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communication delays between memory devices on one chip and loglc 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 technolegy are driving towards
continued scaling of minimum feature size (F) in the DRAM array, and more
compact cell layouts (e.g., 7F%, 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 circuits will usually include an array of memory cells
interconnected by rows and columns, 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
semiconductor field effect transistor) connected 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 either drain or source regions.



2 There are different types of MOSFETs. Trench-gated MOSFETs are a class
of MOSFETs in which the gate is positioned in a trench that is forned at
t he surf awe oanos4ext ends into the silicon. The gate is formed/GBo2/02061

| attice-1ike geonetric pattern which defines individual cells of the 5
DRAM the pattern normally taking the fofmof closed pol ygons (squares,
hexagons, etc.) or a series of interdigitated stripes or rectangles. The
current flows in vertical channels which are fornmed adjacent to the sides

of the trencheﬁheﬂéheré ra@@@éleﬁtagyeeEIAﬂ R6ls D aﬁ@xﬁkﬂﬂ@&&é&en«msr@&&al al ,
typical | y ed R«%lsi@fs] [lcothl\{\hc q %‘_Lts %anﬁyﬂlsg eéjnef rom, p]een%hl,&hggn Qy a 10
0

dielectri cal yer nor ma icon dioxid e trench-gated

y consi sti
MOSFETs af®™aéritalthy FEEAet] 2By %’Féﬂ‘?sn@nf‘? dfensldi6Pn- FAfiBhe i MBFRIDAR into
a silicom sabsideatieke Heengatie patenchedinordvdites iekivedehrl weblst b€ Swebstrate

and are fyaguentd Yat€ohaRGadly twkidy khatsola bothesm pounrded Ryusedsers.
Trenches I(l:ommnl y gor’st ai.n_storag PfC%R tcmrtglt <P%E%’§é &he. MOGER gz gnq.hgave N+

doped pol ySi PP EON ®58 'oné plsefe aC| st orage N
ot her pl af&TERt tHEVE aFavrtigieat ChrpReed Wh{&hu ar? FoBveH PRIARSPR ENERT GP4ATs out
from a dopanhe ssheked .Nhe arpories omreffilldie witbst eadacsiver %nﬂdmﬁgenihé | ower

part of tfipibELNC Hopgﬁb\-ﬁ@féll‘i&ﬁﬁ ewhi 20 sl assaretReishiCodnayera i S
Ced Vménteﬁe:[:pre'r e?X}éfror nB C%%Q?Sct'ln of s]._y:? o(f\lajiic)!mdé sol ation regions are

forrred in € Su 0 pr vent carriers romtravellng t hrough the
substrate between adj acent devices. The isolation regions are generally
thick field oxflde tregitoasteex VRS A (pr25ndraladhy tivemed by aglchdhg ttiyenches of
sem condugh@bus l&i&&ﬁs’ﬂo@.s e $ushié@rhabsiiacs Or Thé Qalit Ngehbited ach@ililgn

region is ttggd in tk?eXI g@éé gg%%fllsé.llé Qgg%le'nt ’rec%f egi@.’p%lailrm field

OXIdatIOH regl on are orne rst

r of sili
nitride JIPttRRs depRishbE %F‘F%e SrfdcbRR @%?%c??’\‘?@ﬁ? gféﬁ%éa%acﬁ%P tfon of
the sili dsalonithd teSIETpernd bateo Nm donrdskoldBibiqeosihgne Easa st Fige where
the fiel dQxbgald @8 MWdrhgdeochér . methe ThRer FMASkedestis bagice cos ishesrmekdaced in

an oxi datds%@.l%p\g rg%gan%@e SoghL & o | AR o OopQXt dBubce SBLEG! bYRALXnIEHWN
in the expose regi o formng an OXId ayer ten{ ga&)ve gwo

bel ow theth§u6‘§?sr‘%f’“ée sﬁh‘FF‘é‘E’éhn% tBP eFRiEF R Pf etrhﬁaiflfe\% to°F
o%b dat i orpliaset e dfiotertrioriager sivablanwdt visbhtisBeby dloars dher &gPehs>T n
cont enporary CMOS technol ogy, commonly referred to by those in the art as

an STI region. T}Jp@_cgirﬁ/ pEQ&%§§orpfre$%ﬂp (4,2 tflagme%ﬂln ﬂ’k@gbtﬁﬁﬁra@e dsep-dvkgnch is
formed in the sem conductor t%{TstraeAta .ani
f Wi

b t
etching. SATE PTRAER™ i ¢V HERIF T T8 i Q/dbstra “'—(Wrg%? ddtjﬁcensco abPRles

h™oxi de € surface of the
subst r at €heoipr@Fige wegiPEFoREt I9SRCYRGY oFrISEL @Gé?éﬁ Fdgdiegient gevrtes.

