USE OF POLYMER SPACERS FOR THE FABRI CATI ON OF SHALLOW TRENCH

| SOLATI ON REG ONS W TH ROUNDED TOP CORNERS R

BACKGROUND OF THE | NVENTI ON (1) Field of the Invention . .

The present invention relates to a method of forming isolatidgn.riegions,.

for sem conductor devices, and nore specifically to a nethod of creating

an insulator filled shallow trench, wth~ founded top corners and m nim zed

top corner wr aparoundSE OF PPLEMER (§5HGESS BOR PFR®rFABRICATION OF The
striving to inprove performance of

sem conductor ingdustry is continuall C

seni conduct or pr%&f&%", TRENCE §§¢IMT%§HEf@PHBNgo‘?’*%%WQ"O?hGOE%?S of

t hese sane sem conductor products. These objectives have been successfully
addressed via micro- mniaturization, or the ability to fabricate

sem conduct or devices using Sﬂﬁciﬂéaqﬁﬂ 5$a¥ﬁﬁ§fwv9§“&dﬁﬂaller devi ce
ormance degra

features result in reductions I n per ding resistances and
capacitances, "while also allownig levels of integration, previously
obtained only Wth |arger counterparts, now able to be realized with
smal | er sékl cBelildtaf ol pavendhen use of smaller chips results in nore

sem conductor chips to be realized froma specific size starting
substrate, thus reducing the manufacturing costs for a specific
The present invention relates to a method of forming
isolation regions, for semiconductor devices, and more specifically
Lo a method of creating an insulator filled shallow trench, with

rounded top cormers and minimized top cermer wraparcund.

(2) Description of Prior Axt

The semiconductor industry is contizually striving to
improve performance of semicenductor products, while still reducing
Or maintaining the cost of these same semiconductor products.
These objectives have been successfully addressed via micro-
miniaturization, or the ability to fabricate semiconductor devices
using sub-micron features. The smaller device features result in
reductions in performance degrading resistances and capacitances,
while also allowing levels of integration, previously obtained only
with larger counterparts, now able to be realized with émaller
semiconductor'chips. The use of smaller chips results in more
semiconductor chips to be realized from a specific size starting

substrate, thus reducing the manufacturing costs for a specific



-2- sem conductor chip. M cro-mni aturization has been
acconpli shed via advances in specific sem conductor fabrication

di sci plines, such as photolithography and dry etching. The use of nore
advanced exposure tools, as well as the devel opnment of nore sensitive
photoresi st materials, have allowed sub-mcron i mages in photoresist

| ayers to be routinely obtained. Si-mi2l-ar advances in the dry etching

di sci pl i nesdmiv®nailcawrt bBriguccessful the sub-micron inmages in photoresist
| ayers to be successfully transferred to underlying naterials used for

the fabrication of sem conductor devices. ver, in ad on t.o advances
in fabrication discipM-ABS; m%ﬁﬂﬁ%ﬂﬁﬁ&éE%B? Qﬁgygﬁﬁf F&-E™H ﬁ%ﬁ? %8¢ from

tructural h t h as t L4 |

Crench | SHNARGRE LpoTRdt RloPamieorehet R e e i i T R e
fic d | ement , h '
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to form .Sh@q%) QN 3L GNEAGS | L ﬁeﬁi 'dalvqg%e aubel shént W@ mehat abhéhwgraphi ¢ and

dry etchin rocedures, y-insulator filling of the shall ow

trenches, pas:&-doMad ma%@%hh@é sefe anduatar savmicion Hewpeal ized. However
t he abrupt wwaparound top corners of the shallow trenches, forned via

an|sotroplphdtgrégxgulu@ya&ecedunexpucanebyeﬂﬁ@A@edessSxmmmwsadugncwkﬁhlas

parasitic parallel devices, resulting in_possible device
the dry etching dlSClpllﬂe have allow the successful the sub-micron
images in photoresist layers to be successfully transferred to
underlying materials, used for the fabrication of sémiconductor
devices. However, in addition to advances in fabrication
disciplines, semiconductor devices have benefitted from structural
enhancements, such as the uée of insulator filled, shallow trench
isoiation, (STI), regions. STI regions, used for isolation between
specific device elements or device regionsg, consumes less area,
then previously used, thermally grown, field oxide, (FOX),
regions. The ability to form shallow trenches in a silicon
substrate, via photolithographic and dry etching procedures,
followed by insulator £illing of the shallow trenches, has allowed
smaller semiconductor chips to be reélized. However the abrupt,
wraparound top corners of the shallow trenches, formed via
anisotropic dry etching procedures, can create stress points, as

well as parasitic parallel devices, resulting in possible device

leakage problems.



