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NON- VOLATI LE MEMORY MANUFACTURI NG METHOD USI NG STI
TRENCH | MPLANTATI ON TECHNI CAL FI ELD The
present invention relates generally to sem conductor
devi ces and net hods for the 5Smanufacturing thereof,
and nore specifically to non-volatile nenories.

BACKEROV(B-ARILE ME QGREVANIEAEJIIBING METEODD ASING
tel evisions, tel PESN 19S, uters, is
constructed usi ngegem coﬁgﬁﬁﬁ@?ﬁﬁﬁg?{ﬁ‘messor S,
integrated circuits, memory chips, and the |ike. These
sem conduct or conponents are typically fabricated on a
sem conduct or substr constructed using
various m croel ect roﬁﬁcﬁ‘é@@@g}:@@n as transistors,

ca@}%ci tors, diodes, resistors, and so forth. Each .
mi CIEdBPsRt g Rrtonfelatsesenerally sp semiconducinitdesicas aid methods for the

man PRI BEreof 8 GRAYSELRIca 20 5b Ak Herhftions | ormed

on the sem conductor su nventi onal

sem conductor nmenory devices fall into two general

cl asses: volatile nenories and non-vol atil e nenori es.

Vol atil e nmenories ar 8BAJIRERAUUNDIARTer and | ess 15

expensive, but lose (or "forget") their data when the

pdierron® tquipenQfduciNaR- widvadionse (BRPRITeSS radyl |88d computers, is

sl ower ~and nore expensive to fabricate, have the _
CO“S‘HJ&{FgﬁtSH@eS%%QHdPHQy MHEPRIORES A} tegsatad eantsdiieinegy flopy and the

T T LK .

sem conduct or nenD
and af¢ ROMtucadvities vapowgmivrmelbitenie ddvioss yuohmmy yrarfsiseROM:dpacitors,

diode?,?\éli_s,%%sw,) grgcg\sfggé)gfhp ; 8?3%@%%5&&%%9{ %re]\lli%é rEISe nt?';n)éally a pattern of
condiRk@Clei & du¥ e a8 aRuend LLLANTRREE vk ?l?éjs'eﬂﬁ#éﬁ'dﬁagp ﬁl}bstrate.
er

(" EEPROM') devi ces. EEP devices differ from ot

n&enveitenil senpeensiugtod androery davidehdt!l tifteytwoagenbrl classes: volatile
ctricall ogrammed apd ased. Flash EEP
mem S Rl ?“aert”SS‘EEg%%’edé‘%FPboé?Siar‘ie_t&"ra?f%ﬁ%%?tﬁf and less
expenS®k] BuC Bi3e er ProagdaNiRe: and wiaseR SIRGtki GalelYoff. Non-volatile
However, flash EEPROM devi ces enabl'e the erasing of
memogies, WailptlgWeedndsmpre expensdes/iociabiigitsndiage dierpgiventage that they retain
thei £ trical ) . _Flash mory i.s )
eir orértr\ge éug%%lgr?gjg%rg)gi% Wg#éhﬁrlg) orwyer ése?\iaél.gglf)ag(gmcva%atg% semiconductor
memony | detves tiocleade reakohlywhdrhory t1ROMIY a¢yvicbdt prog@mmable-read-only-

infli %a@\%q the data is erased in blocks of cells. Eac '
memogg (PRUM,) fevaces; rigsablarrosraanatte-sradtony-mgmery 6 IRRROMS) devices
d dreddcBicaByfelRatik! nd. & 6RN at e« - .
o fleogticﬁgyga%gg%lgﬁgoéﬁ@ﬁ]gg%ﬁg % Oggtn%&gd?@gty iEcaI yM) devices.
EEPROMbr dayidee ddiffenfrqmo| otoery serabdlatile  siehiocpniesizpedn thiat lhedNcan be
.appropriate dopi,ng materi al ... .phosphorous) . to
elecmﬁégye PF?%a’BSﬁegcﬁ[}sS‘s?f&Ffﬁt- né lashy Eggﬁo%rf@dl%’*f’ \AEe Sipigar to EEPROM

devicds| ifahhtN@e @Bt cdlR é'a%%eab@)%ra%rﬁga bh&akdsyd e%@&licgﬁy. However, flash
separated froma substrate region by a gate dielectric

EEPROM tdgmives editde ctbe rarasingapérallofmeimsylcatls ny thratdevical usinghe single
fl.0at i ate and control gate are typically separated

elecmférlc?rlﬁngé‘gﬁ%& her by a l|ayer of insulating nmaterial. The

SFlasb et eisl Bth@D froMCAERS SOHERSEYNeR N DaBOANR written to each
defining a channel region therebetween. To store an

cell wthigstbe @aes, buthes fridisatadn thegdate iusesedcinanioels dfatells. Each cell is a
fromthe transistor's drain,

. el f Witin and
foainft B E3MsoP el Hiteoshcareily o AFUBe el ohe o o ke, The
floatingrabsSaRl ME cdnGOlUFLL are typically fabricated from polycrystalline silicon doped
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An integrated circuit includes a | arge nunber of
cl osely spaced sem conduct or devices forned on a
sem conduct or substrate. Product devel opnent efforts

with 'taﬂ g@?@@gﬁ%ﬂéﬁg&%@%ﬁ&{ %%I}(?sﬁ%oergﬁsg 358 e egtge igﬁ@lrc%z/is%zilﬂge silicon

conducziadi Mye Viohtiaggae id iv6laRa%idRe@RY Anteé Sdpat0 frbMB: substrate region
reduci ng cell erasure times, and reducing cell _

by a gptgedielegg orwepnel dirdecsion tayauphinsiainamateriaat ilhe @dating gate and
LN ted. Gj ' I S rel | ess .need. t o .

