; *+, - e3e~RIJKAMNRQG* RT~R} A NOVEL STI SCHEME TO PREVENT FOX RECESS DURI NG
PRE-CVP HF DIP ..i BACKGROUND OF THE INVENTION (1) Field of the Invention
The invention relates to the fabrication of integrated circuit devices, and
nore particularly, to a nethod for selective and control |l ed oxi de renobva

as part of a process for the creation of Shallow Trench Isol ation regions

d n the surd ageyef @rfué)édﬁmé ero(gﬁmﬂ?ﬁ@rt 'ﬁﬁcﬁéstB@REﬁGOﬁgﬁL&MEhﬁFabtpof
creatlng sem conduct or devi ces has over e years progressed in

i npl*enenting i nproved device perfornance by reducing device feature

di mensi ons and by creating seniconductor devices and packages of sharply

i ncreased densities. Wth_these increa device densities, the challenge
of providi ng adequate |so$%§$%%0%¥Dtﬂg Eﬁ%agﬁﬁEggﬁ?Eonductor devi ces takes
on increased significance. Typically, the isolation of sem conductor
devices is acconplished by creating shallow trenches in the surface of the

substrate over which the devices are created and filling the created
trenches w(lh aRie%dl afi bhenhbheenaliosuch as silicon oxide and the |ike. The
conpleted and filled trenches are conmonly referred to as Shal | ow

Trench |sol ati onneSThyehegbAnsei ArtBetsuthaceaptithe:i sHbskr ahtegkhties a
requi rement of creating STl regions in the surface ,
circuit devices, and more particularly, to a method for selective
and controlled oxide removal as part of a process for the

creation of Shallow Trench Isolation regions in the surface of a
]

substrate.

(2) Description of the Prior Art

The art of creating semiconductor devices has over the years
progressed in implementing improved device performance by
reducing device feature dimensions and by creating semiconductor
devices and packages of sharply increased densities. With these
increased device densities, the challenge of providing adequate
isolation of the created semiconductor devices takes on increased
significance. Typically, the isolation of semiconductor devices
is accomplished by creating shallow trenches in the surface of
the substrate over which the devices are created and filling the
created trenches with an isolation material such as silicon oxide

and the like. The completed and filled trenches are commonly

|
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of a substrate that the STl isolation material that is deposited in the
created STI trenches is evenly distributed through the trenches in uniform
density and has a surface of good planarity. This requirenment nust be

mai nt ai ned even for applications where the density of the created trenches
vartes over the surface of the substrate, resulting in significantly

different abgerpkhORor akeshholodedsehynspacedttibanqhes)wher ieorPanedna th
wi dely spaced trenches. Inter-device isolation requirenments may al so vary,

resdlting ggrggggcggakhgnsg Sgggg%hes of non-uni formw dth, which again
pl aces adde urden on creatl ng I' regi ons of good perfornmance

characteristics. A planar surface of STl regions after STl oxide fill is
typically achi eved by polishing the surface of the conpleted STI regions
usi ng net hods of Chem cal Mechanical Polishing (CVW) or nethods of resist
et ch- back, reactitvési 8nrEQERTRESRR PE. CTisé thingh Sddgrediem splidndtia ¥ ustt aase
surface of the STl region is required since the STI region is one of the
first featg@feg shistirater davddther ST Isdmicdaidwet ow tdeniade thRrdorl spldaramsithed
of the surface of the STl regions therefore nmakes the nai ntenance of

pl anarity tihr ahghoutkattke sStrapsrehctiesatiisngvendgnaiette itenrieee Hthieneasithg y
nore difficult. 2 Conventional nethods of creating STl regions in the

surface of tesidpsls’ ahe undFogal i nfsalthow & asequenee fe fdf Yo RERASIHd NG A
| ayer of pad oxide over the surface of a substrate after which a | ayer of

etch stop maler ir%lquii§e @sifed & e'i'na'r?lecas_'Ll111refd3‘Ce‘:x‘re(?lf Eﬁofalgz:ﬂlﬁyceartigncfogﬁm re

oxi de. The layers of pad oxide and etch stop materi patterne

cLoned, SN IR I UG LIRS RS WL Sa] S te Sy

etched in %%% substrate, resulting in signifi;antly different absorption
rates for densely spaced trenches when compared with widely
spaced trenches. Inter-device isolation requirements may also
vary, resulting in the creation of trenches of non-uniform width,
which again places added burden on creating STI regions of good
performance characteristics. A planar surface of STI regions
after STI oxide fill is typically achieved by polishing the
surface of the completed STI regions using methods of Chemical
Mechanical Polishing (CMP) or methods of resist etch-back,
reactive ion etching (RIE). The high degree of planarity of the
surface of the STI region is required since the STI region is one
of the first features that is created for a semiconductor device.
Poor planarity of the surface of the STI regions therefore makes

the maintenance of planarity throughout the steps of creating a

complete device increasingly more difficult.



exposed surface of the substrate, a layer of STl oxide is deposited over
the surface of the etch stop layer, filling the created trenches. The etch
stop layer is then renoved, exposing the surface of the |ayer of pad oxide.
The final step requires that the layer of STl oxide, which at this tine
protrudes above the surface of the substrate, is reduced in height, which

I's typically aCEhﬁV@ﬂ B¥ng pﬁé‘cﬂgdéh‘éfsg%%agf str'ieﬁ%b%' 4% thaclsudifge

t he surface of e pa oxI de, ing t l'atter step, care

must™ be tak n_tha STl oxid such that th urf pl an r|t
of “the' ST Of e Re AP RES évsacei%éogg‘%m iRereobRlosuPFadd ol CREHIT
reduced STI oxide |s in the plane of the surface of the substrate. )

| att er obj BctPYEY| § dPP?l@ﬁF?etBVSEtﬁpﬁ Gy& & @GedpgféréH@§§rﬁﬁee@éﬁeFaﬂ®§Ch
It is therefore not uncommon to find that there is a need to provide
speci al nmefhédyesr ofaeéFhabsopumhteraalt Ae JrPoiited ovest thet svinfaae tafe
perineter of the surface of the STI oxide where 3 a this oxide interfaces
wi th the stheolrgemgosubstr akeédenaiThiailryegeod fplpanapixtiyle Bnel iehvdnts twp
provi des such a nethod by providing an inpurity inplantation into the

deposi ted hayeriafl 9fk @xicderpedoanto ofthd oet,Clex@lostifios thE swdfdee WFE the
6, 258,676 Bl (Lee et al.) shows a STl planarization process using a reverse

nmask, etchshackrand (MRridSt@eddRed22oBl thieh@TelredliohsShews td P created.
planarlzatlon process using a reverse poly mask. US 6, 194, 285 Bl (L|n)

Shous 2 SThekdngtl? $LiaRraE0g9s sl 0912 1 gﬁ%rn%e WAk peds G A% D1 Bhe

(Chen et a l'anari zati on process using a reverse na

et ch. SUNNARY CFdTHE INVENTICN A prln% %e ob %}I%@ BPV nt.i on |s to

brevent a FAHGSE 0P IS SR e drvsredt T SR T ow

Trench ISOlaBS%Qt%%Pover the surface of the etch stop layer, filling the
created trenches. The etch stop layer is then removed, exposing
the surface of the layer of pad oxide. The final step requires
that the layer of STI oxide, which at this time protrudes above
the surface of the substrate, is reduced in height, which is
typically achieved by exposing the surface of the STI oxide,
including the surface of the pad oxide, to a wet dip. During this
latter step, care must be taken that the STI oxide is removed
such that the surface planarity of the STI is maintained even to
the point where the surface of the now reduced STI oxide is in
the plane of the surface of the substrate. This latter objective
is difficult to obtain due to differences in etch rates. It is
therefore not uncommon to find that there is a need to provide

special methods or materials such that the STI oxide, most

notably in the perimeter of the surface of the STI oxide where



4 In accordance with the objectives of the invention a new nethod is
provided for the creation of STI regions. STl trenches are created in the
surface of a substrate followi ng conventional processing. A |layer of STI

oxi de is deposited and, using an exposure mask that is a reverse mask of
thewmask that is used to create the STl pattern, inpurity inplants are
performed Lpt ut he: depogit : I i.ce. V] f
t hese procggg?nggggﬁd?%?gggggs%eﬁﬁgge?ﬁ%fgg{kgﬁgpégbo§gkf§?ﬁg%yhgegg¥%%?ﬁkd
| ayer of etcgh st material,is.exposed to the jinpurity inplant This.. . 4.
exposure aPparoPLRRSE: k- chapadELPREEPRs BaP EREaasss PelIafel By Papviding
oxi de where this STl oxide overlies the patterned. layer of etch stop .
material . FhelBPERLFHt émBiaf‘ﬁétilﬁﬁuﬁnttﬁ é%&oé@@ogﬁtegxil&éfe‘lrs I SldaSd 5y
the inpurity inplantation, resulting in an etch overlying the patterned
etch stop Payer tRathgr 666Bd9fcEhdsdEXdbIOKiPgst er than the etch of the STI
oxide that is deposited overlying the created STl trenches. Since, wthout
an inpurity inplant, the deposited | ayer of STl oxide etches at a uniform
rate, the etch will renove the SIT oxide fromthe STl trench, thus causing

a recess in the gyrf6acaesgk7the1ST.eexicde alngi dddwize aSSHT It rARGhAS.zaWildh t he
significantly faster etch of the STI oxide where this oxide has been

exposed t o iUt sl antablkeBe e STt ¢adienyRicvpan be equal i zed
bet ween the STl oxide that overlies the patterned etch stop |ayer and the
oxi de that has been deposited over the STI trenches. 5 a

US 6,242,322 Bl (Chen et al.) shows a STI planarization

process using a reverse poly mask.

