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MULTI PLE- DEPTH STI TRENCHES I N | NTEGRATED CI RCU T

FABRI CATI ON TECHNI CAL FI ELD OF THE | NVENTI ON The
w@r@smns73i nvention rel ates generally to integrBCEBUS2005/030377

circuit devices and, in particular, to the formation

of nultiple-depth STI (shaIIéMItrench i sol ati on)

trenches in an integrated circuit device. BACKGROUND

MELTHE E-NEEYH SN VRIENOHER IN GRFESRA TED IiCIROUI TR YR REATION

as internal storage areas in the conputer. The term

menory identifies data stora%f that conmes in the form

of i ntegr at ed TEGENGAL FilgsD E’]TEE@}‘\%ENTI;%DY y
t
o 58 500 0 L Bk D S B B

partitiier, & ma)fomﬁatmmfmmlﬁplbldepﬂhm lasiedissi thghch el aiohftedhes in an
) men'é) cells in response to an external address. There
integrgted €EQHRY4AVIGH f f erent types of nmenory. One type is
DRAM (dynam ¢ random access nenory). This is typically
used as main nmenory in a conputer environment. A DRAM
menory cell is comonly configured as an access

transi stor coupBAGKGRQAUNEPQET R INKENTAOYe stored on
ue of the nmenor

the ClYigrgC Lt e&g%?%re&gplggl Xd}gr%%ﬂég &% mrtr%tgﬁlsstqrﬁ%e areilsy 1nqd%|3 Icdmputer
The fefidl Uhérﬁc&yadéirftlﬁ%ﬁi athls@pagfth | Bfidek it ihleXon® ofMitdprbd cirdult chips. In
contents. As soon as the power is turned off, whatever

genepphtTacmaRy devicoRamtia angsiay ofigweeesy celis for stering datgomdiraw and

i ' ' i ck acc
coluff deboddh B Rl « SRR SPRRL Ly BR h1 Se P ary of
membryovdils &s rdshasse tﬂaﬂex&mapaddr@@h menory is a type of
EEPROM (el ectrical |l y-erasabl e programuabl e read-only
MeNDIThkrd 8 beved] dRRerBRAHR o&ﬁi@en‘i&gs ofleapreEd DroA T %ﬁnic
Many nodern personal conputers (PCs) have their
randep geeass BYmRrY) Abis isrsipigally @Bﬁcbassfbaln hmmw ig anomagier gnpnment.

A DERSREER okt oI 233 B0y Sitbufba'd OF godesd BRI GE
capaéit@C A sharge slered ©ﬁ$hé)@tpa¢>i&ﬁ defin@nadit€$alt6 6f e mtdméd/ eB DRAM

to support new conmuni cation protocol s as they becone
is geReral o s rhighdneaps Brabiirepiinen 8 siepdly floy afgleciimbiydp ynaintain its

cont%@%é@&oh@@ (5\79& 1§ Rﬁne‘;(‘i'mf‘ %Fage\je? {ﬂtg Waa% al% ﬁer]AgI‘fi i§ f%lst However,

Menory conpri ses neénory array t udes
it rephangeopuleriae it prf)wdes high memory density and quick access times.

Another type of memory is a non-volatile memory known as Flash memory. A
flash memory is a type of EEPROM (electrically-erasable programmable read-only memory)
that can be erased and reprogrammed in blocks. Many modern personal computers (PCs)
have their BIOS stored on a flash memory chip so that it can easily be updated if necessary.
Such a BIOS is sometimes called a flash BIOS. Flash memory is also popular in wireless
electronic devices because it enables the manufacturer to support new communication
protocols as they become standardized and to provide the ability to remotely upgrade 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 in a random
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menory cells arranged in row and colum fashion. Each
of the nmenory cells includes a floating-gate

wo p@bni2e8f ect transi stor capabl e of hol di ng a POEHU§®N5/030377
The cells are usually grouped into bl ocks. Each of the
cells within a block can be électrically programed in
a randonbasis by charging the floating gate. The

basig bpriyegiogtheoatimgmand Theakutdeeah be sérha@ddrime thyfldhting gate by a
gl ock erase o fjn(ilatlon The data in_a cell is

blockerase Apration,y e daty et esllie dstermisgd by dhepresense ehalysgace of the

charggﬁlghg%gﬁ@ gate. Flash menory typically utilizes one
two basic architectures known as NOR flash and NAND

f I a [ he | o used
o f’gglésﬂ}ﬁelﬂglé}vt?gi%hl}? P‘uﬁ%é%g% Pf’ {%ﬂo téarsg ar hlgetcburrgs krg)wn as NOR
flastcaldiNANGS flashiiihy desishaticarie dedwadl feshn ittie lbgfcaisb@ to 2ehd bhe devices. In
NOIgﬁCfH\ nglgor ceI I cou%ed to a bit line. In NAND fl ash
BH 4 S, aLOLYRR AhMSToRErRYis e equpleddp parablghvith epgh memory
cell §<ﬁ.fplle%5to W'btltrhrfénlﬁ»{ NA‘IQDfﬂarsﬁtardﬂ?c %, 8l #m fo ftlﬂ&ngr? cléggslare coupled

coupled to a 1 ne. Menory vfce ricator
in sepie$ Withonbt the rﬁrst megoratcel of hecolummd emipbe] thallit ad. or s,
are continuously seeking to reduce the size of the
devi d‘dsmoﬁrddvicxerfabimattcﬁre&sfv@dﬂl dsidtledrénteg@hreircuit dev1ce fabricators,
roductivity and redu power consunption. Howev

are BufiHeirly Stk aEl AESEC SHaP! the deiser aymaher deviern aeiate bigher
prodﬂﬁc‘i/\hﬁlea%d%‘(ﬁﬁg@ﬁow &m@ﬁﬁ%ﬁ&?l ot es, dsﬁe@ﬁ:@%%@h%%rﬁeréﬁ%ﬂer

menory architecture ecause 0
isolatioh waesthadevicessttbcomes hiope cr8ival. | ‘Bhis iy espetially trhatn f43h memory

duct
archi&ihist b0 e &}%“%@%ﬁ et SurBM on Ac devi ces are
scal 2531@ Y, er, and trenches becone narrower,
di el ﬁ?w tﬁ@flﬁ 1satstigr (YH hes mwe@mbwgl in semiconductor
fabnbﬁﬁnec@?km&é’ fi éilifﬁdle?twnt Asﬁ&v?ceE QI%LQCLIB ?J}:t]]%e %H tljeﬁ hes
é | o 0 ?1

of ten feduce I ower the aspect
becomemaby/enaikalﬂgne ﬁllmfe]ne ﬂrenchesl lbecohkamlﬁweéa,smfgl}ahﬁﬁcult Asa

t|o bet en,ac as inthe p phery often
resull, 3ot 0Pt RS St ot Biesntisentio 8 he Fioe Hiseeby maline it
easier @ fifl hHo%@&oﬂéld%(ﬁE% @&@3&1 acBivg afeQt il ?En%l?éi‘? 8ften requires
stated bel ow which wll beconme apparent t

that &¢griaineigerich dﬁh@llwrmalumedr eadi ng and under standing the
present specification, there is a need in the art for
al t effonthe razesbhmiatedfabma;uhd}l for@tlies oéaabnonatad bW which will

t deyi SUMVARY OF.  THE | NVENTI ON The
beCO%%ﬁa%ﬁfgﬁg .t1§1r§8 aﬁ#@ Bt eErtHPeR r?%%l@%%we@rqnémgtth«\% present

specifie@idi, R RRheRY Nethe art for alternate methods of providing isolation within a

semiconductor device.

SUMMARY OF THE INVENTION

The above-mentioned problems with integrated circuit field isolation and other
problems are addressed by the present invention and will be understood by reading and

studying the following specification.

Various embodiments of the invention facilitate multiple trench depths within an

integrated circuit device. By forming trenches to a first depth, but of varying widths, a
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probl ens are addressed by the present invention and
w || be understood by readi ng and studying the
wo edobord78y speci fication. Various enbodi nents pET/UR®05/030377

invention facilitate nmultiplg trench depths within an
integrated circuit device. formng trenches to a
first depth, but of varying w dths, adeposition of

depositioh o€ ticlectritahsietidllcan @useaume of tieetraicheste filt @ndosesoff while
fill or close off while |eaving othe i.der trenche

. . “her, w
leavipp gfher, rafigiEgnchis opepoRemonalstt anpation ef the didletrigmalena] can then
be taﬁ@l%dttﬂ @Jgpo\?ﬁ a56ﬁ+lﬁro?ﬁué S RASE s IRIER PfentdEin® BAches filled.
trenche I'l'e T'eaving remaining trenches filled.
Rem&eatod exposéd pxpiosedf the nndahingsubstiae gadtheh pemged to selectively

decp g cPPBAEREEs: P e seet fe ik “SichePRRRE ceypsed to
form%lil@éi%f%fyi@edégﬁﬁdvﬁﬁblﬁ Ho el ERIBSeqREntMAAsKipg dept hs

wi t hout the need for subsequent nasking. For one
enmbogiPBAL embdtBmeAY BI¥ih PohtRh YO HES PmBBbABE fbkicating a portion of

fabricating a portion of an integrated circuit device.
an inféigeatedtinant denivleu Ths nfetliod inglufles Hrmingdirseadrigcendeniches in a
in substrate to a first.depth, wherein each.of the
substzle 5 EREROEEE Aot PHIH SEr-al R s By TrErpHE than any of
the fréttfhclidse B afethothRrtiBY iReRdéothfls d Met BidRStricahyera@ fill the first
first dielectric layer to fill the first trenches

trenohps wWsheutffilling the secpad seenolrs and seroping apidions abtefyst dielectric layer

ortions of..the fir i el ' .
AU K T -
expoSiRg Pottidns oN gResbatdoderlokipdsittothspditiid frmsirafched e€The method still

