WD 02/ 089182 PCT/ US02/ 13196 1 NOVEL DRAM ACCESS TRANSI STOR FIELD OF THE

| NVENTI ON [ 0001] The present invention relates to dynam c random access
menory (WBARSwet| s and, in particular, to a novel proce®€STiUSO2/13186 r
formati on. BACKGROUND OF THE | NVENTI ON [ 0002] A dynam c random access
menory cell typically conprises a chargge storage capacitor (or cel
capacitor) coupled to an access device, such as a Metal -

OXxi de- Sem conductor Field Effect Transistor (MOSFET). The MOSFET functions
to apply or renmove charge on the capacitor, thus affecting a |ogical state
defined by the stored charge. The anount of charge stored on the capacitor
is determned by the electrode (or storage node) area and the

i nterel ectrode spacing. The conditions of DRAM operation such as operating
vol tage, | eakage rate and refresh rate, will generally nmandate that a
certain mni numcharge be stored by the <capacitor. [0003] In the
continuing trend to hi gheINOWEL DRAIIACCESSITRADSISINAQR of storage cells
must increase, yet each will maintain required capacitance levels. This is

a crucial demand of DRAM fabricati ' jf future generations of
expanded menory array devicggh;ikcﬁgT%ﬁfg§§%§§t§§¥#y manuf act ur ed.
Recently, attenpts to increase the packing density of cell capacitors

and/or to sinul t{gpeous| Whe Frese trvehort FebRSI 8 IdPhaBica8nlioh @chR@aeBAe but
with limted results. For exanple, one approach is reducing the I'ength of

a transistor ARAM)wls pestén partiveldr,ao emozel Wp@sY 08 dhdriopaTiens02/ 13196 2
substrate and a source/drain region, to increase therefore the integration
density. Unfortunately, reduction of the threshold voltage and/or the
so-cal | ed short

BACKGROUND OF THE INVENTION

[0002] A dynamic random access memory cell typically comprises a charge
storage capacitor (or cell capacitor) coupled to an access device, such as a Metal-
Oxide-Semiconductor Field Effect Transistor (MOSFET). The MOSFET
functions to apply or remove charge on the capacitor, thus affecting a logical state
defined by the stored charge. The amount of charge stored on the capacitor is
determined by the electrode (or storage node) area and the interelectrode spacing.
The conditions of DRAM operation such as operating voltage, leakage rate and
refresh rate, will generally mandate that a certain minimum charge be stored by the

capacitor.

[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 technologies if future generations of
expanded memory array devices are to be successfully manufactured. Recently,
attempts to increase the packing density of cell capacitors and/or to simultaneously
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 a



channel effect such as the punch-through phenonenon are likely to appear. A
wel | -known scaling nethod is effective to i nprove the above-nenti oned

di sadvantwgeg/osdenever, this approach increases of the sulpsTAsvEIHeNSIty
and requires reduction of the supply voltage, which in turn leads to
reduction of the margin concerning theyelectric noise and fluctuations in
the threshold voltage. [0004] Accordingly, there is a need for an inproved
nmet hod of forming MOS sem conductor devices, which permits achi eving an

i ncreased i nt egrsaticomdofsouse fileonagmng to micreass thesefars theeinkegaatioqay dansift-i ng t he

occurrence of e_short - channel ffect.. SUVWARY THE | NVENTJ ON [ 0005]
The present i ?ff?‘??ﬁel?ﬂ’r%e‘i‘cﬂ’é’g of tﬁ%’#ﬁﬁsﬁi‘o{ﬁfv E%Eﬁ?‘ffg f‘g/'lc\%ﬁgﬁl%rés, “such as
DRAM access t kRigieBeRESsuchay IR URRABRRGh PR RoBEAMCrb iRy (bhsiledr. AXi de
areas for isolation are first formed over "a sem conductor substrate

subsequent t welltknowntscadinginstthod greffovtes tanmppyt tee shedc-anehtionethed in a
silicon nitriﬁgé%er. Z%e field oxide areas a 'acegt tto the trgnsistor
grooves are t HEATRBRBES ddOWE SPPERRHR BTt BT HE S WIS i con for
gate struct ur gdiefRldubioCaNhe Suf VSIRRE, whithad tuf 1das BslicdGandn aMdeel evat ed
silicon nitride structures. [0006] These and ot her advantages and features

of the presenmaiginenniegningwid ¢ledsrc nove argpPactartions inthettheeshield apltags-
description and the acconpanying draw ngs, which illustrate exenpl ary

%Engg:gil g%ntqil g: %EEO%%%@T%WK%%%%%%% E%[{"t@?) rgét%%%e 8gOdt %rfgglﬁggrrensi onal

vi ew of a por MOS8 sehicandsesi dxoiReld athich peiits acltevindiarcincreatddAMegeniensof

transistor will be formed according to a nmethod of the a}rqeﬁent i nvention.
[ 0008] Fi gur eSnirpRipsiorfisaitey as piel @s BroyeMEisomsocrBnce Pl vssheytyhraned devi ce
at

effect.