conelLFOAR BPSILUAS i 108 Sulpder &) SIRLFIR BSEbomscia. e

substentd epivat Blcluded Gourb@d@as eegidis dd@nfigt & chahefegtMEhERBBINEEN. To
array. A major goal in the sem conductor in§ustry_has

store ad nerets fAalgudle detinge gatezese rdrarisd dioh gelecsroas Hpeviting from the

t . an ¢ K i - . . ’

ans 8PS da I SEC RSO ATbuLWEB IR oy g wsiors

source.he m croel ectroni c devices on the sem conduct or

sgfsirate y be ingreased by decreasi ng spaci ng )
b WBESTAHEHI T ipHBdss lpegguaber elorensdt sracerbyanpeanduties devices

forme@0of 8C§RREEndulio? RAGE L 2l ﬂrQ%@bt Qiek/éf)gx'?\éntnyfﬁa@' i EEPHOM device
m croel ectronic devices to be fornmed on the
technglegy devallictisrd eubstaasing. thdpragranasingt spetd)dowenipgl pidggamming and

.power and speed of the .sem conductor conponent may be .
readitf Tpg . f%‘%svédi.atafﬁ@nmElinﬁuﬁeﬁgm%aﬂﬁ?r?gﬁe gmegegpgpducing cell
dimerfs@mk U@ fih tﬁ@Wﬁxﬁinggﬁﬂﬁﬁtﬁlti%ioﬂlﬁfqﬁl‘agl%t&lr leuﬁgfsthere is a relentless

challenging the limtations of conventiona
need t@éﬁﬂ%@tﬁ%ﬁé@@l@eﬁ@tﬁmwm}y mepBCy errghal, kisergetelyn to increase the density

1 Ni i zat ] | esent ed. by . the .so-cal l e i
o T TR P BLE BRSPS B853S e i
size a@AGPadIRA®S Yckievd dédsemiditiefstepidkingMahl b ediRRah&bmption of

of its neighbors. Floating gate transistors are
valuable 804cgi cal I'y i sol ated from one another by such

i ' f hsalati ructure
2600 SR, MR Sy LA, B o v
increas¢d biy tdacreasin KBt barvker eschasfethgendbad kamitond@ebridevices. The

t her nal | oW n 30 a localized oxidation |ayer
decreae e e 10N 4 Brgep BBER Pl i rgiorslse R dhickiela s formed on

the séhRoRIRRICTBMAR. T hgs LOGER 5t fh@clk&gﬁuﬁx% ?Jﬁ%rt;h% speed of the

structure includes non-functiona ea at waste

semicerglugib lcomppacre oay bhersatlyi magdust oilhe wostimang reduction of design

e ! B M5 20 9T S enona
semicotE@bior fecBndiBgy.| ow Trench Isolation ("STI"). STI

structures are generally formed by etching a trench
bieneekallenpe i alinigtugigatidn |s| pragentadedyt thermohcalied Kisalation structures”

1 tahl [ ric, (insul atin mat erial . STI . .
that a%tu[l%eﬁ g ﬁxS'es gl%regggstneaaﬁl enrle[{’%rgncell}(%%% lgiqr{jigpg r‘%‘?‘ Lheqongratigy of its
neightole rMoming gak | SarsBid2E 59 dCREicalIPSSSlale@IREMESnd Another by such
) .increase the density of 5 cells in the array. T
isolatipg sswctres. s fpnes tyipg caf is@latioq strustgrethafols uss@ds anl@Cals@xidation of

1 il cul in form t he, source .
st ARG b e LRSI HIE B Uty srovin
a localizedeoxidationaayerrtemesn theidell? itdgletthicaldy idetdidl (RScedlst @Dne problem

hi gher resistance than a_corresponding flash

, as a
with tﬁ%ﬁqs}gp% FaucliERds (atdke strpefeyistuderionifreetagkdreas that waste
[ Lesi S . at ona| :
el o e RIS ORGSR rER St B et sa e denser
and deosealphekige has to do with how the various circuit
el ements are connected to each other in a
sem conduct or device. A flash EEPROM chip or die is
commonly fornmed with a plarality of flash EEPROM cel | s
on a single substrate. Also typically included on the
single chip or die substrate are peripheral circuit
portions including input/output circuitry for
sel ectively addressing the individual nmenory cells.
During 15 formation of the chip or die, steps are
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25sought but prior devel opnents have not taught or
suggested any solutions and, thus, solutions to these
probl enms have | ong el uded those skilled in the art.

S LT e R e - IR BB gon 50 s

structupdsert aefetalty féraield 1St étbiﬁfhg ra€re ih WM EANEE &S and filling the trench
. substrate is provided, and two trenches are forned in
with @hanitaBly diskictisn gt gingg ubaieriali e STO stwtiures an seallevghan LOCOS

struc{ugr irrae atlltaw &Q%e}?ﬁfrﬂ ge@toi b é %@éf gg?}eg%égeggérggiir?cﬁggsg the density of

In oné O encnes on

cells a¢ thev@raye gHoWeveAN STIRIradttiRe agl 3ftéh heguRA ihS1dsRA&AoryNdue to the
....the other trench on the other side of the active o
difficuityiigy foraHag thswourenins thaotanrahéhe eglls intseeh fay.ndite ispurce line in

:hes.  es. e f.orned.over the .
L A
memoygilan wad HOEOS mphenired dTiad findregedrelédtfcdl ofed®ehncd Heduces the

rr.ehigodrfproduce a flash nmenory device with smaller
operahgpg Rrricenance RhiheiBeee conpact di nensions, resul ting

i %r{o@l‘fer_rn%qfé?l}rizgﬁorﬁf:ha(i@{%iﬁasstl)éi%'wiﬁgﬁ\k%gvﬁg{s@ q.trrc:@lp%:l%ments are
of the invention have other advantages 1 n addition to
connggted tp phecethef it hwsemivenducsredevdatroved {Tdse BEPROMIGRH or die is

i 11 become. arent to.thos illed in the art from
commiprl, G BT bENFORY o HETEERRIRE SHS R BTG aHeswate.  Also
typicdIBKi@BluMed bn HiRf SHAPCRIpLH cﬁ@?ulﬁ&ﬁt@@@gé’ﬂi;ﬂgréjrcﬂ‘_\%i'agértions including

