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FABRI CATI NG EMBEDDED VERTI CAL DRAM ARRAYS W TS SI LI Cl DED EXTLI NE ARD DEC 2005
POLYSI LI CON | NTERCONNECT FIELD OF THE I NVENTION 5 The present invention
relates to a nethod for fabricating sem conductor circuits containing both
DRAM and | wp @oemkd s. In particular, the invention relpgtesodnodiabri cating
sem conductor circuits containing vertical pass gate enbedded DRAM ( EDRAM
arrays and dual 10 workfunction | ogi clgat es. BACKGROUND OF THE | NVENTI ON
Wth the advent of Large Scale integration (LSI), many integrated 15
circuit desi gns I ncl ude several circuit funct lons on a Si ngl e sem conduct or
substrat e, $IrRY BN j ) EMS EDDRIC VERTHCA AN spRadSessi ng and
accessing the menor ygod & ﬂ;bﬁmg dr, 2R Sl ' Satdommdd a DRAM cel |
(nmenory) region are fa on t e sane sustrate clrcuitry is
commonly referred to as an enbedded DRAM The integration of 20 | ogic and
menory regrmrs ompwonesnmosr al | devi ce performance by decreasing
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25 due to partianari hbe drvenpiqn releten b gyiieriing egsice%@atqrocifrawpcat e both
types of deatitebsing Ressieal phecpas enbeBiANIRRE CBPRAMMY g raytweardl duall ng t owar ds
conigd nued {&AkAY1Af 1461B8IgaMen.f eature size (F) in the DRAM array, and nore
c?rrpact cell layouts (e.g., 7F2, 6F3, etc.). As a result, the above noted

obl ens i Mo 4 even nore problematic, especially for 30
devi ces V\hg‘?%gif—w%(?g mid rﬁggﬁg ler. DRAM circuits will usually include an
array of menory cells interconnected by rows and col ums, which are known
as wordl i nes arfdth [she |advens, off Bagye dorle [ytegRebet HBFIdatmany datpgratedwr i t i ng
datas t 0 t heimeiDEsEighs Cadluge issveaahictuedt Fynatidsvat rngnged ect ed wordl i nes
and bi tli ngsmconBi@ios Aub¥sratdleslIRAM RENIRY ¥t&QALd 260NBEiS BmctlIGET (et al
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logic and memory regions improves overall device performance by decreasing
communication delays between memory devices on one chip and logilc devices
located on a second chip. In addition to the improvements in device
performance, processing costs for integrating memory and logic circuit
functions on the same semiconductor substrate potentially could be reduced
25 due to the sharing of specific processing steps used to fabricate both
types of devices. Present trends in DRAM technolqgy are driving towards
continued scaling of minimum feature gize (F) in the DRAM array, and more

compact cell layouts (e.g., 7;“, 6F?, etc.). As a result, the above noted
problems in the prior art become even more problematic, especially for
30 devices where F=100 nm and smaller.

DRAM circuilts will usually include an array of memory cells
interconnected by rows and columms, which are known as wordlines and
bitlines, respectively. Reading data from, or writing data to the memory

35 ~cells is achieved by activating selected wordlines and bitlines.
Typically, the DRAM memory cell comprises a MOSFET (metal oxide
semiconductcr field effect transistor) comnected to a capacitor. The
MOSFET generally includes a gate region and diffusion regions. The
diffusion regions, depending on the operation of the transistor, are often

40 referred to as elther drain or gource regions.
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2 2 DEC 2005 WO 03/005447 2 PCT/ GB02/ 02961 There are different types of
MOSFETs. Trench-gated MOSFETs are a class of MOSFETs in which the Zgbtngclzl%
positioned in a trench that is formed at the surface and extends into
silicon. The gate is fornmed in a lattice-like geonetric pattern which
defines i naowsousah cells of the 5 DRAM the pattern nogdmdgoyedogki N9 the
form of closed pol ygons (squares, hexagons, etc.) or a series of
interdigitated stripes or rectangles. The current flows in vertical

channel s which are formed adjacent to the sides of the trenches. The
trenches are filled wth a conductive gate material, typically doped
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The isolation regions are generally thick field oxide regions extending
25 below the surface of the semiconductor substrate. One such technique for
forming the 1lsolation region is the local oxidation of silicon, i.e.,
LOCOS regions. LOCOS field oxidation regions are formed by first
depositing a layer of silicon nitride on the substrate surface and then

selectlvely etching a portion of the silicon nitride layer to form a mask

30 exposing the substrate where the field oxidation will be formed. The
masked substrate is then placed in an oxidation envircnment and a thick
layer of oxide is selectively grown in the exposed magk regions forming an
oxide layer extending above and below the substrate surface. A preferred
alternative to LOCOS fileld oxidation is the formation of shallow trench

35 isoclation regions in contemporary CMOS technology, commonly referred to by
those in the art as an 9TI region. In the process of forming the STI
regions, a deep trench is formed in the semiconductor subatrate by, for
example, anisotropic etching. The trench is then filled with oxlde back
to the surface of the substrate to provide an isolation region between

40 adjacent devices.



exanpl e, anisotropic etching. The trench is then filled wth oxide b%f to
the surface of the substrate to provide an isolation region between DEC 2005
adj acent devices. 2 2 DEC 2005 WD 03/005447 3 PCT/ GB02/ 02961 In a typical
DRAM arr ay, the wordl ines need to be capped with an insulator to allow
formation Qf obeisfer! ess diffusion contacts, V\/ner eas i Npe jéﬁzbﬁal C supports
the gate conguctors nmust be exposed to allow th i ntroduction of dual

wor kf uncti on doping and silicidation. 3Silici ded 5 gates and source/drain
regions greatly conplicate the processes for formng array MOSFETS since
the array MOSFETs need bitline contacts which are borderless to adjacent
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overcome these well known lithographic problems. However, this is not
currently feasible as circuitry demsity increases and as such, common
25 practice is to separately pattern the array and supports.

Another problem with prior art processes is.in the formation of the
local intercomnects. Conventionally, one of the metallization layers is
used for forming both the bitline and the local intercommects. It is

30 preferred to have a simpler proceas that eliminates the metallization
layer and its attendant processing to form the local interconnect and
metal layer. United States Patent no 6,258,659 shows how to form dual
work function logic gates with vertical DRAM cells using a ralsed shallow
trench isolation (RSTI) process. This process has the dimgadvantage that

a5 the support logic devices are subject to the thermal processes of the
shallow trench isolation which can degrade the well profile.