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.



a stage of processing subsequent to that shown in Figure 1. [0009] Figure 3
illustrates a three dinensional view of the Figure 1 device at a stage of
processi gogsasrient to that shown in Figure 2. [0010] FiPGWAES0OA13196
illustrates a three dinensional view of the Figure 1 device at a stage of
processi ng subsequent to that shown in Figure 3. [0011] Figure 5
illustrates a three dinensional view of the Figure 1 device at a stage of
processi ng subsequent to that shown in Figure 4. [0012] Figure 6
illustrates a three di "BRIEGhBESORIRTION (3P HIIFEMRRAWINGSe at a stage of

processi ng subs t to that. shown ipn Figure. 5 [0013] Figure.7
illustrates a tﬁ&@@di ré%‘érleirfﬁwt’(ﬁeé\ﬁ °t CRFIRH %‘e Og@\ﬂoﬁtgona?fa a stage of
processi ng sulSEEMRINctdrAelidabn AW DRATL Qb8 Bans[sQF 1l vEirgHg 8

illustrates a cross-sectional view of the Figure 7 device taken along |ine
8-8'. [0015] #*cgrdieg & a hiedwid efiths peesartawengent i onal view of the Figure 7
device taken along line 9-9. [0016] Figure 10 illustrates a

cross- secti onal Hb OfFitIE]r% 2Fihgsl%rra csgtg{ef:\éi eenstiari< niC\?‘vl e izii & llgévjfc%lat[ 0017]
Figure 11 il Iusl[ra s a €T 0SS sectidnal Vi ew or Tt he H gur ety devicetat a

stage of proCesssaef Siab&sianSibsel @tk hoithat BWh iFiEL@ur.e 10. WO 02/ 089182
PCT/ US02/ 13196 4 [0018] Figure 12 illustrates a cross-sectional view of

the Figure 10 deyjce at_ a stage of processing subsequent_to that shown in
Figure 11. [0013?0QﬂelgurFég‘1r33i‘ﬁP§5’§‘quét < slipersensl wewi b Fighis aevicers

Figure 10 dev%gtg%é‘{%fpx%c&%iﬂg%ﬂ?%{e%@ern?%ﬁﬁicQl&b@’r‘ﬂ?fo’i g to that shown in

Figure 12. [0 gure 1 strates a cross-Sectional view of the
Figure 7 device taken along line 14-14" and at a stage of processing
subsequent to t h801&howrgine 4 illustrates a three dimensional view of the Figure 1 device at

a stage of processing subsequent to that shown in Figure 3.

[0011]  Figure 5 illustrates a three dimensional view of the Figure 1 device at

a stage of processing subsequent to that shown in Figure 4.

[0012] Figure 6 illustrates a three dimensional view of the Figure 1 device at

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

[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 line 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.



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 processing
subsequenwotoe/oshss shown in Figure 12. [0022] Figure 16 PCrasvraties a
cross-sectional view of the Figure 10 device at a stage of processing
subsequent to that shown in Figure 13. 40023] Figure 17 illustrates a
cross-sectional view of the Figure 10 device at a stage of processing
subsequent to that shown in Figure 16 and in accordance wth a first
embodi ment of t {1Bhvekiguonl2 (136G 4ks Fger-ecdsnal Micwsifithe Figuac t0 dsgeesect i onal
vi ew of the Flsgure 10 device at a st&)g} of npr e55|lgg subsequent to that

shown in Fi git SRR HPETLsTHSAER thif R B &2eE 1dnbodi ment of the
invention. [0025] Figure 19 illustrates a cross-sectional view of the
Figure 18 devi cpab] arsudde3 afusRhes s ke ORWasT tht Fidudal 0 Iba¥ati N
Figure 18. [0026] Figure 20 illustrates a cross-sectional view of the
Fi gure 18 ded $egeat precessingmbstqusnotetet shgwauibstgiued2. t o t hat shown in
Figure 19. [0027] Figure 21 illustrates a cross-sectional view of the

Fi gure 18 deV|c in

i gure 20, w0 08)50b1 55Tt A iSE SRCRERAAUHFRIRT iRl IRT, L0 &
Cross-secti ortakenval@/g lafe 1hed4Tiglute slfge d€piazessitlg subscgiiagetoahatzhosaesi ng
subsequent to_that _shown in Figure 21. [0029] Figure 23 is an illustration

of a conputer 1§V§t18m having a DRAM access transistor be fornmed accordi ng
to a method of the present invention. DETAILED DESCRI PTI ON OF THE

| NVENTI ON [0030[002'1 they egfu?é iS"Md&Qat‘é?S aiked H6sE Rrichtdfctﬁc FEg%@? QPR& | s made
to various speC|f|c exenpl ary enbodi nents in which the i'nvention nay be

practi ced. Thekm along line 15-15" and at a stage of processing subsequent to that shown in
Figure 12.

