METHOD OF FI LLI NG A HI GH ASPECT RATI O TRENCH | SOLATI ON
REG ON AND RESULTI NG STRUCTURE FI ELD OF THE | NVENTI ON
wpQ0Olgg93Fhe present invention relates to the fiperdisedo7/000038
sem conductor devices and, in particular, to a nethod
for filling high aspect ratio trench isolation regions
i n sem conductor devices and the resulting structure.
BACKGROUND OF THE | NVENTI ON [ 0002] Typically in
sem conduct or devi ce applications, numerous devices
are packed into a snmall area of a sem conduct or
substrate to create an integrated circuit. Cenerally,
t hese devices need to be el ectrical 1Iy isolated from

one MFHHOD OF EVLENG A B ASRFEGT R THO TRENCH

Accordingly, electrical isolation is an inportant part
of serSOPAINNREEYOPEANTS RESULTING 'SIRUCTORES
el ectrical coupling between adjacent conponents and
devices. This is Bal‘tl cul arllﬁﬂtrue for high density
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nmemory, i ncl udi FEEBD OFTHE INVENTION; | ash nenory.
[ 0003] Shallow trench i soI ation (STlI) is one

tooon 00 Rt Al e B ol Sdftiductor devices ana
e o N AL O NSt

semiconldiRB6Ndévicks kREGhE RedulsioR stAndUed. Oor substrate using
wet or dry etching with a mask. Then, an insul ating

| ayer is degosited on the entire surface of the

senm conduct BACKEROAND OF THE INYENEHON Fi nal | vy,
chem cal nechani cal poli shing (CI\/P) is used to

100021 f'e?rgf’fmgalﬁiﬁh?? oo, i o igafiopa o devices are
packed ﬁgg\{a’ &hQﬁ 3:9 Io?%'sg{hr @%E?@lgctg? gﬁﬁ&?aﬂer’cot&lgat%%swt@ér%ted circuit.

ional’
Generally, these devxces need to be electrically isolated from one another to avoid -

problems among the devices. Accordingly, electrical isolation is an important part of
semiconductor device design to prevent unwanted electrical coupling between
adjacent components and devices. This is particularly true for high density memory,

including but not limited to, flash memory.

{0003] Shallow trench isolation (STI) is one conventional isolation method.
Shallow trench isolation provides very good device-to-device isolation. A shallow
trench isolation process generally includes the following steps. First, a trench is
formed in a semiconductor substrate using wet or dry etching with a mask. Then, an
insulating layer is deposited on the entire surface of the semiconductor substrate to
fill the trench. Finally, chemical mechanical polishing (CMP) is used to planarize the
insulating layer. The insulating layer remaining in the trench acts as an STI region
for p‘r.oviding isolation among devices in the substrate. Additionally, a nitride or
oxidation layer may be formed on the sidewalls and bottom of the trench before

depositing the insulating layer.



oxi dation | ayer may be fornmed on the sidewalls and
bott om of the trench before depositing the insulating
woayevsp0004] As sem conductor devices get snabPCE®US200d/000038
nore conpl ex and packing density increases, the width
of the SH regi ons al so decreases. In addition, for
certain types of electronic devices, a deeper
isolation trench is desired. This leads to trench
i solation regions with high aspect ratios; aspect
ratio refers to the height of the trench conpared to
its width (h:w). An aspect ratio of greater than or
equal to about 3:1 would be considered a high aspect
[0004] rati As wmirondudtoydevices getspeler ard ngorer earoplexaand packing
even when filling a |l ess than high aspect ratiq

density incgases, e widthegheiehsragjons alsprslesigages nby prgitipgy dor certain
types of eS8 SRR bidaspt?<HioSin FERERLEsbh S B e
sciciof §4Eh: SRR EIR SBLASRY S5c herdieat 1B of thewencr
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would lsgesidérrt Dhiglohgpecmatio eWeheas filling athigh aspeeét ratio trench, and
sem conductor substrate 10 in accordance with the
even whgn filling a lesBdhendigbraspagt tafie trenthatwish athighcdensity plasma
. ot her layers may he bl anket deposited over the ) )
oxide hagng 158 gemé)hl}lsx'evojtg,s OF §FaTaR PN ét,lﬁ@agr%rl% thefsglation
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Into substrate 10, .an 1 nsulating layer 20 1s

circuits €6RR&d bath ayisdtritee sem conduct or substrate 10 to fill
the trench 11. The insulating |ayer 20 can be

deposi ted using high-density plasma chem cal vapor

[0005] depodilGSodA( MR%QBD lustratebiglt aspechiraffo inpdatioy teyohes 11
oxi de. Due_to the_high aspect ratio of the trench 11,

