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FI ELD EFFECT TRANSI STORS, METHODS OF FORM NG 5FI ELD EFFECT TRANSI STOR
GATES, METHODS OF FORM NG | NTEGRATED Cl RCUI TRY COWVPRI SI NG A

TRANSI STOR GATE ARRAY AND Cl RCUI TRY PERI PHERAL TO THE GATE ARRAY, AND
METHODS OF FORM NG | NTEGRATED Cl RCUI TRY COWPRI SI NG A TRANSI STOR GATE
ARRAY | NCLUDI NECRIMRSITEATES AND SECOND GROUNDED | SOLATI BNI/USAIES1953
TECHNI CAL FI ELD This invention relates to fabrication of
field effect transistors and conponents thereof. 15 BACKGROUND ART
Field effect transistors are comon devices utilized in integrated
circuitry, for exanple in logic circuitry, nenory circuitry and
control circuitry for memory circuitry. Such devices typically
conprise a pair of source/drain regi ormEStRIPTIOQNA channel region

recei ved thereb s A conductlve ate |s prOV|ded operably 20

proximate the c Q%Egﬁ HEDGAPFFORMING
dielectric regl on.cihBR %&PE&{&@%&?‘@”ED
I@bﬁso

conductive gat epslalmm_w’dﬁliﬁ

t hrough the chann@lRowgmonompmsmeayrmuszsfroammABR WNC
conductive material of t&ATERARNDBELONDSROUNDED ISOLATION GATES
sem conductve material or within openings fornmed in the 25
sem conduct i ve IESHMNCAL FIERR] f or exanpl e whet her wi thin bul k

monocrystal | i ne subskis atventioat @fzked! 1o hbrithddd &t field effect ransistors and components
sem conductor-%édgsul ator material. When forned within trenches or

ot her openings in sem conductive material, sonme of such are referred
to as recessed access devices. Here, maski ng material is provided
over the sdfi c BAGKGROUNDARTr i al of the substrate and patterned to

formgate |line 30 tF@R\C@tﬁct ‘fVaﬁQétBrstQ’é C%Hm&:{ é‘é\ﬁcesvgtﬁlge& f?x Il Faﬂ&?gﬁcu‘?tpy
formed, the ma§ n)%m? E‘W is removed then a g 88

is formed withif PRERT &hi9IGHERtRg Sermasy cé‘k‘éﬁ%laéd W“Fﬂ'e‘i"f?&lffy for memory
oxi dation of exjiosied Sesh devicksdypivallynmtrpribal pairtdiisbuichrirdin @8gitns l@ﬁir@ a

al i heRa i =) e e i¥ Bro
recei ved oy &afem pE el Rbiebbtucklls A LSRLOAY, N8 8 BIGARY Garshy

35 phot ol o ogP at&ﬁ‘ae ghanel regiongand Bégﬁ?%’dhg@n‘rew 2 Drlesiiciedric tgisn.
trenches w t hi Appliatibn tdfea gatiablentoiiagalto ithe AoROUANE &iat® bauses current flow

between the sourcefdrain regions through'the channel region.
By way of example only, the conductive material of the gate might be
formed above or over semiconductive materlal or within openings formed in the
25 semiconductive material, and ‘for example whether within bulk monocrystaliine
substrate material or within semiconductor-on-insulator material. When formed
within trenches or other openings in semiconductive material, some of such are

NG FIRST

referred to as recessed access devices. Here, masking material is brovided over
the semiconductive material of the substrate and patterned to form gate line
30 trenches within the substrate. With the trenches so formed, the masking material
is removed, and then a gate dielectric is formed within the french openings, for
example by thermal oxidation of exposed semiconductive material within the
trench. Gate material is then deposited to overfill the trenches. The gate material
received outwardly of the trenches is then patterned, typically using
35 photolithography and etch, to form desired gate outlines over the trenches within
~ which the gate material is also received.



WO 2007/ 111771PCT/ US2007/ 001953 2 Typically, the gate materi al
patterning forns the gate lines over the trenches to be very close to
or of the sane width as the underlying trenches. Phot omask

m sal i gnment can undesirably place an edge of the desired gate line
pattern within the |ateral confines of the previously etched trench.
This is highl yY82¥/4d%irable, as the gate pattern etch REULRWIHNIFAL e
material within the trench, ultimately leading to circuitry failure
or at | east unacceptabl e device configurat2on and perfornmance

While the invention was notivated in addressing the above identified
Issues, it is in no way so limted. The invention is only limted by

the 10 acconpanyi n!lrﬁﬁbﬂy{rﬁh@%alté trﬁét@}iélypé(ﬂnqﬁg’fo%é hRdlgate lines over the
interpretative ,or to The specificatlon; and

gt r Ilmtlng reference ) |

in accordance TR ‘?Ehg) BB RESBic oq¢f the same widhnantke unslerlying dranches-
i ncl udes met hod¥hotdméskr misatgrimeait danfuhdedirablygisdesamoesge oEthbadsirddb gt line
formng field ekt whiid ¥ &&é}%l %tfiﬁ?s oﬁﬁég}?élﬁo fy Ltghdd {}Qnéhr.“ éﬁéﬁgwy
circuitry conprising a transistor gate array and circultry periphe

to the gat e Sar rijfesi !?»r?ét%@t%ﬂ?aa%mrﬁtﬁg cpp il aatednateriaiupvithiy the trench,
conprising a tnétmsatelydsadied ® ErcuBly fhneé belhigadt UnsbcRtS danitk S6FRNFtion
grounded i sol atainﬂrabeg‘ﬁﬁﬁéncel n one inplenentation, a nethod of formng

a field effect transistor includes form ng masking naterial 20 over
senmi conducti ve mat e¥{He e Eventiost was enotikatede inc Bddressing rthel abiove Ligentified
the masking nmatisues)| itardid Mo vidye ss elffieaNdutd ViReRREEié dbnly Fli@d by the
dielectric At earc{_:ar!1 | s.forlmed W tl'[“%l t he trenﬁ_g) i n the sem conductive -
material . Cate S oPIRNY 812, 8% ey WRTHPd: WU HRPRetRtYe; Preothes limivge
mat eri al and wirelaiemce e therspeciicationt el Derccordaoecitly therdmiczini aff equiesients.
the gate dielectric material. Source/drain regions 25 are forned. In
one i npl enent atg ay Method of formng a field effect transistor

gate incl udes a silicon nitride-conprising nmasking materi al
over seni conducti ve'hRifeentgn 'BF'UQE%WB@PF‘%P&%’W"Qrﬁ@h’cﬁffeicttfﬁ'!ﬂf%é- methods

through theissi lof samimy fieiddefexd nahkision gatels kdlGodbefonlngaftkgrdib® drb@itry
ot omoved af t SoTPAYS et Al bbb Ete ey bR o e SR
Prior to renoviMRiNeds iof dR™MiPgr ingrgraled ¢ ¢iecuiteis kPmgrising a transistor gate array
including first gates and second grounded isolation gates. In one implementation,
a method of forming a field effect transistor includes forming masking materiai
20 over semiconductive material of a substrate. A trench is formed through the
masking material and into the semiconductive material. Gate dielectric material
is formed within the french in the semiconductive material. Gate material is
deposited within the trench in the masking material and within the trench iﬁ the
semiconductive material over the gate dielectric material. Source/drain regions
25  are formed.