BRI EF DESCRI PTI OF THE DRAW NGS 10FI'G TA is

inputioppys -clsoitivoherl seleaivelf addssding ghe waflioiduah rhéreorfyi celts.  During
ta of ,processing in accordance with the present )

formaf oA PP CEET e b5 BTG, Brora i8R Fopspgtions or

"cont&dts" Ul Uhe rﬁ)efmdj_rllyciselli‘A; These stepkldz péffoted followinﬁ formation of the
cross-sectional view of the structure of FIG TA

memqry| P i p gorteshihsgmemonheslipgaie sixiaiercs.sparceangiophend drain regions
to otlge?rﬂa(ft@n&uﬁkoghi .u?ﬁ%rr g‘{ir%;atu %Et;o%‘ 1?% '&?si%k?eopo %&s%gﬁvé%\évcent gate

a portion o ructure of
struct@is i snda theioScorsatd i nalosslyevogathet has ?o@usreur eUforfoh&iely, these
) 2A after sGFaI | ow trench, isolation and floati n%ﬁgat e
IntercppiecHRg SANGUSIOLE BIYS (RORRESIMGS 1D Hoﬁ‘é‘OB?‘%g?éWPr ApAFEiRan @asirable for the

device elements to which they are connected.

Thus, there have been intensive efforts to discover ways, preferably using existing
equipment and processes, to achieve improvements in reduced spacing and increased density
between and within semiconductor devices. Solutions to these problems have been long
sought but prior developments have not taught or suggested any solutions and, thus, solutions
to these problems have long eluded those skilled in the art.

i

DISCLOSURE OF THE INVENTION

The present invention provides a method for manufacturing an integrated circuit
structure. A semiconductor substrate is provided, and two trenches are formed in the
semiconductor substrate to define an active region therebetween. An implanted source region
is formed in one of the trenches on one side of the active region. An implanted drain region

is formed in the other trench on the other side of the active region. Shallow trench isolations
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FIG 3Bis a top plan view of a portion of the
structure of FIG 3A; FIG 4Ais a
cross-sectional view of the structure of FIG 3A after

are thfef? rfgﬁltll%doir[]l t'ﬂg u%ﬂcl?eg.' I¢) Bph%redécﬁese%erfloﬁnecﬁ ferr oy gctﬁ/e reglon and
control gate I n accordance W t he present inven

contaétk G tlka1m§1aatet1(m>u;ﬁeaneg'mineamd0ﬂ1ean{pdlarnltdcbﬂraﬁf rdgivd are formed This
structure of FIG FIG _BAis a

methqd, Boguess ﬂe%memoavdevw% Réthsipaliar uprenesy gelleshaving more compact

dlmerfsfgnsox‘%ﬂﬂn%mﬂﬂ@'ie RiGf Rﬁdgf?éé's £ dielectric layer and
contacts er an to e various |ayers and sel ected
elCerreintesntaxdirhéres sémeon)vmhlmoh bavesodhsit sdviaetag@Shla@ditioB té 8r in place

f th t f Fl
of thigpmapBned ‘abover Ghe GvRdlates Vil pedome pica FLDRGUsKied in the ar
from Rr f%\éﬂﬁin' Ng¢ ﬂfen‘fMﬁJvﬁB | £ IRA IS c it dAg vﬁngfg LW GEENS rence to the
|solat|on trenc | antation in accordance with t
accongraeg@gtdrawvmegnt i on. BEST MODE FOR CARRYI NG OQUT THE
I NVENTI ON The term "horizontal" as used

herein is defined as a plane parallel to the

conventi onal [ waf er,
regardl ess o?ﬁﬂﬁkﬁgg(§ﬁ¥§#§%2ﬁ§¥ﬁgI?%8R¥ﬁ@%$tical"
fers to a direction perpendicular to the horizagntal
ag ﬁ? uh 1%Fr0ﬁ%§ect1qnéq,lﬁ%ew g{le Biliggn -W@If]er in -t%@,r@(es-tages of processing in

accordah’i@e Q/Wh the B@Eérf?mvenuwp , "side” (as in "sidewall"),

hi gher” ower over", and "under", are defined
WFtGh Ies mpqtlart vievhd adhmriigoof e sphame.of FIG. 1A; The term

" sin as us here i ncl udes on.o

HCHEN frosictipetaty ot el irdres N LaRutE eiching of the
pad o£l8¥ BlyePiRNhe s@hbhdi@orGhsankdlg, and/or renoval of the

mat eri al or photoresist as reqU|red in formng a

dEKeriBisd top plaatvigve of a portlon of i gradctupe POFIGa2ZA; et hods

f rlcatln Jen- Ql. atll menor
Sﬁfcl; I %‘%v rgsﬁ ?% v6ew o{ %&I'FU%G)UXIF c?fldll*‘]?} erf)éptaﬁér shallow trench
isolatid@vh® ﬁoamgl e ﬁmauonT heacdeddandengitetiRpeedenOhvédion,
nonvol atile menmory cell is the presence of a floating

gBlCe 3BAs\adpR PlaRiiEY ahmBeitieg obiiederurayeet FliCh 3dver | i es
tﬁﬁ} SEM LR S%Q&u@ﬁp%&ﬁ& theEﬁﬁcfu}r@ 8{ Ff@ YR C??te} Yormation of an

formed overlying the tunne ric an
interpal@ mmlecsﬁdlayér andcocuhiiol pate 1rrmctcerdaabe witt clie @8setio pedntion;
that is_not connected to a ot her

p silicon, '
‘9 ké (B 15 @ bipBlap view of a portigp Qg Kesfrugiugs QIHS: ¢Amat er i al ,
CRild. 8% fsfaecrbggts%w&{ay vféw&f%& gﬂr&otme\e@rﬁmemtf&?o&lhg gon of a
gate. The interpoly dielectric Is typically conp0s
devicegdielzntrioXpyhe-anidtqonthetsonied end @ MeOyarions 14Ok 2)nd selected elements on
the semiconductor substrate;
FIG. 5B i1s a top plan view of a portion of the structure of FIG. 5A; and
FIG. 6 is a flow chart of a method for providing non-volatile memory using shallow

trench isolation trench implantation in accordance with the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The term “horizontal” as used herein is defined as a plane parallel to the conventional

plane or surface of a silicon wafer, regardless of its orientation. The term “vertical” refers to
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15 stack conprising a bottomsilicon dioxide layer, a
silicon nitride |ayer, and a top silicon dioxide
| ayer. In certain configurations, the ONO silicon