Us 6, 194, 285 Bl (Lin) shows a STI planarization process

using a reverse mask.

US 6,169,012 Bl (Chen et al.) shows a STI planarization

process using a reverse mask and etch.
SUMMARY OF THE INVENTION
A principle objective of the invention is to prevent a

recess or divot in the surface of a created fill of a Shallow

Trench Isolation region.



BRI EF DESCRI PTI ON OF THE DRAW NGS Figs. 1 through 3 show conventi onal
processing steps, as follow Fig. 1 shows a cross section of a substrate,
patterned | ayers of pad oxide and etch stop material have been created over
the surface of the substrate, trenches have been etched into the surface of
t hexsubstrate in accordance with the pattern of etch stop material, a |ayer

of 1P oxi de hag,beenogeanstt adhntge! Be1Leenches andnaverll ‘Eglotnh%
ons a

patterned etch stop nateria cross section after etc back
of ‘The dep

y H u5|n t is.a rev e nmask . of
Of The depgsLhed Laver gt othe oy 't BrERtSpBpotagar ARAIERE I Sdr ‘GPTELA®
oxide. Fig. 3 shows a cross section after an HF dip has been applied to the
exposed suFFéeére?ﬁédlhVeﬁPPoﬁuF§a€?pP§|ﬁe6u9§Fﬁ§tF|§§ l@WﬂﬁﬂbGGWfot%QQa
follows: 6 Fig. 4 shows a cross section of a silicon substrate over the
surface of PRAFERsanpay8r lavepadfoRTde cgadea lisaglerosf tetc Bnsk o Sdtde Biral
have been deposited. Fig. 5 shows a cross section after the |ayers of pad
oxi de and ekpetclrestmapkniiheri ak haveveeesr patsteofedhandastcid@dt Risg.us®d to
shows a cross section after trenches have been etched into the surface of

the substratreaite ageosgdangattei-h,t Rappatiicer Anpfl ante elreh pelr@d rir@derintd Ghel

shows a cross section after a |layer of STl oxide has been bl anket

deposi ted. shirgack $F0WReadeh8se tebClagR Aldersmd Mkl MhlideYSithas
processing conditions, the layer of STI oxide overlying the
patterned layer of etch stop material is exposed to the impuritx
implants. This exposure alters the gtch characteristics of the
deposited layer of STI oxide where this STI oxide overlies the
patterned layer of etch stop material. The etch rate of the
impurity exposed STI oxide is increased by the impurity
implantation, resulting in an etch overlying the patterned etch
stop layer that proceeds considerably faster than the etch of the
STI oxide that is deposited overlying the created STI trenches.
Since, without an impurity implant, the deposited layer of STI
oxide etches at a uniform rate, the etch will remove the SIT
oxide from the STI trench, thus causing a recess in the surface
of the STI oxide inside the STI trenches. With the significantly
faster etch of the STI oxide where this oxide has been exposed to
impurity implantation, the STI oxide removal can be equalized
between the STI oxide that o%erlies the patterned etch stop layer

and the oxide that has been deposited over the STI trenches.



been created over the surface of the deposited | ayer of STI oxide. Fig. 9
shows a cross section during inpurity inplantation into the surface of the
created structure. Fig. 10 shows a cross section after the photoresist nask
has been renoved fromthe surface and an STl oxide etch back has been
persorned. 7 Fig. 11 shows a cross section after a HF di p has been
conpleted to renove excess STl oxide fromthe surface of the patterned etch
stop layer. DESCRI PTION OF THE PREFERRED EMBODI MENTS For conparative

purposes, the conven I C g e fill in STI trenches
is first briefly rev%@\%@% B§§h89§T§§N ?%aﬁ@ gﬁﬂéﬁ“ . 1 shows: - 10, a
cross section of a substrate - a patterned | ayer of pad oxide created
over the surface of the substrate 10 - 19, a patterned |layer of etch stop
material created over the surface of the substrate -15, trenches etched
into the surfac&ief -t he thapsghate ShOV GORVESdATEE WNCE S NSatStans ofa%t ch
stop material 14 - 16, a |ayer of HDP oxide deposited into the trenches 15
and overl yifoglowe pattern of etch stop material 14. Fig. 2 shows a cross
section after (a dry) etch back of the deposited |ayer 16 of HDP oxi de
using a mask (not shown) that is a reverse mask of the mask that is used to
pattern the etch stop 8

Fig. 1 shows a cross section of a substrate, patterned
layers of pad oxide and etch stop material have been created over
the surface of the substrate, trenches have been etched into th?
surface of the substrate in accordance with the pattern of etch

stop material, a layer of HDP oxide has been deposited into the

trenches and overlying the patterned etch stop material.

Fig. 2 shows a cross section after etch back of the
deposited layer of HDP oxide using a mask that is a reverse mask

of the mask that is used to pattern the etch stop layer and the

layer of pad oxide.

Fig. 3 shows a cross section after an HF dip has been

applied to the exposed surface.

The invention is explained using Figs. 4 through 11, as

follows:



| ayer 14 and the | ayer of pad oxide 12. This reverse mask etch . renoves

nost of the HDP oxide from above the pattern of etch stop material 14, the
| ayers of HDP oxide that remain in place after the HDP oxide etch back are
further renoved fromthe surface of ., the patterned |ayer 14 of etch stop
material by applying a HF dip to the surface of | ayer 16 of HDP oxide. The

results of thisg gbfegrghgﬂémg EQREQG SE%§%n éogéﬁﬁﬁF'gsu%stg SUY%V%Q

a cross section a
the’l ayer 16 of HDP_oX] de thaiahas been shown in cross_section in Fi

Al

een app € exXpose ace

of t heSREPAGRI A& MBLFBrByLAYRE Rt RESs SFE4Ee 260 fhe AY&Lt @rfn@&qha%é:rom

of etch stop material. However, due to the isotropic nature of the wet etch
process, tMatgxidé WAVE kPeB BEPP&ibeEd from the surface of the | ayer of
HDP oxi de that has been deposited inside trenches 15, resulting in a recess
of the surface of the HDP oxide inside trenches 15. This recess is present
even before final planarization is achieved by polishing the surface of the
structure that FsgshéwshomsCchosgoseckikef iion Riffer3thésilagaret kFdpaef oxide
Chem cal Mechani cal Polishing (CWP). The applied CWP will further

accent uat echfie recess Ak ophhatirhage ralve! BRdrayRi clindd dmddedditidle the

STI

trenches. s The invention deviates fromthe above highlighted

processi ng sequence by additionally applying a step of _inpurity ion
i npl antati on before the above highlighted step (Fig. 2) of etching the
deposited | ayer of H%P xide wth a dry etch. This

ows a cross Sectioh after trenches have been etched
into the surface of the substrate in accordance with the pattern
[

of the etch stop layer.

Fig. 7 shows a cross section after a layer of STI oxide has

been blanket deposited.

Fig. 8 shows a cross section after a mask of photoresist has
been created over the surface of the deposited layer of STI

oxide.

Fig. 9 shows a cross section during impurity implantation

into the surface of the created structure.

Fig. 10 shows a cross section after the photoresist mask has
been removed from the surface and an STI oxide etch back has been

performed.



wi ||l be explained in detail using Figs. 4 through 11. Fig. 4 shows a cross
section of a sem conductor substrate 10 in the surface of which have been
created a |l ayer 12 of pad oxide over which a |ayer 14 of silicon nitride
has been deposited. For the deposition of the thin |ayer 12 of pad oxide
uses conventional nethods such as Low Pressure CVD deposition technol ogy.
The LPCVD teCthEBQYl@rQHbdgs highsdep@eit ban arakes aang %&?ehh%n%é@d m

t hi ckness unlfornlty The thin layer 12 of oxide is typically created to a
t hi'Ckness n,20 0 t r e St

rel ease be?&gg g §§|F§§§V§ugstr§? %?g] 3%%afé%m'i%%f%ggﬁﬁgghcﬁfﬁifhe

As an exa for t.he o] Iayer 12 of pad oxi de the foll ow ng
processi ng EEESFP|8n§tg§ 558% ﬁ?@ "source: wet 02 provided at a flow rate
for the Oz of about 0 to 10 sccmand a flow rate for the Hz of about 15

sl pm tenperature of about 875 degrees C., under atnospheric pressure, tine
of about 30 m nutes. 10 For this creation of |ayer 12 of pad oxide a
furnace is used, due to tHEIIRERBEIONXIKIE HE BRFFHRRER ENP@RIIENTDp | ayer,
commonly containing silicon , nitride (Si3Na) and is typically deposited
usi ng LPCVD or PECVD procedures, at a tenperature between about 200 and 800
degrees C., to a thickness between about 200 and 5, 000 Angstrom enpl oyi ng

Si 3N9 or Si OXNY ras- 2 okigalra@n veO e JERIS! ittle AMhRINMINA 13 HYd fPgen
source material. As one exanple, the layer 14 of silicon nitride can be

created usiR@ 3 ;100L a3 & 1FFECYRI1Gr 1hPEYR RNQGRANE SUGH A% %f"}éfl eJPékﬁlé’wed

enpl oyi ng gasses containing silicon and nitrogen, such as using

SidzHz an%fN%ﬁo&dgt? ]Fugl Zmﬁhems a cross section of substrate 10 after

the | ayer oxide an | ayer 14 of nitride have been patterned |,
and

Fig. 1 shows:
-~ 10, a cross section of a substrate
- 12, a patterned layer of pad oxide created over the surface of
the substrate 10
- 14, a patterned layer of etch stop material created over the
surface of the substrate
-15, trenches etched into the surface of the substrate 10 in
accordance with the pattern of etch stop material 14
- 16, a layer of HDP oxide deposited into the trenches 15 and

overlying the pattern of etch stop material 14.