formed i@ sppreRARFioE sibstrale 1@ 4y acipranreyiidhtheprigr atte digfore

fo’rmingz’ﬂ-nei iSolation trench 11, other layers may be blanket deposited over the
semiconductor substrate 10, for example, layers later used to form a gate structure,
including an oxide layer 12, a f)olysilicon layer 14, and a nitride layer 16. After a
trench 11 is formed through layers 12, 14, 15 and into substrate 10, an insulating
layer 20 is deposited over the semiconductor substrate 10 to fill the trench 11. The
insulating layer 20 can be deposited using high-density plasma chemical vapor
deposition (HPDCVD) or any other high quality CVD oxide. Due to the high aspect
ratio of the trench 11, the HPDCVD process may leave void regions 22 or seams 24 in
the insulating layer 20, as shown in FIGS. 1A and 1B, respectively. Additionally,
filliﬁg the high aspect ratio trench 11 requires that the HDP plasma bias be increased.
“This can lead to damage to the substrate 10 or to the oxide layer 12 or the polysilicon
layer 14. Reducing the a@spect ratio of the trench 11 allows rurnining a lower bias

(lower power) process thereby causing less damage.



the insulating |ayer 20, as shown in FIGS. IA and IB
respectively. Additionally, filling the high aspect
woavimsea7ench 11 requires that the HDP pl asma BCaISb®7/000038
increased. This can |ead to damage to the substrate 10
or to the oxide layer 12 or the polysilicon |ayer 14.
Reduci ng the aspect ratio of the trench 11 all ows
running a | ower bias (|l ower power) process thereby
causi ng | ess damage. [ 0006] Voids 22 occur because in
the process of depositing the insulating |ayer 20, the
insulating layer 20 on the sidewalls at the top of the
trench,ll r ows ghlcker than the p gélon closer to . the
[0006] ot { HRIGE 22 me:cvr REAHSE N "h‘?é?r@F%?Seo ‘?fé’sb%’é&t auaftul@mg layer
eco osed bef
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top of HRC GHACH € 1R cbAR s R BFF Hed6RStheferltiie ddﬂ&‘ﬁ{edof&h‘é\%é’r&h 11 can
insulating layer 20 within the trench 11 are j oi ned

be filled, egasihgrthe Whid eegioalZwhithn dimdhiched tieecikblatideeprdperties of the
i harmin the structure, if the structure of FIG IBis
filled trenghoblbd to etching steps during subsequent processing,

the portion of insulating | ayer 20 adj acent to seam 24
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ratio trench isolation regi on that achieves

steps diuring atibsequenit pratasing dhe gortiohds inndatiagtayen20 Adjacent to
insulating material. BRI EF SUMWARY OF THE | NVENTI ON

seam 24{ m@MSHe mige penaitive 6p epring dhan shereestof nodtetial 20, mghich will

aspect ratjio tren
reduce the%solah%n properties of tehe g.lled trench 11 in a similar manner to that of

void 22.

[0008] Accordingly, there is a need and desire for a method of filling a high
aspect ratio trench isolation region that achieves good isolation, but also reduces

voids and seams in the insulating material.
BRIEF SUMMARY OF THE INVENTION

[0009] The invention provides a method of filling a high aspect ratio trench
isolation region and the resulting structure, where the method allows for better gap-
fill characteristics while mitigating voids and seams in the isolation region. The
method includes the steps of forming a trench, forming an oxide layer on the bottom
and sidewalls of the trench, etching the oxide layer to expose the bottom of the
trench; providing an epitaxial silicon layer on the bottom of the trench, and

providing a high quality CVD oxide layer on the epitaxial silicon layer.



isolation region and the resulting structure, where
the nmethod allows for better gapfill characteristics
wohnod7@s7ri gati ng voi ds and seans in the isol aPCOMWS2007/000038

region. The nethod includes the steps of formng a

trench, formng an oxide |layer on the bottom and

sidewal s of the trench, etching the oxide layer to

expose the bottom of the trench) providing an

epitaxial silicon |ayer on the bottom of the trench,

and providing a high quality CVD oxide | ayer on the

epitaxial silicon |layer.[0010] These and ot her

features of the invention will be nore apparent from
[0010] the fiidasewndptber fedtaresdeithel ipyention vall besmmeappagenhirom

connectign wth the acconpanying, draw ngs, and
the followy ?taﬁgévg&%rlawﬁamﬂﬁ%ﬂg% i, ponmpection, with the

