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A PARTIALLY RECESSED SHALLOW TRENCH ISOLATION METHOD FOR

29 0EC 999

' FABRICATING BORDERLESS CONTACTS

BACKGROﬂND OF THE INVENTION

(1) FIELD OF THE INVENTION
It is a general objedt of the present invention to .
prévide a new and improved hethbd of forming an inﬁegrated-
circuit utilizing a paftially recessed shallow trench
isolation (STI) scheme, in conjunction with a passivating

silicon nitride trench liner, to fabricate borderless

‘contacts.

.In sub-micron-technology'Shallow'trench isolation
(STI) has become a standard means of isolation for

semiconductor'devices and has replaced other isolation

-methods, i.e., LOCOS (Localized 6xidation of Silicon)

which require more valuable area. In the conventional
shallow trench isolation process, trenches are formed in

a semiconductor substrate between electrically active

-areas, i.e., MOSFET gates and source/drains, and



electrically isolate MOSFET’s from each other. The
.trenches'are;filled with an insulating material, such as
silicon oxide, to provide electrical insulation. Active
devices, includiﬂg MOSFET's, transistors and resistors
are fabricated into the.semiconduCtor substrate in the
“active" regions with shallow trench isolation (STI);

isoclating the regions in between the active-devices.

As transistor dimensions approached sub-micron, the
conventional contact structuﬁes in use started to limit
 the device performance in several ways. ?irst,,it is
difficult to minimize the contact reéistance if the
contact hole is also of minimum size and-problems with
' cleaning sﬁail contact holes become a'conce;n.'In
addition, with defined conventional contacts, the area of
the source/drain regions cannot be minimized because the
contact hole has be aligned to these regions with a
separate mask;ng step, and a 1arge “extra” area has to be
allocated for possible misalignment. Furthermore, this
larger “extra” area also resﬁlts in increased '
source/draineto-substrete Junction eapacitance,'which'

- impacts device speed. Borderless contacts or “unframed”
contacts solve many of the micron and sub-micron MOSFET
contact_problems, easing.both the device ground rule

designs and easing the processing problems associated



with convenﬁional “:ramed" contacﬁs. The borderless-
contact makes better use of the space and area over the

| source/drain region, as will be described in more detail.
Borderless contacts are part of the advanced designs and
processing associated with shallow trench iSolation

(STI).

(2) DESCRIPTION OF RELATED ART

With conventional shallow t:eﬁch isolation (STI)
processes, it is a problem to form a borderless contact
over the trench region. The borderless contact or
“unframed” contact is a contact which overlies and
éxposes both the active and isolation regions of the
semicbndudtqr substrate, ugﬁally for the purpose of
making contact to a diffusion region formed in the
substrate. Qne problemﬂof forming borderless contadts in
combination with conventional shailow trench isolaﬁion
(STI) involves the etching of the.conﬁact hole opening
through interlevel layers of dielectrics, while at the
same time, trying to avoid etching the dielectric
material in trench. Oftentimes, the dieléctrics are types-
of silicon oxide, both for the interlevei and trench fill
' material. Therefore,.the trench filled oxide can be
etched and damaged due to the contact hole etch. If the
trench isolation material is etched'back along the wall

of the trench, deleterious effects can occur, i.e.,
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leakage and shorting at the edge of the P/N junction,
especially when this region becomes filled with a

conducting matexrial.

U.S. Pat. No. 5,807,784 entitled-“Devicé Isolation
Methods for a Semiconductor Device” granted Sep; 15, 1998 to
Kim describes a method of forming a device isolaﬁioh layer in
 semiconductor device comprising of a two step-méthod of
forming field oxide in shalloﬁ trench isolation {STI). The
first step consists of implanting oxygen ions_into the bottom
"of trench in the field region of a éemiconductof-subsﬁrate,
and oxidizing the oxygen implanted region to form a field
. oxide laYer. The secénd step consists of'depositing

insulation material to further fill the treﬁch.