- it C be do to serve as .the o m N
o difiebo e el P R0, b DI Relg 1o eg” "above
"beloax, dBottay g raprtd dide’ @oRethi@AlS), | hederi, auRies” 1'9vBe, and “under”,
omtted. Finally, a control gate of conducting

are defanesy Wil respesd ko tie hoprgmalinlanen, overlies the second ONO
Siyi C di_ QX ”» rring now.to ElG . 1A, )
OB BRR  RODBL LSRN e oo,

patteddfl, i ¢xpobheref dewlloptiagesichihgPERERSS] ARL/bO rdradVal CGHt e dmaterial or
non-vol ati |l e nmenory sem conduct or devi ce using STI
photqresisi @ 1¢qpIEd it EX IR 4 dhsciibrel ssmGiER and drain regi ons.

T Lhic 0 - a. ] tor t,rate
T 00 AR o AR Aoy o
trench aspéatioh©4“IWISs) he dnfifiohaeidyvicd et wadte@XThe défaieg elk@dnt of the non-

sually of silicon oxid "SI 02") has a first ) )
Volat‘g‘h SR IEeH b B prastrer ﬁz&(%??dmae&%%i BetPry HBmegpRslingoxide layer
f.i K - . f . ,
ovn BSOS BEOHFLAS. OheFRE TRERAAE BBl Byt i mmciog

diele@EtiGand By comprigidnofi & cahimariveanfarcaighentlany dopgal polgsilivoreshat is not

of the portion of the silicon wafer 100 illustrated in
Conn‘?—glteétolaﬂy OFSF EVFYY RO to FIG 2A, therein is shown a

CrAOS@ECIEBCAibRBAC: A8 Odalib eheSthiersdIY HRIRESYvENG tHeAoating gate.
follow ng etching of the pad oxide l'ayer 104 and the
The ls@mcébd@gmtrmis syeallyaomppal ofrant dradeenisnidgasxido tO-N-O, or “ONO”)

t ed t he .fi . phot.omask 106 (E A . .
sack R EEHE 2 Bl b iR R of sitropr bitiscl¥bioghs i tgo siicon
dioxiddRy&e NincoediuCdoarligsidBSAs, BlecONOZsiliédH hiBMeNdydM¥ag Be (dBBed to serve

first photomask 106 has been renoved and a second

as thedhergediiding Alopsiaghese piaviag nbe wnrclinspeosie dayaroand the doped
j j tati eni 4 : .

pooffE I, ATRLAD AR TRk, RE0 087 ARl conaerp,mperi, suh o
polysidonwaneil@sale opahOBO dEcapjionge iaee, to cr gat eI I

i npl.anted are 2 in the bases and the sidewalls 210 )

ofiefeiEng PBW&HS@G‘ ggszelq'hseshoﬁﬁl HAPsYsestian of 2pdicoggvafer 100 in
e USSR, o PRES RS er (BuB B T win
STI tremgh gmpRbmatimndfoarthé splrantaed diaiai regioagi ohfhe2 $idicom wadfer 100 has a

. adj t. si s 210 .of adjiacent trenches, . the
semic L RET G0 S NP B S B arleShs e g6 abide e 104 has been
formed€ihe §ad@ekidé 8aye YO sdalf: of silicon oxide (“8¥€5,8f hdsPAiBOMdkSnask 106

FIG 2B, therein is shown a fragnentary top plan view
patterpgd anedapesitddghereoutr t@ Hefins patiens ofiafask op@Ongd 1Q8sfor Hteesdbsequent

formahgn 6F St I’g.A'

Referring now to FIG. 1B, therein is shown a fragmentary top plan view of the portion
of the silicon wafer 100 illustrated in FIG. 1A.

Referring now to FIG. 2A, therein is shown a cross-sectional view of the structure of
FIG. 1A following etching of the pad oxide layer 104 and the semiconductor substrate 102 in
those areas not protected by the first photomask 106 (FIG. 1A). As illustrated, the etching

has formed trenches 200 into the semiconductor substrate 102, following which the first
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Referring nowto FIG 3A, therein is shown a
cross-sectional view of the structure of FIG 2A after
the trenches 200 have been filled with an STI
rj such as Si 02, .and conventi onal rocessed
oK i BER Bt ngrt o8 MEM R B2 B BEFE fegmed and
depodifed taaefifdienglaphrait Bekkdipahidgs 2@4.on 214, respectively.
In this configuration, the STI's help to reduce the
1@}1}%\(2?1{9@ |a@@mgéﬁ)6 llluq.trmeoamipt@t:@l@pe oBogomvgstipyedndopants, as
apprgﬁgl%g:??ol %rgattﬁgglvpf}ig&e;g}/a%e{sﬁégcﬁr{ ﬁléérl' Ealls?]:se Itaysxg ?P?o%@e%vaaﬁyﬂﬁ o%cet(l)é trenches
200. f magriiplasd heps R08Nay MeW K sdtiequeafly i @Bcritfed! MBIl serve as buried
. silicon wafer 100 illustrated in FIG 3A. Referring _
Junctigngy tlp mrigulgAthernéy an Amphangownres weiss2keerd gndmplanted drain
- Vi e td | G. ter . a .
reglol}{ n?tgr g%l 5143(1'21(@%%%{? rsly(%e%iaggs/ezrl%gé)g a?l’]a(f%@ E%H 51 r&beattrgn%i defining
therebaweerbghe Berhzontet (orilee 26 \wetiid r@pin 2T8NNEr ext endi ng
laterally acrgss the STI's 300 and the floating gate )
30%igEne newde FA@) 2B tbgeinrie shaver AftagmeRangap @lastdex of gie portion
ofthéé?ﬁccfrﬂ@az;@r FR) fiRist écFi?lf%e% eing formed on the
sem conduct or substrate 102. Ref erring now
t RefdrGng 4By OHEGEBA, theredh ovshoavnf 4 agsesdcabyal tvigw pf & structure of
Fic B9 e b PO R e Shud 6o Y B, wrsos 10, e
convéﬁonil%ﬁr‘é&é’bs&ﬁto&”@%ﬁsgbg%ﬁj“aégrﬁ_ttliléjﬁxg_llaﬁ’t.é@%uf?ée Ilte fon 212 and the
~ structure of FIG 4A after a device dielectric |dyer
implaped draig rogien 2flér reeEcovely. tlhehiv apnfagisaticy éresSBhs hélp to reduce the
.uncusggag(oneductor substrate 102. A source contact 502 and
junetig ¥ contact 504 are also shown, formed in
CoNHe#tinp0nal 30TanR ®ker frRB@h thbacE@ViceRnd18lv86ddeh Ghe STI's 300.
| ayer 500 and _the STI's 300 to 30connect electrically, _
r é”é’&!ﬂﬂg vevyo Fl 3thdbareigliashah & bagwentpegpp plap veevaatithe portion
the. i i Dy -t eQIHOR, 214, As is
Ofthec%ﬁ%)g%%f%ﬂg@ﬂyg{gﬁ%é&n@%?ﬁéglé‘our ce contact 502 and the

