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A SILICON NITRIDE CAPPED SHALLOW TRENCH ISOLATION METHOD FOR

FABRICATING _SUB—MICRON DEVICES WITH BORDERLESS CONTACTS

29 0ECH®

BACKGROUND OF ‘THE INVENTION
@) FiELD_ OF TI-IE- INVENTION
It is a genéféi object of the present invention to
provide a new ahd improved method of forming an integrated
circuit utilizing a partially recessed shallow trench

isolation (STI) scheme,'in conjunction with a passivating,

‘silicon nitride cap, to fabricate bbtderless contacts.

In sub-miéron'technologj'sh;iiow trench isolation
(STI) has become a standard means of isolation for
semiconductor devices and has replaced othexr iéolation
- methods, i.e.;_Locos (Localized'Oxidation of Silicon)
which reéuire more valuable area. In the éonventional
"éhalloﬁ trench isolation process, trenches are formed in .-
a semicéhdhétor substrate_bétwéén élegtriéally active

areas, i.e., MbSFET,gates'and-'source/d:ains, and
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eiectrically.isolate'MbsFET's from each'other. The
trenches are filled with an insulating material, such-ss
silicon oxide,'to provide electrical_insulation, Active
devices, including MOSFET’s, transistors end-resistors.
are fabricated into the semiconductor substrate in the
“actiﬁe"'regions with shalloW'tiench isoletion (sTI),

'isolating tne segions in between the active-devices.

As transistor dimensions app;oached'sub-micron,-the
conventional contact structures in use started to limit
the device performance in several ways. First, it is"
difficult to minimize the contact resistance if the
contact hole was is also of minimum size and'problems
with cleanlng small contact holes become a concern In
addition, wzth deflned conventional contacts, the area of
the_source/draln regions cannot be minimized because the
contact hole has be aligned to these regions witn a
separete masking step, and a large “extra” area has to be
alloceted for possible misalignment. Eurthermore,_this B
1arger:“extra” erea also results in increased |
sourceldraitho-substrate junction-capacitance; 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 conventional “framed” contacts. The borderless

" contact makes'better use of the space and area over the
.source/drain reg;on, as w111 be described in more detail.

'Borderless contacts are part of the advanced deszgns and

processing associated with shallow trench isolation

(STI) .

(2) DESCRIPTION OF RELATED ART

_ _With.conventicaal shallow trench isolation (STI)
prccesses, it is a_prdbiem to form.a_borderiess-contact
over the.trench-recicn.*The borderless ccntact or
“unframed” contact is a contact which overlies and
exposes both the active and isolation regions of the
sem;conductcr substrate, usually for the purpose of
maklng contact to a diffusion reglcn formed in the
substrate.'One problem of forming borderless contacts in
combination with conventicnal'shailow trench isolation ﬁ
(STI) involves the etching of the contact hole opening
through interlevel layers of dielectrics, while at the
same time, trying to avoid etching the dielectric
material in trench. Oftentimes, the dielectrics are types

of s111con oxide, both for the 1nterlevel and trench £ill

. material. 'Therefore, the trench filled oxide can be

etched and damaged due to the contact hole etch. If the

+trench 1solat10n mater;al is etched back along the wall
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of the trench, deleterious effects can occur, i.e.,
leakage and shorting at the edge of the P/N junction,
especially when this region becomes filled with a

COnducting material.

U.S. Pat. No. 5,807,784 entitled “Device Isclation

Methods for a Semiconductor Device” granted Sep. 15, 1998 .to

‘Kim describeé a method of forming a device isolation layer in

‘semiconductor device comprising of a two step method of

forming field oxide in shallow trench isolation (8TI). The
first step consists of implanting'oxygen ions into the bottom

of trench in the field region of a seﬁiconductor substrate,

" and oxidizing the oxyden implanted region to form a field

oxide layer. The second step consists of depositing

insulation material to further fill the trench.