Fig. 2 shows a cross section after (a dry) etch back of the
deposited layer 16 of HDP oxide using a mask (not shown) that is

a reverse mask of the mask that is used to pattern the etch stop



etched. The openings 11 that have been etched through |layers 12 and 14
align with the surface of the substrate where trenches for STI regions wll
be etched., The layer 14 of silicon nitride can be anisotropically etched
with a plasma gas—contai ning carbon tetrafloride (CF9) containing fluorine
ions, in a comercial etcher such as a parallel plate R E apparatus or an

el ectron cYelgLr9n LAOBARCEs(ECR PSR i AACHAN thakeLeld Qe SlhoUton

nitride can so be etch S as an etchant at a tenperature
of .between_about 80 and 100. de es_C. and a pressure of out 1.20,.and

T 30 Torr FoRoReR: MESHt OberhBer CRoBITTS0 AR B6°YRe0 e RALERY P O P HATE 7 EOP
process. Typically, oxides such as |ayer 12 of pad oxi de can be etched

usi ng Ar/CP9t§§léﬁ efeh&he é?yﬁrﬁeﬁﬁe%QPUPéléﬁ béake & MR Su L M 29 365d 2§
degrees C. and a pressure of between about 0.30 and 0.40 Torr for a tine of
bet ween ab&be BBPandige sécbnésclsiamg &udityreat glemoveseSyonThidiepreafdaas) of
processing conditions for the etching of layer 12 of pad oxide are as

foll ows: wehedpptaerHedplagerapdr odr e tjmhefserape tha ttemim If dory talpe weitngligp HB dip
about 30 seconds, the HF vapor uses pure HF with a ratio of H20 . HF = 2 .

1 applied ker taet st rheween 1akeuwt 1% 37d HbrsesanREs. Thd r&uhans A s dip
section of the substrate after trenches 13 have been etched into the

surface of jsubshahe 110.+nhEhe Risecess Qf,Crgatding the STl openings 13 is
per f or med ﬁainlyoby 6Iasna etcﬁing. Thgnéfgﬁiﬁgpof the STI trenches 13 can
be perfornmed using a wet etchant. One suitable wet etchant for a wafer that

is formed of nonocrystalline silicon is a solution containing a m xture of
KCOH (pot assi um hydroxi des.and H20. Thi s ,solutiqn anis opi.cally ,etches the
silicon substr a{%é,g f )élr nsi%noé”sgraoéz\fé)sssl § e U earhg%/Eir r?%psfh e%vakﬁ%n t hat

are sl oped a%tplai%dari]:%l %h%f e%:%%usted5%uq:ef%rc%esofc'thvg tlhayer 16 of HDP oxide that

has been shown in cross section in Fig. 2. All of the HDP oxide
is removed from the surface of the patterned layer 14 of etch
stop material. However, due to the isotropic nature of the wet
etch process, the oxide will also be removed from the surface of
the layer of HDP oxide that has been deposited inside trenches
15, resulting in a recess of the surface of the HDP oxide inside
trenches 15. This recess 1s present even before final
planarization is achieved by polishing the surface of the
structure that is shown in cross section in Fig. 3, using methods
of Chemical Mechanical Polishing (CMP). The applied CMP will
further accentuate the recess of the surface of the layer 16,

Fig. 3, inside the STI trenches.



the horizontal. The slope of the sidewalls is a function of the 12
different etch rates of nonocrystalline silicon along the different
crystalline orientations. The surface of the substrate represents <100>
pl anes of the silicon, which etches faster than the sl oped sidewalls that
represent the <1l 1> plane. G ooves 13 can al so be created applying plasm

etching. By appfoprigiéntiohCqeiatbs Eééﬁe§h8faBB@e93%?H9§gﬂ€@ﬁ“5&66@s&&%g '
paranmeters of the discharge established in the plasnma efch chanb :

sel'ective Q@%u@@ééoﬁ 0%%81?&8#%29y'§ éf?iﬁ&eg sk@ Hgﬁ?&@ p&gﬁesses

dry etch is or ne erern 'S expose ormed in

the flow of ope or npore sses ypi cal re hal ogenat ed

conmpounds 5m%f%g5@tégn Hgg?fﬁah?e éovﬁoglgggﬁﬁﬁee EepcﬁgggCF%g Rf23) sFs
or NF3 can be used. Added can be gases such as Oz, Ar and Nz. The invention
conti nues, e¥Fiing, thﬁtﬂepﬁelaego%ayeénoéfHBPlQyédelsleh 8TArgxegeh. This |
preferably conprising H gh Density Plasnma (HDP) oxide. The |ayer 16 of

HDP- oxi de eahlbeedeppiairddusnndet®CVDutséobnéliggy, 4ptefrenghbl $1deposited to

a thickness such that trenches 13, Fig. 6, are filled with the HDP oxide. A

| ayer of HDP oxide will also be deposited overlying the patterned | ayer 14

of etch stop material. 13 The invention at this tinme in the processing

cycle provides £9g, unsﬁbgslaleeagsveébe@ee wirt B ee&xeehueeebrwehae@%aee 10
creating STl regions in the surface of a substrate se ectively nodifying

the etch rafeygf E{]?fg‘EBOEEt 9ﬁ¢ﬁyﬁsvé6befen'* eQ)E gagg g‘geom ¥8d oxide

nodi fication of the etch rate o eposite ayer

over which a layer 14 of silicon nitride has been deposited.

For the deposition of the thin layer 12 of pad oxide uses
conventional methods such as Low Pressure CVD deposition
technology. The LPCVD technology provides high deposition rates and
excellent film thickness uniformity. The thin layer 12 of oxide is
typically created to a thickness of between 20 and 500 Angstrom.
Layer 12 serves as a stress release between the silicon substrate

10 and layer 14 of silicon nitride.

As an example for the growing of layer 12 of pad oxide the
following processing conditions can be cited: source: wet 02
provided at a flow rate for the Oz of about 0 to 10 sccm and a
flow rate for the Hz of about 15 slpm, temperature of about 875

degrees C., under atmospheric pressure, time of about 30 minutes.

10



results in a faster etch rate of the HDP oxide overlying the patterned

| ayer 14 of etch stop material when conpared with the etch rate of the HDP
oxide that fills the STI trenches 13 (Fig. 6). To achieve the selectivity
of the nodification of the etch rate of the deposited |ayer 16 of HDP
oxide, a mask 18, Fig. 8, of photoresist is created over the deposited

llayer 16 OfoHDEL 0Xi dead by BRSKa48,-012PB0t BLESLHEE qRAE @uPAkEEN Bst hakdl, Sdue
the reverse pattern of the patterned | ayer 14 of etch stop material. The :

mask that | d [ e creation of patterned |ayer 18 of photoresist is
therefore t%egﬁgvgggémégsﬁgéggfhe mask that is used for the creation of the

patterned | ayer 14 of etch stop material. By using a reverse nask for the
creation of the patterned |ayer 18 of photoresist, the |layer 16 of HDP

oxi de is exposed where this layer overlies the patterned |ayer 14 of etch
stop material. laves fdoist AeseteRpssen Savkace coagioony ebnthaniagesildcoen .
HDP oxi de that the HDP oxi de nust be nobst aggressively renpbved and nust be
renoved atnatratle t(BatN4)s esel et edypsiucti tvhatepaditerd tuweliregy GFRAVD ofr tRERCVD

| ayer 16 14 of HDP is conplete, results in a surface of good planarity of

the surfaceretebayes,letob HERpexkdareByepaickor aibag ta 2bloarket siompWddrtes C.,
inplantation 20, Fig. 9, into the exposed surfaces of layers 16 and 18, the

etch rate eb hhenexRased hayqkehda8buHDE 00X iss o}o@cm%@%%%w e@qpfl%fti?{? @fi 3N,
e

about 2 when conpared with the non-exposed | ayer of HDP oxide. Since

| ayer 16 oboHREomN| dex 1o £posel AR LS. AVeradd SN £%4he PaLLEEOR

| ayer 14 of etch s%op materi a ective Ing of t

exposure 1 hot or esi_st sk 18 | ayer. 16 of H i over | yi

t he patter%gg"ycfzgyg‘ﬁagiiigﬁ 'e?‘%h%&% o)pex_rara gre i’a?e%v% I]JT'"y(b%er elgsﬁgél Sg‘ﬁ a oglutryjtgv%%cde?
the rate a%a%h%eHggegﬁ%%EUEE%% %V%BEI%%e%h%E%UDig;ﬂﬂgg$B procedure such as

simultaneously employing gasses containing silicon and nitrogen,

such as using SiH4 of SiCl:H2> and N2 or NHj.

Fig. 5 shows a cross section of substrate 10 after the layer
12 of pad oxide and the layer 14 of nitride have been patterned and
etched. The openings 11 that have been etched through layers 12 and
14 align with the surface of the substrate where trenches for STI

regions will be etched.

The layer 14 of silicon nitride can be anisotropically etched
with a plasma gas containing carbon tetrafloride (CF4) containing
fluorine ions, in a commercial etcher such as a parallel plate RIE
apparatus or an electron cyclotron resonance (ECR) plasma reactor.