U.Ss. Pat} ﬁo; 5,807,490 entitled “METHOD OF FILLING
SHALLOW TRENCHES” granted Sep. 8, 1998 to Fiegl et al shows a
method of isolation in silicon integrated circuit processing
which overfills the trench by a filI'Margin and then depésits
‘a temporary layér of:polysilicon having a thickness lesé than
the trench depth{ A oxide layer is used as a polishing stop.
The temporary layerlis polished outside the trench, using'é
fill layer and polishing stop layer.as polishing stops for -
| " chemical mechanical'pqlish {CMP) . The poliShing stop layer is
‘removed by CMP, together with the sahe thickness of fill |
layer and temporary polysilicon layer, reéulting‘in sufface

plaharity. The remaining temporary layer is stripped and a
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final touch up polish of the fill layer stops on the pad

nitride.

U.S. Pat. No. 5,817,568 entitled “Method of Forming a
Trench Isclation Région” granted'Oct. 6, 1998 to Chao
describes a method, using multi-trenoh formation techniques,
to define the respective depths of'trenches'havihg'different
widths. The method includes forming a buffer'oiido'layer and
polishing stop layer, in-sequeoce, above a éemiconductor
substrate. Theo, the buffer oxide layer, the polishing stop
layer and the semiconductor substiate are defined to form'at,
least oﬁe narrow trench. Thereaftor, the buffer oxide'layer,o
the polishing stop iayer and the semiconductor substiate are
again defined to form at least one wide trench. Next, a
portion of fhé oxide layer and a portion of the polishing
étop layer afe_femoved to form a planarized surface. Finally,
the polishing stoo layér and the buffer oxide layer are

removed.

U,S.'Pat. No. 5,652,176 entitled “Metﬁod for Providing
Trench Isolation and Borderless Contact” granted Jul. 29,
1997 to Maniar.ét al describes a method of trench isOlotiOn
which uses a trench liner comprised of aluminum nitride.
.'Another similar patent is U.S. Pat. No. 5,675,231 entitled
- “"Method for Providing Trench Isoiation" granted Oct. 14, 1997.
to Maniar et al also shows shallow trench isolation (STI) and

a borderless contact process with an aluminum nitride liner
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under the STI silicon oxide. During the formation of the
contact opening, using etch chemistry which is selective to
aluminum ﬁitiide, the trench'liner protects a P-N junction at
the corner of the trench. By protecﬁing the juncﬁion,
subsequent formation éf a conductive plug will not
electrically shért circuit the junction, and keeps diode

leakage low.

“U. 8. Pat. No. 5,238,330 entitled “Process for Improving
Shee.Resistance of an Integrated Circuit Device Gate” granted
Dec. 7, 1893 to Givens et a2l describes a rrocess involving
shallow trench isolation (STI) and contact above P-N
junctions that can be made to be bordefless'contacts. A
passivating layer is deposited over an inteérated.cifcuit
device, fabficated u#ing silicidation. An insulating layer is
deposited. The insulating layer is planarized and fﬁrther
polished to eprse the passivating 1aYer.above the gate. The
portion of passivating layer above the gate is removed. A
trench above the'junctions is formed by removing insulation
and using the passivating lafef as an etch stop. Then a.
portion of the passivating layér is removed above the
_junctio#. The'gate can be further silicided and opening above
the'gate ahd trench can be filled. The contacts above the

‘junction can be borderless contacts.

The present invention is directed_to a novel method of

using CMP to selectively remove a second material over a

-6-



first materiél and produce.a planar first material surface,
free of second'material residue. The method of the present
: invéntion reéuires less CMP processing time, hés lower cost
than conventional CMP methods and produces a polished surface

having superior planarity.

SUMMARY OF THE INVENTION |
It is a general object éf the present iﬁvention to
provide a new and improved method of forming an integrated
circuit utilizing a partially recessed shallow trench
isolation (STI) scheme, in cdnjunétioh with a passivating

silicon nitride trench liner, to fabricate borderless '

- - contacts.

