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array, and nore conpact cell layouts (e.g., 7F, 6F , etc.). As a result,

t he;above not ed roblens in the prior art become even nore problenatic,
especi al | yBREPRERP PEVTETVRIER F=100 nm and smaller. DRAM circuits wil |
usual ly include an array of nmenory cells interconnected by rows and
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a capacitor. Y n
regi ons TﬁéJRAM cell (memory)~reglon aré formed on the same substrate, th9
clrcuitry is commonly referred to as an embedded DRAM. ‘The integration of
20 logic and memory regilons improves overall device performance by decreasing

‘communication delays between memory devices on one chip and loglc devices
:l.oca.ted' 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 sh_a;:ing' of specific process:l.ng steps used to fabricate both
types of devicea. Present trends in DRAM technolqQgy are driving towards

) }} continued scaling of minimum feature gize (F) in the DRAM array, and more

' compact cell layouts (e.g., 7F?, 6F?, etc.). A8s 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 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
semiconductor field effect trangistor) connected to a capacitor. The
MOSFET generally includes a gate region and diffusion regions. The
diffusion regions, depending on the bperation of the transistor, are often

40 referred to as elther drain or source regions.
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the ormation of s ow trench I'solation regions in contenporary CMOS
t echnol ogy, com"mnl){ referred to by those in the art as an STI regl on. In

t he process of 'IFYBT‘ f‘*ﬁ’éa%ﬂ regions are formed in the substrate to preven
carriers from traveling through the substrate between adjacent devices.

The isolation regions are generally thick field oxide regions extending

.25 below the surface of the semiconductor substrate. One such technique for
forming the isolation 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
selectively etching a portion of the silicon nitrida 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 environmeﬁt 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 isclation regions in contemporary'CMOS technology, commonly referred to by
those in the art as an STI region. In the process of forming the STI
regions, a deep trench is formed in the semiconductor substrate by, for
example, anisotropic etching. The trench is then filled with oxilde back
to the surface of the substrate to provide an isolatiocn region between

40 adjacent devices.
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overcome these di i es i's desirable to have the pitch
reqwrerrer?trsefor the array and supports be simlar or nore relaxed to
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requirements for the array and supports be similar or more relaxed to

overcome these well known lithographic problems. However, this is not

currently feasible as circuitry density 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 intercommects. 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 process that eliminates the metallization
layer and its attendant processing to form the local intercomnect 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
tremch isolation (RSTI) process. This proceas has the digadvantage that

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

uUnited 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 interconnects. However, this methodology
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array gate wring for the vertical transistors; b) formng si I6| ci ded

bitlines and peripheral transistors coacurrently and c) showing a netal to
formlocal interconnects. However, this methodology 2 2 DEC 2005 WD
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i nterconneglyy {00 enbodi ment, the nethod of formng a nenmory array and
15 support transistors on a sem conductor substrate conprises providing a
menory structure having an array region and a support region separated by
an isolation region, wherein the array region includes a plurality of

dynam c r aPRIEFM STERY OFNERRDINYERHON s enbedded in the substrate, wherein

adj acent dynam c random access nenory cells are connected to each other 20
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20 through bitline diffusion regions, wherein the memory structure ls capped
with a top oxide layer;
applying a block mask to protect 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 layex, 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; foxrming 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 simultaneocusly
removing the protective layer from the isolation region; forming a spacer
layer on sidewalls of the array gate structure; depositing a second



the support gate structure conprises the gate oxide |ayer, the first
polysilicon layer, the nitride barrier layer, the netal |ayer and té’;

di el ectric capping layer; formng pminsul ated spacer on sidewalls ?QEIGeZUUS
gate structure; formng a protective layer on all exposed surfaces of the
35 substrate; formng an array gate structure in contact with the nmenor y
cell and 89;96’& ﬁﬁ a portion of the bitline diffusion ]F%Té(n“f?ﬁ’ %391 r enovi ng
portions of the protective layer, the fitride barrier layer, the netal

| ayer and the dielectric capping |ayer fromthe array region, wherein the
array gate structure conprises the oxide layer, the nitride barrier |ayer,
40 the netal and the dielectric capping_|ayer, and sumltaneously
renovi ng th&ijr%f%TttlFXFé” RGP PP TR §° ?ﬂté%lérf’af f‘%ﬁ’ APIPHY a spacer
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polysilicon onto the substrate and etching the first polysilicon layer to

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 asecond polysilicon layer
overlying the bitline diffugion regions in the array region.