In one implementation, a method of forming a field effect transistor gate
includes forming a silicon nitride-comprising masking material over
semiconductive material of a substrate. A trench is formed through the silicon
nitride-comprising masking material and into the semiconductive material. Silicon

30 nitride of the masking material is removed after forming the trench into the
semiconductive matetial.  Prior to removing silicon nitride of the masking
material, gate dielectric material is formed within the french in the semiconductive



material, gate dielectric material is formed within the trench in the
sem conductive WO 2007/111771PCMIS2007/001953 3 material. CGate
material is deposited within the trench in the sem conductive
material over the gate dielectric material. In one

i npl ementation, a nethod of formng integrated circuitry conprising a
transi stor gatWO3P¥AYTAnd circuitry peripheral to the gBEWUSAG7441953

I ncl udes formng 5 masking nmaterial over sem conductive material of a
substrate. Array circuitry trenches are fogned through the masking
material -and into the sem conductive material. Array gate material is
deposited within the array circuitry trenches in the masking materi al

and within the lﬁét%ﬂé’ beafé‘ 'rr]ie{]é’nél & 'L%B‘Béi ednwrﬂ{h(‘? 1€ Tr2RY Cthgrsgfmconductwe

material. After 0Si erial, per

circuitry trendﬂ%@P%hoé’efL@efQ&tW&chﬁicdﬁﬁﬁ”ﬂ'he maski ng naterial .
Peripheral circuitryn ged impmheﬁﬂaﬁdm laﬁnélﬁ@@%ffoﬁﬂ:n\yllﬁtag&téd@rdﬁﬁfy‘ RARfriRing

ol enent at | on2 Ganatorte aniEy M i EEaaEe to the gpier Jrbopies fgning
transi stor gat enasdngy matrtiat iovelsemigopductivh eraiérial of teh eulomitate. ariray circuitry

i ncl udes form ﬁ&n&ﬁé&hf&foﬁﬁé@%r@h PR nﬁ%?@%ﬁ{aﬁr@ dﬁ%}}tﬁé's@l’n c%fnﬁectwe

substrate. Arra 8|Irc éen {E{ ﬁh%s ar.e g

material and i A3t He r@?’h BETAE RS JeReited within the angy ghguitryigensheg n the
i's deposited winnasking Metedial agd ovithiruitter grray einmitgstrenchel an s ksefgonductive
material and wWihdtbhall hﬁelacﬁépﬁ%ltﬁb "tt‘?éjéltréyygatté ﬁﬁ@?ﬁ? geﬂﬁlté%gla circuitry trenches are

sem conduct | Ve rrat % | p eral ci r cul tr
i &

t hrough t he Car F%JP ¢ drasiing ateirkn %ﬁ@hﬁ%’kp‘f@‘“ﬁh@é‘ﬁ anaterial is
- Peripheral cir cigpositedgeithin thetperiphtral arcdity tentiess \Qiﬂmvvtrtd}hﬂsmdwmatenai

peripheral circuitry éﬁeﬁﬁﬁt@ﬁe%ﬁﬁ '3 rﬁ&ﬁo@wﬂ?’mlﬁéﬁlﬁe@% e%rcu%u%tcﬁgﬁn%lpg

within the naski hg nmater
fornming field & St‘frr%% ?5’?6@“6&!@%‘”}' ﬁEl'Rh?é% 9 gienoalg aveykinelades forming

material over swaskingneiattinl everesamiconduaiivednatdidl bResubBiates UpFhY %ﬁr@u:try

conprises st I g Qi‘néssr%‘ke%}n%}j F}fﬁ?%@r{"thel maskisd m?ermpasghlﬂg tﬁ g{‘lnﬁzgnguctwe-

first trench is orne thro maski ng Bret caf
seni conduct i ve "HeE! éf’ahﬁﬂtedﬂéf@ﬂ@nﬂ dg‘PQ‘ﬁﬁﬁ@ié’dhlh dhet araoeirayittydrancoeh the

is for rreld t hr Olﬂgahskhbgnﬁﬁﬁkl it WRhRY thal arf&&reélrcgﬁ? tdrRAes ih s @{sh%nductwe
region. In a commn 0 e at e er 0Si

within the first trénsﬁﬁﬁe&éls%gg% %en ch e | ?{mgﬂgll’ml‘fﬂ‘" g??g?ff%ﬁfi’%‘ﬁ maferial
met hod of f or nPAg thrRv@y gt reasking mtqrqay Rejinberad cnepitR0gatetratagalds deposited

gate array 2onc Wﬁinn@efﬂdtﬁbeﬁﬁbﬁltﬁﬂﬁemg RéthBY NG éa?@lr@étbl%l agﬁt\ﬁﬁnn
conpri ses formt er| al over sem conductive nmaterial of

Hbglgggﬁrlf D81
substrate. The su Li ceé'r?prl ses trench isolation regions. First
trenches are fornedn oene implementation, a method of forming field effect transistor gates

includes forming masking material over semiconductive material of a substrate.
The substrate comprises a trench isolation region. In a common masking step, a
25 first trench is formed through the masking material and into the semiconductive
material and a second grounded isolation gate trénch is formed through the
masking material over the trench isolation region. In a common deposition step,

gate material is deposited within the first trench and second trench.
In one implementation, a method of forming integrated circuitry comprising
30 a transistor gate array inclqding first gates and second grounded isolation gates
comprises forming masking material over semiconductive material of a substrate.
The substrate comprises trench isolation regions. First trenches are formed



WO 2007/ 111771PCT/ US2007/ 001953 4 t hrough the masking material and
into the sem conductive material for the first gates. Second grounded
I sol ation gate trenches are forned through the masking materi al over
the trench isolation regions. Gate material is deposited within the
first and second trenches. 5Qther aspects and inplenentations are

cont enpl at ed. YBRHEFIBESCRI PTI ON OF THE DRAW NGS POIfUSPAAT/H0A43
enbodi nents of the invention are described below wth reference to
the foll owi ng acconpanying drawings. 10Fig 1 is a diagrammtic
sectional view of a sem conductor substrate fragnent in process in
accordance wi th an aspect of the invention. Fig. 2 is a view
of the Fig. 1 gwbagk e nfdsREgTidtedd: aam%fma%eﬂqco%g&i@uaéﬁﬁaﬁgﬁ the first
that shown by Fig. 1 _FIg. 3 1s a view of the Fig. ]
substrate frag@@HRs: aﬁecancigr%iﬂﬂ%&ﬁ@gf’“ gateteachamargiomedihepugh the masking
Fig. 4 is a vi enatefialtdver the tenehbisdlatinarelibagneiite Alatdtiab HOSSPLREE within the
that shown by Eig. | 5is aviewof the Fi 4 substrate
fragnent at a E‘ib%ggg&g%?ndtt{)éﬂtc 2 shown by Fig. 4 20Fig. 6 is a view
of the Fig § substrgtherprprpieand mplemenipliinng @emcontemplated. shown by Fi g.
5 Fig. 7is aviewof the Fig 6 substrate fragnent at a

subsequent to tdigtr SREXBIPNONGE THE DRAWINGS Fig. 8 is a view of
the Fig 7 subsfrate_frag nL ment to that shown by Fiqg.
7 Fig. 9 is aPiolsu Gmbodiuenis-pihemisiiidh frs cesorpestmiat wit reference o the
subsequent to tfdawing aesemplRyirg djawidas. .