~ U.S. Pat. No. 5,807,490 entitled “METHOD OF FILLING
SHALLOW TRENCHES” granted Sep. 8, 1998 to Fiegl et al shows a
method of isolation in silicon integratéd.circuit processing
which'overfills the trench by a £ill margin ahdlthen déposits
a temporary layer of polysilicon having é thicknesé léss_than
the trench depth. A oxide layer is used as é polishing stop.
The temporary layer is polished outside.thé.trench, using a

£ill layer and polishing stop layer as poiishing stops for

chemical mechanical polish (CMP), The polishing stop layer is
removed by CMP, together with the same thickness-of“fill

layer and temporary polysilicon layer, resulting in surface
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planarlty The remaining temporary layer is strlpped and a
f1na1 touch up polish of the fill layer stops on the pad

nltrlde.

U.s. Pat. No. 5,817,568 entitled "Method of Forming a
Trench Isolation Region”_granted Oct. 6, 1998 to_Chao
describes.a method, using multi-trench formation techniques,

to define theVrespeotive depths of trenches having different
widths. The methed includes.forming a buffer.oxide layer and
polishing'stop layer, in sequehoe,'above'a semiconduotor .
substrate. Then, the buffer oxide layer, the polishing‘stop'
layer and.the semiconductor substrate are defined to form at
least one narrow trench. .Thereafter, the buffer oxide layer, -
the polishing stop layer and the semlconductor substrate are
again deflned to form at 1east one wide trench Next, a
portion of the oxide layer and a portion of the pollshing
‘stop layer are removed 'to form a planarized surface. anally,
the pollshlng stop layer and the buffer oxide layer are
.removed. |

U.S. Pat. No. 5,652,176 entitled “Method for Providing.
Trench Isolation and Borderless Contact” grantedldulr 29;
1997 to Maniar et al describes a method of trench isolation -
which uses a trench liner comprised of aluminum nitrideL
Another Similar'patent is U.s. Pat. No. 5, 677 231 entitled
“Method for Prov1d1ng Trench Isolatlon” granted Oct 14, 1997

“to Manlar et al also shows shallow trench 1so1atlon (STI) and
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a borderless contact process.with an.aluminum nitride liner
under the STi.silicoh.o#ide,-During the fofmation of the
contact opening, using etch chemistry which is selective t6
aluminum nitride, the trench liner protects a P-N junction at
the. corner of Ehe trench.'By protecting the jundtion, '
'subsequent formation of a conductlve plug w111 not
electrlcally short circuit the Junctlon, and keeps dlode

' leakage low.

U. 8. Pat. No. 5,268,330 entitled “Process foi Improving
Shee Resistance of an Integrated clrcult Device Gate” granted.
Dec. 7, 1993 to Givens et al descrlbes a process 1nvolv1ng
shallow trench isolation (STI) and contact ‘above P-N
Junctlons that can be made to be borderless contacts. A
pas51vat1ng layer is deposited over an 1ntegrated circuit
dev1ce, fabricated using silicidation. An 1nsulat1ng layer is
deposited;-The insulating layer is planarized and fﬁrfher
polished to expose the passivating iaye:_above-the Qete. The
portion of passivating layer above the Qate is removed. A
trench above the.junétions is formed by removing insulation -
and using_the-paseivating_layer as an eteh stop. Then a
.portion'of the passivating layer is removed.above the
junction. The gate can be further-silicidedfaﬁd opening above
the gate and trench can be filled. The confacts above the

junction can be borderless confacts.



SUMMARY OF THE INVENTION
It is a-general-objecf of the present invention to
prov1de a new and improved method of forming an integrated
circuit utilizing'a partially recessed shallow trench ' |
isolation (STI) scheme, in conjunction with a passivating,

silicon nitride cap, to fabricate borderless contacts.

A more specific object of the present 1nvention is to
provide an improved method of forming borderless contacts in -
the fabrication of integrated circuits on semiconductor
substrates, which are typically Single crystal silicon. The -
.1n1tlal processes 1nvolves conventional formation of a pad
oxide layer, which is formed by thermally growing a silicon
dioxide layer. A “hard mask” layer of silicon nitride is then
,deposited.‘a shallow'trench for shallow trench-isolation_
(STI) is:patterned as well as,-the-layers of hard mask
nitride and pad oxide, all u31ng a reverse mask process A
shallow trench 1s etched followed by the deposition of a_
thick layer of Silicon oxide. The thick oxide layer forms a
i slight dip in the surface over the trench caused by the

‘trench filling process. The surface is planarized, 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 nitride layer acts as a polishing stop.