In another embodiment of the process, a method of forming a memory
'35 array and support trangistors on a semiconductor substrate includes
forming a trench capacitor in a gilicon 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
gupport region and isolation region, and forming a sacrificial oxide
layer; forming implants in the support region and subsequently stripping



25 the support gate oxide to forma support gate structure; form ng spacers
on the sidewalls of the array gate structure and support gate structure,
wherein the spacer is renpved in array regions' for forming a bitlir? DECZ[J(]5
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transi st orangritaing recd pire ddiademRIMEEE pabp FEBEUST. ZOND Fiticdde dpxex| | ayer, the
sem conduciiggosed 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 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-;egion, wherein the
isolation region electrically separates the support region from the array
region; and an interconnect structure disposed 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 tranaistor and an embedded DRAM

385 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



20 device conprising: a support region conprising a gate structure, source
‘and drain regions adjacent to the gate structure, and a SiliCidekle?ECZMS
di sposed on the source and drain regions, wherein the gate structu
conprises a dielectric capping layer, a nmetal conductor and a polysilicon
| ayer; an ?%ﬂﬁ%mﬁﬁgion conprising a plurality of enbedged; gells, a 25
bitline diffusion region electrically connecting adj acent Mcells, an
array gate stack structure, a polysiliton |ayer, wherein the polysilicon
11 layer includes a silicide surface; an isolation. region, wherein the
isolation region electrically separates the support region fromthe array
regi on; and an_intercqonnec tructure di \ i icAn region 30
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is in cont&ttlein EPRING [1A%Y %@%Fﬁ&l}%f%fc’{%ﬁe‘s% fCON nr"ngeratme Structure
andig he bi tértaet gifH the bitlinegfigfusipp ramonmef RRpYal srERte “¥RES nventi on
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sem Conducg&f eV L @R QU kSbiGire 218 tRD BiFcdYankiePa O r640R;i &lang a plurality

of enbedde M Cnen|eLS Hic 14 a | . iroﬁg.r.ie Ibn?l Lfale J:ﬁé connecti ng
ad) acent DRAPEGrTE ooty Safefn SRR LRI SR Sach DRAW

on ar{anr%azteiosr} where
cel B9 and FRRCFY EPUE™ g6PY ST PEGH “FaVer," Wherein the gate structure
conpri ses &rqkstal wdHHde POIYSELAFER 18KT a dielectric capping |ayer and
wherein the silicide polysilicon layer is in
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 posaible variatious

_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 crogs-sectional views illustrating
fabrication of a DRAM array and supporta 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-gectional views

depicting a landing pad between adjacent wordlines.



15 contact with the bitline diffusion region and the dielectric capping

|-ayer; a support region conprising a polysilicon gate structure, a2 BEE?
and a drain region adjacent to the gate structure, and a silicide Iz 005
di sposed on the gate structure and the source and drain regionel and an

i nt er conneglp 3hsdet Ure overlaying an isolation region, pSeeghaid9 the 20
support region fromthe array region, wherein the isolation region include

a silicide polysilicon |ayer. Advantaggously, the process and structure
elimnates the need for a MO first netallization |layer for sub-SF2 cells.
25 The specific enbodinents referred to as well as possible variations and
the various features and advantages of the invention will becone better
under st ood when considered in connection with the acconpanying draw ngs
and detail ed deSewieptq-af shtwnschepdiiososs3eemipEL WESCRIPTHONEF THE DRAW NGS
Fi gur es 1- bansheiiGcbenBbial GEQs sed eqipbonatonvimassdi i agordanragitf abri cati on

of a DRAM gfibadhnead G SthBPRetent GaRsIisct ed i n accordance with an 35
enbogji 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