Layer 14 of silicon nitride can also be etched using He/NF3 as an

11



The optimum conditions for the inplant 20 nust be experinentally determ ned
and depend on specific conditions of sem conductor device creation such as
the density of the STI trenches, the paraneters of cross section of the ST
trenches, the thickness of the deposited |ayer 16 of STI oxide and the

i ke. A nunber of exanples will be cited, which represent a lightly doped
i npl ant at i u t h e i gn,

np &en f@%ﬁf# Q’Q&ﬂ&@ré@?ﬁéﬂ&?-b&@w%ﬁﬁ 2018 ?M 408 ﬂob”HEBPEQE ern and

as follows: y doped I nplantation erein a first conductrvit

i nparting do s ph or ou o] d _at _an en bet

about 5 to 1t ?@%r a? gﬁ% B ﬁe%ge%%dggogﬁ ?%{i fgr 1%15 §¥oﬂﬁ/§ﬁﬁwesn abolt
nedlun1doped i npl antation, wherein a second conductivity inparting dopant

i s arseni c2OraffhodPhdeerds| vaingpk aftBdeBEDaRTEAEEEY bet ween about 5 to 50
KeV, at a dose between about 1E12 to 5E14 atons/cn, and a heavily doped

i npl antation, wherein a third conductivity inparting dopant is arsenic, ion

i npl anted at an energy between about 5 to 150 KeV, at a dose between about
1E15 to 1E16 atpgpicaRly)toksdekeatichhesi mpyeit y2i Bl patiabk@fe2@ahsbBOktched
limted to either an n-type inpurity inplantation such as using arsenic or

phosphor OU§31H@UAtIfaFL 05@ M ol e | AL SRS A O SUSH BStWseRNdabodt umz@r
boron inpurity’ions. is inpurity |nplantat|on limted to either a

density, high f@ﬁ'%@%fs%‘&b% 'Q}?Bf‘g V\ﬁ%é@@u ”Eg't%g‘eqegﬁbﬂ oT8g! Ul o

concentration | | an 1 on en SI OW concentration I nplant at on

or any conhinatign t her eof rinment lts a required to_determ ne
optlnun1cg§ Pt %ﬂs an l?yp8ff§ggWﬁSHr??y“£n§#aﬁpg Egn onds using-a dry etch

process. The preferred processing conditions for the etching of

)
layer 12 of pad oxide are as follows: wet dip or HF pure vapor are
preferred, time for the wet dip is about 30 seconds, the HF vapor

uses pure HF with a ratio of H20 : HF = 2 : 1 applied for a time

between about 1 and 2 seconds.

Fig. 6 shows a cross section of the substrate after trenches 13
have been etched into the surface of substrate 10. The process of
creating the STI openings 13 is performed mainly by plasma etching.
The etching of the STI trenches 13 can be performed using a wet
etchant. One suitable wet etchant for a wafer that is formed of
monocrystalline silicon is a solution containing a mixture of KOH
(potassium hydroxide) and H20. This solution anisotropically etches
the silicon substrate, forming grooves in the substrate having
sidewalls that are sloped at an angle of about 54 degrees C. with

the horizontal. The slope of the sidewalls is a function of the

12



It must thereby be noted that an inplantation angle of 90 degrees with the
s~irface of the inplanted layers is preferred. This ' to assure that the
peri phery or edge of the surface area of the 16 patterned | ayers 14 of
etch stop material do not receive any inplantation species and therefore
remain unnodified in their etch characteristics. It wll be noted in the

cross sectj.on. that hown_in F 9 that the regions that a . ‘
i oni | gt St e T SR TG4 Gh IRt o AhbkN S e SELPPT et Phe f%e?ltéea%nt.
HDP" oxi de. Therefore, if the inplantation 20 has a zero tilt angle, no
impurity |Qﬁ%ﬁ%ﬁlll$ﬁwﬁﬁt%ﬁ%ﬁ¥eﬁn%n§Tbﬁ teekage sef Frge i@?StFﬁEgeFSPéesents

| eaving these regions essentially in place during a subsequent etch of

| ayer 16 siHe@®> tihesees egf oblse nad hicdm, tweiehretahegsefgstepwihanhthat 8loped
Specifically highlighted in the cross section of Fig. 9 are regions 19

si nce the gidka X eticdt r aéerofetitiesiee replduspphays a unique role in .
creating a~desired surface profile after the conventional etchback of |ayer

16. This will becone nore clear in going fromthe cross section of Fig. 10
to the cross section of Fig. 11. After inpurity inplantation 20 has been

conpl eted, the @PQ$95§Si§thHS§1§§ b LEODVEd %thythg é?égﬁﬁe Héhﬂﬁg.aﬁy

conventional nethods I nstance oxygen as g an ean

al ternat e JELPodile. ! ohloul ngeSPAUCHEE,aNoRe ARRYLEM, LN RERRObna, sne

perform:g |on step 2 8% d ayer 1

the inplantation step a 0 erfor g af Ler the de etchb o e

has beon c%%?’&?'é‘arin‘a% 0L 0 PEePEhL SR TR LR 87aShSMBREK PhSher,
selective and anisotropic etching is achieved. In most modern .
processes, a dry etch is performed wherein the wafer is exposed to a
plasma, formed in the flow of one or more gasses. Typically, one or
more halogenated compounds are used as an etchant gas. For example,

CF4, CHF3 (Freon 23) SF¢ or NF3 can be used. Added can be gases such

as 02, Ar and Na2.

The invention continues, Fig. 7, with the deposition of a layer
16 of STI oxide, preferably comprising High Density Plasma (HDP)
oxide. The layer 16 of HDP-oxide can be deposited using LPCVD
technology, preferably deposited to a thickness such that trenches
13, Fig. 6, are filled with the HDP oxide. A layer of HDP oxide will

also be deposited overlying the patterned layer 14 of etch stop

material.
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phot oresi st mask 18 has not yet been renoved. The advantage of this
alternate sequence is that if the oxide 17 is too thick, the photoresist
mask 18 may not be effective in blocking all the inplantation species. The
i nventi on now proceeds with conventionally etching |ayer 16 of HDP oxi de,
appl yi ng an oxi de etchback, resulting in the cross section that is shown in

Fig. 10. ThemglChing fi Jrav&r 36 Oft iHRP 9xide Cﬁbé&s%{g; wyed iﬁk&rif'di%%

oxi de etcher with a recipe conprising Ar, CHF3, C4Fs at Tlow rates o

50-150, 10-150 and Q-20 sccmrespectively. The et.ching of er A6, of

oxi de cgr?q:al 38 %elgﬁl T5ikd Vbaf lfoﬂbqeyi‘ﬁgﬂ?/scoqr}\’bepnletcl Opﬂ a;is r’?@e ter{O(a:Cﬁsi nogflicnroeaanﬂ%
et chant caonprising SFs, perforpmed in a parallel HDP reactor in-situ, in a

pl asma it FHSFARGSCRA e&&‘a FIRP TS G BRGS0t L S Bt B ing, e
carrier gas at a flowrate sufficient to maintain a pressure between about

5 and 1®t@homatien afhd hMDRIGREtRd dvert dh of IPRwrxiste bellviee sl 1 w0
and 1,200 Watts TCP with between about 1,000 and 1,500 Watts bias. 18 As
a fi nal metddff igfa toreeatahgloxiaecH itd e ETItheglapssited heawer faceoDFHRP oxide
substrate, the invention applies a HF dip to the surface of the structure

that is xSt d MrcrapskaSeet itch nedtieg. o flO0chd asnib t bl Nove SIyiied Utiee t hat
has a cross section as shown in Fig. 11. A wet etching with a HF

(Hydr o- atatd naf i 1y &Nt A o Nok &0 i d P Nnd ¢ &ei 21 Bfe s o dthp DFe & a0i 1 t15€detch
for this purpose. The HF wet dip renoves the HDP oxide 16 fromthe surface

of the pajderded ayasp 1k Qe SEAACOR M & ri e, sThe. dopede S0P oxir e, 1 & ,rlelgi on

19 has, due to the inpurity 1nplantation 20, a higher etch rate and w
therefore be renoved fromthe surface of the patterned |layers 14 at a
hi gher rate when conpared with the non-doped HDP oxi de, which is the oxide

overlying the STl trenches. The profjle that is sh in cros
ytng To achieve the sele tivity OP the modfggcation o? the etch rate

of the deposited layer 16 of HDP oxide, a mask 18, Fig. 8, of
photoresist is created over the deposited layer 16 of HDP oxide.
This mask 18 of photoresist has a pattern that is the reverse
pattern of the patterned layer 14 of etch stop material. The mask
that is used for the creation of patterned layer 18 of photoresist

' is therefore the reverse mask of the mask that is used for the
creation of the patterned layer 14 of etch stop material. By using a
reverse mask for the creation of the patterned layer 18 of
photoresist, the layer 16 of HDP oxide is exposed where this layer
overlies the patterned layer 14 of etch stop material. It is from
these exposed surface regions of the layer 16 of HDP oxide that fhe
HDP oxide must be most aggressively removed and must be removed at a

rate that is selected such that, after the etching of the layer 16

14



section in Fig. 11 is therefore obtained. A so, the tinme during which the
HF dip is applied can be reduced because the HDP oxi de overlying the
patterned |layer of silicon nitride is renoved at a higher rate. This
further acconplishes the objective of the invention of preventing a recess
in~the oxide that has been deposited in the STI trenches 13. As a final

poi nt nygtuphp bs ebﬁﬁiéeé thatuhhe tapal egy ralket e Yckiaee ahhati tys cxhewe in
Cross section in 11 is nore suited to a subsequent step of CMP, which

is- applgggfgeefggt?ggegn?%n% %@f%%g gel anarity. 19 The invention, of

creating regions o hal rench ol'ation (STI) in the surface of a
substrate, can be summarized as follows: the invention starts with a
substrate, the substrate is provided with an objective of creating

sem conduct or devices over the surface thereof a Iayer of pad oxide is,
creat ed over BYheegdrradador tHankghsimpug ity |iapdandi &'o et ebvi NG
deposited over the surface of the |ayer of pad oxide the Iayer of etch

st op natbei akpanrddt barfayes of padess dé ans gdtt emrecttaid wtched, thsi ng a
first exposure mask, creating at |east one opening through the | ayers of

et ch st epposeedr ilalyeand & e [HDPeloxdidepad dtiddesaddie at d easttaane bHpdriuty 2
being aligned with at | east one surface area over the surface of the

subst r ahgewhebtipalrelde 3Gt NG & S@incRx@o sShpl 0k T TN AHDH sliatd Orsiined athe
created at |east one STl trench is created in the surface of the substrate

in accondaRee 19 W Wi YxilRasls QQARNIWIME L 68 1ayer 16 overlies the

patterned layer 14 of etch stop material (due to the selective
blocking of the exposure 18 by photoresist mask 18), the layer 16 of
HDP oxide overlying the patterned layer 14 of etch stop material
will be etched at about twice the rate as the HDP oxide that

overlies the STI trenches.

