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M CRO MACHI NI NG TECHNI QUE TO REMOVE HEAVI LY DOPED SI LI CON Backlg JAN 2
Invention 1) Field of the Invention This invention relates generally to
fabrication of sem conductor devices and nore particularly to the
processes fMETHODTOFORM A BARLOON SHAPED ST [USINGr £ MICRO MACHININGT! ) . -

gi)l sz(r:]E :_gtCIOg;] ?1; twéﬁgéﬂé@w“gw%%ﬁﬁmmi@%w ive devices

built into the surface of silicon wafers has been practiced for over
twenty-five years and has been adaEt ed to_many specific applications. In
the process, a non-oxidi zabl e néBfiekgrouadof lyknHeR ride is fornmed over a thin
| ayer of on a blank silicon wafer. The mask is- patterned
by wel | 90\!;\}#9&6?1'{%?0?'? m}gr aphi p. mrethods and the wafer is oxidized,
typically in st eam aThis ewpmicatrelates generallydo r&émgttimrdﬁemicmidumooﬁanﬁs aithe
“mask is patter

are surrouﬁE?ep& laélyrt%g\ec%oceg‘fes éor??'fgm %ﬁ?&s@% uqra? q18W eFﬁ %3 aﬁﬁoglﬁ] ctlve

devi ces apyDésoriptibwofnhd Polortalre silicon mesas. Over the years nany probl ens

Veys. Wbst ot abi e ar 554 REMY SRR xR RO Dl p i od o e

under t heisolatisk {roundiemieakyctizadetibs bluﬁsmtotmakurﬂxneuemus:urwaerehmhdemgy over

hoe beon. PRCTER fof SR SRR -0 seiRianf FoSeen adibree Joaprt e ALl ROt Bt )

has been pmeelssmmd-gxua&bllmgskaﬁ‘ silicaiORitrideds fdrinpd beer atthiahsjies bfyadioxiteaidvomn, it
has not been n. th a re of FET lnt te

02 00t o Sf B Pl Skl h et 8 Sk sl RO 36 M noliiidelpnicthaid e

‘i sol at i on the wiifrsis ohérzemwmcmﬂy Iuesteam,hatdntpmdmresrmhhe :sanihhbﬂmn@ B ))00°sc g!menl ng

favor over LOCCS i t echnol o he t.ren S are

L P eon & AT RRteh iR e et SRy e et PSRt hE o SDUER b 2 9P a1 o
then fill efsiitdnhexidesnduldtiohyThw st‘ehfucﬁ)hﬂuot@éldamdéareqhed ﬂoﬂﬁéﬂ o $hB stbicon megxs. oxi de

and filled wi th. another terial su s pol
%ver the years many pro lems w%th LO SOS %avepsurty ced whtch have been addressed ina great

variety of ways. } Most notable are the problems whtch deal with the growth of oxide under the
mask(birds beak) and the resultant uneven surface topology over the field oxide.

| A promising replacement for LOCOS field oxide 'isolation has been found in
trench isolation. Although deep trench isolation(DTI) has been used nearly as long as LOCOS
for bipolar transistor isolation, it has not been widely practiced in the manufacture of MOSFET i
integrated circuits. More recently, however, as device densities increase and isolation widths
become smaller, shallow trench isolation(STI) is gaining favor over LOCOS in MOSFET
technology _

The trenches are formed in the silicort around the semiconductor devices by
reactive ion etohing. They are then filled either entirely with silicon oxide or lined with silicon
oxide and filled with another material such as polysilicon.

A major problem the inventor's have realized, as the scale of the devices

shrinks, the width/area of the STI at the chip surface is to large, thus using up valuable active



A maj or problemthe inventor's have realized, as the scale of the devices
shriznks, the wdth/area of the STl at the chip surface is to large, thus
using up valuable active 1 area. In addition, the isolation of |ogic device
is not good enough at a feature size |less than 0.18 gm using conventional

STl becaugrea. TNgddRidn, the idolion af logity deBkOW dobgodtednBiighSid h ffakete sikh st fARADIIBNCE
of overcom ng, the various deficiencies noted above is. evidenced by the

“ext ensi velMISAE SPRY§Riicnal E\RerBIse e ST s tae prrroY belowsheswafprwirfaces docunent ed
by the relevant patent and technical literature. The closest and
apparently nore relevant technical developnents in the patent literature
can be gl eaned by con“éh@mppﬁgw@sfgvmx@m(emm)s dsﬁclmlesdmm dopvd i) and

5 620, b6y R it pAU A Eenb BBy Bborker IR Ao Bk R BEREES R b o
al .) showtheaglevapbpatepiand ethricablitemtwtapElk doeet dnd apwirentls mdre tielaht wetical US
T X MU NN M S—
round STI dopecyyd/l. arldSsdiropi2tcB65( Chin et al . shows a shaped trench for a
capac tor summry of @ HREREREH 1 st S SOBRGIOGE e pr esent

i nvention to provide ms&aﬂmﬁé{mﬁsukgbhém iré\ﬁh%tchb&ﬂpb(aﬂmet%ﬁ'aped shal | ow

trench isol ation (STI object of the present invention_ to provide
“a method for fabricat |)Ur$; %43 5%&6‘! bs‘ﬁ%?f%éf‘ §H%?H“b%°*f plemdapet st a0 fasm 4 STI )

wher e t herdud teehc he STI is narrower than the |ower portions of theSTlI so

that active areas is Y@g&@v S nd |soI ation-is inproved. It is an object
of the present inveriti 73 nHeY) & %wecq%forfhamqn@éﬁqeﬁ@% bal | oon

shaped shal | ow trenchU§pbm75@m£@#ﬁo&s@sﬁ‘{£§cmew ces with feature sizes:
| ess .than 0.18 m To_acco e above objectives, the present
“invention provides a Mt hoke. 771(Ishii et al.) shows a round S'I'Itrench

US 5,432,365(Chin et al. ) shows a shaped trench for a capacitor.
US 4,853,348(Tsuboushi et al.) shows a shaped trench for a capacitor.

Summary of the Invention o

It is an object of the present invention to provide a method for fabncatmg a
balloon shaped shallow trench isolation (STI).

It is an object of the present invention to provide a nrethod forlfabricating ﬁ
balloon shaped shallov? trench isolation (STI) where the top of the STI is narrower than the
lower portions of the §TI so that active areas is conserved and isolation is improved.

' I?: is an object of the present invention to provide a method for fabricating a

balloon shaped shallow trench isolation (STI) for CMOS devices with feature sizes less than 0.18
pm.