i nvent i on. PEFBIYEPRRSERIFAIONOF SREFERRER, RMBHRIMETFFc t op down and crosa- secti onal
views depicting a | anding pad between adjacent wordlines. 2 2 DEC 2005 WO
03/ 005447 PCT/ GBE3Jr0286 linkérgide$s Qi dddt&hesvaspioeemt for Gboixatsrcsi onal vi ews

i1 ystrating,, £ 3brhcatehOmkam ey DRAMIAL MYk RA6L i SH RRROLS a6@RSS HCE ed 1 n
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: ) VE e present invent 'é)rr‘eia%ig ected to a
process f ofERHPRc TGP Y YEHPR S n“é‘le%b‘%c?ﬁg%fsfﬁﬂl\ﬂ arr a andé ual
wor kf unct i exmverppralt fasiqas - o Betalldpttdomdatarots SUBSTY A6 *Phe process, in
accor dancefasnidy bétd precbishine indvehet lasal ipthraermagidoudPip BethilRieed® nuner ous
Pr 0€£SSi NQechn&Ny FeTbitedVi® d:0theCRNENHri OTalthi glyeseontororess Athetaddli zat i on
layer is c odts el Kk 1ink O R BEhiNcidee, Rbédebyelanshtihe thecal
interconnects. . Thi,s iPhala ! BYSS ad Selbal QHRBLY pFRLY b@8s igpasaithe M | ayer.
In the pr ezsequ;g.rei?iri?oc gr?n’ tgehgetapc.\[g‘}lrer. Moreover, the silicidation of the
bitlines (especially advantageous for sub 8F° cells) relaxes the pitch
20 requirement needed to form the first metal layer since the M0 metal layer
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—sectioﬁal diagrams used to deplct
steps in an embodiment for fabricating a vertical embedded DRAM and logic
support on the same substrate.

35

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

40 semiconductor substrate 202, wherein the memory circult 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



i nterconnects and bitlines are both silicided, thereby elimnating the
need for the M metal layer as well as numerous process steps typi Qag bE’C 2005
required to formthe nmetal' |ayer. Mreover, the silicidation of th

bitlines (especially advantageous for sub SF2 cells) rel axes the pi tch 20
requi renen toformthefirst nmetal |ayer since tal |ayer
generally h’ g/ﬁ(ﬁe tightest pitch requirenents and presl:a(?]ts og@gegreat est
phot ol i t hographi ¢ chal | enges. The use of relaxed pitches for the netal

| ayers advant ageously mnimzes the well known difficulties associated
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substrated26 St ep.0 ng an actlv area and
vertical D cells and serves to electr cally connect e tline comntac

of the DRAM cells shown in Figure 1. Also included are a collar region

222 and a buried strap 224.

The present invention is not limited to the exact memory structure

25 shown in the figqures. 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-8F? 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
poiysilicon 221 are approximately the same.



after shallow trench isolation planarization. These standard processing
t-echni ques include formati on of the storage capacitors in deep trenches,
depositing a top oxide layer (TTO 210, forming array well inplants,}9 DEC 2005
formng an inplant for bitline diffusion region 214 for connecting is

adj acent | DRAMs, renoving the original pad str nd grow ng
a verticaﬁgg{/@g{‘)‘;i de |l ayer and a gate conductor Iayerpggé%z?mﬁe array

gate polysilicon layer 220 is separatgd from an underlying deep trench

pol ysilicon region 230 by a trench top oxide |layer 226. The bitline
diffusion region 214 is forned in the substrate 202 between adj acent 20
vertical DRAM cell s _and serves to electrically connect, the bjt|ine contact
of the DRAM cel}es Stk fmeioguimalapts Ak ge ipﬁ’éﬁgﬁ‘&e@da‘éf B 08 Pl egi on 222
and a bur iseppest regpystPivon Tsdng peyeriopavabatqdldEhopEephét PreasPtidd: to t he exact
menory St begdndigy o Bhe ipowvi cilar tdeeideli gurestryThie A4 delths smpperal so i ncl ude
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the counter-el ectrode. Dee trench, polysilicon is fo on t he node
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the particul ar si.,red_circuirtry, the gates in the support region can be
defined a&™&9FHEF AP Ehannel (PPET device) or as an N .5 channel (NFET
deffce) . In the case of PFET devices, selective inplantation of borQn
dopant ions i sFigref eridbharrafesftde megonynstepgyure after various layers have

