;{1 e3e\ Ya0T?l / METHOD OF FORM NG A SHALLOW TRENCH | SOLATI ON STRUCTURE
FEATURI NG A GROUP OF | NSULATOR LI NER LAYERS LOCATED ON THE SURFACES OF A
SHALLOW TRENCH SHAPE BACKGROUND OF THE I NVENTION (1) Field of the Invention

The present invention relates to nethods used to fabricate ' r
devices, and nore specifically to a nethod used to fabricaﬂmﬂmmmmmm“mmr
trench isolation (STI), structure featuring a group of silicon*l Sge and

silicon nitride insulator liners on the sides of the shallow trénch shape
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structures, structures that would consune | ess area than previously used

i sol ation regions, foryeRFACESIICAISHAIILY TRENEHSIHARMSN (LOCOS),
procedures. The presence of birds beak, or oxide encroachnent into regions

reserved for active device regions, encountered when applying LOCOS
i sol ati on procedures, resulted in the sem conductor industry shifting to

STl structures, wherein BAeKuROENW OF fTME MNoYENTN he STI structures does
not consune adj acent active device area. The formation of STl structures

however present a different set of process concerns that if not addressed
can del eteriously influence device yield and performance. For exanple wet
etch procedur countered during routine device fabrication procedures
can res(g}ﬁe#rpﬁléeﬁ'gv LtI'OBf a top portion of an insulator |iner |ayer
resulting in a gap or a divot | ocated between the STl structure and the
adj acent active device region. The unwanted di vot can trap unwanted

The present invention relates to methods used to fabricate semiconductor devices, and
more specifically to a method used to fabricate a shallow trench isolation (STT), structure
featuring a group of silicon oxide and silicon nitride insulator liners on the sides of the shallow

trench shape used to accommodate the STI structure.
Description of Prior Art

The ongoing quest for to form smaller semiconductor chips, still providing device densities
equal or greater than device densities found with larger semiconductor chips, necessitated the use
of new device isolation structures, structures that would consume less area than previously used
isolation regions, formed via local oxidation of silicon (LOCOS), procedures. The presence of
birds beak, or oxide encroachment into regions reserved for active device regions, encountered
when applying LOCOS isolation procedures, resulted in the semiconductor industry shifting to

STI structures, wherein the procedure for forming the STI structures does not consume adjacent
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materjals or create an area where conductive bridging can occur, in both
cases adversely influencing device yield and paranetrics. In addition when
the active device region is conprised with a P well region, provided for
accommodati on of N channel, netal oxide sem conductor (NMOS), devices,
segregation of the P type dopants in the well region, into undoped
insulator liner layers or into an undoped insulator fill of the STI
structure, can occur during high tenperature process steps such as
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region can result in unaccepta arametrics ow t
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conposite insulator liner |layers are used on the exposed surfaces, the
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dopants froma active device region to conponents of the STl structure.
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US Pat. No. 6,037,018, Huang et al, in US. Pat. No. 6,323,106 B 1, and
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dopant depl etion specifigaluy occurring at the edge of the active device
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is an object of this invention to forma shallow trench isolation (STl),
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temperature process steps such as source/drain anneal procedures. The depletion of dopant in the
P well region can result in unacceptable parametrics such as low threshold voltages, specifically

for narrow width devices.

This invention will describe a process for fabricating a STI structure in which multiple
composite insulator liner layers are used on the exposed surfaces, the sides and bottom of a
shallow trench shape, to alleviate formation of the unwanted divot or gap in the insulator liner
layer, located at the STI - active device region interface, in addition to preventing segregation of
dopants from a active device region to components of the STI structure. Prior art such as
Thei et al, in U.S. Pat. No. 6,350,662 B1, Jang et al, in U.S. Pat. No. 6,037,018, Huang et al, in
U.S. Pat. No. 6,323,106 B1, and Akatsu et al, in U.S. Pat. No. 6,319,794 B1, describe methods

of forming STI structures with various insulator, and composite insulator liner layers, located on the



