layer overlying said pad
qxide layer;
patterning'said first nitride layer to provide an
opening to said péd oxide layer; |
etching a fi;st trenchsthrough said pad oxide'layer

10 within said opening and into said semiconductor

19
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14 : 8. The method according to Claim1l wherein said step of
simul t aneously anisotropically etching said second ——-nit+i-de-l-ayer—and

sai d sem conductor substrate is per formed using ' o .
et chi ng. : 9. The nethod according to.Caim1l wh qgm IHﬁﬁIﬂHﬂ ﬂﬁ
i L wal s sage

I npl anting ions conprises inplanting boron or BF[err]

of between about JFX_QQIerr] and 1 x 10[err] atons/cn2 at an energy of
30 to 80 KeV tBWRYHH N+ field inplant region underlyingsaid shallow
trench i sol ati ‘g 1 dj . ' wherein
said step of iéﬁhgﬁﬁﬁﬁﬁ Fo%gcéﬁﬁ;#gﬁigg% %%?gﬁtéﬂgr%ﬁgé %%gﬁé or

arseni ¢ ions atifstiaenaadf 109byesna abpulink %alhl ikt aptencn; 1 X 10[err]
atons/cnjferr] at an energy of 30 to 80 KeVto form a P+ field inplant
pegion under | yi ng ssinthlsiamleoowlyr antdotropically plasma etching said
15 second nitride layer to form nitride spacers on the
sidewalls of said first trench and etching into said
semiconductof substxate nof covered by said spacers to
form a second trench; .
implanting ions into said semiconductor substrate
20 underlying'said second trench to fbrﬁ a éhannel field
implant;
~ depositing an oxide layer overlying'said first'
nitride layer and filling said first and second
trenches;
25 polishing.said oxidellayer with a polish stop at
said first nitridejléyer;
thereafter removing'said first nitride and péd
Oxide'layers ﬁherein said’nitride spacers block leakage
through exposed corners of said oxide layer within said
_30- first and'second trenches completing said formétion of
said shallow trench isolation; |
| ‘forming gate eiectrpdes_and associated source and
drain_regions between said shallow trench isolation; and
éiliciding said gate eiectrodes and said source and

35 _ drain regions to complete fabrication of said integrated

20



i sol ation. 11. The method according to Claim1 wherein said step of
filling said first and second trenches conpri ses: depositing an
"~ bxi dé layer by | ow pressure chem cal vapor deposition to a thickness
&f between about 4000 5 and 8000 Angstrons; and nOIIShlnG sai d

oxi de | ayer using chem cal mechani cal hi with a
polish stop at said first nitride layer. a“ I u HIL
according to @iESwF PGY?ﬁ%r conpri sing fabric

device structures in and on said sem conductor substrate betmeen said
shal | ow trench . i sol ation. 13. A nethod of form ng shallow -
trench isolatig ivhe Rthoa abebfdGd Y Abian2kiReF&ehHid Firdsrdevi ce

conpri si ng:

and second trenched have a combined depth of between

-about 2500 and 6000 Angstroms.
26. The method according to Claim 24 wherein said

spacers have a-wiath of between about 300 and 1000

'Angstroms.
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depositing a pad oxi de layer on the surface of a sem conduct or

substrate; 5 © depositing a first nitride | ayer overlying said pad
oxi de l'ayer: - : patterning said first nitride layer to provide an
opening to said pad oxide |ayer; _ .. etching a first trench through
said pad oxide layer 10 wthin said opening and into said sem conductor
substrate; | ' _ depositing a pacpi tride layer overlying said

first nitride layer and filling sai irst trench; si mul t aneousl y
ani sot r opi cal hy svEREDILOWALEAKAGE ARGhI THETURE iFOR | 18- Q%6 ShOrdIOEINCHbS DEVIE
spacers on the sidewal ls of said first trench and etching into said
sem conduct or  a metHdEs ost Eonving @y estegped shalilepateench dsadanhignsecond
16 trench; . _inplanting ions into said

SEH]COHdUCi@FdSSﬂEihQﬁ{B A pad oxlde layer is deposited on the surface
of a semiconductor substrate. A first nitride layer is
deposited overlying the pad oxide layer. The first nitride
1éyer is etched through where it is not covered by a mask to
érovide an opeﬁing to fhe pad_oxide layer. A first trench is
etched through the pad oxide lgyer within the opening and
into fhe semiconductor subétrate. A second nitriég layer is
deposited overlying the first nitride layer and filling the

- first trench. Simuitaneoﬁsly; the_second nitride layer is
anisotropically etched to form nitride spacers on the N
sidewalls of the first trench'and the semiconductor substrate';
is etched into where it is not covered by the spacers to form
a second trench. ITons are iﬁplanted into the'semiconductor
substrate. underlying the secénd +rench. The first and second
'frenches are filled with én oxide layer. Thereafter, the
first nitride and pad oxide iéyers are_removed completing the
formation of shallow trench 1solat10n in the fabrication of
an integrated circuit device. Th1s nitride spacer STI
architeqture prevents STI corner oxide recess and enables
borderless contact formation. This unique process reduces
'junctioh-leakage and also_reduces'contact leakage. .