The optimum conditions for the implant 20 must be
t  experimentally determined and depend on specific conditions of
semiconductor device creation such as the density of the STI
trenches, the parameters of cross section of the STI trenches, the
thickness of the deposited layer 16 of STI oxide and the like. A
number of examples will be cited, which represent a lightly doped
implantation, a medium doped implantation and a highly doped

implantation, as follows:

¢ a lightly doped implantation, wherein a first conductivity

imparting dopant is phosphorous, ion implanted at an energy

15



through the layers of etch stop material and the |ayer of pad oxide a
| ayer of STI dielectric is blanket deposited over the surface of the

patterned and etched | ayer of etch stop 20 material, filling the at |east
one opening created through the |ayers of etch stop material and the | ayer
of 'pad oxide, further filling the at |east one STl trench created in the

surface of the substrate an inpurity ion inplantation blocking nmask is
created oviestwdensabbacesotot ool aRye; et STHodeebeeweea wbbng arsecendlEl4
exposure mask, the second exposure mask being a reverse nmask of the first
exposure ngskmspbgtki ng the surface of the layer of STl dielectric where
the layer of STl dielectric overlies the at |east one STI trench created in

the surface of .the substrate. an ir uritX ion inplantation is perforned
nto the cipBSdUE fPREY SFOLARCALYBR: oFNSTFLai 8] SECPRE PANSEEELYANYe with
the ion inplantation blocking mask, creating at least two first |layers of
doped STI #repstinrgcdepentyiifgarkenpat per nbgsahgrershedonayaplentedchtsedp
material, the at least two first |ayers of doped STI dielectric surrounding
at | east oemesgyondtiager abbutndopedS58TKelli, ekéctr doseveeltyerg theuat 1Eédstto
one STI trench created in the surface of the substrate, increasing an etch
rate of theEat heamk/twd, fanst |ayers of doped STI dielectric by a

measur abl e anmount the inpurity ion inplantation bl ocking mask is renoved

fromtheg sur . a . die [.s t : I i r st
doped and ?héégfl?gagpﬁggexg %§%§§£%8géeg%%§§éﬁsao?%é%P ?gﬁggﬁgﬁékgie

etched to %QSE%t&HS h%%%%tz%s arsenic, ion implanted at an energy between

about 5 to 150 KeV, at a dose between about 1E15 to 1E16

atoms/cm?.

It is clear the impurity implantation 20 1s not limited to
either an n-type impurity implantation such as using arsenic or
phosphorous impurity ions or an p-type implantation such as using
indium or boron impurity ions. Nor is impurity implantation limited
to either a high density, high concentration implantation of a
medium density, medium concentration implantation of a low density,
low concentration implantation or any combination thereof.
Experimental results are required to determine optimum conditions

and type for impurity implantation 20.

It must thereby be noted that an implantation angle of 90
degrees with the surface of the implanted layers is preferred. This

to assure that the periphery or edge of the surface area of the
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_, of STI dielectric overlies the surface of the patterned and etched | ayer
of etch stop material to a neasurable height, and the [ayer of STI
dielectric is renoved fromthe surface of the patterned and etched | ayer of
etch stop material. The alternate nethod of the invention, of creating

regi ons of Shallow Trench Isolation (STlI) in the surface of a substrate,
can be summarized as follows: the alternate nethod starts with a

substr atgatttdhesdilisdyate 146 @f avt clets b mathe D4 BCiid vieo©f rec@bdé nony

sem conduct or devices over the surface thereof a |layer of pad oxide is

creat ed Qqeraddie S fAee O s g stpStE Al e Beh@VRTuRho &l £le @t O PRELF i &tchS
deposited over the surface of the layer of pad oxide 1 the layer of etch

stop|ﬂﬂégéfgcggg&%gfééayer of pad oxide are patterned and etched using a
first exposure nask, cCreating at |east one opening through the |ayers of

etch stop material and the | ayer of pad oxide, the at | east one opening
being aligned with at | east one surface area over the surface of the
substrate where at_ | east one region of Shallow Trench Isolation is to, be

created 22 IhtWikhste ometest i bhenciesereatedonnthal sarfhewnofnthd9. 9
substrate in accordance with the at |east one opening created through the
| ayers ofhat cinsthp regeenal thad ahe hagerighteddasxkdgions| dyertoé ST
dielectric is blanket deposited over the surface of the patterned and
et ched Iglyetondsieschmasbpléadeerdiesfthéi hgyeheldt ofedbP oridepefihagefore,
created through the
if the implantation 20 has a zero tilt angle, no impurity ions will
penetrate regions 17 (see also Fig. 10), therefore leaving these
regions essentially in place during a subsequent etch of layer 16

since these regions maintain their relatively slow etch rate.

Specifically highlighted in the cross section of Fig. 9 are
regions 19 since the modified etch rate of these regions plays a
unique role in creating a-desired surface profile after the

l conventional etchback of layer 16. This will become more clear in
going from the cross section of Fig. 10 to the cross section of Fig.

11.

After impurity implantation 20 has been completed, the
photoresist mask 18 is removed from the surface using conventional

methods of for instance oxygen ashing and clean.
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| ayers of etch stop material and the |ayer of pad oxide, further filling
the at | east one STI trench created in the surface of the substrate an
inmpurity ion inplantation bl ocking mask is created over the surface of the

| ayer of STI dielectric using a second exposure nask, the second exposure
mask being a reverse mask of the first exposure mask, blocking the surface
of the layer of STl dielectric where the |layer of STI dielectric overlies
the at | east agnenSHItarendde aedaicd dHe tiwel 1Iswifrar escaafudiee stdistyatapp it :

| ayer of STI dielectric is etched to where the layer of STI dielectric
overli eg nhe ssUidrAGR 1Ho i Patd empad A @it hadd ayefof b st etchback

material to a nmeasurable height an inpurity ion inplantation is perforned

into th fa f. r..of el (Yol it
the i on 1S ol bl ki ) rae Sl = B L e e e e
bl ocki ng mask i.s remved frqmthe surface of the |ayer_of STI dielectric,
and t he N GFerC SRR LA P ISR 9T (AT I ST Ao thde the
patterned and etched | ayer of etch stop material. Al though the invention .
has beePhfdatied aFK I1UNFnRe Weth begneresneed: shreidd@rradrtdht Fies
enbodi ments thereof, it is not intended that the invention be limted to

t hose i lditstnrattiey es esndsodiareig sthathoksle ke | deidde nl T hies akeo vithick ecdumi ze

that variations and nodifications can be nade wi thout departing fromthe
spirit ofhdtwrdgiventmnask 18 msy tihetr doref fedehdedin dblockime all hilmet he

i nvention all such variations and nodifications which fall within the scope
of the appendedtcled padieequi val ents thereof. ' 24 VWhat is clained is

1. A nethod of creating regions of Shallow Trench Isolation (STlI) in the
surface of a substrate, conprising the steps of: providing a substrate, the
substrate is provided with an