It is another object of this invention to forma shallow trench shape in a
#op portion of a sem conductor substrate, with the bottom of the shall ow
trench shape exhi biting rounded corners. It is still another object of this
invention to forma group of insulator liner |ayers, each conprised of
either silicon nitride or silicon oxide, on the sides and bottom of a
shal | ow trench shape. In accordance with the present invention a nethod of
forming an STI structure in a top portion of a sem conductor substrate,
featuri r ' at ' I . s of a
sl 1 o SRR fhot {1382 A Rhvukiifng of HREprt 3R BRRBe o MIGABET
portion of a sem conductor substrate, followed b r i on of maski ng
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| ayer and an overlying silicon nitride |layer. A shallow trench shape is
def i ne@fiering Hsrea gfeetéon; againptaingyanted ylisot %{manman@ agninsh depashdepetione wel |
region. Thermal growth of, followed by renoval of, a silicon dioxide |ayer
r esul t speaificadly odagricpatrtbe edgatof theactiot daymeoégiomhbcathd hdjasent toghe ATEtapbire.
Atom c | ayer deposition procedures are used to deposit a group of

i nsul ator |ayers, conprised of a first silicon oxide layer, a first silicon
nitride |ayer, a second silicon oxide |ayer, and a second silicon nitride
| ayer, on the surfaces Of§UN%&NK¥tﬁWTﬂEﬁ@VPN$h§Qe’ as well as on the top
surface of the masking conposite insulator layer. After filling of the
shal |l ow trench shape with a high density plasma (HDP), deposited silicon
oxi de | ayer, chem cal nechanical polishing (CMP), procedures are used to
selectively renoye the portions of HDP sjlicon oxide |ayer fromthe top
surface of If R&n PRIkt $ighis dmysauen o f;"ﬁ% asbalow tr%ytéesomg{aﬂﬁlhgﬂrﬁﬁma or wefel
structure, lined with the nultiple insulator liner |ayers. A high

t enper awxidesemnosdictordicfbefferh@dOBYETbdoviges. of the portions of the group of
insulator liner |ayers, and of the masking conposite insulator |ayer,
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subsequent active device regions, |ocated adjacent of the STl structure.
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invention are best described in the preferred
It is still another object of this invention to form a group of insulator liner layers, each

comprised of either silicon nitride or silicon oxide, on the sides and bottom of a shallow trench
shape.

In accordance with the present invention a method of forming an STI structure in a top
portion of a semiconductor substrate, featuring a group of insulator liner layers located on the
surfaces of a shallow trench shape, is described. A well region is formed in a top portion of a
semiconductor substrate, followed by formation of a masking composite insulator layer comprised
of an underlying pad silicon dioxide layer and an overlying silicon nitride layer. A shallow trench
shape is defined in the composite insulator layer and in a top portion of the well region. Thermal
growth of, followed by removal of, a silicon dioxide layer results in rounded corners at the bottom

of the shallow trench shape. Atomic layer deposition procedures are used to deposit a group of



enbodi ments with reference to the attached drawi ngs that include: Figs. 1 -
7, which schematically in cross - sectional style, show key stages used to
forman STI structure featuring a group of insulator liner |ayers |ocated
on the surfaces of the shallow trench shape used to accomodate the ST
structure. DESCRI PTION OF THE PREFERRED EMBCDI MENTS The net hod of
fabricating an STI structure in a top portion of a sem conductor substrate
featuring a group of insulator liner |ayers |located on the surfaces the
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devi cegolithihg (AMPS lﬂ»hic@@ﬁr@;dar% QA0 GEH VRS @Bk the TpB@rom, bf M@P'sﬂfc@ﬁl bgiae in P
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schematically in Fig. 1, featuring a P type concentration greater than the
P t ype layndesatedain the tapfsusfecs afohalsenticmdscbssurfate etposiPedhosibdeuentyastives,
conprised of silicon dioxide layer 3, is next forned at a thickness between
about Sf2vice redshsNogsttd adjEcenvofah@SThemugmke. oxi dati on procedure perforned at a

BRIEF DESCRIPTION OF THE DRAWINGS

The object and other advantages of this invention are best described in the preferred
embodiments with reference to the attached drawings that include:

Figs. 1 - 7, which schematically in cross - sectional style, show key stages used to form an
STI structure featuring a group of insulator liner layers located on the surfaces of the shaliow

trench shape used to accommodate the STI structure.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method of fabricating an STI structure in a top portion of a semiconductor substrate

featuring a group of insulator liner layers located on the surfaces the shallow trench shape used



tenperature between about 800 to 1200 C, in an oxygen steam anbi ent.
Silicon nitride layer 4, is deposited at a thickness between about 1000 to
3000 Angstrons, via use of a | ow pressure chem cal vapor deposition
(LPCVD), or via use of a plasma enhanced chem cal vapor deposition (PECVD),
procedure. A photoresist shape, not shown in the drawi ngs is used as an

et ch mask, allowing a reactive ion etching (RIE), procedure to define
shal l ow trench opening 5, in silicon nitride |ayer 4, in pad oxide |ayer 3,

and in 000 to
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shape 5, between about 75 to 90, are intentionally formed to reduce the
conpl exisedandocherngisally ghomvnsin Fig. d g Tofaceqmamadas ngﬁiw@ﬁ therPaiyae dpnant level
deposited insulator |ayer. The photoresi st shape used for definition of

shal | ovin antempdrtisthaftbe Sgmicenduetvo nedtrate haplodsriecressydjorallastthadesped deder es. The
result of these procedures is schematically shown in Fig. 1. To avoid
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trench shape 5, a corner rounding procedure is perforned. Silicon dioxide
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Fig. 2 I 0Xi e Ia hIC bet ween
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(DHF), sol ution, ulting.in the bottom of shallow trenc
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undercut region in Fig. 3. In addition to creating rounded corners at the
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prevent boron implantation into regions designed for PMOS devices, an anneal procedure is
employed to activate the boron or BF; ions resulting in P well region 2, shown schematically in
Fig. 1, featuring a P type concentration greater than the P type concentration of semiconductor

substrate 1.

Pad oxide layer 3, comprised of silicon dioxide layer 3, is next formed at a thickness
between about 50 to 200 Angstroms, via a thermal oxidation procedure performed at a
temperature between about 800 to 1200° C, in an oxygen steam ambient. Silicon nitride layer 4,
is deposited at a thickness between about 1000 to 3000 Angstroms, via use of a low pressure
chemical vapor deposition (LPCVD), or via use of a plasma enhanced chemical vapor deposition

(PECVD), procedure. A photoresist shape, not shown in the drawings is used as an etch mask,



A group of insulator layers 8, featuring two identical conposite insulator
{ayers, each conprised of an underlying silicon oxide |ayer and an
overlying silicon nitride |layer, are next obtained via atom c |ayer

deposi tion (ALD), procedures, and shown schematically in Fig. 4. Afirst,

or underlying conposite insulator liner layer is first deposited, conprlsed
of underlying silicon oxide |iner conponent 9, at a thickness between about
5 to 10 Angstronms, and overlying silicon nitride |iner conponent 10, also
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procedure used for the second conposite insulator liner layer is perforned
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previously for the ALD procedure enpl oyed for deposition of the flrst
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conpletely filling shaIIOM/trench shape 5, with depositiqgn_of HDP S|I|con
oxi de |P§AB1a AVES {3P B8 BFCCRhCY: h@etrswhsqjﬂheae B“OGPd‘F%‘e‘S echepaucally shewminat or

| ayers in regions of sem conductor substrate |, not occupied by shall ow
trench Bgape 5. This is schematically shown |n Fig. 5. HDP 7 silicon
oxi de layer 13, is deposited at a thickness between about 5000 to 8000
Angstroms, using

