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| SOLATI ON TRENCHES FOR MEMORY DEVI CES TECHNI CAL FI ELD

OF THE I NVENTI ON The present invention relates
wa@ewenadiby to menory devices and in particul arPe€hres2005/022143

present invention relates to isolation trenches for

menory devi ces. BACKGROUND OF THE | NVENTI ON Menory

devi ces are Lyph Gal Ly «BEOUL0o xa0lohl S5Aky St OF age

areas in conputeérs. termmenory 1 dentifies data

storage that comes in the formof integrated circuit

chi ps. I n genEEQHNHKeADEIEddy OFEHEINWENTAONar r ay  of

menory cells for storing data, and row and col um

decodghe pidsentiihEencion pdleds penetdily tamiayoryfdemienpand ingitticular the

for accessing the array of rmr\é/ cells.in response to
present mveriondrlaigde okatiopieneles doINCMERLISYIGes. 4

non-vol atile menory known as flash nenory. A flash

memory is a typRAGKGRORNP QY d&tk INYENLIONsap| e

progranmmabl e read-only nenory) that can be erased and
r epr oMemorg devivedhire trEcallyamgvidedies intqyesl stamage aeaspn cemputers.

(PCs) have.their BI t . f ' .
o G55 MRS Db P E3o8 L0 SR LRI FALIR e
genBlaDPndriory WeRicksBSht&iA lah @ffap of MRARdrBES. fofdtasiy daaminy row and

al so popalar in wireless electronic devices because it
colwnabpensier ¢iccuitasotried torthe axray elimswOEY ??é\ﬁ/f%lbf’fﬁ'%ﬁﬁ‘ﬂ“cgatﬁ? aiay of

e S0 S b BERR SpRger & zod 2nd o provi de

y upgrade the device for

enhanced features. A typical flash I [
menor PR O REPOPHE Pﬁxgggoktﬁ%magofyﬁ%oﬁn %oﬁgr%\{el Irrnge%?/o& A flash
mef@8ly ¥ a3 AHATPROM QYécaAlg-Rbd4able pasthmableacdi-oly enory) that
merfory cells includes a floating-gate field-effect
cantheamased pod repsggrpnmed fin hivcks. Many B10degererspral coapyuders (RCs) have

u | i nto bl £t i
tnelf 05 or B R B DR P o SR fba ealii bRt dckRary. Such
a BIOGiyvdodittimdd asilad DHashiBIGE. gastheethboais ialsg pgatler infhieeless

charge can_be renoved fromthe floating gate by a . .
elegtraniddesiices deenyse Hienaes thy anagytagtyrey tg SEqrt pegv communication

pro?q%:tgles][alwslgegrﬁb ﬁgé{n&g?%n@z{ﬁ&g@ Gfa B pr@pﬁg RgEatlity1tH Pertbtaly AP gPllle the

device for enhanced features.

A typical flash memory comprises a memory array that includes a large number of
memory cells arranged in row and column fashion. Each of the memory cells includes a
floating-gate field-effect transistor capable of holding a charge. The cells are usually grouped
into blocks. Each of the cells within a block can be electrically programmed on an individual
basis by charging the floating gate. The charge can be removed from the floating gate by a
block erase operation. The data in a cell is determined by the presence or absence of the

charge on the floating gate.

Memory devices are typically formed on semiconductor substrates using
semiconductor fabrication methods. The array of memory cells is disposed on the substrate.
Isolation trenches formed in the substrate within the array and filled with a dielectric, e.g.,
shallow trench isolation (STT), provide voltage isolation on the memory array by acting to
prevent extraneous current flow through the substrate between the memory cells. The

isolation trenches are often filled using a physical deposition process, e.g., with high-density
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Menory devices are typically formed on sem conduct or
substrates using sem conductor fabrication nethods.
wab@eanriay of menory cells is disposed on the PCT/US2005/022143
substrate. Isolation trenches,fornmed in the substrate
within the array and filled wwth a dielectric, e.g.,
shall ow trench isolation (STI), provide voltage
plasnso(FEDP )ooxides. Hhevavernthespacingyedwremenisifgr flashgnementarrays often

ext raneous current tlow through the SLI ad. e
reqqlﬁt%ﬁﬁggagvnggqnplgqs ter-}i?qu I Iﬂtl gliyglﬁrrf)\rzvewn@#gssl;egﬁléﬁg?r? Iea‘rfl\fe ?ﬁpect (or
trenchldef@-tdtdheh-avigihy £4tiod] THEROSd Aspodt rficxceeed, cagsegvoidsnotfrm within

hi gh-densi t éf)l asma (HDP) oxides. However, the spacing
the d@g@trrcewbm ling thgse drghchies wping PRY¥IgH) SPHHEE IrefsisSe t he
isolation trenches to have relatively narrow w dt hs
r esul Filligg the treackhes wighhepin-opalielectrics (SyODs) can reduce the formation of

.trench-depth-1o-trench-w dth t]
voidS s 6 fiolls bR aTE iV el Wb S e M Bp 20 o be
curdhior 8nddaldd) BHer they freldisposdiesithis ithgtraityied, eal., sigtd gednngxidation
- processes. Filling the trenches with
progss gha@naruxiﬁ_emlém wiventedosdation o theswbetete ad pidaners pbihegpemory
voi W L hin LG, ' il :
oot Qi bt cLO RERH bGP R be ined
witlk e agalietherdirioeto filyg the Gethepoithd spirt-ti-tieldotrid r@meproblem with
et oy e e FOmeB B e A S iy o
the g{enid}g cmd%h&seﬂhlaﬁ}]e%/&?l ¥ipg the substrate. To
protect agal ch ox

nst su ation, the trenches can be

prot ett “agal nst SUER™oxT dat o ren -
t onc b U FR’ St abbGha Pl Binch eastle 1A bl igh wil

becBinkelapf@eht to @licse isBilled & thieheyupoa pealingy adtundpiseidigghgpssent
t hat can adversely affect the reliabil.i tr%/ of %@1
spepigieaiiqn, ghere is amegd imihe artfar alsrpatiyeq iy pgt gﬁfﬁm{l methods.

reasons stated above, and for other reasons stated

bel ow which will becore apBMMARY o those skilled in

the art upon readi ng and understandi ng the present

speci fiheabbwnmentiered preblemmeett filling fselatipn tepehes and other problems

alternatives to existjing trench-fill t.hods,. SUMVARY. .
are S P8 T PR EH Gpe erst y TeRp g P ving the
foub(&{g‘%@aﬁ@%@t her probl ens are addressed by the

present 1 nvention and will be understood by reading

o SRS G RSE G B TR  peion o
memoppddvicen Tife method includes forming a first dielectric plug in a portion o%a trench
that extends into a substrate so that an upper surface of the first dielectric plug is recessed
below an upper surface of the substrate. The first dielectric plug has a layer of a first
dielectric material and a layer of a second dielectric material formed on the layer of the first
dielectric material. Forming a second dielectric plug of a third dielectric material on the

upper surface of the first dielectric plug is included in the method.

For another embodiment, the invention prov\ides a method of forming a portion of
a memory device. The method includes lining a portion of a trench that extends into a
substrate with a first dielectric layer by forming the first dielectric layer on the substrate and
forming a second dielectric layer on the first dielectric layer. The method includes forming a

third dielectric layer on the second dielectric layer so that the third dielectric layer fills a
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menory device. The nmethod includes formng a first
dielectric plug in a portion of a trench that extends
WO paoe/02182ibst rat e so that an upper surface of pPeEUS2I05022143
dielectric plug is recessed | ow an upper surface of
the substrate. The first dielectric plug has a | ayer
of a first dielectric material and a | ayer of a second
portiorebthe tieochatdesoi thit dnarppecsusface hithe slyied diglectrisdaygriglocated below
di el ectric terial. Form.ng a seco dielectric. pl
an (gpegSEher f eGreuars SRR re apogR R CisSere LRty o alove
of th&8pier krfaci T HRChird Aidlédec 1aSer toCxpokech portibmef Metiradieclectric layer
For "anot her enbodi ment, the invention provides a

located hesweot theappeigriacoet the dirddickcmshuyrey apd thegwpenyatace of the
met.hod i.n i_Ri ng RQY 1] A 1
suogeg Rtnliod iR stoRedts B R lftibfoBRE Tefch Vg the trench so
as tOYillf Drefiaigng pertibh o thediedlcle.c Argottidraykthe dourthhdielsutbistlayet & formed
and form ng a second dielectric |ayer on the first
on e appersprfacy ofihe thirddielgelrig Sayer ﬁl&4 Shithe By RGTHLn ¢ theyfirst
- dLel ic layer on the second dielectric |ayer so
dle@htgltht eg. third dielectric layer fills aportion of the
trenc n 0 . | . the ik
di el e(%t0 I??Igm egyetg}%%?igﬁ 5’2@? gI{OY eﬁ@?%%%ghd%lggper &ggrd % glg%thg has a
tredch @h:f R@hdSinto a Reyzbruten firspdielectic g ishiisppeabindhe trench so that an
dielectric | ayer to a | evel of thg)éﬁlépper surface of
uppenaurase of thei tepedielesteic Phygds 1acgted Bsiwean UpRst sPigrre gt tggibstrate.
KB el ' idl AR fof d
ThfsphishBITRERS d BYA orlaT6& GHleRAL AR 4R HRRRE ofa scoon
diekutifcacaerid] fotnsedsanotht teeof the ifing Idindendric mateniel. ndtshed daglectric
is _farn a fourth dielectric. layer, within the tren
plus 3t 8 QRN FropFicaPateml T S SHort 6 T EBF™ b PR SeriagS Of the frs
: i of the fourth dielectric layer is forned on
dleféﬁﬁ'fc .
t he dpper surface of the third dielectric |ayer and on
the e ] ks el § ol I :
anot honragcesdingits 8 i kbR tnchde kA Card BRSO varying
scogevi ce that has a trench that extends into a
substrate. A first dielectric plug is disposed in the

trench so t hgiREIF DESOREITON OFTHEPRAWINGS
dielectric plug is | ocated bel ow an upper surface of

the S?%Iré 248a sihiiffeli bRk HifrAA 0T nddhoty sPRSmAadcBdibg to an
of a fitfst dielectric material and a | ayer of a second
embldinentafithe maemtidnal f ormed on the |l ayer of the first
dielectric material. A second dielectric plug of a
t hi r d RinebezA 2t anert@sisadtions] WdewpoSepoition ofie nensny ldewvine during

t he upper_. surface of the first dielectric ug. .
various staggs of fabrica?ion, accordpng to anotiler embodclment onﬁe gwentlon.

