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FABRI CATI NG EMBEDDED VERTI CAL DRAM ARRAYS W TH 51 LI Cl DED BXTLXNE AND

POLYSI LI CON | NTERCONNECT FI ELD OF THE I NVENTION 5 The present invention
‘relates to for fabricating sem conductor circyj i ning both
DRAM and | og‘r/((;:%@gﬁ% In particular, the invention rel ikt@ﬁzg’g#@bri cating
sem conduct or circuits containing verti ¢al pass gate enbedded DRAM ( EDRAM
arrays and dual- 10 workfunction |ogic gates. BACKGROUND OF THE | NVENTI ON
Wth the advent of Large Scale Integration (LSI), many integrated 15 '

circuit desi gnssine@ﬂuﬂgﬁnﬁ%‘égoﬁl orckmyéntrxﬁdjﬁfstsbﬁﬁs i Sheafl aRmavs
sem conduct or substrare, na T ' ons for
addr essi ng and acces$H gt HHEEAR A s : Feee=0gi ¢ regi on and

a DRAM cell (nenory) region are forrred on the sane substrate t he

circuitry i ﬁB’UFD'FﬂEy Sehfkied to as an enmbedded DRAM The, , integration of

20 logic and menory regions inproves overall device performance by

decreasi ng conmuni cati on del ays between nenory devices on one chip and

| ogi ¢ devi ces |Theatresknpningersdoomelaths po al methddlifor gabitigatine | nprovenents in

devi ce per bons@AGE.or HiPEASS i Bt GRSy ShoBIMRAN bR NadicNge1aBNDfy and | ogi ¢

circuit fuparxtttaﬁsr Obnd DeSA1TH a@meg%dktﬁ,tpsatsrgbgtnaatﬁu&%ealttugtty could be

reduced 25 dig. 0.4 e Shar LG 0l SRESlbh & 3L oPS s

fabrjcate botnh jé of - dBvi ces. esent tre n S echinol ggy are

dri vihg tomﬁ‘?’rﬁg‘mc ]r°ﬁﬁ‘é(§a§e€al ing of ninimm feature size (F) in the DRAM

array and nore conpact cell layouts (e.g., 7F3, 6F2, etc.). As a resul t,

t he' above nNBACEEROUNY OB|TEREINVENTEOR prior art become even more probl emati c,

 éspecially for 30 devices where F=100 nm and snaller. DRAMcircuits wl I
usual 'y include ;af, aid a¥.af JIRIBLY s68le Iﬁltegfat&t&&@erecm DY L8, and

col Uims, Wné:&gul%r esg %Wn c 1§ e\l\'(s)rv%ral.lnglsrcgll § c I no%sa reS.I.QeCtI vel y- Readi ng
data from or Fs'is “achreved by activati ng

In
sel ect ed V\o‘?eﬂlf‘ﬁli‘g‘s"ta (ﬁ“ﬁtfﬁeness‘c af)/?ﬁ'“& I Vra%eh%“dD?W\’IFrfé’ﬁBﬁlW M conpri ses
a MOSFET (riéatestnd s 2ewRtiogndactar=ri dpdefFee t"reFansioftoryriebantct ed to
a capaci t ora DHdeceljyOBREF Y ciegtal due Foroedidesha sget eurstegaten thad di f f usi on
regi ons. Thetrowditty dsicommanéygirefrsredépendisngrbedrietl RRABD e Fize L rgof idnhef
trari st or ,logte anf hewrdefheringtbved oasradl tdheilce HefdrmarceSIYUdRRedsEiY ONS.
communlcatlon delays between memory devices on one chip and logic devices
located on a second chip. 1In addition to the improvements in device
performance, processing costs for integrating mémory and logic circuit
functions on the same semiconductor substrate potentially could be reduced
25 due to the shaéing of specific processing steps used to fabricate both
types of devices. Present trends in DRAM technolqQgy are driving towards
continued scaling of minimum feature size (F) in the DRAM array, and more

—

compact cell layouts (e.g., 75“, 6F?, etc.}). As a result, the above noted
problems in the prior art become even more problematic, especially for
30 devices where F=100 nm and smaller.