.In a first embodimentrof the_present invention, the

‘above and other objectives are realized by using a method of
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fabricating a partially recessed shallow trench isolation
(STI)_structnre, as described by the following method. After’
the pianarization of the trench described above, a partialf
silicon oxide etch back is initiated either hy using a dry
etch process, or a wet etch process: The endhresult of the
--oartialletch back step is to etch the oxide in the trench
back to approxlmately halfway to three-quarters of the way

- down into the trench. More detalls for the part1al etch back
process of this present invention can be found in the
“DESCRIPTION OF THE PREFERRED EMBODIMENTS” sect:.on.

In a second embodlment of the present 1nvent10n, the
above and other objectives are reallzed by uslng a method of
fabrlcatlng a borderless contact, whlch conslsts of silicon
nitride cap protection layer on top.of e,partially recessed
trench oxide. This pessivating nitride caplis accomplished in
this invention by the following method. After the partial
etch back of the trench oxide mentioned above,_anc removal of
the_hard mask, only a partially recessed oxide remains ig_the
shallow trench. At this step in the process, a key process
step in this invention is the formation of a silicon nitride
cap layer”in the trench. Therefore, after the partial STI.
oxide etch back and hard mask remoﬁal; a thick layer of
silicon nitride is deposited by either a low pressure
chemical vapor deposition (LPCVD) system or by a high density
p;asma (HDP) system and is performed,”in such a manner, as to

form a seamless STI nitride trench fill. Following the thick
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LPCVD or HDP nitride cap deposxtlon, the surface is
planarlzed by chemical mechanlcal polish (CMP) and the pollsh
back process is stopped above the plane of trench opening and
above the pad oxide layer, . stopplng well within the n1tr1de
cap layer. Thus, the pad oxide layer contlnues to remains in
place. Next, the nitride cap layer is shaped and_formed by
partially removing the nitride layer hj'etching back to just'

‘below the pad ‘oxide level. The process of partlally etching

back the nitride layer, places the silicon n1tr1de cap in

' final form over the partially recessed_STI oxide, acting a

protecting passivating layer.

In a third embodiment of.the present invention, the
above and other objectives are real;zed by_using a method of
fabricating a borderless or “unframed" contact to.substrate_
diffusion-regionsdby taking advantage of the nitride cap,
which'is.self—aligned and acts'a protective passivating

layer. Utilizing the nitride cap‘in a partially recessed

'oxlde process, this method of contact hole formation and

allgnment has several advantages that will be descr;bed The

key point is that the silicon nitride cap is self-aligned and

. acts as a protective passivation layer in the region of the

diffusions and the edge'of the shallow trench isolation. One

key advantage to the nitride cap is it forms a borderless

| contact without reducing the poly3111con to polyslllcon

spaclng, a key deslgn advantage. In addition, the n1tr1de cap'

protects the shallow trench 1solat1on edge, near the edge of
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the junction,.from both contact hole mis-alignment and also
from the salicide formation process. The nitride cap also
electrically insulates the trench isolation edges and

" minimizes field edge intensive electrical leakage.

" . Another ohject of the present_invention is to provide an
improved method of forming trench fill. The partially
recessed oxide, in the twofold STI fill process, oxide then
n1tr1de, descrlbed earller, helps to flll trenches w1th ‘high

aspect ratios and helps to ellmlnate the STI seams and voids.

Convention processing steps that are employed in this
invention to fabricate devices are stated as follows. Prior
to the tungsten. contact or plug/stud formarion , several
standard.prccesses are performed: (a) pclysilicon,depositicn,
doping, anneal and patterning tc-form'ploy:gates {not shown .
in Figs.),3fb) titanium silicide formation prccesses,n(c) USG
undcped.silicate glass'forﬁation processes, (dl'SACVD BPSG,l
sub—atmospherlc chemical vapor dep031tlon of boro
phosph03111cate glass formation processes, (e) PE TEOS plasma
enhanced TEOS tetraethylortho silicate depos1ted oxide (not
shown in Figs.) for planarization of the surface. Included
are all the standard processes associated with prov1d1ng
these layers, which form an interlevel dieiectric layer
(ILD) . Contact holes are defined and etched followed by CVD
tungsten depOsiting. Tungsten plug/stud formation results, a
and misaligment of the contact holes is taken care_of by the
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nitride cap in this invention, which is both protective and

: passivating.