25 below the surface of the semiconductor substrate. One such technique for
forming the isolation region is the local oxidation of siliconm, i.e.,
LOCOS regions. LOCOS field oxidation regions are formed by first
depositing a layer of silicon nitride on the substrate surface and then
selectively 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 environment and a thick
layer of oxide is selectively grown in the exposed mask regions forming an
oxide layer extending above and below the substrate surface. A preferred
alternative to LOCOS field oxidation is the formation of shallow trench

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

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

30 preferred to have a simpler process 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 raised shallow
trench isolation (RSTI) process. This process has the disadvantage that

35 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 gemerally 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 intercomnects. However, this methodology



formng silicided bitlines and peripheral transistors concurrently and c)
showing a netal to formlocal interconnects. However, this nethodol ogy WO
03/ 00544 WB@3/H0@Bd2/ 02961 4 becones difficult to inplenentPCrarBRiogdst array
pitches patterned with 193 nmlithography. Accordingly, there is a need
for inproved processes that address 5 tlfese concerns and provide a process
that can be used for the nore conpact cell |ayouts. BRI EF SUMVARY OF THE
| NVENTION 10 A process and structure for producing high density enbedded
DRAM and 1,d RGLS SlFUGhYr &5 kg1 dRser tded; hﬁhgrwfgmeg nededesed abed gasi ng
enbedded V?Lr,tl:jcal Marrays with a SI?I ci de itline and a polysilicon
i nt er cond8tt T 6R& ‘enbodi nent, the nethod of forming a menory array and
15 support transistors on a sem conductor substrate conprises providing a
menory struct uredeadinggyanchare ays & egdednfandmpraepporcces 8y dhrts epdweatsed by
ans i sol aty;pRor &JQbns WHE R 418 HFIRYs @08 BE! LdaSr& RhehlktdbnBhot
dynamc ra S;O access Menory cells enbedded in the substrate, wherelin

adj acent cd‘{; am*Fandom access nenory cells are connected to each other 20
through bitline diffusion regions, wherein the nmenory structure is capped
with a top oxide |ayer; applying a block nmask to protect the array region
whi | e st rgg3RkNgndRRy loPTr X8 er from the support region; formng
support inplants, formng a support gate oxide |layer and patterning a

f ¥ st polysilicon |layer onto the 25 support gate oxide |layer; formng a
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| ayer on 1alglicexpasedresuid d@eesrimedt herhe Spitebsatiarl uderDIATY cpoinyl entsddéd t he
nitride harkiel LAyl 1he Bt al ol AY8kea 3Ad1 100 a0 &l 614161 &80PI N | ayer
fromthe support region to forma supFort gatcg {%téucture and removing. he
nitride BACFFEPTPEyer IPtHE RBIGF"Ho FAY&FTARY Of N B 8 ScPFTEYcabisng™t ayer
f tom t he suppbslt itoAnTisgP onwh eremi gpndukiecws gpbdret g Aoerstses chIRva dE¥hBr | ses

t he gat e mexbee draveturet herihrat apolyy sedioand ay stgpoirheregiibn | sdpatraredi oy
layer, the meiale;bawel:and hh&:ndigl gell) ¢oGaRPiAGaY & p1hanAtpdhan

i nsul at ed, spacer on sidewal|ls of t%@ %?bt% spructur eﬁbgt%gé ng,a . plrotective
| ayer on HPF™EFEREW 80TTEcEEBY THe S35 SUBSt rat e - form g 'an array gate
st r uct ur exdij acemn Sxeamigi TRIPR A qPeRD MENeEY |celhh drexHerHFatP R AFPSF t he
bid | i ne dinkbugi eatIeg arftyisereyidg, @ereionheofentole gurotects ve dagyed, t he
nitride hatgigrechayehe 1e-retal  layer and the dielectric capping layer
fromthe array re il%rék II\\/\a/insirein t

applying a to proté%t the array region while stripping the top
oxide layer from the support region; forming support implants, forming a
support gate oxide layer and patterning a first polysilicon 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 simultaneously
removing the protective layer from the isolation region; forming a spacer

layer on sidewalls of the array gate structure; depositing a gecond



array gate structure conprises the oxide |layer, the nitride barrier |ayer,
40 the nmetal | ayer and the dielectric capping |ayer, and sinultaneously
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| ayer on sidewalls of the array gate structure; depositing a second WO
03/ 005447 PCT/ GB02/ 02961 5 polysilicon3ayer onto the substrate;

sel ectively patterning and etching the second polysilicon layer in the
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25 the support gate oxide to form a 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; 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 transistors; 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 haQing 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 isclation region, and forming a sacrificial oxide

layer; forming implants in the support region and subsequently stripping



formng a trench capacitor in a silicon substrate having a gate oxide
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applying a patterned mask to selectively etch the nitride layer in the
support region and isolation region, and formng a sacrificial oxide
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25 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 ;egion, wherein the
isolation region electrically separates the support 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 comprises 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
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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

Figures 1-5 show schematic cross-sectional views illustrating

fabrication of a DRAM array and supports 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 7A and 7B show schematic top down and cross-sectional views

depicting a landing pad between adjacent wordlines.



30 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gures 1-5 show schematic
cross-sectional views illustrating fabrication of a DRAM array and
supports wonsioeered in accordance with an 35 enbodi nent pefi/GHe/opresesent

i nvention. Figures GA and 6B show schenatic top down and cross-sectional
views illustrating fabrication of a DRBM array and supports constructed in
accordance with an enbodi nent of the present invention. 40 Figure 7A and 7B
show schematic top down and cross-sectional views depicting a |anding pad
bet ween adj acent wordlines. WO 03/005447 PCT/ GB02/02961 8 Figures 8-10
show schematic cross-sectional views illustrating fabrication of a DRAM
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generally has the tightest pitch requirements and presents the greatest

photolithographic challenges. The use of relaxed pitches for the metal
layers advantageously minimizes the well known difficulties associated
with conventional lithographic patterning of demse (memory type) and

25 isolated (logic type) features within the same layer. As a result,
proximity effects during lithographic processing are minimized.
Consequently, reliance on complicated optical proximity correction
schemes, alternating phase shift masking techniques and the like is
reduced significantly since formation of the first metal layer (i.e., MO

30 layer) is no longer required.

