;e3e+| $+y 1 4" @<H$6~$TSR\ - 412 Aug~. ~~t 2004 | NOVEL DRAM ACCESS TRANSI STOR
FI ELD OP THE | 1V ~E1~TTI ON [000lI] The present invention relates to dynam c
random access menory (DRAM cells and, in particular, to aﬁ?o‘%‘éﬂ'isér?@ééss
for their formati on. BACI~GRO Tl ~' D OF THE | NVENTI ON [ 0002] A dynam c
random access nenory cell typically conprises a charge storage capacitor
(or cell capacitor) coupled to an access devi ce, such as a

Met al Oxi de- Senmi conductor Field Effect Transistor (~i OSFET). The 1420SFET
functions to apply or renove charge on the capacitor, thus affecting a

| ogi cal state defined by the stored charge. The anmpunt of charge stored on
the capacitor is determned by the el ectrode (or storage node) area and the
interel ectrode spacing. The conditions of DI ~4~'~S operation such as
operating voltage, |eakage rate and refresh rate, will generally nmandate
that a certain m ninum charge be stored by the capaator. [0003] In the
continuing trend to higher nennritcapacit . _the packing of storage cells

must increase, yet each gi | NQ¥EAR R CESS T SISFOR | evels. This is

a auci al demand of DI~~lvl fabrication technologies if future generations
of expanded nenory array devi Fﬂawﬁ | y manuf act ur ed:
Recently, attenpts to inaraasﬁ%@@ggﬁ ng densi ybo cell capaactors
and/or to sinultaneously reduce the transistor size have been nade but with

limted resul ts. {ﬁvomxamls@res@aen@@maﬁ&mésscorcg@uﬁﬁmnubm A®egnieradrya
transi stor gate electrode fornmed atop a 12 August 2004 2 substrate and a

source/ drai n r ¢GIRAM) cdlsiands mnparticilar, & emeveliprofass Lyrtheir dormpsion; t y.
Unfortunately, reduction of the threshold voltage and, or the so-called
short channel effect such as the punch-through phenonenon are likely to
appear. A well-known scaling nmethod is effective to inprove the
above- nent oned di sadvant ages. However, this approach increases of the

substrate density and requi BACKGROUND OF THE ENVENNTYON age, which in
turn |l eads to reduction of the margin concerning the electric noise and

fluctuations in the threshold voltage. [0004] Accordi r]gglé‘)‘)/', there is a need
for an unproved ni0R3d oA dysaminmodomascess masper el GrPicAlyicoBPnsGA eharse

i hi evi . 4 i nt . . :
el || a5 pr ovenERRBEA HESGIEPT EHLEPaT A e iRy 19 B aras Al PLath S, "o
THE | NVENTTON [00808ehicbR8udbe Feild EfBdeTahditoP (IMOSKET )2 Tied BIOSKET f or mi ng
menor S| devi ces, such as DRAM access transi stors, having recessed gate

structures. Fi dlumktionseo appper fonoysadlasgd emther@paditost thus efeeriog dlogisal state

sem conduct or suhstrate subs ent whi ch transistor gr ar .
patterned and é#Bﬂ%{ng ﬁ":a?t%‘icﬁi%g‘ﬁlfgeni eiadxéoﬁfé‘?cgar?ﬁé&ﬁcg g%}égﬁacpgcg?relgs

adj acent to thejetd ANMASEOMe HIQRNRE (8f Sotdi8hoterAes 8 tdintdtalecsddispatiant | y
deposited polysilicon for gate structure formation can be polished relative
to adj acent andtelsuditzs of DRAM oparatiatesushag operagsg vphags leakpgesiateaidl ot her

advant ages and features the presept i.nvention will be ,nore apparegnt  from
t he! det ai | ed dé&@fsi‘ﬁﬁco FHe B thay P AP ZNPHEE ™ ‘Eﬂ%f%‘ﬁb“i Sll%%fgt%rya &
exenpl ary enboqglgg%ﬂgls_ of the invention. 12 August 2004

[0003] In the continuing trend to higher memory capacity, the packing of
storage cells must increase, yet each will maintain required capacitance levels. This
is a crucial demand of DRAM fabrication technologics if future generatons of
expanded memory array devices are to be successfully manufactured. Recently,
attempts to increase the packing density of cell capaditors and/or to simultancously
reduce the transistor size have been made but with limited results. For example,

one approach is reducing the length of a transistor gate electrode formed atop 2



3 BRI EF DESCRI PTI ON OP THE DRAW NGS [ 0007J Figure | illustrates a three

di nensi onal view of a portion of a sem conductor device on which a DR 4lVi
access transistor will be formed according to a nmethod of t1I2eAlﬂﬂ 4
invention. [0008J) Figure 2 illustrates a three di nensional vices of the
Figure 1 device at a stage of processing subsequent to that shown in Figure
1. [0009J Fi~ure 3 illustrates a three di @ensional view of the Figure 1
devce at a stage of processing subsequent to that shown in Figure 2. |
0010] Figure 4 illustrates a three dimensional view of the Figure 1 device

at a stage of pPMOSRUSIARG ASGBEE( e ragdPn fa MErsniharsfor ggirtegratipodengty-

Figure S ill ustyakssdidr gedﬁi [ f.t.08 /Flgure yice at a
st age of groces%?lrrlg sutt)éslgqﬁl;g%c'(tyoto t gpﬁéﬁé\ﬁ/\ﬁ%lgagﬁaggrg} %Lé s?o%“]‘.%gs |rbure 6
illustrates a tdhaesecldifftersichaathe\geishahrduzt phiegbfnendn aRVikeE t.%tapgc:&t age of
processi ng subsequent to that shown in Figure 5. [0013J Figure

illustrates a tWebknewnseding mathed swisetvcie impgenedhd ablexermentened st age of

processi ng subs o that sha in Figure 6. 14J Figure 8
illustrates a ccrg%gg%%% %0 %‘Vev\‘;f’e SEPPIRE™ RGP éﬁg‘éf}é’é%%ﬁ“&f i'ﬂfb line
88 . (001 ~ kefhiguiredecdrl i he Aishy PolaizesPhRBE hafidadd kS W RkriblBF HOUT © 7
device taken along lint 9-9'. ( O J Figure 10 illustrates a
cross- sect i onalmaguveasicerting tieqalectridnolies anvbflucrhattons ah chegthireshbldivblthge. ( 0017
J Figure 11 illustrates a cross-sectional vices of the Figure 10 device at
a stage of procesgi suhsequent tpo that s in Fiqure 10. 2 August
2004 4 [0018] Fi g@r@g‘iz %‘F‘%@P}v&}f’ “é“c%@%%%‘?%“@@?ﬁﬁémggure 10
device at a st agOSAEmNHIBEH AeviSsDFAUGHmILe a¢Hidfin dale i

er 02 & Fovi v?%?mt}ﬂeagclgz%%&gglocfevi ce

[0019J Figure 13 illustrates a cross-sectional vie

at a stage of pemisesdiergr sinhsteyaewtll ssoprehattinglthonciunreficg of ehelsBortf ARkl
Figure 14 illus z%t es a cross-sectional view of the Figure 7 device taken
along li.ae 14515 and at a stage of processing subsequent to that sho~~n

in

SUMMARY OF THE INVENTION
[0005]  The present invention provides a method of forming memory
devices, such as DRAM access transistors, having recessed gate structures. Field
oxide areas for isolation are first formed over a semiconductor substrate subsequent
to which transistor grooves are patterned and etched in a silicon nitride layer. The
field oxide areas adjacent to the transistor grooves are then recessed, so that
subsequently deposited polysilicon for gate structure formation can be polished

relative to adjacent and elevated silicon nitride structures.