| eakage probl ens. - 3-

This iinvention will describe a process for formng STI regions, wth
rounded corners, thus decreasing the risk of |eakage related yield |osses.
The rounded corners are obtained via formation of a polyner |ayer, during
an initial phase of the STI patterning procedure, first resulting in a
sharp cornered, silicon shape, exposed betveen nasking |ayers and a

shal low trench. A submeyieavenicRtiion EEoGEHY & SANVEIE $okhfosiBPoTT
cornered silicon shape, exposed only between masking | ayers, and a shal |l ow

trench, . Iﬁﬁi&nsounﬂﬂdr@undedembrnadﬂ,conush&m&ea@&hgrtﬁétnis&U@h aakage

G ammarco, et al, in U S Pat. No. 4,707,218, describe the use of a

pol ymer | &pdAtednyiakd siaksayf. afhepeoimipd moanelrst aresbistastmberia
decreasing the dinension of the opening. The reduced opening image is then
transferrg@rﬁét&ﬁnuﬁ€e¢IB@%K?Q%&&@VEE& FHnghisgodndpial phasetdfy&heoRTI

tching, (R d . Ho th t d t lymer |

£’ oxpase PRCERERORE R AFCTE, b S ABECL kS AoBCSAATR CHPREReRy (Sdca
i dat i d iLi hape,

Pound cor SRrRETCHiodda SRILUAEN WS ERE Pey i UHLCY Shal £ S0ORE. (B
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subst r at e shape, exposed only between masking layers, and a shallow trench,.
to a rounded cornered, silicon shape. Prior art, such as
Giammarco, et al, in U.S. Pat. No. 4,707,218, describe the use of
& polymer layer, on the side of an opening in a photoresist shape,
decreasing the dimension of the opening. The reduced opening image
is then transferred to an underlying material via anisotropic,
reactive ion etching, (RIE), procedures. However that art does not
use a polymer layer to expose a sharp corned silicon shape, nor
does this prior art use an oxidation procedure to convert the sharp

- Cornered silicon shape, to a round cornered silicon shape.

SUMMARY OF THE INVENTION

It is an object of this invention to create insulator
filled, shallow trench isolation regions, in a semiconductor

substrate.

It is another object of this invention to form shallow

trenches in a semiconductor substrate, with rounded corners.



It is another object of this invention to formshallow trenches in a
sem.conductor substrate, with rounded corners.

-4- It is still another object of this invention to protect a
region of silicon, adjacent to the shallow trench, from the shallow trench
etching procedure, via use of a polyner |ayer, or polyner spacer, on the
sides of the opening in an insulator |layér;y used as a mask for shal |l ow

trench patterning. ; ; Sod .apet her | Ll §
invention to thermall yItgrloswsgll %c%)no o%%gj?ojgﬁeagfgeaﬁg%e%v%é%shaiol ow

trench, ppebeeteds dddivg bh%ﬁ?&d:ﬁ%ﬁﬁ@@éﬂn el HHR0 sRY1 BoR O DRI, SERGAT
resulting 1n shallow trenches with rounded corners. I n

accor dance tinet BhbhEoPresaidn isteaihy oprecdineesyikotse Coad il ywkael Laver,
trench isolation regions, with rounded corners; is described. A

phot or esi spodpape smaassedocastie reislest of dileavpeannyg cpernngnswlater liagyen,
nitride |layer, and an underlying pad oxide |ayer, on a sem conductor
substrat e, Wied &ai goragpiftor chediow teenchmEfitggnprscedures. A pol yner
spacer is fornmed on the exposed sides of the opening in the photoresist
shape, the silicon nitride |ayer, and éﬂg ad %xide | ayer. Shal | ow
trenches are formed in thets y&% eBRERLT Jég:ﬁsf’ atBLSFAVERSLaR ERi ng

procedures, L.ng,the polyner coat openj a \ f e
phot or esi stthlréa?én%?lya%‘do h%ylp’bq?ng’r%lggac%?ge@% o?g _8?3[2%?0%?0 oané: gﬁégf
silicon, protected during the shallow trench etching by a polymer spacer,

resulting in shallow trenches with rounded cormners.