To avoid isolation leakage resulting from sharp corners at the bottom of shallow trench
shape 5, a corner rounding procedure is performed. Silicon dioxide layer 6, is first formed
via thermal growth at a temperature between about 800 to 1200° C, in an oxygen - steam ambient.
This is schematically shown in Fig. 2. Silicon dioxide layer 6, thermally grown to a thickness
between about 50 to 200 Angstroms, is then removed via use of a dilute hydrofluoric (DHF),
solution, resulting in the bottom of shallow trench shape 5, now featuring rounded corners 7, as
the result of the oxidation and removal procedure. The isotropic wet etch removal of the silicon
dioxide layer however results in lateral removal of pad oxide layer 3, shown as an undercut region in
Fig. 3. In addition to creating rounded corners at the bottom of shallow trench shape 5,
the high temperature oxidation procedure also repairs regions of semiconductor substrate 1,

damaged as a result of the RIE procedure used for definition of shallow trench shape 5.



silane (SiH4), and oxygen as reactants. Renoval of unwanted portions of HDP
silicon oxide layer 5, fromthe top surface of the conposite insulator

| ayer, or planarization of the subsequent STI structure, is next
acconplished via a CWP procedure, with the selective CVP procedure
terminating at the top surface of silicon nitride lTayer 12. |If desired
unwant ed portions of HDP silicon oxide |ayer 13, can be renoved via a RIE
procedur e using CHF3 as a selective etchant for silicon oxide, with the RIE

procedure LeLuaat N0 Rh 10 sRRRANANGS Ll LiARROLEIR AN Leeh?:  The

result of t anarlza focedu e 1S |on o) ructure

20, in shallom/tren h, sha ematically sho ri sed of
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preventing boron diffusion or segregation fromthe P well region into
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of the composite insulator liner layers block boron diffusion, thus
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anneal proce ure, pe rmed &t nperature etmeen a out 800 to 1200 C,

hape 40 TDATBRRRTY | T P RipeEale & Pelpriediis e AR Selasval of

insulator |ayer liner group 8, as well as renpval of siljcon nitride layer
4, and P40l veisg 5’6&“6)@!‘@18“‘["&98%“‘18 as geasaats ey the allicghoxdds Knge sompongat ve
devi ce regions 30, is next addressed and schematically shown in Fig. 7. A
R E pr o’dnuwrl@qmdm@ma frosesd for deposition of the slligge nigridenigher. Aisécnnd,©HF3 f or
silicon oxide |ayers can be enployed, or if desired wet etch procedures
usi ng hetrlyhgsahpdsite imalatbr tiadr lagerUsatprised ahusdeelpmgtsilicon oside lisar Inadaid ste
while a dilute, or buffered hydrofluoric acid can be used as the etchant

for the tﬁickhé&geet%bmﬁodu@m 50 AMBrlofhst Md%v'enyﬁggﬂu%h RafelgRP1BaRdihcul arly
shown and described with reference to the preferred enbodi nents thereof, it
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used for the second composite insulator liner layer is performed using the same temperature, and
using the same reactants, as used previously for the ALD procedure employed for deposition of
the first composite insulator liner layer. This is schematically shown in Fig. 4. The lateral
undercut in pad oxide layer 3, is filled by group of insulator liner layers 8. This is schematically

shown in Fig. 4.

A high density plasma (HDP), procedure is next used to deposit HDP silicon oxide
layer 13, completely filling shallow trench shape 5, with deposition of HDP silicon oxide layer
also present on the top surface of the composite insulator layers in regions of semiconductor

substrate 1, not occupied by shallow trench shape 5. This is schematically shown in Fig. 5. HDP



changes in formand details may be made w thout departing fromthe spirit
or scope of the invention. 9 What is clainmed is: 1. A nethod of formng a
shal l ow trench isolation (STlI), structure in a sem conductor substrate,
conprising the steps of: formng a shallow trench shape in a conposite

i nsul ator layer and in an underlying, top portion of said sem conductor
substrate; form ng rounded corners in said sem conductor substrate at the
bottom of said shallow trench shape; form ng a group of insulator |iner

ayer s Aok BEiag HEAPEs: AlbadRlidy 8RN Heh AR baN3080 «f G108k @int A5t O

shape i'n sai ape resu I'n an 1 ns Tl

struct ute; renovin ortions of sajd.group of insu r.liner.layers,
and r et /S e Pureatn el S B gy oL AP atkeoBRxigsrt i ons
of said sem conductor substrate not occupied by said insulator filled ST
st r uct upyer S ArontHhe tap suiEge of theicamposite ingydater; laverins plapprigabion pbthe spbsggyeat