DETAILED DESCRIPTION

In the following detailed description of the invention, reference is made to the
accompanying drawings that form a part hereof, and in which is shown, by way of
illustration, specific embodiments in which the invention may be practiced. In the drawings,
like numerals describe substantially similar components throughout the several views. These
embodiments are described in sufficient detail to enable those skilled in the art to practice the
invention. Other embodiments may be utilized and structural, logical, and electrical changes
may be made without departing from the scope of the present invention. The term wafer or

substrate used in the following description includes any base semiconductor structure. Both
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Furt her enbodi nents of the invention include nethods

and apparatus of varying scope. BRI EF DESCRI PTI ON OF
wablBeORAW NGS Figure 1 is a sinplified bl ock dPemuszm®622143

a menmory system according tg an enbodi ment of the

I nvention. Figures 2A-2H are cross-sectional views of

a portion of a nenory device during various stages of
are tfoéblerundet‘siood as arcbtdmg sijcampomsanphise (gﬂﬁb@plim%gsoﬁl xca%ron-msulator

ol RSROBE BT B TR TR et S o

epltzﬁﬁﬂ%y‘e?s ShesiBESIOTIRPON ISy b sﬁm&ohhﬁﬁtoﬂ Qfuthiae,2a Mell as other
hereof, and in which is shown, i | lustrat

semgpedmdt@rcstlym|Vm;}hklg)wrhto\,me@hﬂ]leﬁén F}}W’éth tF%’qlile%«g,reb@‘nen reference
is mgﬁ% :zg&% eléPll‘ ) DinkiiGe ?1{ f fgﬂémng d%?cr{f)hr I Jﬁ'leﬁoQ@?x‘BEéﬁ &teps may have

sim conponént's hout
beeﬁ@?l}?ieﬂ'to Ydrméﬁgloﬁlbvg&eusﬂﬁmdha’ewaemroend\usmstrtmeww, rand terms wafer
sufficient detail to enable thgse ill.ed in the
or sehstipfedaelpdethe padsrixias aven coeeHing ot HEnBetily. fae fllowing

detaﬂ b dé&ﬁﬂu@ﬁ‘ﬁ ﬁltef uﬁcﬁlt bk Pl &l a 1iAMEh eﬁ§é lah& ﬁie scope of the
th

out departing Trom'the scope
preseﬁt 1hh@1tmnes éﬂsﬂneld mmbnby thie.apfitreled slaimswaidequivalenipthereet-e
used in the foll ow ng description includes any base
sem CPR@HCt fra siinplifiedibleck Bt of 4 mehory seans f 0 cicedrding to an

eml%;?ifrélég :Q? gw 1;1%318& gflr[]en;%%g?slt{:rgéhﬁgms%@ps%gﬁy?thggrqdrﬁlrcult memory
dev1ce %Bi S élﬁ:é § fEh mEI%S@I a);?&y e gd QReANBN NORGR&Hory device, a DRAM,

em con ors, ers of a silicon
an mmm terd that mclb@fsemsaﬂmy@ﬁrrmw;a celist ¥domdragegign paepheral to

mergamoqtnggr ioa%%n;ﬁ égcils e%taglr?rii@c’ L Pé WW %cr%g?vswéc#cgltrynl%8 column

acc%?gﬁcfu 3 19edoRfroPEirctitPe | f?tlﬁpdt/‘@)dtﬁ\ﬁ ([/0h RWiftg 114, and an address

scrlp ion, previous process steps may have been
buffet i1 16.2Ekk tow daesn cnl@gltxynlsﬂ& amdcoolusrs agogsst isuigs bl O may include high-

orp G L b PSR, D50y Bl AL B Siema
m1cf(§ﬂb&a@§fr1190 Cdrd rﬁé}ﬁorymﬁtrf)ﬂéﬂ slettrigaltiedoanbaed dﬁﬁembm dewice 102 for
therefore, not to be taken in a limting

meraory achessEgas @aiof en elepirenie Aysterpy Re MSAMITK dﬁ\éﬁ"r‘ ﬁ%fesﬁl"ﬁﬁ control
s1gr§f1¥s1 1&013 t]@e? ﬁ[g?éjsggr gi(ﬁcrv@ %gﬂgog?féé(nvlg e%ﬁéﬁﬁ%ﬁ? gf:/lés eEFn Akd&o store
datd @@t ar8Ge@ksHdRGa b da@DQ) link 124. Address signals are received via an address
link 126 that are decoded at address decoder 106 to access the memory array 104. Address
buffer circuit 116 latches the address signals. The memory cells are accessed in response to
the control signals and the address signals. It will be appreciated by those skilled in the art
that additional circuitry and control signals can be provided, and that the memory device of

Figure 1 has been simplified to help focus on the invention.

The memory array 104 includes memory cells arranged in row and column
fashion. For one embodiment, the memory cells are flash memory cells that include a
floating-gate field-effect transistor capable of holding a charge. The cells may be grouped
into blocks. Each of the cells within a block can be electrically programmed on an individual
basis by charging the floating gate. The charge can be removed from the floating gate by a

block erase operation.
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enbodi nent of the invention. Menory system 100

i ncludes an integrated circuit nenory device 102, such
wa@sgooa/0idlesh menory device, e.g., a NAND or NORPOEDBI095/022143

device, a DRAM an SDRAM etcg, that includes an array

of menory cells 104 and a region peripheral to nmenory

array 104 that includes an address decoder 106, row

acces Foronacenbedimegsmegoryamayatldeis ¢ NPRdlish memporp array. A control

control circuitry 112 nput / Qut | FE€U] . :
gat St pugtighy EeflpEalhns pRPHY & Cotfbortd LBl B bid'a drain region
of @bl fetdoty cdlOSF AethieiR b tHe g escomiettedtd 4 it 1ihe. Thymemory array

i ncl ude highvoltage circuitry, such as hi gh-v%l t age
for DG Sashvpemesy doyices if acoessphlyY [RYe 3CCaPS @IGUEFH gpch as the row access

circ(rl:lq.o ng%gﬁﬁg%%gg 1Q%,\/a{£§ga%§% 5@1&'«1@1&1& gﬁie%érﬁ:bﬁlaéehyby

nmenory “accessi ng as

seldeting thefwad liak eohneotedao shst @mtrol patesreTimr rpwiE seleeted demory cells
recei ves control signals fromth rocessqr..120 over )

therg Biaes teir davalees on HRRClERB Y 67 Py TaRang A QI PBESPEFY: depending

upoﬁg ?g él%%{'anﬁﬁgt} S56E FRRH a \thAnRtcdabarce BRE té tiRkcorrébted column bit

s-signals are received via an address link 126
lindshat are decoded at address decoder 106 to access the
menory array 104. Address buffer circuit 116 | atches
t he addr essh&icgitaldinenthaemenarsaycléilis a AAANRdel sethary array also
reg{gonse to the cgntrol signal s anﬂ t.he addre

arragg g;cg_thqttthq,\ﬁ:qqtr.o gatg '96 p%c.@i THEEAYSF of gIaw it}[lqsaz‘aayi is connected to
a w'bﬁlelirger. P& er aegajl Hegfb?* cdl 1558t B dctBNEnt M 8la RIERRbR line by its
can Dbe ed, and that

provid the nmenory device of Figure
draih tegionb festead] thip meiad celds tighpafracars apangdddogetheninisgings (often

Th ry. array 104 i ncl ud I ' .
(RN SHPEcEaBhy B AT B LRt esBy sries
souﬁ%l th 3rBh Dbl @&nh FRARMMNeGRH laZoluh@t bit if¢.UURe emory array for NAND

oating-gate field-effect transistor capable of

flashohethony devichaisdlen arsessed by sowrascepecigfuaity SHCH #t tge row access

. bl oc ach of . the [ls. w-thin .

i B o SRS AT} PR E B8 gt e word

linE&RnB BBt DeoriloPBdte 882 GRtinfory THE Bhaldgions tie vosrd lmePy@thected to
fromthe floating gate by a bl ock erase qperation. For

the gpetreligstedofbnteleckrdiperpongelly of eachisting ageiy eOPDFEAD
a A .
o559} 04 B B ORI S5y ol n

mah@g e iPinredtitedbydicy ekl dath values! Comremtfthérhifows frem the source
connected to a bit Ijne. The nenory array for

h
ling o cotamp by ling\inowgh pachsepes cudetyd FeihesexiBeisd only by the sclected
meftlolyF &Ik ¥ cach it ASTHIE 512t ¥ CGESR-encoded data values of the row of

selected memory cells on the column bit lines.

Figures 2A-2H are cross-sectional views of a portion of a memory device, such as
a portion of the memory device 102, during various stages of fabrication, according to
another embodiment of the invention. Figure 2A depicts the portion of the memory device
after several processing steps have occurred. Formation of the structure depicted in Figure

2A is well known and will not be detailed herein.

In general, the structure of Figure 2A is formed by forming a first dielectric layer
202 on a substrate 200, e.g., of silicon or the like. For one embodiment, the first dielectric

layer 202 is a gate dielectric layer (or tunnel dielectric layer), such as a tunnel oxide layer. A
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circuitry 108 of nenory device 102, activating a row
of floating gate menory cells by selecting the word
wo 2ove/ocannected to their control gates. The rorCD1S2005/022143
selected nenory cells then place their data val ues on
the colum bit lines by flowwng a differing current,
dependi ng upon their programred states, froma
condwatine ttyed2@&h eraser llayemg)f dopedieol glensic isdgrmaesd ommthefirgt dielectric layer

s, For odi e 1
200 s R e TR BB Bt e v 200
can HOAEQInd Fad16ctRE 1258€ Budlﬁ[m{r)dtrﬁi%ﬂhye@fe g, 4 silicaf nitritke (&i;Naylayer.
is connected to a word |ine. However, each menory cel |

IS n oﬁ“ré?lbﬁ%@lb%r@%&ﬁ{eﬁgy F@nied Ql‘iilougmtﬂél rhaskilier RY6, the conductive

drain region. Instead, the nenory cells of the array
layen 264 amd aing Bkt dmgaetrtcelayerriog nd egiend orie sybstraterAoq- mman be