Figures 1-5 are schematic, cross-sectional diagrams used to depict
steps in an embodiment for fabricating a vertical embedded DRAM and logic
support 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 circuit includes a
memory circuit region 204 and a logic circuit region 206 on a

40 semiconductor substrate 202, wherein the memory circuit region 204 and the
logic circuit region 206 are separated by an isolation region 208.

Although the drawings depict the isolation region as a shallow trench



30 layer) is no longer required. Figures 1-5 are schematic, cross-sectional
di agrans used to depict steps in an enbodinent for fabricating a verti cal
enbedded WBAMoesad7 | ogi ¢  support on the same substrate. 3PCTIGBW/0gP6MOW t O
Figures 1, the illustrated integrated circuit, generally designated as
reference nunber 200, is a suitable subStrate for practicing the present

i nvention. The integrated circuit includes a nenory circuit region 204 and
a logic circuit region 206 on a 40 sem conductor substrate 202, wherein the
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of the DRAM cells shown in Figure 1. Also included are a collar region

222 and a buried strap 224.

The present inventlion 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
structures 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 invention may be modified for other
sub-~8F2 cells or for an 8F® vertical pass gate DRAM cell as will be

discussed in further detail below.

35 A block mask is used 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 oxidation). 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

polysilicon 221 are approximately the same.



the trench and a node dielectric formed on the counter-el ectrode. Deep
trench polysilicon is formed on the node dielectric. Qther nenory
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di scussed in further detail below. 35 A block mask is used to selectively
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221 is separated from the underlylng 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 deposition (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 (WSi.) /
tungsten (W) layer, is next deposited utilizing one of the conventional
deposition processes described above. The metal conductor layer 252 is
used to form the wordline stack in the array region. 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
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interconmnect 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 intercomnnect 306 is to be formed. For example,
portions of the top oxide layer 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. A second 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 used to planarize the doped polysilicon surface
and is accomplished by conventional chemical mechanical polishing

techniques known to those skilled in the art.

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



the nenory and support stacks. The array wordlines are patterned and
etched. The support regions are protected by oxide |ayer 260. A resist
mask i s twom3appaki ed and exposed in the array and in regi ®a3/GBoe0z96a | ocal
interconnect 306 is to be forned. The top oxide layer 210 is renoved in 25
the array region selective to the top ofizhe dielectric |ayer 254. The
oxide and dielectric layers 260 and 258 respectively, are also renoved in
regi ons where the local interconnect 306 is to be forned. For exanpl e,

portions e oyl de | ayey 210, shown in Figure 3) are re
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silicate glass; ({BSG Epggphorous silicate 40 glass (PSG, arsenic silicate
gl.ass (ASG orlt% % may then be applied and the second |ayer of
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15to formth eS|]Irén§:|tge regépns Figure S5 illustrates the resulting
Ci'de regi ons 309. It shoul d be noted that

epa
structureﬁn t he si
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 8F2

30 vertical DRAM cells, the SiN spacer 270 is selectively etched in regions
where the bitline contact is to be made in the manner 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 regions (AA") between adjacent wordlines (WL®) where the

35 bitlines are not contacted. The hatched regions show the regions where
the SiN 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 region. Optiomally, the polysilicon layer 300 may



selective silicidation of the polysilicon |ayer 300 and the support
source/drain regions elimnates the need for an MO netal |ayer for

sub- 8F2ceWwba3/00Higure 5 is intentionally show ng a differ@r/éBiReewonnect
20 as woul d be expected fromFigure 4 to show the different structures
possi ble. Figure 5 shows silicided junct?ons and a silicided interconnect
separate fromthe junctions. Standard processing then continues to formthe
various wiring 25 levels, vias and interlevel dielectric |ayers. For
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Tormvi as e interleyel| |l ectric
| ayer. | rPz&NoPYe LB IEFrenfbessy B‘Pjé’rséﬂa’r‘i)’nu%‘é‘bdlfngrP"’tdﬁea’feaﬁfl?’bzfﬁ b 8 8F2
30 verti cald BRAMriedlly, colecSid\vwspacer subpedients abledt wieing bevehelly imgaregi ons
where the,Dhthddd@ EHH-AEL | Snithibeen®BEOndn, t fife ABENICHIEHGWIeved §dierel O
dogvn Vi e\ééhof F| gure 6A and correspondi ng cross- sectional view shown in
Figure 6 ki ifjhl S process, the spacer 270 is not etched in the sane
active array regions (AA") between adjacent wordlines (W) where the 35
bitlines are nbt agotriteactdebdifién:  hatteleter égremgs8hawcecieyi2bAsaifheére t he
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descri bedis ghevrdpe| Ererri  Fagers254n8s? preferably a 10 corrbl nati on of TEGCS
apd a thin layer of silicon nitride. The array gate is patterned and
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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
substrate and removed in the array and in the regions 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

selectively stripped from the substrate surface.