DRAM circuilts will usually include aﬁ 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 memoxry

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

40 referred to as either drain or source regions.
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PCT/ GB02/ 02961 2 There are different types of MOSFETs. Trench-gated
MOSFETs are of MOSFETs in which the gate is po in a trench
that is for‘?roe(g%at the surface and extends into the si I?éc%é\ﬁb @%e gate is
formed in a lattice-like geonetric pattern which defines individual cells
of the 5 DRAM the pattern normally taking the form of closed pol ygons
(squar es, hexagons etc.) or a series of interdigitated stripes or
rectangl es. The [rent n_vert ch S _Whi f.orred

adj acent to the E}Ile b st dleeﬁm éyges Se doE%]rs a'gl%gjﬁ gﬂé‘lggﬂ?ﬁﬁﬁgégw th a
conductive §it%¥ ﬁ%f"@?mﬁ‘f in whidh ths $"’3Fe p%‘ifibiﬁfl% } PCGRRCRIERS s i nsul ated
fromthe silftpeisd dpythe 96 faliecindc it Erds| Hrertbaoribddopy Thpgatesty figgmef 13i | i con

di oxi de. The tateneh:iixat edndidSFEksear ehicbrdetiidey imotvidchlbyeldd ehithg trenches
of  vari ous pgiMrens %@efn%&m@il?lt'akﬁ@ntlﬁumrcﬁt SloscNfo198dr@ ler@rehes normal |y
ext end 'ntoh%b,,g xﬁybgécrﬁ of AL 8 ia@&lam% ea’ GLARMY Alocath L flat 15

bott ons boun corners. . rle c ain sto a acitors
bel ow the NEEFETS SARE Have hee CORBI TSl FIo 15 ASEST & Eof i

capaci t or (&8f $tertageriaddEye trFﬁ@zheét%’Férfiﬁ %ﬁ witgfa Fﬁ@“ﬁ%ﬁ%{@?f%?’a‘ie?"%r med
usual |y by 6vififcablivndpphi pdbygiiHicen, ovitich igrraudopifirorsehgr eid1¢mty a porti on of
t he swbst r atitelsttrdio un@én gornkity | @nerst payr b efliche diaxeédich. Bet ween t hese two
20 plates a dielectric layer is placed which-thereby forns the capacitor.

Typically, isol afﬂeotﬂ'eﬁ&g%&@§ @&&Té %m@lnaau}t @smgan@tJt@ﬁﬁgt@a%@ﬁ%@t

car ?'ersfrmltoasa%ﬁ,L;anns Lough e, SUBSLLAL © et
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V
I

LOCOS r egi obslow {BeEQ®sfiTa| edldd»avdam idoped egiyeildcer es ooy whbatelhgt €her st

deposi tiNng aagaayk @f stirhdeCleni tFHed@nen phiie SUbsd caheitsdrikamendind t hen
sel ectivel yu&laty BY ReRQIdg @NaQbntld8utS 1 dnCORHUnE Ibh@e| BY¥ 6T ftihr 62 @ Mask
30 exposi ng fhg Ay Us%&,@ollxmg ent NQLdJ gl axidatiam Wdk.Qe dotdyed, The
maskeg SUbS%f AL '&%Q&Ql y%?qs %néé‘d . datLOR, &l 9%”?4%&&99 a thick

| ayer of oxide is selective gro e expose regions formng an
oxi de | ayer extendi ng above and bel ow the substrate surface. ‘@Vuef erred
alternative to LRI et TRPUARTION PES ERE R IPn'EEi BREGPESRAPFB® t r ench

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 regioﬁ is the local oxidation of silicon, i.e.,
Y LOCOS regions. LOCOS field oxidation regiops are formed by first
o 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 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 oxide back
to the surface of the substrate to provide an isolation region between

40 adjacent devices.



35 isolation regions in contenporary CMOS technol ogy, comonly ref er1r8e@l(j]tg)06
by those in the art as an STl region. In the process of formng the STI
regions, a deep trench is forned in the sem conductor substrate by, for
exanpl e, anisotropic etching. The trench is then filled with oxide back to
the surfaceV80W#¥ substrate to provide an isolation r §TERHBeen 40
adj acent devices. 18 OCT 2006 WO 03/0Q5447 PCT/GB02/02961 3 In a typical
DRAM array, the wordlines need to be capped with an insulator to allow
formati on of borderless diffusion contacts, whereas in the logic supports
t he gate conductors nust be exposed to allow the introduction of dual

wor kf uncti on dopt igt@herlsPAMcITgar i B18. vosilipes @eef 5o dat @erentitE Ar ce/ dr ai n
regi ons gr eashlataonplal st Sorinie oprod Gesdedesiodif fiadomicogtagts, avheM3BFmIS si nce
the array MgShlsc BERE-HRI el fReCRAGRAECIS MBL R epbiedbey delkhans to adj acent

wordline Coﬂgyﬁﬁémén ok rhuég%}ﬂfg{ﬂctiint adb@8y DEER1 1 f QMR T hal;; 8lihici de