%Mi é}j fl%%gflnﬁ fe ]i%%iSks ély?r’ 08! aélg SE%SI’%TE%I%? (ﬁ@iehﬁ‘lc layer 212 may

ther?béfb%@@ ohl :pﬂﬁlo%‘ f the GEbIHATE o0t exipbsed. byTihe tremehes 9 1 @so asyto line the
for NAND flash nenory devices is then accessed by row

portaﬁm‘efﬁsen@hﬂcﬂlotfpynedsl@éﬁb%@tqw row access circuitry 108
of menory device 102, activating a row of menory cells
by s elefouithgiddvriovayer 220nsuchon Aautridd lavst.£- o ontiliean ygids layer, is

oy SRR s 01 S R S AR s

an $3@EHRiof Halr 1Ak fdilon¥ embb@intRer S}S@lﬁdﬁﬁy,lms ﬁhﬁ'ﬂi dadlectnc layer 220 is
menory cell s of each stri ngoas ass transj tors

formhédhon emegpep awdacsnf meagk layigr pPQrigns (pfst e mask layer 206, the
B

fouftﬂ AR EROE DO also Canedonalle fiird digectrieddyet 212 dindhisyway, the
the selected nenory cells of each strin

fouﬁﬁ disks ey GA0deS BrReeal Gakor TR BRI ibe fith giptectic layer
21% sgt;él ?gwgg TRlYiofi BetvteR @Tllgsl&%tecﬁo%ﬁ thd foukthMeSectfit 93!316{32320 and

Fre cross-sectional views of port| on of
actyRENtessiRtdaselayaion reiﬁvmgmtrmSle@ﬁlabWou]Id@ﬂnm'WEﬂe)fOﬂ@bﬁ’f@@en

subfzg}'ri(é)az’cgﬁg(éJ rhllg? it o&x% o 2 ayfqg 259 nsgg,ﬁqogﬁal & ’ba@l C%%ihen third dielectric
lay&eﬁbqg 8] 5&1 §xile iagfbp&cpéantﬂéea tHER YxfdeVaye Bod Slotiee¢mbadiment, the

process ng ste have occurred. Fornmation of the
third tdi eledttie mydlemzcrs,ewr exeniplgunfalepovited sikispn diogesio{SEPm. wi | |
not be detailed herein.

A fifth dielectric layer 230 is deposited within each of the trenches 210 on the
fourth dielectric layer 220 in Figure 2C to either fill or partially fill trenches 210. For one
embodiment, the fifth dielectric layer 230 is spin-on dielectric (SOD) material 230, such as a
spin-on glass, hydrogen silsesquioxane (HSQ), hexamethyldisiloxane, octamethyltrisiloxane,
etc. The fifth dielectric layer 230 is then cured (or annealed), e.g., using a steam-oxidation
process, if necessary. For one embodiment, the fourth dielectric layer 204 acts to prevent
oxidation of the substrate 200 and the conductive layer 204 during curing. In Figure 2D, a
portion of the fifth dielectric layer 230 is removed, such as by etching in an etch-back
process, so that an upper surface of the fifth dielectric layer 230 is recessed within the
respective trenches 210, e.g., below an upper surface of substrate 200, exposing a portion of

the fourth dielectric layer 220 lining each of trenches 210.
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In general, the structure of Figure 2A is formed by

formng a first dielectric |layer 202 on a substrate
wWQods/oe1eg3, of silicon or the like. For one enmpOOURENG/(22143

the first dielectric layer 2 is a gate dielectric

| ayer (or tunnel dielectric layer), such as a tunnel

oxi de |l ayer. Aconductive |ayer 204, e.g., a layer of

doped Apsirtish bf the fiourttsditlertmiedayen 22016 selactivelyirehevadrin d'igure 2E,

e.g lclgshlggz% g(%%@lyegd g hgﬂto azlla %eliﬁg el{pgélgglr g%ﬁn%%gxoﬁelegt%c layer 230
sucl'? P gen%lﬁﬂn%%)fti&l dralSfourth Wdle@sic ayet 220 ﬂﬁltb@)bﬁéd between the fifth
e.g., asilrcon nitride (Si3N4) layer. Trenches 210

dielestsic dayos 23t thy tint diekctrisrlayay R 12h Shatdsrhe fopeth digjectric layer 220
s USSR AR o BB B R Gel Ebeign v

foudlk ARG A Slage 22y 1pakddeRithin@atinef tidekied 2iyeis r&ﬂ@&n @his exposes the
etching. Athird dielectric |ayer 212

uppposuitge efthganask daer 306 thepartinay plhe 1k aa%%%@ aheo‘gpnfimélve layer
204 an({]t%h ?ﬁst%}eq%&ﬁr f %(goﬂhﬂ%gpo h ?ﬁfréﬂc‘ﬁ@s 8{o #Js@ NGR&Spo#déh of the

in su lelectr | ayer
thlra a&Jecﬁm&hyasz 12 lmntgr‘dedﬁeelnalyeuppee sgrfaceaf substratr200i andithieupper

surﬁagﬁgﬁg t@e %%hfcgé]gcﬁggg;sa hﬁ%&é{%@é E%Ig{(){l%: éﬁtﬂ(ra iq*ﬁﬁha%?]gctgg layer 220
and3fe ﬁﬁP ‘&?él%ﬁ ﬁ?ﬁl" IR fol @ ¥SHrsf RE1QRE pRIFEIDYI tﬁﬁrﬁlls a lower portion of

pecitica fourth dlelectrlc I"ayer 220 is

trerfohesd), anstmwnLip FRegurs OEf bavengan wrsk surface that Gereaesgedbelow the upper
ort ns of mask | ayer 206, the conductive |ayer

Surfg ﬁa‘ﬂfsﬁf@ ‘:"frhr%%D t d| electric | ayer 202 through whi ch

e s i b S bR ER. £ kg o
phyg%él spﬁgﬁ@mﬁ%@rro%%o s Rk ﬁfeté'tr'u‘é Loy e gdROH draeslis dnaRHIRE portion of

odi nent, e third dielectric | ayer
eack bRtrawdhes 210. pSpJamﬁ:tﬁlly,dhe sxmdndlbbbtmdmy@ 388 is depesitgndhe exposed

o S e 220 )8 687,
cong F\re%yse? 26@ I ded wRE Bickiehsd l'é?érQO@QQroﬂgﬁi whit tfe@ehésR10 pass, on

ctric layer 220. For another enbodi ment, the
the phition afitled third didedtry byeA12 lyingbepeerndhe dppar sydace{gubstrate 200

oo e B Crad YT Pl AR50 JEPOHL B2, Forone
emBlSROSHL B shith dfeMbudl RYEdRI0GSo high-ddnkity- pliasrda aipe) diehactnc
[ayer 230 is deposited within each of the trenches

ma@nah ivechf asartti gh-dprsiiterarl psinea G@@rom Nofe thay d"reeﬁrztshﬁlsctﬂc Plugs 232
ei ther fi.ll

bl o LB 0 b PG T posion o

the dix@h 8fldcirit 1ey¥DHOMahe Eé(ﬁlce(?&bsctﬁ‘aﬁdss @fdreaches 210 act to reduce the

formation of voids when depositing the sixth dielectric layer 240 within the unfilled portions

of trenches 210.

A portion of the sixth dielectric layer 240 is removed from the structure of Figure
2F in Figure 2G, e.g., using chemical mechanical polishing (CMP). That is, the sixth
dielectric layer 240 is removed so that the upper surface of the mask layer 206 is exposed and
so that an upper surface of the sixth dielectric layer 240 within each of trenches 210 is
substantially flush with the upper surface of the mask layer 206. Note that the portion of the
sixth dielectric layer 240 within each of the trenches 210 forms a second dielectric plug 242



10

15

20

25

spi n-on gl ass, hydrogen sil sesqui oxane (HSQ,
hexanet hyl di si | oxane, octanethyltrisiloxane, etc. The

wo edoblo1dbel ectric |layer 230 is then cured (or PCT/US2005/022143
anneal ed), e.g., using a steagroxidation process, if
necessary. For one enbodinent, the fourth dielectric
| ayer 204 acts to prevent oxidation of the substrate

thapprgsesribrouple theonakkdayer 0p athe cormygtiviei ey pig? Qdu tierfiyst qomductive layer
igure .2 a _port| of the fi [ CLILEC.,: 0 .
207 64 0 Rl Bt e Bl b PRl 59 The thind

dieRe@RasFer 2302 id iddrpadad bppeen idfoaien of the becohd didectric plug 242 and
di el ectric | aKer 230 is_recessed within the respective
thesplsiaire200and, the figst dickpefrinplug 23 ped the spbsiee 2H0-
substrate 200, exposing a portion of the fourth .
di el ed¥ate that thedpurttp dielectrialgyes 228 ivloceted it thedowarpontion of each of
rti f.the fourth, dielectri [ [
trergzgf:se%]?f q/'lusr %%(/% P[Iﬁe Eyarg fc’itégpﬁ%ci (g’?/ tgl_e ’ugé% shi;fa%e of substrate 200

thaC&tealsb@&th et reébly dells.aThiewek tofedubepropleats sssociaabwith the
of the fifth dielectric layer 230 such that

fourth diglentrig layer 23bwiong ranped Sharees, grRociadly Mltenﬁ%@ambz*éelectﬁc layer
22da1§ é)lfpﬁgﬁf, ﬁl?ér? 313 g&\?’é@s%?y L& ﬁ%/e rteﬂaquéﬁl fGhd fngmlof’)ty ﬁééls 238 thus the

relectric Iayer That 15,
mefmoty ddviek. el ectric |ayer 220 is renoved from an upper
surface of the mask | ayer 206, and the exposed portion

of theviAuroshs itgk@hily erhawedto 22fbsk digadamdudtiviellayer @84 h An
~of trenches 210 is renoved. This exposes, the upper -
intesggte dietectic lafer 2ps & 81, sydrasadayertof silisen pxigs? Bifride an oxynitride, an

. . Xy t C WY :
BBl Yiae TORO) e RO Fhor By B e bhoo i ohdfiyg Javer 204. A
corfdastive layd 280 paich iapa doped pudydihicandaykired eetal iayet, @yperre@d@ory metal

| yi ng between the upper surface,of substrate 200 and
layetha migi ePieiinBkayero -8 RN § LR sliFide {?P'%re £ ﬁ*@?ﬁ%ﬂé ornigln the
. } , . .
int G BB ORYL PP ol ASp EPMEE Dl THeREhd vl BYRF 267 Ry include
onabreheetcondugbiive gnad3 il dratonftudtivs layerpwenctgerniesal cohtaining layer

ISP i, 00U LD ELr & 250 b 000 RO 24 20
resé&ﬁvay%ﬁﬁ ﬁ%agﬁ)@%até Bndh BbHtR1 gEbe (8r Word e behRAHokY Bells of a

ayer 240 is bl anket deposited, e.g., using a physical
meRouy dreayi, sechmsouesery apagrl O¢ o€ Figureitt Seerce/firam grass 2 also formed

i S5t PSSl R R B0 SAERERS 448 rorons

emB&RRRhi 86hdutivORyEXTVASS extefdrto Slﬁf)fcﬂ/@@h@éoubhﬁi BPsik floating gate.
| ayer 206, on the exposed portions of the mask | ayer

Theogenchen2l GEhetLivith diclcayematzoals, spserifediabpye, act to prevent
extfHnBbRUubefit AW HrotfiPenk UoNHAR B hE BRGRES s Pass.