[0022]  Figure 16 illustrates a 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 device at
a stage of processing subsequent to that shown in Figure 16 and in accordance

with a first embodiment of the invention.

[0024] Figure 18 illustrates a cross-sectional view of the Figure 10 device at
a stage of processing subsequent to that shown in Figure 16 and in accordance

with a second embodiment of the invention.

[0025] Figure 19 illustrates a cross-sectional view of the Figure 18 device at

a stage of processing subsequent to that shown in Figure 18.

[0026] Figure 20 illustrates a cross-sectional view of the Figure 18 device at

a stage of processing subsequent to that shown in Figure 19.

[0027]  Figure 21 illustrates a cross-sectional view of the Figure 18 device at

a stage of processing subsequent to that shown in Figure 20.



enbodi nents are described wth sufficient detail to enable those skilled in
the art to practice the invention, and it is to be understood that other
enbodi mrernwe eg918be enpl oyed, and that structural, | ogicalPCTarsd2/ediectri cal
changes may be made. [0031] The terns "wafer” or "substrate" used in the
foll owi ng description may include any sem conductor-based structure that
has an exposed sem conductor surface. Wafer and structure nust be
understood to include silicon-on insulator (SO), silicon-on sapphire
(SOS), doped andO0028bpdigurs @Riibustitrstaoiress-segricnakview of thedfigunsfl8sdavice ah

supported by a base.sem conductor foundation, and er sem conduct or
structures. Tﬁéta§‘éﬁf%@ﬁﬁﬂggﬁﬁbﬁqggﬁﬁﬁ&tﬂ%é&‘@I“f%&H’feg%f;ed. The seni conduct or
coul d be silicon-germani um germanium or galliumarsenide. [0032]
Referring now t goope| driagare®s,is whelustrhdidieofel simite:r sstemdesingnabBAMby | ke
reference nunmerals, Figures 1-22 illustrate a nethod of form ng a DRAM
memory devi cead08 ATGOF be fanedagrergingctodsuethod of the RyESSDE SIVEBEOIMC cor ding t o
exenpl ary enbodi nents 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 50 Angstronms to about 200 Angstrons, has
been fornmed accordi ng DETAILEPrDESCRIPISAMI @R T B INVENTIONIg t echni ques.
An insulating |ayer 14 such as silicon nitride (Si(err)N(err)) layer 14
(Figure 1) of adQé%OhodH@@&Wmmwgmm@@Wﬁ 4o 0 VEIQUs about

1,000 Angst 1 OfRdek HEkblaf) SROREHANEE whilh BUBREASS xR0 cRADADLE Oidle | aver

12. The silicon nitri ayer may be tornme eposition
processes sucbmasdspuld f¢ dewgribyd eftbruffialeny d@ail tdepbdid thioedskil{edbh doy ark ow
tenperature deposition by el ectrqn cyclotron resonance plasma enhanced CVD,
anong ot her s. fAPRRESEHS PvERtiQh cadis tp ke tRderstepr phatiofye cmbpdipents By nade as

o Lne STl cB cilildyklSunkithsertrurk! 10t R HAEN AR L toetifad NSUl a1 g

[0031] The terms “wafer” or “substrate” used in the following description
may include any semiconductor-based structure that has an exposed
semiconductor surface. Wafer and structure must be understood to include
silicon-on insulator (SOI), silicon-on sapphire (SOS), doped and undoped
semiconductors, epitaxial layers of silicon supported by a base semiconductor
foundation, and other semiconductor structures. The semiconductor need not be
silicon-based. The semiconductor could be silicon-germanium, germanium, or

gallium arsenide.

[0032] Referring now to the drawings, where like elements are designated
by like reference numerals, Figures 1-22 illustrate a method of forming a DRAM
memory device 100 (Figure 22) having access transistors formed according to
exemplary embodiments of the present invention. Figure 1 illustrates a
semiconductor substrate 10 over which a thin thermally grown oxide layer 12, with
a thickness of about 50 Angstroms to about 200 Angstroms, has been formed
according to conventional semiconductor processing techniques. An insulating

layer 14 such as silicon nitride (Si;N,) layer 14 (Figure 1) of about 100 Angstroms



al so fornmed of silicon oxide, for exanple, or other insulating materials,
and thus the invention is not limted to the use of silicon nitride.