BN -0 = A sttt S o —

clearly understood fromthe follow ng detail ed

descri pt i gRIEMPESCRIPTTON ¢F THE DR]WINES to the
acconmpanyi ng draw ngs in which: [0012] FIG 1A depicts

a prior art sem conductor substrate including a high
[0011] aspeclkhe athove destriiteddieatures oif the dhvatitivgn will blednof® 0leatly

FIG |B depicts a prior art sem conductor substrate
understpod |frpintlie foRpying sletailed deswiption whish is peavided with

I ncl pydi ng a seam OO‘&ﬁﬂ FIG .2.is a view of a
reference e ASERIBANY G L & D Whitaspect ratio trench

formed in a sem conductor substrate at a first stage

[0012] Of PrEgELYAl fig%ilc'ﬁa gl?%%%lé‘é‘&ﬁié@ﬂdh&@ﬁsxms%ﬁﬁa lincluging a high

i nventi on. Als aviewof the FIG

aspect ra88iiss1AdbA R BevmchRliAE Aveidocessi ng st age subsequent
to FIG 2, in accordance with a first exenplary
enbodi nent of the invention.
[0013] FIG. 1B depicts a prior art semiconductor substrate including a high

aspect ratio isolation trench including a seam.

[0014] FIG. 2 is a view of a semiconductor device with a high aspect ratio
trench formed in a semiconductor substrate at a first stage of processing, in

accordance with the present invention.

[0015] FIG. 3A is a view of the FIG. 2 semiconductor device at a processing
stage subsequent to FIG. 2, in accordance with a first exemplary embodiment of the -

invention.

[0016] FIG. 3B is a view of the FIG. 2 semiconductor device at a processing
stage subsequent to FIG. 2, in accordance with a second exemplary embodiment of

the invention.

[0017] FIG. 4A is a view of the FIG. 3A semiconductor device at a processing
stage subsequent to FIG. 34, in accordance with the first exemplary embodiment of

the invention.



[0016] FIG 3B is a view of the FIG 2 sem conductor
devi ce at a processing stage subsequent to FIG 2, in
weacewvodgarce Wit h a second exenpl ary enbodi nent pof/usSh®7/000038

invention. [0017] FIG 4Ais a view of the FIG 3A

sem conductor device at a processi ng stage subsequent

to FIG 3A, in accordance with the first exenplary

enbodi ment of the invention.[0018] FIG 4B is a view

of the FIG 3B sem conductor device at a processing

stage subsequent to FIG 3B, in accordance with the
second exenpl ary enbodi nent of the invention. [0019]

[0018] FI G }ﬁé '4% 1@&W1§W c%fthgﬁ bﬁ‘seﬂﬁc?ﬁﬁh?@&l%&ﬁgg atdaeﬁi'c?ceessmg

at a processing stage su sequen
stage suﬁgéﬁiﬁm@mogg Irhﬁcd‘drﬂ§ﬁceleisﬁﬁgfpt}|fére éﬁc%ﬁﬁ?ﬁdg@lérf %ré{ﬂ&hment

ofthemsremlmnductor deV| ce at a processing stage subsequent

to FIG 4B, in accordance with the second exenplary

embodi ment of the invention. [0021] FIG 6Ais a view
[0019] of tAEGP& issyvicunptthedilél dA semicanductar devisesd arppocessing

t age sub t .to FI ordance wth the
stage suppe ‘fer&)é@fﬁﬁﬁg Sy BRATIEREe 31tk RS FRRte Faplary gppdiment of
ﬁ gh 6B is a view of the FIG 5B sem conductor device

the inve % a’ processing stage subsequent to FIG 5B, in
accordance with the second exenpl ary enbodi nent of the

[0020] i NVEIRIGOBB ik QR4S Jfithe FIB. 4B sRnYic6¥dQbtor Rviddat Hprocessing

sem conductor device at a processi ng stage subsequent
stage subsequdnt t6AIA. ABatcaraadarcerimith theesdcondtexexepiptyembodiment

_enbodi ment of
of the invention.

[0021] FIG. 6A is a view of the FIG. 5A semiconductor device at a processing
stage subsequent to FIG. 5A, in accordance with the first exemplary embodiment of

the invention.

[0022] FIG. 6B is a view of the FIG. 5B semiconductor device at a processing
stage subsequent to FIG. 5B, in accordance with the second exemplary embodiment

of the invention.

[0023] FIG. 7A is a view of the FIG. 6A semiconductor device at a processing
stage subsequent to FIG. 6A, in accordance with the first exemplary embodiment of

the invention.