The components located in the region peripheral to memory array 104 of Figure 1
are also formed on the substrate 200, and the trenches 210 filled with dielectric materials, as
described above, may be formed between the region peripheral to memory array 104 and
memory array 104 and act to prevent extraneous current flow through the substrate between

components of the peripheral region and memory array 104.



the portion of the third dielectric layer 212 lying
bet ween the upper surface of substrate 200 and the
waipwen1nes face of the fifth dielectric |ayer, BomuUsSIH05/022143
the first dielectric plug 2329 For one enbodi nent, the
sixth dielectric layer 240 is of a high-density-plasna
(HDP) dielectric material, such as a
hi gh- densi ty-pl asma ( HDFCONGIESIONt e t hat the first
dielectric plugs 232 reduce the remai ni ng depths of
t r enc dthod gD spavifid érisodiments hawpleeen iMestiatesl dndrdesdribed herein, it will
deposition . of the sixth.gie|lectric |ayer 240. The.
be frgbreae B es o ity Sifl it bt s Hiap Bgens B scalculated to
achidi@ thO&R! hRPoRimM#PbItibinaredderms 's%édﬂﬁlc tfBodiéhR} shown. Many
dielectric layer 240 within the unfilled portions of
adaptatinohefsthe iventiopwill bo ppnatent Fetheps@fprdinareskill incthe atter

240. i emoved from.the. stru r LLaur |
Ackiioel BTt TS uhitEiat e BT By Sl g1 he
investMn) -1t Eadnifestly ioféded ¥iapthds Blvestion i limjted ol Byitlse following
removed so that the upper surface of the mask |ayer
clapgendsquivplessdhersef. so t hat an upper surface of the
sixth dielectric layer 240 within each of trenches 210
Is substantially flush with the upper surface of the
mask | ayer 206. Note that the portion of the sixth
dielectric layer 240 within each of the trenches 210
fornms a second dielectric plug 242t hat passes through
the mask | ayer 206, the conductive |ayer 204, the
first conductive |ayer 202, extends into the substrate
200, and term nates at the first conductive plug 232.
The third dielectric layer 212 is interposed between
the portion of the second dielectric plug 242 and the
substrate 200 and the first dielectric plug 232 and
the substrate 200. Note that the fourth dielectric
| ayer 220 is located in the |ower portion of each of
trenches 210 and thus away fromthe |ayers di sposed on
t he upper surface of substrate 200 that can be used to
formmenory cells. This acts to reduce probl ens
associated with the fourth dielectric |layer 220
storing trapped charges, especially when the fourth
dielectric layer 220 is of nitride, that can adversely
affect the reliability of the nenory cells and thus
the nenory device. Mask 206 is subsequently renoved to
expose the conductive layer 204. An intergate
dielectric |layer 250, e.g., such as a layer of silicon
oxide, a nitride, an oxynitride, an



oxi de-nitride-oxide (ONO |ayer, etc., is then forned
on the exposed conductive | ayer 204. A conductive

wo ayen01260, such as a doped pol ysilicon | ayer, PEr/ne108$/022143

| ayer, e.g., refractory netalyl ayer, a netal
cont ai ni ng Iayer e.g., a netal suicide | ayer, or the
like, is fornmed on the intergate dielectric |ayer 250,

Whasisshamed isn Fi gure 2H. The conductive |ayer 260 may

1.

i ncl ude one or nore conductive materials or conductive

| ayAmsethal oftfoahingra pretiad oComembry deyiteagempusisgiosed on

a polysilicon |ayer, etc. For another enbodi nent,
confdugtripwefilsadierestriQAuginch @Hfon espaetdhvbhtyextardmiro a substrate so

floating gate and a_control _gaje r rd line)
menory clOR! 4 GIPCRSHEATS P§th§rﬁré3i£d§ﬁ‘é‘ﬁp lﬁé‘?FSF%?dé’F{Déi‘S/an upper

104 of F ugféﬁgo he§gl5’sr HGR, Bt Jl@l%tﬁez)h@' Soriprithd é)fa fa first
in a por I on o trate 200 not sh Fi gure

as a parmebﬂnmmmnmmﬁmnga&nmayfa&npnédskwhbbmmwvalﬁﬂnwdonﬂw
conductlve I S extend I mprove the

coupl i ngaﬁ?ro( ’fn[sbg]le e‘l‘fﬁjcglﬁ?tgn T trenches 210 filled

wth dielectric materials, escri hed aboye, .act to
pr elpemingagecanbdialeciigmlugef 3 ﬁxg& digieitg maforial oty e mpppsurface of

bet ween {een . The conponents located in
t he regl%lg?%erl piera?utgb menory array 104 of Figure 1
are also forned on the substrate 200, and the trenches
210 filled with dielectric nmaterials, as described

RO B o TSRS LR RS LOREHS) ol

Pr efeRtnakt [RBLOURe Gt dRictrhid utetil G lybhef $fvasthidad]ectric
bet ween conponents of the peripheral region and_ nenor

ar r mytefiouth@dives asocionfithoigtehepdds disposerion dhnippizate.

have been illustrated and described herein, it will be
appreci ated by those of ordinary skill in the art that

any arrangenent that is calculated to achi eve the sane

pur pesethiay olf elagt D$Wihbmtreﬁn’hﬁfg d smeombdie]ef:ﬁrm plug comprises forming a
enbodi nents shown. NMany adapt aﬁl i)ns 0 I nyenti.on

wi | porgjgn aﬁ@ﬁrséqﬂndtdéel?%g glugrondheaysy ﬂéR ?qfth jelepfgic material.
art. Accordingly, this application is intended to

cover any adaptations or variations of the invention.

It is manifestly intended that this invention be

| i n'Theohethot pf biairh Hewhetelrothi figst dicdéatbc materiatyisi andtrisiet the second

Lgre{hlgg:ﬁtn\éf%n?é}elﬁéﬁg!fl gfl)lg?é\% ({.}él’ectgg,r%diqﬁ? ﬁjﬂ,}% & gzlecf:t%[: ma’u%a‘?ls a high-

density-plasma oxide.

The method of claim 1, wherein forming a first dielectric plug further comprises

curing the layer of the first dielectric material.

The method of claim 5, wherein curing the layer of the first dielectric material

comprises an oxidation process.

A method of forming a portion of a memory device, comprising:



formng a first dielectric plug in a portion of a
trench that extends into a substrate so that an upper

waemwobacdedf the first dielectric plug i s recesBerfUbm®0R2143

10.

an upper surface of the substrate, the first

di el ectric plug conprising a layer of a first

dielectric material and a |layer of a second dielectric
matlaringh pooiomed adrentinthat extendsdfitotamibstrate withiasfirstdieleetric layer by

mat erial; and d I f
t hi rdI dl@F‘EE’tgrtf‘%%FFﬁag ch?celaon d(hﬁﬁ‘b ft’rasgrgagg gf ?he

first dielectrjc plug of .claim1,
mheﬁogpﬁlgfaoﬁeﬁ?%dlaleFWé%Yea Pglhl?fc ESF% %F 18Yft her
ntgrlses formng the layer of the first diele tgtrlc
rmig aghird dielgratic tayeror g seqendidislestils layense that the third

ma

that lin f

the subsspispal thfer flspolt JENERANAY S5 (U ARRPHSH fuce of the
form ng third eédedriclagbeis iodacdielny e nppdr sefadearfithagnbatrate;
portion of the second dielectric plug on the |ayer of

t herefRWrah slirgbe6f thee Gedvti Rlidledtric thyerTioe mélhxﬁmeoippef airface of the
1, whereinthe first dielectric material_is nitr

the secothirddicleatide fayer ieerxppseat pargor okthe fugylielectric layer Flocated
d! el ectr ' y_ &[&? Eger smfége (gféﬁé Itdrdlgle g‘ﬁ%}e@h d ﬁle%fper surface of

hi ghdenS| a| m
wher ei n thekubsngteaalid r st di el ect r| C pI ug further
conprises curing the layer of the first dielectric

Mt R a Burtll Ae:1EBRE O ?’eloxflltﬁlh&hémrélch\&baéed ﬂll&uéﬂna@liﬁg'llﬁ)rtion of
| ayer ofg the first dielectric materi al corrprl ses

oxi dat i offe frienels sdherem a gorfianl dhepfourth digleryrial ay@fr’lslf%‘ﬁn@fon the
a menory_deyi I

rench {HAE elifiesE B0 BRIGT, RO OBy Rsedportion ofthe
di el ect r figt diekeetridlydror m ng the first dielectric |ayer

on the substrate; form ng a second dielectric |ayer on

the first dielectric layer; formng a third dielectric

| ayer on the second dielectric |layer so that the third

d' e'i“ﬁé-:ttrl@fh%d o2 ¥8m i {Vhéreﬁl e HehMpRbestthRubh & Hh (ﬁ@l@ctﬁ@ layer

an upper surface of the third dielectric |ayer
I ocﬁirmeld be thmvpper sipfree of thefsabostratf antdrrecandibetived ayer formed on the

fifth dielectric layer.

The method of claim 7, wherein forming a third dielectric layer further comprises

annealing the third dielectric layer. |

A method of forming a portion of a memory device, comprising:

lining a portion of a trench that extends into a substrate with an oxide layer by

forming the oxide layer on exposed portions of the substrate;
forming a nitride layer on the oxide layer;

forming a spin-on dielectric layer on the nitride layer so that the spin-on dielectric
layer fills a portion of the trench and so that an upper surface of the spin-on

dielectric layer is located below an upper surface of the substrate;



renoving a portion of the second dielectric |ayer to a
| evel of the upper surface of the third dielectric

wo aye/012163 expose a portion of the first diel ecP€T/US2005/022143

11

12

13.