To accomplish the above objectives, the present invention provides a method
of manufacturing a STI having a balloon shape.



of manufacturing a STl having a balloon shape. 2 The invention describes
three preferred enbodi nents of nmethods for formng' a balloon shaped STI
‘trench. A first general enbodinent of the invention of a nethod of
fabricating a balloon shaped shallow trench isolation (STl); conprising
the follow ng steps. TheRRlehfidH dds@HRE thrée préffri®embuteherits 6£MRethb @ for fotingor m'
an isolation opening in said barrier layer. Next, ions are inplanted into
sai d subdthalleen shapeduyH tBFNY i sol ation opening to form a doped region. The
doped region is sel e&hfs\’?érﬁéra‘?té?ﬁyoﬂgnéngoq t?lé Mventldalof 4 m%d@'f@oric&iﬁgnla' ed
with a insulating materialf to forma - ball oon shaped shallow trenc

i sol at i orba{l&dH $hapesighaltow fFerehssobeion 48 B ampaising the fallavisg btepwdebrrrierdayer is

bal | oon shaped shallow trench isolati.on (STl). regions.,The.second '
onbodi e pia siiale: KBS Brinen QiR cheTe iyl SRR NEEIRE % ¢ he
subst r at einpRinfddantaRaid Glibstrafeltidligh seitkisblbtidntbprhing t foemta dopedirgivn| Tivedopedh t he
trench before.optional Iqn ipnplantation. It Js. a.preferred option in all
Lhree enbECREnElec YRl tehpgia 5T & Neler Thrinlc isdlied pithn dpsilaing masrial Boomy &
areas betyon thagedinalibw WehdhaEsRtidnI9TBirkdth. ( $Hé JubstFlie hdsieaid freasitianeeent ound
that the-invention' s Bal] oon shape have an advantage in formng |ogic

- ST
FET devi ctdd ballepn shaged ﬂ’é“?]"?’é"le%ﬂ’c‘@lét&’r“r(%@ d*%Pe to.travel to cause o
isolation failure i s TR@Eénd dnibolitidnt 8iffertf from HRFire ed®viligRet VY fotmfngal ur e
sizes less than 0.18 p. ms{%ee.'g,. , .STI width and di nensions of gate and
Sour ce/ dr HFH6E imihe spRstrgledefore thien imp'antt j on. This is an inport ant
under st andi ng becauseThdhirBlemdbdigieht fofhd® lifee MDIhyY trefldhietdds opfidral Isausual
shaped ST| structures, but form nenory devices and do not specifically
form I ogi H“El%‘}i?ttoé‘s."Anot her critical feature of the invention is that the
STl region is narrowe gf %re?e?ﬁd%ﬁﬁ’ot{ iAQfthred EmBoddBbrtaitat EMASLBI HETEdevReS OW
the surface -(nore than 0.2 mbelow). For exanple, the balloon shaped
shal | ow' t eegrfermedicagheadtivearesstheweeagheshellow treaghrislationd STH. Hegpinvendr hasgout
0.1 gm (. r. ' 10 ulpé,f .2.than
at the at ?%&83%%@% 1%\¥e9§%rgﬁil%8g)slbﬁﬁ]ts\ﬁse&v£ he acﬁ}dﬁtfaggﬁ f81tm1}1:, ‘Fog? . f&igest N
- because the distance carriers have to travel to cause isolation failure is longer. In particular,

)

logic devices with feafufe sizes less than 0,18 pms (e.g., STI width and dimensions of gate and
Source/drains are helped by the invention. |
- This is an important understanding because the prior art forms memory

devices with unususl shaped STI structures, but form merﬁory.devices and do not specifically
form logic devices. _ | _ | ' -

Another critical feature of the invention is that the STI region is narrower at
the top (near the substrate surface) than below the surface (more than 0.2 um below). For |
example, the balloon Ehaped shallow trench isolation (STT) regioﬁs is narrower at a depth of
about 0.1 um (.e.g., near the surface) between the surface of the substrate than at the at a depth
of about 0.2 pm. | _ '

Additional objects and advantages of the invention will be set forth in the
descripﬁon that foliows, and in part will be obvious from the description, or may be learned by

practice of the invention. The objects and advantages of the invention may be realized and



Addi ti onal -objects and advantages of the invention will be set forth in the
descgription that follows, and in part will be obvious fromthe description,
or may be learned by practice of the invention. The objects and advant ages
of the invention may be realized and 3 obtained by neans of

I nst r umengbedinddibysneanslotinsthinitatalitiesandabmbinadicsIpirtielafly §dinfédiout i iHeappéndend -
clains. Bri.ef Description of the Drawi ngs The features and advantages of a
sen cond 8% devi ce accor di ng to the present invention and further

details of a process of. fabrigfifipagerigtion (ﬁtm.g@ﬂgg.lct or device in
accordance with the present invention will be nore clearly understood from

the followi ng descrihefertures rashadvantages jofimseniconductohdevics ascardmgamthieng
draw ngs se\qpfn(;&tiloh 880 Fufth! GBS of %B%E%?Io?fagﬂédtgg A& Séemnéo%ﬂu&or %evu:f in

correspondi ng el enents, regi ons an ons an rgures
t hr ough 4acgomlaneceth theprtesannmlvemoamllibe mairé tlemtyrmﬁens‘gwod ﬁfom&e follomtheli ment.

for manufacturing,a balloon.sha shal | ow tr nch isol regi on

accor di nggesfréptioﬁgalﬁp SLEH c“%‘ﬁ&'i?gﬁ acEMpIPLLs raf”ﬁ’?%d@ gﬁkég%”a &€

sect i onal nuherais désignatel dlmsarroat:orm@pauﬁ@caﬂdents@ﬁégﬁlﬁisI‘a’ﬁd\boxﬁ@ﬁs ARNAHARYT i Ng &

bal | oon shaped shal | ow trench i ation (STl i ccording to the

present invention. g‘é}'éél?g‘“?‘r‘ﬁs*b‘tﬂﬁ CT%Sgaﬁ‘E %‘1‘ g’ g‘gd YSHALRS %/?’E—ﬂivs f or

“illustrat bml;odimeﬂltl rodmaamahlmmanbeﬁ shapedishalléw tiefidh isoliadnl (ST refion ectosdiay | ow
trench is gtl on (STL).region according to the present invention. Figure

%

12 is a clo88PEsTE MYRMO%iew for illustrating a final product with Iogic
CMOS devices for all Figured Seinbogh mretcsosf;@erctxafaunuifeaze&‘wxnmaﬁn@alséce@m shaped

shal | ow trenc | ati o STI n a di ng to the |nven|on
ot i | o0 ERBEmSES B noBekites b Sent St te e el S teR At | s
1 to 4 - RathkpresenbivdpibnSTI The -present invention will be described in

detail with reference_to the acconpanying draw ngs. The present invention
provides a nethod of FERMSSGhRush}] er6rasnsstenal wiewp forillust@iiega thirgl at i on

(STI). ‘embodiment for manufacturing a balloon shaped shallow trench 1solatxon (STD region according
to the present mventxon ' _
Flgure 12 is a cross sectlonal view for 1llustratm0 a final product with logic
CMOS devices for all third embodiments for manuf'lcturmg a balloon shaped shallow trench

isolation (STT) reglon according to the present invention.