diRafarricgnbaad Fi044 A ashewsl Is showatdh@bssdratiagd @idvws bi the structure of
FIG ggnt acts, not shown) are forned to enable electrical

rifise A1 dremely diglasticdayerathioricht sowroligue Hizbavstteen formed in
qonveﬂﬁ%l%neﬁﬁ'e} §xt&ﬁ’diﬁ’ hﬁéraﬂﬁ‘%r%s@the%%%[’slcgd)(? and [hg ftl%ating gate 302 (cf.

particul ar, the source contact or me
FIG. ¢Bhregether dotnhieg ithppaie sedk Sauthe dlask geldnwaich, art beindrfainmed on the
.co(gt ct 504 is fornmed to connect to the inplanted
SRl Ui 2¥4, and an el ectrical contact (not
S ReWMing BoWBSIBIC. QU B; M&A s SO wWnNereQhtA Rl (8Rban 44y 8f the portion
the stacked gate structure of the menory 5Scell.
of the|sHicentwatércld0 1bestrateslsn FhGt44hown) for form ng these
e trical co cts, ., suitable etch stop, dielectric,
RERb B PRI SupE B¥pSr R o BB TIeShed e structure of
FIG. {asiiicpn deVRE didlectS€Myep 00 Gho besilRinealoRel 8 ARdul NBers on the
_various |ayers thereon, including the nmenory ce
semicppjicErsubstigee Hivot Brseyicstcongcipbt and @ Hergr aprike 0k yare also shown,
r. r tern of contact, 10 en| )
formelf R EEFATHoAT ol el 8L Qe RN lPra@ Rl BT 300 0
connedealeagcdiyetedpéotivelyl ay@e ibpRneadotite régibn 813864 hefimblted drain
. source contact 502 and the drain contact 504, anong
regiongd er s.

As 1s conventionally known, the source contact 502 and the drain contact 504 (as well

as other characteristic contacts, not shown) are formed to enable electrical connection of
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The contact openings for the source contact 502 and
the drain contact 504 stop at the inplanted source
region 212 and the inplanted drain region 214 in the

' supstrate 102. The photoresjist |s then .
selecget%ﬂogng)gggrgt% gf gleccgsncr ch:: P}e\rlréor*g%l. S tlo ‘,ﬂ?l?er g&x&tf] ogiletchwg s[p é)ﬁr’tlcular, the
sourdeSconfet SEPR bkl ©\Bhndd & GeVnpRntld&LBfE rEgon AVEhS@Rin contact

and fills the contact openings to_forn1so-ca||ed-
504 issfermedafq gereget wothg uatplaniedcdimiratagion THe asd et glegtacal sontact (not

' 0 1 cal ; nj.cal .pl anarizati
shosh LSS, .0y ST SR PP LG B RORUA Ry memor
cell. above the device dielectric |ayer 500, conpleting
formati on_of the contacts, including the source )
cIRtabPIBPIosREs (1ok Sbewinfos Satmiae (5o, clegtriesh smptacts, suitable etch
2 i - Fl B, ..t in.js .
son ZBEELELL 00 PR Gty PRI RgA0GHRR, tion over e
semigindiicon swedtare 10D anbl tst vaaioas lhyer§lsre@A. including the memory cell
. Refgfring now to FIG 6, therein is showm a flow chart
regiogs. ol irepliRieressio s photplithograpigalHoRtagetsad itp dorrppsitern of contact
H n i. 1 i B Y 8 i - h
ore b ROER TS0l S ANER Lt fer 500

the SHF o¥D0 forghassers @anduitDandsthbgtaiat@itaa 564 emd@@btiadrs. 25
duct or

farmng a pair of trenches in the sem co
S UPGTGPIE! O 18R S TOLEE O Rap oBPcHRS e FEBL £ S04 o at the
implateRP sQR& 0€gibPrIToNghAthel TIRpIANEE dirf QUGS 88 QR thd @Rconductor
of the trenches on one side of the active region; a
substeate p0% GBheophoterestbtrig then sirmpledanéd cdndiictive egiaonl,isncht fsetungsten, is

ot her trench on.the.other.sid he active region; a
depodted e BB e AT chir 3T TRl S oBfh e ioran So-caled
"self-bligRdhesnadudisé ephidte Dhe Esthigs BlenlsBBjSttc@REa ORdBICAVBEChanical

the active region; and a step 614 of 30form ng _
planapigatinac ¢ TOMP dobfosess s whisht feendveap It centlusbye cateragiabaveathe device