A more specific object of the present invention is to
provide an improved method of forming borderless contacts in
the fabrication of integrated circuits on semiconductor
substrates, Qﬁich are typically Single.crystal silicbq. The
initial'process involves a pad'oxide-layer, which is formed
by thermally growing a silicon dioxide layer. A “hard mask”
layer of silicon nitride is then dgposited. A shallow trench
for shallow trench isolation (STI) is patterned, as well és,
the layers of hard mask nitride and pad oxide, all using a
reverse mask process. A shallow trench is_eﬁched followed by
the deposition of a thick'layer.of silicon oxide. The thick
§xide layer forms a slight dip in the surface over the trench

caused by the trench filling procéss. The surface is
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plaﬁarized, polishing the thick oxide layer back by chemical
mechanical'polish (CMP) , so as to be nearly planar with the
hard mask“nitride layer. The hard mask riitride léyer acts as

a polishing stop.

In a first embodiment of the present invention, the

above and other objectives are reélized by using-a method of
_fabricating_a partially rooessed shallow trénch-isolation
{STI) structure, as described by the following method. After
the plénarization.of the trench described above, a partial
silicon oxide etch back is initioted by using eithexr a dry
etch process, or a_wet-etch'proceos; The end result of the
. partial etch back stop is to etch the oxide in the trench
back to approximately halfway to three-quarters of the way
down into tﬁe't:ench. More details for the partial etch back
process of_tﬁislp:esent invention_can be found in the

“DESCRIPTION OF THE PREFERRED EMBODIMENTS” section.

In a second embodiment of the ptesent invention, the
‘above aod other objectives are reali?ed by using a'ﬁethod of
fabricating é borderless contact, which consists of silicon
nitride protection layer within a partially receésed trench.
This passivating-nitride liner is accomplished in this
tinvention by the following method; After the partial etch
back of the trench oxide mentioned above, only a partially
‘recessed oxide remains in the Sha;low trench. At this step in

the'proceSS, a key process step in this invention is the
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formatlon of a s111con nltrlde liner in the trench and on top
the hard mask nltrlde. The nltrlde liner is formed by low
pressure chemlcal vapor deposition (LPCVD) using a
combination of amm@nia and silane géses, A.possible
densification step prior to the qitride liner can be high
temperature treatment in gas ambient of nitrous oxide, or in
oxygen'and nitrogen gases. Note that the tfehch iiﬁer,
cbnsisting of .a silicon nitride layér, fills tﬁé trench areé,
but the trench is alreadj’parfially filled with oxide below:

the nitride layer.

After the nitride liner is formed, a thick layer of °
silicon oxide is deéosited by a high deﬁsity plasma (HDP)
system and is performed, in éuch a manner, és to fo:m a
seamless STi trench fill. Another advantage of this process,
is that the nitride 1ayer protects the silicon semiconductor
from possible radiation damage cause by the high density .

plasma deposition process.

After the thick high density plasma (HDP) oxide is
deposited, the surface is planarized by chemical mechanical
polish (CMP) and the polish back stops on the nitride layers,

which consists of the thin liner and hard mask layer.

Following the surface planarization by chemical
mechanical polish, the nitride layers are removed by etching,

except for the nitride liner which remains in the trench,
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protected from the etch back by oxide. The shallow trench
(SfI) oxide, depoéited from the high density plasma (HDP)
etch, remains.filling-the tép portion of the trench, over the
nitride liner. The nitride liner remains in the trench
approximétely halfway up the trench. Tﬁe original partially
recéssed oxide remains under the nitride liner in.the bottom

portion of the trench.

In a third émbodiment of the present invention, the
above énd other objectives are realized by'using a method‘of
fabricating a borderless or “unframed” contact tc substrate
d;ffusion regions by taking advantage of the nitride liner, .