[0024] FIG. 7B is a view of the FIG. 6B semiconductor device at a processing
stage subsequent to FIG. 6B, in accordance with the second exemplary embodiment

of the invention.

[0025] FIG. 8A is a view of a portion of a memory cell device according to

another exemplary embodimerit of the invention.



the invention. [0024] FIG 7B is a viewof the FIG 6B
sem conduct or device at a processing stage subsequent
wOQoFE@376B, in accordance with the second exeRrpirasg007/000038

enbodi nent of the invention. [0025] FIG 8A is a view

of a portion of a nenory cell device according to

anot her exenpl ary enbodi nent of the invention.[0026]

FIG 8B is a view of a portion of a nmenory cell device
according to yet another exenplary enbodi nent of the
invention. [0027] FIG 9 is a view of the structure of

a nenory array in a conventional NAND type flash

onzel T2 R o B e P B A pocoring o e
j AP ; ' f d by th t hod
anotheseioh Bt} PSS HE SRBRRER, N OF THE | nveNT! o
[0029] In the foll ow ng detail ed description,

[0027] T ef erENG® issa UREE of he Steu@GeOBPa Y@ iiradydynita cohvedtional
forma part hereof and show by way of 1llustration

NANDsgppeiffash metyadiyment s i n which the invention may be
practiced. These enbodi ments are described in

sufficient detajl_ tQ enable those skilled in the art
[0028] t o prHlei Wisilalock diagtapy ,0? 3QMBULRE sy stega usinge? ispary cell

device BB RSB, MBS 6 s BN s 2.

and scope of the present invention. The progression of

pr ocesspEr AIERD DESURIFIION GF IREINVENEIORI nent s
of the invention; however, the sequence of steps is

not limted to that set forth herein and may be
[0029] changbdttesfallowimgudetailed deseaiptiony tefiereimee éxoete torthef

steps necessari l%{i occurring in a certajn order . .
accompanying drawings, which form a part hereof and show by way of illustration
specific embodiments in which the invention may be practiced. These embodiments
are described in sufficient detail to enable those skilled in the art to practice the
invention, and it is to be understood that other embodiments may be utilized, and
that changes may be made without departing from the spirit and scope of the
present invention. The progression of processing steps described is exemplary of
embodiments of the invention; however, the sequence of steps is not limited to that

set forth herein and may be changed as is known in the art, with the exception of

steps necessarily occurring in a certain order

[0030] 'The present invention relates to a method of filling a high aspect ratio
trench isolation region that allows for better gap-fill characteristics while
substantially mitigating the presence of voids and seams. The invention may be
used an any integrated circuit high packing density environment, including but not

limited to memory, flash memory being but one example.

[0031] FIG. 2 depicts an unfilled high aspect ratio trench 108 to be used as an

isolation region in a semiconductor substrate 100. Before forming the trench 108, an



[0030] The present invention relates to a nethod of
filling a high aspect ratio trench isolation region
wohad7/apd7ows for better gap-fill characteristi esTmiszd02/000038
substantially mtigating the presence of voids and
seans. The invention may be used an any integrated
circuit high packing density environnent, including
but not limted to nmenory, flash nenory being but one
exanple. [0031] FIG 2 depicts an unfilled high aspect
ratio trench 108 to be used as an isolation region in
a sem conductor substrate 100. Before formng the
trench 108, anoxide |layer 102, a polysilicon |ayer 104
oxide lazigr 102, 5i pelysiconylayen bt and amdtuide taser 19608y thedblanket

. the seniconductqr substrate O as a part. of the | ater
dePOSIt‘?CEBY?Tc sasendugtarsubsirats 0032 rag efm%tarofgbrrﬁﬁeon of

cevces S SRSTRESLRRBAN 10 Y A SR RS B s
' ' i . 0 . .
formea Bl RhgfPREInd o SR g g S e

ratio treR@h 408, Thandedde108 HadsideRallsha 2tteARGha S aBh D oMo 114. ‘The
shown. These val ues are used to define the aspect

_ height ir atd theovidtiewt oftiehtréfch 109a823ls&ehewm. nfhese FalGes 3¢ used to

. oxide layer HOa is fornmed on the sidewalls 112 and
define the aspeat ratio of theérengb|188i on trench 108. FIG 3A shows
the resultant oxide |ayer HOa from a deposition

. Fl ; | J di . Wh
(00321 010 i b7 o e YRR 77 bRt RAOPPERGH: BRerbrALS 112
and bottorA ﬂ%gh!ﬂ& §QTudh tfé?icﬁgmg. her gl THB%Q e g&xﬁ{a‘?ﬁ Oxtde layer
As can be seen, the FIG 3B oxide layer st ops