[ 0033] NewD,0208m8%i | i con nitride |ayer 14 is patterned usiPRF/EBpMIPOr esi st

| ayer 15 (Figure 2) forned over the silicon nitride |layer 14 to a thickness
of about 1,000 Angstrons to about 10,090 Angstrons. The photoresist |ayer
15 is patterned wth a nmask (not shown) and the silicon nitride |ayer 14
is anisotropically etched through the patterned photoresist to obtain a
plurality of &t4liced, MG Angkronsad nen slispesedawientheaubitoitt] Waed themxide 1, 000
Angstrons to about 00.. Angstraons and shallow trenpches for.isolation
(ST 50, as BRGW2- PRerjspadeRer Shmi plMed b RENR pitiinsd s or

i sol ation 20, pfdeessed duck @¥spiticlihg 8y kBN RIcalMApot a@o@iﬁbﬂgcvk:gmnmﬂ and the
substrate 10 are all etched to a depth of about 1,000 Angstrons to about
10, 000 Angst r tamepergsred dapabilipn bf clsbon cBlaoom mageance phsmEavagubaV .0 t he
formation of the shallow,trenches for isal.ati,on 20, the .photoresist |ayer
1515 removelihgys SBer kAR ERih 5008 Bl 0 Sal BERBRE B e
exanmpl e, or bylicdd siedidigydrie, & wWast bauaddtoddtthatldNe idshiadh@ly@4 @af6gr ade

t he photoresist and obtain the structure of Figure 4. [0034] Subsequent to
t he for mati onaled farmedgh silicomoridedeneantpls, or seheipsylating maceiagy pedtgis4) | t he
trenches are fil. i t. .1solation dielectri.c. 21, illustrated in Figure
5. Any di el ecplre’ldégegﬁ?g algpgﬂfdélre | St oR srrﬂg%(/)%bnétcnedzrerpl oyed to fill trenches
20. In an exenplary enbodi nent, trenches 20 are filled with high density
pl asma (HDP) oxD023] a NWNattetheallicod hitkidd hgeral 4is phttadned utivg b photfdreststi vel y

fill narrow tyenc . Alternatively, an insulating, |ayer (not shown)
formed of an Birdd diswe 2 forchpvoitisz 89_1’8%“1?%‘77“[%{)@_/ q%&@@ess?%ﬁmq de,
for exanpl e, mo%egs&w@%g@o&tfm d@ﬂﬁ%gg%g%evﬁe'@oé&m%g% id ling the

trenches 20 wth the isolation diélectr , torard in s i ng out the
corners in tpatdotd oihafmishénorshoengsnditic dlEonadiuicle laybiel Alvmuisbtropicsiyr ess

inthe dielectrjc o
etclued 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 a 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 isolation 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 isolation 20
(Figures 3-4), the trenches are filled with an isolation dielectric 21, illustrated in
Figure 5. Any dielectric suitable for isolation may be employed to fill trenches 20.
In an exemplary embodiment, trenches 20 are filled with high density plasma
(EIDP) oxide, a material which has a high ability to effectively fill narrow trenches.

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



used to later fill in the trenches. [0035] Reference is now nade to Figure
6. The silicon nitride colums 18 are patterned and etched to formregions
A adj acenwotoe/084182 i sol ation dielectric 21 and transi stor Pgrasves3122. The
silicon nitride layer 14, the oxide |layer 12 and the substrate 10 are all
etched, by reactive ion etching, for exanple, to a depth of about 1,000
Angstrons to about 10,000 Angstrons to obtain the transistor grooves 22
where gate structures of the DRAM nenory device 100 (Figure 22) wll be

| at er formed misridd, fou d}clarripk @t@gdxiﬂtmmbdiondettmrﬂchb@bwmﬂs foorf torfiling e
transistor gro bstrate ched,to a th ? (Figure.6) of
bbout 500 AngEERE 20 SiEH oo siberie e FosREBERLE SRS he
formation of Hpedioansl fleafeBhOONETO %&iu(cgltﬁélirﬁo@t of3REssif AeQfifleArit Fi gur e
6), the isolation dielectric 21 is partially etched with a selective

et chant to obtsdrodaecrslsdhsttrenchasr es 24 adj acent to isol ation regions B,
as shown in Figure 7. The isolation dielectric 21 is etched to a depth 8
(Figure 7) of 5 0 r

di rectional et cﬁ?%g]pr %%féggéc i 8%’ rﬁade%g%n%u rgtﬁ c%%e%ﬂg?) A nﬂ?ﬁe C&?{m%s,&g

wi Il be expl aiegdttbeled\wnd tebhed $6 Forin @glonaﬁaid@@&ﬂiwa tH&1sbﬁub@dﬁ&&ﬁd: 1o aI | ow
a subsequently deposited polysilicon to be chem cal nechanically polished