10 Fig. 1 is a diagrammatic sectional view of a semiconductor substrate

fragment in process in accordance with an aspect of the invention,
Fig. 2 is a view of the Fig. 1 substrate fragment at a processing step
subsequent to that shown by Fig. 1.
Fig. 3 is a view of the Fig. 2 substrate fragment at a processing step
15 subsequent to that shown by Fig. 2.
Fig. 4 is a view of the Fig. 3 substrate fragment at a processing step
subsequent to that shown by Fig. 3.
Fig. § is a view of the Fig. 4 substrate fragment at a processing step
subsequent to that shown by Fig. 4.
20 Fig. 6 is a view of the Fig. 5 substrate fragment at a processing step
subsequent to that shown by Fig. 5.
Fig. 7 is a view of the Fig. 6 substrate fragment at a processing step
subsequent to that shown by Fig. 6.
Fig. 8 is a view of the Fig. 7 substrate fragment at a processing step
25 subsequent to that shown by Fig. 7.
Fig. 9 is a view of the Fig. 8 substrate fragment at a processing step
subsequent to that shown by Fig. 8.
Fig. 10 is a view of the Fig. 9 substrate fragment at a processing step
subsequent to that shown by Fig. 9.
30 Fig. 11 is a view of the Fig. 10 substrate fragment at a processing step
subsequent to that shown by Fig. 10.
Fig. 12 is-a view of the Fig. 11 substrate fragment at a processing step
subsequent to that shown by Fig. 11.



Fig. 10 is a view of the Fi 9 substrate fragnent at a subsequent to
that shown by Fig. 9. 30Fig. 11 is a view of the Fig. 10 substrate
fragnment at a subsequent to that shown by Fig. 10. Fig. 12 is-a
view of the Fig. 11 substrate fragnment at a subsequent to that shown
by Fig. 11. WD 2007/111771PCTMs2007/ 001953 5 Fig. 13 is a view
of the Fig. 12veupgtitdte fragnent at a processi ng step BIPSEYUBRS3t o
that shown by Fig. 12. Fig. 14 is a view of the Fig. 13
substrate fragnent at a processing step subsequent to that shown by
Fig. 13. 5Fig. 15 is a diagrammtic sectional view of an alternate
enbodi ment sem conductor substrate fragnent in process in accordance

with an aspect of t 4R V; LQn,. I, = i | 0 - Fj
15 substrate fragmaﬁt% ) g? 'grgp{r”g@eosfstpﬁé: '%t1gpg{bsé8§s@%é/n teatwg %rﬁg%%é@o%mep
by Fig.. 15. 16Ppgeauent fothaf showw yfFig-HE Fig. 16 substrate fragnent at

a processing step selkseaqueni view dfitBé FSd oMNsUbgtrhieOraghfent at a probéskingl&tep
s a di agramat | g sect'gpr{ﬁl | ew, of a0, t her alternate enbodi nent

seni conduct or SUBETTEe 35%’8?9’1" qyrr'%r tess in accordance with an
aspect of tMe invenFigonl5 ¥5Ri diagiematicasadtionaloviewhef & qiltedBits wskodawent
fragment at a pERGSHALEEr ﬁ&@rawm prheeéshﬁ}afsécnameb.yn@rgasﬂ&t of the

Fig. 20 is a di,agrammtic sectional view of sti another alternate
enbodi nent seni"®GAHYt or substrate fragment in process in accordance
wi th an aspect of tFRi@.itBviers view.of the Fig. 15 substrate fragment at a processing step

. subsequent to that shown by Fig, 15.
10 Fig. 17 is a view of the Fig. 16 substrate fragment at a processing step
subsequent to that shown by Fig. 16.

Fig. 18 is a diagrammatic sectional view of another alternate embodiment
semiconductor substrate fragment in process in accordance with an aspect of the
invention.

15 Fig. 19 is a view of the Fig. 18 substrate fragment at a processing step -
subsequent to that shown by Fig. 18. '

Fig. 20 is a diagrammatic sectional view of stil another alternate
emibodiment semiconductor substrate fragment in process in accordance with an
aspect of the invention.

20
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention includes methods of forming field effect transistor gates,
methods of forming field effect transistors, and methods of forming integrated
circuitry comprising a ftransistor gate array and circuitry peripheral to the gate

25 array. The discussion proceeds primarily with reference to forming integrated
circuitry comprising a transistor gate array and circuitry peripheral to the gate
array, while the artisan will appreciate aspects of the invention apply to forming a
single field effect transistor as well as to multiple field effect transistors, and one
or more field effect transistor gates thereof.

30 Referring initially to Fig. 1, a semiconductor substrate in process is
indicated generally with reference 10. In the context of this document, the term
"semiconductor substrate” or "semiconductive substrate” is defined to mean any



20 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The

i nvention includes nethods of formng field effect transistor gates,
nmet hods of formng field effect transistors, and nethods of formng
integrated circuitry conprising a transistor gate array and circuitry
peripheral to the gate 25 array. The discussion proceeds primarily
with referenceV@d¥ditiing integrated circuitry conpri siig/4g2007/001953
transistor gate array and circuitry peripheral to the gate array,
while the artisan will appreciate aspects @f the invention apply to
formng a single field effect transistor as well as to nmultiple field
effect transistors, and one or nore field effect transistor gates
thereof. 30Ref %ﬁ#tﬂgztibﬁ'mrfs%lgt &rﬁb&hdug:ﬁveanﬁ?énaﬁqggluﬁﬁaf Plﬁtup&t frittedl to,
in process is indicated generally wmth reference 10. I'n"t e_contexet )
of this documert“ samicendsiveaaisialfdlch 8F asERigIndLslivegyafer (either alone or in
" sem'/ conduct i vlelsserblsltssabcﬁhpniiﬁngjﬁﬁe’nadatbﬂalﬁﬁﬁéreaﬂ)y an‘ﬂQsemiconducti\ae material
2007/ 111771PCT A I.0 | S|, Ng sem.can tiyve
material, incl d I'n Q&%.%? laﬁ%%; |%Ir ﬁnﬂ%ﬁélﬂg’?&bﬁrﬁ&s@@% g’%ﬁgd%?ecfa(}%g' The'tetin
materi al s sfch "subsiates fetedh du @ny weippRiieg sPegtuige inciiding: kot noh limited to, the

assenbl i es conmuehfidongueivebulbizldd AeScrlbBa! S8uYe,  aBhsHafE CENAUGEL¥RI as
material |ayers (either alone or in a.ssggbl.t es ﬁlogprl S[I ng. ot her .
material s). Th&OMBIRNY S0 TR PERA-regigp e Mithin whishsa, fislg,ifefransistor gate
structure, inclamdmdl] bédrbrigated dandi a peripheral thauitheateactidusriphesl to gate array
substrates desgirkdesl 82%9 of ékﬁ}ﬁmglé%ﬁ. APy st 8P nfbIRbARISQRI fabHOMicA s
array area @r re%bon 1 le tg)l n i Chlp,@A@g' el d effect tr_ans”st_or_trgate 14
array will Be fABPYYAEW ¥ £*POPRIREMY) cichitny, vhils, perRheral pircuitry area
peri pheral to geight mcludyg econtral tRouitBy favagperdtingicaniybiing mhemorgr sisyitgr within