The etching of the nitride layers 301 and 258 forms the spacer 270
40 in the array regions. 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



15 layer (not shown) is thermally grown. During these process steps, the
array regions 204 are protected by the silicon nitride |ayer 301. The
support iwploanos4iwel | s and threshold adjust) are perfor nedT/GH/02961
sacrificial oxide layer is stripped and the support gate oxide |ayer 303
is grown as shown in Figures 8 and 9. 202 A layer of intrinsic polysilicon
302 is then deposited onto the substrate and patterned with the support
gate conductor mask. Optionally, a hard nask may be used for this part of
t he process. The polysilicon layer 302 is.then etched t he.gat e oxi de
303 in trPé’igﬁﬁplSPg {éﬁ}“o%sp%%%refgs%ﬂ‘as@oﬁﬁfle% Fre SR &t %sie.cé%ti ve to the
gate cap isdarceamaests iareniefilned deOndenybe BSG1i Frifereds ray afdfiionat THeS
support epslyenSis@nbanitpbalied apl aptcrsaie peciedr. neTheahi eridaninophée Ggport
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Si N spacer, | ayer is forped ot. sho . A barri nitride |ayer 258 is
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et ching processes. Then, the SIN |ayer is renoved by exposing the |ayer to
RIE and etching the TTO 210 in 35 the array with a R E selective to the
si®icon 202 ulgEPTYinagte Héeaferggoinde gt 24MRPEAES |9ft BRT JRAREELOT egicorEe The
resi st usedid=t the fonddwing:then selectively stripped fromthe substrate
surface. The etching of the nitride |ayers 301 and 258 forns the spacer 270
40 in the agray regi.ons. A |layer.of n+ dope ilLco i rmal |y
depos t od SR RPanar IR B gt 2PRced A hath A R RRLR
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bi t1ines ;aBeh1l:@68draphit &f=E08ARGYE SoPhemdlef EdRdreONGR 1L BSErbst debtppad, an
addi tional, JEGS, T ayer 1%@4 D&, %ﬁ@or%'saf&ngngd@ﬂgggegss@@%ﬁ&é@ﬁy- The nitride
in the sup ornt. gasfe regions 1s then etched, the n+ and p+ 1nplants are
per f or me@3HHEHS Hies ST RIPEHE YEE T abRE BT CTHAE Tt % Sk ™T2Y t he n+
i nt er conredtlogdndredienn+ poly bitline are then silicided. The conplete
stgucture is shown in Figure 10. The rest of the process follows

conventi gna} cggggﬁ%%flaftﬂpcgt el P ﬁgglo,g%ﬁﬁ&lgyrm%g@ skild ede i thgart.

10 Accordi ng oregol n t he. advant ages, of. .t he |Qvleor(1:gion i nclude at

| east thé’sf?ﬂtl 6W\Hd:ed for” sub-8F? cells since the bitlines an
interconnects are formed by the silicidation of polysilicon. Elimination

of the MO layer removes the most difficult layer to photolithographically
25 pattern. The M0 layer typically includes features of the smallest

dimensions.



1. Separate lithography requirenents for the array regi on advant ageously
results in a nore robust photolithography process wi ndow. Those skilled 15
in the arwowslbs4appreciate the difficulties encountered i RCT/GB02/02961
phot ol i t hographi c patterning of nmenory features and | ogic support features
within the sane |ayer and the resultingiadvantages by separately
patterning the significantly different pitch requirenents for the nenory
and logic regions. 20 2. A conventional first metal |ayer, comonly
referred to as the MO layer, is not required for sub-8F2 cells since the
bitlines and local interconnects are& d by the silicidation of
polysilicon. Elimnation of the MOl ayer renoves the nost difficult |ayer
]g o photol; ]E hO%ur %Qhﬁcfiililok)’f&@iﬂ@tat ﬁé@meamﬂaﬁappaﬁ%%g%dgggagudes
eatures of .t S est [ i 447 P 1 15
cLAIVMB " c?’rne%[uﬁg%r osf']g?%rragneggt@% I?r%?rlgcrl;\iggén ?é%gghd support transistors on a
se®i conduct or substrate, the nethod conprising: 5 providing a nenory
structure havimgvadimgr payemoeyi srucivde ahaipport arrayiresi e pad &t 8EPHS¥tan
i sol ati OneGREH MRpaMIREELP shhesABE f3h EFGRN dHttltifete arplyuralibhyimefiudynan c
r andom accg éra lgDré/f %6| Ce %lgﬁea%ckgs &r@ﬁorfu:giié %ed&g&e_{gltﬂeadl acent

t Fr%m)ry ce 0

dynam c rfaRdom actess i . s are connected to eacgL ot her through
bi tline dUPFUSISn YREFPORSHMAPTH SFE™EaFREd" iERa 8P oXTue Féayer ;

deposi t i nynaediadr tereachyaher athvetgh biibliere, dbffdsionivepens Fel®apht FgPPshyer
onto the auhsd rabesxike 18RR@YI Ng portions of the barrier |ayer, the
polysilicon layer, and the dielectric capping |layer fromthe substrate to
forman array gate structure; 20 depositing _a |layer .of nitride ontq.the
substrate and FERBVATGIthEHiTr I dE a@é"tet?golﬁ?'faﬁ’e R eiirrlre%e)/("tfzé%icgﬁguga&;d

t he top Oxivee dnapethg gubsteateupport region; forming a support sacrificial
oxs de | ayer, form ng support 25 inplants, renoving the sacrificial |ayer

and forming a x%&ﬁg%%fgt p9Alen0Xi dene haYeler d2RASI thdGodydiiistn haysF, aha
p0|ySI|I %%2 éggigcgrf% ggégﬁhga{§§e§n rom the substrate to form an array gate

structure;