[0006] These and other advantages and features of the present invention
will be more apparent from the detailed description and the accompanying

drawings, which illustrate exemplary embodiments of the invention.



Figure 12. [0021 ] Figure-15 illustrates a cross-sectional view of the
Figure 7 device taken along |line 15-15" and at a stage of processi
subsequent to that shown in Figure 12. [0022J Figure 16 |II@S’§‘|‘%H%&%Q4
cross-sectional view of the Figure 10 device at a stage of processing
subsequent to that shown in Figure 13. [0023] Figure 17 illustrates a
cross-sectional view of the Figure 10 devce at a stage of processing
subsequent to that shown in Figure 16 and in accordance with a first

Vew of the F ;Bfe‘ o' dev AR DGR O e R e ot S T hat
shoun 1n Fi, ~-ut e[dod1an ¢t aCHRLAARCEAIN Bt n3RARNAR BPRGLMRA o0 L Ne

i nvention. [0025] Fi g | ustrates a cross-sectional view of the

Fi gure 18 devi cemactondustoagbvmé opnm&ssnigxmmssqmnkxsmowﬂhht festedn i n
Figure I S. [0026] Fi gure 20 I rgtrat es a cross-sectional view of the
Figure 1S devi @ECHHINE W HFe %éj & BESFHGNEEOBquent to that shown in
Figure 19. [0027J Figure 21 illustrates a a-cross-sectional vices of the
Figure 18 devi ce st f SHRREQHELL AW of BRFSHEW ke ar

; ﬁfgusl] %%JIQZ@E%S%%EB&C gﬂ idWo iglie ca

Figure 2 Figure 2 lustrates a

cross-sectl onala svgeWfProtdiding sghsequehd tolehdtchowh im Fighagd. of processing
subsequent to that shown in Figure 21. f0029] Figure 23 is an illustration

of a conputer system.having a M access rj.ansi, st be f agc rdln to
a method of the Q@Et hﬁ}’éﬁt’l Uaﬁ?&ﬁ{%mgﬂ Eﬁ@’

[0030] In the ] 9%9 is made to varl ous
specific exem%gyfg\ggggoﬁe%?%ﬁ E?]m%ﬁgﬂ?%}\;/g%ﬁ: ong‘re'ray be practi ced.
These enbodi ments are described with sufficient detail to enable those
skilled in the ar[to000] pr Eigured illinerateasaehtdeatimeasidndltviavs of the Fegura detevice ad

t hat ot her enbodi nents nay . be eb npl oyed, .and t hat %truc ural, lojical, and
el ectri cal chaﬁd%cﬁé?r?fésﬁﬁ%ﬁl@l waglt‘lmﬂﬁéh‘f@n% 1BHEF ér" or "substrate"
used in the foll ow ng description may include any sem conduct or - based
structure that h ex SBES r @q@]r r HLe
must be understogg)o?cm)ll ng%%ggsm |C%ﬁqﬁ}e?r%%dg%g§ﬁivmw§%cl |c§)2 dgﬁ{c 2
sapphi re (SCS) a scgpef peowdssimgl ayiseqeante drd sixdvon $n Figoird 4xi al | ayers of
silicon supported by a base senuconductor foundation, and other

sem conduct or str The _.sem condugct or,.need nqt. be con ed The
seni conduct or codbgig sﬁg"éﬁﬁ FRYER @ ST SEPREHPIATVICS) © é‘QF ﬁFaE.

a stage of processing subsequent to that shown in Figure 5.

l-

[0013] Figure 7 illustrates a three dimensional view of the Figure 1 device at

a stage of processing subsequent to that shown in Figure 6.

[0014] Figure 8 illustrates a cross-sectional view of the Figure 7 device taken
along line 8-8'.

[0015]  Figure 9 illustrates a cross-sectional view of the Figure 7 device taken
along linc 9-9'.

[0016] Figure 10 illustrates a cross-sectional view of the Figure 7 device
taken along line 10-10

(0017] Figure 11 illustrates a cross-sectional view of the Figure 10 device at
a stage of processing subsequent to that shown in Figure 10.



[0032] Referring now to the drawi ngs, where |i ke elenments arc designated by
| i ke reference nunerals, Figures 1-?2 illustrate a nethod owrm% 2 DRAM
menory devi ce 100 (Figure 22) having access transistors f orl st 08 ng to
exenpl ary enbodi mrents of the present invention. Figure 1 illustrates a

sem conductor substrate 10 over which a thin thermally grown oxide |ayer
12, with a thickness of about SO Angstrong to about 200 Angstrons) has been
formed according to conventional sem conductor processing techniques. Aa
insulating |ayer 14 such a silicon nitride (Si,N,) layer 14 (Figure 1 ) of
about 100 Angstrop@018]12 Fimgud? il0gMmté ¢ oossksactionh] 0RS S tHigurs 1i0sdemex it

di sposed over the substrate 10 and the oxide |layer 12. The silicon nitride
| ayer 14 may béﬁf%ﬁzr&rf?rBSstéﬁﬁ\ﬁhﬁbf&@BB%‘iWi 3 spPeRaR SEUe ddh as sputtering by
chem cal vapor deposition (C V D) or |ow tenperature deposition by el ectron
cyclotron resonangg1oh asrnzahangecil aaRRLALIGES oftht ERHEN 1 b gLence
to the insulating layér 14 wi Il be nade as to the silicon nitride Layer 14,
it must be underssigead prdassing eubsequdrmted nigaclshyen id Figuy 1De al so formed of
silicon oxide, for exanple, or other insulating materials, and thus the

invention is not Jjmted_to the use of silicon. nifride. 00 3 3 J Next,
the silicon nitri @Q%Lyef‘g?ﬁc Eg "@Wﬁé&“&??cﬁé’"&f Y}ﬁ‘ﬁt"gr‘-%%i: igurg Aglericq 5
(Figure 2) foq:ﬂpcgamh%r Sigh ] L tL) t.hi SS. 0
about 1, 000 Angstrons th(#éalﬁ%g% éi%?%o%é%égs fé%ﬁﬁq'%ugbs% 1o otrttelstlﬁis?{} P‘é?é% I 5
i s patterned wFiguralpash (not shown) and the silicon nitride laver 14 is
ani sotropically etched through the patterned photoresist to obtain a

plurality of sili itride Lums 18 having a width Wof about 1,000
Angstrons to abodﬁgg}gooﬁ%fgﬁﬁguéﬁd3§FF§F’F%§\W°P?1e‘ﬂ€:‘ﬁ@§dM)F18Ps€o{ geviesn (STI}