substrate underlying bottonms of the first trenches.
furthpriachdensmoying sxppeadimesiionspithgiabsiraain pHgndhs sseond trenches to a

scoPALRIR P, B! G Qe BA 08585 R
dielectric.,layer to fill .the.secon I h F
anot HEF ehfibedredinert B BHP B Ricb o 48T B nEfony odfe The
array SIREMoSAell§ incTiies @ pruaylitdfof FRMUTY celf fosmedieh Wdaisstiate and
plurality of menory cells forned on a substrate and

arranged ihepes and coburnsam plusdity oh Srst rephes Hitprpgsegibefypegyrows or

[ nter f 1.
colub N DT LORP A RELUESHL OIS Bl PAER Al ey ot he ey
of mampsy ¢elbeTie €ifst bhdsaxbnarencheraraioymetby s meltvel ihcloding forming a
and second trenches are for nedglbﬁﬁahrnet hod i.ncl udi n

plurglisy af tigpchepiuhasybsiaisio o fasidertd. the Hrpdraghehaying 4 g s than
somd #11(5 fnafeRidand e Féc'oﬁ? ?reﬁélﬁ:g ‘Bgﬁﬁg Q%Hﬁ%&r@atw tﬂ%ﬁ‘ tHe§R%ninal value.
t han sone nom nal val ue and the second trenches having
The methiodtforthprémtledes timning b elielestiio lyevatenkyinglthe suhstiatedo fill the first
urther includeg fornmng a dielectric |ayer .gver.lyin
trenchR AR OERAOBCE BT PP frrehey St ViRh L RRGtOR A8 B FEEE laver o
expo@@@?hibﬁ? o586 ARGkl GS R ate HEPRWINMT0 BN PO BdhcRés Whige leaving
dielectric layer 'to
remaining trenches filled, removing exposed portions of the underlying substrate to extend

the second trenches to a second depth, and forming a second dielectric layer overlying the

substrate to fill the second trenches.

The invention further provides methods and apparatus of varying scope.
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expose portions of the underlying substrate at bottons
of the open trenches while | eaving renmaining trenches

wo 20028731 enpvi Nng exposed portions of the undePCTURYP05/030377
substrate to extend the secopd trenches to a second
depth, and form ng a second éielectric | ayer overlying
the substrate to fill the second trenches. The
i nventi on furBREBF PESURIFEHOR OFCHIEE DA wiN@rat us of
varyi ng scope. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fi guregurdPt AGRUR cEdseSEctinal viewabf ¥ p6Mon of a ifterhie@Rircuit
of an integrated circuit during various stages of

during3FipEnstaes 9t dabiicebonrresonarsee with apswhpdiment of the frvention.
invention. Figure IHis a cross-sectional view of a )
por t ifegirefl Hap aicrasegecitondl bew ediatportidnaftandnieptadsarcoft illustrating

I: ol pth Jlsolation trenches i.n accordance w.t h. .
use oM RSNl b ADare AR vl 7 GROFERER gl ghinvention
schenmtic,of. a . portion of menor rray and .
per i RS PAds Al sgsmtie A GrReALoLd TRGRY BHAYGd Reppheral
circuftfy fnhRcoraYE Wl an EhBMifedBof e hviafigati ¢ of a
portion of a non-volatile nmenory array in accordance

I
with Bﬁé}ﬂ% [ t [ AV, i '
is a uﬁg??gﬁgf o?ﬁ%gﬁgﬁﬁgﬁfgg‘ggﬂgg%ggﬁ%ﬁ%*gHﬁg%ﬁke
accoidancrcwith d dmdtleer wintbodimrene nbHihediimeentionf t he i nventi on
coupl ed to a processor. DETAILED DESCRI PTI ON OF THE
I I\I\/fEIHTgL(%\B liga ﬁggtif)ﬁdl lbmﬁzid’d?a@ﬁh@if bésid (ﬁg@rﬁdrptl'bﬁﬁe if adcbflance
.. preferred e i.ments, reference is made to the
Wlthg’é%‘gﬁ‘é‘ﬁ}ﬁnﬁg})@‘?meﬁﬁgn Eoppled t9raRTracessitt hereof, and in
whi ch is shown by way of illustration specific
enbodi nents in which the inventions may be practiced.
These enbodi nments are described in sufficient detai
t o enabl e DEGAZILED DESCRIRTION QFtTHE IDVENTE@Nt he
invention, and it is to be understood that other
enbodi frenfolowing deariled idescziptlonbiithepatfeedembsdifients, reference is
ani cal changes may be_made wi t hoyt departing from

mec : .
madq fighe EEPBPERYIPR AT HREEhet oy aridiereotpadii hichgsaewn by way of
e R A N A
embdBombntaree desciiteediin deffistenbdetaid td ermbledhosg skilled in the art to practice the

. 111 con-onsapphi,re echnol , .

B S80S SRR T b2 LBy mailon ta roces
or médh@ﬁ‘i%hl&ihﬁﬁ%&-[ﬁi@ bd RENPIR depRRBE FBROHE RERRYY the present

~ sem conductors,” epitaxial |ayers of silicon supported
inverhipna Tihg $ermserdfeandisuborate veedpegiousty atdhiarthe following description
includé erlrr]n? ans(éI %grtnlocrongﬁcrt&rcsttr%t%%_ Vﬁcl)til air(ent%% utn(c)ier%po%dsag Iilllclh?gné Silicon-on-
sapphire (SOS) technology, silicon-on-insulator (SOI) technology, thin film transistor (TFT)
technology, doped and undoped semiconductors, epitaxial layers of silicon supported by a
base semiconductor, as well as other semiconductor structures well known to one skilled in
the art. Furthermore, when reference is made to a wafer or substrate in the following
description, previous process steps may have been utilized to form regions/junctions in the
base semiconductor structure. The following detailed description is, therefore, not to be
taken in a limiting sense, and the scope of the present invention is defined only by the

appended claims and their equivalents.
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the art. Furthernore, when reference is made to a
waf er or substrate in the foll ow ng description,
WEe@ei0z8131 pr ocess steps nmay have been utili zedP€DUSIOND30377

regi ons/junctions in the bass sem conduct or structure.

The follow ng detail ed description is, therefore, not

to be taken in a limting sense, and the scope of the

pr es @igurésnienG genetatlydiepicn e ehetiddyofifyrmbihg adRpesO6fhn integrated

cl.ai ns dthlr e |yalents Figures |A-. I G general|
Clrcu&}é% ??ﬁorfga dnsm éFﬁWﬁQ thednyention. SYhilgth mes%wéﬁb
descx%éd%'tﬁ sﬂeelf@%f&é;ﬁ@ &fa ‘é‘érﬁﬁoﬁ&hcﬁfﬂ?ﬂ%ﬁ&?@wﬁg it g)ﬂl be ﬁpparent that

I nvention. Wiile the process w escri be
the msplexls idessribed bereincare switahlsomacaridyetf mteglewdrcyrcdle‘demees Figure
arent that the nethods descr ﬁ her ei n

it. wll b
1 digigiepopti) AP reopy Ay G ST ortiGup e ae Slepelpye oecurted. In

genefiE Vi £88 1 ARepibt€a Seinideiduetos sabRQtd IOSnfOP flsetlhefamh%
array after several @grocessn ng steps have occurre In

semigpanuetar devigey ios orme_ pilistent, subwraie etfotyps oysoerystalline
s1hco:l’1 %bgt?é Uége Bx{]mo %‘E@é&?ﬂgﬁ%@a C d d?sac%rﬁmaﬂ/aly%re 1 ld: and second

Sacnﬁﬂabl@ye)tstlabi‘d foemsd b{férgﬁngﬂié%hbéﬁa@e 1@NeTHRse ER will be used to
sacrificial layers, such as first sacrificial |ayer
protegtippriiRs of dhepnfieglyiig subgtraty 19 againg foomation eigrenshes. For one

embd?ﬂ'ﬁ[allxtyih@ Qir§tl'§§c§ﬁ’é?§lt15fe% 81 ﬁ 9555111%;&6(?&;('1%@{@%?%&”&'1% sep,‘i]b(g SRAficial

to protect portions o e under bstra
layerdubiingjli€ar maided8isdi;). t]i?c&mutiea;n erﬁbmdlrmat, drebfndi swerificial lager 110

igh{ it i B chsraaL eI e i sobi e 4 O% il secbnd sacrifical
layerMi16 mhi gﬁt HeToRNHd by blFﬁKet%%ﬁ&n{i’d'h mﬂédﬁqﬁ{ndetlgferf Fﬁﬁﬁer guidance

sacriticial layer 110 m ght be forned by thernal
on selﬂchdlapf watepiplstfiethe |saqr:ﬁma1 daptest will lee (OBidwé iwtith refesence to
b Q[nd sacrificial layer 115 m ght be forned by
su Se@lug?ﬂ?é?c TEPosi ti on of a silicon nitride layer. Further
gui dance .on sel terials for the sacrificial
I ayersmiik lpygd § Feie OWF Ying deseeqidesagi %@gwl}éﬁt The mask

layerAP0 ‘H@ﬁﬁésrhgeas%mﬁjﬁaﬁﬁ'y & trekfed, ?e f @l e %&i QFda¥ 'o? %&H@ sacrificial

second sacrificial layer 115.° Thé mas ayer
layerddfi Aeonaeraspleohe ﬁrmSkrMyleo h2(is atpaetnmhéghouormsx layae Masking in

o AR SIS0 A Bt o
I ayei Mask] ng,lrl n sem condﬁct or fabr| cation.is

undefsFig8Es Hhding1pelation renchewl%) m@oseﬁmdelﬁwamrhtrm@eff £30 are
forméd?’m tf1%1 §1ﬁ)tstrbt§‘ib§t F Podd %&e%ﬂcﬁe@ Cl@.?%gﬂslgb @fé i%ﬂned using