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

support region;

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

layer;

depositing a first 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 applyilng 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 overlying the bitline

diffusion regions in the array region.



etching the first polysilicon layer to the support gate oxide to forma 30
support gate structure; form ng spacers on the sidewalls of the array gate
st ruct ur ewernd/oosgpport gate structure, wherein the spacer PCI/GEBoY®d i n
array regions for formng a bitline contact; 35 depositing a second
polysilicon | ayer and applying a mask taspattern and forma |landing pad in
the array and gate conductors for the support transistors; 40 siliciding

t he | andi ng pad, the support gate structure the support gate conductors
and the second_po s con |l ayer_overl bitline. diffusion regions
in the arfay r%lg? 5% ﬂ%aﬁﬁﬁg\éﬁff’ O u(ﬁ B COTR 0 pn}éjtnﬁ a

accor di ngintereelrriide dry¢repnd ofsri FHRGRBPIERi Ty CAR NCRTETPEVETABXiATE™

| ayer andféhebBrmipgntagivetfge wridye chaiinersevel oxi de layer for form ng
conductive wiring channels. 5 3. The nethod according to Claim1, wherein

t he diel ectric cappin [of0) ses, a tetrae rthosi.l cate | ayer and
si Picon nitrid&9 EI?D% aﬁcgr'ﬁﬁggr%pﬁ%ﬁ aéto“r (?fr?t:Lgn tt%(?zfﬁﬁ? c\/\f’ua Pafh the

i sol at i onlavegi ewpréermri SeisraatBHar it i erich 1pessl apd cﬁ%liL%Rji BRETife pveThe
met hod according to Claim1, wherein the support gate oxide is thermally
grown. 6.,The prt R@Qhﬁ?ggé&ild@gg ttf?) g.ﬂlmnllrwh\é@ﬂr?ltﬂeeﬁ%hlagontpé:‘g BRAM cel | s
15 |ncludes a, collar xid de re a bur.ied strap outdiffusion region.

7. A net hod®5t5%% l?*?é f% lﬁ?r lon aegslupport transistors on a

séfi conduct or substrate t he net hod corrprl sing: 20 providing a nenory
structureshaviTg aatiid aycdr@ghgrroanthia suppertin rtegi oprseparet edidy ian

i sol ati on.fe@ion, suherein the array region includes a plurality of dynamc
random access nmenory cells enbedded in the substrate, wherein adjacent
dynam c random access nenory cells are connected to each other through
bitline dfffusTRsnmrERfidongcorphes &ionClaied 25 "Rerdiry c8th ot e "F¥" capPed with a
t ap oxi deidcayess aapqlipirngxiaiebtemwionnask atmurpedt scbpt drrdaffweyjor egoden-whi | e
stripping the top oxi de | ayer from t he support region; 30 form ng support

i npl ants, , form ng, a, omlg € X1, de ! oL @@q 8@@4 tggrml@go@s i rst

pol ysili con | ayer on o t ort L% ormng a conductive
nitride b%ﬁ%lperdwca%rsubatt?éear thre‘ag?“e O&nfc‘]Ongrlsmg

20 providing a memory structure having an array region and a support
region separated by an isolation regiom, wherein the array region includes
a plurality of dynamic random access memory cells embedded in the
eubstrate, wherein adjacent dynamic random access memory cells are
connected to each other through bitline diffusion regions, wherein the

25 memory structure is capped with a top oxide layer;

applying a block mask to protect the array region while stripping

the top oxide layer from the support regiomn;

30 forming support implants, forming a support gate oxide layer and

patterning a first polysilicon layer onto the 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;

35
removing portiomns 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 layer and
the dielectric capping layer from the isolation region, wherein the
40 support gate structure comprises the gate oxide layer, the first

polysilicon layer, the nitride barrier layer, the metal layer and the

dielectric capping layer;



di el ectric capping |layer on all exposed surfaces of the substrate; 35
renmovi ng portions of the nitride barrier layer, the netal |layer and the
di el ectriwoaafppi4y | ayer fromthe support region to form CIGHRIAOLI61gat e
structure and renoving the nitride barrier |layer, the netal |ayer and the
dielectric capping |layer fromthe isolat?on region, wherein the 40 support
gate structure conprises the gate oxide layer, the first polysilicon
layer, the nitride barrier layer, the metal layer and the dielectric

cappi ng | ayer;_ WO 03/ 00544 | GB02/ 0296 f ed spacer
on sidewal | s O PHE G5t &Lt ?Lragc 87 Por'm ﬂﬁewglas %otp'élct?&% %%ﬁfg#@%n al |

exposed surfaces of the substrate, 5 form ng an array gate structure in
contact with tfenimmer praedckiandageposiald expeeti oirfofed lod Hiet bulppgrate;
di ffusion region by rerrovi ng portions of the protective layer, the nitride

barrier layer,_ the metal and the diele GAPRIN e t he
arfay region, \REFE APt HES Xy atz;gatucm Stric ?Jnr%%%g”nérﬁr 1£sﬂesg %){’o‘?ul&e%%
t he nitrisfeowinc peportagerof £he Histie $DETUg)eR TaALPR K8 TA7OVERE PPESICRPPTg