sem conduct or substrate is P well region, conprised with P type dopants. 3.
The net¥iddtradture] iainextlaccomdisbécvis aiME pragediire,evitmtbe beleaive [(CMWR pracedwronpr i sed
of an underlying pad silicon dioxide |ayer at a thickness between about 50
t o 200 t&agadtingabthe dspsudfacOv i lidon Mikride layeorR. Mf téside uhwyited gdrtienstdTiHIKNES S

bet ween about 10
silicon oxide layer 13, can be removed via a RIE procedure using CHF; as a selective etchant for
silicon oxide, with the RIE procedure terminating at the appearance of silicon nitride layer 12.
The result of the planarization procedure is the definition of STI structure 20, in shallow trench
shape 5, schematically shown in Fig. 6, comprised of HDP silicon oxide layer 13, and encased by
the group of insulator liner layers. The presence of the group of insulator layers, or the multiple
composite insulator liner layers, fill the undercut region, as well as preventing boron diffusion or
segregation from the P well region into silicon oxide layer 13, of STI structure 20. The silicon
nitride components of the composite insulator liner layers block boron diffusion, thus eliminating
boron depletion at the edges of the P well region, and thus allow the proper level of P type dopant
to be maintained, allowing the desired device threshold voltage to be realized. A post -
planarization anneal procedure, performed at a temperature between about 800 to 1200° C, in an

inert ambient, can be employed to allow any gaps in shallow trench shape 5, to be filled by

annealed, silicon oxide layer 13.

Removal of insulator layer liner group 8, as well as removal of silicon nitride layer 4, and
pad silicon dioxide layer 3, exposing the top surface of active device regions 30, is next addressed

and schematically shown in Fig. 7. A RIE procedure using Cl, for silicon nitride layers and



1000 to 3000 Angstroms. 4. The nmethod of claim 11, wherein said shallow
trench shape is forned in the top portion of said sem conductor substrate
via a reactive ion etching (RIE), procedure, using Cl2 or SF6 as an etchant
for the sem conductor material. 5. The nethod of claim11, wherein the depth
of said shallow trench shape in the top portion of said sem conductor
substrate, is between about 3000 to 5000 Angstrons. 6. The nethod of claim
1, wherein the sides of said shallow trench shape are forned with a taper
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corners, l[ocated at the bottom of said'shallow trench shape, are forned via
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a thernal idati.on procedure perfornmed at. a tenperature between about 800
o 15005eoTAa e 0 gybietscs & Ga R arie igh SVELAKT 1 emoval of t he

thermally grown silicon dioxide |ayer using dilute hydrofluoric acid as an
etchant. 8. The nethod of claiml, wherein said group of insulator |iner
| ayers is conprised of an underlying, first conposite insulator |ayer, and
an over | yi nyhilsthisindentionhesbaea parisulady showmamsdrdescribed witheefemnbot thé cl ai m 1,
wherein said group of insulator liner layers is obtained via atomc |ayer
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to 400 C. 10. The nethod of claim38, wherein said underlying, first
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and nitrqyﬁooxide as reactants. 11. The method of claim8, wherein said
underlJFﬁG, i rst conposite insulator layer is conprised with an overlying,

silicon nitride layer grown to a thickness between about 5



to 10 Angstrons, using silane and ammonia as reactants. 12. The nethod of
claim8, wherein said overlying, second conposite insulator |ayer is
conprised with an underlying, silicon oxide |layer grown to a thickness

bet ween about 5 to 10 Angstrons, using silane and nitrous oxide as
reactants. 13. The nmethod of claim@8, wherein said overlying, second
conposite insulator layer is conprised with an overlying, silicon nitride

| ayer grown to a thickness between about 5 to 10 Angstromns, using silane
and anngﬂ&qsggm&%qgtants. 14. The method of claim 1, wherein said insulator
shape located I n said shallow trench shape, is conprised of silicon oxide,
obt ai ned via high density plasma (HDP), 12 procedures, at a thickness