BRIEF DESCRIPTION OF THE DRAWINGS
The obJect and other advantages of thls invention are
best described in the preferred embodiments with reference to

the attached drawings that inelnde:

Fig. 1, which in_eross-sectional'representation
illustrates the methed_of shallpw trench isoclation (STI) With_

hsrd mask, pad oxide and thick oxide blanket deposition.

Fig. 2, which in cross-sectional representation
illustrates the method of planarization by chemical

mechanical polish (CMP) of the surface.

Fig.'3 which in erossésectionai representation
illustrates the method of an embodlment of the present
1nvent10n, whereby a partlally recessed trench 1solatlon is
formed and the thick hard mask layer 1s_rempved (dotted

lines) leaving_the oxide pad in place.

Fig. 4, which in cross—sectional representation
.-_illustrates_the method of an emnodiment of the p:esent

' invention, whereby a thick nitride layer is'deposited. the
.'surface planarized by chem1ca1 mechanical pollsh (CMP) to the

level of the dotted llnes. Thls n1tr1de layer in subsequent
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process steps is formed into-a_paséivating trench cap, for

borderless_of “unframed” contact hole formation.

Fig. 5, which in cross-sectional“representation
illustrates the method of an embodiment of the present
- invention, whereby the blanket nitride etched back to form a

passivating STI cap, for borderless contacts.

Fig. 6,.which in c¥6ssfsectiona1 repreééntaién
illustratés the method of an emquimént_of the-present
invention,.whereby an'MDSFET'devicé'éourcé/drain is
eléectrically contacted uéing a borderiess or Vunframea”

contact hole with a passivating nitride trgnch cap.'

' DESCRIPTION OF THE PREFERRED "EMBODIMENTS
The main embodiment of this -invention is a new and 
imp:oved méthod of using a silicon hitride capped.shailow
trench isolation (STI) method for féb¥icating sub¥micron
dévices in a unique~process scheme to fab:idate”borderless

contacts.

Refe#ring to Fig. 1,'a semiconductor'sﬁbstrate 2 is
provided, and typiéally is a single crystal'éilicpn i
substrate. A pad oxide layer 4 is formed by therﬁally 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 éatterned, all
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using a reverse mask process. A shallow trench is etched and
then a thidk,layer of silicon oxide 10 is depésited with a
slight dip in the surface caused by the trench filling

process.

~ This th1ck layer of silicon oxide shown in Fig. 1, is
deposlted under the follow;ng detalled process conditions, by
chemical vapor deposltlon (CVvD) . The targeted film thickness
is from abouﬁ 5,000 to 10,000 Angstromé. The:deposition
temperature is in a broad range from about 400 to 800°C.
Rgactivé'gases are silane (SiH;), oxygen (0.), ozone (Os), and

dichlorosilane (SiH.Cl:).

Refer:ipg to Fig. 2, the thick”oxide layer 12 is
polished back by chemical mechanical polish (CMP) and is
shown in.fig. 2 to be nearly planar with the hard mask 6
'nitriée laye:, which aéfs as a polishing stop layer. At this
point in the process, a partiélxéiligpn dﬁide'etch_baék steﬁv
is initiatéd, using'either a dfy eféh proces, or a wet_etch
' process. The end resﬁlt of the partial etch back step is to
etch the 6xide'in the trench back to approximately the dotted
line 14, sketched in Fig. 2. | :