In accordance with the present invention a process for
creating shallow trench isclation regions, with rounded corners, is
described. A photoresist shape is used as a mask to create an
opening in a silicon nitride layer, and an underlying pad oxide
layer, on a semiconductor substrate, via anisotropic reactive ion
etching procedures. A polymer spacef is formed on the exposed
gsides of the opening in the photoresist shape, the silicon nitride
layer, and the pad oxide layer. Shallow trenches are formed in the
semiconductor subgtrate, via dry etching procedures, using the
polymér coated opening as a mask. Removal of the photoresist mask,
and the polymer spacer, expose a region of unetched silicon,
protected from the shallow trench etching procedure by the polymer
spacer, with the unetched silicon exhibiting sharp corners in
regions in which the unetched silicon meets the shallow trench. A

thermal oxidation procedure is used to form a shallow trench oxide



protected fromthe shallow trench etching procedure by the polyner spacer
with the unetched silicon exhibiting sharp corners in regions in which the
unetched silicon neets the shallow trench. A thermal oxidation procedure
is used to forma shallow trench oxide

-5 liner layer, on the exposed shallow trench surfaces, and on the

unet ched silicon, converting the sharp-corner, at the unetched silicon -

shal | ow trenglyi @a§é§?05ﬁ%et BsbaUAKed GORRnen Ehbkd ,Ofaﬁdh%nsgﬁU ow

trenches with insufator material 1s followed by renoval of unwante

i nsul at or mEeRichall, sPNitHe, thvetiagerd sHdip RTkeRy st dOmmicchiede
| ayer, via chem cal nechanical polishing procedures.

BRI EF DESCRIRTIcON OFghbE) ARAWANGE intersection, tolTherolih®ed auncheat.her
advantages of this invention are best described in the preferred

enbodi nent Riéilllingebérene shhdlohereachas hwoiddiaghhgsor mternsl ude followed
Figs. 1 - 8, which schematically, in_cross-sectional style, show the

st ages of f%rﬁ%@f"ﬁénﬂﬁs‘é@‘ﬁ@@%?(/ AREBLRRRN I BRRTL,| padthe HedY SHERESRCAT

i sol ation regions, wth,rounded cqrners. . , DESCRI PTI ON
OF THE PREFERREBISBEOFMRIEN Aitride L37er, via Shemifsd BRCHALER ng

i nsul at or fégﬂfgﬁin%hgkgggﬁures.

BRIEF DESCRIPTION OF THE DRAWINGS

The object and other advantages of this invention are
best described in the preferred embodiment with reference to the

attached drawings that include:

Figs. 1 - 8, which schematically, in cross-sectional
style, show the stages of fabrication used to create insulator

£illeq, shallow trench isolation regions, with rounded corners.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The methdd of creating insulator filled, shallow
trench isolation, (STI), regions, will now be described in detail.
The STI regions, déscribed in this invention, can be used to
provide the needed isolation for metal oxide semiconductor field
effect trangistor, (MOSFET), such as N channel, (NFET), P channel,

(PFET), complimentary, (CMOS), or BiCMOS devices.



trench isolation, (STI), regions, will now be described in detail. The STI
regions, described in this invention, can be used to provide the needed

i solation for nmetal oxide sem conductor field effect transistor, (MOSFET),
such as N channel, (NFET), P channel, (PFET), conplinentary, (CMOS), or

Bi CMOS devi ces. - 6-

sem conduct or substrate 1, conprised of ~séngle crystalline silicon, with a

r substrate 1, comprise i con, |
Flg. 1 A pad ovi de | aybr oo GretlepE sBEka S S PUBRIRE L SRk, 0

N OXI nduct or

Substrat e iucle 1Ll GKNESS DGLURCR A <B0st01 200 ANAS! EOB ¥t fod hey ol

oxi dation pro ures. con nitride |ayer eposi ted, using

ei ther | ow p&RESWHE SHEWL CinMRREaUEPORI tHiQN, 1(LPEVERIG dxidel asper enhwnced
chem cal vapor deposition, (PECVD), procedures, to a thickness between
about 1000 &1 ocARgst I 085fomerlony sephotndesict ssihapeade W tdk apeni ng
5a, is formed on silicon nitride layer 3, with opening 5a, being greater

t han 2000 Arhyisthrerss. bAnweeamisboutofd ¢:oRREF0 ARGIdONS, v fyrcCradr pxidation
CHF[err] - Ar as an etchant for silicon nitride |ayer 3, and using