20, as shown i ' - 1E07001.af N 1t I trenches for isolation 20,
the silicon ni %}(F%g‘wﬁgy%rc l-llé?l,lgt%gd%xal %aggelsdggéé&wgdg%sf%%%gﬁ&aié{l%“‘iﬁi are
all etched to Highepld of about 1,000 Angstroms to about 10, 00U Angstrons,

preferably of about 5,000 Angstronms. Subsequent to the formation of the

shal | ow trenches f8; jsol ation 20, the photoresist |ayer 15 is renoved by
conventional tecHR q%jes,FIEHE"fﬂ%éu”é?%jéﬁ crasnaaeHionsl yieve et Eigursrl Qodevick @ddi ng

t he substrate | ' Lat ] de .he toresi st and obtain
the structure %?mé% gﬂ?JgI%Sh{gr%gg%cgpéjgggg%ﬁ}’Stﬁolg‘frﬁe ‘ormati on of the
shal l ow trenches for isolation 2 O (Figures 3-4), the trenches a.nc filled
with an isolatiofi0e23] edigiue 7 illustritas aaiosdsectiofdl gisweoSthe Myndilel RGick b
suitable for isol atifon may, be enployed to fill trenches Z 0. In an uunplary
unbodi ntat, t r:iEEeSt POCEHIRSSRPruedt Iorthat RvadRdigyre JiCanthin@rylansei de, a
material whi chyhas B ibaRieh bt tigvc%td{ﬁgcti vely fill narrow trenches.
Aiternarnely, an insulating ayer&l(enot sho~~a) formed of as oxide or of
silicon 12 August 2004 7 nitride, for exanple, may be forned on the
trench sidewal k, [034dr tRighiel1s ilgstrites ¢ cressedecsor visht of the Figigell tdedbe at
dielearic 21; to aid.in snoot hé%g_l out t(pgtégorrer_s .n the bottom of the
trenches and to PETRIRECTHEDE SBRIFAUERE OV iR Fé2Wr docndrip acqesdance o | at er
Il in the trapheSecond@ibdibeBebEiRIERABaOW Mde o Figure 6. The
silicon nitride colums 18 are patterne and etched to form regions A
adjacent to the isolation dielectric 21 and transistor grooves 22. The
silicon nitride [@828] 1Figuhd9ddstmttsay@psss2ctiomil vinw ofiths Figirel 8 deviceearal |
etched, by reactive Jon_et.chi nl? for e%mée, to_.a deﬁéh of about 1, 000
Angstroms to abotRS KErOTG AR GLPYGHERYE B AP W LR EIEHSASi st or grooves 22
where gate structures of the DRAM nenory device 100 (Figure 22 ) wll be
later formed as [go26i]! | € 29GL LAk aerek8Lsedd odaPlieW of TRe ﬁ%ﬁ%@ 19 8evice ar
transi stor grooves 22, substrate 10 is etched to a depth ~~ (Figure 63 of
about 500 Anggtsagefipoocsstng suEhseQecnangshatshewn r0bgwde Bdbsequent to the
formati on of the transistor grooves 22 (Figure 6) and regions A (Figure 6),

the isolation di re. hs .partially etched w.th el.ective etchant to
obtain recessed @t"?ﬁ tu?@ﬁﬁé@'ﬁﬁ'@tﬁtﬁ ]Sg%}ogﬂm\gﬁwpgél?q)la%,l%g%ﬁm in
Figure 7. The a ssigedfipptociiig aftiseqent to it Shéwie th Figus ggpth 8 (Figure 7) of
about 500 Angstrons to about 3,000 Angstroms, by a directional etching
process such as plasma etching, for exanple. As it will be explained bel ow,
the isolation dielectric 2l is recessed to allow a subsequently deposited
polysilicon to be chem cal nechanically polished relative to the remaining
silicon nitride fromthe silicon nitride Layer 14. Cross-sectional views of
the recessed structures 24 (Figure 7) and the isolation regions B (Figure
7) inrelation to the transistor grooves 22 are illustrated in Figures 8
and 9 for a better understanding of the invention. [ 0037] Reference is now
made to Figure 10, which is a cross-sectional view of the structure of

~ AN o . e




(Figure 17) is next formed over the polysilicon gates 33 to conpletely &l11
the recessed regions 34 of Figure 16. The dielectric |layer 3~ may .include
zn oxide material, for exanple, and nay be fornmed by converi Auglst 2004
deposition nmethods foll owed by polishing by Cl~LP, for exanple. 12 August
2004 9 [0041] Altenatively, a layer of nmetal capable of form ng a suicide
:not shown) nmay be deposited over the polysilicon gates 33 to a thickness
of about 200 Angstroms to about 500 Angstrons. For deposition, sputtering

by RF or DC may b | oyed but, .ot her_sim| ar net hods h as

used. Subsequent f%&;tqﬁe é%‘ﬂ’g??i'gﬁs%ftcstangoﬁésfﬁ?o%%ﬁﬁﬁl %L%F ﬁ%?’r%@g&g’}écg?
silicide, SUbSta@%& é&@%%@@@&eéuéﬁ&b%&ﬂﬁb%'ip@%iﬁ@bl( RTA), typically
for about 10 to 60 seconds, using a nitrogen anbient, at about 600C to
about 850C so that the netal in direct contact with the polysilicon gates
33 is converted tH0299 sibiguwst @8.is A ilsisoemon af Frompeten §ystent havinge PBJMbns
37 form conductive regi.ons, op top of the polysilic ates 33. Preferably,
Uhe refract ory SETSFRUEOT B ReR aEartine o PEOREd it PISEY BE || o1 de.
However, the refractory netal silicide may conprise any refractory netal,
including but not limting to titanium cobalt, tungsten, tantal um

nol ybdenum and plati num [0042] After the renoval with a sel ective etchant
of any unreacted netal, DETAIMED RESCRIPAIONOF SHBANVENHONnoVed