. ' t ' i | r er il, a
loE LS ALt e ok RO cotacts2
and theadrainyconmcn®N4Sad stowench i npl antation is perfornmed as
fg{lows: 1.Tgf sem conductor substrate 102 is . )
sHETHBIG "BY SR EFEPTarberees phay ok fragmenigisrion plangrevsphthe portion
of thel s8lidoRNHERE: 100RNIEQed GG 5t phot omask 106 s

patterned and fornmed over the pad oxide | ayer 104, the

f Reguriph oowriadkG 1@ 6hdrami inght e a fskclopesti psthd@ 800 for providing

for.med t herein the .STl's 30Q0. (FIG's |.A and 1B) . )
non-gRSTE e SL 8 b Bl dplasiidan et G atffufigpespent nvention.
The etBsd liAd8dek02 stdpe68t GReHotAMRUARLNRNIRSE: SRRALRIS 408 604 of

to formthe trenches 200. The walls and bases of the
formipg emPhEsof OBnehes inhée pemicandustdr fubsiritagtor defiamphamtted region
. . e side of the active region 214 the
neretBLF85%, £ 0P8 oF R as o Bt hlFa St BliPu e gf B Ffgnes on one
side ofliik ddli®e MEOS i aGep 608 eMfopdideeti AMpladed BRIPRPRSI ih€he other trench
trench 10200 Tarns the i moantad drain.Tos on ol her trene
on therpiger tift ahthechchie aeiand e t bot fasainaushellpwrisenclt oGtiogs in the
' ! e ned.in the trenches
et P oTRSThc PSP AR Sy PGS 14 o
formimgtespeetive ghraiact ihb ghpraeed sbecStdgicn &i0he (dplented difn region.

and 3%? 4. The interpoly dielectric |layer 400 is
f By gisatcedetatdp H@i“a@ﬁg’@élgtrﬂ%th@# fo grogdpee the non-volatile memory using

STI trench implantation is performed as follows:
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15and the floating gate 302. The control gate 402 is
then fornmed over the interpoly dielectric |ayer 400.
(FIG's 4A and 4B) 5. The device dielectric layer 500
is forngd over the various n the s m conduct or

yers, :
subst r aths SEABCONGHEIoF H@S%tﬁtlé)?ﬂ% Smfa%ésr BEPAG d o theoio@ide layer
cont actya0, nt 0
t hr oughl(}t,j{h(gf g@\}l %2{% arﬁée(?glgbtrﬁhc q‘g%/grégz%%%%ﬁagk %ﬁ% patterned and
i mpl antfedngbaenee eher g axude2lﬁ9_erallﬁ)é thheﬁrstrmlloanmski 106 daving the mask

Final - <prtiset @ Remedfisfen Gy SBr e notiubaban and 18)°

fioni shiTg sdeBRide 1By AFHGRI ahd BB oHBIREY sfbS¥hE €1 02N are etched
whi ch the individual nenory cells have snafler nor e

conpac tthepugle Hei roask aphamgs 6B enformribd wredchsh 206 rﬁihieywalls and bases

cells. The smalle nnr conpact nmens 25 are

ue & o THEF GERDFEAN Bt Fitlpohe dolree B amelfsied areas 208. On
regi ononeniddef etoesief it Bl e ifidhdd OB forayi tﬁgsimplanted
of space and reduction of device size are afforded by

| ocat i mguichecgouréad anddthd oppesiep rmplenisd gegen fith élCSﬂﬂpOsl,te trench
r at her Qver, hor,i ont IIy ext ng, source

e et 0 B RO P YR, D PHEES 8 s 208 form

ACCOFd&ﬂgb&ynkﬁoﬁﬁQFHEeﬁQﬂbﬁ@gﬁﬁrEd that the present
invention has nunerous 30 advantages Principle anon

t Rese ikhetHid’ Sr%%;fﬁf@!ﬁnqdnmnféﬁ@ieyd@élmos@’é floafipg gaigi 30R is then
the ecqpord S tk?é“éjct&é’?éa{;@ Q’ié“@e% nht?lr L 494 1Bh0uaR; KRS ng 3B)
use of existin ues “and

edui prérhe. mu@qmly iy 1aybh@0@n£ﬁﬁﬁtedldstmrimgo@r¢r¢§ twelsrrl s 300

suited tgﬁgurther size_reduction by elimnating th

conventft floafing pisn3 Fevildescartal wate 42 ilsntb§érﬁ0éf§ed over the
with the di¥1eBE¥IERF 400, THHIS ¢8R @ 4/ne by using a
bi t Iineeggﬁglpfo réﬁﬁlng tgtﬁhlquégﬁn ich the
dﬁai ns Toe ddvicesdialpceict faanls |5§® os foenat pveeltesvirivua layers on the
um are connected to ne, the .c rol gates
of al | S%‘?‘W@P@ FPHOPEG D ! ﬁeﬂ’b‘h}‘ st H““g ‘ﬁ‘B%/“éf?éoume contact
connectseg ah@ tige ¥aIdedntte 508NHe e RIMFRBA (] ddide dielectric layer
menory cells in each sector are connected to a sector
sel ect PP fie therheplaped rpyreel regorm Y2 agd dra ayplanigddtain region 214,
accor di echpi equi res only one cont act
opemné‘gg g%Rth(%K% Q& EHSBze i nterconnecti on shared
b¥ht fimaledjiaeats c’f‘ﬂi‘ﬁiﬂét&éd ®ﬁtH SonveftidnaRfinishi@ig 3tepd, to produce a flash
required for the contact opening occupies nuch |ess
memqrhaﬁiﬁvw?e ip ovhich nihepidivdml megery cells” hangi small¢re more compact
0 e N
dimerls e Phdr it RO il FRELHARS BopEdipdhs cimensions
are dwd toetha:at/erueﬂ],y cmdlghradatoumts anddechiv aegiatd omshevetigesbef the STI's.

Addm[oﬁgl s‘r%?/g{gé%) P]%(e)&tég &e llﬁ?llérlé lﬁlf ggwlgqr;fntag E@ae{f%orili{]d l%))lé ?octatir(lzgc the source

and dfam eRHEds boereMPIsAge RltherSHED oéértﬂ”ﬁeé a{ff%\)}\ﬁe{lﬁ{lﬁ sojrce and drain

nmodi fi cati ons, and vari ations whic
reg10r§plnsppsedda@raéb'apdlaﬁdetshe i ncluded clains. Al rrat ters

hither-to-fore set forth herein or shown i.n
aBESHRaM: ‘aﬁsaﬁf éﬁ%‘e%er?% et the drpieat éavqnﬁo'anhas numerous

advanta'gk:é:'StPrrﬁEipY@ afBAg MRz ik Thd rOcBEN$E mekRory cell size, along with the
economies and cost savings afforded through the use of existing manufacturing techniques
and equipment. Additionally, the present invention is well suited to further size reduction by

eliminating the conventional selection devices ordinarily in series with the memory devices.