CEF[err] - BFpegdyres.Ar A el heoramidrdAgnlaye®r3 pasf dededpngeited, Usinged

to transfer opening 5a, in photoresjst layer 4, .to the, u rlyin

i nsul at or | & 1R8% RFRSSHET FRER-FY e‘fa%%fl%ﬁgoﬁbf:ﬁ%ﬂ' o%%%)toﬁr%lasm

O O oo s etfiffed! ot BB b WbgddSedbll?S (SN HidcRRurdD? LN
thickness between about 1000 to 2000 Angstroms. Finally
photoresist shape 4, with opening 5a, is formed on silicon nitride
layer 3, with opening 5a, being greater than 2000 Angstroms. An
anisotropic RIE procedure, using CF, - CHF, - Ar as an etchant for
silicon nitride layer 3, and using CHF, - CF, - Ar ~CO as an etchant
for pad oxide layer 2, is used to transfer opening 5a, in
photoresist layer 4, to the underlying insulator layers. A thin
polymer layer 6a, is formed on the top of photoresist shape 4, as
well as on the sides of opening 5a. The thickness of polymer
layer 6a, on the sides of opening 5a, is thicker at the top than at
the bottom of opening 5a, with the thickness of polymer layer 6a,
only between about 25 to 50 Angstroms on the sides of the bottom of
opening Sa. The result of these steps are schematically displayed

in Fig. 1.

A thicker polymer layer 6b, or polymer spacer, is next

formed on the exposed sides of opening S5a, forming opening 5b.



| ayer 6a, on the sides of opening 5a, is thicker at the top than at the
bott.om of opening 5a, with the thickness of polyner |ayer 6a, only between
about 25 to 50 Angstronms on the sides of the bottom of.- opening Sa. The
result of these steps are schematically displayed in Fig. 1.

A thicker polymer |ayer 6b, or polyner spacer, is next forned on the
exposed sides of opening 5a, formi ng openihg 5b.

-7- Pol ynEoljagerlafer tonsicssiaging ofl Gbvonitastkdzgdocaatorss, iis formed
during an over etch cycle, after the conpletion of opening 5a, using CHF,

- CF, - Adurigp. aPgiveretichyeychd, afitepobpperoupieiian off @pgpdnenSeéhe sides
of opening 5a, have a thickness between abqut 200 to 500 Angstrons, while

pol ymer | B98RI6CEDN -t BB topT surdicePBtY T $NIREREsFB1 ShaAR YRET,§B26R Fhe

d f f i d t ' 5h, | ' :
ebulti ng tPFOR: e e siare Shiooaneddshe ks 4 BoPRENdR s ushanaRie
. dut i Lo ti ol .
Eroc o RO0NER 8 AiGareES, Shiitetigiiher 13082 € NAISHE LOB kel
ia a RE (o2 , ' eiLl,he - rk,s rd4 , ] -
Olorr]  aPrBEBEEEUEE sHitidld Cobifon K xBosBl PuREtTSr St cRaseter
The "sl opegtbs@katatBPehedpeninendh, iexhiahtr Dorasulitahiy erandife bepueete

about 70 to 90[err], is controlled by the etching conditions used such as

gas rati @f phessuserfarst licashe Thios hambeekarnti expeyiatmadh duribBggths.

Phot oresi st shape 4, as well as polyner |ayer 6b, are renoved via
over etch cycle. This is schematicdlly shown in Fig. 2. A shallow
trench 7, is next formed in semiconductor substrate 1, via a RIE
procedure, using either HBr - Cl, - C;, or Cl, - O,, as an etchant,
to a depth between about 1500 to 4000 Angstroms. The "sloped" or
"tapered" trench, exhibiting a profile angle between about 70 to
90°, is controlled by the etching conditicns used such as gas
ratio, pressure, and bias. This is gchematically shown in Fig. 3.
Photoresist shape 4, as well as polymer layer 6b, are removed via
plasma oxygen ashing procedures, resulting in the shallow trench
schematically shown in Fig. 4. A region of unetched semiconductor
substrate, masked from the shallow trench RIE procedure by polymer
spacer 6b, creates a sharp corner 8a, at the interface between
shallow trench 7, and the region of unetched semiconductor
substrate. The width of the region of unetched semiconductor
substrate is equal to the thickness of the polymer spacers, between