junctions in the ar%&a%vfre, uenﬁ % I’eSLi|t |n:8| ncr fsed current | eakage of
the Mmenory Q&% &% ¢ SRt oFE G oT GRS ™ U T e &® BFPFRJPAt i on probl ens
requi re addioFMiEaa*HRYMEFRY StREPthe GrraniRFEETshreed HELingt FREAGardidap from
t he suppor tarMBEEEEFSeqsr tooadjacentherdiine crutiattan. [npdéddss. iPhahbesrs

encount er eckolul b 40418k | jQActAbnsv & the atraparssq@aty esdeolde dncrkasddRAM
(EDRAM  ar rQys.ngndadidalosWalekiddbat §fed O%otvdinl &8 1s8ekdee: tdheneski t hogr aphy
Stegﬁiusedﬁkgesgﬁgkhggﬁgﬁ§k¥ Eggg&ﬁ@ﬁ?§PB$BﬁL%Q@&%SugqgmwaE lines. The

wor nes used In the array have tlg H&l ch requirements whereas the
support redBHEHIVEF SPRITVRIMN® FEPRXe BT c R e atCulr s I HSGr aphi ¢
patterni ng R&8e- di fferent pitches typically requires conplex 20 sol utions,
i such as alternating phase shift masking techniques and the like, to
overcone these ehichfdmeUdntt@sereitin snedBghataby ef tvertiauk phére gpiet @ihedded .
requist ementsiad QEDRAMNE afial @ Yand da1sS URROI:E1 dReLcGE figheds Ofc1 MRS el € axed to
overcone these wehl KAWLk dhRGiARNGs1Y PALEIR. sdgpWRVEItes LA S 1S noOt
current!y [SEALRLE AR GhiAULL! Yol SO Ya kP LEAS ERnEN] . 85 - eSO 25

practice is to separate attern the arr d su ris, ‘Another problem
Wi th prior "BF{2pr iég%p%élifgﬁ’l-oflﬁ hf”ffer%al%?lr‘r’ﬁﬁltﬁ%na(’)‘fa g,lp g'gcg %e&%‘_érlesi nt er connect s.
Convent i ondf RPF=BhE BT PHE Hrebel® V28T FUNPHEet S T F6F PB M ng both
t he 2Bi t | i néoHdoshesurd ealaltsrreties phatet Sify magiingFephrdaissra@d W6 have a

si npl er pr ddlesstd hedreexe| thepatdestitieigyet dk| iszddsiivaple |tayhave dhel Pt at t endant
pr ocessi ng requitoteitd h@ LiGCatray rine rs0pHoREC be atth lanel alork apbixed Wai t ed St at es
Pat ent N0 Gyek28ud Bikss RV kAW 1i0ndgRighi ly@dblems. 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 intercomnects. Conventionally, one of the metallization layers is
used for forming both the bitline and the local interconmnects. 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 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



work function logic gates with vertical DRAM cells using a raised ﬁqﬁ@t?ﬂ@?
trench isolation (RSTlI) process. This process has the disadvantage 't 0
t he support |ogic devices are subject to the thermal processes of the
shal l ow trench isol ati on which can degrade the well proflle United States
Patent No. &02849884 overcones many of the above not ed PGTHEHE6Ir obl ens.
The process disclosed therein generally,includes a) 40 patterning only the
array gate wiring for the vertical transistors; b) formng silicided
bitlines and peripheral transistors concurrently and c) showing a netal to
formlocal interconnects. However, this nethodolo% 18 OCT 2086 WO

03/ 005447 PEIIOEDI} 3081 W inpAetsab £O8| IRt #ATRY PALS PR PaFRERIeY B ti%ght arr ay
pi t ches pat teridebavarhih. 193 nm | it hography. Accordingly, there is a need
for inmproved processes that address 5 these concerns and provi de a process

that can be used JCQcErdH&?y ”Pﬁe‘%ecﬁnP%QLd f%k&prb@é&%éess@ﬂtﬁﬁ JHVRRY OF THE

I N\/EI\FI'I ON 10 A n ure pr densi ty enbedded
DRAM And | g').h ?"urc l?f’ % row%‘?jeas%rocf)sesd a"i'hceamg’reo‘%:séagségf %(E" Tqes PHBFT cat | ng

enbedded V&Y Q:ad’P“TﬁRAM arrays with a silicided bitline and a polysilicon
i nt er connect. In one enbodi nent, the method of formng a nenory array and
15 support transistors on a sem conductor substrate conprises providing a