rel ative to t#H HasEon §10%ssi22e orhersilicon gride Ei‘mﬂt J«ﬁb the pxife fernli 3ddde| ayer
14. Cross-sec 7) and the
isolation r eg%dc?(rgl%gtlﬁ 1¥)||9'ef¥\§ug{c9§:&m°ﬁ” fe‘l%%?)gln&% nﬁ’m sga% t:Eoofves 22

are illustrat sbutrl,(0gANngsrotnsandb8ud 1,080 Bﬁgitﬁfmum:ﬂfts]hahdtmgls&ir t he

i nvention. [0037] Ref egence is now nade to Figure 10, which is a

cross- sect i on&lOFehy WBEretgiE W%%wféh‘apwgp@nvmdwéﬁ 199 ghigursi37e 10- 10
and i |1 ustratingy, fa‘ "f&%e‘?i”a%l ad%%e%&%cﬁrlﬁﬁéﬂaﬁtbgfowgr’P(??O%ﬁl & trafilisthf! S
pOI nt, processi ng St eps or transi stor gate structure ormati on pr oceed
accor di ng to govesll,oubdrasehld dachddtton depce chiping ONOf QB FIVEhgstroms

PCT/ US02/ 13196 8
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 obtain recessed structures 24 adjacent to isolation regions B, as
shown in Figure 7. The isolation dielectric 21 is etched to a depth & (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
dielectric 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 isolation 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 formation proceed according to conventional semiconductor processing



techni ques. As such, a thin gate oxide layer 29 is first fornmed on the
sidewal | s and bottons of the transistor grooves 22, as shown in Figure 11.
The thin geatoe/ogusze |ayer 29 nmay be thermally grown in aRCeRBSgEM19THI ent ,
at a tenperature between about 600C to about 1,000C and to a thickness of
about 30 Angstrons to about 100 Angstrgpns. [0038] A polysilicon |ayer 30
(Figure 12) is then fornmed over both regions A B as well as inside the
transistor grooves 22 and the recessed structures 24 of the substrate 10.
The pol ysi | i coahhigyer /BGuninya then gﬁposudt bgtedeis firstdotrhichomy Htegsidepnrilomnd ayer
29 via LPCVD rocedu of a ut 0C.t o ,about 700C.
After its depd? ﬁt?l?}?)ﬂgﬁ’ﬁ&f%ﬁolr VF%[ rasgtf’ Cﬁh%%% 83t o8l e ar

the planar suyéramemsyf bé BRrhly %Q)K)mr]htaﬁ Iosiy‘gehaayx%m&éapi teht}Rrdi @ iRAFeeh tO
formpolysilicon gate |layers 32, as shown in Figure 13. Chem cal

mechani cal pohbiasiich§°C @Nﬂ)outalyOOQfQ amslgd afthickpdsa nhabarit3§, Adgstroms heabanti t abl e

nmet hods coul d&) used al so, as desired. For a better understanding on how
the OWP of th& (géfl?stfq?(:on stops on the nitride layer 14, reference is
made to Figures 14-15, which are cross sectional views of the structure of

Figure 7, taken[ed38lg |A pélgsillébnldyer 30QFikorelD)) it Bepebihd®byer bBtH regidner  t he
deposition and polishing of the conductive |ayer 30. [0039] Reference is
now made to Fighrewed as frideihs irprsiiorAreaves B aadthetasesed grugppgyud€ois put

with the poly ar n.ega oxi de

| ayer 29 et ch%J shg%{l}[tg%o'[k@é% Ysﬂ&gré[l eqé?’@ou% %0‘86 lté({]gvctr%c t]]%leé dic

pol ysi li con gatige lagsteI%vid LPAVD peddeil@as 04 td rathwogaioat 830WRtd Ayt 29 and
etched selective to the silicon nitride 14 of the regions A to obtain

recessed regi 6% 634Aft%m@ dsppsirien,| nqb@mgaiaw 33)31s pimevieed ¢ovar tpueraneasthe] 0040]
I n an exenpl ary 8QCC tth g)‘LC tnhr%trﬁ ent fﬁ%%gﬁ’ﬂe tr%qrg}%q{?mf%gﬁ (Figure

17) is next f% over: po ISI o6h ga t he
recessed regi gdtsla%rs(zfz Es@l@mlﬂ@lgu’fhesd@lbﬁﬁdamﬁcﬁaaﬂ@[p&fshﬁmo | mghe an

oxide material, for exanple, and may be formed by conventi onal cfep05| tion
met hods be used for plananizing, 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 are cross sectional views of the
structure of Figure 7, taken along lines 14-14' and 15-15’ respectively, but after

the 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 etched 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 Figure 16.