bet ween about 5000 to 8000 Angstrons. 15. The hod of .claim1, wherein
Comoval of odid kst dprting AR tF‘i“ﬁ‘éfsola&%ﬁéﬁe[$’rsHH?tP‘E9|d“ agpiigeadygfor
portions of said sem conductor substrate not occupied by said insulator
filled STI stsubgtag, eomprsiagthenisps efied vi a a cheni cal nechanical polishing
(CWP), procedure. 16. A nmethod of formng a shallow trench isolation (STl),
structure in a sefosrmmpdghilion tsendb thiapt & a domgdosité ingulatoglagerand in amsidbdging,

| iner layers |ocated on the surfaces of a shallow trench shape that is used

t o accommmodatgp hbior bt said sdnitsHdactof QURITAS] Ng the steps of: formng a well
region in a top portion of said sem conductor substrate; formng a

composi te insulgalf +o%}{&éd Qhe? 'hgaiﬁ%%?c%‘q%%r%ﬁbﬁxlétﬁs% Flﬁe;b%ﬁpﬁxomﬁiidsed of an

underlying, first stlicon dioxi ayer a an over Irst silicon
nitride |ayer; ﬁorgiqgvﬁn shal | ow trench shape in a conposite insulator
layer and in RO USSR of said wel | region; growing a second silicon

di oxi de | ayer on the exposed surfaces of said shallow trench shape;
forming a group of insulator liner layers on the surfaces of said shallow trench

shape;
forming an insulator shape in said shallow trench shape resulting in an insulator
filled STI structure; and
removing portions of said group of insulator liner layers, and removing said
composite insulator layer, from top surface of portions of said semiconductor substrate

not occupied by said insulator filled STI structure.

2. The method of claim 1, wherein the top portion of said semiconductor substrate

is P well region, comprised with P type dopants.

3. The method of claim 1, wherein said composite insulator layer is comprised of an
underlying pad silicon dioxide layer at a thickness between about 50 to 200

Angstroms, and an overlying silicon nitride layer at a thickness between about

10



removi ng said second silicon dioxide |layer resulting in rounded corners at
the bottom of said shallow trench shape; depositing said group of insulator
liner |ayers on exposed surfaces of said shallow trench shape, with said
group of insulator |ayers conprised of an underlying, first silicon oxide

| ayer, a second silicon nitride layer, a second silicon oxide |ayer, and an
overlying, 13 third silicon nitride |ayer; depositing a third silicon

oxi de layer conpletely filling said shallow trench shape; performng a

pl anari zatio r ting in an insulator filled, STI structure in
sai d shalIomP%@gﬁgﬁﬁblﬁgéﬁgégd removi ng portions of said group of insulator
liner |ayers, and renoving said conposite insulator |ayer, fromtop surface
of portions of said sem conductor substrate not occupied by said insul ator
filled STI structure. 17. The nethod of claim 16, wherein said well region
is a P well redhemetiodoieldimi, wherel spidrshplinw wenchshepeda fArmeh aUBE 8P substr at e
via inplantation of boron or BFZ ions, at an energy between about 100 to
500 KeV, and mttien afosid sbmiqmeélrcttatsubﬁtraﬂc\EEaaZeabtbve]joEethingt(BI&)l poleduted. The
nmet hod of claim 16, wherein said shallow trench shape is formed in the top
portion of saijsthgWElh br SEGIs@n etchantdor th@ednivéndubior fiatliang (RIE), procedure,
using Cz or SF6 as an etchant for the sem conductor material. 19. The

met hod of claim 16, wherein the depth of said shallow trench shape, in the
top portion of said well region, is between about 3000 to 5000 Angstrons.

zza(r)e ]'cl'(r)ura nerrgt \r/]m fﬂﬂg "f lgg)lélr()fﬁ %EV@QWL%@JP hg"é’%‘{ Fsg’)‘tgp hja_ & gregcmaslhla]?e"\{ntt}qeet%ﬁ h shape

portion of said semiconductor substrate, is between about 3000 to 5000 Angstroms.