Detailed Description of the Preferred Embodiments

-

L 1* embodiment - FIGS 1 to 4 - Balloon Shaped STI

The present invention will be described in detail with reference to the

accompanying drawings. The present invention provides a method of forming a balloon shaped
' shallow trench isolation (STI).



4 A, FIG1 formng barrier layer 14 18 As shown in FIG 1, a barrier

| ayer. 1418 i's formed over '‘a substrate 10. The substrate nmay be a
conventional Si substrate or a SIO substrate or aiiy substrate using in
sem conduct or manufacturing. Wthin the present invention, the substrate

may be a substiq at eFryp FyaRingbarPieh i#yeri 18 18l ect roni cs fabr| cation sel ected
fromthe group including but not limted.to integrated circuit :

m croel ectronics fabrAscshowmnsEIGsd:J arbacmdrilayer t4 & Isdotrrednoces afseﬁstmteeitOI Bhes,
ceram ¢ su at e .m croel ctr n abr n ) nel di spl ay
e b e ottt B RSerREh TSRk B p SY bR BY v bR Rlnelth P g
wthin tmm&@hmrln@ngfa@@ﬁngect ional diagramof Fig. 1, the substrate 10
may be the substrate el f enpl oyed WItLIInthe mcroelectromc?m,

% §trat e

fabrication, or in tWéiS‘alﬂieeRr ‘i‘\‘?éent‘f’ﬁ’é SHOSH 3 mBY RRf SERSURIGS

~enpl oyed Sk iR b Fibriobl@ctFinkck wne&tdnqeles&d fomthe @lub R IucHE e nbtBnitddlist r at e has
f or ned thereu on or, t hereover, a of several addlq,# onal, Setg}\ecroel ectropics

| ayers asTERBIEGHER TSRO GhIPUTAGREDAF SPILTETosleE FoRssIeRTRaHPRS Ceramic

fabri cat i @BstratemidioedsdttohitdPRBlcalibhy 2 fRE barRNEiSSa) AYLSSechBiics PBLbMARns LUt are
not limted -to, mcroelectronics, conductor |ayers, mcroelectronics

sem condubltbueh agtespecifisally ilustraiar adthinghe schempti %re%Srﬁee iqnal disgrampi Eigdr the er

layer is Qbafft sy 6oHHR &ﬁb%ﬁgte%elﬂerﬁﬁgy%@ﬁn kiRMBiErob theifbridl Btical¥s 'dr NY
nitride |ayer 18, e barrier |ayer can be conprised of one |layer or nore-

t han one thealierpativeyige pabsirgte may ézyéhe %ﬁtathaomgfﬂt%ﬂeguﬁ@@qmca on
i npl ant s fabh@noﬂ'\ghéf'@f?\@‘s@&{raﬂéQIQQfonn&?ﬂ@x%héérp&sthergavef -ﬁ@‘ﬁ%b&&l%&ﬂbm 22 An

‘i solation opening 22 is forned he bartrier |ayer 18. The 1 sol ation
openi ng pmédreslediogich layera amrdtcnn\@ﬁtlmﬂwsmploabrbmthm the miscoeldtranias fa’ﬁheatlon

S0l at | ONSQRSRLAGNAMREILAAT S, GANNEH S0k BIRLGLIAIAUARNNE

pr ocess Ions t

i mpl ant ed cmmtuaot lapers,uinsttoelatteomdsrsemg:bnddma)r|laxafsamd ancroded:tromg:s dib?ectﬁ&llayers;pl ant
can be of a dopant to e subst whi ch creates firs ~doped -
area or anorphi zed) Fﬂ%\g arfief a%?"f%EFtI@Ya%&WW‘éﬁdeof%"q@?‘ﬂﬁthy\?’éi “bgr% .
i mpl ant  caferfngfitrAB ldyeN1 8. Taé baAbSIafer cah u&écﬁqﬁﬂﬂs&?od@@m@loﬁﬁm&m FRd ) S
region 26 which has a faster etch rate that crystalline areas.

layer. The barrier layer must be a mask for subsequent ion implants (I/l) and chemical vapor

deposmons

B. isolation opening 22
An isolation opening 22 is fomied in fhe barrier layer 14 18. The isolation
opening preferably has a width of between about 0.1 and 10 um. The isolation opening can be

-formed by a conventional photolithographic process.

C. implanting ions to form a doped region 2%;
Next, ions 25 are implanted into the substrate through the isolation opening
22. The implant can be of a dopant to dope the subétrate which creates a first (e.g., doped area or
amorphized) that has a faster etch rate. Alternatively, the implart can be of an ion that causes |

' crystallme damaged (amorphlzed ) region 26 which has a faster stch rate that crystalline areas.
The substrate is preferably silicon.



The substrate is preferably silicon. 5 For the inplant of a dopant, the
long are preferably boron ions. The inplanting of fons 25 into the
substrate preferably conprises irnp!'anting boron ions at an energy between
about 10 and 50 Kev; at a dose between 5E14 and 5EI 5 ions / cnR ; and at
an angle (to vertlcaIFbrbetiM/sﬁﬁt &aafagarﬁ,qh@eam%raﬂqﬂsr%amneﬂ ghabl y
between 5 and 30 degrees. The doped rystalline amaged regi on 26.

pr ef er abl ymplasting efdpns?Siintodhe whgfeate @fefmblmemplam repigntingesenoions ghag soeray
concent r atyj I pﬁ}% at

sel ecti velb;? eh H‘l’%&; I?E%f%(g%gg% %g‘?%ng%g{' éégd':_%l lerérﬁigm ‘%Hs m%le (tﬁl G
3, we sel enetttcublbytmbmh abd20 degrees andgianetp@ﬁerahby batveeres il 30 d@grees. The

sel.ective etch S pre HFI_ H tion bor on
doped region. and a K adlgﬁgd(?”@ﬁ% %J:c‘}é‘f“t?‘gf’ ca%&ﬁﬁ?%%ﬁ"p%?ma’rrﬁ‘ég%ol e
30 pref er ajibytweas avoud @t §hd324 i aad ﬁ%Bﬁ&n@iudﬂQﬁ weide abbdtivedh DoaNIED 4hd 0i N
and a maxi rrumvm dth 36 of between about 0.1 and 0.2 um bigger that width 34
(wi dth at 'BXe&tayE¢.ace); and a-width 34 at the substrate surface between
0.1 and 10 um E. Fill hole 30 with oxide As shownin FIG 4, we fill the
hol e’ 0 with arDi nseidtiveiyratetiingthé doped regiohadd &omrah@pefe stal | ow trench -
i solation (STI) region 40. The hole 30 is filled with oxide using a HDPCVD

process. 11. 2nd enbodt\ﬁﬁ*}wmln@ﬁfﬁé;sﬂésqlwtﬂ?lym theedopnd| residnd$i tmform 4 bole BOWN
in FIGS 5 \ %ﬂggent by
formng a ?%e%%:eﬁa%eﬁafﬁgﬁg%gﬁ%teg? %(%c?(gﬁ gcrfgca% er bOﬁ%ﬂ ?P f FI G