[0040] In an exemplary embodiment of the invention, a dielectric 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.



foll owed by polishing by CWP, for exanple. WO 02/089182 PCT/US02/13196 9
[0041] Alternatively, a |ayer of netal capable of formng a silicide (not
shown) neWyoOlwe/osapnsi t ed over the polysilicon gates 33 to ®CTRiSoxma86 of
about 200 Angstronms to about 500 Angstrons. For deposition, sputtering by
RF or DC may be enployed but other simglar nmethods such as CVD may be
used. Subsequent to the deposition of the netal capable of formng a
silicide, substrate 10 undergoes a rapid thermal anneal (RTA), typically
for about 10 t o [604klecoXtsnatiysiynglagenrnftnasgenpatderbf foninjngat silidddaifno600C t o

about 850C so that th tal. in direct contact with the polysilic gates
33 is convert?—.lf?_“f"é TP pPitegeventhegin C?%gﬁf%%éo ié{}m 1955 %‘isacﬁ’Sut?(g%i ons
37 form condughbyRniaQi Hor 500 KARstRimd NeorRRbYdHibh, GPASMESy RB or BEhHAYab v,
the refractory netal has |ow resi'stance and | ow resistivity as a silicide.

However, thebe efplytdbyt otbtasimdat incihdds srah as 613D inzeyr bersed.eSulmequeny toret al |

i ncl udi ng but .no l.i.m t| to titaniu cobal t.,. .t ungst en ant al um

mol ybdenum  aHtf %P?ﬁ@%ﬁ#g%dﬁﬁ « ?‘?%PR%@%%@%@%\R)Q[?WQ ¢ yi\}”é TPUE %et chant
of ‘any unreact@gi #ekAll.anhb (RIMAY ,rt';ypieam%lt ABNS 100 l60%k QRIs Ausitfgla higdRYed
(Figure 19) by etching, for exanple, so that the formation of gate stacks
90 (Fi gure 20ymbicnORAMTEHIO)Cdevbow SEO0CHe thatahpheta dn dis¢dt kouiget wikke

foll owi ng progessing. steps rr. the coppl.etion of, the gate.stacks.90 will
ot er o and THARUEHSES eS8 FoRaect Byrotsy APt T gt §i siitile

pol ysilicon galesms3F folth cHMEicHRE rdbdIRIoht 8P f HRAS oLy MR 0B ARG BB, IMMBALION i S
not” limted to this enbodi ment , 1ra_r11d ot he? eand(i)_%en't()s gguch as the v
formation of twtrefracserahetaldoypew sésistpnge atidblosctesiptevityas emsiligide. Hwrevers t he

dielectric magerial 355‘%Fi re 1;}) f ormed over the polysilicon gate, are
al s0_cont enpl SEAA AV AN 4 CoptaPe R Mt e e e Aot
substrate 10 Amgidot® rhbibiahy, abBalt, @Pngitthnf Aelig, PoBBaeh#RbandSsladdial. 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, [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), formed 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



but TECS or carbides may be used al so. [0043] At this point recessed gate
stacks 90 (Figure 20) each having gate oxide |ayer 29, polysilicon gate
33, silicwoeoggson 37 and nitride cap 60 have been for mPdT/USh®131e€essed
gate stacks 90 may now be used in a conventional inplant WO 02/ 089182

PCT/ US02/ 13196 10 process where the gahe structures are needed to nmask the
dopant inplantation of source regions 92 (Figure 21) and drain regions 94
(Figure 21) of the adjacent transistors defined by the gate stacks. [0044]
The next st epprotest Whedeltbavgire 8a@sirésird heeded korataslotheafopant implamtsfracer s  95a,

95b also illustrated in Figure 21. The recessed gate stacks 90, protected by
nitride spaceP§rgsggionny’ @gﬁuﬁo&/@)&ﬁéﬂ@%f@é‘?ﬂﬁ@ﬁt&%F 2@?8@%@}@@“3@t eps for

the formati %mﬁ{gto??&éﬁ%?&?ﬂﬁ?%ﬁ'@%dccﬁi conductors and/or capacitors into

sem conduct or substrate ugh an oxi de | ayer 93 such as BPSG for
exanple. Thus, conventional processing steps can be carried out to forma
conduct or 96 anf004ddpadihe oest @¢p msthadlolv mrecass inehe fonmetion pfeittidsipacrt ur es

t _sem conduct ' th M devi
100, a1 Vi e JeE BsS RS R R Y E  EO b Frts a8 stells TPRNRARRY 06 ©°
(Fi gures 20- 22)idcQpiRe 94%, 855 RLHABE fundWighRoRraIeELIBRbSsQhg bigs RF BRENt

invention could be used in any integrated circuit “structure such as in a
pr ocessor - basfetmatymt efmoa®t apérahgs foc bembistas mehforyapicitorsiinto 448, for

exanpl e the DRAM nenor evic 0 s illusirated in Fi e.23. A
processor syssfg‘rlr‘iorggﬂ‘étﬂy &‘g)sgai??r{%%f@f’&s%?’%‘# fa{fﬁg sélfﬂﬂs @gs{ﬁ'r fog §§fméplﬁ'e ntral
processi ng Unifus( Eskndidithl pRodeiSstésFhit bOBIAER S8 PFfo formd inHattoPbgRAd
processor, or other programmbl e digital |ogic devices, which communicates
With an i npuRpitom A7 {8 wa) asquheciateadBunoststrugiussnedggary Theradony 448
communi cat es sc%éorr]ldh@t%r LRLETRYE EhebﬂﬁAﬁ/P Izn'emory 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 considered
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 limited by the foregoing description and drawings, but is only limited by the

scope of the appended claims.