10

15

THE I NVENTION CLAIMED I'S: 1. A nethod for
manuf acturing an integrated circuit structure,
conprising: providing a sem conductor substrate;

. ' .I_of .trenches in_the seniconductor .
This i & Peer Y B ol ke b PP B S uRigbahe drains of al
singlé @aMBiNG MEMbIdeAR 12 cORAITCAE cBHeRted B alieliR, the®ntrol gates of all
. trenches on one side of the active region; formng an
singl¢ franssiecremery sellsdgidomew aretdeanesidseio a2 wert HnorandHbe sources of all
] 0 € ive region; 10form.n al | ow.
mem?{yg% :i:ll%%zl g g?hagﬁcggr%sar?ﬁyt‘%egtetd rtgnac?]eecgo;r Sfegerc Q‘H‘g jjtﬁelo@glgyzed memory
array dagugat@rdiigito thie i@ahique réR@e®Bnlyodtd dodkdtk BPening for the metal bit
. respective contacts to the inplanted source region and
line ipfgEconpentiontsBared oy twor ejaesat mepmory eclifetsh danatdhe efeairaquired for the
' . ' iLhg gate, and
conta {1k Find ABIE mh PRl RFURIEL e B, Sect o
| aykile treanveatioh basbeapatetdrived i0todjnactiakiltiowspecefeBest mode, it is

' ' the inplanted source and drain regions,
to begtf{gilefas}:flgy%fn q?l’éta{qagblagtpgqngt_ri]ves, modl'flﬁc\gi_tiorm @nﬁe\taﬁi@gm&? wil &F rApparent to

those sk1fcA8h (GORR%] i ps; AL FiBlio e YRz, RBis ine t
LIS 69APY) AR B 1005 UL Rl g T v
embrdagralh@ich cdiepratis¢sn gnddaficutings, and erariagordi ehieb tfall evithévy ette spirit and
scope of the included claims. All matters hither-to-fore set forth herein or shown in the

accompanying drawings are to be interpreted in an illustrative and non-limiting sense.
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20over at |east the shallow trench isol ations and
gate. 5. The nethod of claim4 wherein the step
of form ng respective contacts to the inplanted source

THE T8 YERAT18RE Lﬂﬁwkﬁpt nted drain region further
conpri ses ?orning e respective source and drain
cgont act r h the device dielectric. er to the. .
ol ant 20 BB p AR g HhE AR FlfL B Gl oising

r q@bAting 258 micomaidtegs fefraggnuf act uring a flash nenory
integrated circuit structure, conprising: providing a .
sdpeBaduRaiDp! Betrdes it the fegreandyclar peistratei taedafiag an astive region
the serjgo &g%pr substrat e; patterni ng and
form ng a first photomask on the pad oxide |ayer, the

f ifoshing hatioipbskedPnass rREioNaS kone REhe g8ndhae baidhe fside of the active
formng shallow trench isolation trenches; form ng
shal | oW*&P®nch i sol ation trenches in the sen conductor

' L . F : : ot . ‘
VSRS S NG,RUT A, HCELAS Bl s of v e
juncti aegiom one such trench, along the sidewall

t hereof adj acent anot her such trench, form ng an
i%ﬂmﬁﬂg g@ﬁ??ﬁhﬁ atgms 11 e tepphesnt ed area of the

buysinsiflg bR b0 g AL O0Er hbPGcHledeyRh! afdf the other such
trench adj acent "the I nplanted 5 source region formng

arorinipg aespedivir @intactsei i, impiwhtadheuper tegon @ofd thheémplanted drain
sem conduct or substrate between the inplanted source

regi on"&@d "t he i npl anted drain region formng an

aétive region for the integrated circuit structure;

f

rm nd NEHARPeRAVOL ClBN! idTcat thond Ieast oRe Spiceiich8gatingngnte, and
furthe%ggn\%gg%iﬂ f&nlih %B'iﬁ'tgxaﬂ)?}t BieRYGl: HY& RRE LY nggtt%gyg?d(}\s af the shallow

he 1 nplanted source and the I np rain
trenclr iggliaoerss, the implanted source and drain regions, and the floating gate.

3. The method of claim 2 further comprising forming a control gate over the

interpoly dielectric layer.

4. The method of claim 1 further comprising forming a device dielectric layer

over at least the shallow trench isolations and gate.

5. The method of claim 4 wherein the step of forming respective contacts to the
implanted source region and the implanted drain region further comprises forming the
respective source and drain contacts through the device dielectric layer to the implanted

source region and the implanted drain region.

6. A method for manufacturing a flash memory integrated circuit structure,
comprising:
providing a semiconductor substrate;
forming a pad oxide layer on the semiconductor substrate;
patterning and forming a first photomask on the pad oxide layer, the first photomask
having mask openings therein for forming shallow trench isolation trenches;

forming shallow trench isolation trenches in the semiconductor substrate;

10
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7. The nmethod of claim6 further conprising form ng an
interpoly dielectric |ayer over at |east portions of
the shallow trench isol ations, the buried junctions,

a he floating gate. 158 The method of claim .
f 3?\13 fiping GRGE ?é%ﬁ%m{' grl%hﬁeg trgncggﬁttﬁgllmggf?ée%oﬁfg? Of pge such buried
i nt er pgliyctdnahesikrsuch kdi@l, ;along the sid@wall Migerdit pake R another such

claim6 further conprising formng a device dielectric _

| ayer diaehgiormnagsan mhdaipdsowoe ragees the saplantedasagidhe buried
floati e - hod of claim.9 .