110a frobe h@pdigich pidctes! BUE! 3H Showkehedternativeldmbsdiniéhtd®here an
| ayer HOa covers the nitride |ayer 106. Alternatively,

oxide lalyet h1@ejzostioim fircam dhe xietighistdewalls bé2 end| bytéaint 1d 4furing a
the oxide |layers HOa, 110b. [0033] Next, a selective
thermalapddation proeesss Ascarsbesesn, the Flxi 38 oxide layer(1d0b srops below

the nitride layer 106 whereas the FIG. 3A oxide layer 110a covers the nitride layer
106. Alternatively, both deposition and oxidation may be employed to form the
oxide layers 110a, 110b.

{0033] Next, a selective etching process is used on the oxide of the FIG. 3A or
FIG. 3B structure to remove the oxide layers 110a and 110b, respectively, from the
bottom 114 of the isolation trench 108, as shown in FIGS. 4A and 4B. In the
embodiment of FIG. 44, the etching process also removes the oxide layer 110a from
over the nitride layer 106. Any etching method known in the art may be used.
Alternatively, other processing techniques may be used such that the oxide layer
110a or 110b may be formed only on the sidewalls 112 of the isolation trench 108,
thereby avoiding the etching requirement.

[0034] After the oxide layer 110a or 110b is removed from the bottom 114 of

the isolation trench 108, a hydrogen fluoride (HF) cleaning process is used to prepare



FIG 3B structure to renove the oxide |ayers HOa and
HCb, respectively, fromthe bottom 114 of the

wo2e7a8930m trench 108, as shown in FIGS. 4A an@C#@s200/000038
the enbodi nent of FIG 4A, the etching process al so
renoves the oxide |layer HOa fromover the nitride
| ayer 106. Any etching nethod known in the art may be
used. Alternatively, other processing techni ques may
be used such that the oxide |ayer HOa or HOb may be
formed only on the sidewalls 112 of the isolation
trench 108, thereby avoiding the etching requirenent.

the bottkgrgif ﬁ@%@f%@%&g‘? 'iﬁ%?qrs%ﬁa&rpw f&éﬁﬁ@”@lﬁgon (epi
n uorlde cl eani n cess,is u
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the grow h of epitaxial silicon (epi silicon). Any

ot her S, t
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layer oftept BilltohOf 618 gréfenfrehe ditesbt téml BiEsS Ble ielatiid réAEh 108, as
116 is grown fromthe bottom 114 of the isolation

shown i BlGgh 5708nd &B. shevepi silicdrGly 3 A 168 gb@vnTioea hpight which is
silicon layer 116 is grown to a height which is |ess
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trench 108 for the HDP deposition process, while still
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the electrical field decreases while moving further from the oxide layer102.

Therefore, less electrical isolation is needed deeper in the trench 108 than near the
top of the trench 108. The epi silicon layer 116 is a space holder between the oxide
layer 110a, 110b on the two sidewalls 112. Additionally, the epi silicon layer 116 is a
high quality material that will not trap electrical charge.

[0036] After the growth of the epi silicon layer 116, an oxide layer 118 is
deposited over the semiconductor substrate 100 to fill the isolation trench 108, as
shown in FIGS. 6A and 6B. The oxide layer 118 is high density plasma oxide in the
preferred embodimerit, but may also comprise any other high quality CVD oxide
such as high temperature o.xide (HTO), 0zon-TEQOS, or any other comparable oxide
known in the art. The oxide layer 118 is deposited by a chemical vapor deposition
(MDPCVD) process in the preferred embodiment, but may alternatively be done by

any other method known in the art. The oxide layer 118 does not have any voids or



Therefore, less electrical isolation is needed deeper
in the trench 108 than near the top of the trench 108.
woheo7@89373i | i con | ayer 116 is a space hol der beCnasm07/000038

the oxide layer 110a, 110b on the two sidewal ls 112.
Additionally, the epi silicon layer 116 is a high

quality material that will not trap electrical charge.
[0036] After the growh of the epi silicon |layer 116,

an oxide layer 118 is deposited over the sem conductor
substrate 100 to fill the isolation trench 108, as

shown in FIGS. 6A and 6B. The oxide layer 118 is high
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process I n the preferred enbodi ment, but nd

planarizdd 8 Baiipléatt ¥hd 11denef e Bolativrhgendr 108d Thivgan be diohe by
art. The oxide |l ayer 118 does not have any voids

chemicalrmapsar{isalgholisbing) os byprgsevethod knbevrpini tre antt  oxi de
| ayer) because the aspect ratio of the trench is
reduced by the epi. silicon | ayer
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[0037] gepocThe Bnsh fealation FemiopapEReats Themetog of fhppeesent
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I ng or od known in the art.