The oxide etcﬁ back process shown in Fig. 2 fdrming,a

' partially recessed trench, is étched-under the following
detailéd-process cohditioné,.for”the dry etch back process by
piasma etching, the éhamber pressure is from about 5 to 50
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"milliTorr, temperature from about Bb-to'ZOO%L power from
about 1,000 ﬁé 2,000 Watts. The etch rate is from about 3,900
to 6,000 Angstroms/min, with a targeted eféh removal from |
about 5,000 to 10,000 Angstrdms.,Thg reactive gases used are:
.CF..,. CHFs, SiF,, CiFs, Ar, O,. For thé wet etch back procéss,
dilute hydrofluoric acid (DHF) is used to';gmbvéd'from about
2,000 to 4,000 Angstroms and the targeted.oxide thickness-

'.iemaining in the trench is from about 1,500 to 2,500

Angstroms.

Referring to Fig. 3,'af£er the . partial etch back, only a“.
pértial recess oxide 16 fér STI remaiﬁs. In addition'ﬁo thé
partial removal of the iSolation_oxide, thg_silicon nitride
hard mask layer 6 (indicated by the dotted 1ineé) is removal
by préferential.selective etching. The ﬁérd_mask is etched
By using.an aqueous mixture of sulfufic acid and hydrogeh
peroxide sbiution. Note that the sﬁalloﬁ trenéh isplafioh
(STI) undergoes a reduction in aspeét ratio. The pad oxide.

layer 4 remains in place, as sketched in Fig. 3.

Referring to Fig. 4, after the partiél STI etch back, a
~ thick iéyer of sil;con'nitride 20 ié"deposifed by either a
high density plasma (HDP) system or by a low pressure
chemical deposition system (LPCVD), and is1performed, in such
a manner, as to form a seamless STI trench fill. The thick
éilicon gitride layer, to be ﬁhe trench cap layer, can either

be formed in a vertical furnace (LPCVD) or in a high density

-14-



plasma HDP CVD chamber. Reactant gases are: silane, aminonia,
nitrous oxide, and dichlorosilane. The targeted film

thickness is from about 1,000 to S;QOO Angstroms.

Séill refepring to Fig. 4, after Ehe thick nitride 20 is
deposited, the surface ié planarized by chemica1 m§chanica1
pélish'(CMP) and the polish back process is stopped in the
region outlined by the dotted line, still within the nitride
layer 20. Thé pad oxide layer 4 continues.to.remains in

place.

Referring to Fig. 5, after thé surface planarization by |
chemical mechanical polish, the nitride layer 20 is partially
removed By'etching béék to just below the pad oxide'4 level.
Note the dotted ;ine’in Fig.'S indicating the original
nitride planar surface 20 and the arrow 21 indicating the
etch back level. The pfocess of partially etchiné_back the
nitride forﬁs a nitride_cép'éz over the STI oxide 16. The -
selective, preferential etch BaCk éonditions for said nitride
are: can be either dry or wet etch, with the remaining '
nitride cap layer thickness béing between approximately from

500 to about 3,000 Angstroms.

Referring tO'fig. 6, contact hole formation 30 is
sketched and several advantages of the method are shown. Note
that the contact hole 30 ﬁisaligped and'that.thé edge of the

'isolation'trench 31 is protected by the paésivating_nitride
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cap 22. However, prior to - the tungsten contact or plug/stud
_formation 30, several standard processes are performed°

‘{(a) thin gate thermal oxide formation, (not shown in Figs ),
{b) polysilicon deposition, doping, anneal and patterning to
form poly gates 32, (c) poly gate sidewall spacer 33 i
processes, (d) ion implantation and.diffusion processes for
source/drain 50, (e) titanium s1licide 34 formation

: processes, (f) USG ....undoped silicate glass 36 formation
processes, dep031ting this film to about 1,000 Angstroms in
thickness,.(g) SACVD BPSG... snb—atmospheric chemical vapor
deposition of boro phosphosilicate glass 38 ...formation
processes, depositing this film to about.5,000 Angstroms'in'
‘thickness, (h) PE TEOS plasma enhanced TEOS tetraethylortho
silicate deposited oxide 40 for planarization of the surface.
Included are all the standard procesSesLassociated with
providing these layers, which form an interlevel dielectric-
leyer (ILD)' Contact holes are defined and etched followed by
CVD tungsten depositing. Tungsten plug/stud 51 formation

.results, as sketched in Fig. 6.