12 m ght be utidyagefed 95, hﬁ@?ﬂai@&érﬁ%u@iio@ar@%ﬁﬁrs@ic.ro?lhgnlid'lé(ted,ffﬁlr example
exanpl e DRAM ci r.cui t[#ter\g]r:agg peripheral circuitry area 14 mght

i ncl ude cont r olYiFIRE e fielt ¢flget JRDSRErS MithiRe Iagicy C@l"%‘&'u?"t piper
within array arcgeuities. Al ternate configurations are of course
contenpl ategd, for.e |.8e Ul 1l &4 Sk L f
transistors within Fgggl}c,econtsr%%ﬁ%?_%t her dc’g?'% u%}ﬁllcégoqjcﬂél%%%aé% for
10 is depi ct ed S8MESRIE Mangeetdlios siiigen | Pihargerlicadugtive maieriasakpirates
bul k nonocr yst alré i sigo-séf icvarse Gohtempiaasd, C sidegdmpe BBERIohalictor-on-insulator
Substrates are r t ted, .for e |l e . .
semi conduct or - 6 ﬁbfﬁ%st% a%lgél @ﬁ%ﬁ%’? ae? g{swfgaé)ﬁ dye’t\/\ﬂg’tbﬁe)rég‘('an%j?%eﬁ' n gs%rlmcond uctive
yet -t 0- be develndgieinl 18dsridealy auitabhebapkgrepnd doged, jos dogedd iprm @ depledywell,
bapkgL Iound zdgp@@lpe of a doipate tondurtivityaysips)emd d_bﬁbéntraaeré()%p @férﬁﬁla@ preferred
sui t abl e condugt]| vl type(s. n rat S) . e ar .
preferred t rengllﬁ"fhsﬁﬁ%gft%gnrga)gagg%’s Sflfcl)‘sfs?%g,a%?g&‘f)’%r?ﬁeﬁggmﬁédb@mve to
fabricated rel aeMicendectyesiibeiiaoiaterial tubstrate material 11.
Referring to Fig. 2Zrefpslg N8 . | AHasiiRy hasidiREN2d ORAPR bddelformed over
sem conducti ve terhal .11 otf iSu stfr aLe JtO. SLgh i.S dde'm cted as .
conprising an sermiconductive ‘'materia of substrate 10. Such is deplicted as comprising an
25 innermost pad oxide layer 22 (exemplary preferred thickness range of
from 30 Angstroms to 100 Angstroms), a masking layer 24 of different
composition to that of material 22 received over material 22 (a preferred
exemplary thickness range being from 50 Angstroms to 300 Angstroms), and a
masking layer 26 formed over and of different material to that of masking layer 24
30 (an exemplary preferred thickness range being from 1,000 Angstroms to 3,000
Angstroms). Some or all of masking material 20 might be sacrificial, thereby

being ultimately removed from the substrate. Accordingly, some portions or all of



25 innernost pad oxide |ayer 22 (exenplary preferred thickness range
of from 30 Angstrons to 100 Angstrons), a masking |ayer 24 of
different conposition to that of material 22 received over materi al
22 (a preferred exenplary thickness range being from50 Angstronms to
300 Angstrons), and a masking | ayer 26 formed over and of different
mat eri al to tHEP28V1EHEKI ng | ayer 24 30 (an exenpl ary pREyEspog|1953

t hi ckness range being from 1, 000 Angstrons to 3,000 Angstrons). Sone
or all of masking material 20 m ght be sacfificial, thereby being
ultimately renmoved fromthe substrate. Accordingly, sone portions or
all of WD 2007/111771PCT/ US2007/001953 7 masking material 20 night

be any of el eCtrﬁéeﬁ(ﬁ’l Pﬁa’cé?ﬁpkg;rhgﬁi bé%% 'Eﬁiéé?rca}ffinsﬁ[atlg ng tE Vsﬁ.wfwe or

exenpl ary preferre ter 'S si[1con ni
an exenpl ary preof@¥tva. ﬁ@t%iemiawmrefﬁﬁ%m%!aﬂ @rm%dsﬁllpmoﬁﬂde while

di oxi de. A fur tdmeéxemwmbaéwrr@:l ﬁr@fenat or wv‘eozl@ RIHdo @dﬂgmash Miayd@f Afurther
exanpl e, forns | L S€, S| I_wlg)on di o
a

conprise sili cong%% adf (?Itemﬂg 3?18 enk e, Q¥ SR ﬁgleisamﬁ]nbu?m%n Ayen ﬁ%%
preferred i Fpl eemprige stjeon wauﬂe agd rmeeaﬁm c@Opitsgrgilicon avtridé.| Regardless and

di oxi de and si ldcB&mirigiyt fid %fc G ér{b %réf@fr@d ﬂhﬁfeﬁ{én@ﬂloﬁ”bﬁ&’ékﬂ%mmatenal 20
conprises silicon lelelj| cei ved icon, nitri

preferred i npl STERSES BHcoN %ﬁ"e apd E‘ﬁ‘r‘?r‘o@tr'g‘én@ddﬂrae'ao‘?sprf rrggﬁmqogw@t
an outer insul abmpesessibranaliodideyeceand ovensdicoRditEn be consi dered as

conpri sing an inner 4 ngjdl %tréf&ﬁe{imﬁﬁﬁlélﬁ nthﬁ’éﬁerlag eé’f@'d%nt he Q:U]ﬁ?laered as

insul ative material, | ayer '1s sel ectively etch e relative
i nner insul®i \FE"W&F'QP@&I oytepyipsulatiiemaighalayfiend igyenddetiebe sprtidripd as
i nsul ati ve nat exhgirising \parinres ircdul=ise hayatal RRdr, iderefittie\cader imsutetishe ynzdérial

inner insulati \&raL %He@lwél@é%agé reid?ivg QS tﬁ)é %‘fn%% ér?sql[a]ll\:}ﬁ mitenal Iﬁ(yier and

i mpl ement ati on, out er | nsul
i nner insul ati \?'éde}ﬁ’ﬁf'%?'fteﬂf "I’W‘Eﬁ’" Wthe@.{dﬁsqlﬂ'vérféatﬁf@f lgyere(puch as layer 22) is
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depi cts such phot or ﬁ esrrtmgotro ng § rarrayy c:rcu:trysirenches 98 have been formed through
masking material 20. An exemplary preferred technique includes
photolithographic patterning and etch using one or more photoresist or other
layers (not shown). Fig. 3 depicts such photoresist or other'layers as having
25 been removed over masking material 20, although some or all of such might
remain at the conclusion of the Fig. 3 processing where photoﬁthography is
utilized.
Referring to Fig. 4, masking material 20 has been utilized as a mask to
form array circuitry trenches 30 into semiconductive material 11. Accordingly in
30 one preferred embodiment, depicted trenches 28 and 30 are formed using a

single masking step, for example utilizing photolithography. An exemplary



25 been renoved over masking material 20, although sone or all of
such mght remain at the conclusion of the Fig. 3 processing where
phot ol i t hography is utilized. Referring to Fig. 4, masking materi al
20 has been utilized as a mask to formarray circuitry trenches 30
into sem conductive material 11. Accordingly in 30 one preferred
enbodi nent, depPewediTienches 28 and 30 are forned usi NRETASZOHIBES
maski ng step, for exanple utilizing photolithography. An exenplary
WO 20071111771PCMJIS2007/ 001953 8 preferreg depth range for trenches
30 within sem conductive material 11 froman outer surface thereof is
from 300 Angstronms to 2,500 Angstrons. Referring to Fig. 5,
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or around fiel 8 Hesmaiﬁqagﬁ4. ig. 7 also depicts In one implementation fabrication of a
25 grounded gate trench 37 through masking material 20 within array region 12, for
example over one or more of the trench isolation regions. In the context of this
document, a grounded gate is an isclation gate which is fabricated to be received
over at least some field isolation and held at ground or other suitable potential for
providing an isolation function towards precluding or reducing formation of
30 parasitic field effect transistor current flow beneath or around field isolation

regions. [f desired, some or all of frenches 36, 37 might be fabricated to



regions. If desired, sone or all of trenches 36, 37 m ght be
fabricated to WD 2007/111771PCT/ US2007/ 001953 9 etch/extend into
material of sem conductive material- 11 and/or field/trench isolation
mat eri al . Referring to Figs. 7 and 8, preferred enbodi nent
trenches 36, 37 preferably expose sem conductive material 11 of
substrate 10. ¥ ur/g1tdepi cts one 5 preferred inpl enent akGTFE204eNESB N a
gate dielectric layer 38 is fornmed over exposed sem conductive
material 11 within peripheral circuitry trgnches 36. Such m ght be
formed, by way of exanple only, by a thernmal oxidation wherein at
least a majority of the gate dielectric layer is conprised of
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material being below by way of example only in possible likely alternative embodiments.
Regardless, Fig. 7 depicts one exemplary preferred embodiment wherein
grounded gate trenches in the array and peripheral circuitry trenches are formed
in the same masking step. Further, of course, grounded gate trenches might also

25  be fabricated within peripheral circuitry area 14.