trenc are orrre in the substrat
a plasmdetdh. nHDvaetrhmyt angsutiopi: ci@bmay te 18lzadrte rémovmﬂcposem;g)rtlons of

the o] Fefg 1 any LS et obe Shictitie Sibstale 105,

The trenches 125 and 130 are formed to substantially the same depth as they are
formed concurrently. However, the first isolation trenches 125 are narrower than the second
isolation trenches 130. In application, the first isolation trenches 125 might be used where
narrow spacing is preferred and where field isolation is less demanding. As one example,
this may include an array portion of a semiconductor memory device. Also, in application,
the second isolation trenches 130 might be used where field isolation is more demanding and
where spacing is less critical. As one example, this may include a periphery portion of the

semiconductor memory device.
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the sacrificial layers 110 and 115 and portions of the
underlying substrate 105. The trenches 125 and 130 are
wo evoaeeB78D substantially the sanme depth as t hepCHIS2005/030377

formed concurrently. However, the first isolation
trenches 125 are narrower thgn t he second i sol ati on
trenches 130. In application, the first isolation
t r endndigur2 3 Cora Gt dizdectisefill ier @3 Harfoamned PR Mgt dislectric fill
1pref.err d and where field isolatign is | ess demanding. . )

layercanjpeluds apsrfiglectrigmateral. Same saecifin examples Welude sikicep oxides (SiO
- L . . | . .

or sl%yhﬁggﬁigﬁ RhsiFENRNYa daYyP cé@sﬁ% or cgeérﬁ%gie{éﬁj\?\)k g?%bs1t§dﬁe(CVD)

second isol ation trenches 130 m ght
proc¢ssiigdo béakalt deposit the divstalielecteio dilligyads whke érs daddeatdc il layer

135 %g)ilfdplﬁere | }ipis%rg%l{cp 'giat %Ps%? %)é&%g lrrr?ergg%? I@)gch?g iﬁ%%{:tyuv%eto ?he dielectric
mategi@Vd e finst ichetuee AlTlaydr 135 s¥erdhSlfiflibe shédficidla¥ Ry, il Xecond
is fornmed. The first dielectric fill Ia%;ir can incl ude

sacrifigial lyer Blox ipjthis garapleain otBenwordsetiefirs desleettic 68 layer 135 should

o4 bl . CO.or. & op O .

b of S PRS0 L2 8T g g

dieledefodi tayen1 {5@dhbe pemeesiswitigovt eighl frsakey aﬂ@cﬂ@%ithe &deend sacrificial
first dielectric fill layer 135. The first dielectric

layer; § 15 | ayer 135 shoul d be chosen such that a subsequent

r enoval Aoroqess is selective to the dielectric
mat erlibgl firgfrdielpedrie filldayetilaf shoyld be tepasited e dagee drakeloses off the

t i f4i=C] I [a.d.€....5econd
ros 8 ARSI SRR Ll L RUR e BS8 apo 0 ovn. 1
is notddethdtiths firstliselatioh triefictek 125 a6t hah@%o $bauifembi Wwidtld but simply
musti)iff ferent materjal _than the second sacrificial |ayer

DL Enth fhat wildve fillsdsnen toreationsof thesiitst digleeiric flf layer 135.
. ave r i L anific Ly . . :
sl e SRR ol EPAEEL 40 G0 i,y sy
mustdiealfactiditcthhi will demyar opkd Bfteh fowindtibe o flidp dissttdéededtic 811 layer 135.

degree. t hat, ¢l oses,  of f_the narrower first isolation
s sGPo eSS HIBTQMFHEDPLAR g tioie bewEs AdvifGdpasihasome nominal
valud WBIE R Sed3 i918Hbn &énch%s 0t £6 %ﬁd@@ha&iﬁ%af\x}iﬁﬁtabwe that nominal

i solation trenches 125 do not have to be uniformin
valuesi dt h, but sinply nust be of a width that will be
filled upon formation of the first dielectric fill
| ayern Fifure BDnpdraonsyaf théfirss dizuetic 801kt 035 dreeaabe&] to expose

por e Pl S s sk T . oy i
bSO 00l W50 L4 0l 1yl ik

fill layew13fgmay be dtefierbmsdlytriimnveal) thersi eavimpsidaved| lsef i iselatitietrenches

) ) : dth
130 c%%%@'gq t"[hi}?vlv E)a:y]%nﬁ’af’?é ggq?qggg’e 0 p%rt%nes otf rgl?ess%blgt?aﬁle ?85 evit\ﬁnogtt

substantially removing dielectric material from the first isolation trenches 125.

In Figure 1E, second isolation trenches 130 are deepened. This result can be
obtained by using a removal process selective to the material of the substrate 105 over the
materials of the second sacrificial layer 115 and the first dielectric fill layer 135. For
example, an anisotropic silicon etch can be used to remove exposed portions of a silicon
substrate 105 without substantially affecting the exposed portions of the first dielectric fill

layer 135 or the second sacrificial layer 115. Following the deepening of the second isolation
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In Figure ID, portions of the first dielectric fil
| ayer 135 are renoved to expose portions of the
waaipsegrse 105 in the bottons of the second i SBCHUBZINS/030377
trenches 130. By using an et;h-back process or an
ani sotropi c renoval process, horizontal portions of
the first dielectric fill layer 135 may be
trencheseraé); pottioak by thedirshvidelecttit Gl laygeauBh gns1d¢wﬂ$ bEthefsedond isolation

e oS58 8 L83 S T U s,
i ?2%13 %éim?%\'@h&%&%&@%@%@%ﬁﬁa%%ﬁ%éa?r nice, TodRyip the structure
of F1 1%‘1, gg Ef‘ﬁlié%éco]ﬁ Qhéféc?néjﬁﬁ RERE440 Emesbereﬁ $&thbved@Buch as by

y using a renoval process selective to

chenh&w—mm:henmall plafarizhtiors((HEP ) wsieg the Second satrifecistdayeril4f gs a stopping
of the second sacrificial layer 115 and the first

layergi el ectric fill |ayer 135. For exanpl e, an anisotropic

silicon etch can be_used to rean ortlon
a si Iln&egre &@sf@é@@’fg%@ 1gverhbift @%m? P 9remove%l 8l

form?tr %rf&f the gntggg%eﬂ geﬁ@é' ddn §cé%ﬁ %—Jh@t&é 5rshs filseJJﬁCIFS"O'a@ is well

or t e secon sacrl icral layer
under‘Dd)d(bl\m thg attt b€ seteiepedvictuy fafricatien. sBaravxdmple, portions of the integrated
| ationtrenches 130, por.ti.o f.irst

crou v B RV ET BT FeaPngs 10y S UGy Do SR ongtiyyress 150

that ér%‘? oMt @ Frobd &?é‘d&ﬁ@acﬁ%@ a8y bPREERAGidlathR tFIR Y 80 whild pbrtions of
y a wet e or other renoval process. In Figure

the muégrasedscmun dlemce heng laver ir¢quitemeats forigolagon glardg forpeed on active

oo QBRSO B iR G b DB OBl 5.
specﬁié@iaﬁx?l@he%‘tﬁ?"c@l@d cdi!iﬁﬂi@f@hﬁadl of hativay dréat 1146 rbe(v@dﬁ)ﬁrst isolation
usin hé second sacrifi cial % 115 as a stoppin
4

trendhay 75 while accw and @nirph@rauey Pq ¢ba rformgléps%ﬂ@afﬁ%ﬁd%@ between,
ot ls?lﬁ%g r}?oé? &5 B’c U |n?é£goe§ %8% A5 1;&rrngg gede1 ﬂgl (rﬁ%ntg?igsvlg O reas

145 a 15 ersto in.th

seni cgﬁm}@géﬁ fogfﬁo%gd?x[ag}p?e P8 P’ldgg SR de 3@% |ng frt%e igplation
trendh€ it RIBHAhKANEleltEBM fvodtRpiHE Rah BY fdiehedivgigmethods i 1n accordance

reqU|renents for isolation may be fornmed on activ

withdhemyentbo. tFrstexample; St isplation frensheacald be @@%ﬁd\}@vmgeaa%fst width
that Wm a]g?ej{i]g gg%rlr o aﬁlo Ol L & Iaw}éj’cgm}/\ﬁh llfyep %'é&dn‘&%olglfloﬂ {3&nches

evi ce e ul renmen

coulll B€ forsddataviig deeyolitbw du thRtwilh claset upyepar faanaﬁectﬁoﬁthasecond
are isolated from adj[ acent active_ areas
dielqetyis) 3l layier.and ieifd isolBtiongeneheperylq pe f a@lngﬁéh’é{’ yidth that will

rem%nff‘ é%n : Solfg?gﬁlofrporfgﬁeg%es d?%t fe\};ﬁw‘m?ﬁ %I:é;%y gé?? gt I?rgcessmg

s1m1talr k& thiat dascribed @itheetbrenoed Riguras:llEvl@ Etrveﬁsbectﬁﬁe biepiangnd that a third
i sol ated from t

1solqt1§g tegnsly denth éﬂléla]éyg f}g@%.rdrfa { the thlrrT(‘ialso{a¥1o ?rlenc es. Thrso%%ﬁ nhe use of

varying trench widths, any number of trench depths could be produced. However, deeper

trenches will correspondingly be wider when formed in this manner.