about 200 to 500 Angstroms, that previously existed on the sides of

opening 5a. Sharp corner 8a, can present a point of high stress,



pl asma oxygen ashing procedures, resulting in the shallow trench
schematically shown in Fig. 4. A region of unetched sem conductor
substrate, masked fromthe shallow trench RI E procedure by pol yner spacer
6b, creates a sharp corner 8a, at the interface between shallow trench 7,
and the region of unetched semi conductor _ gubstrate. The width of the

regi on of sgm conductor, . _substrate.is.equal to the thickness of
t he pol yne&r:leg%g‘g%?%, ‘D Om%e‘%&eatfﬁnféjﬁf tzf)e“" G%lg\ﬁgét?‘o?ﬁl,e“f%a?fcﬁr &¢fousl y

exi sted oncbhgl stdessficeqening 5a. Sharp corner 8a, can present a point
of high stress, resulting in possible yield and reliability
probl ens, for the conpleted devices. The result of a

procedure used to reducgd Resgeyeid hypr&deddie &Be&&&%&%ge%he ISverity
schematically shown in Fig. 5. A thermal oxidation procedure n gry

oxygen, oroEnthe shygercorngeds), aghicnalicallyCihois Berdigr.ned ag a

t enperature between about 850 to 1100[err]C, resulting in the creation of
silicon di 8kfumal apdrdag ionbprowsinzahodt ANO akaygR00 dngdst aanmrygun theteam
exposed silicon surfaces of shallow trench 7, as well as on the exposed
surface of 2PRYEBR ofithyHEL ¢ hict PEEHPERRARY &r COTPRYatu%e b¥FhueenEhowtn8s0 8a,
IS now COQXeiiﬁﬂ to a rounded, corner reducing the stress at this

i nterface. C, resultiagin Jhe Fé%ghi% PovF B diipgideukaer or ners
8b, i nedputLfesi e 8h (}%Olﬂc_?srtrgdmsi,sozqo%ef iel.xlp%gey st‘}.]llsc.!olnl Surfaces
of shallow trench 7, as well as on the exposed surface of region of
unetchéd semiconductor substrate. The top corner 8a, is now
converted to a rounded corner 8b, reducing the stress at this

interface.

Shallow trench 7, now exhibiting rounded corners 8b,
lined with silicon dioxide layer 9, is now filled with silicon
oxide layer 10; Silicon oxide layer 10, is cbtained via use of
either LPCVD, sub-atmospheric pressure chemical vapor deposition,
(SACVD), high density plasma chemical vapor deposition, (HDPCVD),
or atmospheric pressure chemical vapor deposition, (APCVD),
Procedures, using tetraethylorthosilicate, (TEOS), or silane and
Oxygen, as a source, to a thickness between about 4000 to 700C
Angstroms. This is schematically shown in Fig. 6. Removal of
unwanted silicon oxide layer 10, on the top sufface of silicon
nit;ide layer 3, is removed via chemical mechanical polishing

procedures, using silicon nitride layer 3, as a stop layer. This



oxide |l ayer 10. Silicon oxide de |ayer 10, is obtained via use of either
LPCVD, sub-atnospheric pressure chem cal vapor deposition, (SACVD), high
density plasnma chem cal vapor deposition, (HDPCVD), or atnospheric
pressure chem cal vapor deposition, (APCVD), procedures, using
tetraethylorthosilicate, (TECS), or silane and oxygen, as a source, to a
t hi ckness between about 4000 to 7000 Angstrons. This is schematically
shown in Ficgn Be fReswvial Kifg. unwadikikcsi Inicondexidget ayeridl Ghenn rehevedp
surface of silicon nitride layer 3, is renoved via chem cal nechanica
pol i shi ng ugibgedunas, phosinigpriicl Recdd solytiga, | fpdlosed dsy & sndfalrggder. This
-9 can be _seen in Fig. 7. Silicon nitride layer 3, is then renoved using
a hot phospPHBEFPELRTEC sistid iRFPCefBIE oVietRehyCa TBUPTRIBAE PiidicofiRy8Fi - aci d
procedure, ﬁ§ed to renove pad oxide |ayer, 2, T?gaﬁ wet etch procedures
result in tHESSTYL LG RFece FEER-bi™ SRS SLrEGERES, Gepprised of

utt i A ares neResy T
oxt de. | ayer eyt R S e SehEURRGtehlBEREe ) (o fh BlARE | 007 o
between STlorRkEyChY] o51110aN yiRY De1ueed diadeabinleat g0t hengsised MOSFET

devi ces. his 1 nvention has”been particularly shown

and descriseadmit i BalBf eiRNGE ioFige @I efrigiedsenhodi seai &g tarneeh. stt
wi |l be understood by those skilled in the art that various changes in
form and detabbsupay, beanads Wet ot deptaddingthr elet des SiHd IMOSFET

devices.