United States Patent No. 6,261,894 overcomes many of the above noted
thermal problems. The process disclosed therein generally includes a)
40 patterning only the array gate wiring for the vertical transistors; b)
forming silicided bitlines and peripheral transistors concurrently and c)
showing a metal to form local intercomnnects. However, this methodology



shal l ow trench isolation which can degrade the well profile. United States
Patent No. 6,261, 894 overcones many of the above noted thernal prob4 ?rgtg 005
The process disclosed therein generally includes a) 40 patterning only Rg
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pitches patterned with 193 nmlithography. Accordingly, there is a need

for inproved processes that address 5 these concerns and provi de a process
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DRAM and f“bgllil':h°§f?"ﬂ?§t ures is described. The pr ocess i ncl udes fabrl cating
enbedded vertical DRAM arrays with a silicided bitline and a polysilicon
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an isolation region, wherein the array region includes a plurality of
dynam ¢ random access nenory cells enbedded in the substrate, wherein
adj acent dynam ¢ random access nmenory cells are connected to each other 20
t hrough bi BRYEF SUMMARY | 0F TiF PEFIAE, wherein the nmenory structure is capped
withoa top oxide layer; applying a block mask to protect the array region
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| ayer on afithek e ewidsureries of the
applying a block mask to protect the array reglon while stripping the top

oxide layer from the support region; forming support implants, forming a
support gate oxide layer and patterning a first polysili:con layer onto the
25 support gate oxide layer; forming a conductive nitride barrier layer, a
metal layer and a dielectric capping layer on all exposed surfaces of the
substrate; removing portions of the nitride barrier layer, the metal layer
and the dielectric capping layer from the support region to form a
support gate structure and removing the nitride barrier layer, the metal
30 layer and the dielectric capping layer from the isolation region, wherein
the support gate structure comprises the gate oxide layer, the first
polysilicon layer, the nitride barrier layer, the metal layer and the
dielectric capping layer; forming an insulated spacer on sidewalls of the
gate structure; forming a protective layer on all exposed surfaces of the
35 substrate; forming an array gate structure in contact with the memory cell
and exposing a portion of the bitline diffusion region by reﬁoving
portions of the protective layer, the nitride barrier layer, the metal
layer and the dielectric capping layer from the array region, wherein the
array gate structure comprises the oxide layer, the nitride barrier layer,
40 the metal layer and the dielectric capping layer, and simultanecusly
removing the protective layer from the isolation region; forming a spacer
layer on sidewalls of the array gate structure; depositing a second



35 substrate; formng an array gate structure in contact wth the nmenory
cell and exposing a portion of the bitline diffusion region by rﬁz)%i Eg
portions of the protective |layer, the nitride barrier layer, the PEC 2005
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40 the neta ayer and the dielectric capping | ayer, a aneously
renoving the protective |ayer fromthe isolation region; formng a spacer

| ayer on sidewalls of the array gate structure; depositing a second 2'2 DEC
2005 WO 03/005447 PCT/ GB02/ 02961 5 polysilicon |ayer onto the substrate;
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on the sidewalls of the array gate structure and support gate structure,

wherein the spacer is removed in array reglons for forming a bitline

contact; depositing a second polysilicon layer and applying a mask to

pattern and form a landing pad in the array and gate conductors for the

30 support transistore; siliciding the landing pad,. the support gate
structure, the support gate conductors and the second polysilicon layer
overlying the bitline diffusion regions in the array region.

In another embodiment of the process, a method of forming a memory
35 array and support transistors on a semiconductor substrate includes
forming a trench capacitor in a silicon substrate haﬁing a gate oxide
layer, a polysilicon layer, and a dielectric capping layer deposited
thereon; patterning an array gate by removing portions of the polysilicon
layer and the cap layer; depositing a nitride layer onto the substrate;
40 applying a patterned mask to selectively etch the nitride layer in the
support region and isolation region, and forming a sacrificial oxide
layer; forming implants in the support region and subsequently stripping



structure, the support gate conductors and the second polysilicon |ayer
overlying the bitline diffusion regions in the array region. |n another
enbodi ment of the process, a method of forming a nmenory 35 array ardd? DEC 2005
support transistors on a sem conductor substrate includes formng a trench
capaci t or iy edjodskdri CON substrate having a gate oxide Jau&fanieP0! ysilicon

| ayer, and a dielectric capping |ayer deposited thereon; patternlng an
array gate by renoving portions of theg polysilicon Iayer and the cap

| ayer; depositing a nitride |ayer onto the substrate; 40 applying a
patterned mask to selectively etch the nitride Iayer in the support region

and isolation regio formn crificial
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| ocal 15 |H?F'é‘r°&%r?ﬁe‘i§‘t* P°A¥S%f‘dﬂ“n’g‘yf‘b ig r‘?“ﬁra‘ffﬁ’é!r re&é‘fﬂaé’f‘d t%‘/%émiahventl on al so
pr Wi des antexsmineetrduct or devi ce including a dual workfunction support
transi stor and an enbedded DRAM array free of a MOfirst nmetal |ayer, the
sem conduct or 2&cd@vyaR £ GiPitesiadfict A thél RRAMt1dmegisap-6alMps aSi Ng a gate
SLrUCLUT €, se3Ulh & o2 BE1 HE %@mﬁ@&y 28212 AE 8 1 dr0adpBEr tBaRs 13t dlIGEdIr €, and a
silicide | aye edégd%%g f{'e otsg%ctq.rg:ng tqtiafageg eg{eoggﬁnlco%%@ t N the gate

r
structure I Ses gnec tric ca Iqa UCtOF and a
|

poldsi I i cc?ﬁ" ﬁe E‘Pr“?ff‘? a? PP e a8 ghte FUrSF Ty *8t “8nbedded DRAM
cells, a 28%15Fpiy FRoleRst PUSLRH F‘é(j’i“bﬁatél %%P‘F'i“ﬁ%\'l éoﬁjrﬁ’ecéi“? hYe3dj acent DRAM
cells, an diggosed) oy dihe serraskanst dupde ypgions PeArgis Fhe g3f-el Hyesturevherein t he

pol ysi | i ceamprises a dielectric capping layer, a metal conductor and a polysilicon

layer; an array region comprising a plurality of embedded DRAM cells, a
25 bitline diffusion region electrically connecting adjacent DRAM cells, an
array gate stack structure, a polysilicoﬁ layer, wherein the polysilicon
layer includes a silicide surface; an isolation region, wherein the
isolation region electrically separates the suppdrt region from the array
region; and an interconnect structure diéposed on the isolation region
30 comprising a polysilicon layer and_a silicide layer formed on the

polysilicon layer.