- 'which is self-aligned and écts a prbteétive passivating
layer. Utilizing the nitride liner in a parfially_recessed
oxide, this method of contact hole formation and alignment
has several advantages that will be described. The key point
is that the silicon nitride liner is self-aligned and acts as
a p;oteétive.passivation layer in_tﬁe fegion of the

. diffusions and the edge of the shallow trench isolation. One
key'advantage to the nitride liners is it forms a bordefless
contact without reducing the polysilicoh'to polysilicon
spacing; a_key design advantage. In addition, the nitride
liner protects the shallow trench-isolatioﬁ edge, near_the

 edge of the junction, from both contact hole misalignment and
also from the salicide formation process. The nitride liner
electrically insulates the trench isolation edges and

minimizes field edge intensive electrical 1éakage. As was
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méntioned earlier, the nitride liner also protects the
silicon'semiconductor-frpm radiation damage caused by the

. earlier high dénsity plasma processes.

Another object of the present invgntioh is to provide an
'improved method of forming trench fi;l. The'partially
recessed oxide, in the multi-step STI oxide fill.process
_described'earlier, helps to fill trenches wifh-ﬁigh aspect

ratios and helps to eliminate the STI oxide seams and voids.

Convention piocessing.steps thét are emploved in this
invention to fabricate devices are stated as follows. Prior
to the tungsten confact or plug/stud formation , sevéral'
standard processes are performedﬁ (a) polysilicon deposition,
doping, annéai and patterning to form ploy gates (not shown
in Figs.), (b) titaniﬁm silicide formation processes, (C’ USG
undoped silicate Qlass.formation processes, (d) SACVD BPSG,
sub-atmospheric chemical vapor deposition of boro '
phosphosilicate glass formation processes, (e) PE TEOS plasma
" enhanced TEOS tet:éethylortho silicate deposited oxide (not
shown in Figé.) for planarization of the surface; Included
are all the stﬁhdard processes associated with providihg
these layers, which form an interlevel dieléctric layer
(ILD) . Contact holes are defined and_etched’followed by CVD
tungsten depositing. Tungsten plug/stﬁd formation tesults,

and misalignment of the“contadt-holeS'is taken care of by the
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nitride liner in this invention, which is both protective and

passivating. -

BRIEF DESCRIPTION OF THE DRAWINGS
Thé-objeCt and other advahtages of this invention are
best described in the preferred embodiments with reference to

thé attached drawings that includé:

Fig. 1, which in cross-sectional representation
illustrates the method of shallow trench iSolation (STI) with

hard mask, pad oxide and thick oxide blanket deposition.

Fig. 2, which.in crosé-sectiona; representation
illustrates the method of planarization by chemical

mechanical polish (CMP) of the surface.

_ Fig. 3, which in cfoés-sectional'representation
illustrates the method of an embodiment of the present
invention, whéreby a partially receésed_trench isclation is '

formed and a passivating trench liner is fabricated.

Fig. 4, which in cross-sectional representation
illustrates the method of an embodiment of the present
invention, whereby é'high density plasma (ﬁDP) insulator is

blanket deposited for trench £fill, without voids and seams.
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Fig. 5, which in cross-sectional representation
111ustrates the method of planarization by chemical
: mechanlcal polish (CMP) of the surface stopping on the hard

mask nitride 11ner;layer.

Fig. 6, whlch in cross-sectional representatlon
111ustrates the method of trench lsolatlon formatlon, whereby

.the thick hard mask nitride layer is removed.

Fig. 7, which in cross-sectional representatioﬁ

" illustrates the method of an embodlment of the present
1nventlon, whereby an MOSFET device source/draln is

- electrically contacted using a borderless or “unframed”

contact hole with a passivating nitride trench liner.

' DESCRIPTION OF THE PREFERRED'EMBODIMENTS
- The main embodiment of this invention is a new and
impreved methed of using a partially'recessed shallow trench
isolation (STI) in a unique process’scheme to fabricate

borderless cqntacts.

Referring to Fig. 1, a semiconductor substrate 2 is
prdvided, and typically is a single crystal silicon .
substrate. A pad oxide layer 4 is formed by'thermally-growing

a silicon dioxide layer. A hard mask layer 6 of silicon
nitride is deposited. A shallow trench 8 is patterned and the

layers of hard mask nitride and pad oxide are patterned, all
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using a reverse mask process. A shallow trench is etched and
then a thick layer of silicon oxide 10 is deposited with a
slight dip in the surface caused by the trench filling

process.