| ayer, anﬂhespmlewiw&oursjreyr: r ehowiingidehbarypreot Buyer v eheayealf tavert fral thol ati on
region; fQLmagia éa%ggg 13%LTErOR Eld8MAy] Sediion] Nihetbim)ngadragldatet Ur €,
15 deposi e St pmstg%e%é'é}tl%% BV 0008 BubeL BLee,, BAL RELLYC!Y

patternrn Second Icon [ ayer he I so atron regi on
t & form alabfaﬁcﬁnﬁgtlt%dh@\ﬂﬁqtéliz é’r"r‘@PP?ﬂg 1e¥RE par%rrﬂ%toﬁ‘emrsety Femerond the
support regtendye ange20fimruhe disetarsby fegiomng silicide | ayers on an
exposed portion of the source and drain regions in the support region, on

t he second pol SII i con e e e [l S i,ons in
the array r egr%n Hhd %%acefyrh{eays%c%]h%%é}'l%%? ?ggtlg%él aff‘%‘? %fet |ént:}28£1tﬁ%e | andi ng
pad. 25 8. The nmethod according to Claim1l, wherein the oxide |ayer is

tet r aet hyl ort kiepositcatea @.cofi'dte)omihédoraéemldiongo ttheCGdistrdteiwher ei n
patterning the second 30 polysilicon Iayer conprises applying a hardmask

of a glass matgey] é’m%gg patELARLLVELY ELENE NG el Bﬁmlt&mera did he

drelectrrclayer In 1'SO tron regj on. The net hod li.ng &
Caim9, SRAeHELATIMe TEFLRTs PRutET %Ilaf‘g I{?SPE%IW(E‘ét%dfef“?%’rﬂgt ﬁlée é’r P58 nect ed
from bor dryst |fircat EhegbamrantegikosphRvd ous
20
simultaneously forming silicide layers on an exposed portion of the
source and drain regions in the support region, on the second polysilicon
layer overlaying the bitline diffusion regions in the array region, and on
the second polysilicon layer defining the landing pad.
25
8. The method according to Claim 1, wherein the oxide layer is

tetraethylorthosilicate.

9. The method according to Claim 1, wherein patterning the second
30 polysilicon layer comprises applying a hardmask of a glass material and
selectively etching to the oxide layer and the dielectric layer in the

isolation region.

10. The method according to Claim 9, wherein the glass material is
35 selected from the group selected from boron silicate glass and phosphorous

silicate.

11. The method according to Claim 1, wherein the protective layer
comprises a layer of silicon nitride overlaying a layer of

40 tetraethylorthosilicate.



silicate. 11. The method according to Claim1, wherein the protective |ayer
conprises a layer of silicon nitride overlaying a |ayer of 40

t et r aet hyworosheziut i cate. WO 03/ 005447 PCT/ GB02/ 02961 18 PEZI/GHue/ozsst hod
according to Caim1, further conprising formng an interlevel dielectric
| ayer on the substrate and providing viasopenings in the interlevel
dielectric | ayer exposing the source and drain regions. 5 13. The net hod
according to Claim1l, wherein the isolation region conprises a shal | ow

trench isglation regio 14. .Th hod_ acco d|n wherein the
nitride | aer e mgng %f’”é ertogg‘{adﬂoh'p%u g?m rltsﬁlr’\%s orml i £7i de,

t ant al um fiterigeelafdéelerorig tlaﬂ?—lm?ﬁnﬂter Fekstrate aAdn@fc’IYéél’%ﬁ Vﬁi‘)r%ﬁﬁlgﬁ AR nor y
array andcidlppoedletréASebédracOlhydr &@bEENdhe sonrstastr@ten tdyeomet hod
conprising: 15 forning a trench capacitor in a silicon substrate having a

gate OX|de | ayer, silico ectr cappi ng | ayer

deposi t ed™ t he }éeoﬁ‘etlb é?cfﬁdﬁﬁg%ﬁ §¥ar1§y g d 8r?j’§? ? SV nagtlﬁélr %NS of the
pol ysi | i compriged ayeraldnd trigeck diyolafjier  regépdsiting a nitride | ayer onto
the substrate; applying a patterned mask to selectively etch the nitride

layer in ;25 the agamr LCJ&%QQ t%nella!laoi a%@fblnegh@mltaf@ hoydvi ng a

sacrificial, oxi X nts_in the upport .re n.
subsequenﬁlx?cg?‘f%ﬁ% °élps%% rpg% ‘l";li:LBa un(?)?tﬁré nIlayjé%’ eadm-'f or mgnrll%mg?le

o%Pde | ayke¥tangge @éb’é’s‘ietl ng and patterning a second |ayer of poI ysi I [ con in
the support region to the gate oxide |layer and the gate cap | ayer formng

the gate;st acx,me Aok 1R %Jlala%raaxﬁe&@rgl OR-aPaLALapHk ! BearRcOsd BRlYSI | i con
| ayer to the ni de I de 19 2. second | ayer of nitride onto
uggtrate R&E 31[ h

[o:
t he substraleoran a ISayer et ra PEROS i cate thereon; renoving

portions of the tetraet hyl orth05| i cate I ayer in the array 40 region and
imsa regi on whgreizg l2ocadéndhntaracoberedt d sildraredubsiDadg/13054al 2 gate