In another embodiment, the invention provides a semiconductor device

including a dual workfunction support transistor and an embedded DRAM

35 array free of a MO first metal layer, the semiconductor device comprising:
an active wordline comprising a first gate structure formed on a storage
capacitor, wherein the first gate structure compriges a metal conductor
layer, a dielectric capping layer and a spacer layer formed on a portion
of the first gate structure; a passing wordline spaced apart from the

40 active wordline, the passing wordline comprising a second gate structure,
wherein the second gate structure comprises a metal conductor, a
dielectric capping layer, an underlying oxide layer and a spacer layer



i layer includes a silicide surface; an isolation. region, wherein the

i solation region electrically separates the support region fronth ﬁﬁf3ﬁ5
region; and an interconnect structure disposed on the isolation reg
conprising a polysilicon layer and a silicide layer fornmed on the

pol ysi | i copologw®iss | N anot her enbodi nent, the inventi GrRIYILES 2
sem conduct or device including a dual workfunction support transistor and

an enbedded DRAM 35 array free of a M2 first netal |ayer, the sem conductor
device conprising: an active wordline conprising a first gate structure
formed on a storage capacitor wherein the first gate structure conprises
a metal copdy dUC ,Em a po ?_lfatlg ?Ac%ﬁ& y Lt?e CARPLAY, layieh 1 Angi sdusigacer |ayer

formed on @& structure i n rdl i ne spaced
“apart fron‘Tef-’F'n‘é“ ﬂﬁPaé%“tiF%éh?/\BF‘i}I"F ﬁ"@r ﬁ%f é?e as\ﬁongdr"pr%ﬁcb%ﬁgfy ng a second

gat e struct dpeding phd cetnriting P§hﬁéh’cF°§d’La§i”§t? tﬁ(’:lclﬁfl‘@a EHTBFY sEETS net al
conduct or , tha laiiglgewddriscic approty ity ere fimst gatie sExtchereoXibdeseFeder and a
spager Iay@a&e%tzu@Eﬁ 20080V 108D B4 dei of HBEIMGB02/ 02961 formed on a portion
of the second gate structure; a bitline diffusion region separating the

active wordllnefro the ssm rdlin isin
ot e %h%‘qnventl% P%@Qde%é%}%%cg ugéoq &eQrm ) g

polysilicon ha f’ |C|'E'fe Sur %QM Isin
cont act V\n’t“ﬁl‘tdrirég i ‘i‘"gi "’Qﬁfén"sttt?’h@‘t‘lfﬂ"ét LEHEIERE G cture and the

bitline diffesitore pegi¥niiren narrdt kryer e o dPHemductHedavisie ATPBHFLPFovi des a
senioconducdn0ar:@e wegidn dongtietiong rauciaty wh ekifedaest PRIN elpportbit¥Hansi stor and
an enmbeddedrBRAM ragio)1édteecaly @oebfing sidjsehnbrirayans, khersam conduct or
devi ce COVE%EE%EQ& séﬁc@t@e QbR Yy 1S PR DRAMNREILS] £ & sPliidd péiysDficaimbedded
DRAM cel ! Sray8e Pliarl[Pend 'LLU&&&{}&@%@Q@S%Snaeaqaéénxu&epagygrl og 2dj acent
DRAM cel | sS2¥8H &1 % ‘ng a\Wﬁ stru tﬁ%urgl a%, Lagh DRAM cel |, and a
silicide gHPYRFIGCGIPITAAYET 3 SFET t SEPUEHTire conprises a metal
corfduct or JoRyRSt itH the PAFdpe G FTuElqrapRRieRy a{“hﬁ’é? EHGWHEr B he silicide
pol ysi | i coryemy ersupmrt redion caomprdeinank trRlyshEloaR (9RrFh LRSS i 0FPWEYI on and

t he di el ecdndi £ seaippiedhn ddiyen: @ shepPpaet streguon emhpraidiaide dayssl ysili con
gate struciidpssed dnStildl ke sBRGtaredsii thd SGIrOd andljdiaiantesienst haagat e
structure, aMegco%écltCAtg@ct@ g&erlg}lﬁg%egoml&hgeﬁ@ﬁe sSiarbiihy e and t he

sour ce and dra ain ons; th(émaql_,ran L ALET CONDeGt ol FUGLULE zg%{ﬁ,;ll aying an
di%ti on I’B?I on.° se aratin %11 20 'support region fromthe array region,

V\/nerel n t h&tysl %F?]&ﬁiqeeb‘iléﬁ ?%c?"ﬂa’é a silicide polysilicon |ayer.

Advant ageously, the process and structure elimnates the need for a
Advantageously, the process and structure eliminates the need for a

MO first metallization layer for sub-8F* cells.

25
The specific embodiments referred to as well as possible variations

_and the various features and advantages of the invention will become
better understood when considered in connection with the accompanying
drawings and detailed description that follows.

30
BRIEF DESCRIPTION OF THE DRAWINGS

Flgures 1-5 show schematic cross-sectional views illustrating
fabrication of a DRAM array and supporte constructed in accordance with an
35 embodiment of the present invention.

Figures 6A and 6B show schematic top down and cross-sectional views
illustrating fabrication of a DRAM array and supports constructed in
accordance with an embodiment of the present invention.

40
Figure 72 and 7B show schematic top down and cross-sectional views

depicting a landing pad between adjacent wordlines.



MO first netallization |layer for sub-8F cells. 25 30 The specific

enbodi nents referred to as well as possible variations and the variggéc
features and advantages of the invention will becone better under 2005
when considered in connection with the acconpanying draw ngs and detail ed

descri pti owoleBgdsadr0l | ows. BRI EF DESCRI PTI ON OF THE DRAW-MESafiegtr es 1-5
show schematic cross-sectional views illustrating fabrication of a

array and supports constructed in accardance with an 35 enbodi ment of the
present invention. Figures 6A and 6B show schematic top down and
cross-sectional views illustrating fabrication of a DRAM array and
supports constructed in accordance with an enbodi nent of the present
invention. 40 Figure 7A and 7B show schenmatic top down and cross-secti onal

views depi cti Mggurep £l SEOYpEIeTRtE EPr S BRI Wd%’i%‘ié*sm“z"gz DEC 2005 WO
03/ 005447 BrPCREGB02Y Q293 aftayurds s\ @pdGsstronrryctrd o ferordanss wide &4 onal

vi ews i || usibdimeid of frabrireshi apveakian. DRAM array and supports constructed in
accqrdance with an enbodi ment of the present invention. 5 DETAILED