been formed in the support and array regions. The support polysilicon
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 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. oOther 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
gilicon 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 (wWSi.) /
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



polysilicon 221 of the support regions, whereas in NFET devices, selective
i npl antation of arsenic or phosphorous ions is preferably enpl oyed., The
energi es, doses and sel ective processing required for each channel Ztg/}QECi@ﬂﬁ
are conventional and well within the skill of those in the art. The ion

i npl ant at| EET supports may al so be used for dop Iys| l'icon
gates in the %ﬁg&%l JrEegl on. In contrast, during definiti gﬁgg%(n@ﬁe?PFET | ogi c

gate structures, the DRAMregion is prﬁt ected by a |layer of photoresist.
Resi dual photoresist after processing each type of channel is is renoved
with conventional plasma ashing and subsequent wet cleans as is known to
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layer 252 b& 49865 10 afQERuhscyandl B atack in the array region. It
shoul d be noted 40 that the process is not linited to this particular

wor dI i ne structure The #ﬁl ckne S of the dconduct or endi ng on
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etched. The support regioms are protected by oxide layer 260. A resist
mask is then applied and exposed in the array and in regions where a local
intercommect 306 is to be formed. The top oxide layer 210 is removed in

25 the array regiom 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 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*) intercomnect regions as shown in Figure 4. 8ilicon 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 gkilled in the art.

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

40 glass (PSG), arsenic silicate glase (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



dielectric material 254, such as tetraethylorthosilicate (TECS) or silicon
nitride or TEOS with a thin layer of silicon nitride (SIN) on top (znpt DEC 2005
shown). The deposited dielectric |ayer 254 fornms an insulating cap over
the wordline conductors. Preferably, the dielectric material 254 is a 5
THOS | ayer thr n | ayer of about 10-30 nmof SiN per
surface. ang)aug‘r ng conventional |ithography and etchﬁgdﬁp(]?og@sses t he
gate stacks in the support region 206 gre patterned as shown in Figures 3
and 4. 10 At the tine of patterning the array wordlines, the stack
thickness. in both t he array and support regions are approxi mately

copl anar. The ates are first patterned and etched to the
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over the bPYHFeE=ain F%ben ¥ spididenmpl qoReglhprogeduag oF dgp dﬁkezea uspdy 30
addit¥ i on, thdoth sheeikicided ragbmes25Figqwe SelibigBinages) theempuddng 0 expose t he
(n+) intersonbente eHitadinEd&hesiond3dd.guUteskbuldShé n6ua thiak i de spacers

270 are thanef:aveesilmdsdlsn Sk A8uaoh w51 2 coh MRy IR InSLIACKS E&ﬁ the array

over the' su ggg‘tr‘]"ﬂ%ﬁi TR R A SRR TE Yack
Pol i shi ng % Si Ianar ze%’f“rﬁ"g}:Ll i) dgfﬁtef%n(%n&% r"'rc’%e@E and is

accdhpl i sh%%l "’6‘91 %e@%rﬁf}nﬁr’m c?ﬁ@i‘ﬁec%\fw r?é&‘hé'rh‘r‘ éa# O] LRGeSt echni ques
known to tPRESEPISK| IFLEe|hshone shticidedl fumcefiens lend auel iaised drinyceinkftcat e gl ass
(BSG) Phossirerargston|the guectid@. gl ass (PSG, arsenic silicate glass (ASG or
the Iike may then be applied and the second | ayer of polysilicon 300 is
patterned w th sRajied @e®Skfihg 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 8F?