Figure 1H is a cross-sectional view of a portion of an integrated circuit illustrating
use of multiple-depth isolation trenches in accordance with an embodiment of the invention.
As shown in Figure 1H, the integrated circuit is formed in a substrate 105. For the following
example, it will be assumed that the substrate 105 is a P-type substrate. However, the

invention is not limited to a specific conductivity type. In this example, component devices
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Al t hough the foregoing exanple provided just two

depths for the isolation trenches, it is noted that
worre/0241an two dept hs can be fornmed usi ng net hpdBUB2005/030377

accordance with the inventiog. For exanple, first

i solation trenches could be formed having a first

wi dth that will close up upon formation of the first

ofa ﬁlnseiy@e tsutle ad pltypd Bele effe@aasistorsS@FRTEI0%1260 Q0SS aedbifed in an
a second wwdth that will close up

n-Weﬁ&dF{ floe REE%\é 38%1 andr0%desn sowrEfBE: Teetons QM ha‘agzg p+
condﬁ&ingh '"[rhg ?Pﬁq{rs] 2599 Q?c? SEICHE Kobpid ﬁ]m?%ng (‘fﬁeﬁ&frﬁlore first

hir W r‘emal N open ter orrra
isolatitreregizme @5 dTe Ifextherithis fekdrhple pgomiponByt deeides hamﬂg a second

condBHGRRIEAT B - Rl OB SRS RIS LS STt Romed
an 1s¢bl§féh ptwen2tg. enpdnpend M 1%%111 918 hhRS J5BEbe Rhinlr Qﬁoﬁg‘i fSChavmg n+
i sol ation trenches. Through the use of varying trench

condygtiititys ThamyEdig B ée angt 21 Ibeare isothégst fiem oog ladotber, pmb dmbcaﬁjacent
o i 1598 AL e SRS B 221 e

fromaliobulk H€ tHei otk subeitdbsits PAEI 10N répfiordPR I dHdededr @fbre of the
circuit illustrating use of multiple-depth isolation

second igplatiesragipng d88r Sapdelxnitherp-will2dB duisalatad fsgm appadjacent n-wells,
such 'ag‘}{ %1' ?Lr‘y by'oné Bp%ré & tﬁé BSd ls'(_)llaiég ?e%&%se%g)atﬁsddescnbed with

circult orned 1n a su tra
referémk lt® mgugssdmm, the setond ikdlativm @giousesl0 tivadeepdrehan the first
substr at 05 is a P-type substrate. However, the
isolafioR k81908 A29s not limited to a specific conductivity
type. In this exanple, conmponent devicesof a first
t ype 1t i peted skat §he iplation eqeipneflPe and { 3amey dedpenqdyEPeY trenches

(tren%% gla tx%%ggnﬁg@m{(ﬁ Tfed Be@hel %ﬁeszf%ﬁlgyleclgs’; g]—%op of

ave S urce/draln egl on

regulaloam:inegmlw slmpe)TdraoﬂEEﬁmbﬂﬁﬁan aﬂtheﬁ%b Fat exdngslé,dbelation regions
i sol atjon

130 ipESRsn A oo pprencit beey Ao N Eek sapete mﬁlsﬁeatthe N+ region 221
i i
Whlléjﬁ?ﬂaﬁ@xﬁe@ﬁ)\ﬂg rig? Rodla G Sech If)g{?eggﬁt 11}1 %:E%:g\%é rows 6t dﬂ% 200,¢ and 211.

n-type fiel fect t
It wilabe appewens that mudtiple siehelt dgptlp-caelble vRaDin alveieFETwaydbhd that the

N T N
coulcf2 BeiBe@ REcABh wiflNfle HoYatRHit@ IR fued E&Iﬁbéd"hé?elweédch as triple

19, by one or nore first isolation regions .
well grugbires weld khewn sothatagtd By formingdsdlatidn toénchbfanmccqmmce with

t 221 d
euooGRE LB SRl el BBt Poledy 56 ST pfise ftion low
voltage @@lablh%l 2td.,Scah bRl fadi B tddr AR AN heallad ¢ 2th gl VB piGal 13 thter-well
as n-well 217, by one or nore of the second isolation

deSlgﬂé@lﬁé‘R@l%O As described with reference to Figures
IA- |G the second isolation regions 130 are deeper
t hanFiguee 2A isa block diagram of a portion of a memory array 200A and peripheral

circuitry 207 as a portion of a memory device in accordance with one embodiment of the
invention. The memory array 200A can represent a volatile or nonvolatile memory array and
is provided to show generally how multiple-depth isolation trenches may be used in a typical
integrated circuit device. The memory array 200A includes memory cells 201 arranged
generally in row and column fashion. As discussed, field isolation needs may vary within an

integrated circuit device. For the example memory array 200A, shallow trenches 203 may be



10

15

20

25

30

isolation regions 125. It is noted that the isolation
regions 125 and 130 may be fornmed as open trenches
w@ reoesezd1es having two or nore ends), closed trPOLOER05/030377
(trenches formng a cl osed hgop of regular or
i rregul ar shape) or some conbi nation of the two. For
exanple, isolation regions 130 in Figure IH could
used tmoh&%&ﬁa&nﬁb%@d cplotng ofimeawip celscl0l wihitd dbagrdndRes 205 may
on 221 whjle |sol?t|on regi ons 125 coul d
be usrv‘%&r légfé the prray ghipemphesslls eOhvdiom reses ad qptrel PTYitRNe7.
211. It will be apparent that nultlple trench depths
can biguae 28 is wschepatic ef § portionsf e nenwoletilgtmemery array 200B as a
I tr
portrfS ERRIRPAATBR abtortitb Aol Sl RAGRRAT i Tersisn, he detai
of mdmortysexdyQDOB G@nproniied cnbstter ndldisiahd teatariots é@BOHMGHRS the
descri bed herein, such S trlfle well structures well

inventiggwrf e AGREY 3rRY 2848 fastufen gt feass rap itwnes of isqlaties fepches formed
in accgﬁ*gé}{cg %ﬁlean"&ﬁﬁbd?rﬂ@lﬁ%f MR nSefont NEALAY tdf%?ﬁatlon trench may, for

formance benefits, e.g., sensitivit
examlp@ moiat@mdj a¢entvrove dra:ghmmmi mhdndry celd whﬂe a aecohd type of isolation

i tat 'tho dlsadv nt ages | large .,
trench iy, b Grred AL iR D paTb T LS gor oo P Ot Ereg T efounding
circufliy2 Ok Bn®ry arrBP Fdpt&Bnto s@oﬁ@mwa@&{ﬂu@%haﬁ%mple depth

peri pher al C|rCU|try 207 as a portion of a nenory

isolafifen/frenehenn accor dance with one enbodi nent of the

i nvention. The nmenory array 200A can represent a
vol aflit ¢ayont efdrigak 2B dogrespormis yo ene enangnielof s NOoflagbemichitecture.

1y h | t th ation
How g e <Ry B iree APy S Fpr O Ao O the ipvention. As
one e§i§1¥1bféewoﬂ_@ﬁnegeéﬁﬁfn}’coﬁfarc%knaggﬁrcb %Eﬂé@ﬁ%af@ﬁﬁ@é f&lﬁjida&:d in
201 arranged generally in row and col um fashion.

accordmmm@eﬂle investign fayd¥ ANﬂ%ﬂxash@edsten@yesxﬁa wyelmlttltnugh@nly one drain

.cui t d or.the e
conta s SeH Bt ker SR i P e bRS BB LR st R Bl sk e
Accoﬁﬂhg%}eﬂhb ifv@nGoPfs o likiiee t@fherpoafiY 15041 desd@Bedhith foference to
de%[;:r trenches 205 may be used to isolate the array

Figurg2Brenpry cells 201 from access and control circuitry
207. Figure 2B is a schematic of a portion of a
nonv disshdwe imEigore2 By thamer00Bblask 2093 indlwdtes (wforté linemdfl2yand

interse B 58 22T i st O BB Rt 7 St epi gt mummber
of wdr@ lined 2@ aﬂdﬁﬁ@hﬁrﬁﬁ&%fﬂaﬂ%ﬂé@ ROP U KR SSHhEBHWEr Gltwbhe 2, 2 256 word
i nvention. The mermr%/ array 200B includes at | east
%

lines QD by 4806ibitdings 2eh T 1@@ﬂé§t Yings 204 nhay lm@tnctmhz gowpledito global
f t
bie 18 (FRREHATRE oo o SORSE Rerednds 3hmst Pllamn

ir g\(/)v|s g&agﬂg- gatgr‘grsanswtors ﬂ%r 2{'3 focalea awachmelnt%rs%gtggnnodf e} VYJBred I%Ie 202

and a local bit line 204. The floating-gate transistors 206 represent the non-volatile memory
cells for storage of data. Typical construction of such floating-gate transistors 206 include a
source 208 and a drain 210 constructed from an n*-type material of high impurity
concentration formed in a P-type semiconductor substrate of low impurity concentration, a
channel region formed between the source and drain, a floating gate 212, and a control gate
214. Floating gate 212 is isolated from the channel region by a tunneling dielectric and from
the control gate 214 by an intergate dielectric. Floating-gate transistors 206 having their

control gates 214 coupled to a word line 202 typically share a common source 208 depicted
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trench may be | ocated at a periphery of the array for

isolation of the array fromsurrounding circuitry. A
WOreovn/0987ar ray represents just one applicati on POT/USHE5/030377

of the nultiple-depth isolatgﬁn trenches. The | ayout

of Figure 2B corresponds to e exanple of a NOR fl ash

architecture. However, other types of nenory arrays

as arcayrsohﬁmeﬁﬂetcoﬁmmeﬁbAd ished  Bibutd DB, Iﬂb‘éﬁﬁng@t@ trafSis@RE206
drain contacts and source

wor d Iln?
Coupiﬁﬁf 8 rtEVB rfiscer veorr liges 2Womay shase thersame ooy anwec itersonnest 216.
Floa’a g%'u‘&ﬂsé £s MNRYE hiRsirdin BbUREd 1 ael%cglsb%ﬁ%é 204, A column of

only one drain contact Is re
the kaatingnglaiy: tomeis®ouReare tiose tromsistats domma}ﬂyl bdﬁlqﬂecbt@ra glven local bit