(Figure 19) by etching, for exanple, so that the formation of gate stacks
90 (Figure 20) of LOBRAN WB@WW@S%%E@E{CW srBrefHtor Yagious

foll owi ng proc -'iEP.g A i 9 id |
refer to and i??eas ré‘l(i%}enﬁj?%%c@i%P?%?ggggggﬁ%hgﬂggvf%gﬁnegﬁg%§§r?%§%bIq}ls| i con
gateés 33, it megibollEnetislefesdca@ibddhaith bliciRhedent td avadld iHoRe biElaDIn thersirt ed
to this enbodi ment, and other enbodi nents such as the formation of gate

st acks conpri skdgrasties Bledaydntion, ped Bris k9 be ynddrsteed thas ather obedimemit ®eY al 3
5 ( Figure 17), formed over .the polysilican te. arc al so contenplated. In
any event, a cBbCRRGEarid Banipaariabdontal 28 sy SH S TRee s PTRHbs 1 at e
top surface is planarized so that cap regions 60 (Figure 20) are forned
over the silici dg008y] ONThatermENeva€ap oFetbglistrate "BYyd betheqoIBRIf ddtdiptesn
dielectrics such as silicon nitride or silicon oxide, but TEGCS or carbides
may be used al Fwy ipdudganyemicarnglustrrpasedamicsen thathas sngaRaesed0 (Fi gure 20)
each having gate .ozidc |ayer 2 olvsilicon gate, 33, ,siligide reqgion 37
and i tride carREOTRuEobHEReE oAl ufsor s kG bg RS TR now be
used in a convgntdPBAlindulib 1), stiicotu8n sdpphte 4SBY), RIcpeg 28 d Wrdbged he gate
structures are needed to mask the dopant inplantation of source regions 92
(Figme 21 ) assinideadurtowgpirasiablay¢riof silicorpsuppotted iy adujsesemicondieaiei st or s
defined by the atde.stac S. £0044 The next st%g i.n the flcﬁrlw roc;ss LS the
formation of nfFdgHORARIGhcem ST T st B SSHIFOR Cb‘%rréec FOtHe
recessed gate gliaskBa2l. MHRiEatRAdAYRIchhlddR SRJGESSmIRRAM, FRPmE/A IOV
undergo conventi onal processing steps for the formati on of Tcontact openings

f or} conduct or sgahdmarsenaggaci t ors i nto sem conductor substrate 10 through an
oxi de layer 93 such as BPSC, for exanple. Thus, conventional processing

steps can be carried,putoto forma condyctor 96, and. capacitors 97 as |
as other inter cormgﬁ%fst?‘ffgmge °hETedS Ay 8 ‘6’?6&5 & e _%%r%ffgf%trc\ée
devi ce such asbj [IRe FIRAVhEEIDANAREFighees1002 ilalstratel d raethiod! Sffoiing! ADRAMZ.
[ 0045] The recessed gate stacks 90 (Figures 20-22) formed in accordance

wi t h enbodi nentesmstry dhdcpi @@ Eriguraddrhaving asoes drapsstosdarned agnprdingagr at ed
circuit structure ﬁuch s jin a prﬁtgessor-based syitem ﬁg whi ch includes a
menory circui t A W&P%ﬁ%qf - DRAN RYBPOP G SR L 10T 3 | | ust rat ed
in Figure 23. AREOCRRIG sub¥Pic8 N0 e Rt LG RSy W%dgﬁigﬁ{ﬁij\vith

conprises a central processing unit ( CPU} 444, such as a m croprocessor,

‘a digital signathipmesestabout 60 Antgygomsrrogbaun2®? Angsayimglhad beggrcfotmedces,
whi ch communi cates . wi th an input/output, (1/0O deyice 446 over a bus 452.
The menory 4483%8m+aja.tfea%‘§naﬁf*ﬂ sfﬁ‘é&é%é@ﬁPW%?%ﬂP“['o‘_{ﬁ&mgH@gabove
‘description angydr aRgs:s QiEEorPHierE esig, a8 149ERArd | ) HEtqR: 1108 ﬁgsgﬁgu

exenpl ary enbodi nents whi ch achi eve the'feat ures -and advant ages

present invention. Mdification and substitutions to specific process
conditions and structures can be made w t hout departing tomthe spirit and
scope of the present invention. Accordingly) the invention is not to be
considered as being limted by the foregoing description and draw ngs, but
isonly limted by the scope of the appended cl ai ns. 12 August 2004 11
CLAI V5




What is clainmed is: 1. A method of formng gate structures for a

sem conduct or device, conprising formng an insulating |ayer over a

sem conductor substrate; defining a first set of trenches ] August 2004
sem conduct or substrate and extendi ng through said insulating |ayer;
filling said first set of trenches wth an insulating material to form

i sol ation trenches; defining a second set 6of trenches in said seni conduct or
substrate which extend through said insulating layer in a direction
orthogonal to said first set of trenches; etching regions of said isolation

trenches to forfmaPeredLd tagremsdhnerichipres avy daemibstaicdd) spdibeomificset of
enenes: o R S e ALY, 39 oSt R SR L Ralgg T

a conducti ve | ayer “over sal € "and sal rec

trenches; and pRbictdsRUcHa shueRdy bl ictemicalRipor Ebpdsitth (VD Rblduwecessed
i solation trenches to forma conductive gate. 12 August 2004 12 2. The
met hod of cl ai femptrwisaicpenripr by iclegrpocrdlogon resopansstplasmal empenced@¥Ds ai d

conductive gate._ 3. The nmethod of claiml further c rj si formng a

oxi de | ayer befEES %tgﬁf' éﬂﬂ?%&ﬁdﬁéfﬁ’r‘:‘:%ﬁ%ﬂtpé éq%g‘gga#‘}dwﬁﬂg"lﬂné& ?f%oltﬁﬁer.
4. The method ofliceh litidl layeP @4 Sit ﬁa@@b@luhaeﬁsooa%a@&mtiﬁﬁmﬁgq@@f §4% to
a depth of about 1,000 Angstrons to about 10,000 Angstrons.” 5. The t hod

of claim 1, whelseiforrsed df skounekides tfonéxampin ciretheaxinsuddtingematerals atephbs

the invention is not limited to the use of silicon nitride.

[0033] Next, the silicon nitride layer 14 is patterned using a photoresist
layer 15 (Figure 2) formed over the silicon nitride layer 14 to a thickness of about
1,000 Angstroms to about 10,000 Angstroms. The photoresist layer 15 is
patterned with a mask (not shown) and the silicon nitride layer 14 is anisotropically
etched through the patterned photoresist to obtain a plurality of silicon nitride
columns 18 having a width W of about 1,000 Angstroms to about 2,000
Angstroms and shallow trenches for isolation (STT) 20, as shown in Figure 3. To
obtain the shallow trenches for isolation 20, the silicon nitride layer 14, the oxide
layer 12 and the substrate 10 are all etched to z depth of about 1,000 Angstroms
to about 10,000 Angstroms, preferably of about 5,000 Angstroms. Subsequent to
the formation of the shallow trenches for isolaton 20, the photoresist layer 15 is
removed by conventional techniques, such as oxygen plasma, for example, or by
flooding the substrate 10 with UV irradiation to degrade the photoresist and

obtain the structure of Figure 4.

[0034] Subsequent to the formation of the shallow trenches for isolaton 20
(Figures 34), the trenches are filled with an isolation dielectric 21, illustrated ia
Figure 5. Any diclectric suitable for isolation may be employed to fill trenches 20.
In an exemplary embodiment, trenches 20 are filled with high density plasma
(HDP) oxidc, a matcrial which has a high ability to effectively fill narrow renches.