[ 0046] The above description and drawings are only to be consi dered
illustrative of exenplary enbodi nents which achieve the features and

advant age®0obk/osdiBe present invention. Mdification and sulpstriusat/ings to
specific process conditions and structures can be made w thout departing
fromthe spirit and scope of the presept invention. Accordingly, the
invention is not to be considered as being limted by the foregoing
description and drawi ngs, but is only limted by the scope of the appended
clainms. WD 02/089182 PCT/US02/ 13196 11 CLAIMS [0047] What is clained is:
1. A nethod of formng gate structures for a sem conductor device,
conprising: formng an insulating | a(é(];fr,‘_aﬁ\séer a sem conductor substrate;
defining a first set of trenches in em conduct or substrate and
extendi ng through saigpdmsutiadat Ra1didy&is: filling said first set of trenches
with an insulating material to form isolation trenches; defining a second
set of trenches in said sem conductor substrate which _ extend through said
insulating |ayer in b & medodeh fominggaisarrue®ras dprr sarpigendysiorgkevice,r enches;
et ching regi O&%né)‘ISF%ai d isolation trenches to formrecessed isol ation
trenches adj ace "said second set of trenches; formng a gate oxide
within said second set of trenches; formng a conductive |ayer over said
gate oxi de and sai d foemegpsadnsilsinghyaover essoliesiduard splodtrash)i ng sai d
conductive layer relative to said recessed isolation trenches

defining a first set of trenches in said semiconductor substrate and

extending through said insulating layer;

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.



to forma conductive gate. WD 02/089182 PCT/US02/ 13196 12 2. The nethod of
claim1 further conprising formng a protective |ayer over said conductive
gate. 3. Wbe2stiBod of claim 1 further conprising form ngPam/usk2/tia9é ayer
bet ween said sem conductor substrate and said insulating |layer. 4. The

met hod of claiml1, wherein said first sgf of trenches are etched to a
depth of about 1,000 Angstrons to about 10,000 Angstronms. 5. The net hod of
claim1l1, wherein said second set of trenches are etched to a depth of
about 1,000 Angstr on®.tBheapothod i cbi® 1M mgber comeprisérg foheingst protecofe byeai m 1,
wherein said second set, of trenches are etched thorough said sem conduct or
substrate to 8 HepHOBHUHNE# 500 Angstroms to about 5,000 Angstrons. 7.
The nethod of claim1, wherein said act of etching regions of said

i solation trenches i ¢l Tigemeodsotlahdhfuf@iesaintbrisigpoabindn@ids lapdr. 8. The
met hod of claim7, wherein said insulating material is etched about 500
Angstrons to QBWHS%@@W%@‘W%%%W@%WM‘gs%%tfﬁwéu% lageraj m 1, wherein said
conductive layer is forned of polysilicon. 10. The nethod of claim1,

wherein said conduct igyerh ayethddSo ' BiiBd wi¥reiHGRPRIsE LR Rf trl:ﬁchegt.iﬁ‘: dglgod of

claim1 further conprising etching sai'd conductive gate to forma recessed
conducti ve gatea digth offabourel, A0 Aopstedias m dbbut WAOOOiAngsabohsconduct i ve gat e
is etched about 100 Angstrons to about 300 Angstrons WO 02/ 089182

PCT/ US02/ 13196 5. The method of claim 1, wherein said second set of trenches are

etched to a depth of about 1,000 Angstroms to about 10,000 Angstroms.

6. The method of claim 1, wherein said second set of trenches are
etched thorough said semiconductor substrate to a depth of about 500 Angstroms

to about 5,000 Angstroms.

7. The method of claim 1, wherein said act of etching regions of said

isolation trenches includes plasma etching said insulating material.

8. The method of claim 7, wherein said insulating material is etched

about 500 Angstroms to about 3,000 Angstroms.

9. The method of claim 1, wherein said conductive layer is formed of

polysilicon.

10.The method of claim 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



13 13. The nethod of claim 12 further conprising formng a dielectric |ayer
over said recessed conductive gate. 14. The nethod of claim 12 further
conpri si gofoR/08618y a silicide |ayer over said recessed ce®addsn/vaIgat e.