6. The method of claim 1, wherein the sides of said shallow trench shape are formed

with a taper between about 75 to 90°.

7. The method of claim 1, wherein said rounded corners, located at the bottom of said

shallow trench shape, are formed via thermal growth of a silicon dioxide layer on the
exposed surfaces of said shallow trench shape at a thickness between about 50

to 200 Angstroms, via a thermal oxidation procedure performed at a temperature

between about 800 to 1200° C, in an oxygen - steam ambient, followed by removal of

the thermally grown silicon dioxide layer using dilute hydrofluoric acid as an etchant.

8. The method of claim 1, wherein said group of insulator liner layers is comprised of an
underlying, first composite insulator layer, and an overlying, second composite insulator

layer.

11



21. The nethod of claim 16, wherein said second silicon dioxide |ayer is
via a therma

oxi dation procedure perfornmed at a tenperature between about 800 to 1200 C,
in an oxygen - steam anbient. 22. The nethod of claim 16, wherein said
second silicon dioxide |layer is renoved via a wet etch procedure using
dilute hydrofluoric acid. 23. The nethod of claim 16, wherein said first

obt ai ned at a thickness between about 50 to 200 Angstrons,

silicon oxide |ayer of said group of insulator |iner |ayers,

i s obtai ned at

a thickness gﬁﬁﬂ@ﬁﬁﬂﬁBQﬁEmﬁgﬁOw%QmA%Qﬁg¥&Hﬁﬁ1N ﬁn&ﬁﬂ%lﬁ%%g¥ﬁ%%ﬂﬁﬁ9§%t'0”

(ALD), procedures, perforne at a ature between a

Nhergi o Lo Eafishyet fpsdih fdﬁ%ﬁ?wﬁe YR vesrordikd ol Festisiao ol bl o

| ayers, is obtained at a thickness between about 5 to 10

Angst rons,

via ALD

procedures, pertPdPPEe at a tenperature between about 25 to 400 C, usi ng
sil ane and amoni a as reactants. 25. The nethod of claim16, wherein said

second silicon oxide |ayer of said group of insulator l|iner |ayers,

obtai ned at a thickness between about 5 to 10 Angstrons,

via ALD

is

procedures, pex Thé methodibof alaing 8pelickéit kaid hadsrBing, fibd vdbmpssite insd3€rayetiBi NQ
silane and nitrous oxi de as reactants. 15 26. The net hod of clai m 16,

wher el n sai d bfihfibed bihGAMBEd iAo 6id0 fay Sl B TOM hidkhelsatlEh @Bolsner

| ayers, is obtained at a thicKness between about 5 to 10

Angst r ons,

via ALD

procedur es,_pey {PRHRGHofl i TREY A SoRENRSN rdlRlls, 25 L0 400 G, using

si | ane and anmoni a

11. The method of claim 8, wherein said underlying, first composite insulator layer is

comprised with an overlying, silicon nitride layer grown to a thickness between about 5

to 10 Angstroms, using silane and ammonia as reactants.

1

12. The method of claim 8, wherein said overlying, second composite insulator layer is
comprised with an underlying, silicon oxide layer grown to a thickness between about 5

to 10 Angstroms, using silane and nitrous oxide as reactants.

3. The method of claim 8, wherein said overlying, second composite insulator layer is
comprised with an overlying, silicon nitride layer grown to a thickness between about 5

to 10 Angstroms, using silane and ammonia as reactants.