While this invention has been particularly shown ana
described with reference to the preferred embodiments thereof, it
will ke understocd by those skilled in the art that various changes
in form and details may be made without departing from the spirit

and scope of this invention.



and scope of this invention. CLAIMS 1. A nethod for creating an

insulator filled, shallow trench isolation region, in a mmgmwmm
substrate, conprising the steps of: dep03|t|ng a ﬂ;

| ayer on said sem conductor substrate; fornmi ng an opéni'ng " n®safd
first insulator | ag/%se exposi ng sai d-sedr-conduct or substrat e;
form ng polyner rs on the sides of said opening, creating a polyner
coated opening; 1. A methad o ﬁgeatsmwbwqwéﬁ@hm ALkked shwle®mduct or
substrate, in a region exposed in said mer coated openin
removi ng said p&F§RER Js%f&’caér@n éﬁﬁbgﬁlngf% %/g@“ﬁﬁc’n@?‘cﬁ%t% ffirconduct or
substrate, |ocated between said flrg i nsul ator | ayer and said shal |l ow

X1

trench; BWBﬁ}ﬁtFQigﬁqlsééﬁsdP i de layer on exposed silicon
surfaces of said shal Ig%éﬁ%nl a99r$ fr?éxﬂat%‘%' ggﬁg{:l%@v l@e

sem conduct or substrat ng said rench with a
second i nsul atg mk@éﬁﬁcﬁuctor substrate;

forming an opening in said first insulator layer,

exposing said semiconductor substrate;

forming polymer spacers on the sides of said
opening, creating a polymer coated opening;

creating a shallow trench in said semiconductor
substrate, in a region exposed in said polymer coated
opening;

removing said polymer spacers, exposing a region
cf unetched semiconductor substrate, located hetween said
first insulator layer and said shallow trench;

growing a silicon dioxide layer on exposed silicon
surfaces of said shallow trench, and on said region of
unetched semlconductor substrate; and

filling said shallow trench with a second

insulator laver.



| ayer,

11 -

bet ween about 1000 to 2000 Angstroms, in thicknes
underlying silicon oxide |ayer, between about 50 to 200

t hi ckness. 3.

i nsul at or | ayer,

- CF[err] -
CHF[ err],

s dl‘eo?eég."ﬁ SLe?Y!e%'gm 03 SO SRR ol TR s e85 R et r ome,

via a RIE proced}ue%l al 91 G eficdrice CRLEE! lpstien eaggut 1§eoT

of claim11, wherein

2. The nethod of claim1l1l, wherein said first insulator-
conposite insulator |ayer, conprised of an overlying S|I|E§§ “
A
in

ey

i

i

The met hod of claim 1, wherein said opening,

s a

i

flrst

is formed via anisotropiclﬁlE procedures, using CHF[err]

yner coated opening Is us

o & e RE LR S R i by RERESHO A ﬁ'@&n*ggﬁqh%t?%yer

n the

met hod

to

create said shaldoaw h‘h@@ﬁbums' n.usaﬂﬁc&ﬁ%ﬁpndﬂ%z@rurﬁi&atyﬁagesmi@c@n dept h
bet ween about

HBr

Clerr]

- d¥ieler Layet, Gbéeradn acoher 6D, tas260 migtadts, Wi h the

shal | ow trench shape exhibiting a profile between about 70 to 90[er

thickness.

3. The method of claim 1, wherein said opening, in said
first insulator layer, is formed via anisotropic RIE

procedures, using CHF, - CF, - Ar as an etchant for a

silicon nitride layer, and using CHF, - CF, - Ar - CO as

an etchant for a silicon oxide layer.

4. The method of claim 1, wherein said polymer spacers
are formed on the sides of said opening, to a thickness
tetween about 200 to 500 Angstroms, via a RIE procedure,

using CHF, -~ CF, - Ar - CO.

5. The method of claim 1, wherein said polymer coated
opening is used as a mask to create said shallow trench,
in said semiconductor substraﬁe, to a depth between about
1500 to 4000 Angstroms, via a RIE procedure, using either
HBr - CL, - 0,, or Cl;, - O,, as an etchant, with the

shallow trench shape exhibiting a profile between about

70 to 80°.