Referring to Fig. 9, peripheral circuitry gate material 40 has been
deposited within peripheral circuitry trenches 36 within masking material 20, and
in the depicted exemplary embodiment within the corresponding peripheral
circuitry trenches also formed within array gate material 34. Gate material 40

30 might be the same as or different from material 34, thereby enabling optimization
of conductivity type and/or work function of the conductive gate material being

formed for different gates. Further in the depicted exemplary embodiment,



formed for different gates. Further in the depicted exenplary
enbodi ment, WD 2007/111771PCM S2007/001953 10 peripheral circuitry
gate material 40 is also utilized in the fabrication of grounded
gates, depositing also within grounded gate trenches 37. In the
depi cted exenplary preferred enbodi nent, peripheral circuitry gate
material 40 | V@AWpBEITEd to a thickness to at |east fi |BCI/GEH7/001953

preferably overfill, peripheral circuitry 5trenches 36 with
peripheral circuitry gate material 40, andgto at least fill, and
preferably overfill, grounded gate trenches 37. Referring to
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30 such is formed of insulative material. Accordingly by way of example only,
materials 44 and 24 might comprise silicon nitride where material 26 comprises

silicon dioxide, or the reverse in but preferred embodiments.



5 dielectric material within the trenches, for exanple material 32,
prior to renoving silicon nitride of the masking material when such
is utilized. Referring to Fig. 13 and in but one preferred
enbodi ment, insulative material 50 preferably of conmon conposition
to that of inner insulative material |ayer 24 of masking material 20
has been depos¥® @d7/g¥Bt substrate 10 as shown. 10 Ref erRQTA§200G00FSg.
14, material 50 and material 24 have been anisotropically etched
effective to forminsul ati ve sidewall spaggrs 52 about gate materials
34, 40 and 42. Sone or all of pad oxide |layer 22 (when such is
utilized) mght be renoved earlier or at this point in the process,
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Fig. 15, such depicts a semiconductor substrate 10a corresponding to or a

substitute for the Fig. 4 depicted processing with respect to the first described



15Further by way of exanple only, another exenplary enbodi nent
processing with respect to a substrate fragnent 10b is described with
reference to Figs. 18 and 19. Like nunerals fromthe first and second
descri bed enmbodi nents have been utilized where appropriate, with

di fferences being indicated with the suffix "b" or with different
nuneral s. Fi g.Wa@0g8eTésponds in 20 processi ng sequencePGIFeHEp0154
Fig. 4, and wherein one or nore peripheral circuitry trenches 36b
have been forned commensurate with formatisgn of array circuitry
trenches 28, 30. Such m ght be advantageously utilized wherein
certain transistors of the peripheral circuitry and the array

circuitry are %ﬂ?ﬁo’ﬂﬁﬁkﬁt@ Rke? éurrwg'l%ls tﬁ%@&ﬁ%é&l{%ﬁ ﬁ%%lrﬂgrq/ NavdQ een

function, and/or desire
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maski ng 10 has PIRSERSIEd Niticeareat AP auyhstnis Krﬁlglen’aﬂ@? ISaneszob%ultln Frference
previously depesifigsl 18 and 19. Like numerals from the first and second described
embodiments have been utilized where appropriate, with differences- being
indicated with the suffix “b” or with different numerals. Fig. 18 corresponds in

20 processing sequence to that of Fig. 4, and wherein one or more peripheral
circuitry trenches 36b have been formed commensurate with formation of array
circuitry trenches 28, 30. Such might be advantageously utilized wherein certéin
transistors of the peripheral circuitry and the array circuitry are desired to be of
the same conductivity type and/or work function, and/or other desired property.

25 Fig. 19 depicts subsequent gate dielectric 32 fabrication, gate material 34b
deposition, and then subsequent patterning of masking material 20b and gate
material 34b to form, by way of example only, grounded gate trenches 37b and
another peripheral circuitry trench 36b. Accordingly, some of the peripheral
circuitry trenches might be formed commensurate with formation of the array

30  circuitry trenches. Subsequent processing could occur, for example, analogously
or otherwise to that depicted and described relative to Figs. 8-14.



gate materials to form another peripheral circuitry trench 74. Gate
dielectric 71 has been fornmed (for exanple by any of the above

descri bed processes relative to gate dielectric materi al

fabrication). Subsequently, gate material 76 has been deposited which
may be the sane or different fromany of the above exenplary 15 gate
mat eri al s. Pro¥@a8T/Hg’toul d ot herwi se ideally proceed sRIFSSIEWISY
commensurate with or different fromthe above-described enbodi nents
as . depicted and described relative to ksgs. 8-14 for exanple.
Aspects of the invention al so enconpass a nethod of formng field
effect transistor gates which include form ng masking nmaterial over

sem conductive 20 npgebhaby Wayt&%xéMB%térﬁ} %,ep%{gdn%g}ﬁgtg %ﬁp%ﬁFJcégﬁ?g

conprises a trench iSolation rtﬁgr
exanpl e only, &0 T&5B8E thedcht ateaﬂae@enﬁ ﬂo“a cofroHmerIR; fﬁ@ms‘thépab%\’e‘
first trench i ﬁeﬁmrbeﬂcbmﬂiﬁdhnghtstﬂmremhlu‘llgzetﬁtvﬁéneahppﬁaﬁhat@,t\ﬂitﬁ Aifferences

sem conductive b@ﬁirgehﬂlgiltegqglﬂ? tr?eefgﬂfﬂg @ 9#@“@%1#9??&%%9 a Pb Sn&eplcts

is fornmed throu
region. 25 $Suc wrmgﬂnmyhﬂe@pr grigydraachrsed® Sdwve beee rﬁ@mcatedoﬁmg a masking

conpr :j ses phlot ?l‘épt mfe&embm Ifwrrca@csn bﬂarﬂﬂ@théﬁﬁhf%ﬂ&l@é&:‘ ﬁ[‘theédéﬁlcfeﬁﬁélﬂgs '
groune I SOl atl on ga a Xt en |

The Tield | sol SPRIROr SHPSHRT Y ol S erBd 8 Rl SN AFSs b pd one
Subsequent |y i meaphmmmnumrypmﬁettmnh SPdpvedues falietediin a soteposinasgdng
30 within the fidpStank RS %eﬁ@r@a[u@}% &?GQ@& ﬁ'\é%ggr %aﬁ&%her masking

d t t f bl fera
ovarti 11 o Bhe ek bEeh SARNSED MioEdLMEHEEs Hateiit FE 256k oo e sl denogtes

one preferred igafd maenakttodarm anotheapéripheral\Eircuitry trench 74. Gate dielectric 71

2007/1117711° qé@%@@ﬁ?&r%&%ﬁﬁ e]tém% W ér{yycrﬂfwr- TaBGvé‘Béé‘anQd ?Pog‘ééée%' relative

renmoved after dep05| tl n%
i npl enent at i on 1 PRE JFIBTES @qt?'ﬁ}@W‘CBWO%n?UBFRﬂL@PTW Wé‘&‘r Aysiarigl 76 has been
patterning of tdhposytati aviie! maydle thetsamel draiffle@etSidn @ny of theOfve exemplary

| pl ement atison o, e Hakfs. mtﬁ&éeggmasc&lﬁé’o&hérﬁﬁs CONENF bAEedP b uently
mat eri al vmth 3ate mat er i
. commensurate with or different from the above-described embodiments as

. depicted and described relative to Figs. 8-14 for example,
; ) Aspects of the invention also encompass a method of forming field effect
- transistor gates which include forming masking material over semiconductive
20 material of the subsirate, and where the subsirate comprises a trench isolation
region. Exemplary embodiments, by way of example only, are those described
above. In a common masking step, a first trench is formed through the masking
material and into the semiconductive material and a second grounded isolation
gate trench is formed through the masking material over the field isclation region.
256  Such masking step in one preferred implementation comprises photolithography.
Further in one implementation, the second grounded isclation gate trench might
be fabricated to extend within the field isolation region during the stated common

masking step.