and 200B) @5 sheagin BITIS BiADAnd 8B OThd Brenell idolatidie regioh@d3ptomprised
the present invention may be incorporated to separate
of an epictilicon layer 46 andl aaoxidedgyert B Eormoead asfdascakedpbeye), is
: adj acent nmenory cell regions 201 and 202 of a f]ash
betweengnfirsy astive tegipn 20 @adahsecushactive regiom 207 i pastratg 100
and 8B. The  trench isol atjon. region 203, conpri.sed
respectfilL grsat NPLSHO Ryr oDt SnaL B DRPHESrag By Aqgtire 200a or
far Clq ' [ i1 ]
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memor&Q:Qlls MT1, MT2, MT3, and MT4 connected to one NAND string connected
to one bit line BL. The trench isolation region 203 of FIGS. 8A and 8B, may be
formed between any two of the memory cells MT1, MT2, MT3, and MT4 at locations
11, I2, and/or I3 to electrically isolate the memory cells from each other. The actual
flash memory cells formed in regions 201 and 202 may be of any conventional

construction. However, the invention is not limited to flash memory and can be

used in any integrated circuit device where isolation is required.

[0038] FIG. 10 is a block diagram of a processor system 400 utilizing a

memory device 416, e.g., a flash memory device, constructed in accordance with the

present invention. That is, the memory device 416 has cells separated by a trench

isolation region constructed in accordance with the invention. The processor system
)

400 may be a computer system, a process control system or any other system

employing a processor and associated memory. The system 400 includes a central

10



respectively associated with nenory cells of the flash
menory structure 200a or 200b. For exanple, FIG 9,
wdepi7aisss7a NAND type flash nmenory conpri sing f®am/us2007/000038

menory cells MM, M2, M3, and M4 connected to one

NAND string connected to one bit |ine BL. The trench

i solation region 203 of FIGS. 8A and 8B, may be forned

bet ween any two of the nenory cells MIl, M2, Mr3, and

M4 at |ocations Il, 12, and/or 13 to electrically

isolate the menory cells fromeach other. The actua

flash nmenory cells formed in regions 201 and 202 may

be of any conventional construction. However, the
processing/antti (6P Wst020 €. 8. i ainiew procddsas that comynunitatesmivith the flash

used in ané integrated circuit device where isolation
memory 416 aggi 3eHO dedgef0Eprer abus428. Ji srustdregmtachtbat the bus 420

may bely Q5S8R R R IR SRS o1 ot for
convendiED phipoRERSAY! TGO PR FRBL il TR R

second HANALYIGIA il NhatEREd S MdthelcB&s alr{p Y6 Prh@ike the8nvention.
processor system 400 may be a conputer System a

The progesesysten 0o hls)iatRidesrantdpnohbess syaheny CRANY degica 412
’ processor and associ ated nenory. The system 400

and majriptlydiesa reaskonlyanenopy (RE3M) g vies (not hoympand gegipheral
. a njcroprocessQr, .that communi cates with the flash.
devmesrﬁéﬁ%ﬁs HEP N Giek ATV O AN SOMESTEAISK (61D RSB drive 406 that
must_.be, not t t bus .42 be.a_ser es of.
aiso corf iRl CBieRYF b e 07 55 € TRt B8 4 BBl B o g
but for conveni ence purposes only, the bus 420 has

[0039] been Thé HBbV@HEskristich ahdHrBwWaHEs afe 6RBPRIbE t&hHQ¥ICE
410 is illustrated, but is not necessary to practice

illustratiee of avempilay.enibedipnerds selhichsachien #e(featiges andl adlemtages of
. random access nmenory (RAM device 412 and may include
the inventiam dAdthopghensmplanomnbosiments abthepragant investion have

been degce:rritgcrl] %21%' illustrated herein, many modifications, even substitutions of
materials, can be made without departing from the spirit or scope of the invehtion.
Accordingly, the above description and accompanying drawings are only illustrative
of exemplary embodiments that can achieve the features and advantages of the
present invention. It is not intended that the invention be limited to the
embodiments shown and described in detail herein. The invention is limited only by