Alternadvely, an insulating layer (not shown) formed of an oxide or of silicon




of about |,000 Angstrons to about 10,000 Angstronms. | 6. The nethod of
claiml, wherein said second set of trenches are etched thorough said

sem conductor substrate to a depth of about SO0 Angstrons t12 Avgiat 200600
Angstrons. 7. The nmethod of claim1l, wherein said act of etching regions of
said isolation trenches includes plasma etching said insulating material .
8. The nethod of claim7, wherein said indulati ng material is etched about
500 Angstronms to about 3,000 Angstrons. 9. The nethod of claim1l, wherein

sai d conductive..layer. is fornmed of polysilicon. 10..,.The,nmethod of claiml,
wherein said co’HHﬁf{Ct’ f‘i_’/’e?xflg?écr’ Y co(r%ﬁﬁ’é%éw tﬁ%&&gf F‘Slﬁv.vae‘%ﬂm%@ tﬁ’é‘ﬁ%gﬁ of
claim1l furtheroGRRBS 26 with SleGidlNdbrsdielcrRPduesd hidEindtidhBgidit MacdB&s s ed
conductive gate. 12. The nethod of claim 11, 'wherein said conductive gate
i s etched aboutthgd boanysf temeetabeniulnto Baceuhgsimans .of strd® dpudicle@fio4 13
13. The met hod of , cl g:cﬁrfnléff rther conprising formng a dielectric |ayer

over said recedSeditQ C§EheS14. The nethod of claim 12 further
conprising formng a silicide |ayer over said recessed conductive gate. 15.

The method of cl ajgpsb] WMHer&eR.SRindw Ay L%tmg]g:cl &Y The sBicdO hiFRE: lufns 18

material selected fromthe group consisting silicon nitride and silicon
oxi de. 16. The apepdrtained and atamed t6 forttheegions fpadjscang td drenisolgtiomdialeatricrityl

A (AR TTY, KRy BN R
substrate 10 are all etched, by reactive ion etching, for example, to a depth of
about 1,000 Angstroms to about 10,000 Angstroms to obtain the transistor
grooves 22 where gate structures of the DRAM memory device 100 (Figure 22)
will be later formed as it will be described in detail below. To form the transistor
grooves 22, substrate 10 is etched to a depth A (Figure 6) of about 500 Angstroms
to about 5,000 Angstroms.

[0036]  Subsequent to the formation of the transistor grooves 22 (Figure 6)
and regions A (Figure 6), the isolation dielectric 21 is partially etched with a
selective etchant to obrtain recessed structures 24 adjacent to isolation regions B, as
shown in Figure 7. The isolation dielectric 21 is etched to a depth 8 (Figure 7) of
about 500 Angstroms to about 3,000 Angstroms, by a directional etching process
such as plasma etching, for example. As it will be explained below, the isolation
diclectric 21 is recessed to allow a subsequently deposited polysilicon to be
chemical mechanically polished relative to the remaining silicon nitride from the
silicon nitride layer 14. Cross-sectional views of the recessed structures 24 (Figure
7) and the isoladon regions B (Figure 7) in relation to the transistor grooves 22

are illustrated in Figures 8 and 9 for a better understanding of the invention.

[0037] Reference is now made to Figure 10, which is a cross-sectional view
of the structure of Figure 7 taken along line 10-10’ and illustrating the regions A
and the transistor grooves 22. At this point, processing steps for transistor gate

structure formartion proceed according to conventional semiconductor processing



material. 18. A nethod of formng a nmenory cell, conprising providing an

I nsulating | ayer over a silicon substrate and formng a trans;] stor
including a gate structure fabricated within said silicon 3? 9%@,003
source/drain region in said silicon substrate disposed adjacent to said
gate structure, and a capacitor fornmed over said source/drain region,
wherein said act of formng said gate str@cture further conprises: formng
at |east one isolation trench filled with an insulating material in said

silicon substrate, said [solatign trench extending through said insulating
| ayer; defining® f&“‘ﬂ&asstA%fﬁ’égt% igéﬁwmqqlémﬂ%ﬁ%ssaif@n@qdm&nmmﬂmm@,

whi ch extends t | oCrd ' lhayer.ii . tii;on~or thogonal . t o
sai d isolation l{;t?lg(#g ?%ﬁﬁg%‘%’?@%& 25 %ssglb %nﬁls}gjllé?r%o LR gﬁepﬁ’rdﬁ at
| east one receslsymt 29smbpbt dierinalin giovadjinaeeddygt® afbicht! £ mpefiud HRAKEL
12 August 2004 14 formng a gate oxide layer wthin said transistor trench;
formng a condPOry80PHy &0 aberl,800°C ard v oshicknessayfaboandl duigsmoting gp ghvarr

sai d recessed iﬁﬂ%x{lés%o tsrench; pol i shing said conductive |ayer relative to
sai d recessed i'sola %% ench to forma conductive gate; and formng a

protective | ayer over said conductive gate. 19. The nethod of claim 18,

wherein sai d i sol p0038] t Aepetisilicondhf?BW (Fpue 1SPLsha £ t roms
to about 10, 000 Angstrons. ,Z%S. The yrf\ré\gt ho(d of cl gi m 18, grog%ﬂggtgirpggﬁg
transi stor tredb® swell aniaside shesrarsiaror grbowds @t ant] the Gecksp tseruntirds@4adto ut

%?eggg f\ggz E (r:ﬁe ¢ st %B‘ﬂgchhﬁ}s 3 é@ Bglygﬁicé:rl ﬁ,i'crp 8:’113}\7,\@? [‘lgliac?sitgg Io(\jfcrt trh%rr].giinsgtagcr
oxide layer 29 via LPCVD procedures, at a temperature of about 300°C to about
700°C. After its deposition, polysilicon layer 30 is planarized down to or near the
planar surface of the silicon nitride layer 14 of the regions A, to form polysilicon
gate layers 32, as shown in Figure 13. Chemical mechanical polishing (CMP) may
be used for planarizing, but other suitable methods could be used also, as desired.
For a better understanding on how the CMP of the polysilicon stops on the nitride
layer 14, reference is made to Figures 14-15, which ére cross sectional views of the

structure of Figure 7, taken along lines 14-14’ and 15-15" respectively, but after

d}c deposition and polishing of the conductive layer 30.

[0039]  Reference is now made to Figure 16, which illustrates the structure
of Figure 13 but with the polysilicon gate layers 32 and portions of the thin gate
oxide layer 29 ctched about 100 Angstroms to about 500 Angstroms. The
polysilicon gate layers 32 and portions of the thin gate oxide layer 29 and etched
selective to the silicon nitride 14 of the regions A to obtain recessed regions 34

and polyisilicon gates 33, shown in Figurc 16.