The contact hole (30) formation process, referred above
in Fig. 6 uses special processing conditions to selectively
etch the oxide and not etch the protecting cap-silicon
nitride layer 22. A plasma dthetching (RiE) process is
utilized that selectively, preferentiallj removes oxide and
stops on the nitride cap (22). The dry etch temperature is
‘from about 80 to 200°C. "

-16-



The following advantages.of the_present_invention are
brought about as a direct result'of having.the'nitride cap in
place and these are key embod;ments of this lnventzon. The
nltrlde cap 22, as shown in Flg. 6, allow for a borderless
contact to the slllclde 34 topped dlffuslon reglon 50. Note"
the contact hole region 30 is deliberately shown : to be
misalighed to the source/drain diffusion region 50. The
‘nitride cap 22 electrically insulates the edge-of the contact
region 52, as well as, acting or performin§ as an etch stop
in a borderless contact hole etch process: Furthermore, the
oaSSivating nitride cap prevent “overgrowth” of the silicide
process. In additiop1'thelﬁitride cap aohieves this
borderless contact process without narrowihg the poly to poly
gate spacing, a key factor in achieving greater chip design
densities and.greater_inoreaéeS'in chip'performance._Another
'advantage-to the nitride cap 22 is the elimination of the
“keyhole formation” (not shown in Figs.), whioh results when
an extra’layer'of siliconoﬁitride ielempioyed as a trench -
liner. The extra 1iﬁer layer hes the deleterious effect of
reducing the poly to poly gate spacing and'resulte in |
_ deleterioﬁs'strﬁctures, termed “keyhole formation”. The
- presence of “keyhole formation”,'found in high aspeot ratio
narrovw and deep trenches, can have a long term reliability
affect on devices.'However, the use of the STI scheme
' described in the present invention, reduces the trench aepect
retio,'which aids in trenoh filling, and in.addition;

‘eliminates the STI insulator seams and voids.
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Further advantages ofltﬁe nitride cap 22, Fig. 6,
include prqtéétion of the STI oxide region'frcm several
processing effects. One obvious"advantégezto the nitride &ap
is the protection of the STI o:;i_de from attack by etching
p:ocesses that'afe occurring over these regions, for é&ample,
"contact hole etching. Another prevention measure of the
nitride cap 22 is, as shownlin Fig. 6, ﬁhe'prevention'of |
' silicidelsz §vergrowth due to e#cessive STI.oxide redess. It
can be seen from Fig. S;Jthgt by insulating_éhd prqtécting_
the edges of the field isolation ffqm etch attack and
silicide'formaiion, the electricél junction leakage is
minimized. This type of eiectrical leékage is termed “field
.edge intensive leakage” current. Hence, thg.cap nitride'
reduces the electrical leakage from the field isolation
regidﬁ,.and thus, improves devicé_reliaﬁility, a key
enhancemént brought about by this process. Also, key-to this
invention are.the improvements in the process to fabricaté

borderless contacts, such as, improﬁeﬁents_in'the eﬁsy and
simplicity of the process, improvements in the density of
device desigp,.and finally the improvements in the |

reliability of the devices.
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While the.invention has been particularly shown and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled .:_in the art
tﬁat va;ious changes in form and details may be made without

departing from the spirit and scope of the invention.
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CLAIMS

1. A method of fabricating a partially recessed
ehallbw'trenchgisolatipn-structure on a semiconductor
sﬁbstrate,_in preparaticn_for a passivating trench cap,
the method comprising the foilcwing_steps:'

| providing a semiconductor-eubstrate, the
semiconductor having a trench formed'therein;

providing a pad oxide layer'patterned on the

.surface of the semlconductor,'

prov;dzng a hard mask layer patterned on the
eurface-cf the eemlconductcr, .

f£illing the trench with a thick layer of insulator;

planarlzlng ‘the insulator back to achieve a trench
1solat10n region whlch is nearly planar with the hard
mask layer, . _ |

'etchlng the trench 1nsu1ator back to approxlmately
halfway to three—quarters of the way down into the
trench '

etchlng and remov1ng the hard mask 1ayer by

. preferred selectlve etchlng whlle 1eav1ng the pad oxlde

in place;
'thus forming a_partially recessed shallow trench
isolation structure on a Semicenducter( in preparation

for a passiVating trench cap.
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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 claim 1,'wherein the hard mask.
layer, which is a stopping layer for chemical“mechahical

polish (CMP), is silicon nitride of between 1,000'to

3,000 Angstroms in thickness.