1500 to 4000 Angstrons, via a RIE procedure, using either

r]



-12 6. The nmethod of claim1l, wherein said unetched region of.. said .

sem conduct or substrate, is between about 200 to 500 An

7. The nethod of claim1l, wherein said silicon oxide Hﬁ@ﬂg e
exposed silicon surfaces of said shallow trench, and on

said region of wunetched sem conductor substrate, is obtained via therwm
oxidation, in dry oxygen or in an oxygen - -steam anbient, with HC, at a

temper at ur e bet vaen raBol A50 okoc1 L Chkd Cai G o Phekikss agtppege about

100 to 200 Angstrons . The method of claiml, erein said second

insulator |ayer ,sa;isiegemc&mdcm gubSetad yy tikepebwedd adott! 2600 S0 de
| ayer, obtained using LPCVD, APCVD, SACVD, or HPCVD procedures, to a

t hi ckness bet weerAmjaionéQ00nt wid@#0.00 Angstrons, using TEOCS as a source.
_ 13 - 9. Anethod for formng an insulator filled, shallow trench
isolation region, with rounded corners, in a sem conductor substrate,
conprising the stlﬂxihﬂ=method of claim 1 wherein said silicon oxide
layer, formed on the exposed silicon surfaces of said
shallow trench, and on the surface of said region of
unetched semiconductor substrate, is obtained via thermal
oxidation, in dry oxygen, or in an oxygen - steam
ambient, with HCl, at a temperature between about 850 to
1100°C, to a thickness between about 100 to 200

Angstroms.

8. The methed of claim 1, wherein said second insulator
layer, used to fill said shallow trench, is a silicon
oxide layer, obtained using LBCVD, APCVD, SACVD, or

HPCVD procedures, to a thickness between about 4000 to

7000 Angstroms, using TEOS as a source.



depositing a conposite insulator layer, on said sem conductor substrate;
form ng a photoresist shape, with a first opening, on ﬁiwﬁiam

i nsul at or | ayer; ani sotropic etching of said co il g%

| ayer, using said photoresist shape as a mask, extending “safd firfsts =
opening in said photoresist shape, to %%id conposite insulator |ayer;
form ng pol ynmer spacers on the sides of “said first opening in said
phot or esi st shap®; Aambdrwod Horsfaesing amsdingufiatset Hpkledyg shaliawd

conposite insulator |ayer, creating a polynmer coated opening; dry
etching of sai d SEMREDARRESAOFUBSTFAt e Vitdk Fovadefncpoismmr iooat ed
opening, creating shallow trench regi ' renoval of said

egi ons; o
phot or esi st shap®S™FRICEEE EUb55W§$%N CHREEES I kPOsTHRPSa Ofégi on of
unret ched sem conductof_ _su rate, ween sai d.shal low trench an sai d
conposi te insulator | afie%’p,osgﬁé?gx%o%‘ﬁ%os& ShaPFULasPh A"t B PAt%rsection
of said Sha"0“’%éﬁﬁggh&ﬂyiorsghgsEf%Eé?" of unetched sem conduct or

substrate; - 14 - growi ng a
silicon oxide layer on @xpasgda pPhotdcesisOisieded shal |a0¥‘if§t?eggni@gﬂd on the

exposed surface of said region of unetched sém conductor subsStratwe,

on said composite insulator layer;

anisotropic etching of said composite insulator
layer, using said photoresist shape as a mask, extending
said first opening in said photoresist shape, to said
ccmpesite insulatcr laver;

forming polymer spacexrs on the sides of said first
opening in said phetoresist shape, and on the sides of
said first opening in said composite insulator layer,
Creating a polymer coated cpening;

dry etching of said semiconductor substrate,
exposed in polymer coated opening, creating shallow
trench regions;

removal of said photoresist shape, and of said
polymexr spacers, exposing a region of unetched
semiconductor substrate, between said shallow trench and
said composite insulator layer, and exposing & sharp
corner at the intersection of said shallow trench and

said region of unetched semiconductor substrate;



converting said sharp corner, to a rounded corner, intersection of said
shal l ow trench and said region of unetched sem conduct or iﬂmﬁ mmﬂgﬂg’
depositing an insulator |layer on top surface of said co B”gi,
| ayer, conpletely filling shal | ow trench; and r enovi ng -dai d