the scope of the appended claims.
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devi ces such as a floppy disk drive 404 and a conpact
disk (CD) ROM drive 406 that al so communicate with the
WORW7AB70ver the bus 420 as is well known in PO®/USRI07/000038
[ 0039] The above description and drawi ngs are only to
be considered illustrative of exenplary enbodi nents
whi ch achi eve the features and advantages of the
i nvention. Although exenpl ary enbodi nents of the
present invention have been described and illustrated
herein, many nodifications, even substitutions of
materials, can be nade w thout departing fromthe
spirit or scope of the invention. Accordingly, the
above description and acconpanyi ng draw ngs are only
illustrative of exenplary enbodi nents that can achieve
the features and advant%ﬁﬁgl the present invention.
It is not intended that ention be limted to
e
What is! ﬁrxﬁ% gg o n&?‘é %1391*9@%1 ) ge %“i‘%ﬁ{)c't@c? ﬁg Iﬂat{je% ?"a#er% ofethe United
. States i@ppended cl ai ns. uCLAINB What S clalned as neM/and
desired to be protected by Letters Patent of the
United States is: 1. A nethod of formng a trench
i solation region conprising: formng a trench, having
1. Amethodnef fprmingm teendbisplaiion regiomicomprisfingst  oxi de
| ayer on the sidewalls of the trench; form ng an
bk L nch, the
fgg‘:“?ﬁé ?glkerll(gg glra % ﬁgsﬁgﬂmﬁfahel ght Hta&fgess than the
first height; and form ng a second oxide | ayer on the
fepming adirst 837’6\‘3 layer ap thegidsueplisrofthgitiarch; wher ei n t he

act of formng the first
forming an epitaxial layer on the bottom of the trench, the

epitaxial layer having a second height less than the first height; and

forming a second oxide layer on the epitaxial layer.

2. The method of claim 1, wherein the act of forming the first
oxide layer comprises:

forming an oxide layer on the bottom and sidewalls of the

trench; and

etching the oxide layer to expose the bottom of the trench.

3. The method of claim 2, wherein the oxide layer on the bottom

and sidewalls of the trenchi is formed by deposition.

4. The method of claim 2, wherein the oxide layer on the bottom

and sidewalls of the trench layer is formed by oxidation.



oxi de | ayer conprises: formng an oxide |layer on the
bott om and sidewalls of the trench; and etching the

woxid@spdEyer to expose the bottom of the trencRhCTRS200800038

7.

10.

met hod of claim 2, wherein the oxide |ayer on the
bottom and sidewalls of the trench is formed by
deposition. 4. The nethod of claim2, wherein the
oxi de layer on the bottom and sidewalls of the trench
| ayer is formed by oxidation. 125. The nmethod of claim
1, wherein the epitaxial layer is fornmed by grow ng
epitaxial silicon. 6. The nethod of claim1l, wherein
the second height is |less than or equal to a wi dth of
t e meghed of glaimhb wheredd theg epitarial lnyepirefaanied hg
second oxi de |layer conprises one of a high density
B RWIR @&ﬁlg@al%ﬂm&h tenperature oxide, and an
ozone-%E . 8. The nethod of claim?7, wherein the
second oxide layer is formed by chem cal vapor

osition. .9 . .Th thod of claijm1,. further
CERRmetn o of lai T 0 Rerein £ sccond BBhb™ BIEmansi ng
chem cal nechani cal polishing. 10. The nethod of claim
lor dqurdl be g widthrofshagrericht mi ng an oxi de | ayer over the
substrate; formng a polysilicon |ayer over the oxide
| ayer; and

The method of claim 1, wherein the second oxide layer

comprises one of a high density plasma oxide, a high

temperature oxide, and an ozone-TEOS.

The method of claim 7, wherein the second oxide layer is

formed by chemical vapor deposition.

The method of claim 1, further comprising planarizing the

second oxide layer using chemical mechanical polishing.

The method of claim 1, further comprising:

forming an oxide layer over the substrate;
forming a polysilicon layer over the oxide layer; and

forming a nitride layer over the polysilicon layer, wherein the

oxide, polysilicon and nitride layers are formed prior to forming the

trench.

11.