14.

| ayer |ocated between the uppgr surface of the third

di el ectric layer and the upper surface of the

substrate; and formng a fourth dielectric |ayer )

wi tiemovitge partiere f e nitgide ryer 1ol a lgvel ofsheaninpgr pface ehthsfspin-on

the trench, wherein a portion. of .t.he f ' '

| ayer i s&f’lg‘ftﬁgga@ﬁ ' % Oﬁ%ﬁig?msoﬁroff té}éeeo%?éj{a&% lg %Eﬁ%(ggétwegn the

di el ect Nigpel giteice dN theaPir-ie dikpaiddy@ant itonuppler turéace of the
first dielectric |ayer. 8. The nethod of claim?7,

wher ei n tubgirateicaidh passes through a fifth dielectric

| ayer formed on the upper surface of the substrate and _
a clondingtd Mgh-density-iflasmpeeexide laypewithintthe Hprdhesetaste fill a remaining

| ayer. 9. The t hod ,of .claim7... [ I .
third di RrHeE pf e iZody “FhSF‘?%8ngboﬁoﬁf@ée@gfé%ﬁg%ﬁig%%ﬁ% gride layer
third diglfegtdd o thaypper sifacedolthé fiaa-oafdidledttit hgevand on the
portion of a menmory device, conprising: lining a

porti on @fposedpasiiemot thaoxidedaysdis into a substrate with

an oxide layer by form ng the oxide |ayer on exposed

portions of the substrate; formng a nitride |ayer on

the oxide layer; formng a spin-on dielectric |ayer on

.t heTid teihdé of alpan 16 owhérein thétresghi passes tiaioeglea tuningl diglgetric layer
fil]s a,portion of the trench and so that..an .u

sur oareed bR treppepiuntagnobEmaR s egl iR 8B Gfmed on the
bel QhamidleRaE 134f. face of the substrate;renoving a

portion of the nitride layer to a | evel of the upper
surface of the spin-on dielectric |ayer to expose a
portion of the oxide |layer |ocated between the upper

our %@%@e@fpd:oﬁ glaﬁﬁ Bg’t \%’ aff‘rgf;n oft fn{gitﬁe épﬁ%—%& d?é?gctlti@ Fay&%%er

sur orm
hi gborglsies hnenligG e spii-cledieRyeic luydrhi n the trench so
as to fill a remaining portion of the trench, wherein

a portion of the high-density-plasna oxide | ayer

The method of claim 12, wherein annealing the spin-on dielectric layer comprises a

steam-oxidation process.

A method of forming a portion of a memory device, comprising:

forming a trench through a conductive layer disposed on a first dielectric layer
disposed on an upper surface of a substrate, the trench extending into the
substrate below the upper surface the substrate to expose a portion of the

substrate below the upper surface of the substrate;

lining the trench below the upper surface of the substrate with a second dielectric
layer by forming the second dielectric layer on the exposed portion of the

substrate below the upper surface of the substrate;



is formed on the upper surface of the spin-on
dielectric layer and on the exposed portion of the

wexiod®idieyer. 11. The net hod of claim 10, whereCTUs10685/022143

trench passes through a tunn dielectric |ayer forned

on the upper surface of the substrate and a

polysilicon [ayer fornmed on the tunnel dielectric

| ayferming2: thifh dishetioldyefovetlgingpoetionaeé it qonfiugtiviedgyer pad the

OB o S kLB U O TR BRI s

12, V\her(ﬁ'blgcﬁamg@hi ng the spin-on dielectric |ayer

conpri ses a steam oxidation process. 14. A nmethod of

for @l Ao B0Fh iRiecRic BydRADNY tHRVIiERCtrie QAR 56 tHibthe fourth
formng a trench through a conductive | ayer disposed

on a fi rditlediiellayet fiils tHedyamch th & fryskaboya thennpspentace of the
surface ofb 2 ts_ubst rate, the trench extending into the
subst r at ¥°B&'Gw t he upper surface the substrate to

expose a portion of the _ substrate bel gw t he upper,

suregEingra R%o%ﬁg@f’ o 1F]ieﬁti“ﬁéja3feﬁ & ﬁ?&ﬁ%ﬁp & Sghpqed the fourth

upper SufitRERicWUyel MreSdOSE BAGW thYd didpeRsif®e0dd the substrate;
di el ectric layer by form ng the second dielectric

lt ﬁys%iecgoelgl qgﬁ?ﬁggﬁg’gﬂg’# ;tl‘?«%th% didiEe T RSkt & aelehei,q Log Yhe upper

e upper”’sur e substrate;form’'ng a t

- di el ect rigfacaytihe dneath diclegtricdater tnexpoie phtioopofithe conductive layer

15.

16.

17.

| ayer and the second dielectrjc | r . throu whi ch .
the trendi tb%%c@g‘,? H‘&}“ﬁftrbcnlai’ﬁék@é‘&gﬁv ich tEF gr&’gﬁt'h paspes\pgfl a portion
formng g tﬁ? HEifdi e &HE el foch@Y Betvin HiCug et Eietface of the fourth
dielectric layer so that the fourth dielectric |ayer

fills thdielectemdiyer ondithearpptr sublveof the sustiate; eud f ace of

the substrate; renoving a portion of the fourth

di efoe@ind £ifladRlectir lapatonahe exppsed patibacef the combuctive layer and the

fourth dielectrjc layer is recessed bel ow the er .
surface Qﬁpog(h@egeﬁ.ggﬁg}é&r él’;rog@ g{g{c?l\;gff Veffﬁgl,ﬂﬁk?ffeﬁ,gtﬁg Igxposed portion of
tpgret ngefrﬁfe hiREaitibtfl 198! £01dn the bAYE sultRectof tRY & the Fourth

dielectric layer, wherein the fifth dielectric layer fills the trench above the

upper surface of the of the fourth dielectric layer.

The method of claim 14, wherein forming the trench comprises patterning a mask

layer disposed on the conductive layer and etching.

The method of claim 15, further comprising removing the fifth dielectric layer to
expose an upper surface of the mask layer and so that an upper surface of the fifth

dielectric layer within the trench is substantially flush with the upper surface of the

mask layer.

The method of claim 16, wherein removing the fifth dielectric layer comprises

chemical mechanical polishing.



surface of the fourth dielectric |layer to expose
portions of the conductive |ayer and the second

wale@b®ctiss ¢ | ayer through which the trench pasBerUsINdS/622143

18.

19.

20. 4

21.

portion of the third dielectrpyc |ayer |ocated between
the upper surface of the fourth dielectric |ayer and
t he upper surface of the substrate; and form ng

f i fEe ructbb@ of elpien | 4ywedrerein selsetieokpmRayiph? POTGAD O herthigd diclectric

duct| and th ond dielectric |ayer
thﬂ Eﬁ*@%@*#?@ﬁ@ E%%@ 3s, the exposed portion

of the thlrd dielectric |ayer, and on the upper
surface of the of the fourth dielectric layer, wherein

the fifth dielectric layer fills the . tre above 't he
u ppEre wePodeEclam | hovrtinRenPYRE eRogia Jdbs ’Foenﬁ%afﬁ@?&m layer
Sggegup&gh ggclﬁl)@bgggm wherein formng the trench

conprlses patterning a nmask | ayer di sposed on the
conductive layer and etching. 16. The nethod of claim
15, further conprising reaning the fifth dielectric

| ay, 0, € er. r f t he

o ittt BE B St FagEn b (R eoHE PR o PUFpn e
W' tlﬁyé} ahfeéhd fifh ﬁiéldcﬁnoslld?&tlﬁlﬁl hi@LdeYlsM pRSmwok et yer.
upper surface of the mask |ayer. 17. The method of

claim 16, wherein renoving the fifth dielectric |ayer
conpri ses chem cal mechani cal poI [ shi ng. 18. The net hod

t heﬁﬁ%%gjg t\gﬁg{l & C ﬁér%&ﬂp\fg \ﬂgeﬂ%alﬂh H‘Rﬁédtﬁ@la?fer before

ayer s a conp [ usi ng wet
et cleinogingttBe pditien wé tHedduli dieleatrin lagier. wher ei n r enovi ng
a portion of the fourth dielectric |ayer conprises an
et ch- back process. 20. The nethod of claim 14, wherein
the fourth dielectric layer is a spin-on dielectric
| ayer and the fifth dielectric layer is a
hi gh-density-plasma oxide |ayer. 21. The nmethod of

Cl a ﬂ' SRR o bg@ﬁ%ﬂ &t :P&eﬁ’ﬁ% a&idd @oﬁ?ﬁﬁﬁ

r|c ayer renovi e portion of the

f°u th it eC“h@? W ELe r&%an@gpz?gmadce%ffas&ma@ a

por

forming a conductive layer on the tunnel dielectric layer;
forming a hard mask on the conductive layer;

forming a trench through the hard mask, the conductive layer, and the tunnel
dielectric layer and into the substrate to expose a portion of the substrate

below the upper surface of the substrate;

forming a stress-relieving and adhesion layer on the exposed portion of the substrate

below the upper surface of the substrate;

forming a barrier layer on the hard mask, on portions of the conductive layer and the
tunnel dielectric layer through which the trench passes, and on the stress-

relieving and adhesion layer;

forming a layer of spin-on dielectric material on the barrier layer so that the layer of
spin-on dielectric material fills the trench to a level above the upper surface of

the substrate;



formng a tunnel dielectric |ayer on an upper surface
of a substrate; form ng a conductive |ayer on the

wo vaei2ias el ectric |ayer; form ng a hard mask POT/URE05/022143

23.