The invention now proceeds with conventionally etching layer
16 of HDP oxide, applying an oxide etchback, resulting in the
cross section that is shown in Fig. 10. The etching of layer 16
of HDP oxide can be performed in a HDP oxide etcher with a recipe
comprising Ar, CHF3, C4Fs at flow rates of 50-150, 10-150 and 0-20
sccm respectively. The etching of layer 16 of HDP oxide can also
t  be performed by applying isotropic plasma etching in an etchant
comprising SFe¢, performed in a parallel HDP reactor in-situ, in a
plasma containing CFs at a flow rate of between about 30 and 60
scem, in a carrier gas at a flow rate sufficient to maintain a
pressure between about 5 and 15 mTorr in the HDP reactor and at
an rf power of between about 400 and 1,200 Watts TCP with between

about 1,000 and 1,500 Watts bias.
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obj ective of creating sem conductor devices over the surface thereof;
creating a |l ayer of pad oxide over the surface of said substrate;
depositing a |layer of etch stop material over the surface of said |ayer of
pad oxi de; patterning and etching said |layer of etch stop material and said
| ayer of pad oxide using a first exposure mask, creating at |east one
openi ng through said |layers of etch stop material and said | ayer of pad

oxi de, said g Le§t§ a?“thgeeknargékgﬂgabk%@df‘ﬁ‘lﬁ@dafsrr&elé’:% i®A& in the

surface~area over e surface of said substrate where at |east one region

of Shallg F%&gng@ gsghg%%ggF%§Sﬁggbgngggggggia%%g%%gn% e bggfgog?%FSTl

trench 1n € surface trate in-acc ance wth east
one opening created. through said, layers of etch stop material and said
ayer oPBaAhy P he B aREEL CalaBa PR g 1 PAFER Of SPPSH SRECEARe 1ovERar hdO:
surface of said patterned and etched | ayer of etch stop material, . filling
sai d at TPEHLFiBAelBpenPhYUEtEELed  Blir 835h as & SPape S ion &5 Shordn gt §p9-
material and said |ayer of pad oxide, further filling said at |east one ST

trench ¢teaPeletnetrBisgr Wacd &f H¥aildysgestlaosd ccread) nGoat dimdamd Bpliusd on
i npl antation bl ocki ng mask over the surface of said |layer of STl dielectric
usi ng alskeoadBekpeslnéimaskans bied usedorid rexpisupanpasike .bdheg HE mweredse
mask of said first exposure mask, blocking the surface of said |ayer of STI
di el ect tefiowher ehsaHOP! axereofl 6SFrofi @hecisiirEa@eeldfi eheS pat tRirneendlayeie 14

STI trench created in the surface of said substrate,
of silicon nitride. The doped HDP oxide in region 19 has, due to the
impurity implantation 20, a higher etch rate and will therefore be
removed from the surface of the patterned layers 14 at a higher rate
when compared with the non-~doped HDP oxide, which is the oxide

overlying the STI trenches. The profile that is shown in cross

section in Fig. 1l is therefore obtained.

Also, the time during which the HF dip is applied can be

' reduced because the HDP oxide overlying the patterned layer of
silicon nitride is removed at a higher rate. This further
accomplishes the objective of the invention of preventing a recess
in the oxide that has been deposited in the STI trenches 13. As a
final point must it be observed that the topology of the surface

, that is shown in cross section in Fig. 11 is more suited to a

subsequent step of CMP, which is applied to further enhance surface

planarity.
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performng an inmpurity ion inplantation into the exposed surface of said

| ayer of STl dielectric in accordance with said ion inplantation bl ocking
mask, creating at least two first |layers of doped STI dielectric overlying
said patterned and etched | ayer of etch stop material, said at |east two
first layers of doped STI dielectric surrounding at |east one second | ayer
of undoped STI dielectric overlying said at |east one STl trench created in

the surface gfosahdeauhshrabe. cr@%rtqasg' B9 Abnet o rs%taql% $9lethct | east two
first Iayers of doped STI "dielectric By a’neasurabl e amount; renoving said

i mpuri t n L npl C sk fro rfa of . said | It Of
STl die ec ?F%QB ?gﬁéhggga?h% ?h?gg@% ?ﬁo fgbég%&bged %%8 ?g qFﬁ?égst one
second undgggg | ayers of STI dielectric to where said |ayer of 26 ST

di el ect PPc PI'Pés the surface of said patterned and etched | ayer of etch
stop material to a neasurable height; and renoving said | ayer of STI

di el ect Pi cthie ok eret ko f errps whtl @af@b?hé@t%ndtb@cﬁéﬁsté?é? bf etch stop
material. 2. The method of claim 1, said pad oxide having a thickness of

bet ween ammviz@eéndiiﬁmoamnglsjtﬁo‘nive.OEhere@thugi pémttandudtosaddviager of
etch stop material conprising silicon nitride deposited to a thickness

bet ween abowdr 2600e anelr Ba OO0t Mwgsbrom 4. The nmethod of claiml, said STI

di el ectric conprising HDP oxide. 5. The method of claim 1, said increasing

an etch raéelgfe a&Pﬂ% Lol 6850110 LILSELAYGLS 9& dgpgﬂaﬁl'og'ﬁh ctric by a

neasurable a rising |ncrea5|n Sardetc sai d a | east two
first layers of dqged STl dielectric by a factor of about 2.
substrat

® a layer of etch stop material is deposited over the surface of
the layer of pad oxide

¢ the layer of etch stop material and the layer of pad oxide are
patterned and etched, using a first exposure mask, creating at
least one opening through the layers of etch stop material and
the layer of pad oxide, the at least one opening being aligned
with at least one surfaée area over the surface of the
substrate where at least one region of Shallow Trench
Isolation is to be created

¢ at least one STI trench is created in the surface of the
substrate in accordance with the at least one opening created
through the layers of etch stop material and the layer of pad
oxide

* a layer of STI dielectric is blanket deposited over the

surface of the patterned and etched layer of etch stop
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6. The nmethod of claim1l, said inpurity ion inplantation blocking mask
conpri sing photoresist. 27 7. The nethod of claim1, said creating an
impurity ion inplantation bl ocking mask over the surface of said |ayer of
STl dielectric using a second exposure mask conpri sing net hods of

phot ol i t hogr aphi ¢ exposure and devel opnment of an exposed sem conduct or
material. 8. The nmethod of claim7, said sem conductor material conprising

phot or esi shat8ridhe FRihOHgothel akM dassabdel BpBhihY ceRalteRl ahtralighnthet O
t he- exposed surface of said |layer of STl dielectric being provided under an

angl e of abgut.gl getyrdrocess whib.lhe aief 268 95y8a! ggfdggasio&%e',ayer of

STl dielectr met h aim said etc id at least two

(11, doped o pat, g heapl g0 egendindaned aver sk B bty ©

conpri si ng-an oxi de ac said
| ayer of STI g%elec ric fromthe surface of said patterned and etched |ayer
of etch stBprHafFErP ItESHﬁPgéﬁﬁGtﬁ HF dip. 12. The method of claim 11,
further applying a reduction in the timng of the HF dip. 28 13. The
met hod &f @éRaiRPRrifivt hoaniagdianitesdonsbdpchiingl aask st icowadesl icg¢rt dhehe
surface of said patterned and etched | ayer of etch stop material and the
surface of ssafdckapér tbk $ilyedi elfeSMi cdieléctThe metimgd aofsecicamidmekPossaied
step of planarization conprising
mask, the second exposure mask being a reverse mask of the
first exposure mask, blocking the surface of the layer of STI
dielectric where the layer of STI dielectric overlies the at

least one STI trench created in the surface of the substrate

®¢ an impurity ion implantation is performed into the exposed
surface of the layer of STI dielectric in accordance with the
ion implantation blocking mask, creating at least two first
layers of doped STI dielectric overlying the patterned and
etched layer of etch stop material, the at least two first
layers of doped STI dielectric surrounding at least one second
layer of undoped STI dielectric overlying the at least one STI
trench created in the surface of the substrate, increasing an
etch rate of the at least two first layers of doped STI
dielectric by a measurable amount

' ® the impurity ion implantation blocking mask is removed from

the surface of the layer of STI dielectric
* the at least two first doped and the at least one second

undoped layers of STI dielectric are etched to where the layer

21



met hods of Chem cal Mechanical Polishing (CW). 15. A nethod of creating
regions of Shallow Trench Isolation (STI) in the surface of a substrate,
conprising the steps of: providing a substrate, the substrate is provided
wi th an, objective of creating sem conductor devices over the surface
thereof: creating at |east one STl trench in the surface of said substrate
using a first exposure mask; depositing a |layer of STl dielectric over the

surface ofosaith sebsté@teiclbvbingesatfeatuleast onecSdl phteaehear gaed in
theé surface of said substrate; selectively nodifying an etch rate of at

| east two ét&éﬁédcié’?ér SEELL OB 9’20?%&9?99@%80' 'ﬁ¥§5u9£b§§' th&h‘éCtéh&

said at least two first cross sections being adjacent to said | east one
STI trench_created in_t ce _of said substrate; a ving_s

Cayer | of ST GrETeE P T ot EPBUBL Aol SuF pligEed %Fbea’ﬁgesa%??st%e,gf@ési g
said STl dielectric deposited inside 29 said at |east one trench created
in the surPateehredazydsebshedt 2ve6. ofhetrbt ABEPONAERALML 15, said creating
at | east one STI trench in the surface of said substrate conprising the
steps of: creating a | ayer of pad oxide over the surface of said substrate;
depositing a layer of etch stop material over the surface of said |ayer of
pad oxi de;Thataktarngtandetheli n§ shedihuwgetioh, eb€hcskopingt erpabnandfsai d
| ayer of pad oxide using a first exposure nask, creating at |east one

openi ng shiwdugh TsaindtH ayeris foret (ST St om Materdwt f o shid dwdysrraofe pashn
oxi de, said at |east one opening being aligned

be summarized as follows:

¢ the alternate method starts with a substrate, the substrate is
provided with an objective of creating semiconductor devices
over the surface thereof

®* a layer of pad oxide is created over the surface of the

substrate

¢ a layer of etch stop material is deposited over the surface of
the layer of pad oxide

¢ the layer of etch stop material and the layer of pad oxide are
patterned and etched using a first exposure mask, creating at
least one opening through the layers of etch stop material and
the layer of pad oxide, the at least one opening being aligned
with at least one surface area over the surface of the
substrate where at least one region of Shallow Trench