.  This thick'iayer of silicon oxide shown in Fig. 1, is
deposited under the folloWing detailed process conditions, by
chemical vapor deposition (CVD). The targeted-film thickness
is from about 5;000 to 10,000 Angstroms. The deposition |
temperature is in a broad range from about 400 to 800°C.
Reactive gases are silane (SiH,), oxygen (O,), pzbne (Cg), énd

dichlorosilane (SiH.Cl.).

‘Referring to Fig. 2, the thick oxide léyer-lz is
polished back by chemical mechanical polish (CMP) and is
shown in Fig;_zlto be nearly planar with the hard mask 6
nitride layer, which acts as a polishing stop layer. At this
poiﬁt in the'process, a partial silicoh oxide etch back step
is initiated, using either a dry etCh process, or wet etch
‘process. The end':esult of the partial etch back ste§ is to
etch the oxide in the trench back to approximately the dotted
_line 14, sketched in Fig. 2.

The oxide etch baék process shown in Fig. 2 to form a
partially recessed trench, is etched under the following
detailed process conditions. For the d:Y‘etch back process by
plasma etching, the chamber pressure is from about 5 to 50

-14-



milliTorr, temperature froﬁ about 80 to 200°C, pover from
about 1,000 to 2,000 Watts. The etch rate is from about'3,000
to 6,006 Angsfroms/min, with'a targeted etch removal from
about 5,000 to 10,000 Angstroms. The'reactive gaées used are:
CF, ,. CHF;, SiFy, C.F,., Ar, O,. For the wet etch back process,

_ dilute hydrofluoric acid (DHF) is used to removed from about
2,000 to 4,000 Angstroms and the taréeted oxide.fhibkness
remaining in the trench is from about 1,500 to 2,500

Angstroms.

Referring fo Fig. 3,-aftér the partial etéh back, oniy a
partial recess oxidé_ls for STI remains. At this stage in the
. process, a silicon nitride liner 18 is formed in the.trench
and on top the hard mask nitride 6. The niﬁride'liner 18.cén
be formed bf either low pressure chemical vapor depésition
(LPCVD) uSingla combinﬁtion of ammonia and silane gases (in a
vertical furnace from ébout 400 to 800°C), or by a plasma.
deposition pfocess. The targeted film thickness is from about
500 to 1,000 Angstroms. A densification step can be used,
prior to the nitride liner, .using an ambieht of nitﬁous
oxide, oxygen‘and nitrogen gases. In addition, thé following:

gases are also possible candidates: N, Ch,*Fho) NO,, NO.

Referring to Fig. 4, after the nitride liner is formed,
a thick layer of silicon oxide 20 is deposited by a high
density plasma (HDP) system and is performed, in such a

manher, as'to form a seamless STI trench fill;_Another
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advantage of this process, is that the nitride layer 18
protects the silicon semiconductor 2 from possible radiation

~ damage from the high density plasma.

The seamless void free process conditions for the high
density plasma (HDP) oxide layer, referred'to in Fig. 4,‘are
as follows: plasma enhanced chemical vapor depoéition
(PECVD) reactor, temperature from about 300 to 550%:,
reactant gases SiH,, SiH,Cl,, o;, Os, targeted film thickness

from about 1,500 to 3,500 Angstroms.

Referring to Fig. 5, after the thick HDP oxide 20 is-

. deposited, the surfaoe is'planarized by chemical mechanical
polishl(CMP) and the polish back stops within the nitride and
oxide layeré,'sketched by the dotted line 19,

Rofer:ing to Fig. 6, after the surface planariiétion by"
'cheﬁical mechahical-polish, the nitride layers are removed byo
etching, except for the nitride 1ine# 22 which remains in the
trench. The remaining STI oxide 24 is showﬁ filling thé iop
of the trench. The nitride liner 22 is shown approximately
halfway up the trench. The partially recessed oxide 26 is’
sketched in Fig. 6, at the bottom of the trench. The detailed
selective, preferentigl etch conditions to remove just the
nitride layerlabove (not the nitride liner 22) are:
(a) séledtive wet etch process with an.aqueoﬁs mixture of

sulfuric acid H,SO,, and hydrogen peroxide H,0.,
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(b) fof rembval of entire nitride hard mask, normally from
about 1,500 to 2,000 Angstroms nitride removed,
(c)'amount of oxide removed from about 100 to 300 Ansgtroms.