5) . . Unl essang:aicPTHIBA-(Esppropyl abephol) for aproophizedds. are the same as describe
above in the first eg’?ﬂéjrl?]d’f@ﬁ%greé?ab?ﬂ?m deBth32Gh R raridB o?ﬂét@eggib(r%l.(\?g ﬁ%ﬁ%ﬁ

18 over a substrate-l rrier’ layer conprised o ayer

14 wi th anumasd Iaymaxgnu!m tmdtdéGIoﬁyeiweéx&boNthl anfl Or2namgicger msto:lndﬂu 34r(m¢t& At ng

122 in the barri e
the surface5 ané1 a w1dtﬁ%4 at the s&strate surface between 0 1 and 10 pm.

E. Fill hole 30 with oxide

As shown in FIG 4, we fill the hole 30 with an .qsulatmg material to form a
balloon shaped shallow trench isolation (STI) region 40 The hone 30is ﬁlled with oxide using a
HDPCVD process.

I 2" embodiment - (FIGS 5 to 7)

The second embodiment is shown'in FIGS 5 te 7. The second embodiment
differs from the first embodiment by forming a trench 124 in the substrate before the dopant
implant (See FIG 5)}.Unless otherwise specified, the processes are the same as describe above in
the first embodiment. _ | _

As shown in FIG 5, we form barrier layer 14 18 over a substrate 10. The
barrier layer compriseet of a pad oxide layer 14 with an overlying nitride layer 18.

' Next, forming an isolation opening 122 in the b_arrier layer 14 18 . The

isolation opening 122 preferably has a width of between about 0.1 and 10 um.



i sol ati on opening 122 preferably has -a wdth of between about 0.1 and 10
um 6 In a critical step, as shown in FIG 5, we etch a trench 124 into the
substrate 10 through the isolation opening 122. The trench 124 preferably
has a depth in a range of between about 0.1 and 0.2 umand a width in a

range of between abouln dkriticairsebpl8s shown inFIQ §, weadt€lf 4 ir&igh t104 Ft&tHe, subdirateol ant
ions into the suhstrate 10 thigu'ﬂ}h t he trenﬁph 124 to forma first.region
| e

126 (ei t hEFOUSBIREISIRIGRARERIRG 4% Hherieeneh sy Rsmiecably) hes pideptn dma rapee of rtwes abl y
bor on | 0Ngedup of 04l AARRE'a Width Bl rahBeot YRk ARlabo: 1 ELIAPRY an angl ed

implant. The inplanting of ions into"the s trate conprises inplanting’
boron ions at an enefyyrafesting tonFI&o, e iBpantiofinkethe sulistratedOsthrdugh thieen 5E14

The dopodt A 13% Bl I0uiol PR Gl Aobe bintBichv g Tilo 28, e ESkErg
0. 3 um- angreferatix bonomioss t forrh AGopéd tegioneEie implut isQrekerablgl 20 aRgledrimpladtger t han
tthe wdth at the surf £E: aqd'a o ncenrt'r tign in a range of between, about -
1E19 and 1E20 atom c@.e' YRS I°HSI’—.“i?ﬁ’é,s“%ra%f’@efl?%é@?‘aé?%b‘ffﬂ‘ém&wed
<r:| egi ﬁn 12Gn bnlmrgyoba;ﬁedmcﬂbeuthﬁﬁlﬁ 206éey. 5t aoSEbetbrben’ TIUQA] SETHRnkome dndQit Bas g ,
epth 132 W t he nch in range et yeen t 0,1 and 0.3 mand a

ot i v 03 BRG] el BB e el Raon T IF heseiethite gt n

at the supfbeeeensboshoMand 0.3Rintard a beimae] ®idiB 0 GdTbetweeRabout 21 add0 b ki ed
wth a i'n?ul at j nq teri @é utﬁ% forma bal |l gon shaped shall ow trench

i sol ation ”('@ﬂ%aﬂr BYIsith atAbe surlaee 39 aconetration inpangeaf Revespaboxt dEJPapdr abl y
filled w tIE20%ic8@ccusi ng a HDPCVD process. M 3"} enbodi nent -(FIGS 8 to 11)

The Penbodi ment forms a liner 223 in the trench 224 before an optional 1on
i npl antation. (See FI @3 sBownin HIG 6, waiseladtivalyrpsshiine dopsdeegion E26, totfern 2 hole

processes 13h@a i h ) feb | | st .
Enboa mont 2ot e RTErER). ARSI BIOY forl 1 SI) R o T ERBRE ot
subst r at e beBveei higout kil aride.3 imyand ainmxjpmeh evidth 96 ofuEdne®dutod. lanpad (i de
l'ayer 214 1with an_ove {]%lt{q% nitride layer 218. Next, we form ng an
i sol at i on Ypeihanthe padth At thesn Brier layer 14 18. The | |
- As shown in FIG 7, the hole 130 and trench 124 are filled with a insulating
material to form a balloon shaped shallow trench isolation (STT) ré_gion- 140. The hole 130 and

the trench 124 are preferably filled with oxide using a HDPCVD process. -

I. 3™ embodiment - (FIGS 8 to 11)

The 3" embodiment forms a liner 223 in the trench 224 before an optional
Ion implantation. (See FIGS 8 to 11) . Unless otherwise specified, the processes are the same as
describe above in the first and second embodiments.