24,

conductive layer; formng a tyzench through the hard

mask, the conductive layer, and the tunnel dielectric

| ayer and into the substrate to expose a portion of

t heanmailgtg the &ayerbbspin-he dighgeénc watefiake of t he

substrate; formng a stress-relieving and adhesi on

| ayemoving dygordeuposid apmealéddayafofshia-cudistectaicendiediawo that an

| ayer orSRISESHERS RSEREACD B EL eIt (KB BHBRETH b reoessed

| ayer annsﬂew»b%éwgﬁﬁkur@dcelome@uss&a@aer t hrough whi ch
the trench passes, on the stressrelieving and

ad hs%?écﬁoelg%(@ﬁwn%gr Ml tﬁ@yﬁﬁeﬂfaﬁéﬂb %1%1 df e Péll Surface of the

mat eri al yer so that the ayer
spi n- on glinehled layiec ohapiieoh dielddtili¢ matehiel torexpose thehard mask, portions

| evel above the upper surf ace of t subst
anneal i n‘@f ﬁ@oqd&’y&? ersaﬁlid %Hlnafslér glgq’q:lp ayﬁﬁ{ff)éq)lilgjla which the trench

renovi ng?a%sééoéﬂd apg(n@itm b ﬁle%ﬁ@@eﬁgwhéﬁﬁd a(ﬂ{esﬁ)ﬁ'léye? Tocated
dielectric materi so that an upper surface of

anneal edbdtwy@r thofuppei surfoce ofi the enntealed laper of smn-qnsdlelectrlc material
recessed owthe rfaé: of t he substrate;

sel ect | v%t} ?E%Vis ﬁg‘% ?f%’ﬁ *the barrier layer to

a |l evel of. the @er surf t he annea ed

0
2ol ViR lavacat A ety o il BFE! Pt Shered hard mask,
porti onsg,@i g %Qﬁﬂ)lﬂg bE MR oAV et AR thdiBlel dielectric layer
di el ectric yer

rough which the trench passes, and
a porti othrafghtwigcls theémcln phssey ithegexpnstdardiriéesi ofthe aly@ls-rehevmg

| ocat ed be en the up urface 0o anneal e

| ayer o e (et BRE pr e isier rofoct AfERBR GG laver of spin-on
surface &l@leﬁ:ﬂﬁ% AtBSAL whéreinf 186 MHy8Hoehikbierisi®iplasma material fills the
hi gh-density-plasma dielectric materral on the exposed

hard masksnohliboexhesedensurasorithe pnndateddayr o spipon dielectric

| ayer and errllgl tau&mel dielectric |ayer

removing the layer of high-density-plasma dielectric material to expose an upper
surface of the hard mask and so that an upper surface of the layer of high-
density-plasma dielectric material within the trench is substantially flush with

the upper surface of the hard fnask.

The method of claim 22, wherein the stress-relieving and adhesion layer facilitates
adhering the barrier layer to the substrate and relieving stresses between the substrate

and the barrier layer.

The method of claim 22, wherein annealing the layer of spin-on dielectric material

comprises an oxidation process.



t hrough which the trench passes, the exposed portion
of the stress-relieving and adhesion | ayer, and on the
waipwen186s f ace of the anneal ed | ayer of spi n- oPCT/US2005/022143
dielectric material, wherein fse |ayer of
hi gh-density-plasma material fills the trench above
the upper surface of the annealed |ayer of spin-on
25.di eTeemnethod whckain 2#; wherdinrtherbarrigrlay preactsfipdimip pxidation of the
hi gh-densi.ty-pl.asng, dielectric material to expose an
upp%#“%%?#ﬁ%%ggp(VHE%RSPHXﬁggk and so that an upper
surface of the layer of highdensity- plasnma dielectric
material within the trench is substantially flush with
t he upper surface of the hard mask. 23. The, net hod of
26.c| afhs mothogyef clarm 20 rwhgeindhe ek GEelergcdsT Kfhpangpxide.
| ayer facilitates adhering the barrier layer to the
substrate and relieving stresses between the substrate
and the barrier layer. 24. The method of claim 22,
27.wheTkt method efikiaing 22 hehérainghe bighsdsinsityoplasine disdeciiiematerial is a
materjal conprises .gn oxi dation process.25. The net hod
of @@h%ﬁ?%ﬂgaﬁﬂ%?%¥lethe barrier layer acts to linit
oxi dation of the substrate during the oxidation
process. 26. The method of claim 22, wherein the
tunnel dielectric layer is a tunnel oxide. 27. The |
28. et Herimethod pAriaim 22, whereiw the bargien |aypr andiae ssropdl dishgetric layer are
di el.ectric material is a high-density-plasma oxide.
28. e method of claim22, wherein the barrier |ayer
and the second dielectric |layer are nitrides. 29. The
nmet hod of claim 22, wherein the conductive layer is a

29.7 rib% WSO O AT 20P AP ETER Py oS P DD

mat eri al conprises chem cal nechanical polishing. 31.
The nethod of claim 22, wherein formng the trench

conprises patterning the hard mask and etching. ) )
30.  The method of claim 22, wherein removing the layer of high-density-plasma dielectric

material comprises chemical mechanical polishing.

31.  The method of claim 22, wherein forming the trench comprises patterning the hard

mask and etching.

32.  The method of claim 22, wherein selectively removing a portion of the barrier layer is

accomplished using wet etching.

33.  The method of claim 32, wherein removing a portion of the annealed layer of spin-on

dielectric material comprises an etch-back process.

34.  Themethod of claim 22, further comprising:

removing the hard mask from the conductive layer;



32. The nethod of claim 22, wherein selectively
renmoving a portion of the barrier |ayer is
waewenopdisshed using wet etching. 33. The met hoRICD1S2005/022143
claim 32, wherein renoving ajportion of the anneal ed
| ayer of spin-on dielectric material conprises an
et ch-back process. 34. The nmethod of claim22, further
c onformaigrgy: inteegate/dintgctrisdayraod thaedadpetdvn leyr; ashduct i ve
| ayer;formng an intergate dielectric |ayer on the
c onfbuairigumothey esnduatick geminthe artetghterdidestdatayene | ayer
on the intergate dielectric |ayer. 35. The nethod of
claim 22, wherein form ng a conductive |ayer on the
tunnel dielectric layer further conprises extending
35.t heTRORdmel oY 8lalrd 28! whetbin BriREhA@n@ictiveldfiehgn the tunnel dielectric
portion of a nenory device, conprising: formng a
t unhagér foxthetecompyises exienaing fhp spnaigiivalyenf a substrat e;
formng a polysilicon layer on the tunnel oxide |ayer;
formng a nitride mask |ayer on the polysilicon |ayer;
patterning the nitride mask | ayer and etching to form
36.a t Aenghod bf foughhgtasrtion of dmempskddage comphsing:
pol ysilicon layer, runnel oxide layer and into the

SUbgfaices fulind oRARager @ﬁrahiﬂgpeﬁurﬁabeoﬁal gistraee bel ow
t he upper surface of the substrate; formng a second

OXi ﬂ)‘fmkr%y 0l9A1i 8 MR G RASRE AL d:9d Bert he substrate
bel ow t e upper surtace of the substrate; formng a

Secf“?%in@% ii‘r?‘ﬁee&%‘gﬁq%eﬂ&pgfgﬁp{lgﬁfik&ﬁa k layer, on

por yer and the tunnel oxide

| ay eﬂﬁ{fh{iﬁ z‘f{) ﬁ%h 1%\{;% %x?asi( E%eye} Eug({‘ g@iﬁa{ 35 ?osr?i eg%%lﬁgglﬁltoﬁ& the nitride mask

secH m f er o

di el ect rjagerTeeqjol @ilicon liyee, tafedddideiliyer ded Inay the sabstrate to expose
that the [ayer of spin-on dielectric material fills

t he trenenottigngf fhesubstegie belowiibe mpu@%ﬁefoégé? Bbstrate:
substrate; annealing the | ayer of spin-on dielectric

mat ringlg aissicony oxide %a'm oxthg expered rppﬁms(yf;the substrate below the upper

surface of the substrate;

forming a second nitride layer on the nitride mask layer, on portions of the polysilicon
Jayer and the tunnel oxide layer through which the trench passes, and on the

second oxide layer;

forming a layer of spin-on dielectric material on the second nitride layer so that the
layer of spin-on dielectric material fills the trench to a level above the upper

surface of the substrate;
annealing the layer of spin-on dielectric material using a steam-oxidation process;

etching away a portion of the annealed layer of spin-on dielectric material so that an
upper surface of the annealed layer of spin-on dielectric material is recessed

below the upper surface of the substrate;

selectively etching away a portion of the second nitride layer to a level of the upper
surface of the annealed layer of spin-on dielectric material to expose the

nitride mask layer, portions of the poloysilicon layer and the tunnel oxide



etching away a portion of the anneal ed | ayer of

spin-on dielectric material so that an upper surface
wobotbloe21eneal ed | ayer of spin-on dielectric nmtEUSEN5022143

is recessed bel ow the upper ggrface of the substrate;

sel ectively etching away a portion of the second

nitride layer to a level of the upper surface of the

anneal edayeatteoughf whigh thedrengh phsses,rand arpartéan off the gecond oxide layer

h itrid K | ' . . .
CXPoSe, 10 AH Y5 IR ek 4Rl AL BB P oo

whi ch t heséri2RRMt essurfabé ofthpaubstare; of the second
oxi de layer | ocated between the upper surface of the

an ?&%iﬁg alfl Fbf ?ﬁl%&ieﬁglﬂn di:ah 8&ideion tha&:gobéd nigidk higk layer, the
upper surfédce of t esubs?rate; formng a layer of a
hi gh- derespased poemma obstiedwlysHicohdaysk pad B twanel pyide faysk through

| ayer, the .exposed portigns of ¢t il \AEF
and t he ‘Yqﬂﬁhé’le?wglbgasls%sy ik elxﬁ?soeﬁi&?rt\?@%% %]ﬁh% REopd éﬁ%‘ﬁ layer, and on
passes, thhgyR¥PasRe dpeid dnaaled laybeofpanod dizkdcthéc inatgenl, wherein
and on the upper surface of the _anpeal ed |

f
spi n- on layesloétherhigh-fenstyipkasmagrafeiils tlhayr@pa%qlegqv% the upper surface
hi gh-d i.tv-pl : th
oo SO RL TR B iR peBsn above (e
0 b ST PSR bR hE YRRl e

pol i shi riﬂ)nmn%wms@&l HPRE burSabelod@le Wiridehpashiltydrdad so that an
mask | ayer and so that an ug)ge( surface_ of the |ayer. s
of the hipgh: sisfase ofthgllaxsral tiedighcdonsty plasme diple¢inf oxide within

Lrench i R AU AR bIST ey MBS of R s

further 1gggprising: removing the nitride mask fromthe
conductive layer; formng an intergate dielectric

| ayer of the conductive layer; and form ng anot her
conductive |ayer on the intergate dielectric |ayer.

38. inl Q6 Al Liggn of an integrated
37 ci rr{:}% lﬂ&g’g@?f:g&cpn.t’ai ne%l 8&% sgm' conduct or substrate,
th ererrﬂ%%ﬂl%(%hec RiRdd 5% rom the conductive layer;
forming an intergate dielectric layer of the conductive layer; and

forming another conductive layer on the intergate dielectric layer.