DESCRI PTI ON OF PREFERRED EI\/BODI MENTS The present invention is directed to a

process for fabricati ng verti caIo n% Slded DRAM array and dual
wor kf unct i BHASHER FFE*E WC@SPWHER&E%M@% Getor substrate. The process, in

accordance with the present invention, advantageously elim nates numerous
processi ng st epse ekt ievdndionCnNdbrttaingd af miorese afor ofabrifardmgad | | zat i on

laygy 1S cuprniah Yemds®@a foRim afQl Nind b D tWdritdafcthbd sigpertaevicae oh acal
I nter connecl s onItI;'Atgr rE%Lé%'r t!eay%el §oé]e§s Cgmmrﬁaﬂc@f\ﬁizﬁ Qe lRedtat he MO | ayer.
I h the present proc i he Q¢ et erco nel %Lses d Jyeé Sif & both
si i ci ded, “tvaétllg ‘Taf‘?ﬁgﬁ%‘%sl% j fl“ﬁna *Reed Tor % % gﬂ er as well as
NUITET OUS p?°6&%’§§°n§tleﬁi§rjt°§‘b‘i°8al N“e‘:‘?]éé]fﬁtr'l%’bllf’@rfjﬁr R yr?ﬁte fa er.
Mor eover , fommingi bitdi thathishinefandtae Jspay ipescqBeiéci QHByme&d%/dﬁl’%Fgé‘bus f or
sub1sBFI cedohzﬁc)nlyeieamdttheasptltecﬂm 2&yer e (@i riaprpmesene edewse o thodasthe first
met al | ayefntsiddgRedchnd/DitEhe ateay@h sigearieal kyeraas etimendtighthest pitch
requiremenfsy g Rarends 1Bg 0L 08858 nidteb@l bidkagr arbé aysiailyenges. The
use of rel axe:gregl tcpoensn t].chgrmeK: ellz{vg:al Moreover, the gsilicidation of the

bitlines (especially advantageous for sub 8F? cells) relaxes the pitch
20 requirement needed to form the first metal layer gince the MO metal layer

generally hag the tightest pitch requirements and presents the greatest

photolithographic challenges. The use of relaxed pitches for the metal

layers advantageously minimizes the well known difficultles associated

with conventional lithographic patterning of dense (memory type) and
25 isolated (logic type) features within the same layer. As a result,l

proximity effects during lithographic processing are minimized.

Consequently, reliance on ¢omplicated optical proximity correction

séhemes, alternating phase shift masking'techniques and the like is

reduced significantly eince formation of the first metal layer (i.e., MO

Lt

30 layer) is no longer required.

Flgures 1-5 are schematic, cross—sectiohal diagrams usged to depict
steps in an embodiment for fabricating a vertical embedded DRAM and logic
sﬁpport on the same substrate.

35

Turning now to Figures 1, the illustrated integrated circuit,
generally designated as reference number 200, is a suitable substrate for
practicing the present invention. The integrated clrcuit includes a
memory circuit region 204 and a loglc circult region 206 on a

40 semiconductor substrate 202, wherein the memory circuit region 204 and the
logic circult region 206 are separated by an isolation region 208.
Although the drawings depict the isolation reglon as a shallow tremch



| ayers advant ageously mininizes the well known difficulties associated

wi th conventional |ithographic patterning of dense (nenory type) agq B 2005
i solated (logic type) features within the sane layer. As a result,
proximty effects during Iithographic processing are mninmzed.

Consequenty¥.gs66@8lsh @ance on conplicated optical proxim t%ﬂ?}g ob/Bfekd ON
schenes, *’ternatl ng phase shift masking techniques and e like is

reduced significantly since formationgsof the first netal layer (i.e., MO
30 layer) is no longer required. Figures 1-5 are schematic, cross-sectional
di agrans used to depi ct steps in an enbodi nent for fabricating a verti cal
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t eclini quesdiarentderferlnBRAMEn “oToVE e the B AdRA B ETTETE eI APYEEP Y enches,
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of the DRAM cells s own 1n Figure 1. Also 1ncluded are a collar reglon

222 and a buried strap 224.

The present invention is not limited to the exact memory structure

25 shown in the figures. The DRAM cells may also include a buried exterior
counter-electrode about the trench, or a counter-electrode formed inside
the trench and a node dielectric formed on the counter-electrode. Deep
trench polysilicon is formed on the node dielectric. Other memory
ptructures which include the basic elements shown, but having different

30 configurations are also contemplated herein. Figure 1 shows the structure
of a particular sub-8F® cell, but the imnvention may be modified for othex
sub-8F? cells or for an 8F vertical pass gate DRAM cell as will be
discussed in further detail below.

35 A block mask is uged to selectively etch the TTO layer 210 from the
support region 206 and polysilicon 221 is then deposited therein (after
the support implants and support gate oxidatlion). The gate oxide layer is
formed by recognized procedures and is shown as reference numeral 240.

The polysilicon layer 221 is subsequently etched using a mask from the

40 array region 204. The thickness of the top oxide layer 210 and

poiysilicon 221 are approximately the same.



di ffusion region 214 is forned in the substrate 202 between adj acent 20
vertical DRAM cells and serves to electrically connect the bitline contact
of the DRAM cells shown in Figure 1. Also included are a collar regipp[m%%%S
and a buried strap 224. The present invention is not |limted to the exact
Menory st Ri§hitoSa7 25 shown in the figures. The DRANIcgthB&RM%§Iso i ncl ude

a buried exterior counter-electrode about the trench, or a

counter-electrode formed inside the fgrench and a node dielectric forned on
the counter-electrode. Deep trench polysilicon is fornmed on the node
dielectric. Gher menory structures which include the basic el enents

shown, but having. different 30 confiqgurations ar | conte at ed herein.
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Theo dual wey kbnrgtionn hiphant ARy tiResel fobrimese at thhistt | me ien t he

support  pelishideEQN ot RO spROMS My 0N tRNRLA ot RBEHMAPEHCo A eSS NY.

Dependi ng. il ' 1€ RALECH 8, 1831 Sfl-abl | GibS Yo e bl M LERd B SUPDOTE
region caf be deflned as el%henr a cngnneot PEET deyl %93 LOr as an N.5
channel (HEE2F &6 LB  (*HR PEHL 8B PEEFOHSTCes * s¥PeTive inplantation

of boron B¥FaFRsiFonskeEsdugt ehatoaptigt FEFFORTRERFSITP £HE Y61 S P RN 221 of the
support regivemyedwhtr coryeitioNRET L sdey pehdsy and|splaepyant yeyptlgmsaed da of

arseni ¢ Oknphospheseusiileadni thepiref epradabid emgphaly exheaThiBTa)eparcegiuge, doses
and sel eCtin end BE A5 ) abtathkiel €0 $DEne aghaa Glagivael oxt yperiwne, conventi onal

and vel | wid RiD t8aski dah 9 pdROSEa ia0rfhb SuBddquentfrdoSiding BBIa8t ati on of
NFET supprts nBy cgl so, be used for doping the polysilicon gates in the
g

DRAM r egi On. =TT con cruég't, during definition of the PFET |ogic gate

st flictures, the DRAM region is protected by a | ayer of hot or esi st.
Resi dual phot ofigwiest 1afyssyatpe Fhe fenqry sSaeay ey pEFesVachaA mel e 53¢ r enoved