As shown in FIG 8, we form barrier layer 214 218 over a substrate 10. The
barrier layer is preferably comprised of a pad oxide layer 214 with an overlying nitride layer
218, - |

Next, we forming anisolation opéning 222 in the barrier layer 14 18. The

isolation opening 222 has a width of between about 0.1 and 10 um.



i sol ati gn_opening 222 has a wdth of between about.0.1 and 10 um 7 As
shown in FIG5, we etch a trench 224 into the substrate 10 through the

i sol ation opening 122. the trench having sidewalls and a bottom The trench
224 had a depth in a range of between about 0.1 and 0.2 and a width in a
range of between abouAs 6holvnand&IGG, pe mch b.mreachﬁmtihtoahe mbﬂme Veethfaughtiee | i ner

i 1§ . aRBARLORg [t BEE i PRSI S0 d 8 oA SAdbadpidhe i<

i mpor t ant ; b@gauseetiveendbOEtes.1 and b2 26 8 eiéh fin aitarntlg@gf Behfech UB&R V€ RRd 16 Rl OPi C
etch. The liner 223 .is formed by depositin

I ner over the rrier
layer 214 218 and t hin &¢riiopksters wadermbblines #2d pn th@éldteWéﬁﬁ:wuhem;@hzze\eThe
ani sot r. opy;gglby cet,@tgeh *a?s,llt&%rtdemt mtsq thtcﬁﬁe\g@o@oetwétﬁrab&tt' YooPnd SR A. The

sidewal I s of th ench shown i n 9, I'n an_optional step, we inplant
i ons i nt olingrds mmtamdteeause A peRiesss the edwaéh@ﬁmzzhe wbsenemwsetrdmp gtthor

amor phi zed regi on 226 rySffer2he SBEARCAIBOH IR tne ya%rwe? Bohstly BILATR! T S

for the inplant. As shown in ecqtlve etch e subs (or
t he doped Zﬂ%gmcbthe sidowgallsfangd hettqmrgf téh trewézs N@édye anisotropigally ¢ich the iger layerdp

under cut rl@a%ﬁ”ﬂ ero-ﬂﬁeodﬁé‘gﬁ?@{lﬁ e HeSrehlle  Sidewal | from being etched. The

hol e 230 has ept owt e trench in a range of between about 0.2
‘and 0.3 m and a maxi mévhsipun in EIQ60, ot anentined steabwe timplant ignefin® the wibdrate t hat

the width ,
trench Zzi%u%kﬂﬁaw%?glgéot @?\IS%‘%WE% teri é‘r l,.& gegjcg? a %é #F%@g S%}%hge’gég%%{g&ow
trench i sdbepreforred SFapetesGonthgimplant The hol e 230 and the trench 224 is _
filled with oxide usin HDP rocess,. V. the nvention
Anot her critical feat eS%B‘Fmtr}Ct%ﬁ h‘gé’?’i gﬁ%ﬁ}’%}’ F’ﬁ@ﬂ‘ (otti‘ﬁd%e j1§gion
narrover apeé tﬁtheuﬁpmn(uraeagedy tﬁ‘oﬁﬂb%k@t‘@(ég”xﬁ@@%t Fe@?éﬂ) bﬁleqwet véd fhace
(nore than 0.2 m bel ow) exa e, bal | oon Shaped shall ow trench
3 gq,aehasgtdegth

i sol ati on S blﬁ’loépﬁeéﬂ%étd@dl $heykel d3pbelowfthe agnshtine. ranggrof( . e. g ,
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that the Wldth at the surface.

As shown in FIG 11, we fill the hole 230 and trench 224 with an insulating
material to form a balloon shaped shallow trench isolation (STI) 240 region.

The hole 230 and the trench 224 is filled with oxide using 2 HDPCVD

process.

Iv. Advanth'ges of the invention

Another critical feature of the inven'tion is that the STI region is narrower at
the top (near the substrate surface) than below the surface (more than 0.2 pm below). For
example, the balloon shaped shallow trench isolation (STT) regions 40 is narrower at a depth of

about 0.1 pm (.e.g., near the surface) between the surface of the substrate than at the at a depth
of about 0.2 um. '



8.-1n the above description nunmerous specific details are set forth such as
flow rates, pressure settings, thicknesses, etc., in order to provide a
nore thorough understanding of the present invention. It will be obvious,
however, to. one. skilled in the art that the present invention may be
practiced wi thout these details. In other instances, well known process-
have not been described in detail in order to not unnecessarlly obscure
‘the present invention. Also, the flowrates in the specification can be
scal ed up or down keeping the same nmolar %or ratios to acconmpdate

di fference sized reactors as is known to those skilled in the art. Although
this invention has been described relative to specific insulating

materi al s, conductive terials and a arat uses.for .deposi d etching
These marerials. it B ghodRiBtior BRatupeans fhmfiabese P pRhes 69

appar at- use&tesbpxtessnrd s;e'tttngs ttlﬁeltrfessazﬂ&m fih erdehﬁﬁﬁﬁ'hdﬁaﬁ)bi'eltﬁoro&gl@bndema:ﬁmgfdﬁ mal -
and nonconiéﬁ(r)rna ag q;lh uch as depgﬁllé et chi n? and

ot her AraeR 'ﬁﬁii“‘a'b ra °‘&"é?Psb OVENRS £9 ? &5 Sa%é 3t BBt ood by
t hose ski hdxedtmmmi)h'se prﬁ&tibéd)@rltﬁ@tt tigsé Gexailtl S ottt iBStafies) vedtll iglowigrédees lpvesent

i nvention U citl] ted ot herw se, each nunerical val ue and
range shOL?PH ﬁcﬁg%dr ‘Btdgtlaéb“ e QiR IR AL s&“’&@"‘ei H‘reﬁeﬁbmm’&na@gﬁﬂ thgy
appr oxi rratftblvxyratbﬁ acthe egkcifieationsdat ®e edaledtupeor\daivil Resding the gne MBiak & ddretios to

i nvent.i on has be ticu arI shown and described wth reference to the
preferred? 8‘?85’88?‘%@%&&??1"&%’6@ wasnﬁ “tfﬁdlé?s%flfi‘gﬂi IBhe Hbse skilled in

the art that various AhRGgeHis ifivenfibnhaNtietigdsalibed riBiiveld spait: WhdlRnst
departing fromthe spirit and scope of the invention. |t is |ntended to

cover var Ak é?ffquéta‘tei eriadandapparatises for depowitingrand etohing thessaeateriads it imnd -
the scope ff ;& f?)q}?gébqﬁﬂc Clafde IR ok Qﬁaﬂtﬁ’{eg b&trbgwf T tﬁ’e? %ng ﬁgggﬂa&g?ﬁtlgg %@&ESt

interpretation so as t'o enconpass a
arr angenerﬁssowfndnal pntlbnmmtumfesnal,QandIch;balb[lit{ek GueH asldehositing dnd etdnhgt amdsothéral med

' Iczrrprl i S;A\n ?n%tt ?§er@&§];)§rgtﬁlls ggxtbl i stl’tutlejcf?1 z|15| 1(5) %Igll %Qggstoo b@%: L%V\ékh{e int eI sol at1 on;
" microelectronics arts after apprecxatmg the present invention '

Unless exphcxtly stated otherwise, each numerical value and range should be .
interpreted as being approximate as if the word about or approx1mate1y preceded the value of
the value or range.