Isolation is to be created
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with at | east one surface area over the surface of said substrate where at

| east one region~of Shallow Trench Isolation is to be created; and etching
the surface of said substrate in accordance with said at | east one opening
created through said | ayers of etch stop material and said | ayer of pad
oxi‘'de, creating at |east one STl trench in the surface of said substrate in
accordance with said at | east one opening created through said | ayers of
etch step svteeaat end sairdtkayen ot padaexbden 8Be sh#fatheomethed of
claim 15, said selectively nodifying an etch rate of said at |east two

first crosg,gecthensiff seabdadapasiied kaxrentofealk dhel epbhiitgCerrhkalng
the steps of: creating an inpurity ion inplantation bl ocking mask over the

surface of tﬁ?b{?ghfﬂfﬁé QLX§IL direleatr %‘Eoé%ﬁ%e@ig‘icg% %Qoﬁﬂé& %kﬁaﬁa' d
second exposure”“nask berng a reverse nmask of said first exposdaré mask,
exposing the,surface of at |least two first cross sections of said | ayer of
STI di el ecP¥i8®where said layer of STl dielectric is adjacent to said at

| east one STI trench created in the surface of said substrate; performng
an i mpurti t§ LaMernpfaftat fdalertaiche sekpos&etsdepasdtel saed ¢§Ver of ST
dielectric in accordance with said ion inplantation bl ocking nmask, creating
at | east tworfacst ofr bbs pettieonsdorndapechedf ldgped oFTle tdihelseoipri c

adj acent to said at | east one STI trench created in the surface of said

substrate, maaedial, | €asllihyo thier att Ceas: 0t opRrRidly lcdversdofthadepeth Shee
dielectric being adjacent to at | east one second cross section of a |ayer

of undoped;gfbrdi 8F€etENCstPR thaRlerli83Shn@Nen2CARNR LIS PSP Mk, Of a
| ayer of undoped STI dielectric being aligned with said at | east one ST

trench Cre%h?@h%@ Egﬁliﬂaf%%% %E ﬁ%ggt one STI trench created in the

surface of the substrate

® an impurity ion implantation blocking mask is created over the
surface of the layer of STI dielectric using a second exposure
mask, the second exposure mask being a reverse mask of the
first exposure mask, blocking the surface of the layer of STI
dielectric where the la&er of STI dielectric overlies the at
least one STI trench created in the surface of the substrate

® the layer of STI dielectric 1s etched to where the layer of
STI dielectric overlies the surface of the patterned and
etched layer of etch stop material to a measurable height

® an impurity ion implantation is performed into the exposed
surface of the layer of STI dielectric in accordance with the

ion implantation blocking mask
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substrate, increasing an etch rate of said at least two first cross
sections of doped STI dielectric by a neasurable anpbunt; and 31 renmovi ng
said inmpurity ion inplantation blocking mask fromr the surface of said

| ayer of STI dielectric. 18. The nethod of claim 15, said renoving said
sel-ectively nodified |layer of S~i'T dielectric from above the surface of
sai d substrate conprising the steps of: etching said at |least two first

Cross SeCtﬁﬁgﬁhﬁEuﬂpgfdlég1 f&ﬁ@éfi@naBﬂo@ﬁiﬁga&asﬁa§E 28R-5E680RHo/I 0SS
section of undoped STI diel e ric to where said |ayer of STI dielectric

overlies t@ﬁ s%ﬁggﬁgeoéfs ?g§§$rgkes%? §1§EQEH£?Q|G hgight; and renoving

said | ayer 0 Iect sOr fAces Adf acent “to°Sdid at |east on STI
trench created in the surface of said substrate. 19. The met hod of claim
16, sai @ pée okaver hali Afl adihiekhess 6F berqeed About the andfsoe Algshfom
20. The nethod of claim 16, said |ayer of etch stop material conprising
silicon nipatderdeposndedttibed layeknessebehwetnpabeber280.and 5, 000
Angstrom 21. The method of claim 15, said STI dielectric conprising HDP
oxi de. 32 22. The nmethod of claim15, said selectively nodifying an etch
rate of at least two first cross sections of said deposited | ayer of STI
dielectric conprising increasing said etch of said at |least two first cross
sections of said deposited |ayer of STI

Although the invention has been described and illustrated
with reference to specific illustrative embodiments thereof, it
is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will recognize
that variations and modifications can be made without departing
from the spirit of the invention. It is therefore intended to
include within the invention all such variations and
modifications which fall within the scope of the appended claims

and equivalents thereof.
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dielectric rate by a factor of about 2. 23. The nethod of claim1l7, said
inpurity ion inplantation bl ocking mask conprising photoresist. 24. The
met hod of claim 17, said creating an inpurity ion inplantation bl ocking
mask over the surface of said |ayer of STl dielectric using a second
exposure mask conpri sing nethods of photolithographi c exposure and

devel opnent of an exposed sem conductor material. 25. The nethod of claim
24, sai ghsemicorduaimed mai:eri al conprising photoresist. 26. The net hod of
claim 17, said inmpurity ion inplantation into the exposed surface of said

| ayer of; SH i@l RCUA ¢ ReINGPHAY et Widedh AN Ahahe@in aboiliatidiet ysT1)
degrees with the surface of sald deposited |ayer of STl dielectric. 33

27 The gethad 9fclal BA8) salddelal haaldal, |4t das fg st o oss

sections of pe el ectric and 'sald at |east one second cross section

of undoped STI_di.el.ectric to where said | r of STl dielectric.overlies
the surface &rosvzi'ldd‘ nﬁjﬁstsruﬁsetﬁagtea{ n%la%usrlg%ﬁeter 5 th? %%%%(?%él n"gl%h %ﬁ(i de

et chback. .28. The qfthod of claim18, said Q?noyiqg sai d | ayer QE ST

di el ect A% SIS f 562 B TP VT P Rt BT S W LTI T efith @ %at ed i n
the surface of said substrate conprising a HF dip. 29. The nethod of claim
28, furtR&TeRfpl ying a reduction in the timng of the HF dip. 30. The

met hod of claim 15, with an additional step of planarization applied to the

surface of s&uPyfdinerancyaid @f dPrd PBide ofeltighe stobiaee ?fafabid the
surface of said layer of STI dielectric. 31. The nethod of claim 30, said
step of spllmtardtzati on conprising nmethods of Chemi cal Mechanical Polishing
(CWP).
depositing a layer of etch stop material over the surface of
said layer of pad oxide;
patterning and etching said layer of etch stop material and
said layer of pad oxide using a first exposure mask, creating at
least one opening through said layers of etch stop material and
said layer of pad oxide, said at least one opening being aligned
with at least one surface rarea over the surface of said substrate
t  where at least one region of Shallow Trench Isclation is to be
created;
creating at least one STI trench in the surface of said
substrate in accordance with said at least one opening created
through said layers of etch stop material and said layer of pad
oxide;
blanket depositing a layer of STI dielectric over the

surface of said patterned and etched layer of etch stop material,

filling said at least one opening created through said layers of
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32. A nethod of creating regions of Shallow Trench Isolation (STlI) in the
surface of a substrate, conprising the steps of: 34 providing a
substrate, the substrate is provided with an objective of creating

sem conduct or devices over the surface thereof ; creating a | ayer of pad
oxide over the surface of said substrate; depositing a |layer of etch stop
mat eri al over the surface of said |ayer of pad oxide; patterning and

et chi ng @l Jrdematfe Btah SO IRt erd pdr and sad bt ayel OlrPReh oxi tei gi ng

a first exposure mask, creating at |east one opening through said | ayers of

etch St%%i@ifecr!l ast‘dciéeaisdri YEL O] PAd 0x) df, 'ds@ffé%eé‘%fo%‘&i&’!f’e”i ng
being aligned with at least one surface area over the surface of said
substrate mhgéqhaj | east one region of Shallow Trench Isolation is to be
creat ed: >t 843y at | east one STI trench in the surface of said substrate

in accordance with said at | east one opening created through said | ayers of
etch stop mat@rGaiinth Pl aitPHEyeY B pHEP 65T bRt 1 pf drkeEk HRPoBR T X ngv el | Ber
of STI dielectric over the surface of said patterned and etched | ayer of
etch st il sFid 1iaes0l ST | eheleohrliopeping 2reateddt pXRAFRCSai d
| ayers of etch stop material and said | ayer of pad oxide, further filling
sai d at naHst $Aed SHconednekpeseat adeskh baengua f aeecvse smagdksobssaade; 35

first exposure mask, blocking the surface of said layer of STI
dielectric where said layer of STI dielectric overlies said at
least one STI trench created in the surface of said substrate;

performing an impurity ion implantation into the exposed
surface of said layer of STI dielectric in accordance with said
ion implantation blocking mask, creating at least two first
layers of doped STI dielectric overlying said patterned and
etched layer of etch stop material, said at least two first
layers of doped STI dielectric surrounding at least one second

' layer of undoped STI dielectric overlying said at least one STI

trench created in the surface of said substrate, increasing an
etch rate of said at least two first layers of doped STI
dielectric by a measurable amount;

removing said impurity ion implantation blocking mask from
the surface of said layer of STI dielectric:;

etching said at least two first doped and said at least one

second undoped layers of STI dielectric to where said layer of
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creating an inpurity ion inplantation blocking nmask over the surface of
said layer of STI dielectric using a second exposure nmask, said second
exposure mask being a reverse mask of said first exposure nmask, bl ocking
the surface of said |ayer of STI dielectric where said |ayer of ST
dielectric overlies said at | east one STl trench created in the surface of
said substrate; etching said |ayer of STI dielectric to where said | ayer of

STI di elS8dt diclerdmiiceoverd isr ftavee virftal Phattasithan Wirrnad e |ey@iebf
etech stop material to a neasurable height; performng an inpurity ion

i mpl ant dtaiyexr ioft @ tdhe seoqposedt estirflaces of nsad ghitayler i@ ; dired ectric in
accordance with said ion inplantation blocking mask; renoving said inpurity

i on i npl ant atdebBIRE K% Masked roMdie sikfacerof seom tryesupfaddlos
dielectric; and renoving said | ayer of STI dielectric fromthe surface of

sai d_pattarped Al R LNed |Gl PN IS Sf ARSI alna A3 i Jhe met hod of

claim 32, said pad oxi aving a ness of between about 20 and 500
Angstrom 34. The nmethod of claim 32, said |ayer of etch stop materi al
conprising silicon nitride deposited to a thickness between about 200 and

5, 000 Angstrom J 35., The thod of _¢claim3 said STI, dielectri

conpr i sir%'g Tlr%nb'%qboeq e hso%ll%fp%(ga?’fﬁ ,Zh%‘éJrrbgi?rpHH?@n?%sr’] oF

i npl ant ation bl ockin sk co isin hot oresi st. 37. The nethod of claim
32, sai PITERT %ngéguﬁq‘fﬁ%rﬁ??r%’g?ﬁ‘ati on bl ocki ng mask over the
surface of said layer of STI dielectric using a second exposure mask

conpri sing net hods of

3. The method of claim 1, said layer of etch stop material
comprising silicon nitride deposited to a thickness between about

200 and 5,000 Angstrom.