Wi t h convessn teragd ph abersupesht Rgd anthysidgsegu e The Wuppost eatisibisor s
221 is separated from the underlying surface by the gate oxide layer 240.
A barrier layer 250 is deposited onto the array and support surfaces using
25 conventional deposition processes such as chemical vapor depoaltion (CVD),
plasma assisted CVD, sputtering and the like. Preferably, the barrier
layer is formed from a metallic nitride composition. Nitrides suitable
for use in the present invention include, but are not limited to titanium
nitride, tantalum nitride, tungsten nitride and the like. Other materials
30 suitable for use as barrier layers will be apparent to those skilled in
the art in view of this disclosure. The thickness of the barrier layer
may vary and is not critical to the present invention. Optionally, a thin
silicon layer may be sputtered (or deposited) to help with adhesion of the
barrier layer to the top oxide layer 210 in the array.
35
A metal conductor layer 252, preferably a tungsten silicide (WSiy) /
tungsten (W) layer, is next deposited utilizing ome of the conventional
deposition processes described above. The metal conductor layer 252 is
used to foxrm the wordline gtack in the array reglon. It should be noted
40 that the process is not limited to this particular wordline structure.
The thickness of the conductor may vary depending on the deposition
process. The metal conductor 252 is capped with a thick layer of



known to those skilled in the art. A rapid thermal anneal (RTA) procedure
can then be used to activate all of the doped regions or alternati \éezné

t he RTA procedure can be performed during subsequent processing of “t EC 2005
integrated circuit. 20 Figure 2 illustrates the nenory structure after
various | aygysefdpe been formed in the support and argays ,g%% opNs. The
support polysilicon 221 is separated fromthe underlying surface by the
gate oxide layer 240. A barrier layeni1250 is deposited onto the array and
support surfaces using 2S conventional deposition processes such as

cheni cal vapor deposition (CVD), plasne assisted CVD, sputtering and the

like. Pref gxe%%t%ic é\gt,eerg.)ﬁr £é4b| sucL %eEetlléetEl?l QB'QSII (ﬁ%&)aH: 's@lﬂ:’oﬁ ride
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deposited) to to & p oxide

sion o [d.er
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tungsten s¥dtide (Wsi.) / tungsten (W layer, is next dep05|ted utilizing
one of the conventional deposition processes described above. The netal
conthuct or | ayemt282 tige ofigedtdroifootin thaywordiinere steattack bidkpessr r ay
region. |tysheul ehder-aptaad sdfpckbalegidie & 0ppERittenOtodlamrt edhé 0 t his
particul argyprdl § %‘i c ShfdiCiA Birat Bagtérhé(ﬁkﬁae&s&:h&i tb h@e GRABE UGIR 1478y vary
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ni t} de ordcPRESigH PR athipi Helegyrhe Lves;3se BFe iR FF‘&F&I"("& 3% (not

shown) . Theredeipdedt-bal laiiea|i@ceilicon pitatde) 8Y af Hhiphpesmh of r@e‘Fbaf-? M- cap over
t he wordl ine eepeitciaessioPriebenably] atd@echoetedcani o inptudetiiad 1864 is a 5
TECS | ayeragh § rost i BedodMiRl Hifto aloUundRad) nm of SiN on its upper
surface. Then, using conventional Iithography and etching processes, the

at t ack n.the s n okdhi 3
9 45 5 Ztltr‘fté e ‘ippgﬁiust&%' %G%Qeﬁﬁg %&?%&9& e85 §P¢Q¥Wh g{hac gures

t hl ckness the memory and suppo t stacks. THe array wors,]}ines are pat% Ine d a%d

etched. The support regions are protected by oxide layer 260. A resist

mask 1s then applied and exposed in the array and in regions where a local

. interconnect 306 is to be formed. The top oxide layer 210 is removed in

25 the array region selective to the top of the dielectric layer 254. The
oxide and dielectric layers 260 and 258 respectively, are also removed in
regions where the local interconnect 306 is to be formed. For example,
portions of the top oxide layex 210 (as shown in Figure 3) are removed
over the bitline diffusion regions 214 in the array region 204. In

30 addition, the dielectric layer 258 is selectively removed to expose the

| (n*) interconnect regions as shown in Figure 4. Silicon nitride spacers

270 are then formed on the sidewalls of the memory stacks in the array
region. 2 gecond layer of n+ doped polysilicon 300 is conformally
deposited over the substrate and planarized to a level above the gate

35 stack. Polishing may be uged to planarize the doped polysilicon surface
and is accomplished by conventional chemical mechanical polishing

techniques known to those sgkilled in the art.

A hardmask, such as boron silicate glass (BSG) phosphorous milicate

40 glass (PSG), arsenic silicate glass (ASG) or the like may then be applied
and the second layer of polysilicon 300 is patterned with a photoresist

mask and selectively etched to the STI oxide 260 in the array, selectively



in both the array and support regions are approxi mately coplanar. The
support logic gates are first patterned and etched to the gate oxi dezyq)EeErmS
240 usi ng conventional processes. At this point, gate sidewall oxidation

| ayers 256 are grown on the sidewalls of the gate stacks, followed by 15
deposi ti onwofosmosidai N diel ectric | ayer 258 onto the subgigdgeoddr ef erably,
the dielectric layer is silicon nitride at a thickness of about 10 nm The
support extension inplants 257 are perifornmed and an insulating |ayer 260

of TECS is deposited onto the substrate. 20 Figures 4-5 illustrate the
menory and support regions after defining the rrermry and support stacks.
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or ot ect eé \ég&%)éé eaﬁfelgc%%%cei%%g ANg q’t .‘F ercl?nnec trﬁ Z:x :81&; F\‘Eilyexposed in

the array ana r rx% %%%g“?ﬁﬁ%tr éegéc"I‘ caﬁf 2 PRTRERYL Ah @E4LL tsig gbeve f or ned.
The top. oﬁF’&@P?daﬁﬁec?I’G fostheefibgtegte.n Tionedded apr agditbapabroxsd ective to the
top of thelaiegl etk iag MEQYets 2Beh. déPheltedrand espadiats diselee6Heri C Theager s 260 and
258 s espechdditlhal adpheetk Slork SARYE Gildy of €8 BDSL1MNGAE 1644e | ocal interconnect
306 i tOFbxﬁ:eEQJzﬁE& ROE RXAAP128s 15AGLE IP dOf Tﬁehg 08, oxi de |ayer 19 (as
shown in ver usron're |ons in
the array il&ﬁg&s %%76‘&%' ﬁeefggm adree mas}‘?rﬁe di eﬁEE%taP‘% NFFIR RSPPes v Ly

sel ecti veI 8%% e e ‘33’5658”%5”(%“‘) IPrEEP ot iiett r?gég‘isoﬁ% th& shown in

Fi gure 4. qaiLc’Gﬁe‘?ﬁ"’E‘H"Eﬁa spacers 270 are then forned on the sidewalls of
thelfhermry stacks in the array region. A second |ayer of n+ doped

pol ysilicon 30Gilscicentampambby ateprsi taded R sukiRes UbShE akosatd pl anari zed
1o a | evel pAReMe cédh o) atBeci 21 BLAL KenePRl1k S NG am e #oofd &0 t]P«J anarize the
doped pol yslhl CRRSHE btfen Aol a&&omégc%%%m Yof RV ENLEQAl * cher cal