38. A method of forming a portion of an integrated circuit device contained on a

semiconductor substrate, the method comprising:
removing a portion of the substrate to define an isolation trench;
forming a first dielectric layer on exposed surfaces of the substrate in the trench;

forming a second dielectric layer on at least the first dielectric layer, wherein the

second dielectric layer contains a different dielectric material than the first

dielectric layer;



renoving a portion of the substrate to define an

isolation trench; formng a first dielectric |ayer on
wexpoesedesur f aces of the substrate in the trenet/uUsS2005/022143

form ng a second dielectric lgyer on at |east the

first dielectric |ayer, wherein the second dielectric

| ayer contains a different dielectric material than

t hefofringta thiré dietectiiclayeryie the weneh egveringd paitign ef Setspeand

| ayer in,.the trench covering a portion of the second

di el ect riglePHG T erpving an exposed portion of the

second dielectric |ayer omthe. trench, there

ex pEEPHGEANSEPRSeE RoBto e Focand %e&c&a“pyeﬁ% Hie. gy thereby

form ng éip&ﬁﬂ%%%oﬁio%‘ AEhd ikt bidkefrid IBydDamd rench -

covering e exposed portion of the Tirst dielectric

| ayer . 39, ' . ’ . . )

1 gt obtF RS0 U g UFRAAE Rt 1@t the firs

oxi de andieletreicéayert he sem conductor substrate is a

silicon-containing substrate. 40. The nmethod of claim

38, wherein formng the second dielectric |ayer

conpri ses depositing a layer of silicon nitride. 41.

39. TherEh BRdd 8f clain? B 8) wisreiWT8iSihp tHeOfirdt diglebitR 1hy4r cBmprises forming
dielectric | ayer conprises depositing a |ayer_of .

s pi athermal iosidecind ivthereip theTemieanthetar Sfoskptgiihg giligon-containing
wher ei h depositing the I ayer of spin-on dielectric
fur%ﬁgﬁﬁ%onprises depositing the spin-on dielectric to

fill the trench, curing the spin-on dielectric and

renovi ng an upper portion of the cured spin-on

dielectric fromthe trench, leaving a | ower rtion .

40. Covira mehoner poiE PEVBTORamEE8 Stare QEeFIrE gy Gpmprises
43. : h ] ai , Wherein renoving the upper
porqeﬁgﬁuggtdtlﬁg‘r gésrlgléﬁs@rﬁ-?ebn dielectric fromthe

trench conprises etching. 44. The method of claim42,

wherein curing the spin-on dielectric conprises an

Ik RN e RRAR P SEE TR

depositing a layer of spin-on dielectric.

42.  The method of claim 41, wherein depositing the layer of spin-on dielectric further
comprises depositing the spin-on dielectric to fill the trench, curing the spin-on
dielectric and removing an upper portion of the cured spin-on dielectric from the

trench, leaving a lower portion covering the portion of the second dielectric layer.

43.  The method of claim 42, wherein removing the upper portion of the cured spin-on

dielectric from the trench comprises etching.

44,  The method of claim 42, wherein curing the spin-on dielectric comprises an oxidizing

process.



substrate fromthe oxidizing process. 46. The nethod
of claim45, wherein the second dielectric layer is a
wa@Rlobo163i tride |ayer. 47. A nmethod of form nBCHEUS2005/022143
portion of a floating-gate nmggory device, conprising:
formng a first dielectric layer as a tunne
dielectric layer on a sem conductor substrate; formng
45.a fTheshetbohdfickiny 44, wlyereindke seconddie]astyicjayes is eljasen gnprotect the
t he &ir$t dielectric |la er patterning the first
di BT FOPDE PXIdIEINE PIOSYSconduct i ve | ayer to define
at | east one isolation region; renoving a portion of
the substrate to define a trench in the at |east one
i solation region; formng a second dielectric | ayer on
46. ex pHlsagethod Pgelégn 69 wh@e@ab%%ch%guef?cm@aw éht ﬁ‘ill%on nifride layer.
formng a third dielectric |layer on at |east the
second dielectric layer, wherein the third dielectric
| ayer contains a different dielectric material than
47.t heA ssglnboffoshimgtarpoctidrayfer flodtimgrgatgymampryudeviice, comprising:
dielectric layer in the trench covering a portion of
t hefotthingdh fikisedieletricdayeaye b jumehdielieniyicd ayee opasseshiconductor
portion of the third dielectric |ayer fromthe trench
t her eby BRp&Eeng a portion of the second dielectric
layer; formng a fifth dielectric layer in the trench,
covierming a fivst ecnduetiee lavrtap @rﬁlogflng-gétei@@é A\ the @S%@PQP%IC layer;
| ayer; formng a sixth dielectric |layer as an
i nteatgetieg tedretatieledrit dayer ansh/Anst gandyctiveelay¢rrte define at least one
conductiv ﬁa%er' form ng a second conductive | ayer as
a contrdﬁg@'? TS8iQPar overlying the sixth dielectric

| ayer; andpatterning the first _dielectric. |layer, the . .
1 1Sy BARATfigROf %%éP?SWaFPéOQeﬁPW fersheiogthe gﬁfﬁ%ﬁ} gpe 15ptption
the secopgd;ponductive |ayer to define at |east one

fl oati ng-gaté menory

forming a second dielectric layer on exposed surfaces of the substrate in the trench;

forming a third dielectric layer on at least the second dielectric layer, wherein the
third dielectric layer contains a different dielectric material than the second

dielectric layer;
forming a fourth dielectric layer in the trench covering a portion of the third dielectric
layer;

removing an exposed portion of the third dielectric layer from the trench, thereby

exposing a portion of the second dielectric layer;

forming a fifth dielectric layer in the trench covering the exposed portion of the

second dielectric layer;

forming a sixth dielectric layer as an intergate dielectric layer overlying the first

conductive layer;

forming a second conductive layer as a control gate layer overlying the sixth dielectric

layer; and



cell. 48. The nmethod of claim47, further conprising:
formng a hard mask overlying the first conductive

wo aye11ef ore patterning the first dielectric Peyes20as02143

48.

49.

50.

51.

52.

53.

first conductive layer; and pgnoving the hard mask

before form ng the sixth dielectric |ayer overlying

the first conductive layer. 49. The nethod of claim .

47 , pasthenig the flostidiclecttip layehithedfingt ednduetivedayesyihe sixth dielectric layer

oMt | 9624 I5PS%abd Bh Ak AVl eh SRL5AILEL ASkH:Soute memory

50. The wherern deposi
| ayer ofcefpi Nn-on dielectric further conprises
depositing the spin-on dielectric to fill the trench,

curing the spin-on dielectric and renoving an upper
portion of the cured spin-on dielectric fromthe

{ ONRInhRYE A o} MRRABIFAEEOVST 10 Lhe porti on

0 second dielectric |layer. 51. The nethod of

claimA47, wherein . £ . first
o ciPbee IREEHO LSRRI Y5 ! BfElqputeming e
met hod aficlettéic iyt andviest ebmductiee lager; and nor e conducti ve

| ayers of the second conductive |ayer conprise at

| eainoQf tRE hatd Redsk Pekoré Bitmliny @ik sl dRlettriclhyer overlying the first
contai ning layer. 53. The method of claim47, wherein

f or ni ng eonflpetive layiduct i ve | ayer as a floating-gate
| ayer further conprises extending the floating-gate
| ayer.54. The nethod of claim47, wherein the sixth

di el ectric. layer I Ses. one or r.e.dielegtric .

| ay esml _.e g(_i 0 a}rﬂgzggg?rglgsfgpplgg?l?e tggr\(}i%éegec ¢ Ifagfgr comprises
CONPibsitiAg a 18el bEGSEA ohidletié.ends into a substrate; a
first dielectric plug disposed in the trench so that

an upper surface of the first dielectric plug is
| ocat ed bel ow an upper surface of the substrate, the

1 e L5l By o 6 Gt e
comprises depositing the spin-on dielectric to fill the trench, curing the spin-on
dielectric and removing an upper portion of the cured spin-on dielectric from the

trench, leaving a lower portion covering the portion of the second dielectric layer.

The method of claim 47, wherein the second conductive layer comprises one or more

conductive layers.

The method of claim 51, wherein the one or more conductive layers of the second
conductive layer comprise at least one of a polysilicon layer and a metal containing

layer.

The method of claim 47, wherein forming a first conductive layer as a floating-gate

layer further comprises extending the floating-gate layer.



second dielectric material formed on the | ayer of the
first dielectric material; and a second dielectric

w@bamg/oofiean third dielectric material di sposed POT/URE05/022143

54.

55.

56.

57.

58.

59.

trench on the upper surface g5 the first dielectric
plug. 56. The integrated circuit device of claimb55,
further conprising a layer of a fourth dielectric
matBreim¢thpchofelpos4d Werein dre sixib diglenitie bayer egygprises one or more
fing QLebgptric material of the first dielectric plug
and¥'H{Bf (FOSEd bet ween a portion of the second
dielectric plug and the substrate. 57. The integrated
circuit device of claimb55, wherein the first

dielectric material (is_a nitride, the second

di eheintogratedrarans dgviGedeyice sPRPHANG] el ectric, and the
third dielectric material is a high-density-plasm
matadiréngh thag gxtemdeinio suhstieted circuit device of claim
57, wherein the spin-on dielectric is anneal ed. 59.

The finst digleatriedlag disposed drethic¢rendif sccthat an Gher siréceiof theHerst

second dj.el ectrjc .plu sses through.a fourt

G o1 oot rdigterig pleif i RRRR ot (e Sl e dlpstpptg the firs
subst r at feledri6 pRAUSI iﬂfg%’l@ﬁerdif&ﬂﬁ§ﬁﬁel@&rﬁ: ngatéridl bhdh a layer of a
dielectric |ayer, a fifth dielectric |ayer

er . . i
di sposedseornd dieleetvinanpserial dommpdean tholayahof the é@?‘ Aicdeptric material;
circuit device conprising: a trench having a first
portion at extends into a substrate bel ow an upper

surface of. the sybstrate ar .second. portiqn t.hat

e eond gl P R gt rE ) Breeied jo i eggh on the
the uppeg,petidiBes oPihetiie BéIBSEE plug. and a conductive

| ayer disposed on the tunnel dielectric |ayer; a layer

of first dielectric material lining the first portion
of the trench; a first dielectric plug partially

filldng th i.I's [ . '
PR e N
di eliglettricendi@i fitalposidsposes the siliseatcayd thefirsf diekttric material of

dielectric material |ining the first port%;rg{l]lsof tH% e ol
t r ethe g diplectriaplas apd infepRtgdP el eanecRqriien ppegnd dielectric plug
forﬁﬁﬂhggd%ggf]ayer of the second dielectric material;

The integrated circuit device of claim 55, wherein the first dielectric material is a
nitride, the second dielectric material is a spin-on dielectric, and the third dielectric

material is a high-density-plasma material.
The integrated circuit device of claim 57, wherein the spin-on dielectric is annealed.