14. The method of claim 1, wherein said insulator shape located in said shallow trench

shape, is comprised of silicon oxide, obtained via high density plasma (HDP),

12



27. The nethod of claim 16, wherein said third silicon oxide |ayer, used to
conpletely fill said shallow trench shape, is obtained at a thickness

bet ween about 5000 to 8000 Angstroms, via high density plasma (HDP),
procedures. 28. The nethod of claim 16, wherein said planarization
procedure is a chemical nechanical polishing procedure. 16
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ca] ca] ca] ca . al
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aJcalcalca]calcalcalcalcalcalcalcaljcalal/q/cE i+=W

gl ~!'')"}xsnid_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! % "t AHHSCES .
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cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]

ca] ca! CSqSSTdFTAT8 MWWWW@Z[@ {){S}taestﬁredEZ]sela]C@a%h&éqrca] ca]

ca] cal ca] ca] ca] ca] cmca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] cal! [\\ ¢VISIRE.) (nstievpriney RYaE [aspfef Jon shrd sirfZdesaf e shalwica) ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca8s#i KrehOshap¢ hakikQfedio(ace aEh0dat&ihe)ST] $0G6tde Jomprising the steps of:

10% & ()-10% & ()-"110% & ()-#0Pi K- & "10% & ()-+#10% & ()-( '10% & ()-$10%

& ()-S F10% & (ﬂ)hﬁfﬁég%e&l‘ rg:éion 3192%0‘% pfo}tid:r)l of said semiconductor substrate;
ji_UK& "10% & ()-10"10 10 "910% & ()-5#10% & ()-3"10% & ()-1"10% & ()-S/"10

SENRGERE S PATN A e T it L AR e
FLOM & () - #LO3 Ealying e shitcon dioide Tayed and'an avarlying, (st silicon nitride layer;

forming an shallow trench shape in a composite insulator layer and in a top portion

of said well region;
growing a second silicon dioxide layer on the exposed surfaces of said shallow
trench shape;
removing said second silicon dioxide layer resulting in rounded corners at the bottom
of said shallow trench shape;
depositing said group of insulator liner layers on exposed surfaces of said shallow

trench shape, with said group of insulator layers comprised of an underlying, first silicon

oxide layer, a second silicon nitride layer, a second silicon oxide layer, and an overlying,

13



, WK-K5#10% & ()-3"10% & ()-11"10% & ()- @
10% & ()---#10% & ()-*1"10% & ()-(L'10% & ()-WrZ[\]ti K5#10% & ()- "10%
U& ()- 110% U& ()-"110% U& ()- @10% U& ()-10t 10t 10t S8s10% & () -t SDi K- K@ 10%
U& ()-#10% U& ()- 10% U& ()-10% U& ()-& 10% U& ()- YY 10% U& () -#10% U& () -
a"i K-K@#10% U& () --#10% U& ()-*3"10% U& ()-(3"10% U& ()-&10% U&' () - $S10%
U& ()-Y""10% U& ()-1 {i K@#10% U& ()- #10% & ()-#10% & ()-10 U10
third silicon nitride layer;
depositing a third silicon oxide layer completely filling said shallow trench shape;
performing a planarization procedure resulting in an insulator filled, STI structure in
said shallow trench shape; and
removing portions of said group of insulator liner layers, and removing said

composite insulator layer, from top surface of portions of said semiconductor substrate

not occupied by said insulator filled STI structure.

17. The method of claim 16, wherein said well region is a P well region, formed in a top
portion of said semiconductor substrate via implantation of boron or BF, ions, at an
energy between about 100 to 500 KeV, and at a dose between about 1E12

to 1E13 atoms/cm?.

18. The method of claim 16, wherein said shallow trench shape is formed in the top
portion of said well region via a reactive ion etching (RIE), procedure, using Cl, or SFg

as an etchant for the semiconductor material.

19. The method of claim 16, wherein the depth of said shallow trench shape, in the top

portion of said well region, is between about 3000 to 5000 Angstroms.

20. The method of claim 16, wherein the sides of said shallow trench shape are formed

with a taper between about 75 to 90°,

14
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and ammonia as reactants.

25. The method of claim 16, wherein said second silicon oxide layer of said group of
insulator liner layers, is obtained at a thickness between about 5 to 10 Angstroms, via
ALD procedures, performed at a temperature between about 25 to 400° C, using silane

and nitrous oxide as reactants.
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fill said shallow trench shape, is obtained at a thickness between about 5000

to 8000 Angstroms, via high density plasma (HDP), procedures.

28. The method of claim 16, wherein said planarization procedure is a chemical

mechanical polishing procedure.
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