nechani cal leo ed Yhe art. A

u
har dmask, %e/%r j'Bgre(gn S| |%" ?‘Z FAEL SPEEEPERHEEIOT $h% 1859 e &F¥ 40 gl ass
(PSO), ar sté‘nf?:msfhrei g elag segtong ASEYouEe 5t HAustTREesE Tegerine applied and the
second | ay¥Fugrpiiisithe edisidg0regiongaiter Aedhailidhbeanqadttbatesi st mask and
sel ecti velselettihe ditigiddréonSt tigx polys20Qon NatelreloardndytheSbiati vely 2 2 DEC
2005 WO 03Hc00&4 47 1R GRS (IR0 24 (A 06kks lide Blechadr ta foRetdl Qkﬁéitfdrc layer in the
i Nt er connagb- sregh of, @Qﬁ:@@”ﬁ' ?:Ic%llé'mniﬁm‘ﬁsﬁn raOHlfth'x%nwﬂﬁ §L9' ons. IT a

h Kk t t trate. If
ng;%ggs akaga%%{ilb%‘ggg;%t%?f"f lgurei e Elpe Eonett e lH‘?Sf)OSl fed and

spacers 36! %lgf’jﬁegri‘éﬁmtéﬁ‘éfcé?%afsdf"rﬁiﬂ?fl fateremaeE of the
bitline af§PIGERIT T FELACKRIBEt . The nitride 258 is then etched. The deep
n+ and p+ inplants 357 are perfornmed while masking the PFET$ and NFETs
respect i vel y. Standard processing then continues to form the various wiring

25 levels, vias and interlevel dielectric layers. For example, an interlevel
dielectric layer may be deposited on the structure, patterned and etched
to form vias or the like in the interlevel dielectric layer.

‘ In another embodiment, preferably used for the fabrication of 8

30 vertical DRAM cells, the SiN spacer 270 is selectively etched in regilons
where the bitline contact is to be made in the mamner shown in the top
down view of Figure 6A and corresponding cross- sectional view shown in
Figure 6B. In this process, the spacer 270 is not etched in the same
active array reglons (Aa®") between adjacent wordlines (WL®) where the

35 bitlines are not contacted. The hatched regions show the regions where
the 8iN spacer 270 is etched. This allows the bitline diffusion 214 to be
exposed only in the hatched region. It is important to note that the
wordline is isolated from the substrate by the top oxide 210 and is -
shorted by the bitline diffusion region 214. The deposited polysilicon

40 layer 300 is then patterned as a landing pad resulting in the structure
shown in Figures 7A and 7B. The landing pads are patterned as shown in
Figure 7 by the hatched regioen. COptionally, the polysilicon layer 300 may



The outdiffused n-type dopant fornms n+ junctions 267 in regions of the

| ocal  interconnects. 10 Silicide regions 309 are then forned on surfaces of
t he exposed polysilicon 300. Specifically, the silicide regions aré2fRE2h
on the array bitline diffusion region, the interconnects and the support
sour ce/ dr ay§ of/@is9n- A rapid thermal anneal procedure T/éﬂB’i/ob'flke is used
15 to formthe silicide regions. Figure 5 illustrates the resulting
structure with the silcided regions 3@9. It should be noted that selective
silicidation of the polysilicon |ayer 300 and the support source/drain
regions elimnates the need for an MO netal |ayer for sub-8F2cells .

Figure 5is intentjonally. showng a.different. inte 0..as woul d be
expect ed fl?egiﬂ{]rlei J0Te B a‘f%i?ﬁg‘\’ﬁ ?Iﬁée%ﬂ??“é‘r‘teﬁ? r0p %]‘uca:{ ﬁ?&;@?&etgoé F%I e. Figure 5
shows si| iRFrHEYs |aThedimeis JREPSaPLY P e lPIt e PR FTECTRS AP 8% from t he

j unct i ons.an8t eledaridaiyvovossitad vithem edreiurge ety Fining deeel vy PGS wiri ng 25
| evel s, Vi@SaaR€al Bbeakievel indingh efbddigent ayt@e snetdowi@xpnpled, seaved as er | evel

di elgectricl.augr;jxay be deposited on the structure, patterned and etched
to formvisa or the like in the interlevel dielectric layer. In another
enbodi ment, preferably used for the fabricatjaon ofongllf;wr%gzvegtaj cal DRAM

cell's, the Si NTBFRCERSTAMRORIRe| 2EPTNE yHET cHied 3 AP egrons” iiere t he
bitline colelratricslaxsrh@Stade depPsitrd PREANDE LRBTHS A° the™t §h FL1886n vi ew of
Fi gure 6A mndhscporavesydndiengribsdpsthe detdctoivalaver it sliomefexablyFfgure 6B. In
t hi & pr ocesmbinkbnsanaers 20i)a itaimoiyeetarhediban tirei®anThe agtdyveatar r ay
regions (AR phetMRenAokas&to W dtd 18%r(b) whanecdihacafebisytd nes are not
cont act'ed-iJﬁs%nh@ﬁgf;qur egi. Qs 15 LhGI L1 R0 hekss 10bhe aflNaspacer 270
is etched._ This al'l ows the "blthl q:g di fsus Q e%értoTQeeTT§§%§eﬂoonly in the
hat ched r €g¥eh 20t £2i ¢ WPt T B P8 ot & ‘t”%na{E the "wordline s Tsolated from
t he subst rigt EregyrREed Hh tHk PeRs 3Ry BehtEoPs 278 ﬁo?‘tpéﬂrtbff‘qf#g‘cfﬁ% Pt %8 di f f usi on
regifon 214layFhdneteponnt dd theimpdiy pryn- Penies tBeRr pocesfeffepit £8% ned as a

| andi ng padr#esudiohsn Gor nré heostradchuriee ssliown nitrife garegS0FA dpd 7B. The

| andi ng pafgpdkeipaidtar ARt AsndS iR kmotd adhisglrske hebipridag that ched regi on.

Qoti onal 'y, [he 09! ¥Skk16Ph LA¥ENHRA0 P2 @plECoA Q05 MO1834-0045447 13
PCT/ GB02/ 02961 require a %\(Eun%g ard zation and subsequent hardmask as
odi nent

. 8 wn ad shown 1n .
di scussed i'n“the previ ous .

t he?f silicided

A layer of intrinsic polysilicon 302 is then deposited onto the

substrate and patterned with the support gate conductor mask. Opticnally,
a hard mask may be used for this part of the process. The polysilicon
layer 302 is then etched to the gate oxide 303 in the support regions 206

25 and completely cleared selective to the gate cap 254 and silicon nitride
layer 301 in the array region. The support extension and halo implants
are performed after an optional sidewall oxidation. The PFET implants may
be performed after an optional SiN spacer layer is formed (not shown). A
barrier nitride layer 258 is then deposited onto the substrate as shown in

30 Figure 9. Subsequently, a TEOS liner layer 260 is then deposited onto the
gubstrate and removed in the array and in the reglons where the local
interconnect is to be formed. The TEOS liner is removed by using a
photoresist mask and conventional wet etching processes. Then, the SIN
layer is removed by exposing the layer to RIE and etching the TTO 210 in

35 the array with a RIE selective to the silicon 202 underlying the array
region and the interconnect region. The resist used for the mask is then
gselectively stripped from the substrate surface.