While the invention has been particularly shown and described with reference
to the preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope of the
invention. It is intended to cover Various modifications and similar arrangenients and
procedures, and the scope of the appended claims therefore sh_ouid be acc.orded the broadest
interpretation so as to encompass all such modifications and similar arrangements and

procedures.



of: a) formng barrier Iaye’f over a substrate; b) formng anmisotatten—-—
opening in said barrier layer ; c) inplanting ions into Emﬂ '
t hrough said isolation opening to forma first region; ,mﬂ "M”M
iI's either gsci'i'rtnh an inpurity or anorphized substrate;* & delactsveky
et ching sai'd 1 re ™% on to forma hole; and e) filling said hole with a -
i nsul ati ng matRpleflod bPrbAEMg PRIbOPhaS ARG Hahdn 06 Bnprlshid RS LN
~ regions; said s&%stor at e havi oo act?‘geagr eas bet vveée;l%é%tlfo ’g%"frgg’%tg%g%d
shal | ow tredfch isolation regions. 2. The nethod of claim| wherein said
barrier layer jhs c i : Rad, 9%l layer with an overlying nitride
| ayer. 3. The alr)ret hfégﬁ%]g%g‘q}g?]ky?r Wne% %sﬁtgag%i d isol ation opening has.a w dth
of between abd)t Gormingaalisdidtion openinglwesantbdroer lafergl ai m | wherein and the.

i mpl anting of jons_.inte said substr c rises. jnplantin oron_i ons. at
an energy bet v@en '%’1‘8%& m%L@“glrI\%o %ﬁf s‘:ug%/t%t%@@%(gﬁg 158&%8?13“5"&3 Ime ikl 5
atonlicn? ; and atreginn;asaid Brst wgiveid sithat ddped wétkan Ompurity 30 artlepheed subbiratd;he

met hod of claip 1l wherein said £ikst regiop ha _depth in a range of
bet ween about CB]O. Zs\é%ﬁt(ﬂve& %alé%saéd ﬁﬁiﬁeﬁﬁﬁﬁvﬂ?’ﬁ & B%‘Fween about 0.1 and 0.2
wi der than thee)w dillingtaid hele withlasasuhtieg matetiaite fomola ballRONSkiHed sHallow réhch

range of between .ahout 1 E19 an 0. .atonlcc. 6. The netho of claim!]l
wherei n said hol ¢ HAL L HaRY Fla”igﬁ%gs%rragﬁ"@@“&aabv&%éHe%ﬁ%ufal‘gf?zzum&ﬁ}aipe‘?4 and
a -maxi mum wi dt h oshaliet wessh isdh@ich réidnsand 0. 2 wi der than the width at the
surface aEd a wdth a# {-e subﬁt r.at e zur,face hetweep 0.1 and 10 m 7. The
met hod of 2cl ai hremGiHeY 8f daidy) Whergip said darrier lager iheqmprised b pad exgdeda

process.  8gn JRelyiBiniteide Afecl @i M 1 wherein said bal l oon shaped shal | ow _
trench isolation'régions is narrower at a depth of about 0.1 gm near the
surface bdt weehhe methed of claim lowhersindaid idodation openitgdizas aatidthhuf bettwean aisut 10, Df
about 0.5 sJul I]d)winl Ohlli1111110111iiiiiiii0l CL MS o

4. The method of claim'1 _wherein' and the implanting of icns into said substrate comprises
implanting boron ions at an energy between about 10 and 50 Kev; at a dose between SE14 and
SE15 atom/cm” ; and at an angle to vertical between 0 and 30 degrees . .

5. The method of claim 1 wherein said first region has a depth in a range of between about
0.2 and 0.4 and a maximum width of between about 0.1 and 0.2 wider than the width at the
substrate surface and a concentration in a range of between about 1E19 -and 1E20 atom/cc.

6. The method of claim 1 wherein said h;)le has a depth in a range of between about 0.2

© and 0.4 and a maximum width of between about 0.1 and 0.2 wider than the width at the
surface and a width at the substrate surface between 0.1 and 10 um. |

7. The method of claim 1 wherein said hole is filled with oxide using a HDPCVD process. -

8. The methad o?claim 1 wherein said balloon shaped shailow trench isolation regions is
narrower at a del-)th of about 0.1 um near the surface between the surface of said substrate

than at the at a depth of about 0.5 pum.
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9. A nmethod of fabricating a balloon shaped shallow tre

conprising the steps' of: a) formng barrier |ayer over “I“ﬂmmuﬂm”
said barrier layer is conprised of a pad oxide |ayer w th*arf over Myi fig *
nitride | ayer; b) form ng an isolation opening in said barrier layer ; (1)

sai d isol@tiony aﬁg ‘ﬂb@;"ﬁggli&gfsh&%gg 3wARRKA lsgfagior@@gm%gsﬂ%}hecs}epfo o

|rrplant|ng|on3|ntos trate t SaIdISO at1dn openi
a doped reefiion; (1) the inplanting of ions into said substrate conprises

i mpl anting bor ni vertical between 0 and 30
degrees; d) sel ectf&eéing%ggleﬁ "‘X%"%P%L“ 8%%8 region to forma hole; (1) said
hol e has a depth in a range of bet ween about 0.2 and 0.4 mand a maxi mum
wi dth of between atdut @aid bamigr Bye insamptised phmpad dxédedryse with anlererlgodst r at e
surface and a wi dth at,;Lihel.gabstrate surface between 0.1 and 10 e) filling
said hole with a insulating material .to forma balloon shaped shal | ow

trench isol atbon forgihgasisoktbtlogeningtin 8dig bhae¢t Rgeract i ve areas between said
bal | oon shaped shallow trench isol ation regi ons said holeis filled w.th

oxi de. using a HDPC\ prsg 4§ ?atxo;f%f)erim%e)has atvsk}xgg: et%ve(éln %o%t V&hlea.n%' 10 @ Qi d

bal | oon shaped shal trenc ower at - a d’epth of

about 0.1 gm (gpe. Qampld?lﬁﬂé ionb et hid %@ﬁat@%&@rkafdhﬁlﬁiéhfoﬁ&ﬁn@fo 8fh @ doped
substrate than at the at a depth of about O.