[0040]  In an exemplary embodiment of the invention, a diclectric layer 35
(Figure 17) is next formed over the polyisilicon gates 33 to completely fill the
recessed regions 34 of Figure 16. The dielectric layer 35 may include an oxide

material, for example, and may be formed by conventional deposition methods
followed by polishing by CMP, for example.




silicon substrate to a depth of about 500 Angstronms to about 5,000
Angstrons. 22. The nethod of claim 18, wherein said act of etchin% regi ons
of said isolation trench conprises plasm etching said insdﬂéﬁvgﬁfrgga rial.
23. The nethod of claim 22, wherein said insulating material is etched"
about 500 Angstrons to about 3,000 Angstroms. 24. The nethod of claim 18,
wherein said conductive |layer is forned of polysilicon. 25. The nethod of
claim 18, wherein said conductive |ayer is formed by deposition. 12

A t 2004 15 26 ' LS Nna: ek ehi id
cgggactive gate tg“%g?nrgﬁggg%gégg£g%ﬁh%??%%gﬁgg§%igggﬁhﬁggg%géﬁgﬂ gfsg:aim

26, wherein Saisﬂoﬁﬁﬁﬂlﬁﬁbk‘d@ Sited dvar Eefutilizba Warck B3 dnpaii¢ieiss fabao200 300
Angstrons. 28. The nethod o? claim26 further conprising .form'ngg a
di el ectric | aydmgsyems §aprboyter¥ Apgsteasmd Ukiari depogiaios, spayteripg byl Bo P omay

laim 26 furth i,sing form i 1ici de | '
conduct 1 ve. gat B¢ SHBHP e iai peirh Shs YL B ot S AFRRE R R o1
is formed of aRRHGIdsRonSSH 1BE hedallcapiBlé Bﬁfogth)%oa &Q&&E,%b@&at‘éfl(ﬁ\hﬂdcggi& a

nitride and silicon oxide. 31. The nethod of claim 18, wherein sai
i nsul ati ng nat expidthdmal el RFA  nypisdllgdomattcart 18l to @PsecThds, meingachigbgart ai m

SUructur e, 59, SMEheABRER O AP RB ALK &b A0 ARG LCE! FOT-E ATRAM
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regions 37 form conductive regions on top of the polysilicon gates 33. Preferably,
) the refractory metal has low resistance and low resistivity as a silicide. However,
the refractory metal silicide may comprise any refractory metal, including but not

limiting to titanium, cobalt, tungsten, tantalum, molybdenum, and platinum.

[0042]  After the removal with a selective etchant of any unreacted metal, the
nitride portions of regions A are removed (Figure 19) by etching, for example, so
that the formation of gate stacks 90 (Figure 20) of DRAM memory device 100 be
completed. Although the following processing steps for the completion of the
gate stacks 90 will refer to and illustrate the silicide regions 37 formed over the
polysilicon gates 33, it must be understood that the present invention is not
limited to this embodiment, and other embodiments such as the formation of gate

) stacks comprising a dielectric material, such as the dielectric material 35 (Figure
17), formcd over the polysilicon gate, are also contemplated. In any event, a cap
material is deposited over substrate 10 and the substrate top surface is planarized
so that cap regions 60 (Figure 20) are formed over the silicide regions 37. The cap
material may be formed of silicon dielectrics such as silicon nitride or silicon oxide,

but TEOS or carbides may be used also.

[0043] At this point recessed gate stacks 90 (Figure 20) each having gate
oxide layer 29, polysilicon gate 33, silicide region 37 and nitride cap 60 have been

formed. The recessed gate stacks 90 may now be used in a conventional implant



circuit. 3 5. The method of claim 18, wherein said nenory cell is part of a
menory circuit coupled to a processor, wherein at |east one of said
processor and said menory circuit contains said gate struct @r/éUQUSt?QOAugust
2004 16 36. A nethod of formng a ~~ structure for a sem conductor devi ce,
said nethod conprising the acts of: forming isolation regions in an

i nsul ating |ayer over a sem conductor subygtrate, said isolation regions
conprising an insulating naterial ate, said isolation regions extending in
a first direction; formng a set of trenches in said sem conductor
substrate and exoesdwhgetthe guglstmandtes are nkatedng rhaskehe dephut ifgilartitidnr@nches

being formed in a secqnd gii@%ejctlo orthogonal, to s 1d first direction; and
recessi ng regi GAYCHFCE dRdegigns B¢ %é‘e%%)e@lfqhséﬁam%n

regi ons adj acenf,t:9 e%nggtbc‘;?g? ggt%%g&? 37. The nethod of claim 36

further conprising t act rmng a gate oxide within said set of
trenches; formng a conductlve | ayer over said gate oxide and said recessed
i solation regi ond00d4ll pDhe abitgersin the domdprotésy & thaermitdrodf ngidedpaakd

recessed isol ation regions to forma conductive gate. 38. The net hod of
claim37 furth Pa&wpﬁﬁ%ﬁﬂr}gﬂ%ﬁ%m Figusa y Eéﬁéﬁféﬁed‘ega&a%t@@80fR§©t¢r:Edrba'cessed

?gngrghg\éeaggbﬁxu&gg@az@r@ oEG! sl n&!v%.ng&%g IR S%cgss?nognsgcup%tfo &cgat ©
formation of contact openings for conductors and /or capacitors into
semiconductor substrate 10 through an oxide layer 93 such as BPSG, for example.
Thus, conventional processing steps can be carried out to form a conductor 96 and
capacitors 97 as well as other interconnect structures necessary to produce a

semiconductor device such as the DRAM memory device 100, all illustrated in

Figure 22.

[0045] The recessed gate stacks 90 (Figures 20-22) formed in accordance
with embodiments of the present invention could be used in any integrated circuit
structure such as in a processor-based system 400 which includes a memory circuit
448, for example the DRAM memory device 100, as illustrated in Figure 23. A
processor system, such as a computer system, generally comprises a central
processing unit (CPU) 444, such as a microprocessor, a digital signal processor, or
other programmable digital logic devices, which communicates with an
input/output (I/0) device 446 over a bus 452. The memory 448 communicates

with the system over bus 452.

[0046] The above description and drawings are only to be considercd
illustrative of exemplary embodiments which achieve the features and advantages of
the present invention. Modification and substitutions to specific process
conditions and structures can be made without departing from the spirit and scope
of the present invention. Accordingly, the invention is not to be considered as
being limitcd by the foregoing description and drawings, but is only limited by the
scope of the appended claims.