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
Figﬁre 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 polysilicen

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



mask and sel ectively etched to the STI oxide 260 in the array, selectively
2 2 DEC 2005 WO 03/005447 PCT/ GB02/02961 12 etched to the dielectric

| ayer in the interconnect region, and conpletely renoved f ron1the2§dﬁﬁdmﬁ
regions. if a hardmask is utilized, it is then stripped selective to the
Substrate._ | f eded, an additional oxide |ayer, suc is then
deposited'%h8y®§ﬂ2ers 360 etched. These 5 additi onal g%gﬁgégﬁﬁgrh1on t he
sides of the bitline and local intergpnnect. The nitride 258 is then
etched. The deep n+ and p+ inplants 357 are perfornmed while masking the

PFHT9 and NFETs respectively. The outdiffused n-type dopant forns n+
junctions 267 in regions of the [|ocal intercon ects, 10 §i |i ci de regions
scPsse in %ﬁf

309 are t HReEEESr 3P GRAEGH FL LB 2t SPARTER D BRBHE )T yEiT T Con 3
Speci fi cal prgyidubeenbidineitde Thessi eaigsidieont andiny adstate thep saPoRisd i ne
di ffusi on £A041RBLriblayi dhedtanrant 5 andeinieot Seppoviring deved diydmeshd regi on. A

rapid ther gl apneal,tREOCEedMr @10 embdi@ndo K &nb etiiedirify Levell osenvdshes si | i ci de
regi ons. Fi %%%%15 illTustrates the resulting structure with the silcided

regidns 30 ¥Roul d be noted that sel ective silicidation of the
polysilicon layer 300 and the support source/drain regions elimnates the
need for an MOInewnarheragrbpdimgnt. & HRErae LR <250 B GRS %22 1%t éht i onal | y
showi ng a dief é@rentiayent e25¢cmadepos2BedagnbaottiedstHactEzsh 88 58 HH A PFure 4 to
show the diffgyr gfdvisisiyiClesé@Bed, poesiibletrid avee 254 slhawsterpblyct ded j uncti ons
and,a silighgded. il 6f GRRNESE 2 188D A%AY Coff ENALINALGrIRCt iTRESrrt gavaar d
processi ng, t?ag\{%eec%'&.tén'&“&%h&f)tcf QEINeb G 410US AL A ABrshels@bs 30¥i as and

i nterl evel - f:rfrl,c l.ayers.. For exanpl \ : oG ic layer
may be depHsiPEdiPREIHRE: sf ek oF é‘fse%g?tsgr?%cég%ellk ttgg lg:Eée/ i(l)ltj%l ? %)%E%/i as or
the like i¥ryendol ibeiecinsr 2xdpe PRELMc2969R e A" Enot her . enpodi nent ,

pref er abl yisisesh fapovediin fthdmprariayrpostioppland F0syRerEY B BRI PECPs, the SiN
spager 2701dysr S@beehéwieliy Sletielly brownegiborig tihes BXAckRs BiePFi 82 contact i s
to be made,i By g ABHILIars NRVEcEdt b€hd BMicoDWILEeMaGE FLguree 6A and

corr espondé‘%g & 53 anSC Rl ANl Mi:EWh3H QWudth arki@uiediRediBnel N this process,

t he spacer s not, etched,] AGldNA MdeddkiBE ThRS3d3AAD)
bet ween adf3SEEHRE MordIT neg | \]lé_'gf;igﬁed?%mtaﬁhe 35 bi tFai(r?es are not contacted.

The hat chetf PEYPOHS S_HBwW™t Fid"F&gt 67 "where the SiN spacer 270 is etched.