Subsequently in a common deposition step, gate material is deposited
30 within the first trench and the second trench. Such common deposition step
preferably at least fills, and more preferably oveffills, the first and second
trenches with the gate material. In one preferred implementation, at least a



5 the process further conprises renoving the gate materi al
selectively relative to and exposing of the masking materi al
effective to isolate the gate material within the first and second
trenches. In one inplenmentation, an aspect of the invention
enconpasses a nmethod of formng integrated circuitry conprising a
transi stor gatWOAMWHY7Incl uding first 10 gates and secoNd/GrUUPI

i solation gates. Masking material is forned over sem conductive
material of a substrate, and the substrateqconprises trench isolation
regions. First trenches are fornmed through the nmasking material and
into the sem conductive material for the first gates. Second gr ounded

i sol ation gat en{eﬁcﬁwgﬁﬁle%ﬁkfngrrﬁ?t%n%lﬂée%gﬁ%% pg%ﬁ!ég g, so e%atgyaqr In

the field isolation 15 regions |on
gates. Gate naPBfiRFETedyEmiamedation. t ienpiogess HSr ypidapf @afc@mf»hthograph[c

trenches. pafféraingi ofshe atk aRtand steecne Besositiopht Inbdihéc Qﬁm@:ﬁeﬂthn&rh Ghe

ti ; th
he ot her e 2L CREMEL & UhEBRel Sy SRR siaslnb [Feni] i avafigeral. and
i sol ation ré&gi mesp@PeFrSeW%GOmnmgpsammdltpe etet metesisf selectively relative to
Deposi ti ng Of bh@ eﬂﬁésﬁhd’@ﬁtﬂé 'n@éskmgtrhbt@rtﬁlr@feﬁileestb iseiste IRE 98K hheNSNGHin

m ght occur t|on step, or mght occur in different
deposi tion ste ehﬁﬁJ%rdTﬁ ercog‘gfs FRENSP ¢ he depositing of the gate

mat eri al wit hi n t helnfanesmplementaiivonan aspaat bbthermghtiom epwrmpasseha neethed
deposi tion step; f&ﬁﬂ'lfg'ﬂll?\@éd?%d Qflrcﬁﬂ'gf‘comprﬁmﬁ e?%'aF,QQtQF 'gEfenerQ% ifRidhg first

mat eri al éhl n the rst and second trenches m occur

different d pogf'tfaf;oawds?eé‘ﬁg Sryded) 'é%?“%(h&aiﬁ?efl\g%%gyf“%%ﬁ fqrmgd gver
the gate nat er pehicandddtiss tmétetikisof andutsirate, nowrlether efiestaibd ycoowpeisés tdefich
the first and RegABA réélgﬁ'&?h@'ﬁs ﬁh%@%r&%ﬁ%ﬁiugﬂ'me %ﬁﬁ@shﬁ%rihﬁand

ot herwi se preferably as escrl ove Wt t to
embodi ments.  T¥C EEFemBicopiclive "lﬁt%ﬂqlré?f the ertPateﬁ neetRid Fprundadrisalgtiep
field effect tgatestraiches at® fpmesl mg)ugf'nQh&ﬂ@kﬁi@sﬂﬁaﬁgaln@i@fthah’ efiVigblation

mmski g mater o tnd sefort QRALE o e 1E 8 MatbRir Egodfor
gate di el ect ri ¥ithiaies firgt aqg $9roAd tigESHYSench in t he seni conducti ve
material ; depum filsh@ng@ aleComB trentiads mighbbs fbiveed éﬁﬂ@”lsérﬁe iR or at
raski 19 TR 1 B0 e el LA et DEn L EPRE bt e Bl
to have a pl anBight ecformed ‘gihﬂ‘f' dbe fielst isolatign wiginhs o trecaivesh ohlyi eutwhrly
maski ng mageri @leredfhe pl anar outernost surface spanning conpletely
across the trench i epo@%

mpjority of the masking nﬁn%%— atg r%aete”aﬁg{'c@én hﬁd('r?thaé’dgsaetcg %rﬁg?el?eglmlght

and oceur in the same deposmon step, or might occur in different deposition steps.

Further, some of the depositing of the gate material within the first and second
trenches might occur in the same deposition step, and another of some of the

25 depositing of gate material within the first and second trenches might occur in
different deposition steps. Regardless and preferably, depositing of the gate
material at least fills, and even more preferably overfills, the first and second
trenches with the gate materigl. Processing is otherwise preferably as described
above with respect to the other embodiments.



form ng source/drain regions. 2. The nethod of claim1 wherein
the masking material conprises silicon dioxide received over silicon
nitride. 3. The nmethod of claiml wherein formng at |east a
majority of the gate dielectric material_ conprises thernal oxidation
of the seniconductive material within tiRe trench. 4. The
met hod of claim 1 wherein the depositing of the gate material at
| east fills the trench in the maski n%l%%ri al and the trench in the
sem conductive material with the gate naterial . 5. The net hod
of clai %\Iﬁher i.n the depositing of the gate material overfills the
trench i &S ARG Sraterial and the trench in the senmi conductive
material with the gate material. i 6. The thod of claiml .
wherein the source/dr ai‘%_"}eszan%f fé’r”@“f‘Sr%ﬁ'&Fﬁéﬁ?ﬁ tkansistan CORMIEINge
material of tREMEHEMFSKiEg Material pvermemisopdy chivecmaiteiial peienguhirate;
of photoli th(fgfrﬁﬁ‘rﬁ_i c apafrteé]rcﬂi‘i nf@Ughhethfat E136KiIBEI amaj¢tial pnd into the
deposi t isginicongiuctive magerighe net hod of claim 1 wherein depositing
t he gate nat dprmaing gate slielectriggkptryialbwvihimtheitteanahen gae semicendalctive
and conpnatgénal; renmovi ng the gate material selectively relative to and
exposi ng t he degslgitigg ngd ter ived teeitd edthinethieotreschainethden asktia gneiaéerial and
wi t hin tvighinr éhehtrenchhén nihek isegnineheuictiveanthtehial t o esc thengabe dielectric
sem conduatervg: materi al . 9. A nmethod of formng a field effect
transistor, geppssHikhe gate fraafémgl rBskave rmt grdrdir BtRermost surface
sem condiggbinal "RkRIN aheOfredchUlsithat thadiifg MREtE Al "B ET pRInar outermost
conpr i sigigiedk QphAninG BB IElYBERIdsHnd BEAChAAHRMdYKERg IMstdrpll ve
mat er i al | 8YGbmdVifgOHf teabi1sl bk B! f1d thaliing! nhAENGI SEREC el ding
et chabl Elhéeéé‘tle' 8 ?nner Insulative material” [ayer;

t

formng a tTepgh; %%gﬁ? N o}?gimégiio’?%.mt erial and into the
rral;

sem conducti ve nma rmng gate dielectric materi al

within the trenchin the.sem conductjve materjal ; . depositing. .

gate migialy il m%tmord’é‘ﬁﬁw'iﬁ;twerga;w therapeking maateTial deprises

the trenthCM HHLAENFIIUBH Y SHEPEB ML d/ver the gate diel ectric

material; recessing the gate naterial within the trench in the .

maski ng mat erd-al ; (he methadiofglaine 1 whetalgdfagmiadmt asiia WalRrity ofdhe

trench \AatRi AlelaelrifasraieyiHneemirdises theimalprxidatomaicthaisesnicopmstive

conposi thaterial within d1e tknGthner insul ative material |ayer;

etching the outer insulative material |ayer selectively relative to

the inner ingul atifhe nmeéhodl of agkximarid wbetdie dhepidegoasitiug aof Vidhe gate

mat er i almateréa ivatdlemsd rfiltshthe deeadedh tat enasitirgirabierial and the trench in the
semiconductive material with the gate material.