. c r di ngl nven is not limted t
tine 8 K s oF i h A tectr GorIono 06 i sk GregHEBR kR gl soupled
to a @Ben ASrShRW0I. N Figure 2B, the menory bl ock 200B
I ncludes word lines 202 and intersecting |local bit

i nesriROdy, yseﬁﬁgsﬁﬁaﬁgﬁn&&%m% %@giéggg%gﬁgwgher highly

envi ronmnmen e nu of wor

condugtinecinedb pootidé a sesed@padh &r 2 geaot pstmﬁalpmder Thé airspground 218
nes 204. The

e Qo 6 4,096 bit
serve o this Gteq ifhs Fobina dbasiiath e ecmpetion beligrad piay source
1nter%rﬁ@é‘t| 2181 dndlthé §r§a}( S8tnEMHeutsUn] Qh’&l f’of‘ gac‘lﬁo@e(ff%?emory cells

anplifiers (not shown in Figure 2B). Floating-gate
206.tF san@l maprery 2oGices way m@h@ wquie asantaci betwemsny drory sofirca

2 d I | ine 204. The
mter&? £ ngegé]%@yan |e¥?rg’ 6 cé% Iepr esent the
| ati l1g f t Typi ca
ConsdreE o B gt she PRPSHAENEr AL PaRuRSo Asgmoller or
procésiéd 3506n AcERHARR xﬁﬁﬁa@éﬁﬁbd’ﬁuﬁéﬂ' Tt BvERbH MtHelidn by e of the

an n+- ty e materi al g npurlty concentrati on
mempar davice 300ds pot @qpen@ahumtha onventien st cantieclofe a gariety of volatile

or o PR BT M AR e 2R By 30 i
pluraalt}ﬂ@ﬂ’khémbr}gc&ﬂl@ afrddgedfth 8@k af@ cAlah® Bdidon. SThSRkRb dév'i&ns 00
t he_channel region by a tunneling dielectric and from

includesfirsbisplagipn fgnches suclhgs %mHDth&crl@tatnetr@cwfa @mrrhm:the memory array

trol
s02 eORLI06 0846 HEARSLSAAL & RO BN CORhE SPPbERbew of e
memonnareHy m«iefoﬂﬁéﬂ ideptatiadasvith irﬁg}fn&fdim@@t dfﬂh@fn@@ﬁt{tﬁﬁt
216. As shown in Figure 2B, floating-gate transistors

206 oetRbSthriag 30PRamBE AGREed \WoIng ekteﬁ?ﬁly%ggwﬂgd’lo%%neaddresses
the sane array source interconnect 216. Fl oating-gate

receiyochbpis s edshress zeg sty Yin efldresiragnad comgptiens 130. Theaddiess signals
f.Lheg te
are d@ilich; B opd b oo Pt PhisBlort PELI-ERUPA BeSpenye tesprisepaca

addrdse sign@ls M&ing the atceks tircuitry 314 that includes decode and select circuitry.

Data is input and output through an I/O circuit 322 via data connections 332. I/O
circuit 322 includes data output registers, output drivers, and output buffers. Command
execution logic 324 is provided to control the basic operations of the memory device 300 in
response to control signals received via control signal connections 328. A state machine 326
may also be provided to control specific operations performed on the memory array 302 and
the memory cells. The command execution logic 324 and/or state machine 326 can be
generally referred to as control circuitry 327 to control read, write, erase, and other mémory

operations. The data connections 332 are typically used for bi-directional data
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line 204. A row of the floating-gate transistors 206
are those transistors commonly coupled to a given word
wo 20we/02021 The array source interconnects 216 PE/URE®05/030377
coupled to a netal or othergﬂjghly conductive line to
provi de a shared path to a ound potential node. The
array ground 218 serves as this shared path. For one
commubieatiore The rAeraofN@atHe@iupled veaeaernal froyesS§GUW IO or operation as
i pt erconnect 216 and the array ground 218 occurs only
part ghaneel peironicyytephwAB £X RS 0 2 PEIEES0p 980 inplisies amawgry cgntroller in |
apmgﬁﬁﬂEﬁﬁPﬁEM make require a contact between an array
source Tnterconnect and an array ground every 16

col u el gure .3 I i adr f nenor .
dovi Qb Sifciatat B Motk S lied ik ATl oo BB R sy
contidt sighala oaeberpiokided, ebslithememoty dd\ecd sV BhieGhas Daén simplified
menory. devi ce 300 is not dependent

ry type of the devi ]
to heﬁg%u% %ﬁ'ieﬁmé‘?ﬁ‘lt’ioén Ttawidl fuither hecndgistogd\hatithe gbaye description of a
» - i I | .
e s AR P Fe R o B PR Pl fl 6 o nota
compiefeniescriptibh ©f all tiangerdeits andfvatunes of@l typiocalf mehogndevidese
menory device 300 includes first isolation trenches,
such as shallow isolation trenches, within the nmenory
array 302 and second isolation trenches, such as

deeper isolation trencheegNn@&USION! i phery of the
menory array 302 and formed in accordance with an

emboQEREd aRf af AR WRR b desMEORN dtxlfﬁcrifi@i/e ﬁ»%gtgﬁpoﬂﬁultiple

accessed using externally provide ocat 1 on addresses
trenchelepthy adthbry araimtemtated sgcuitdpvidedry fRifonningatdahichesinsi sgbsttate to a
onnectipns 330...The _address signals are decoded, and
first Rt ROV S EREPS S g Fefie BB FEFALRS torte o the
trench@SGNEE: dl&sel dTEwHAE RAOH oaAlit: SF RicB trERtAES opdtS IKMGNndAEof a portion of
access circuitry 314 that includes decode and sel ect

the diglecgrig meterialeandhembe tagared 4o gxense p bottomrafidlhoren tronChes while

G B vi a dataxconnectd ons 332...1/0Q.¢circui t .322
eavift ot Sapded A mRRRE -8 st PG o T ety Substace
can thett pised td §déSivelyalwapaihe ypeitrénied, dHich SddsubSequently be filled.

provided to control the basic operations of the nenory

Suchgactheds capheiused fgan dienehss ebwuybig depthsavithoubtheingedifari a
subs@g@ﬁtrlﬁﬁsk jgnal connections 328. A state nachi ne 326
y al so

e provided to control specific operations

per f qraed on t . rray .302.an e nor o

Cel | S s ettt Ve g TS ated i Grecetbag berein, it wil
be apBsehiteith B0 s€ éMordmaieslel al th¥ aftehfah 9 drrhRoddSent Bk fsUalculated to

_Circuitry 327 to control read, wite, erase, and other

achieyg therspme purpose may be substituted for the specific embodiments shown. Many
adaptations of the invention will be apparent to those of ordinary skill in the art.
Accordingly, this application is intended to cover any adaptations or variations of the
invention. It is manifestly intended that this invention be limited only by the following

claims and equivalents thereof.



operations. The data connections 332 are typically
used for bi-directional dataconmmunication. The nenory
w@ amveloes7epupl ed to an external processor 350 fRPET/US2005/030377

operation as part of an elquronic system An exanple
of a processor 350 includes menory controller in a
ersonal . conputer. It will be appreciated by those

Wha§ ichné1 Bh the art that additional circuit ry and
control signals can be provided, and that the nmenory
device of Figure 3 has been sinplified to help focus

1. orAmshadmfdphmicating ppowian offagrintegratadecitghi devicoc@npiaing:
t [ Pl . evy .S 1.7t ended
t Qop e 0SBl s o PRl S St Bl of the
IS not secawnpnehs e aovidfi grementhat bhy bhe irermatizesand
features of typi ‘fal menﬁry devi ce, CONCLUS]. ON Met hod
a Halag&r‘fﬁm’gelﬁ%w@ Hiseir al dig fustigenches witheytiidling the second
formatiqn . multiple trench depths within an
integrated clfrcuit device by first forming trenches in
a reulbsingabeidne ofitlei first didleptric,lajeuto efposapations of ik kebstrate

Formati o f. a,djel ectric |layer can cause sone of the
£ encheleying pPUGRS o theSecsl arhes LM FRpasInggortions of the

Wi der tgBRfCInRPShs BRIGEMAIL 1R fidt R&{chbon of the
dielectric material can then be tailored to expose a
boemomingfexpered ppaions pé thetsubstudte toeextend\thegpcoadrtieméheg to a second
trenchq& {Llhid' Renmoval of exposed portions of the
underlylﬁéhgu strate can then be used to selectively
defopring talhecondaticlbétao tAiRs to Al kit k6l tsder@quUent |y be
filled. Such methods can be used to formtrenches of
varyi ng depths wi thout the need for subsequent
[ 1 fq is t .

2 [ aedbf JBHOT TRAED (e BRBAC T BB 0B Slicon substrate.

appreci ated by those of ordinary skill in the art that

an arrg&gqgﬁnt that is calculgte to achi eve the sane

3. putfisaeebemyf damsiyehsreinithesqoand disectisdaysricomprises a different
er@a@gﬁgma@eﬁm%-m&/ﬁﬁvd&%pmsg&ns of the invention
wi Il be apparent to those of ordinary skill in the

art. Accordingly, this application is intended to
S or varjations o

4 TR Eh SO SR em o raE pofioas P ferri R ggtic tayer further

|| ¥t ple O ibriihg detERbhQVproGess bR B RNG cRBHMBENt S
thereof. What is clainmed is: 1. A nethod of fabricating

a portion of an integrated circuit device, conprising:

|G bRRLE R 1 @ sberate to @

removing portions of the second dielectric layer.

6. The method of claim 5, wherein removing portions of the second dielectric layer
further comprises performing a chemical-mechanical planarization on the second

dielectric layer.



second trenches has a width greater than any of the
first trenches; formng a first dielectric layer to

wo 2dole/oed181 f i rst trenches without filling the sSPCDO82005/030377

9.