Thigoallows the bitline diffusion 214 to be
A layer of intrinsic polysilicon 302 1s then deposited onto the

substrate and patterned with the support gate conductor mask. Optilonally,
a hard mask may be used for this part of the process. The polysiliqon
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 regiom. 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
intercormect 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 ie then

——

gelectively 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



exposed only in the hatched region. It is inportant to note that the .
wordline is isolated fromthe substrate by the top oxide 210 and is2-7 p 2005
shorted by the bitline diffusion region 214. The deposited polysilicon ECO

| ayer 300 is then patterned as a |anding pad resulting in the structure
shown in Fj A and 7B. The | andi ng pads are patt hown in
Figure 7 t)‘?fgy;{@aﬁgtched region. Optionally, the pol ysﬁ{ciq@%@@%@er 300 may 2
2 DEC 2005 WD 03/005447 PCT/ GB02/ 02961 13 require a CWP planarization and
subsequent hardmask as di scussed in the previous enbodi nent. These
polysilicon | anding pads are then silicided and electrically connected
with a subsequent netal wiring level by ne s of a netal contact. In this
ermbodi nentPel¥ehelqeat @i thp rbAEPrREiGE |Imagldr Rk the bitgipgfeansd 199he. in anot her
enbodi mentiptexcharerisenrd dgfdneR5@nce thoAEGdE ortr2p2d apd additdemslle®®E | c | ayer
254 are dappsi h8doORbbsi e Sdr spatdtse368Setzh@IVN 1Ha HHitgldecin dhe ApPtevi ously

degcn ?ﬁ@gat}ié‘@eéi‘oﬁé %QFt{h_le:‘P ck@XE! tRo 4. 'aﬁgl%ein%ﬁé&'sy?é ﬁle&Rg@'{vﬁlﬂah"gn 0‘; TEGS
and_.a thi aver of silicon nitride, e ay..ga IS ern an

crcied to 415 Fpe et R w0 s il flitlo ol RS

deposi t ed A HAIE §oLY REGRE G78 Pt 161t RO t°ﬁ'5¥1§‘:‘? PESACHRLYi de  |ayer
301 in t héhyvenimFiaye 36r t T geOSt dlie prrecam fetlovaifenvEFEionaly @¥oce89) s t hen
renoved i mtégdacasndn-racdcayzeddit tivrs saflded isugpoxtt. sacrificial oxi de 15 | ayer
(not shown) is thermally grown. During these process steps, the array
regiyons 204. ar £,:0fQh§ GoCthe D36rbdden | LleCOaRM okl 4@ thdYRbentOdn 1ddG3e SUPPOrT

i npl ant's QML& g}qedfg %ﬁﬁ@pl d adjust) are perforned, the sacrificial oxide
| ayer is strippe andlt e support gate oxide |layer 303 is grown as shown
in'Figures 8 and 9. 20 A layer of intrinsic polysilicon 302 is_then

deposi t ed lorferrrehe LiFEaPPR et ReNepit f7 Rej) ARFhreghe® aHPPGEECY§At e conduct or
mask. opt iresvatd jn a moteardbustaphetpiiphdmraphyepirofess vindgw.pafhospfkilied pr ocess.
Thaspol ysiih itherart vayeapBedidts thhensdicehads teacduieergatia oxi de 303 in the
support r egiteNindPlpis e aORPLEWEIYy CetRirs 5811861d M@pba Eheugate cap 254

and sili Ccm;hl@}; tehb Aime hAYET ard0hel zrassmn@raa@ﬁtgg%giaﬁsep_lpa:teg{lpport ext ensi on

and hal o i | oxidation. The

ants  are perfo fte opt1onal si
PFET i npl BAT§"HAY “*pe 15’2"%%%?%9% B ¢ a?ﬁg%hp Tona a'é‘?sl\lgsrpa(?e?emfné’g/er i's
formed (nB8t IPBRNISS*°"K: barrier nitride |ayer 258 is then deposited
ont?8. t he substrate as shown in 30 Figure 9. Subsequently, a TECS |i ner
| ayer 2602i a tdnzentdepd sfiret] merefl olayére commonly referred to as the MO layer,
is not required for sub-B8F? cells since the bitlines and local

interconnects are formed by the silicidation of polysilicon. Elimination
of the M0 layer removes the most difficult layer to photolithographically

25 pattern. The M0 layer typically includes features of the smallest
dimensions.