5. The method of claim 1 wherein the depositing of the gate
material overfills the trench in the masking material and the trench in the
semiconductive material with the gate material.

6. The method of claim 1 wherein the source/drain regions are
formed within the semiconductive material of the substrate.

7. The method of claim 1 being void of photolithographic patterning
of the gate material after its deposition.



after etching the outer insulative material |ayer, depositing

I nsul ative material of comon conposition to that of the inner

I nsul ative material |ayer; ani sotropically etching the

i nsul ative material of comon conposition to that of the inner
insul ative material layer effective to!forminsulative sidewal
spacers about the gate naterlal and form ng source/drain regions.

10. The nmeth Ialm n the,outer insulative terial la

is thicker t%an t ﬁ““?’zﬂ aﬂ '\'/"é ?m‘fv tef?alln I%Peors't' "the at %tee”al
met hod SPOVESi AP \AB%F ing t'ﬁ‘é‘ %U? ? %{F“ °°mp“s’”9

cont act eHRYVINEnEE PALRMRiafEIng! éF 'é{? | F'Ve t° a”d szoﬁ*ﬁél tha mgpking

of cl ai iatefidr &fteative dot dsoleraufhs | Qéterrdt‘éﬁ‘i’%@' I"W@'r" ithet fgench in the

out er rodpagkingr mategal ang ﬁ’f‘@skﬁ‘ﬁghrﬂﬂt@ﬁ g¢miconductivig matgsiatet hod of

claim9 further conprising another insulative material |ayer received

i nwardly of thhe i #neethadutfaficirodngea éeidiefiesydransistor, comprisging:

met hod of cl dombhgvmeaskingt matetiakeovensendicondugtiverinatetialef a substrate,

conpr i seéhesmaskomg dhakedal aodprisingnaar outeuiretulzéveanaterddl layer andl7an

conpri saansr | ingahativg r mdgerial layer,1%he Thataretihsglativec imaterfawheye rbeing

the out ejeleotive it dtchaiié eelative &y ¢iie ¢OnPr irftrAativeéimateraltiayde; and t he

i nner i nsul atfbMAingt er | flenlchy ethreQGpr | HRS AddiGAG dhexédgl and intd6.the

The net hedh b neluwititedmaierial:n the depositing of the gate material at

| east fil | S ¥5Emid$aehe 'd?eFd?ﬁrlﬁq’ﬁgtéWalrWFtﬁfd ﬁlle fehdhm tﬁ@%%fﬂm'cﬂntih%twe

semi congy materlal wth the gate materi al . The net

of clali m wg,gggtt,;.,]g ét%“ %ﬂéﬁbﬂkﬁuﬁgﬂh‘é”ﬁe%ﬁ Q{EF é{t%l& ”rgeg*t‘@r al and
seni con ﬁlrn'nv‘?hémf &h EI aterlat' oye électric
claim?9 i d-0 pftoto tﬁograp I'C pat \f the

mat eri al tsd osi ti.on t]f’t ?jl B ial:
wher ei n the &EEEFW %r@taé? g rﬂf’%é"é Utot §i I'F F %‘t" PQ ateria

the planar o(f® ey FeeeSRd 1 9 LrY" ”bem‘rag EF néﬁ“ tﬁhe
a pl anarmaatl@rgna“s&tteg fitR 1gpu "4% %ta CPfeC‘PKX}cSnBT‘fo%IF‘BH ition to of

conposi tthgrgner insulative MatgdahY &t forning a fiel d effect _
transi stor, @éﬁblrni%lth@ outer insdatyve ”\%@Rﬁﬁéa)ﬁ%t Seileftiveiyr relative to the
seni condnBer vinswiatye aimaterials hage a@@d toe theskapgimmt rswptivayimatedial
t hi cknegsceisthoreothe renessedigateduetérial; mat eri al ;
after etching the outer insulative maiterial Iayer, depositing insulative
material of common composition to that of the inner insulative material layer;
anisotropically etching the insulative material of common composition
to that of the inner insulative material layer effective to form insulative
sidewall spacers about the gate material; and
forming source/drain regions.

10. The method of claim 9 wherein the outer insulative material
layer is thicker than the inner insulative material layer.

11. The method of claim 9 wherein the outer insulative material
layer contacts the inner insulative material layer.

12. The method of claim 9 wherein the outer insulative maierial
layer is the outermost material of the masking material.

13. The method of claim 9 further comprising another insulative
material layer received inwardly of the inner insulative material layer.

14. The method of claim 9 wherein the outer insulative material
layer comprises silicon dioxide and the inner insulative material layer



formng a trench through the masking nmaterial and into the

sem conductive material ; formng gate dielectric materi al
within the trench in the sem conductive materi al ; deposi ting
gate material within the trench in the masking material and within
the trench in the sem conductive materildl over the gate dielectric

mat eri al ; rece55| ng the gate material to have a planar
outerm)st sur.face. @ veryvx/nere received within the trench
Wi t hin t“f?é“?HPSﬁrFé %O'éﬂi ee of the masking material, said pI anar

out er nost surface anni tely acr oss, t he trench in .
maski ng et erli ﬁ THe meﬂ?%‘gm‘g{)r‘é Pebergindfgr pijebingH tH’é‘skmﬁ rial
mat er i all24EE eFORMISES g“?ﬁ@ dHV@j?ra?BFil dhe ameRk oingiuhati @ uitaiedichi yer
r egi ons.comprisgs silicoptHeyidst. fornming a field effect transistor,
conprising: form ng masking material over sem conductive materi aI of
a substrate; ¥orni ametleadhof helaigh & hehetgiki e ndiepoisitingndf i thieo gate
the seniratehirtat/keasitidls the trench in floe magkiggtreatérblesndithentienchadh the
Wi t hi n tdeantocertoictive medesiainwdtinthie tgiate mateaialal | deposi ting
gate material within the trench in the masking material and within
the trench i n7.he TH@imetsbet o6 elamh ed i wheoyier thoesgatee/drginestgiohs are
mat eri alformed withi® €8s SatgiddmRl dAtve ARdteriapbf tive Raveteatpl anar
out ernost surface received within the trench in the masking material,
the pl anar owtaerrrqeﬁe mgth%@eofseemm 8% SRR G Y p ﬁSfcﬂﬁﬁobP Tpﬁirceﬁéﬁehﬂng
t he maskig Ferh?étenbh %]%P%rsq n.upon recess bel ng T-shaped iIn

t

| at er al cross sectl on vmt rench in the masking material and
the sem condul%tl ver