10.

11.

trenches; renoving portions.of the first dielectric
| ayer to expose portions of The substrate underlying

botto 0 he second tre . W t hout exposing
pgﬁ‘Fi%n%go‘{)?ft"clﬂ@ gg%@efé:?rerlgﬁgﬁg'rl yi ng bottons of the

f irétﬁbvihg SOR1AS of the FRtiddednplserfipar sidovls of titersecond trenches
substrate to extend the sep?nd,trench?ﬁ tho a sggonc{}

dept h; paiedts Brmingghasesand Atplesiriq layerto dil} thy seoopd tepghes.

the second trenches. 2. The nethod of claim1, wherein
the substrate is a nonocrystalline silicon substrate.

3.A Hheehodaifiistaicafing trenched withivesreintegtdted siepirdgvice, comprising:
dielectric | ayer.  conpri.ses a differgent.di.electri .
rdoEning|a RFERGIAeRPIcSn 4 SEPSEL 08 f%&é%ﬁp.th’ Jheigih the plurality of

met hod dﬁ?é cfibahMudes MOEESRoR BERHESHa RS & waMS 16k thdnesome
first dielectric | ayer further COITEFI ses performn

S f an
et ch- basdmipaloabzsandseednd isdlation teensheschaving 3 widh .grﬁé.ger than the
The et hod, of claim1, further conprising: renoving

por t i on@BRa Wi econd diel ectric |ayer. 6. The nethod

of fofth g™ st WBIRERicNayer BOMIYIG RRrsubanse of fill e fireidisoldtion trenches
dielectric |layer further conprises performng a

cheni caindntedéryaiopen theisegradiiseetianirgisheshe second
dielectric |layeres. : cl.a| b SMBE underlyi
c&?ﬁfqvg}%ag?orﬁé%gtﬁﬁ éﬂ:%glrl‘%@%ﬁggagg { ttohéé@ ? %Erliot Welectric e
| ayer f g mdtrst devdions offthd feeosdizohtion tendivs whileileavitgthe first
form ng the second djelectric layer to fill the second

t r encheisolagon wengbenBHedit fabricating trenches within

a nren%v?r%@%)ﬁ geidﬁeoﬁc#istof gﬁé’ﬁrﬁﬁﬂg@%@ﬁﬁhﬁ&@ﬁi ext@Hdth&8ecBnd isolation

pl ur es in a su rate to a first depth,
wher ei ntrédvheptour second/depth;tandnches i ncl udes first
isolation trenches having a.width |less . tha one . .
noFArmS ¢ sfcaRd Cglé?g?ﬁﬁf veilying itﬂbehsugﬁté%% Eoe TS fesgpdjisolation
width gpeates than the nom nal value; formng a first

di el ectric layer overlying the substrate to fill the

first isolation trenches

The method of claim 8, wherein the first dielectric layer and the second dielectric

Jayer comprises the same dielectric material.

The method of claim 8, wherein forming a plurality of trenches in a substrate to a first

depth further comprises:

forming at least one sacrificial layer overlying the substrate;

forming a mask layer overlying the at least one sacrificial layer, thereby defining
exposed portions of the at least one sacrificial layer; and

removing the exposed portions of the at least one sacrificial layer and underlying

portions of the substrate.

The method of claim 10, further comprising:
removing a portion of the second dielectric layer to expose remaining portions of the

at least one sacrificial layer;



and to | eave open the second isol ation trenches;
removing a portion of the first dielectric |layer to

wepodes7porti ons of the underlying substrate apPChUs1005830377

12.

13.

14. re

15.

16.

of the second isolation treq_hes whi |l e | eaving the
first isolation trenches fill renovi ng exposed

portions t he under | trate to

Dot sET ORI RSSO ag e o Pfla%eﬁao Sxpose active
f or m ngaRaseRE dydirgleesda i ¢ | ayer overlying the

substrate to fill the second isolation trenches. 9.
Thiabrieatingdhe integratedroBouiiavicsi on thp ectiveraseasdif shaesbsirae.

| ayer and the second dielectric |ayer conprises the

sanme dielectric material. 10. The nethod of claim8,
WEREmethbaroficgm 3, phbifel fetiovitig 4 p@tich GStHerﬁrﬁ dielb&hb @d}er further
to a first depth further conprises: formng | eas
onOTARIESER Preferantiallyremowing th’j}liZ?f&altH%tl%IEfb%sftﬂﬂ%ﬁ@t d’teEFFH‘}%‘@YCT

a mask | ayer overlying the at |east one sacrificial

| ayer, thereby defining exposed portions of the at

| eflsd methedd clairhise ivhbreirathe plurality of érenaties jurltltm ir&)hp,rtﬁ:s d¢laird

port ns of t he | east one sacrlfl . .
b O R gt ppsiton ol i apingd dislectri
1262 |m10 further conprising: rermV| ng a portion of

the sécond dielectric layer to expose remaining
portions of the at |east one sacrificial |ayer;

Vi t r.emnmai in ons. of th ast one

Hahel ottt B SulRRg ihterkitd sBbyt Efice, Sifprising:

S URg i £pluddilly beREdchad insubbieatt B € ﬁfs’ﬂﬂ@ﬁh Cwhé&dintthe plurality of
device on the active areas of the substrate. 12. The

met hod Bendieainelsles ﬁrsérseiaﬁlonéﬁeﬁvhqs@aﬁms@rwndweﬁth%éome
first dj ? | g}%f lﬁe aﬁﬁ’/ ecorﬁcﬁfsgﬂﬁf)n fr%ﬁ@%‘(s) ?1%\88% a wu?th %eater than the

preferen y remnoving hori zon
first dheh@et vilael ayer. 13. The nethod of claim8,

wherein the pl urallt of trenches further i nc

{ hforening & Ao is 4viia ler vl R (BB ERE AL Bl Eivieplation trenches
open af Ley 1050 dH3n 1B RN ELEEdELC | ayer.

removing a portion of the first dielectric layer to expose portions of the underlying

substrate at bottoms of the second isolation trenches while leaving the first
isolation trenches filled and sidewalls of the second isolation trenches covered;

removing exposed portions of the underlying substrate to extend the second isolation
trenches to a second depth;

removing portions of the first dielectric layer covering the sidewalls of the second
isolation trenches; and

forming a second dielectric layer overlying the substrate to fill the second isolation

trenches.

The method of claim 14, wherein the first dielectric layer and the second dielectric

layer comprises the same dielectric material.

The method of claim 14, wherein forming a plurality of trenches in a substrate to a

first depth further comprises:



14. A nethod of fabricating trenches within an
integrated circuit device, conprising: formng a

w@bweabd7sy of trenches in a substrate to a firBRCT/USWOHY30377

17.

18.

19.

20.

wherein the plurality of treﬂghes i ncludes first

i solation trenches having a wdth | ess than sone

nogi nal val ue and seco i sol ation, trenches having a

.t e b R ot s Rt SERERET ng " 101 ot

di JreRld 4 Mmakldl§br OXERing e at 1B&st SO sdokidicRl layef, ithdretiyh@fining
first isolation trenches and to | eave open the second

id sol ati QFPO@r@n@rﬁQQS, of ellens oae prAFificsn layenerd first
s afe BBl SRR OP R L oA e i Epdine

whi | e | peetiongof fhe stibstsite. i sol ation trenches filled and
sidewal I s of the second isolation trenches cover ed;
renmovi ng exposed portions of the underlying substrate

t OTRXhRAR dIFRIFRCN yrttRPL&HpRing.r enches to a second

depth; renoving portions of the first dielectric layer
c oveanavingg ¢ pertion it desorsf ditlhetris dayentd ¢xpobatanmmning portions of the

trenches;, and form second dielectric layer
overlyiﬁfe?ﬁ8“§ﬁ%§@$§4§“@% fill the second isolation
t I REd8Se thd 2emditth g RIrhoHt ITfth<Cdtaédft ddo sabhfER] Ryétte expose active

first dielectric layer and the second dielectric |ayer
conpr i sesas plethg swhstigiecpedtri c material. 16. The net hod

f ~cl.aj . 1. ' I '
ot o524 e pUOBER AL ISy BE AL ol SIS
conprises:formng at | east one sacrificial |ayer

overlying the substrate; formng a nmask_| ayer . .

ov&pe inehipdigislaim |4 yheregemoying 3 pariign of thedist diglgstapjayer to
defini . i | . . .
ol BoRERP SR RANCARNE sftbirhldfuher cBRRH G Weterentialy removing
of hotienétl pbetamt o the featodielbetde ddyet.ayer and underl yi ng
portions of the substrate. 17. The nethod of claim16,
further conprising: renoving a portion of the second

di ¢hefleftod JfR¥Gh 140 wWBXRASHe PRIFRLH 0T GreREHeS iHifer HlclhdeS third
at 'l east one sacrificial layer;
trenches having a width sufficient to remain open after forming the second dielectric

layer.

A method of fabricating isolation trenches of varying depth within an integrated

circuit device, the method comprising:

defining areas of a substrate for future trenches, wherein a first area has a first width
and a second area has a second width wider than the first width;

forming a first trench in the first area of the substrate and a second trench in the
second area of the substrate;

forming a first dielectric fill layer overlying the substrate to fill the first trench and to
leave the second trench open;

removing a portion of the first dielectric fill layer to expose a portion of the substrate
at a bottom of the second trench;

extending the second trench into the exposed portion of the substrate; and

forming a second dielectric fill layer overlying the substrate to fill the second trench.



renoving the remai ning portions of the at |east one
sacrificial layer to expose active areas of the

waewsegBe; and fabricating the integrated cirRCi/UUS2005/030377

21.

22.

23.

24,

25.