(FIGURE 5 IS SUGGESTED FOR PUBLICATION)
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20 underl.ying said second trench to forma channel field - i nmpl ant ;

depositing an oxide |layer overlying said first nitride | ayer and
«filliing said first and second .~ trenches; 25 pol i shing said
oxide layer with a polish stop at - said first nitride |ayer;
thereafter- removing said first nitride and pad oxi de |ayers
wherein said.nitride spacers bl ock | eakage t hrough exposed corners of
said ©  oxide layer within said first and second trenches 30

conpl eting said formation of said shallow trench isolation in said
fabrication of said integrated circuit devi ce. : 14. The net hod
according to Caim 13 wherein said pdd oxi de layer has a thickness of
bet ween about 50 and 200 Angst rons. 15. The met hod accordi ng
to Claim13 wherein said first nitride layer is deposited to a

t hi ckness of between about 1000 and 2000 Angstrons.

17 o :
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"16. The method according to aim 13 wherein said first trench has a depth
of between about 2000 and 3500 Angstrons. 17. The method according to

+Claim 13 wherein said second nitride |layer is deposited to a thickness of
Pet ween about 300 and 1000 Angstrons. .18. The nethod according to Claim
13 wherein said second trench has a depth of between about 500 - and 2500
Angst r ons. 19. The nmethod according to Caim 13 wherein said spacers.
have a wi dth of between about 300 and 1000. "Angstrons. 20. The net hod
according to Caim13 wherein said step of sinultaneously anisotropically
etching said second _
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FIG. 8 Prior Art
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nitride | ayer and said sem conductor substrate is perfornmed using

ani sotropi c plasma etching. 21. The nmethod according to Caim 13 wherein.
-said-step of inplanting ions conprises inplanting boron or BF2 ions at a
tlosage of between about 1 x 10[err] and 1 x 10[err] -~ atonms/cn2 at an ener gy

of 30 to 80 KeV to forman N+ 18
field inplant region underlying said shallow trench i sol ati on.
22. The method according to Claim 13 wherein said step of inplanting
i ons conprises inplanting phosphorus or arsenic ions at a dosage of
bet ween about 1 x 10[err] and 1 x 10[err] atons/cn? at an energy of
30 to 80 KeV to form a P+ fleld:wnplant regi on underlying said
shal | ow trench i sol ation. :
é;S
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23. The nmethod according to Caim213 further conprising fabricating
~sem conductor device structures in and on sai d sem conduct or
'substrate between said shallow trench i sol ation. 24. A nethod -
of form ng shallow trench isolationin the. fabrication of an
integrated circuit device conprising: : depositing a pad oxide

| ayer on the surface of a sem conduct or substrate; 5 '
depositing a first nitride |ayer overlying said pad oxi de | ayer;
patterning said first nitride layer to provide an opening to said pad
oxi de | ayer; etching a first trench through said pad oxide |ayer
10 within said opening and into said sgm conduct or _

19 substrate; depositing a second nitride |ayer
overlying said o
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first nitride | ayer and filling said first trench;

si mul t aneously anisotropically plasm etching said 15 second nitride
‘layer to formnitride spacers on the sidewal I s of said first trench
and etching into said seni conduct or . substrate not covered by said
spacers to forma second trench; i npl anting ions into said
sem conduct or substrate 20 underlying said second trench to forma
channel field i mpl ant ; : ' deposi ting an oxide |layer overlying
said first nitride |layer and f||||ng said first and second
trenches; 25 polishing said oxide layer with a polish stop at
sai d flrst nitride |ayer; thereafter renoving said first nitride
and pad oxi de | ayers wherein saititride spacers bl ock | eakage
t hrough exposed corners of said oxide layer within said 30 first and
second trenches conpleting said formation of said shall ow trench

i sol ati on; . formng gate elegtrodes and associated sour-ce and
“drain regions between sai d shall ow treHch isoI§ -and

siliciding said gate el ectrodes and said souyt and 35 drain regions to
conplete fabricatjion of said inteqgrayed 4.4
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20 - 25. The nethod according to Caim24 wherein said first
and second trenched have a conbi ned depth of between about 2500 and 6000
< Angstrons. 26. The nmethod according to Claim?24 wherein said spacers

‘have a width of between about 300 and 1000 Angstrons. '
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