Angstrons to about 300 Angstroms. 40. The nethod of claim 38, wherein said
recessed conductive gate is fornmed to a width of about 100Q str to
about 2000 Angstrons. 12 August 2004 17 41. The met hod ofl 2 ‘H¥%§B4
further conprising forming a silicide |ayer over said recessed conductive
gate. 42. A nethod of formng a gate styqucture for a sem conductor device,
said nethod conprising the acts of: form ng shallow trenches for isolation
regions in an insulating |layer over glgdMSonductor substrate, said shall ow
trenches for isolation regions conprising an insulating material and
extending in a first direction; formng a plurality of trenches in said

sem conduct or substrate and extending through said insulating | ayer, said
plurality of trenches being forned in a second direction orthogonal to said
first direction; recessing regions of said shallow trenches for isolation
regions to formrecessed shallow trenches for isolation regions adjacent to
sai d pIurdWhNysﬁhnﬁﬂéﬁéhes; formng a gate oxide within said plurality of
trenches; form ng a conductive |ayer over said gate oxide and said recessed
shal | ow t r enthes niethiod sfdorhingrgatecsiiiuotusgs fooh sehicogdustirdievisroesmprising ayer
relative to said recessed shallow trenches for isolation regions to forma

conducti ve g@rin@iWlingtiatihg thysPbtr a@BsltOhilv@odabardte, form a recessed
conductive gate. 43. The nethod of claim42, wherein said recessed

conductive ggéﬁx}&hg d ‘ﬁ'}ge%tt& fetlindd By %faicﬁgaﬂfcomgor{&ﬂ,g%{rgl?"ﬁgf exRR@uE 2000

Angstrons. 4 ecessed gate structure having a w about 100
Angstrons 1o out, . .
g t}tn'ougg SEllJla insulating layer;

i
/

filling said first set of trenches with an insulating material to form isolation
trenches;

defining a second set of trenches in said semiconductor substrate which extend
through said insulating layer in a direction orthogonal to said first set of trenches;

etching regions of said isolation trenches to form recessed isolation trenches
adjacent to said second set of trenches;

forming a gate oxide within said second set of trenches;

forming a conductive layer over said gate oxide and said recessed isolation
trenches; and

polishing said conductive layer relative to said recessed isolation trenches to form a

conductive gate.




2000 Angstrons, said recessed gate structure conprising an oxide |ayer

havi ng a thickness of about 30 Angstrons to about 100 Angstrons, a

pol ysilicon |ayer overlying said oxide |ayer, a~ a diel ect rizAugyst2004
overlying said oxide |layer and |lacers on at |east a sidewall portion of
said recessed gate structure, said spacqe%s being in contact wwth at |east a
vertical portion of said oxide |ayer. 2 August 2004 18 45. A DRAM cel |,
conprising: &. TiRagakthad oEebsmed figeiee coinptSihg Ifermiias HEstofi¢ale Payet BSEr i,
said recessed gate structure conprising an oxide layer, polysilicon |ayer
overlying siddc¥d 88l ayer, and a dielectric layer overlying said oxide

| ayer, said recess gate structure having at |east a portion |ocated
whol | y above urface. o ai ubstrate. .and wherein_sai.d rtion | ocated
Whot 1 above A radthra 8E B . RmEt fhPavdl Tordhith o BB 2 iabiih v
said portion, wherein said spacers conprise a nitride material; and a

cont ai ner tEAYSeRqustor sebstiatepngkisid ipsulainglaxe d surface of said substrate.
46. The DRAM cel |l of claim 45, wherein said gate structure has a wi dth of
about 1000 ArdgJhe amshadofadigiut 1,200 eiArsgsl fistiset oft renchHes afdRAbhezictola depticbfii m
45, wherein said oxide |ayer has a thickness of about 30 Angstrons to about

100 Angst r shomt 14080 Anpaineal tesbouf 90,000 RRAMRd.| ., conprising: at least a

recessed date structure forned over a substrate, said recessed gate
structure COFSPThék—&gI fRHifle1 | VLin s@idpﬁ%é/xﬁi det 8?@&&%?& OMEH b %Qiegt’ﬂ d

oxi de layer, and a dielectric’layer overlying sald oxi de™ ayer, sal
recessed ¢ ) re havi ng,at a portion | ocated wholly above a
surface of(%lsa;ioﬂg Lﬂ@@ &?téo,m%ﬁ?gab\%%hg@‘éﬁgﬁmﬁﬁrti on | ocated whol |y above
said surface of said substrate has spacers on sidewal k of said portion;
source and dfaflhe megiashef ¢laignl cuhgrinegichsesprd sasfof Srengheseare stebed gwreugh
structure, said source and drain regions being spaced apart fromsaid
portion | casl aemidoatihotor bowtrataia asdegthost abfousai0d Ampstisras o bgboat LGSt a

t hi ckness of said spacers: and a contai ner capacitor |ocated wholly above
sai d surf aggysponiai d substrate. 50. The DRAM cell of claim 45, wherein said
gate structure further conprises a silicide |ayer forned over said
pol ysilicon La ) t.2004 19 ol Ll 0 l. Q. 5
further corrp? i g-?l%gm%th%ﬁ?to’f\l%?‘ﬁ%l le’xg'g%rglgnnagéﬁ%g?gw ge%éésnge%f %aééléwéé%o&ct ure,
said bit |ine bei | ocat ed whol | y, aboye, said syrface of said substrate.
52. A DRAW&&P?S,IHQ@H%@%%%W glsé‘éé?s‘&at%%t%’é%- gate structure formed over
a substrate, said recessed gate structure having a wi dth of about 1000
Angstroms t o8aBhbetmethob ofislmmr dGrwhersin spid dendating matesiakis etched abawri®i si ng
an oxide layer, a polysilicon |ayer overlying said oxide |layer, and a

di el ect ri Angyemsay ebouti3riPosangitromisde | ayer, said recessed gate structure
having at |east a portion |ocated wholly above a surface of said substrate

and at | east 9arTROMbILGA of efafth QdwheleMVsa3dbshdbbtifAageral foraied &g@gfsﬂﬁbﬁ, and
wherein said portion |ocated wholly above said surface of said substrate

has spacers P6! 'f."ﬁesmét.hgg %J:llaﬁn 1, wherein said conductive layer is formed by deposition.
11. The method of claim 1 further comprising etching said conductive gate to form
a recessed conductive gate.

12. The method of claim 11, wherein said conductive gate is etched about 100

Angstroms to about 300 Angstroms.




source and drain regions |located on each side of said recessed gate
structure and bel ow said surface of said substrate, said sq chgr ain
regi ons being spaced apart fromsaid recessed gate structur1 99%1% 004st a
t hi ckness of said spacers; a contaioner capacitor |ocated wholly over said
surface of said substrate; and at | east4®mne bit line in connection to said
recessed gate structure, said bit line being | ocated wholly above said
surface of sadiddThebmthodtaf claingdAfulther omprEng\ornBng\s divlectri¢ laxpooyer said
A A AF. A Ae. Aly. Al AOKAs} I
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wherein said act of forming said gate structure further comprises:

forming at least one isolation trench filled with an insulating material in said silicon
substrate, said isolation trench extending through said insulating layer;

defining at least one transistor trench in said silicon substrate which extends
through said insulating layer in a direction orthogonal to said isolation trench;

etching regions of said isolation trench to form at least one recessed isolation trench

adjacent to said transistor trench;
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recessed isolation trench;

polishing said conductive layer relative to said recessed isolation trench to form a
conductive gate; and

forming a protective layer over said conductive gate.

19. The method of claim 18, wherein said isolation trench is etched to a depth of
about 1,000 Angstroms to about 10,000 Angstroms.

20. The method of claim 18, wherein said transistor trench is etched to a depth of
about 1,000 Angstroms to about 10,000 Angstroms.