26.

27.

28.

device on the active areas q% the substrate. 18. The

met hod of claim 14, wherein renoving a portion of the
first dielectric layer to expose portions of the
under|lyi ng substrate further conprises preferentially

I eTRY idtho R OF cEaA 8] whereld @imin arbiieoffthe sbstthte f@Cufiiré trenches
layer. 19. The nethod of claim 14, wherein the

pl T egmmpisesr enches further includes third trenches

hayi i SUfEEGI t [ ftrer formng

¢ pO SRt bGPl Vel R R ARREyE 4

f abyringigd 4 mgsk géradvedyiderthe atiesst ofie varificial layeptorexpbderreas of the
an integrated circuyit_ device, the nethod conpri sing:

def i ni ndf lgastgre HerifcByerate for future trenches,

wherein a first area has a first width and a second

area has a second width wder than the first w dth;

f oThe ngthadfaf ckim 2 ewbhreimforinengf dat lesst enesacmficialHeyer further
substrate _and a second tre.rtlch 'in t he second afea f t th

{ NECTBBESS FIRHNE PR AR STHICU! [AYPLFRRTIE § i eriebgiferent than a
OV Bfakeial6F thB &irst ARSEIAE BIIUSyki | | the first trench and

to | eave the second trench open; renoving a portion of

the first dielectric fill |layer to expose a portion of

t he, subst r.at.e, at bot t f.the chy . .
U R 8h 2 A RERDS B Do oming e
of phtheniny Bphbek&ist #3@r.f orm ng a second dielectric fill

| ayer overlying the substrate to fill the second

trench. 21. The nethod of claim20, wherein defining

ar e4z m%thotdrb? b h?.sio[ a{l—lg{efirpfonfnﬂ{ frst ﬁ@l?ﬁ‘hﬁ%lﬁg st B85 of the
conprises: formng’at 1east ore sacrificial Tayer

oV el sytategnt Hemsing a seand; treaold itf the staogd areard khd axpstrate occur
overlying the at |east one sacrificial |ayer to expose
ar BQCUFENNe at | east one sacrificial layer. 22. The
met hod of claim 21, wherein formng at | east one
sacrificial layer further conprises form ng at | east
on&hs acathioidi afichdim| 24y stheromiheifastritgnah apd theisa¢onditfengh bave

t h%&)s?antially the same depth as initially formed.

The method of claim 20, wherein removing a portion of the first dielectric fill layer

further comprises anisotropically removing a portion of the first dielectric layer.

The method of claim 20, further comprising:
defining a third area of the substrate for future trenches, wherein the third area has a

third width wider than the second width.

The method of claim 20, further comprising:
removing a second portion of the first dielectric fill layer from sidewalls of the second
trench prior to forming the second dielectric fill layer overlying the substrate

to fill the second trench.



material of the first dielectric fill layer. 23. The
nmet hod of claim 21, wherein formng a mask | ayer

wo eooblozs73conpri ses form ng and patterning a phBCDUSENS030377

29.

30.

| ayer. 24. The method of claism 20, wherein formng a
first trench in the first area of the substrate and

forym n nd.tr In..4.ne _secon .ea. of the .
cuot PBpd o§ BR Pl FRPed Ve S0 dEE R Bl B Sommpoine

24 forkigg eipturklitg off tres¢het e Sbsan@ tb hdirsielepthd wheicthe plurality of
have substanti al I(}/ the sane depth as_initially forned.
€

26. The tispehs dnchydes fizst irenches ruingiaividdhisss Han aompe first yalue,
of ‘the 13 h&ia@%&iﬁqg alath ér@é(t@f thgl# 'Eﬁeflfﬁfs} VAP PESs than a
a porti the first

ani sotropi cally renovi g on o
di el ect seenkdaykie, arfdahird enches hadingfa veildth gre@6y; thhw thetsecond value;

conpri.sing. defini.ng a third area _.of the substrate for

F U P Aot B e D HE Rbsipledo RLKRG Fh i and to
wi dth Wigdgt ohfpthesB®na8na M rdMrélidhes;28. The method of

clai m 20, further conprising: renoving a second

por¢moying b pptionfafitie fingt diekectricilaydritd Expasy portions of the underlying

si dewal | f th econg,trenc rLiar.to form t he

Second dneai BoRFRs P s sErnd BR e kgt hilgideiipe the fist
to fill teReheseiglend trench. 29. A method of fabricating
trenches wthin an integrated circuit device, )
c oipFRP S NE gxpased pettignyoifhe padertyngsubstrats ég extendithg second and third

substrattr%n&%ﬁ%gé&?ﬂhgggﬁilh, wherein the plurality of

trenches 1 nclude tenches having a width |ess

t hdornsinge sédong dielediticlayseneding the slisgateav filigh@setodd frenches
greater than the first value and |less than a second
val ue, &R%% kpyernepdhthad teaehssy a width greater than

th : | D0didhd i i -
BRESRd YA G LTARB AL P B v gy
t o | eaveulspete 4t e Btoorscdfdndthiiditredchesertiledsavingtie\firstoand second
a portion (ﬂ‘ e .first dielectric layer to expose

por t i on&reehes fillednder | ying substrate at bottoms of the

Se¢QREkiAR Bxpditd FortibRNGHNES uiliirlyind QBHAE t4 BRedd MRtthird trenches to
trenches fi'll ed; renoving exposed portions of the

under | yiaribird dépghiramde t o extend the second and third
forming a third dielectric layer overlying the substrate to fill the third trenches.

An array of memory cells, comprising:
a plurality of memory cells formed on a substrate and arranged in rows and columns;
a plurality of first trenches interposed between rows or columns of the memory cells;
and ‘
at Jeast one second trench formed at a periphery of the array of memory cells;
wherein the first and second trenches are formed by a method comprising:
forming a plurality of trenches in the substrate to a first depth, the first
trenches having a width less than some nominal value and the second
trenches having a width greater than the nominal value;
forming a dielectric layer overlying the substrate to fill the first trenches and to

leave open the second trenches;



trenches to a second depth; formng a second
dielectric layer overlying the substrate to fill the

W@ ewoneB78r enches and to | eave open the third tPentbmes/030377

31.t

32.

renoving a portion of the se? nd dielectric |ayer to
expose portions of the under ging substrate at the

and secsnBoTPEASRELTO FERRRReiilove g0 EsE Bur s pf fRendertying
of the under lsybRhtSatlbottbmt of e c%éﬁ eflcHel vHilié#hing remaining
trenches to a third depth; and formng a third

dielectric | é%ﬁh%fékﬂyl ng the substrate to fill the
third t r&HSWﬁé ef(ﬁ %B 8y thgfung&(@fg sLﬁ§ rat% to extend the second

conpri si ng: nenor
substrate andreabm@ngedecdndmepm andl col umms; a

pl urall of first t ?nche I nt er posed betvveen rows or

col urms %‘%mlflﬁé s rdQe %wr ng thg sybsyite te didljihg second
trench fornmed.at,&Q peri phery of the array of nenory
cells; wherein t]ﬁe first and second trenches are

formed by a nmethod conprising: formng a plurality of

rgches |§ t.he substrate to a first depth, the first
TREOTHEN g CARIEHPE | ess than sonme nominal val ue

angn gy SERRAdrY LARCHRAAPNIrbEs andbslufhingr SRt er t han
the nom nal value; formng a dielectric 1ayer

ov e:rrmyltrw gfolt enantroliad/praceess of el drrayied nigmesy ceBsnches and

eave en the.second tren hes: r V|n s
of REGHBNERr PG PR s RS s e B L Blhion witin
under | yithgarsaibsithéth6ryaiel oid £/18asobnd §oRPEBndhI BN fiBlESs0lation
whil e | eaving remai ning trenches filled; renoving

exposed oyBide ofiike aray ofanemeiellsf@dsubst rate to extend
th%vh%? ﬁ%ﬁ& 51191@% ofddQréhcRES 99 @'orﬁq%ﬁtbgf E@?r a§1gb@§n§‘.

secon rlc a erooverl h

fill thdoseiag ﬁ(ﬂ)lﬁrﬁﬁ?ﬂy(df @&®nchizd in z&smwafeyto defirstadepth, the first trenches

conpri sing: having a width less than some nominal value and the second trenches

having a width greater than the nominal value;

forming a dielectric layer overlying the substrate to fill the first trenches and to
leave open the second trenches;

removing a portion of the dielectric layer to expose portions of the underlying
substrate at bottoms of the open trenches while leaving remaining
trenches filled;

removing exposed portions of the underlying substrate to extend the second
trenches to a second depth; and

forming a second dielectric layer overlying the substrate to fill the second

trenches.