15. The method of claiml, wherein said insulating layer is fornmed of a
materi al selected fromthe group consistgng of silicon nitride and silicon
oxide. 16. The nethod of claim 1l further conprising formng insulating
spacers on sidewalls of said gate structures. 17. The method of claiml,
wherein said insul at ilr?ongumﬂnetHo@llof chihd2nfecthef congmisig] fdanimgtasiii:lacttric 18er A

met hod of form ng menory conprising providing an insulating |ayer
over a sili coﬁ‘"ﬁfﬂ@t?%@déﬁﬁ ‘FCcPrVanﬁﬁ a transistor including a gate

structure fabricated within said silicon substrate, a source/drain region

in said silicon subgurphemeilpaestethidd2aant: dohpiRing PahRgst dilitideUpr and a
capacitor formed over said source/drain region, \/\herel n said act of

form ng sai d Queresaishreerstedcondfqiive igete- conpri ses: forming at | east one
isolation trench filled with an insulating material in said silicon

substrate, said isol g&i-pg &ﬂeﬁ{?ﬁ*bf*’d%ﬁxﬁ iy L aﬁf‘&?xl:ﬁéﬁoﬁlagéﬁb‘hﬁ}deﬁ th"‘ye“

defining at |east one transistor tren in sal ubstrate ich
ext ends t hr oughtadl stléonsivirahithg gtaaypatonsisrimg, ofi sileoh nirfide nhdheitjcorabxide sai d
isolation trench; etching regions of said isolation trench to form at

| east one recessed %o{éhtlo tr n id ti;lent to,said transi stor trench; WO
02/ 089182 PCT/U802/131 "-Tﬁ f?b‘“ HOE" STRIEME EF NG P OSSP ecers

transistor tr@RGRiewalls of said gate structures.

17.The method of claim 1, wherein said insulating material is formed of

an oxide material.

18.A method of forming a memory cell, comprising providing an
insulating layer over a silicon substrate and forming a transistor including a gate
structure fabricated within said silicon substrate, a source /drain region in said
silicon substrate disposed adjacent to said gate structure, and a capacitor formed
over said source/drain region, 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;



form ng a conductive | ayer over said gate oxide | ayer and extendi ng over
sai d recessed isolation trench; polishing said conductive |ayer relative to
sai d reces9ad/089st ati on trench to forma conductive gatePCand$ot/oxpd ng a
protective | ayer over said conductive gate. 19. The nmethod of claim 18,
wherein said isolation trench is etched4to a depth of about 1,000
Angstrons to about 10,000 Angstrons. 20. The nethod of claim 18, wherein
said transistor trench is etched to a depth of about 1,000 Angstrons to
about 10, 000 Angst r ofismiia gith@xivetliyed withircdaid arkBrorvkeaxchj n sai d transi stor
trench is etched through said silicon substrate to a depth of about 500
Angstrons to about 5,000 Angstrans. 22. The, nethod of clajm 18, wherein
said act of etching FEGH¥H C‘g?&‘@ﬁwdlay?rsqy ot gt %‘aﬁ anslb?ﬂfjr FUERding QvGts
etching said insulating material. 23. The nethod of claim22, wherein said
i nsul ati ng mataed respssediselpdoretiendhout 500 Angstroms to about 3, 000
Angstronms. 24. The nmethod of claim 18, wherein said conductive |ayer is

| ayer 15 formod by HRRbER RN a3 o8 R ed LI ibTshaRp tuEeR gyt e

met hod of claﬁg118 further conprising etching said conductive gate to form
a recessed coffifict fopdugiiegate Ad The net hod of cl ai m 26, wherein said
conductive gate is etched about 100 Angstronms to about 300 Angstrons 28.

The met hod of clain1gﬁnﬁﬂggpgﬁf&ggm£%§gﬂgSQQQ&&ﬂgﬁQCg&Ejectric | ayer

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.



over said recessed conductive gate. 29. The nmethod of claim26 further
conprising formng a silicide |layer over said recessed conductive gate.

30. The rwDlew@swB2 cl ai m 18, wherein said insul ating | ayer PC3/USor/mags of a
material selected fromthe group consisting of silicon nitride and silicon
oxide. 31. The nethod of claim 18, whefein said insulating material is
formed of an oxide material. 32. The nethod of claim 18 further conprising
formng insulating spacers on sidewalls of said gate structure. 33. The
met hod of claim 18, 26diheinetbad df ceinol§ fiodhdr compasibRatdhingsaist gondettive 34.
The nethod of claim 18, wherein said nenory cell is part of an integrated

circuit. 35. ZHeIGHIRGeotsd QAP Siffer ei n sai d menory cell is part of a
menory circuit coupled to a processor, wherein at |east one of said

processor and said DEMHYn&hébE UE ElaieODb abisieinahid coadectvt gutiviehed
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.