PCHV(HBOZ/&%@aéllay%g, a polysilicon layer, and a dielectric capping layer deposited

thereon;

patterning an array gate by removing portions of the polysilicon

20 layer and the cap layer;

depositing a nitride layer onto the substrate;

applying a patterned mask to selectively etch the nitride layer in
25 the support region and isolation region, and forming a sacrificial oxide

layer;

forming implants in the support region and subsequently stripping

the sacrificial oxide layer and forming a gate oxide layer;

30
depositing and patterning a second layer of polysilicon in the
support region to the gate oxide layer and the gate cap layer forming the
gate stack, and in the array region patterning the second polysilicon
layer to the nitride layer;
35

depositing a second layer of nitride onto the substrate and a layer

of tetraethylorthosilicate thereon;

removing portions of the tetraethylorthosilicate layer in the array

40 region and in a region where a local interconnect is formed;



conformal |y depositing a third layer of polysilicon onto the substrate and
pl anarizing the third polysilicon | ayer over the gate stack in the support
regi on; 5Swpasveiming the third polysilicon |ayer to defi n@ecCriGBooesi

i nterconnect, and in the support region, further renoving the nitride

| ayer and sinultaneously formng inplant® therein and doping the gate
stack; and 10 siliciding the exposed portions of the polysilicon |ayer in
the array region and the local interconnect. 16. The nethod according to

a ai m 15, furt&%& G .n? % glefﬁl 'x' Fama LPl & %,syﬁhl%rfi%né@mg and then

opening vias in th formn onduct i ve

Wi ring cHERRErate a4 P*ﬁ%a%f%cf Scﬂﬁfﬂlﬁfﬁyfbh@oﬁl HYES, OWeFlé‘? FEEhetack

di el ect riig chppungert agaiongonpri ses a tetraethylorthosilicate |ayer and
silicon nitride layer. 20 18. The nmethod according to C aim 15, wherein

t i sol ation oy 10l I igokatLi ijon. 19. The
mehfhod accor dlﬂr’?%gém&%a% ltﬁ%vx%@?%ﬁ#? tlég&c'ao ée%lg tﬂ% %!)%l %ﬁ%ls thermal |y

gr own. 251n§6r°°Tlﬁ%c?relaﬁ‘6dlnaEE%rsd‘Pﬁ%rtt 5T Ry nt 8Y 1% 580 9F*1%e DRAM -
cells i nNevedesdasiogll tarecurl €orntfic Anpiagta theri agtirdapionattdief §arsi on

regi on. g2ickAasem conductor device including a dual workfunction support
30 transistor and an enmbedded DRAM array free of a MO first netal |ayer,

t he sem conductor, device conprisin a support re on ¢ risin a gat e
stYucture, sofreEERHY drisi PG Qﬁ?gl%’&ﬁ Qéeﬁ't gh% gng?rr Bt and a
silicide alra%ﬁedltgpeséoFl@nlO% theercoress - and dr ain regl ons, wher e| n the
gate structure conprises a dielectric capping |ayer, a netal conduct or and

a_polysiljigcon ﬂa@yﬂthoaaa{ec@mﬂ;g £ %190 CTPELYhES c%mpmﬁgl gﬁblginge@pedded
ine diffusiion region électrical n

DRAM cel I s 0 dj a

DRAM cel oS Vel o P, LayaT i Bede SPRepLTins 4 oy ST ReRTe Y B0 Lo e n
t¥e pol ygerikoping aﬁyeﬂuqtﬁwuﬁersna dpppedisde surface; WO 03/ 005447

PCT/ GB02/ 02961 20 an isolation region, wherein the isolation region

electricghly Tﬁea&rt%@sactcbﬁdﬁgppgr&ammsonwﬁerrgml the @{J1%¥tleng§b1n§nd an
i nterconnect structure SO| Eitlon regl

pol ysi | i ¢8h%1 &Y&F-"aRa A %Ie ?I Ti HloﬁthOSlel | Forfedy e" " lcfm s%l%r%%enﬁfﬁeqr ;

ayer i YEr .

20 18. The method according to Claim 15, wherein the isolation region

comprises a shallow trench isolation region.

19. The method according to Claim 15, wherein the support gate oxide is
thermally grown.

25
20. The method according to Claim 15, wherein each of the DRAM cells

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

21. A semiconductor device including a dual workfunction support
30 transistor and an embedded DRAM array free of a M0 first metal layer, 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
35 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 plurality of embedded DRAM cells, a
bitline diffusion region electrically connecting adjacent DRAM cells, an
10 array gate stack structure, a polysilicon layer, wherein the polysilicon

layer includes a silicide surface;



22. The sem conductor device according to Caim2l1, wherein the isolation
regi on conprises a shallow trench isolation region. 10 23. The

sem conduwDaB/0ak¥T ce according to Claim 21, wherein the aPCayGBIgAar®w1st ack
conprises a netallic conductor and a dielectric capping |layer. 24. The
sem conduct or device according to Claim221, wherein the 15 dielectric
capping | ayer conprises a |layer of tetraethylorthosilicate and a |ayer of
silicon nitride disposed thereon. 25. A sem conductor device including a