21. The method of claim 18, wherein said transistor trench is etched through said
silicon substrate to a depth of about 500 Angstroms to about 5,000 Angstroms.

22. The method of claim 18, wherein said act of etching regions of said isolation
trench comprises plasma etching said insulating material.

23. The method of claim 22, wherein said insulating material is etched about 500
Angstroms to about 3,000 Angstroms.

24. The method of claim 18, wherein said conductive layer is formed of polysilicon.

25. The method of claim 18, wherein said conductive layer is formed by deposition.
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27. The method of claim 26, wherein said conductive gate is etched about 100
Angstroms to about 300 Angstroms.

28. The method of claim 26 further comprising forming a dielectric layer over said
recessed conductive gate.

29. The method of claim 26 further comprising forming a silicide layer over said
recessed conductive gate.

30. The method of claim 18, wherein said insulating layer is formed of a material
selected from the group consisting of silicon nitride and silicon oxide.

31. The method of claim 18, wherein said insulating material is formed of an oxide
material.

32. The method of claim 18 further comprising forming insulating spacers on
sidewalls of said gate structure.

33. The method of claim 18, wherein said memory cell is a DRAM memory cell.

34. The method of claim 18, wherein said memory cell is part of an integrated
circuit.

35. The method of claim 18, wherein said memory cell is part of a memory circuit
coupled to a processor, wherein at least one of said processor and said memory circuit

contains said gate structure.
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forming isolation regions in an insulating layer over a semiconductor substrate, said

isolation regions comprising an insulating material and, said isolation regions extending

in a first direction;

forming a set of trenches in said semiconductor substrate and extending through
said insulating layer, said set of trenches being formed in a second direction orthogonal
to said first direction; and

recessing regions of said isolation regions to form recessed isolation regions
adjacent to said set of trenches.

37. The method of claim 36 further comprising the acts of:

forming a gate oxide within said set of trenches;

forming a conductive layer over said gate oxide and said recessed isolation regions;
and

polishing said conductive layer relative to said recessed isolation regions to form a
conductive gate.

38. The method of claim 37 further comprising etching said conductive gate to form

) a recessed conductive gate.
39. The method of claim 38, wherein said conductive gate is etched about 100
Angstroms to about 300 Angstroms.
40. The method of claim 38, wherein said recessed conductive gate is formed to a

width of about 1000 Angstroms to about 2000 Angstroms.
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forming shallow trenches for isolation regions in an insulating layer over a
semiconductor substrate, said shallow trenches for isolation regions comprising an
insulating material and extending in a first direction;

forming a plurality of trenches in said semiconductor substrate and extending
through said insulating layer, said plurality of trenches being formed in a second
direction orthogonal to said first direction;

recessing regions of said shallow trenches for isolation regions to form recessed
shallow trenches for isolation regions adjacent to said plurality of trenches;

forming a gate oxide within said plurality of trenches;

forming a conductive layer over said gate oxide and said recessed shallow trenches
for isolation regions;

polishing said conductive layer relative to said recessed shallow trenches for
isolation regions to form a conductive gate; and

etching said conductive gate to form a recessed conductive gate.

43. The method of claim 42, wherein said recessed conductive gate is formed to a

width of about 1000 Angstroms to about 2000 Angstroms.

44. A recessed gate structure having a width of about 1000 Angstroms to about

2000 Angstroms, said recessed gate structure comprising an oxide layer having
a thickness of about 30 Angstroms to about 100 Angstroms, a polysilicon layer
overlying said oxide layer, and a dielectric layer overlying said oxide layer and

spacers on at least a sidewall portion of said recessed gate structure, said spacers

being in contact with at least a vertical portion of said oxide layer.



Y10%&' () - bbcbckccddEbCI "Fl .1 10%&' ()- @ 109%& ()-F& 109%& () -

109&' () - Y40%& () - Y#10%&' () - d2d3d4d5dDdGdddbCl " 10% &' () -

10%& ()-10%& ()-"10%& ()- 10 10 10F0 10%& ()-de”et eef: fd@oﬁugust 2004
329%40% fj & ()-@10%& ()-  10%& ()- 10%& ()-!10%& ()- 10%& ()-
ffffgmgggaBbC "I ! nl0% & ()-10%& () - MlO°/<z&' ()-G0%& ()- 10°/<z&' ()-! \ 329409
()-aggg+hGhhhaBbCl "F & 109%2& ()-3+ 10%&()-! @ - 109 () -

1092& () -1 WL0%& ()-# 10%& ()- hi>i 2i @A Pi SiibC "

10008 () - 10908 () ().- Oz 07 Too 0310%& ()-/
1002& ()-ii ] %RD%%” & es1 10057& ()- F 100/(7&'() y100G& ()-s

18&@3 37 100 @%t(% bl egle <$ e ARAE dke o HbA Jt ded” gate
Slone | Sridiotlonsinkbiidkidd yeh SRGicoh qyer averlying sgid oxide lpyer pta

dielectric layer overlying said oxide layer, said recessed gate structure having at least a
portion located wholly above a surface of said substrate, and wherein said portion
located wholly above said surface of said substrate has spacers on sidewalls of said

portion, wherein said spacers comprise a nitride material; and

a container capacitor located wholly above said surface of said substrate.

46. The DRAM cell of claim 45, wherein said gate structure has a width of about
1000 Angstroms to about 2000 Angstroms.

47. The DRAM cell of claim 45, wherein said oxide layer has a thickness of about
30 Angstroms to about 100 Angstroms.

48. (cancelled)

49. The-DRAM-cell-of claim48-furthercomprising A DRAM cell, comprising:
at least a recessed gate structure formed over a substrate, said recessed gate
structure comprising an oxide layer, a polysilicon layer overlying said oxide layer, and
a dielectric layer overlying said oxide layer, said recessed gate structure having at least
) a portion located wholly above a surface of said substrate, and wherein said portion
located wholly above said surface of said substrate has spacers on sidewalls of said
portion;

source and drain regions located on each side of said recessed gate structure, said

source and drain regions being spaced apart from said portion located wholly above

said surface of said substrate by at least a thickness of said spacers; and

a container capacitor located wholly above said surface of said substrate.

50. The DRAM cell of claim 45, wherein said gate structure further comprises a

silicide layer formed over said polysilicon layer.
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structure having a width of about 1000 Angstroms to about 2000 Angstroms, said
recessed gate structure comprising an oxide layer, a polysilicon layer overlying said
oxide layer, and a dielectric layer overlying said oxide layer, said recessed gate
structure having at least a portion located wholly above a surface of said substrate and
at least a portion located below said surface of said substrate, and wherein said portion
located wholly above said surface of said substrate has spacers on its sidewalls;
source and drain regions located on each side of said recessed gate structure and
below said surface of said substrate, said source and drain regions being spaced apart
from said recessed gate structure by at least a thickness of said spacers;
a contaioner capacitor located wholly over said surface of said substrate; and

at least one bit line in connection to said recessed gate structure, said bit line being

located wholly above said surface of said substrate.