(d) amount of oxide remaining in the trench froﬁ about 2,500

to 5,000 Angstroms.

Referring to Fig. 7, contact hole formation 30 is

. sketched several advantages of the method aré shﬁwh. The key
point is that the self-alignea passivating éilicon nitride
linér 32 allows for a borderless contact to the séﬁrge/drain
region 33 without reducing the ﬁoiyéilicon to polyszilicon
spacing (not shown in Figs.). Note that the contact hole is
misaligned 31 and tﬁe edge of the isolation trench is
protected by the nitride liner. In addition, the nitride
1iner_32_pr§tects the field edge junctioh du?ing the salicide
process, overgrowth of silicide protection indicated by arrow
35;_The trench isolation region 35 protected by the
passivating hitride liner is shown to élso providelprdtectidn
from the titanium silicide process and minimize field-edge |
intensive junction leakage. As was mentioned ear1ier, the -
nitride liner.also_protects the silicon semiconductor f£rom
radiation damage caused by the earlier high density plasma

process.

The contact hole formation process, referred above in
Fig. 7, uses special processing conditions to selectively

etch the oxide and not etch the protecting silicon nitride
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layer. Afplasma dry etching process is utilized that _
selectively, preferentially removes oxide and stops on the
nitride liner (32). The dry etch temperature is from about 80
to 200°C. |

Referring to Fig. 7, the partially recessedeTI oxide 36
helps to reduoe the aspect ratio for the STI oxide fill and

_helps to eliminate the STI oxide seam and voids. On top of

the nitride liner is the STI oxide layer 40.

Again referring to Fig. 7, prior to the tungsten

contact'or plug/stud;formation 30, several standard processes

- are performed, as outlined in these processing steps:

(a) thin gate thermal oxide formatlon {not shown in Flgs ),
(b) poly81llcon deposltlon, doping, anneal and pattern;ng te
form poly gates (not shown in Figs.), (¢) poly gate sidewall
spacer processes, (d) ion implantaﬁion and diffusion
processes for source/dxain 33 formation (e) titanium silicide.
34 formation processes, (f) USG, undoped silicate glass 36
formation processes,:depositing this.film to about 1,000
Angstroms in thickness, (g) SACVD BPSG, sub-atmospheric

chemical vapor deposition of boro phosphosilicate glass 33

formation processes, depositing this film to about 4,000

Angstroms in thickness, (h) PE TEOS plasma enhanced TEOS

tetraethylortho silicate depoSited.oxide_(not’shown in Figs.)

_ for planarization of the sufface. Included are all the

standard processes associated with providing these layers,
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which form an interlével dielectric layer (ILD). Contact
holes are defined and etched followed by CVD tungsten
depositing; Tungsteén plug/stud 50 formation results, in the

contact hole 30, sketched and outlined in Fig. 7.

While the invention has been particularly shown énd
déséribed with reference to the preferred'embodiménts
thereof, it will be understood by those skille&'in the art
| that various changes in form and details may be ﬁade withdut-'

departing from the spirit and scope of the invention.
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CLAIMS
1. A method of fabricating a partially recessed

shallow trench isolation structure on a semiconductor

substraﬁe, in preparation for a passivating trench
liner, the method comprising the following steps:

providing a semiconductor substfate, the

| semiconductor having a trench formed therein;

providing a pad oxide layer patterned 6n'the

surface of the semiconductor;

providing a hard mask layer patterned on the

'surface;of the semiconductor;

filling the trench with a thick léyer of insulator;

pianari;ing_the insulator back to achieve a trench
isoclation regioh which is nearly plénar'with the hard
mask layer; . .

. eﬁching the trench insulator back to approximately
halfﬁay.to three?quarters of the way down into the
trench; o |

:thﬁs forming a partial;y recessed_shallow trench
isolation étructure on a seﬁicohductor, in preparation -

for a passivating trench liner.