I nsul ator layer fromthe top surface of_said conposite insul ator |ayér,
resulting in said insulator filled, shallow trench, with rounded

corners. 10. The netdmwiot alilhcon owkdeilavesi on @g\:@pggdt@rfai%l at or
| ayer is conprised of an overlying sjilicon nitride |ayer, at a th| ckness

bet ween about 1009 $3id $IFdGSEn§EFRERs, a’&‘nd’naﬁhénﬁﬁ‘f’% FEiGa%LoRToxi de
| ayer, at a thickness between abogt 50 t 0 Angstroms 11. The

met hod of cl ai m 93LMEFHEIN OF §rFraed o%f’é‘?n“ﬁ& GO af‘éb%%‘fﬁ)os'l te insul ator
| ayer, is formed VI a %i sot rapi ]%ha @ér?ejcredlf:r ; rgﬁhc@@d La(#qm,qhot.@r esi st
Iﬁaéﬁr ré:lf‘[q’er

shape as a mask, co an- et chant 'f or

stlicon nitride #@X?éec Angh w8 B0 HENSITdw o k8 Bha-sdiq dd@oASo
etchant for a si'rEon- oxi ayer. e rret od “of clal m 9,
wherei n sai d pol ypet SARC&ESconductor substrate;
depositing an insulator layer on top surface of
said composite insulator layer, completely filling
shallow trench; and
removing said insulator layer from the top
surface of said composite insulator layer, resulting in

said insulator f£illed, shallow trench, with rounded

coriers.

10. The method of claim 9, wherein said composite
insulator layer is comprised of an overlying silicon
nitride layer, at a thickness between abouﬁ 1000 to
2000 Angstrems, and an underlying silicon cxide laver, at

a thickness between about 50 to 200 Angstroms.

11. The method of claim 9, wherein said first opening .in
said composite insulator layer, is formed via anisotropic
RIE procedures, using said photoresist shape as a mask,
using CHF, - CF, - Ar as an etchant for a silicon nitride
layer, and using CHF, - CF, - Ar - CO as an etchant for

a silicon oxide layer.



on the sides of said first opening, are formed to a thickness-between

shallow trench is forned in said sem conductor substrater® to

about 200 to 500 Angstrons, via an anisotropic R E proc
CHF[err] - CF[err] - Ar - CO 13. The met hod of claim #Iiﬁ%/%

bet ween about 1500 to 4000 Angstrons, via a RIE procedure, using safd *

pol ymer coated opening as a mask, and-uébng HBr - Cl[err] - O[err], or
Cllerr] - Olerrlp. amphamethehadt claihdy, Wrreehhedidipollyalm Qpacvdrny,ei n said
unet ched sem conductor substrate is between about 200 to 500

i N Woflt Bhe sildes Bfe saethdirsf apexiing?, awkefermeddiald a ounded

regi on of
Angstrons,

corner,

at the intersection of said shallow trench and sai d

regi on of

unet ched seni contiickness rstwesine pbost c20W era &0 RArgatsanel, sHiedr @rcor ner, via
t hermal oxi dation of exposed silicon surfaces, creating said silicon oxi de

| ayer, at

a t haokaessowet iidh PABEEEUIB0 Yo B FBEngstFHme. Ar 160

‘The net hod

of claim9, wherein said |nsulator Iayer used to fill said shall ow

trench, is silicon oxide,

t d3a TRE GRS

pr ocedur es,

TECS, or silane_.and

AN XYV IY P S thieBHEGEtor substrate, to a depth

between about 1500 to 4000 Angstroms, via a RIE
procedure, using said polymer coated cpening as a mask,

and using HBr - Cl; -~ Oy, or CiL, - O,, as an etchant.

14. The method of claim %, wherein said region of
unetched semiconductor substrate is between abcut 200 to

500 Angstroms, in width.

15. The method of claim 9, wherein said rounded corner,
at the intersection of said shallow trench and said
region of unetched semiconductor substrate, is converted
ficm said sharp corner, via thermal oxidation of exposed
silicon surfaces, creating said silicon oxide layer, at

a thickness between about 100 to 200 Angstroms.

16. The methed of claim 9, wherein said insulator layer,
used to fill said shallow trench, is silicon oxide,
deposited using LPCVD, SACVD, ARCVD, or‘HPCVD,prqcedures,
to a thicknegg between about 4000 to 7000 Angstroms,

using TEOS, ox silane and'oxyggn, as a source.
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