A trench isolation region comprising:



formng a nitride |layer over the polysilicon |ayer,
wherein the oxide, polysilicon and nitride |ayers are
woaoommdozori or to formng the trench. 11. A treRCi/US2007/000038
i solation region conprising: 13a first oxide |ayer on
sidewal k of a trench, provided in a substrate; an
epitaxial |ayer on the bottomof the trench; and a
second oxide layer on the epitaxial layer. 12. The
trench isolation region of claim11l, wherein the
epi taxi al |layer conprises epitaxial silicon. 13. The
trench isolation region of claim11l, wherein a height
of the epitaxial layer is less than or equal to a
aviirgt bxidle laper om sivdwallslof dhenthgmuividedimai on regi on
of claim 11, wherein the second oxide | ayer conprises
Sub@%%?'Of a high density plasnma oxide, a high tenperature
i'de, and an ozone-TECS. 15. The trench isol ation
region of claim11l, wherein the trench is fornmed in
antepisudaltilapeeon thebetibot ohithe thendhgndn oxi de | ayer, a
polysilicon layer, and a nitride |ayer over the
o5 Ate Mer SrTRERIDIEIIEFercOMPY  SI NG: @ fi 1t
active area rn a substrate; second active area in
the substrate; and a trench isol ation regi on between

the first apd, second actijve . e
12 Tri\e trench isolation reg%n of clatm 11, wherein the epitaxial

layer comprises epitaxial silicon.

13. The trench isolation region of claim 11, wherein a height of the

epitaxial layer is less than or equal to a width of the trench.

14. The trench isolation region of claim 11, wherein the second
oxide layer comprises one of a high density plasma oxide, a

high temperature oxide, and an ozone-TEOS.

15. The trench isolation region of claim 11, wherein the trench is
formed in the substrate, the substrate having an oxide layer, a

polysilicon layer, and a nitride layer over the substrate.

16. A memory device comprising;:
a first active area in a substrate;
a'seconid active area in the substrate; and
a trench isolation region bétween the first and second active

areas, the trench isolation region comprising:

14



areas, the trench isolation region conprising: 1l4a
first oxide layer on sidewalls of a trench, provided

wono@/msedrzt rate; an epitaxial |ayer on the bot Pomust007/000038

17.

18.

19.

20.

21,

the trench; and a second oxide |ayer on the epitaxial
| ayer. 17. The nmenory device of claim 16, wherein the
epitaxial layer of the trench isolation region
conprises epitaxial silicon. 18. The nmenory device of
claim 16, wherein a height of the epitaxial layer is

| ess than or equal to a wwdth of the trench. 19. The
menory device of claim 16, wherein the second oxide

| ayer of the trench_isolation region conpri ses one of
a hifipst exislsl layeppn sidewallvef aareﬁglgww%%@é’ear e oxi de,
and an ozone- TEOS. 20. The nenory device of claim 16,
%ﬁﬁ&ﬁ&& the nmenory device is flash nenory. 21. A
system conprising: a processor; a nenory device

coupled to the processor and conprising., a first
acenaPidal layenon g bpipa Ofaﬁﬁeté%ﬁ‘é"égfji ve area in
the substrate; and 15a trench isolation regi on between

t hey delcbfill cXidle B8@0 M6 etdpiRx@ldager. t he trench
i sol ation region conprising:

The memory device of claim 16, wherein the epitaxial layer of

the trench isolation region comprises epitaxial silicon.

The memory device of claim 16, wherein a height of the

epitaxial layer is less than or equal to a width of the trench.

The memory device of claim 16, wherein the second oxide
layer of the trench isolation region comprises one of a high
density plasma oxide, a high temperature oxide, and an ozone-

TEOS.

The memory device of claim 16, wherein the memory device is

flash memory:.

A system comprising;:

a processor;

a memoty device coupled to the processor and comprising:
" a first active area in a substrate;

a second active area in the substrate; and

15



a first oxide layer on sidewalls of a trench, forned
in a substrate; an epitaxial |ayer on the bottom of

woheo7tasezrch; and a second oxi de | ayer on the epCras@i/000038

22.

23.

24,

25.

| ayer. 22. The system of claim 21, wherein the

epi taxial layer of the trench isolation region
conprises epitaxial silicon. 23. The system of claim
21, wherein a height of the epitaxial l|ayer is |ess
than or equal to a width of the trench 24. The system
of claim 21, wherein the second oxide | ayer of the
trench isol ation region conprises one of a high

densj t oxi de, | er at 0X and an
o7 e ERASISGor o B WREB e PRF AL el a4H7a ne
menory device is flash nenory. 16
areas, the trench isolation region comprising:
a first oxide layer on sidewalls of a trench, formed in a
substrate;

an epitaxial layer on the bottom of the trench; and

a second oxide layer on the epitaxial layer.

The system of claim 21, wherein the epitaxial layer of the

trench isolation region comprises epitaxial silicon.

The system of claim 21, wherein a height of the epitaxial layer

is less than or equal to a width of the trench

The system of claim 21, wherein the second oxide layer of the
trench isolation region comprises one of a high density plasma

oxide, a high temperature oxide, and an ozone-TEOS.

The system of claim 21, wherein the memory device is flash

memory.
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