2. The method of claim 1, wherein the pad oxide is
thermally grown silicon dioxide of between 100 to 300

Angstroms in thickness.

3. The method of'clﬁim 1? wherein the hard mask

layer,'which;is a stopping layer for chemical mechanical
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polish (CMP), is silicon nitride of betwéen 1,000 to

3,000 Angstroms in thickness.

4. The method of claim 1, wherein the step of
5  filling the trench comprises a deposition of a thick
layer of insulator, which is tetra-ethyl-ortho silicate
(TEOS) to form silicon oxlde in a thlckness from 5, 000

'to_l0,000 Angstroms.

10 5. -The method of claim 1, wherein the step of
.plénarizing the trench is by chemical mechanical poliSh

(CMP) .

6. The method of claim 1, whereln the trench

15 "filled with szllcon oxide is etched back to form a
| partially recessed oxide trench by using either d:y

 reactive ion etch fRIE) or a wet etch process,.iﬁ

preparation for a subsequent trench liner.

20 ' 7.. A.method of fabricating a partially recessed
shallow trench isolation structure on a semiconductor
subétrate and forming a péésivating trench liher, the
method comprising the following steps:

' providiﬁg a semiconductor substrété, the

25 semiconductor héving a trench formed therein;
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.providing a pad oxide layer patterned on: the
surface qf the semiconductor;
préﬁiding a hard mask layer patterned on the
surface of the semlconductor, | |
- filling the trench wzth a thick 1ayer of 1nsulator,
planarlzlng the insulator back to achleve a trench

isolation reglon which is nearly planar w1th the hard

" mask layer;

etching the trench insulator back to”approximately

halfway to three-quarters of the way down into the

~ trench;

"depositing a passivatiﬁg insulating layer in.the
trench, as a liher covering sidewali and isolation
1nsulator, and on top of the hard mask layer,

f1111ng the remaining portion of the trench w1th an
isolation dlelectrlc material to form an isolation
region;

planarizing the isolatibn'dielectfic back to’

‘achieve a trench isolation region which is nearly planar

with the hard mask layer, followed by the removal of the
hard mask; ”

thus a protecting passivation layer is formed, that
lines the sidewalls of the trench and is in between said
bottom layer of isolation insulator and said top. layer

of isoiation dielectric.
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8. The method of claim 7, the step pf forming-a
passivating trench liner comprises the deposition of a
layer of éilicon nitride to a thickness between 500 to

1,000 Angstroms.

9. The method of claim 7, wherein a high density

plasma (HDP). silicon oxide trench fili'is employed,

. forming trench £ill witﬁout voids or seams, after the

passivating trench liner is formed.

10. The method of ciaim 7, wherein the step of
£filling the remaining portion of the trench compfisés a

deposition a thick layer of insulator, which is

‘tetra-ethyl-ortho silicate (TEOS) to form silicon oxide

- in a thickness from 1,500 to 3,500'Ang5troms.

11.  The method of claim 7, wherein the stép of a

final planarization of the trench after the passivating

liner and thick HDP oxide, is by chemical mechanical

polish (CMP),

12. A method of fabricating a pa:tially'récessed

shallow trench isolation structure on a semiconductor

‘substrate, wherein a passivating trench liner is

utilized to fabricate borderless contacts for MOSFET's,

by the method comprising the following steps:
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| providing a semidonductor substrate, the
semiconductor having a trench formed therein;
proﬁiding a pad oxide layer patterned on the
surface of the semiconducﬁbr;
providin§ a hard mask layer patterned on the
surface of the semiconductor; | |
| filling the trench with a thick layer 6f'insulétor;

planarizing the insulator back to achieve a trench

_isdiatioh region which is nearly planar with the hard

mask layer;

etching'theztrench insulator back to approximatély

halfway to three-quarters of the way down into,thé-

trench;

depositing a passivating insulating layer in the
trench; as a liner cbvering sidewall and isolation
insulator, and on top of the hard mask layer;