LETTEINT 1 affoL11imgoM 11111 11. A method of fabrlcatlng a bal | oon shaped
shal ow trench isol ation; conprising the steps of: a) formng barrier

layer «over a subst rme e i MR Of s IRO5Ad LubBraP ethitked Hn%%ltﬁ'xcl%f&d iBhs

layer ; c) etching a’trenchinto sald substrate through sai 1'sol a tion
openi ng; -~ and at an angle to vertical between 0 and 30 degrees

d) selectively e_,tching said deped-regien to form a-hole;

¢y said hole has a depth in a range of between about 0.2 and 0.4 um and a
maximum width of between about 0.1 and 0.2 pum wider that the wide at the
substrate surface and a width at the substrate surface between 0.1 and 10
pm; '
- e) filling said hole with a insulating material to form a balloon shaped shallow trench
| ' isolation regions; said substrate having active areas between said batloon shaped

shallow trench isolation regions; said hole is filled with oxide using a HDPCVD

process.
10.  The method o£ claim 9 wherein said balloon shaped shallow trench isolation regions is

narrower at a depth of about 0.1 um (.e.g., near the surface) between the surface of said

substrate than attheata depth of about 0.5 um.
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d) inplanting ions into said substrate through said trench to forma first
region; said first region is either doped with an inpurity or an

anor phi zed substrate region; e) selectivel yim ﬂﬂ region to
for mpa hole; f) filli nggsai d hz)l e and trenc !' ﬂ "mﬂmum;tg material to
forma ball oon shaped shallow trench isolation regl oh. ®12.* The nethod -of -
claim1l1l V\/nerel n said barrier |ay conprised of a pad _ oxide layer.wth an
overlyindInit rt“‘d'eeﬂl‘%l‘éfrfab“fﬁmgT hEalﬁ%ﬂf‘ﬁB‘tPeéﬁh'@P%[tfﬁ"i}l‘smﬁ?felcﬁ@%lﬂg thesteps | on
openi ng hagra wi dth of between about 0.1 and 10 gm 14. The nethod of
claim 1l wherein said trench has a depth in a range of between about 0.1
and 0.2 gm an@ a prning pasrier | ?@ﬁ@éef@fsugﬁft%en about 0.1 and 10m 15, The
net hod of cl alb?'n 1or AHlisdidtiea obg{;ﬁ(amtslaﬁg,ag.ferq@@s into said substrate
a

conprises inplanting boron ions, and at an angle (to vertical) between 0
and 30 degrees$) . P@hlﬂgtﬁetf%h HbRisad subbtsaterthraughysaid ds tl@&lodemng,e has a depth

bel the trengh

V\/ledt(:)\tltv of bet Wreagn E’;t %l%td q&% 1&5 Salhggwﬁeﬂtm?% ?1%& %{% %PQ g?é@t rench

17. The met hod otﬁre region lizxﬂmé@mdnwﬁmrumwmle sl amarpdixzpd suhstrategegion;| ed with

oxi de using a i 'ﬁéglmf&aﬁﬁg sa@fxrstmegmﬂ% hod aq{ cI aiml 1l wherein said
s a

bal | oon shape ow trench I so n regions 1S narrower at a depth
of about 0.1 @) m (filingsaid haderand tren@umﬂaa:m)iuluetg\mﬂmal hefosmraftatieornshapad d

substrate than at e at h_of about 0.5 gm 12 * CL MS +r 19. A
met hod of fabri 03{1&1{] téenﬁifssggﬁn ’ée%%?ﬁ‘ed shal  ow trench isol ation; conprising

the steps of: a) form ng barri er Iayer over a substrate; (1) said barrier
| ayer co rls of a i d er with an overlying nitride |ayer; b)
forning a gﬂ'st%wdg%émmé hersiy do%ﬁrt*ffrétyer a%tnsed of'a pad oxide layer withan

: overlymg nitride layer.

. 13, The method of cIaitn 11 wherein said isolation opening h'as a width of between about 0.1
-and 10 um. _

14, The method of claim 11 wherein said trench has a depth in.z_t .range of between about 0.1
and 0.2 um and a width in a range of between about 0.1 and 10pm.

15.  The method of claim 11 wherein the implaﬁtihg of ions into said substrate comprises
implanting boron ions, and at an angle (to vertical) between 0 and 30 degrees

16.  The method of clatm 11 wherein said hole has a depth below the trench in a range of
between about 0.1 and O 3 and a maximum width of between about 0.1 and 0. 2 larger that

~ the width of said trench.

17.  The method of claim 11 wherein said hole and said trench is filled with oxide using a
HDPCVD process.

18.  The method of claim 11 wherein said balloon shaped shallow trench isolation regions 40
is narrower at a depth of about 0.1 pm (.e.g., near the surface) between the surface of said

substrate than at the at a depth of about 0.5 pm.
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(1) said isolation opening—has—a—w-dth—ofbetween about 0.1 and 10. um.

c) etching a trench into sai h said isolation opening; (1)
said trench has a depth in aT"“ﬁamyﬂlﬂHﬂmmEabout 0.1 and 0.2 .tmand a
width in a range of between about O¢l1l an m d) inplanting ions into
said substrate through said trench to forma doped region; (1) the :
i nplanting of ions into said substrate conprises inplanting boron ions; e)
sel ecti ve\%&/ et énmegodal Bbuspag %‘@B?Whﬁﬁﬁdgg%uﬁ“aﬁmhéiob(@y; epmingisingthe sieps a
~depth bel owst:he trench in a range of between about 0.1 and 0.2 and a

maxi mum wi dt h of between about 0.1 and 0.2 wi der than said trench; f)
filling said 3l e ferming PaFe X oKera subsiigteat i ng mat eri al to forma balloon
shaped shallow trench isolation region. (1) said hole and said trench is
filled with oxide ysj ngséd b@ﬂ@\@fl@k@ﬁ@ﬁ&d of 4Qad dHge BHEAGEh 8f oveliPin@ndtfde
wher ei n sai d ball oon ?ha )ed shallow trench isolation regions is” narrower
at a depth of about O.agl?’egm (.e.g., near the surface) between the surface of
said substrat,g than. t. 0.5gm 13 CL MS 21. A
met hod of fabrlﬁca%ﬂ%a%gﬁag%nng%eﬂglgéﬁs#@%gﬁﬁ%\%}fefench i sol ation;.
-conprising the steps' of: a) forming barrier |layer over a substrate; b)
form ng an isol ati di) opedidirglation opéningdes aivddthlofiyeween aoueddhindd Oaint;r ench

"~ into said substrate fhrough said jsolation opening; said trench having
sidewal I s and @ bofcHing a&)%ﬂqhdf*ﬁ?isa'& sybstratehropgh spid igolatioreopening; of sai d
trench; e) etching said substrate through said trench to forma hole; and
f) fil'ting said hol@ andayn i e 4 t.eLl.a r

bal | oon shaped sha ?owq%@etﬁgﬂhi‘?\syg}dg t?é’?mgrﬁié%?%% é}ﬂaﬁé%t%ia %QQ&W’ g‘rda% m 21
whi ch.further. i ncl udeswidfitiea raige pf Yetjveardbolncd.araad 30 gm; (e) .

d)  implanting ions into said substrate through said trench to form a doped region;

(1) the impl_anting of ions into said substrate comprises implanting boron ions;

e)  selectively etching said doped region to form a hole;

(1) said hole has a depth below the trench ina raﬁge of between about 0.1
and 0.2 and a maximum width of between about 0.1 and 0.2 wider-than said

trench;

f)  filling said hole and trench with a insu]atihg material to form a balloon shaped

shallow trench isolation region.