substrate and renoved in the array and in the regions where the | ocal
interconnect is to be forned. The TEGCS liner is renoved by using a2

phot oresi st mask and conventional wet etching processes. Then, the éfﬁfzm5
| ayer is renoved by exposing the |layer to RIE and etching the TTO 210 in 35
the array W | E selective to the silicon 202 under] the arra

regi on and”@hgmﬁﬁ erconnect region. The resist used f%F %ngﬁﬁgk IS t%en
selectively stripped fromthe substrate surface. The etching of the nitride
| ayers 301 and 258 forns the spacer 2 40 in the array regions. A |layer
of n+ doped polysilicon 300 is conformally deposited and pl anarized over
the gate stack. An optional BSG hardmask (used for planarization reasons)
is used to pattern the n+ doped 2 DE€z05 WD 03/005447 PCT/ GB02/ 02961 14
polysilicon (with a photoresist mask) and the bitlines and |ocal

| nterconnects Arg el LNG s DGCdlls BG) 158 ShbiPUundifflditd onal TEOS

| ayer may 60 hed.” The nitride in the support
gate regi §ﬁ§1ﬁ0§‘§)1{°ﬁ%ﬁ1 %Sc‘fﬁa& %ﬁ rehip coﬂpnsll fipl ants are performed which 5

al s§ dopes the gate stack 302. The gate stack 302, the n+ interconnect and
the n+ poly bi ptavidingra merpen strickededeatind e a@wpmtien 884 actugP®Eti s shown in
Figure 10.redftR sepstated byhsn pscdewss régilohpwse:coneatarosyateghrrodadsdesst eps as
i's recognlazsﬂxrbyit&%swztd L8dod BedeB® mafidry cbl1AeRsaadédigh tae t he foregoing,
tsggafgtvgn} AEe3a 0, ﬁmeiéﬁx&q&én@rhyw.gbL&quoma;crﬁ@a&m&?gﬁml bauing: 1. ,

fits i rf°ﬁneﬁg?d:e? OBt %g ﬁﬁo ? hog){riélehd%fgur%?:%ggﬁg a‘l:ﬁocsagp%:l Iled is
| n the ar t*@} Pl toRpprae 14y e the d| ffl cuI ti es encount ered in
photollthographlc patterning of nenory features and | ogi c support features
wi t hi n t he saneddpayieindncbarhizrrieged, ta mgtadiaant ages abiletmpaicatapbing

pat t er ni NQajdreotioOftiel subatraky; di fferent pitch requirements for the menory
andgl ogic regions. 20 2. A conventional first nmetal |ayer, commonly

referred to asrém@?lnl\gflo C{r%‘yo%s of El}e lg]agnt:iereﬂ 'IKGQ%J 85 §mc$’: ?l laﬁdS| nce the

bitlines and | e€r connec é e Si a i on of
pol ysi | i cGh® EPISTFHHEL ?aé’ﬁingo}ayfﬁér‘f{ybﬂ} f/‘%ﬁt’faéﬁo%’e P HE ?ﬁg@f @S ficult |ayer
t o phot ol istHs§rzgshi cal |y 25 pattern. The MO |l ayer typically includes
features of the smallest dinensions. :

20 depositing a layer of nitride onto the substrate and removing the

nitride layer from the non-array regioms and the top oxide layer in the

support regionm;

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 gtructure;

forming spacers on the sidewalls of the array gate structure and
support gate structure, wherein the spacer is removed in array regione 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
trangistors;
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.



2 2 DEC 2005
2 2, DEC 2005 WO 03/005447 PCT/ GB02/02961 is CLAIMS 1. A nethod of
formng a nenory array and support transistors on a sem conductor
substrate, the nmethod conprising: providing a menory structure having an
array region and a support region separatgd by an isolation region,
wherein the array region includes a plurality of dynam c random access
menory cells enbedded in the substrate, wherein adjacent dynam c random
access menory cells are 10 connected to each other through bitline

di ffusion regions which are capped wth a top oxide |ayer; depositing a

barrier |ayer, Tﬂ;%@thwxs&rﬂﬂft@ eia%ecft rﬁgtwpbxﬁglskfy%lpwn %He

substrate; renovin ns o arrier po icon
and the dljerft&‘ftl?Y ’d‘{ﬁ ﬁ@yﬁraﬁlé tf’FBn‘?pteﬂén%Ubg § fgt B'e dhFeRLRVEh RiFE a@@tre
structure; 28 depusiot fenfuativeyririgh aAhannede onto the substrate and renoving
the nitride layer fromthe non-array regions and the top oxide layer in