A memory device, comprising:
an array of floating-gate memory cells arranged in rows and columns; and

circuitry for control and/or access of the array of floating-gate memory cells;



an array of nmenory cells arranged in rows and col ums;
and circuitry for control and/or access of the array
wokoomeeysy cel ls; wherein the nmenory device cOPCHUSHOH030377
| east one first trench for figld isolation within the
array of menory cells and at "Teast one second trench

for .fiel i sol ati pn. out sj de t.he [ ) s
corthetein fhe'Sinf fVR RS a0 Leats "G HtiaFerP EHEL Kplation within
formed ke ardyedfidtio@Fate iémery ki A4 16aspbik fcbhd/tréich for field
trenches in a substrate to a [first depth, the first

t r enchedsolgignrytadewidhn arasel #optinewstrempmarheslisiandue

£ netefn BEAN S ORI BBy d AE84 Bommbriffy
over | yi figrniihg a plilyslityaiferehcheb id & sutlyerateito atfirktrdepti) @ vttrenches

to | eave open the secqnd trenches; renpving a portio

of the di el eCFE gl lophaxaRe eBIR] BHGe gid B gecond trenches
under | yi ng syhsihbatwidat oBRbL B8R 1RfnchNRaIQRGR; L r enches

whil e | eaving remai ning trenches filled; renoving

exposed fporng ediclerdtri¢ lyeumadyingithgsubstystertafidl the fiest tremches and to

the second trenches to a({s}@%on depth; and forming a
second di el edfAFOPFRESSRMIHPENG t he substrate to

fill thees®aagd poftRMCdTaBe didfctrid IARMNES ¥x$RY b6Rions of the underlying
conprising: an array of floating-gate nenory cells

arranged i n sebgragmat bospmanttheppan erehes wiyleflenving remaining
control and/ Uep ASESTR of the array of floating-gate
menory cells; Wher &in fihe menory device contains at

| east om@ndving bxpdsed pbrifods of the hddérboh@éitarateitd bktend e second
array of floating-gate nenory cells and at | east one
second trencﬁrefl@esg?élsﬁcoﬂlgé%tbi%ﬂﬁl outsi de of the array

of fl oatlng- > ; : [ hr

and secingipf BEooRERNCHElayE: o BAYIBIEE Bifnblato AR} sccond
form ng a pl weathasy of trenches in a substrate to a

first depth, the first trenches having a width | ess

t han sonme nom nal val ue and the second trenches having

33, & W& tPhRARlent, Refipkibiggnom nal val ue;

a processor; and

a memory device coupled to the processor, wherein the memory device comprises:
an array of floating-gate memory cells arranged in rows and columns; and
circuitry for control and/or access of the array of floating-gate memory cells;
wherein the memory device contains at least one first trench for field isolation

within the array of floating-gate memory cells and at least one second

trench for field isolation outside of the array of floating-gate memory

cells; and

wherein the first and second trenches are formed by a method comprising:

forming at least one sacrificial layer on a substrate upon which the
memory device will be fabricated;

defining areas for formation of the first and second trenches, thereby
exposing portions of the at least one sacrificial layer, wherein
areas for formation of the first trenches have widths less than

some nominal value and areas for formation of the second



formng a dielectric layer overlying the substrate to
fill the first trenches and to | eave open the second

WO e@aoksI3t renoving a portion of the diel ectriPkCT/agmos/030377

34,

35.

to expose portions of the unggélying substrate at
bottons of the open trenches ile |leaving remaining

trenches filled; remving ex ed portions of .the .
under1'yi ng subst r SERHE tas YRARS RSt R 8 ¢itiah i Soung pominal
a second depth; ardlukorm ng a second dielectric |ayer
overlying the substrate to fill the second trenches.

33. An el ect FERPENE gxRAsRd Peibieps phiha gt least pne sexifisial lajreg and

a menory device c . '

menory devi ce con%y?érgglzlé g%lltllgrﬁsr gf;tﬂgsé% Ia%gf mr%gébgé{é ghﬁl% the first
menory cel | s arr aagédedond trenshea hdviagladirstsieptnd

circuitry for, cantral g/ or, ess of the arr of
f1 oati ng- gat gorﬂﬁ%?%‘r%gl?? §°,tn9\/ﬁgﬁ@feﬁ OYW@B%FP(?r _ g%t?\"? E’eﬁu the first
contains at |east y@pghdsiahdto fhGHB sbQmalifeRbitbsiopehat i on

within the array of floating-gate nenory cell s and at
| east one secwaneving epottidnmf the Bistidickotrat filblayeutosixgesegfortions of
the array of float, ng;gate r | s; and wherein
the first and secgl?'f’obg’\bgtéﬁgﬁglgor@ﬁ% ﬁ#%&%@ggn%g@hod
conpri sing: fe%ﬂ@ii\[;\lﬁ 1184 se@@brethBs Mesthelekpbsall poAlRE 0Pthe
a substrate upon ich the menory device wll be
fabricated; definisWestigieardfor formation of the first
and second t r ' ] he
at | east one@gggg ? F%(itog G%C&q éﬁaﬁiéé}%g Pﬁ&g& géégi%fsgg’m}ate to fill the
formation of the kédodtl tiehelghes have wi dths | ess than
some nom nal value and areas for formation of the
secondtrenches have wi dths greater than or equal to
So'lﬁ‘}xiﬁfég}a@«ﬂcﬁ’cﬂitlﬂ%' ik e eh£Xposed portions of the
at ‘l'east one sacriticia ay and
a first well region having a first conductivity type formed in a substrate;

-,
o
gk

a second well region having a second conductivity type formed in the substrate;

a plurality of first component devices formed in the first well region, the first well
region having at least one first isolation region formed therein; and

a plurality of second component devices formed in the second well region;

wherein one of the plurality of first component devices is isolated from an adjacent

one of the plurality of first component devices by a first isolation region; and

wherein the first well region is isolated from the second well region by at least one
second isolation region, each second isolation region being deeper than each

first isolation region.

The integrated circuit device of claim 34, further comprising:

wherein the substrate comprises a P-type substrate, the first well region is an n-well
and the second well region is a p-well;

wherein the first component devices are p-type field-effect transistors; andwherein the

second component devices are n-type field-effect transistors.



underlying portions of the substrate, thereby defining
the first and second trenches having a first depth;

wo ooogiozgy3n first dielectric fill |ayer overlyi PQr/URm®05/030377

36.

37.

38.
39.
40.

"W,S ?%@%Eﬁééé;%? tftﬁ?th%%ﬁﬂlr&{egclp rsmopltoheggt&@ encl osed

41.

42.

substrate to fill the first jrenches and to | eave the
second trenches open; reani a portion of the first
diglectric fill er t portions o D
SuRbe Fpeatisg et Ece st e Bo S ENEnd v dresig i potated
t hg o8RG BbsihR N+ Pégi’oﬂ BR16960 5 in Berat {absonefseédifd isolation
substrate; and form second dielectric fill layer
ovegdigr.ng t he substrate to fill the second trenches.

34. An integrated circuit device, conprising: a first

wel |l region having a first conductivity type fornmed in

a Fubsite@hed cicedonct vfdldin B ifdthdn aminpgsiags econd
conductivity type fornmed in the substrai;1 lurali

of Whierein thesaensdarall weipndies atlsashene firstd topaghiopdetmedtherein
reglon,a£$e first well region having at |east one

first isolation region forned therein; and a plurality

of mlemnmle:ﬂitbepmmlityl ef sevond tampekni de\tim isisoltad fivgh lan adjacent

regi on; e of. the plurality a rs . . .
conponefRfe 8&5’? 21?@ of seffond SaMPPRTHL Qﬁ“ﬁ?ﬁ bé’caeﬁfSt iRlatigp region.
the plurality of first conponent devices by a first

i sol ation region; and wherein the first well region is

| s Ghatseghied wirchie desdeoiitlaiel 34, vdgran eagh ofithe firss fsolien regions

ond I SO nre each second isol ation region
ﬁﬁmﬁﬁgﬂéa5ﬁﬁ8ﬁm8ggﬂﬂ?irst i sol ation region. 35. The
integrated circuit device of claim34, further
conprising: wherein the substrate conprises a P-t
suddeintegratedicarcpit devicawd ¢laipedg, ovhearain arvidthefjthe ﬁttalSP}?élon regions
second well region is a p-well; wherein the first
coﬁ%%%ent devi ces are p-type f|eId ef fect transistors;
andwherei n the second conmponent devices are n- type
field-effect transistors.36._ The integqr, ed circu

devihedntegrated irgpis devigheh dpm 3havhssen AV q wgmﬂd igolation

east one secon I sol atlon

An integrated circuit device, comprising:

a plurality of n-type field-effect transistors formed in a p-well, wherein at least one of
the n-type field-effect transistors is isolated from an adjacent n-type field-
effect transistor by a first isolation region having a first depth; and

a plurality of p-type field-effect transistors formed in an n-well, wherein at least one
of the p-type field-effect transistors is isolated from an adjacent p-type field-
effect transistor by a second isolation region having the first depth;

wherein the p-well and the n-well are isolated from one another by at least one third

isolation region having a second depth greater than the first depth.

The integrated circuit device of claim 41, wherein the n-well is formed in a P-type
substrate and the p-well is formed in the P-type substrate and isolated from a bulk of
the P-type substrate by an N+ region and the at least one third isolation region.



region. 37. The integrated circuit device of claim 34,
further conprising: wherein the second well region has

w@toob®281 one first isolation region forned thereBUR2005/030377

43.

and wherein one of the pluraljty of second conponent
devices is isolated froman dtdj acent one of the

plurality of second.co nent. devices, by . a fifrst .
s DG ETale GTEMT deice SfcIaH o sibetelit 1845 Bpg Ohd ol f formed
cl & Mrijde wehfBithreeach of the first isolation regions
has substantially the sanme depth. 39. The integrated
circuit device of claim38, wherein a width of the
first isolation regions varies. 40. The integrated
circuit device of claim39, wherein a wdth of any
second isolation region is greater than the w dth of
each first isolation region. 4 1. An integrated
circuit device, conprising: a plurality of n-type
field-effect transistors forned in a p-well, wherein
at | east one of the n-type field-effect transistors is
i solated froman adjacent n-type fiel deffect
transistor by a first isolation region having a first
depth; and a plurality of p-type field-effect
transistors forned in an n-well, wherein at |east one
of the p-type field-effect transistors is isolated
froman adjacent p-type fieldeffect transistor by a
second isolation region having the first depth;
wherein the p-well and the n-well are isolated from
one anot her by at least one third isolation region
havi ng a second depth greater than the first depth.

42. The integrated circuit device of claim4 1,
wherein the n-well is formed in a P-type substrate and
the p-well is forned in the P-type substrate and
isolated froma bulk of the P-type substrate by an N+
region and the at |east one third isolation region. 43.
The integrated circuit device of claim4l, wherein at

| east one of the wells is fornmed in a triple well
structure.