Fur t hen aRbigne, the igalil BERBRCE Rl Bibent e implantea

20t hr ouglirct hegidaviteinh aheiedpliged Ayeh t@ohhand M POEHRM of the
source region and the inplanted drain region, _
r espectSFpgiopductor substife  begwpet dbe aitadianied csgiigce region and  the

struct i Si : LCOoN or. substrate: .
2o SRTBELE on R0 BB RUURL! B8 fresraca e
defi ni nguetareact i ve regi on 25t her ebet ween; an i npl ant ed
source region in one of the trenches on one side of

t Aemyag s lompigensht;ispfiqnspe Histleachasaitd region in the
Otf&%inévra%rt‘ing %aE@fve?&ﬁ]?Ectﬁ/'eq@%igfl b%p\/\eeeﬁgéé_ Yrg?l'éﬁtgg g?ﬁrce and the

shal  ow trench 7 solations i n the trenc

one gatmpbwmexd drine regibnsve regi on; and 30contacts

connected respectively to the inplanted source region

and t h&hienpdtiaet éklaim 6 further comprising forming an interpoly dielectric layer

over at least portions of the shallow trench isolations, the buried junctions, and the floating

gate.

8. The method of claim 7 further comprising forming a control gate over the

interpoly dielectric layer;

9. The method of claim 6 further comprising forming a device dielectric layer

over at least the shallow trench isolations and floating gate.

10. The method of claim 9 further comprising forming source and drain contacts
through the device dielectric layer to the implanted source region and the implanted drain

region, respectively.

1. An integrated circuit structure, comprising:

a semiconductor substrate;

a pair of trenches in the semiconductor substrate defining an active region
therebetween;

an implanted source region in one of the trenches on one side of the active region;

an implanted drain region in the other trench on the other side of the active region;

shallow trench isolations in the trenches;

at least one gate over the active region; and

contacts connected respectively to the implanted source region and the implanted

drain region.

11
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drai n region. 12. The integrated circuit
structure of claim1ll wherein the at | east one gate is
a floating gate and further conprising an interpoly

| east or t

?Ir gngﬁt “Iﬂéo}nt&%f%trﬁ% %lr?lhlt attruﬁllxrg n({f Sty zx erely tﬁraé ?flst one gate is a

floating@a@N and Aftthet BEMpliNag b tht@PbE- dielectric layes ovdi W least portions of the
integrated circuit structure of claim 12 further

shalley ispels jsplptiansg g implanied sousvaad draie re¢giens; pd the floating gate.
dielectric |ayer. 14. The integrated circuit
sthuct uFlee ofegritad oirduit $towdtire rof ctaipr 15 furthea compiigieg a control gate
ectri over at |east the shallow trench
(“@rﬂ§dP§ﬂF%%§wgﬁé“§3$§ 15. The integrated circuit
structure of claim14 wherein the contacts to th
i Mg ant B} dyesraled, ggqudn sEvduehe! iclismaht eferta@rapwnprégng)ra device

S OISR SO SOaEpgc  comect

respectively t t he ric |ayer to

d
: 21;. 'on”ph?en 1rﬁggr§1%ér&%uﬁte§tl lgcrtllﬁgﬂgt} ;;pa im gzgr netégm %F cfﬂnltaCtS to the

implaitdd.Sduddeere gQMTRd SleNiplAiEBaIae0 RN AlrtheH BSMbAlesodce and drain
pad oxi de layer on the sem conductor substrate

contagis AN Foseerételysibranshohe deeise ieadeqtric dayer to the implanted source
region aRY ﬁ’l%qgllﬂ)ﬁltn&{d (ﬁﬁ'll?ﬁgélgﬁe

16. A flash memory integrated circuit structure, comprising:

a semiconductor substrate;

a pad oxide layer on the semiconductor substrate;

shallow trench isolation trenches in the semiconductor substrate;

buried junctions implanted in the trenches, the implanted area of one such buried
Junction in one such trench, along the sidewall thereof adjacent another such
trench, forming an implanted source region, the implanted area of the buried
Junction along the sidewall of the other such trench adjacent the implanted
source region forming an implanted drain region, and the portion of the
semiconductor substrate between the implanted source region and the
implanted drain region forming an active region for the integrated circuit
structure;

shallow trench isolations in the trenches; and

a floating gate over the active region between the implanted source and the implanted

drain regions.

17. The integrated circuit structure of claim 16 further comprising an interpoly
dielectric layer over at least portions of the shallow trench isolations, the buried junctions,

and the floating gate.

18. The integrated circuit structure of claim 17 further comprising a control gate

over the interpoly dielectric layer;

12




buried junctions inplanted in the trenches, the
i npl anted area of one such buried junction in one such
trench al ong the sidewal | thereof adjacent another

su | apt ed ,sour
rotant o aricaPl Meff By G TBR G Bl Rimetiif o devic
dielegirttelapdrlovef attlbmt telshallsu qbndhrleaaﬂibra%amaﬁng £fe.
i nplanted 20 source region fornng an inplanted drain
rego.on, TR dnt‘é@t%td@loéﬁrdlﬂtnstﬁfctﬁrg Q)fsﬁﬁﬂrpquﬁdﬁtl&r c&HlPr?stiﬁé"gSurce and
bet ween t he i anted source region and the I nplante
drairy e@itacts é@ﬁoéﬁh frtrgﬁr geYige drelentti¢ Vayer egitlon ithplantethsource region and the
s im maﬁ&géﬂ Eg10|¥cuu£ structure; shallow trench
P ORI CRE Y Fenches; and 25a floating gate over
the active region between t he I mpl anted source and the
i npl anted drain regions. 17. The integrated
circuit structure of claim 16 further conprising an
interpoly dielectric |ayer over at |east portions of
the shallow trench isol ations, the buried junctions,
and the floating gate. 3018. The integrated circuit
structure of claim 17 further conprising a contro
gate over the interpoly dielectric |ayer; 19.
The integrated circuit structure of claim16 further
conprising a device dielectric |ayer over at |east the
shall ow trench isolations and fl oating gate.
20. The integrated circuit structure of claim19
further conprising source and drain contacts through
the device dielectric layer to the inplanted source
region and the 5inplanted drain region, respectively.
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