dual wor kf unct o0 SURAOL . LANSLOL 20d Al snbadded DR array,free of a

MO first netal er, sem conduct or devi ce conprising: an active
wor dl i ne SBRPRFS Ae FUPPPEt T§atE STPUAEErF I 84°DN 289 st orage capaci tor,
wherein the first gate structure conprises a nmetal conductor |ayer, a
dielectric capgi ngréaypahed@outfideedishayd oh R DscAtAo? TePyrd | ON oOf the
f1ESt 0algypl LUGLUL Go19aPARSL L did 0C::SRRCRE 13p8r eobhaiTLENgactive
wordl i ne, the,  passing wordline conprising a second gate structure, wherein
the seconPlY§at &8t t¥EFure conprises a netal conductor, a dielectric
capping layer 30 an underlying oxide |layer and a spacer |ayer forned on a
portion ofz.t herheS e6Mitdn@adtRdrSidtetUidordidy tbidiaidi 1, usharif egieon
separal | g 0e; ACLLYRa0LL 08, I 96 «RASR! AGUOLA! LORGaand 35 a | andi ng
pad conprising po yS|P|con aving a silicide surface, erein the | anding
pali is in contact with the first gate structure, the second gate structure
and the b i néhedpetigondirtos gyt ce 49°cpgdinph o SBaiLR didudtsreigdecerz@gcor di ng
to C ai mghe yheketdnptheenat hateal1nerdhbn@cavelid aysiaacernizedsadnPRARee! | .
WO 03/ 005447 PCT/ GB02/ 02961 21 27. The sem conductor device according to
Claim 25, wherein the rtion. of the spacer |ayer j.s selectivyely renoved
in regi orfs ‘whe ﬁe’ﬁicf’%%hcémrc%?’tlﬁﬁtaclcgr §9e° fcg‘)f/l?‘r%cf.l’Sw A t\sﬁeem conduct or
d&vi ce i ritiederg cacaipang WERT LATEPEbIESSRPFORE °ft FarsieshororaheridAactfhedded
DRAM ar r ay 1byee off sia ik fditsiddral apodedyeterebitie sem conduct or devi ce
conprising: an array region conprising a plurality of enbedded DRAM cel | s,
a 10 bitline diffusiqn region electrically.cqonnecting adjacent DRAM cells,
an array gat e SERC °n§1t1?tu°cﬁq 0P e SV EPTAVII ZedE B?gﬁu%gﬁ?ﬁ SHTA"silici de
transistor and an embedded DRAM array free of a MO first metal layer, the

20 semiconductor device comprising:

an active wordline comprising a first gate structure formed on a
storage capacitor, wherein the first gate structure comprises a metal
conductor layer, a dielectric capping layer and a spacer layer formed on a

25 portion of the first gate structure;

a pagsing wordline spaced apart from the active wordline, the
passing wordline comprising a second gate structure, wherein the second
gate structure comprises a metal conductor, a dielectric capping layer ,
30 an underlying oxide layer and a spacer layer formed on a portion of the

second gate structure;

a bitline diffusion region separating the active wordline from the

passing wordline; and

35
a landing pad comprising polysilicon having a silicide surface,
wherein the landing pad is in contact with the first gate structure, the
second gate structure and the bitline diffusion region.
40 26. The semiconductor device according to Claim 25, wherein the active

wordline overlays an embedded DRAM cell.



polysilicon | ayer, wherein the gate structure conprises a netal conductor
| ayer and a dielectric capping |layer and wherein the silicide polysilicon

| ayer is woosomsart with the bitline diffusion regi on andPChGRIZOR®ECL i C

15 capping | ayer; a support region conprising a polysilicon gate structure,
and a drain region adjacent taithe gate structure, and a silicide

a source

| ayer disposed on the gate structure and the source and drain regions;
20 an interconnect structure overlaying an isolation region, separating
t he support rgg;on fromthe array region, wherein the isol at

i ncl ude a%ili

BB ER I of 5 e CC0B8L50 £ (HELE (e KRRRFAE OTP S BOA ™

and

accor di ngeft 6h€l spage? 8 aywh disesel achéveliys pémtvied niny sgfomscomgre sexsitdinghal | ow
trench is&ﬁﬁg&@nsr@g&@nﬁmﬁgd,The sem conduct or device according to Claim
28, wherein the isolation region conprises a |local oxidation of a silicon

surf ace.

30 31. The sem conductor device according to C aim 28, wherein

the di el¥ctril CEHPRYCI SFVCEnPTI8ins 3 Sy "OF-TBEH % AYWRFEhosi | i cat e

and a | ayensbditogi kit en ¢nbeddete DRAM array free of a M0 first metal layer, the

10

15

20

25

30

semiconductor device comprising:

an array region comprisging a plurality of embedded DRAM cells, a
bitline diffusion region electrically connecting adjacent DRAM cells, an
array gate stack structure overlaying each DRAM cell, and a silicide
polysilicon layer, wherein the gate structure comprises a metal conductor
layer and a dielectric capping layer and wherein the silicide polysilicon
layer is in contact with the bitline diffusion region and the dielectric

capping layer;

a support region comprising a polysilicon gate structure, a source
and a drain region adjacent to the gate structure, and a silicide layer

disposed on the gate structure and the source and drain regions; and

an interconnect structure overlaying an isolation region, separating
the support region from the array region, wherein the isolation region

include a gilicide polysilicon layer.

29. The semiconductor device according to Claim 28, wherein the

isolation region comprises a shallow trench isoclation region.

30. The semiconductor device according to Claim 28, wherein the

isolation region comprises a local oxidation of a silicomn surface.

31. The semiconductor device according to Claim 28, wherein the
dielectric capping layer comprises a layer of tetraethylorthosilicate and

a layer of silicon nitride.