'4: The method of claim 1, wherein the step of
filling the trenqh comprises a deposition a thiqk'lay;f
of insulatof; which is ﬁetra-ethyl-ortho silicate (TEOS)
to form silicon oxide in a thickness from 5,000 to

10,000 Angstroms.

5. The method of claim 1, wherein the step of

planarizing the trench is by chemical mechanical polish

(CMP) .

6. The method of claim 1, wherein the trench
filled with siiicon'oxide_is.etched back to form a
partially recessed oxide trench by using either a dry
reactive iog etch (RIE), a wet etch process, in

preparation for a subseduent trench cap.
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7. The method of claim 1, wherein tha-hard_mask, which

is the stopping laye: for the chemical mechanical polish

. (CMP) step is removed by selective wet etching in

preparation for the subsequent.pasSivating trench cap

layer.

8. A method of fabricating a partially_recessed

" shallow trench isolation structure on a semiconductor

substrate, fo:ming a passivating trench cap layer, by
the method comprising the following sfapa:

providing a semiéoaductor subst:aﬁe,'thé
semiconductor-haVing a trénch_formed therein;

providing a pad oxide layer patterned_on the

_aurface of the semiconductor;

providing a hard mask layer patterned on ﬁhe
surface of the semiconductor; . ' _ _
filling the ﬁrench with a thick layer 6f insulator;
planarizing the insulator back to achieve a trench
iaolation regiéa which is nearly planar with the hard |
mask layer; o
etching the trench insulator back to approximately
halfway to three-quarters.af the way-doﬁn-info_the
trench; . _._ |
| etchin; and rembvingathe hard_mask layer by
preferred selecﬁive etching while leaving the pad oxide

in place;
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depositing a thick layer of passivating.inSulator

"iéyer over the surface of the pad oxide and over the

trench,'filled ﬁith partiélly recessed.insulation;

planariéing the thick layer Qf'passivating
jnsulator so that the trench isolation region with
péssivafing insulator cap is nearly planar-with the pad
oxide; . |

thué a-bfofecting passivation léyef_or passivating
cap is.foimed, that is ovér the partially recesséd
insulator in the trench and on the top sidewalls of the

trench.

9. The method of.claim 8, wherein_the.step of
filling the remaining portion of the trench comprises a
deposition of a thick lﬁyer of insulator, which is
silicon nitride, tp form a éaééivating trench cap layer,

deposited in a thickness frqm 500 to 3,000 Angstroms.

10. The method of claim 8, wherein the step of
planarization of the thick silicon nitride layer, to be
the passivating trench cap is by chemical mechanical

polish (CMP) .

11. The method of claim 8, wherein the step of

. etching back said thiék_giliéon nitridé.layer to form

the passivating trench cap layer comprises of the

-23- .




10

15

20

AN LR R D |

following selective'etch conditions: .Selective reactive

ion etch (RIE) plasma etching.

12. A method of fabricating a'partially reeessed

shallow trench iSolation_structure on a semiconductor

-substrate, wherein a passivatihg trench cap is utilized

to fabricate borderless contacts for MOSFET’s, by the

| method comprising.the following steps:

providing a semiconductor substrate, the
semiconductor having a trench. formed therein;

providing a pad-exide.layer_patterned on the
surface of the semiconductor; |

providing a hard mask layer patterned on the

surface of the semiconductor;

filling the trench with a thiek layer of insulator;

plaharizing the insulator back to achieve a_trench
isolatien region which is nearly planar with-the hard
mask layer, |

etching the trench insulator back to approxlmately
halfway to three—quarters of the way down into the
trench,