These polysilicon | anding pads are

The etching of the nitride layers 301 and 258 forms the spacer 270
40 in the array reglons. A layer of n+ doped polysilicon 300 is conformally
deposited and planarized over the gate stack. An optional BSG hardmask

(used for planarization reasons) is used to pattern the n+ doped



and electrically connected with a subsequent netal wiring | evel by neans

of a metal contact. In this enbodinment, the nmetal wiring | evel servgs} §C2®5
the bitline. in another enbodinent, a barrier |ayer 250, a conductor 2

and a di el ectric |layer 254 are deposited onto the structure as shown in

Fi gure . iously described, the dielectric |la 4 preferably
a 10 conbi n@tﬁl@ﬁlﬁé TECS and a thin layer of silicon ﬁﬁ“}%@mz‘@he array
gate 1is patterned and etched to the JJO layer 210. A silicon nitride |ayer
301 is then deposited. A mask is used to selectively etch the silicon
nitride layer 301 in the non-array portions 206 of the wafer. The TTO
layer 210 is then renmoved in the non- arraX portions and a support

sacri fi ci Pt tren16ith ayRbotqrsgist SRERN PG §b¢ Rétiaed gohLefRh. During these
process stispscontdects arg dyfinedyi omse 284 Bs@rie pripredt ed ddgitihmmlsTHOBCcon nitri de
| ayer 301.1ajdiemays u@mepdsi'témb:aanh;ﬁcéx\beidweamddt hriashidl-theasl tisd puppbe:

per f or "ed gatd1@eq1986 ik fineh Akl U8e iBVRE S 1ithbiaPsd @Rdokbe wiLRPOrt gate
oxide |ayer, 39%?(15' élegé%g’gst%&% W”r s akk %‘é%cefcsaé ar}ﬁe% &ge ohat€r of

|ntr|nS|cagﬁ§)%s i cQn 2! ? strafe and

pat t er ned ® PR I 6?"939“5%‘: Erbﬁa B R .°° ef‘%ﬁélf“lc?“re hard mask
may be usé&bowolr FhFgepdrt The retfeobitht @5ecesTHELIRUF FOPTREWRL PESREFS 302 i s

t hen et chedersoad He matgnized ke tB6H8 skillefieinsthgpartt. regi ons 206 25 and
conpletely cleared selective to the gate cap 254 and silicon nitride |ayer
30L,i n the arr@yhotadl ol th'EhForE&Q{?@rEheeé&&H@angE\ RNtheNBlyonth OPhARLGe are
performed afiter an qpfional si dewal I oxi dation. The PFET i npl ants may be
per f or med after an option [ SiN spacer layer is formed (not shown). A
barrier nitride |layer 258 is then deposited onto the substrate_as shown in
30 Fi gur e 19.5eRRA5$ & dd ERASFIPLY FeqEemrenth &pr LAy Srrayetraied PRERWENHEY t ed ont o

t he substresmles dnck merppyeyst phatihbitheqraphvapebcess windoy egTheas skhideé t he | ocal
i ntier connestthe sart ovibe spprevbite theeliTEHOBlienamcimteretoimed by using a

phot or esi ghotdBEho@RAGhLOPMRBEHi BN 3E ndRdryCicabiRg 48 0BESS 8Sppodth @eatuidie S| N

layer is wmxet%ebasm@&ﬂ S B I:ltéerelSQYQBg aqvﬁltEge%n% @&ﬁ&b&d& the TTO 210 in 35
t he arrayvy_lt Ese&gtl he, sili.con

ng_t array
regi on an§ ﬂte?csolﬁrr’lecf \ée)bfigfﬁc TR irtelélrg u%méa %xl %egnag’ﬁ is then
sel ecti veP¥ %i’gr “pBEE°tr om t he substrate surface. The etchl ng of the nitride
| ay8rs 301 and 258 fornms the spacer 270 40 in the array regions. A |ayer
of n+ dopéd Ppoinysiiipesinfi3 80 metalcinyPor pedteylydegfesiedetd andbpManarezed over
t he gate s&aok.rednirepttioonab-sBSeeiharsdneskhe pisiddesf axd pdcahari zati on reasons)
i S used tenRatd@edtst He PrmeDpedne s21 14at2680 51 \MOr 331 Q0BR 4471 iRGILGRO2/ 02961
of the MO layer removes the most difficult layer to photolithographically
25 pattern. The M0 layer typically includes features of the smallest

dimensions.



14 polysilicon (wth a photoresist mask) and the bitlines and | ocal
interconnects are defined. Once the BSGis stripped, an additional 5T

| ayer may be deposited and spacers 360 etched. The nitride in the gdgﬁﬁth5
gate regions is then etched, the n+t and p+ inplants are performed which 5
al so dope e stack 302. The gate stack 302, th + connect and
the n+ poﬁ@bgﬁ@ﬂ?ze are then silicided. The conplete ?F?ﬁ%%gég&is shown in
Figure 10. The rest of the process follows conventional process steps as
is recognized by those skilled in the"art. 10 According to the foregoing,

t he advantages of the invention include at |least the follow ng: 1.
Separate |ithography requirenents for the array regi on advant ageously
results in a nore robust photolithogtd8y process wi ndow. Those skilled 15
inthe art will appreciate the difficulties encountered in

phot ol i t hagr apRifrRat LLEBiNgy Qf ndfBRPEMral 6ak WugSoraNdahdgides apport features

within the sane.| ayer a the.r i dyant ages by separately
pat t er ni ngse? °é’nds‘1°§%ﬁ ﬁl%%%?ﬁeyetgfséglr%n%mﬁﬁtc requi renents for the nmenory

and® ogic regions. 20 2. A conventional first nmetal |ayer, commonly

referred to asPIRAIVD) 3 APEFY STFUCLHt havdRl PP SF- oo op 2aE2 YEPPE since

t he. bi t | i nesicanskrhotat byi at drcdatior gesionr ehéxpinede Brraheesdpy ile¢lgded on of

pol ysi | i canpidekiity @t &@iamiOtarddbe abMash agesryr @1y esbddhel mpste di fficult | ayer

]Eo ItOhOt ol ig}:ﬂ%ﬁﬁ@ethl%?LiI%/a%ag%t&yﬁMC &h&maeay@emary}{geggh %ﬁi i4;;cl udes
eatures of t [ .