filling the remaining portion of the trench with an'
isolation dielectric material to form an isoclation
region;

planarizing the isolation dielectric back to
achieve a trench isolation region which is nearly planar
with the hard mask layer, followed by the removal of the
haid mﬁsk; |

oxidizihg-the surface to form gate and capacitor

oxide for MOSFET;
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depositing, doping and patterning polysilicon .
gates, pfgviding-gate sidewall isolation; ' |
| forming diffusion regioné fgf MOSFET source/drains;
depositing and selectively forming salicide layers;
depoéitiné and forming interlevel dielectric.
insulating layers; |

batterning and etching contact holes to the

-source/drain P-N junction diffusion regions, with the

pagsiﬁating ﬁiench iiner protecting the corner region of
the trench;

thus borderless or unframed contacts are fabricated
with the use of said protecting passivation layef id-é
ﬁartially recessed or semi-recessed trench isolatidn_

scheme.

13. The method of claim 12, wherein passivating

- trench liner layer is deposited silicon nitride in a_

thickness from approximately 500 to. 1,000 Angstroms.

14. The method of claim 12, comprising of the step
of forming a P-N junction in the semiconductor substraté
next to the sidewall of the trenéh, and wherein the
prior step of forming a silicon nitride passivating
trench liner,lprotects the P-N juﬁctién from the contact

hole etching step.
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15. A method of fabricating a partially recessed
shallow trench isoclation structure on a Semiconductor
substrate, wherein a passivating trench lingf'is
utilized to fabricate borderless contacts for MOSFET’s,
by ﬁhe method ccmprising the following steps:

providing a semigonductor substrate, single crystal

- silicon providing a trench formed therein;.

providing.é'pad oxide layer of siliéon dioxide
patterned.on the surface of the semiconductor;

providing a hard mask 1ayer of éilicon nitride
patterned on the surface of the semiconductor;

filling*the'trencﬁ with a thick 1éyer of silicon
dioxide insulator;

planarizing the silicon dioxide back by chemica1
mechanical polish (CMP) to achiéve a trench isolation
regién which is nearly planar with the silicon nitride
hard mask layer; .

'etching the trench silicon dioxide insulator back

to approximateLy halfway to ﬁhrée-quarters of the way'

down into the trench; _

depositing a passivating 1ayer.of silicon hitride
in the trench, as a liner coving sidewall and the
silicon dioxide insulator, and on top of_the hard mask

silicon nitride Iayér;
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filling the remaining portion of the trench by high

density élasmés dgposition of silicon oxide, isolation

diélectric material, forming an isolation region;

planarizing the siiicon oxide isolation dielectric

" back by chemical mechanical polish (CMP) to achieve a

trench isolation region which is nearly planar with the

silicon nitride hard mask 1ay¢r, followed by the removal

‘of the nitride hard mask;

oxidizing the éilicon:surfacé to form thermal
silicon dioiide for gate and cgpacitor'insulator for
MOSFET; |
depositing, doping and pattefning polysilicdn
gates;
providing gate sidewall isolation;
forming diffusion regions for MOSEET source/drains;
| depositing and selectively forming salicide layers:;
depositing and forming interlevel dielectric-
insulating layers; “ |
“patterning and etching contact ﬁolés to the
source/drain P-N junction diffusion regions; |
depositing by chemical vapor deposition (CVD)
conductive contact ﬁetalluigy intb the contact holes;
thus borderless or unframed contacts to
source/drain in MOSFET’s are fabricated with the use of

said silicon nitride passivation liner in a partially
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recésséd or semi-recessed silicon oxide trench isoclation -
scheme, in silicon semiconductor substrate.

:16. The method of claim 15, wherein #he silicon

nitride passivating liner layef protects the silicon

5 . from radiation damage during subsequent process steps

and after processing is complete.

17.. The method of claim 15, wherein the process
comprising of the formation of the pﬁssiﬁating silicon .
10  nitride trench liner is compatible ﬁith complementary
MOS (CMCS) transistors using both p- and n-type MOSFET

gate channels. ..

15
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