etchlng and remov:ng the hard mask layer by

preferred selectlve etchlng while leav1ng the pad oxide

in place;
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dep051t1ng a thick layer of pas51vat1ng 1nsulator
layer over the surface of the pad oxlde and over the
trench, filled with partially recessed insulation;
planariaing the thick layer of passivating
insulator so that the trench isolation region with
passivating insulatcr cap is nearly planar with the'pad.
oxide; _ .
okicizinc-the semiccnductor surface to formlgate
and-capacitcf-oxide-for MOSFET; .
: dépositing; doping and patterning polysilicon'
gates; . | |
providing gate sidewall iaolation:
fonming diffusion regions for MOSFET scurce/drains;
dep031t1ng and selectlvely forming salicide layers;
~ depositing and formlng 1nter1evel dlelectrlc
1nsulat1ng layers, |

patternlng and etchlng contact holes tO'the_

source/draln P-N Junctlon.dlffus1on reglons,

depositing by chemical vapor deposition (CVD)
ccndnctive'contact metallurgy into the contact holes;

thus ‘borderless or unframed ccntactS'to | _
source/drain inIMDSFET’s are fabricated with the use of
said passivation cap layer in a partially recesaed orh

seml—recessed trench 1solatlon scheme, w1th1n a

.semlconductor substrate._
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13." The method'of claim 12, wherein passivating

trench cap layer is deposited thick silicon nitride in a

. thickness from approximately 500 to 3,000 Angstroms.

' 14. The method of claim 12, comprising of the step
of forming a P-N junction in the semiconductor subst:ate

next to the sidewall of the trench, and wherein the

 prior stép.of forming a silicon nitride passivating :

trench cap layer, protects the P-N junction from the:

contact hole etching step.

15. A method of fabricating a partially recessed

shallow trench isolation structure on a semiconductor

substrate, wherein a paséiﬁating trench cap is utilized

to fabricate borderless contacts for MbSFET’S, by the

method camprising_the folloﬁing steps:

'pﬁoﬁiding a semiconductor substrate,_single.cfystal
silicon providing a trench formed therein; | |
. providihg a pad oxide‘layer of silicon dioxide
patterned on the surface of the semiconductor;

providing a hard mask iayer patterned on the
surface of the éemicpnductor; _

filling the.trehch'with a thick ;ayer of insulator;

planarizing the insﬁlator:back to achiéve a trench -
isciation regioh which is'néarly planaf‘With the hard

maSk'layer;
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etchifiy the trench ihsulato: back to approximately
halfway to threé—duartérs of the way dbwn into the
trench; -
o etching.and”removing the haid_mask layer by
preferred Seléctive-etching while leaving the pad oxide
in place;. |

depbsiting a thick layer of passivating insulator

" layer over the surface of the pad oxide and over the

- trench, filled With:partially_recessed.insulation; :

planarizing the thick layer of passivating
insulator so that the trench isolation_region with
passivating insﬁlator cép is nearly planar with the pad
oxide; o | S

oxidizing the silicon surface to form thermal
silicon'dio#ide'for gate and capacito:-insulator'for
MOSFET; | |

'depositing, doping and patterning polysilidqn

- gates;

providing gate sidewall isolation;

'depositing and selectively forming salicide layérs}

depositing'and forming inte;level dielectfic
inéulétingllaYers; .

patterning and etching,contact~holes to the
soﬁrce/drain P-N-junctioﬁ diffusion regions, with the‘
silicoﬂ nitridé trench cap ;ayer protedfing the corner

region of the trench;
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depositing by_chémical-vapor deposition (cvD) -
conductive cbntact'metallurgy'into the contact holes;

thus borderless or unframed contacts to
sburce/drain'in MOSFET's are fabricéted'with the use of
said silicon nitride passivation cap layer in a
partially recessed or semi-recessed silicon-@xide trench

isolation scheme, within a silicon semiconductqr

'Substraté..

16. The.method'of claim 15, wheréinlthe process
camprising of the fofmation.of the passivating silicpn
nitride trench cap lajer is cdmpatible with
complementary MOS (CMOS) transistors using both p- and
nftype.MDSFET gate channels. |
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