PC?L P GB02/ d:fﬁta’efgiog%ﬁmt?qlﬁﬁewﬁ%iggo%f%?ﬁ(r%gég mewm)r y ar? zg)f;edand

support t rafsRst®r ¥28R ‘8Y**<eni conduct or substrate, the method conpri sing:
providing a nenory structure having an array region and a support region

separ at ed by anddpgeiting erbaretfirorryemhemers 13verarPdy Hedrdhid mPltes a

pl urality lefexdymtantie s@acoweaccess nmenory cells enbedded in the substrate,

wherei n adj acent dynam ¢ random access nenory cells are 10 connected to

each ot her throngh, bi £l n&did faish QD dresiRnS chhip6lya2lRaf aRRed ani th a top

gglpglengay%gé dque%éé:Ltcl Qa%pgngbflaryl;a;f I;:onl @Q{eegﬁbs%ra@t@o ftlrg\yﬁ arrgp%a@e dielectric

structure;

\

20 depositing a layer of pitride onto the substrate and removing the
nitride layer from the non-array regions and the top oxide layer in the

support regiom;

forming a support sacrificial oxlde layer, forming support
25 implants, removing the sacrificial layer and forming a support gate oxide

layer;

depositing a filrst layer of polysilicon onto the substrate and
etching the first polysilicon layer to the support gate oxide to form a
30 support gate structure;

forming spacers on the sidewalls of the array gate structure and
support gate structure, wherein the spacer is removed in array regions for

forming a bitline contact;

35
depositing a second polysilicon layer and applying a mask to pattern
and form a landing pad in the array and gate conductors for the support
transistors;
40 siliciding the landing pad, the support gate structure, the support

gate conductors and the second polysilicon layer overlylng the bitline

diffusion regions in the array region.



| ayer, onto the substrate; 15 20 renoving portions of the barrier | ayer DEE s
"polysilicon |layer, and the dielectric capping |layer fromthe substrate to
form an arraVISﬁQPéW structure; depositing a | ayer ofNeW thegede 8Septdamver 2003
substrate and renovi ng the nitride layer fromthe non-array regions and
the top oxide layer in the support region;,formng a support sacrificial
oxi de layer, form ng support 25 inplants, rem)V| ng the sacrificial |ayer

and formng a support gate oxide |ayer; depositing a first |ayer of
polysilicon onto the substrate and etching the first polysilicon layer to

t he support gate oxide to forma 30 support gate structure; 35 40 form ng

spacers on the siARRLLEOL LA A Bcaher SLUGLI &30, . SURBALL gL e

structure, erein enoved in arra
bitline cont’FCETI%H o%’f’tqo gayzfrs%%ﬁﬁerbﬁpﬁ%ﬂg E’tﬂ‘? fmyde h’ﬁcfréﬁ‘m%mﬁbdea ﬁfﬁ%lk
to pattern f@ﬁdfcﬁmmaCdndnehwg pladng neeheelar.r ay and gate conductors for the
support transistors; siliciding the | anding pad, the support gate

structure, the sq&o%ghogg?%&rﬁg&dl&gt& simapd EI Iee1§eqlongl ¥SI I %%8%'?%ayer

overlying the bi usion re I 2005
" FI S000267 Né\ﬁly%g%’mpél%épfeﬁ?ﬁé?e%bg“i‘es’r112“?&@%%60@3&&@? dithgideo laver m
1., further conprising applying an interlevel oxide |ayer and then opening
vias in the4interhevedtnoni dokay@r to fakid ar, Mimgeconducidoiar W ragi ghannel s.

3. he net hod acaardi DGnLo1 & @Lgnah,lgm«ara%mrg &ndi €l ectric capping |ayer
conprises a tetraethylorthosilicate ayer and silicon nitride |ayer 4. The

nmet hod according to Claim1, wherein the 'isolation region conprises a
shal | ow trefich i §8ratqtsad raéﬁPBCHHQStO 'CHn det¥ivdetic ¢be diupgorto gekaignide is
wherei n t hetsempaly grate. oxide is thernally grown. 6. The nethod according
to Caiml, wherein each of the DRAM cel | s

6. The method according to Claim I, wherein each of the DRAM cells

includes a collar oxide region and a buried strap outdiffusion region.

7. A semiconductor device including a dual workfunction support
transistor and an embedded DRAM array free of a MO first metal laver, the
semiconductor device comprising:

a support region comprising a gate structure, source and drain
regions adjacent to the gate structure, and a silicide layer disposed on
the source and drain regions, wherein the gate structure comprises a
dielectric capping layer, a metal conductor and a polysilicon layer;

—

an array region comprising a pluraliﬁy of embedded DRAM cells, a
bitline diffusion region electrically connecting adjacent DRAM cells, an
array gate stack structure, a polysilicon layer, wherein the polysilicon

layer includes a silicide surface;

an isolation region, wherein -the isolation region electrically

separates the support region from the array region; and

an interconnect structure disposed on the isolation region
comprising a polysilicon layer and a silicide layer formed on the
polysilicon layer:

8. The semiconductor device according to Claim 7, wherein the isolation

region comprises a shallow trench isolation region.




includes a collar oxide region and a buried strap outdiffusion regi dh? DEC 2685
‘'sem conduct or devi ce including a dual workfunction support transi'stor and
an enbedded PFRRW2¢Tay free of a MOfirst netal |ayelNewthge: Sersiepoaiheat Qno3
devi ce conprising: a support region conprising a gate structure, source and
drain regions adjacent to the gate structiyye, and a silicide |ayer

di sposed on the source and drain regions, wherein the gate structure
conprises a dielectric capping |ayer, a netal conductor and a polysilicon
| ayer; an array region conprising a plurality of enbedded DRAM cells, a
bitline diffusion region electrically connecting adjacent DRAM cells, an
array gate ack str ure olysilicon laye erei.n the polysilicon

| ayer i ncl U(Sjgte's a “Zhﬁ g%‘ﬁlég?%uucﬁfgcée%lgﬁ a‘lcsCSf%lt“%o%é r e@f%%}'v\ﬂﬁr&'% = grray

i sol ation reFHtENSTEACKCETPEATESy @ BYPAL Ht €9ndursos bt diedgforicl capninkelavaray
region; and an interconnect structure disposed on the isolation region
conpri sing aopol yitlel k&ABohARE: aY1 e Sbbiiide Laverid or npd.an the

pol ysi licon Jigeert:r.g.caThgns m gé)réduct._or devi ce agcordl ngﬂ} 0 aim, 7,
wherein. thé 150l ation - region conprises % "8Kal 19w TTeRt Ies bttt orttegmdn.
2 2 DEC 200% lfYe500657irgh pPhficle Blsgepedere®003 17 9. The seni conduct or
devi ce according to -Caim?21, wherein the array gate stack conprises a
metal lic conductor and a dielectric capping |ayer. 10. The sem conduct or
device according to Claim?7, wherein the dielectric capping |ayer
conprises a |layer of tetraethylorthosilicate and a |ayer of silicon
nitride di sposed thereon.

{