the suppor§ re%@%etﬁc;& %a&dqn %peﬂm%cuhu 'aLh%lgﬁ?é&XSrcapquw ng

support 25 qp ants, .renov cia orm ng a support
Gt 2 0xi do LVBg GrmRHAS R HIG AU PR T sy Bt BTy PEAFOE R fie LAver
substrate and etching the first polysilicon |ayer to the support gate
oxi de to for.m a THa0methpdosdcog@ig Sbraictinr e, vhafdthntheSpaskitionnrdgion

si deval | s QforbPEsAr hAhaA2EH SEAULE WS £acaBE resyfPOrt gate structure, wherein
the spacer is renoved in array regions for formng a bitline contact; 35

depositing a second polysilicon |layer and applying a mask to pattern and
forma | andiing p&¢ PHCRe*SOFaPant gate ]coﬁg?ﬁ,eﬁbr"élef BYPRFE Erfisporide is
transi st or shedflaldivl giwai. ng t he | andi ng pad, the support gate structure, the
support gate . conductors and the second polysilicon | ayer overlying the

bitline digf fpsl QR AKILADS di g LREcALIRY, "WBALOM elerf oPEGLBRR k816

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 layexr, the
semiconductor device comprising: '

a support region comprising a gate structure, souxce 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.



2. The nmethod according to aim1l., further conprising applying an?? DEC 2005
. nterlevel* oxide |layer and then opening vias in the interlevel oxide |ayer
for fornming gspndusdi ve wiring channels. 3. The net hodedcegedingGepOenBeri DOJ3,
wherein the dielectric capping |ayer conprises a tetraethylorthosilicate

| ayer and silicon nitride layer 4. The nethod according to daiml,
wherein the '"isolation region conprises a*shal l ow trench isol ation regi on.
5. The method according to Claim1, wherein the support gate oxide is
thermally grown. 6. The nethod according to aiml, wherein each of the
DRAM cells includes a collar oxide region. and a buried strap outdiffusion
region. 7. A sem conductor device including a dual workfunction support
transistor ahd arfhenberiderdyRam $Viay CFeElips Bo AT rde YRAFEED | HPefTrPhe
sem conduct afat@destiz® CoMppissd Agnetaldlpponduateyi 0l sodimlestmig camgsne layer.
structure, source and drain regi ons adj acent to the gate structure, and a
silicide |ayer d| osed on ource and.drain re ns,, wherei.n the gate
structure comfpri sk ﬁmlﬁfﬂ?‘é‘:&f’rl ¢ capping” 19 S Crl J(::Jmt(:)létl S Rductor and a
pol ysi | i con dig}eecrigncapriag leggh d’ﬁ"‘%’iﬂﬁﬁﬁl %llﬁlje’é 061 ﬁ?faanF%YJ(?Ft%?ﬂﬂéda%EF BRAM
cells, a bidhiaper diff éi1skon niegldndedrestd ithakegn.connecting adj acent DRAM
cells, am array gate stack structure, a polysilicon |ayer, wherein the
polysilicon layer includes a silicide surface; an isolation region,
wherein-the isolation region electrically separates the support region
fromthe array region; and an interconnect structure disposed on the

i solation region conprising a polysilicon layer and a silicide layer
formed on the polysilicon [ayer. 8. The sem conductor device according to
Cl4im 7, wherein. the isolation region conprises a shallow trench

i solation region. 22 DEC 2005 FI S000267 New Page: 8 Septenber 2003 17 9.
The sem conduct or device according to Claim21, wherein the array gate
stack conprises a netallic conductor and a dielectric capping layer. 10.
The sem conductor de vice according to Claim7, wherein the dielectric
capping | ayer conprises a |ayer of tetraethyl orth05| licate and a Iayer of
silicon nitride disposed thereon. NO