The integrated circuit device of claim 55, wherein the second dielectric plug passes
through a fourth dielectric layer formed on the upper surface of the substrate, a
conductive layer disposed on the fourth dielectric layer, and a fifth dielectric layer

disposed on the conductive layer.



and a second dielectric plug of a fourth dielectric
material filling an unfilled portion of the first

w@eobiom16df the trench and di sposed on the | ayreT/082005/022143

60.

61.

62.

63.

64.

65.

first dielectric material linhng the first portion of

the trench, disposed on an upper surface of the first
dielectric plug, and filling the second portion of the

t r efin integidted Threuit devegr angetisoig: cui t devi ce of cl ai m 60,
wherein the first dielectric material is an oxide and

t hes gahndvidigel fast portomttaeéitaddsiistoa substratelbelo®2in upiper surface of
integrated circuit device of claim®60, erein third .

di el ect rihe spRptrate;agq asgcopd %H%i%étjp%@ﬁﬁ%ﬁg‘a ?éﬂ‘%ﬁ figjectric layer
mat eri al 4; [ ' j j [ i

50, _wihor SR i BREPARLED oL Bl ochltu R IBer disposed
hi ghdensirt the tpinabdieleotticdayer64. The integrated circuit

devi ce of claim®60, wherein the conductive |ayer is a

pol yRivéd cfdiist disledtric Giaterfl fmimgriye fisy portion offfire tsdnchy; a

trench having a first portion that extends into a

su béﬁfsaai%leleﬁ{dwga?amemp fillfsrth@6iast pbriiohe f Shxsénch] e dind dielectric
a second portion that passes through a tunnel

di el ect rplug cempprising 8 prysedl »srcond dighskic Balerialdisposed pthe layer of
subst r at y Ql. visi: 141 .5R0

el e BB RGOS pPHERRTS Bihblg g oot
first pomird@cledirié hatdiabfeed an thelayerdifehesconddiplengic material;
partially filling the first portion of the trench, the

first di®@dectric plug conprising a nitride |ayer

di sposed on the oxide |layer lining the first portion

o_f 1 $ﬂg:onq’r éi@lﬂqtrﬁmjugof gﬁ@ﬁh&ielgﬁﬁgmia& ﬁllg}g ap ypiilled portion of the
Cocond oSt BRtiEh pfle BhEF @ fishliea Bhivfd flfer YR 61008 material

second d ensit ['asma oxl

filling Bdingefd firkEsbriaen bf 6 tehch, espbéddsin quouppensurfice of the first
the trench and di sposed on_the |ayer, of oxide |ining

the fi rsdielsefricinbie. 6nd fiing the peornd gpRtiss SEdhedFensh upper

surface of the first dielectric plug,

The integrated circuit device of claim 60, wherein the first dielectric material is an

oxide and the second dielectric material is a nitride.

The integrated circuit device of claim 60, wherein third dielectric material is an

annealed spin-on dielectric material.

The integrated circuit device of claim 60, wherein fourth dielectric material is a high-

density-plasma oxide.

The integrated circuit device of claim 60, wherein the conductive layer is a

polysilicon layer.

A memory device comprising:



and filling the second portion of the trench. 66. A
menory device conprising: an array of nmenory cells

wo cooamtkien a substrate; and a trench | ocat ed wehUsRowsre2143

66.

array of nemory cells, the tpgnch adapted to act to

prevent extraneous current fromflow ng through the
substrate between the nenory cells, the trench

corgirérsh hgying affirstgtoripayr thatexterndgtintesatsubsetents belowtanaipper surface of

substrate bel an . upper .surface of .

a secon otﬁf) Elﬁisﬁ\é{ﬁ apd ap g%oélgé’é) glqrht?%tﬁaﬁgeg %F%ﬁg%% bl @BfRetric layer
di el ect rdigposey e tRivppeseeifatdot the sulppate aidraf mdysilidontilger disposed
substrate and a conductive | ayer disposed on the

t unnel dindhesunnekdiplggisic laygr) ayer of first dielectric

material lining the first portion of the trench; a

f i reslayetiofloststeriningithe dirgaortianl afythe irendbihg t he fir st

portion of the trench, the first dielectric plug ‘ ‘

c ongfisssdiekpcticlphyepartifllafiBmgahel fict pbion oif thertesneh,i thé first dielectric

di sposed .on the_ layer. of first dielectric.material

i o g (BHGE PRGHSIER BitBfip Y ErbsAaeEh SR g iy ding g first

third d'ﬁdr@_ I St 61 the FRAGT Al o h9& BTN ARndA& dpfy 8h dRfiediiematerial
e

second ectric material; and a second dielectric

pl ug of farthedien thediiteide dayet;@ndat erial filling an

unfilled portion of the first portion of the trench

anch ghcspbdieltcwic plineof alyigh-defsityi-plasmalpxide dillin ganmutfidled glortion of
lining the first portion of the trench, . disposed.on.an

upper supf Hgst pgxtionof the V@‘c"gd‘fl@ Flégé’? ?qlaémﬁpﬁ &yglé?ﬁom&nhmng the first
filling Oﬁd?ﬁoﬁ‘gpt‘ﬂ@@eﬁ&f, i nge@fontaHﬁlﬂp&eﬁﬁﬁ_ce 67 the E#& dielectric plug,
menory device of claim66, wherein the first

di el ect rand fiitingtheakcdns pantioxofdbe traach he second

dielectric material is a nitride. 68. The nenory

device of claim67, wherein third dielectric materi al

is an anneal ed spinon dielectric material. 69. The

menory device of claim68, wherein fourth dielectric
material is a high-densityplasma

A memory device comprising:
an array of memory cells formed on a substrate; and

a trench located within the array of memory cells, the trench adapted to act to prevent
extraneous current from flowing through the substrate between the memory

cells, the trench comprising:

a first portion that extends into the substrate below an upper surface of the
substrate and a second portion that passes through a tunnel dielectric
layer disposed on the upper surface of the substrate and a conductive

layer disposed on the tunnel dielectric layer;
a layer of first dielectric material lining the first portion of the trench;

a first dielectric plug partially filling the first portion of the trench, the first
dielectric plug comprising a layer of a second dielectric material

disposed on the layer of first dielectric material lining the first portion



oxi de. 70. The nenory device of claim69, wherein the
conductive layer is a polysilicon |ayer. 71. A

wo b@aiaigs gat e nenory device conprising: a tunpel/us2005/022143

67.

68.

69.

70.

71.

dielectric |ayer formed on apsupper surface of a

substrate of the nenory devicCe;, a floating gate |ayer
formed on the tunnel dielectric |ayer; an intergate

di el ectric | adre tfachedd oteyehef 4 thiwt diglgetyiameateria) ormeg on the
control gate | ayer forne the intergat.e dielectric

| ayer; a thi ﬂ@’e}&/f’éfh@@fe‘?qng qq‘g?‘g’flc Giasgs: ’geiatﬁldvvi thin a

trench that extends into the suhstrate, the ird

di el ect risscamsldipiestge pbg A P‘Bﬁﬁﬁﬁﬁ%‘ﬁa&eﬁ@ el p ypties
wi thin the ”%?t‘?(ﬂi & thOHFsk BofioR ot il thénch @M@ Hish&e@RA the layer of
within the trench on a portion of the third dielectric

| ayer, wher eifirstdieleétdnmaterdil Ehingtthe Grst pgusion o theftreqch, disposed

different dielectric materi than,.t.he .t hird .
di el ectric | &P UPRE ?“F{aﬁe Bf{;‘ﬁéﬁfﬂrql%le %g(flgirugf and filling the second
wi thin the trpgdh héhendourth dielectric layer, the
fifth dielectric layer filling a portion of the trench
such that an upper surface of the fifth dielectric
| ayer is |ocated bel ow the upper surface of the
substrate; and. i i rd M &Rk Rxi
b BB QA R LGRS Rt i i and
di gh&§dcbhé diebscgic mm@riglns amitider portion the third
dielectric layer. 72. The floating-gate nenory device
of claim71, wherein the third dielectric material is
an oxide and the fourth dielectric material is a
ni t] 69 inafriaf iséhahfRaled spin-
72,1:%@?%?%(}6???#%%2%32? ‘P’iﬁékﬁngtﬁggﬁgeﬁyan anneal ed P
spioirdielecirielngat¢nidlc material. 74. The floating-gate
nmenory device of claim73, wherein fourth dielectric
material is a high-density-plasna oxide. 75. The
floating-gate nenory device of claim 71, wherein the
: Nt aatRos @vRetdtichith®8eWheRTPfoufil giddvtriOmattriel Bathigledensity-
ayers.
yplasma oxide. :

The memory device of claim 69, wherein the conductive layer is a polysilicon layer.

A floating-gate memory device comprising:

a tunnel dielectric layer formed on an upper surface of a substrate of the memory

device;
a floating gate layer formed on the tunnel dielectric layer;
an intergate dielectric layer formed on the floating gate layer;
a control gate layer formed on the intergate dielectric layer;

a third dielectric layer disposed within a trench that extends into the substrate, the

third dielectric layer formed on a portion of the substrate within the trench;



76. The floating-gate nmenory device of claim 71,

wherein the control gate |ayer conprises one or nore
weondoelibye |ayers. 77. The floating-gate menoPETAS208/622143

of claim71, wherein the flogting gate layer is

pol ysilicon.

72.

73.

74.

75.

76.

71.

a fourth dielectric layer formed within the trench on a portion of the third dielectric
layer, wherein the fourth dielectric layer is of a different dielectric material

than the third dielectric layer;

a fifth dielectric layer formed within the trench on the fourth dielectric layer, the fifth
dielectric layer filling a portion of the trench such that an upper surface of the

fifth dielectric layer is located below the upper surface of the substrate; and

a sixth dielectric layer formed within the trench on the upper surface of the fifth

dielectric layer and on another portion the third dielectric layer.

The floating-gate memory device of claim 71, wherein the third dielectric material is

an oxide and the fourth dielectric material is a nitride.

The floating-gate memory device of claim 72, wherein fifth dielectric material is an

annealed spin-on dielectric material.

The floating-gate memory device of claim 73, wherein fourth dielectric material is a

high-density-plasma oxide.

The floating-gate memory device of claim 71, wherein the intergate dielectric layer

comprises one or dielectric layers.

The floating-gate memory device of claim 71, wherein the control gate layer

comprises one or more conductive layers.

The floating-gate memory device of claim 71, wherein the floating gate layer is

polysilicon.