4. The method of claim 1, said STI dielectric comprising HDP

oxide.

! 5. The method of claim 1, said increasing an etch rate of said at
least two first layers of doped STI dielectric by a measurable
amount comprising increasing said etch rate of said at least two

first layers of doped STI dielectric by a factor of about 2.

6. The method of claim 1, said impurity ion implantation blocking

mask comprising photoresist.
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phot ol i t hogr aphi ¢ exposure and devel opnment of an exposed sem conduct or
material. 38. The nethod of claim 37, said sem conductor materi al
conprising photoresist. 39. The nethod of claim 32, said inpurity ion
inplantation into the exposed surface of said |ayer of STl dielectric being
provi ded under an angle of about ninety degrees with the surface of said
deposited layer of STl dielectric. 40. The method of claim 32, said etching

sai d | ayer iel LG ..CQNPrd_Si j etggﬁgg Y/ 41. The
met-hod gf‘ g?lfaei In%;%?%dr é’%&lﬁéms%'d ai%%%é%gd%nelle tri léq{]?i?ornom t he
surface,of .sai d, patterned.and_etched | ayer of ch stop material co |-Si ng
e o AR R B SR RS PSR G (T SR o S Mh Ao 1 he
timng of the HF dip. 43. The nethod of claim32, with an additional_step
of pl an8re2&GtEH CapFingd & & ARk FHRRIV LT MK PR T BFATh&S | ayer

of etch stop material and the surface of said |ayer of STl dielectric. 44.
The met BS@tefl idheignapdic gxpasugs emdldaialormasn ormdt iRRF et hods of
Chem cal Mechani cal Polishing (CW). 38

A A [ . AeicAnd@eAs]r@radeSiA).. AHL. ALH. A, . Al * . AF . AF. A9" . A. L. A&h . A&3. A&
AALL AT A3, A&3. A&3. A9Y. A& % A&F. AL. A&l . A{Y. A& A&a

. A&a3. A& A&N. A. AN. A&9. A&NOAEab} 0g| UWW \ 1o| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] cRa
] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]c

al] ca] cajscalti® rjethod !d¥ claim 7, said semiconductor material comprising

photoresist.

9. The method of claim 1, said impurity ion implantation into the
exposed surface of said layer of STI dielectric being provided
under an angle of about ninety degrees with the surface of said

deposited layer of STI dielectric.

10. The method of claim 1, said etching said at least two first
t  doped and said at least one second undoped layers of STI

dielectric comprising an oxide etchback.

11. The method of claim 1, removing said layer of STI dielectric
from the surface of said patterned and etched layer of etch stop

material comprising a HF dip.

12. The method of claim 11, further applying a reduction in the

timing of the HF dip.
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| /R’ - /R’ - | /R’ - /R’ - /R’ -
&s! 10/&1(8. Jl%é&n{e)thol'd 1oof/qgél(2in:1|'01/§gf (gal%l'oc/%géa(einzgl at least one STI trench
in the surface of said substrate comprising the steps of:

creating a layer of pad oxide over the surface of said

substrate;

depositing a layer of etch stop material over the surface of
sald layer of pad oxide;

patterning and etching said layer of etch stop material and
said layer of pad oxide using a first exposure mask, creating at
least one opening through said layers of etch stop material and
said layer of pad oxide, said at least one opening being aligned
with at least one surface area over the surface of said substrate
where at least one region:'of Shallow Trench Isolation is to be

' created; and

etching the surface of said substrate in accordance with
said at least one opening created through said layers of etch
stop material and said layver of pad oxide, creating at least one
STI trench in the surface of said substrate in accordance with

. said at least one opening created through said layers of etch

stop material and said layer of pad oxide.
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10,Y: t 109& ()-&('j' "' (L(dE_@ 10l &$109%& () -
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igg/épt(ye)&' F%}:’LOJﬁF/" ?;@ﬁﬁﬁ @E%):l%ﬁ E’%g/;kﬁ%’ 3t 185@PF) °F* L 100 () -
10%& () - IVlcreatlng an impurity ion 1mplantatlon blocking mask over the
surface of said layer of STI dielectric using a second exposure
mask, said second exposure mask being a reverse mask of said
first exposure mask, exposing the surface of at least two first
cross sections of said layer of STI dielectric where said layer
of STI dielectric is adjacent to said at least one STI trench
created in the surface of said substrate;
performing an impurity ion implantation into the exposed
surface of said layer of STI dielectric in accordance with said
ion implantation blocking mask, creating at least two first cross
sections of layers of doped STI dielectric adjacent to said at
least one STI trench created in the surface of said substrate,
! said at least two first cross sections of layers of doped STI
dielectric being adjacent to at least one second cross section of
a layer of undoped STI dielectric, said at least one second cross
section of a layer of undoped STI dielectric being aligned with
said at least one STI trench created in the surface of said
, substrate, increasing an etch rate of said at least two first
cross sections of doped STI dielectric by a measurable amount;

and
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surface of said substrate to a measurable height; and
removing said layer of STI dielectric from surfaces adjacent
to said at least on STI trench created in the surface of said

substrate.

19. The method of claim 16, said pad oxide having a thickness of

' between about 20 and 500 Angstrom.
20. The method of claim 16, said layer of etch stop material

comprising silicon nitride deposited to a thickness between about

200 and 5,000 Angstrom.

21. The method of claim 15, said STI dielectric comprising HDP

oxide.
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semiconductor material.

| 25. The method of claim 24, said semiconductor material

comprising photoresist.

26. The method of claim 17, said impurity ion implantation into
the exposed surface of said layer of STI dielectric being
provided under an angle of about ninety degrees with the surface

of said deposited layer of STI dielectric.
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10851 GHADFE ) SFPEF 166551 0)- O 1BBACL ) PR a1 o BUERELS. FRoEEE) Said
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28. The method of claim 18, said removing said layer of STI
dielectric from surfaces adjacent to said at least on STI trench

created in the surface of said substrate comprising a HF dip.

29. The method of claim 28, further applying a reduction in the

timing of the HF dip.

30. The method of claim 15, with an additional step of
planarization applied to the surface of said patterned and etched
' layer of etch stop material and the surface of said layer of STI

dielectric.

31. The method of claim 30, said step of planarization comprising

methods of Chemical Mechanical Polishing (CMP).

32. A method of creating regions of Shallow Trench Isolation

(STI) in the surface of a substrate, comprising the steps of:
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depositing a layer of etch stop material over the surface of
said layer of pad oxide;

patterning and etching said layer of etch stop material and
said layer of pad oxide using a first exposure mask, creating at
least one opening through said layers of etch stop material and
said layer of pad oxide, said at least one opening being aligned
with at least one surface area over the surface of said substrate
where at least one region of Shallow Trench Isolation is to be
created;

creating at least one STI trench in the surface of said

! substrate in accordance with said at least one opening created

through said layers of etch stop material and said layer of pad
oxide;

blanket depositing a layer of STI dielectric over the
surface of said patterned and etched layer of etch stop material,

. filling said at least one opening created through said layers of

etch stop material and said layer of pad oxide, further filling
said at least one STI trench created in the surface of said

substrate;
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109%& ()SPBreADeb&styiexbdeblPaOM h8%s8rfrec&Z0f said patterned and etched
layer of etch stop material to a measurable height;
performing an impurity ion implantation into the exposed
surface of said layer of STI dielectric in accordance with said
ion implantation blocking mask;
removing said impurity lon implantation blocking mask from
the surface of said layer of STI dielectric:; and
removing said layer of STI dielectric from the surface of
' saild patterned and etched layer of etch stop material.

33. The method of claim 32, said pad oxide having a thickness of

between about 20 and 500 Angstrom.
34. The method of claim 32, said layer of etch stop material

comprising silicon nitride deposited to a thickness between about

200 and 5,000 Angstrom.
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38. The method of claim 37, said semiconductor material

comprising photoresist.

| 39. The method of claim 32, said impurity ion implantation into
the exposed surface of said layer of STI dielectric being
provided under an angle of about ninety degrees with the surface

of said deposited layer of STI dielectric.

40. The method of claim 32, said etching said layer of STI

dielectric comprising an oxide etchback.
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dielectric.

44. The method of claim 43, said step of planarization comprising

methods of Chemical Mechanical Polishing (CMP).
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