Ragﬂépr\é Ihét l%ﬁ ?‘n%’% 5c¥m fises
t he mas I-{E‘ C

sour ce/é}ral ﬂﬁfér ng ngfégﬁ'%% %ﬁ%a@%% &EET gg'ﬁg 8? T 36 Mdterial
transi stpr9c§ qr%zi\r 'Tf%rrrﬂ §hRE f%?e? aﬂn Jpaer of the two
sem cond|HBI<t ARTPEASIioRs 4 substrat e, the maski ng materi al

conprising an outer insulative material (er and an inner insulative

material |ay&0- t HemMsihed ehiarminga fied @rf estt 3Pt YeCRPRESIBE i vel y

et chabl e rel é@fméng onasidngnmateriak gvar iseanigandrictive| mpaderial of a substrate,
the masking material having a thickness expanse over the semiconductive

material; -
forming a trench through the masking material and into the
semiconductive material;

forming gate dielectric material within the trench in the semiconductive
material;

depositing gate material within the trench in the masking material and
within the trench in the semiconductive material over the gate dielectric
material,

recessing the gate material to have a planar outermost surface that is
everywhere received within the trench within the thickness expanse of the
masking material, said planar ocutermost surface spanning completely across
the trench in the masking material;

removing at least a majority of the masking material after recessing
the gate material; and

forming source/drain regions.



formng a trench through the masking nmaterial and into the

sem conductive material ; formng gate dielectric materi al
within the trench in the sem conductive materi al ; deposi ting
gate material within the trench in the masking material and within
the trench in the sem conductive materildl over the gate dielectric
mat eri al ; recessmg the gate material wthin the trench in the

maski ng mat er. !caE reces a teri. a vm t hin.the
trench wthi 1?he q&hﬂa ?ﬁf ﬁ/\ffahcg :[l%l?]t rgﬁg FHI”S'”Q
et ching the 'g E' Pr ¢ POE ME Pv’@ rigl gf r”‘v%”'?%“ate
the inner in B '?Q/eama r@t”l I Yee anﬁ‘ 'Bﬁppﬂ“ﬁ ”ﬁlsuf"ﬁgl ngto the
mat er i alSSB& tygematgEaticcessed gate mat eri

etching the dafBmMg ﬁ@&?é&'?lﬂ@tﬁﬁtf@ﬁt%ﬂ'ml\wmn ﬂt%bf&ﬂtth Hbtheuss@rrappvéuctwe
mat er i almaterddlimon conposition to that of the inner insulative

mat eri al | ayglepositing gaiei sateopi wdthip ectienghtinetienmaskingematerial and
mat er i alwithinc dheroireachpdsithieosermicohductivet hmteniaéroversihat gate dielectric
mat er i almbatgréal; ef fective to forminsul ative sidewall spacers about

t he gate mat eecabsingndhieorgateg matertsl/ doaihavieegi opmnarldutfnodt surface
met hod akckived ngithinf itkkdtrehthcin tthenaiaskong eenpriesi fige planar ngutermost
nmaski ng siRfedd alpaPiveng SEIthpRItEUL bicYes $Tah 8 rtr@hcifin ahsURfd skt & mb s ridNdhe
a_trenchythr eagsribhapBRsidiGITBERTY ILsipdskd th Qaidial $2056 QAR Wathin the
mat er i altrench !n thé Qﬁasm@a{aqeﬂwbﬁatﬂhlecS@ﬁaﬁ@am@ucmé haterlf ;trench

in the sem CQB |hﬁea &t % majority ofgﬁé‘) déélﬂﬂ gFHaEi ray el recessing

wi t hin th graski ng ‘mater i |nt etrench

the sem con %H”r'ﬁg %P%é ra&v?%%{gﬁ‘é gate dielectric materi al;
0

recessing the ga ve an out er nost surface recei ved

h h h
Fetossed Sair : é{ﬂaﬁfn%d”‘*fsf?rrﬁagﬁ BRld elech s ﬁ}rg crig
with i nstHl ati'® %I}mg matenalapygF Sg PH éer"@é‘ _H g; Substrate,
mat eri al; ayer and an

T%m? %rﬁ%hcmwwnsh@nn% glye dnajy rﬂﬂl
i nsul at |'ngﬁ'a'f1éf“ ajive r@%@\"ﬁb é‘b’ef edRe SUF%" dF?‘t‘kﬁtWﬁ tRateralkiayger being
mat er i alSelectiyglyftchrdle satati H@?d)‘%”@r H‘@'-i'ﬁ@\ﬁ?éfﬂ?tﬁi'ﬂdﬁéﬁiﬂal over
t he substrat é0TmAHIG 0y ob’ie@&hl ytheoun ngthehemaskingt imateraler aaf tioto the
formi nﬁﬂrﬁmQﬂ@luﬁtl&@v\mategphcers about the gate material; and
forming gate dielectric material within the trench in the semiconductive
material,
depositing gate material within the trench in the masking material and
within the trench in the semiconductive materlal over the gate dielectric
material;
recessing the gate material within the trench in the masking material;
capping the recessed gate material within the trench within the
masking material with insulating material;
etching the outer insulative material layer selectively relative to the
inner insulative material layer and to the capping insulating material
received over the recessed gate material;
after etching the outer insulative material layer, depositing insulative
material of common composition to that of the inner insulative material layer;
anisotropically etching the insulative material of common composition
to that of the inner insulative material layer effective to form insulative
sidewall spacers about the gate material; and
forming source/drain regions.



form ng source/drain regions. 24. The nethod of claim 23
wherein the insulating material and the insulative material are

common i n conposition. 25. The nethod of claim 1l wherein the
gate dielectric material lines all of a base and sidewalls of the
trench in the semconductive naterial. 19 26. The method of claim
9 wherein the gate dielectric material lines all of a base and

The et hod o E E@ﬁ% wﬁ om%nfﬁgm%@w 24 41 mﬂse.g
of a base an A 5 éeli'? ﬁnyﬁgn \S%rﬁ!a Séﬂ‘iﬁszfate
28. The rreth n%l & el ePH. 'beatg‘ Fgct'?“ia erﬁa el"‘f1 I 'I”t?neghe
all of &%4 tWegRVHEN@ 0f t he trench in the seni conduct i ve
mat eri al . orming) gatg Ligiadiga patedial within {ieteneh Hethgsemiconductive
di el ect rM@tadlerial lines all of a base and sidewalls of the trench
in the seni colfRAsiting gateemaderial within e trepehnist Hisd mAskingi magarial and
wher ei n Witleingdhe teachcin itbersesmicanduictive matesial soverséhangate dielectric
si dewal Imatgrialhe trench in the seni conductive nateri al .
recessing the gate material to have an outermost surface received
within the trench in the masking material;
capping the recessed gate material within the trench within the
masking material with insulative material;
after capping the recessed gate material within the trench within the
masking material with insulating material, removing at least a majority of the
masking material;
after the removing, depositing insulative material over the substrate;
anisotropically etching the insulative material to form insulative
sidewall spacers about the gate material; and
forming source/drain regions.

24. The method of claim 23 wherein the insulating material and the
insulative material are common in composition.

25. The method of claim 1 wherein the gate dielectric material lines all
of a base and sidewalls of the trench in the semiconductive material.

26. The method of claim 9 wherein the gate dielectric material lines all
of a base and sidewalls of the trench in the semiconductive material.

27. The method of claim 20 wherein the gate dielectric material lines
all of a base and sidewalls of the trench in the semiconductive material.

28. The method of claim 21 wherein the gate dielectric material lines
all of a base and sidewalls of the trench in the semiconductive material.

29. The method of claim 22 wherein the gate dielectric material lines
all of a base and sidewalls of the trench in the semiconductive material.

30. The method of claim 23 wherein the gate dielectric material lines
all of a base and sidewalls of the trench in the semiconductive material.