(D | said hole and said trench is filled with oxide using a HDPCVD prdcesé.
20.  The method-of claim 19 wherein said ba_lloon shaped shallow trench isolation regibns is

narrower at a depth of about 0.1 um (.e.g., near the surface) between the surface of said

substrate than at the at a depth of about 0.5 um.
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I rpl anting ions into said substrate through sjmmlr a doped
regi.on. 23. . The nethod of claim 21 wherein m,m[j ﬂ . conpri sed
of a pad oxide layer with an overlying nitri de | dyet nmet hod of

claim21 wherein said isolation opening has a width of between about 0.1

and 10 gml. 25.A Hethotief hbelcating Cd i8l16bR sHapddiaRbW t2Adldsd15RHE Boipikide MeBePs i N @
range of between .about 0.1 and 0.2 mand a width in a range of et ween

about 0.1 &d 10 m 26. The method of claim 21 wherein said |iner’ corrprl sed

of silicon nifyi dﬁrﬁn@&a&rmyeg@egkmﬁa@f bet ween about 200 and 500 A. 27.
The met hod of ¢l aim 21 wherejn said |iner is formed by depositing a |iner
| ayer over th& bEmingansQlation opening inpaid baginsilaver and bottom of said trench

, and ani sot r @pi Cakdhingtl ttdAbk tht S SHid bkﬂre{l@fhé Qhidli1dtRa ! y on
the sidewalls ]gf sai d trench 281 T he met ﬁo@ﬁof é altm \6? %éersgflar?egg#d hol e

and sai d trench f3ViFg fifleyp! \7\/?%41359&% using a HDPCVD process. 29. The

method of cl aidy 2forhial etirer 8R4l BabhARDesklapeikshal | ow trench isol ati on
regions is narrower _at a depth. of about 0.1 gm between the surface of said

substrate tha® at qtﬂ@ga%!déub%@mthrqvghaaa@trpnqb tg form athple; apd | [ 111 111211 11111
FEEET 1D 1T o L tM @éﬂi hdfe 'Xﬁé}ﬂ?&h%tﬁ memgﬁﬁg r?’%r‘?al 'i’c?‘#&n%%aﬁ@é‘xpﬁﬁgsé‘a' | ow

trench isol ation; npri si ng barr yer over
a substrate; (1) SbﬁilpwttﬁaphisgllatWIagegtonconprl sed of a pad oxide layer with an

overlyin itr g ay, ﬁ'?% eni I n sa barrier .
| ayer ; 9251 Sa,.]fl‘ %lméﬂo é)t?l fa gﬁfc d{' Qﬂ%ﬁﬁergﬁgpg ggfoé%%ﬁﬁ .1 and 0.2
um c) et dimphgtisg iohemcdkaidﬁubstﬁa@é ﬁr@igh%ixﬂ alefichitd ff&bl‘gd"déiiéli Qeglér{)' ation B
openi ng; 2ssal d _H; encg f{;\\{l ngl si dewal I's and a bottom
e method of claim™21 wherein said barrier layer compnsed of a pad oxide layer thh
an overlying nitride layer.
24. The method of claim 21 wherein said isolation opening has a width of between about
0.1 and 10 pm. _ _ .
23. The method of claim 21 wherem said trench had a depth in a range of between about 0. 1
and 0. 2 um and a wxdth in a range of between about 0.1 and 10 pm.
26. The method of claim 21 wherein said liner comprised of silicon nitride and has a
~ thickness of between about 200 and 500 A.
27. The method of claim 21 wherein said liner is formed by deposxtmo a 11ner layer over the
‘barrier layer and saxd 31dewalls and bottom of said trench ; and anisotropically etching said
* liner layer to leave a liner only on the sidewalls of said trench. -

28.  The method of claim 21wherein said hole and said trench is filled with oxide using a
HDPCVD process. -

29.  The method of claim 21 wherein said balloon shaped shallow trench isolation regions is
narrower at a depth of about 0.1 um between the surface of said substrate than atthe ata

depth of about 0.5 pum.
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(1) said trench had a depth in a range of between about O.

width i'n a range of between about 0.1 and 10 m d) forni n@ﬁ“ﬂ'ﬂ“ﬂ"ﬁﬁﬂﬂ#m' _
sidewal I's of said trench; (1) said liner conprised of siliconc¢nitride an

has a thickness of between about 200 and 500 A, (2) said liner is forned

by d'epoz%d' ngé\%émﬁfme%ngoxeauéoaehm Shaffiow! tARNEH is8136bn; %@éngnﬁhcdﬁié@{eb§ and

bott om sai anisotropically etching said |iner | ayer to
| eave a |iofer- only on the sidewalls of said trench; e) inplanting ions into

sai d substratg thgolgh p3aieH 1avEEReha kidstrtem @ doped region; f) selectively
etching said aﬁo ! glglbon e:t c?glform%t 8 I e; (1) sal d hoI e has a depth bel ow

the trench in a range of between about, 0. gg f||||ng sai d hol e
and trench with a (|1)1suls%iﬁi|bi‘\‘@“"\"rléibf‘%!'r"i"&‘ﬂ’“\‘iQSl °f1a(ﬂa¢rP§d‘b¥i‘VF"d’6‘ YoElingIHELe ow
trench isol ation regllg}gr (1) said hole and said trench is f| I I ed with oxide
usi ng a HDPCVD process. = 15 : '
b) forming an isolation opening in satd barrier layer ;
¢  said isolation opening has a width of between about 0.1 and 0.2 um,
c)  etching atrench into said substrate through said isolation opening; said trench

having sidewalls and a bottom;

(n said trench had a depth in a range of betweeh about 0.1 and 0.2 and a
* width in a range of between about 0.1-and 10 pm; '

d) forming a liner on said sidewalls of said treneh;

(1) said liner comprised of silicon nitride and has a thickness of between
about 200 and 500 A; '

(2)  said lineris formed by depoeiting"a liner layef over the barrier layer and
said sidewalls and bottom of said trench ; and anisotropically etching said

liner layer to leave a liner only on the sidewalls of said trench;

~e)  implanting ions into said substrate through said trench to form a doped region;

) selectively etching said doped region to form a hole;

(N said hole has a depth below the trench in a range of between about 0.2
and 0.3 pm

g)  filling said hole and trench with a insulating material to form a balloon- ehaped

shallow trench isolation region.

(1)  said hole and said trench is filled with oxide using a HDPCVD process.
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