MENDry St r UgidikCsul@akly G AR BivEstoN egi on and a support region separated by
an igplation region, wherein the array region i ncI udes a plurality of

dynam ¢ random access nenory cells ded | : ere
adj acent dynani & Pﬁoﬁa%smanéic?:é/ g for ‘gulcf' lrgh ens "'Ldjadtgmm ot her 20
.through bi t 1996 SHRFEHEs ol ‘F%gf’d’ﬁ% er?@lcﬁsst Hé’lr‘Féﬁoﬁai?”scf‘?’l?étﬂ'P“éddF% capped
With a top wstderl| BRA¥rarrapptiyh rgsiliblided birkiok apd appdyeidicache array region
whi | e stri ppitegednh@tt Opn oo iefiBodigane| the aeticde fsStqapmgt a megHreHrréy0am ng
suppey t i NpigRbss tfREIBHG & aSiRRRhEugat Budkidie doay@EeApEbvidainh &l Ni ng a
first pol ysrénrogprgtwﬁre lr;o{ng &h%&? lsegmog,td gast,gpo%lrdaohas\é Lracd OB NG @
conductive nitrld @8k el T8} 84 mgxgsluagg adudb818ELE1 C cappi ng

i er
ag:l.o re 1
| ayer on aITnexpose rf'aces o ortions of the

I ng
nitride bar?P&Fq & ?"‘ 3F95E° FETAY °Abe F‘“be edl f%éﬁedf% catt?i &Cappi ng | ayer
from the supPartcregrof To Tot Hre Qﬁ'b’ﬁbrcfuﬁafré ‘é"c“?‘?fc??‘br‘é Afid © F%ﬁ?ow ng the
ni tritde bartirerad hifdine {iffusier gp9ione WegFen SidmRE GFRICEEEriScc¥APHi ng | ayer
fromthe isoglthtd orp rege dayenaher ei n

applying a block mask to protect the array region while strippipg the top

oxide layer from the support region; forming support implants, forming a
support gate oxide layer and patterning a first polysilibon layexr onto the
25 support gate oxide layer; forming a conductive nitride barrier layer, a
metal layer and a dielectric cappin§ 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 second



t he support gate structure conprises the gate oxide |ayer, the fir 00T 273

polysilicon layer, the nitride barrier |ayer, the metal |ayer and t 0CT £33

dielectric capping layer; formng an insul ated spacer on sidewalls of the

gate structure; formng a protective layer on all exposed surfaces of the

35 substrat %0 @BHHNg an array gate structure in cont adRCINGROROMéle menory

cell and exposing a portion of the bitline diffusion region by renoving

portions of the protective layer, the mtride barrier |ayer, 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 t he met abolyay®Eicomndydhentditdk etbstiratet aepeatdvdlapetteraing sidnatdchimgeous| y
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ayer on Si g secon
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| ayer from thelsyippaht hielinenrigfivaivd regiomg| frarieoarshy reaioni rgd onlthei de | ayers

on an exposgskoR@ ol ¥ 1 0don t13@erS M4l GiQg Thandndbaipaar egi ons in the support

regi on, on the second polysilicon | ayer overlaying the bitline diffusion

regions in the r d_on the secgnd hol R lLayer defining
t he | andi ng ada:"r "ﬁ'yatlﬁlo °am S0 d‘:Othe oY h%{l r%ge%/gk f %Qg?nsa " r}d

formthg a nﬁ%?f“dlﬂpﬁ?ﬁ”aﬁfa%‘at?ﬁﬁﬁoar £t et ?oﬁ*’gs%ﬁte ”écg’l"r‘ile@onduct or
substrate i|PrEVidiag a PERSFY ditRFt e rheFHISy TS BFEE 8P aRd h URITarPEY r egi on and
a support resgpasatedsgpar dtddtioy ragions ohateiohe @giaonsegiietwilydashe arr ay
 region inclpdesiiay 43 fmahid yanadn sheasThanckaRdDm atek®s inetmerqubsedats, enbedded
in the subsifRts aqjdbeiChfhaid] AaR! « d¥NARIG¥ 3B0QMRCERSSLBERPIHREEl | S are
connggt ed tgthﬁé%éu%hg&le? tcﬂmgwa Dot LANGhs G faiy%glsz,@d 20l Qmsopvmeigb are

capped with osSitl arrie a_ et a | ayer,
and a di el et d&%f’s“m 2 ?a & oKFd theElagl gger'ate rc{e yecthc poftions of

the barri erl"‘lyﬁyé%“m tt ® S‘%F%ﬁ PR a‘iféi‘msa‘?fdttﬁ%arafeél %aé’ffl E*tappi ng | ayer
from the subrdveidieon davekorpt &he dFPesFriacerrdns dexayrigom FepaFsratraig &° | ayer of
nitride ont®rrtre 2Gazusst satwetend dertbvipag t4ver mttyictee| @yerrb¢rom t he
non-aaray ragsonseand rendrgng ope oxtirte Layertrpmn thhgosapportesiagiapd; formng a
support sacttef tdp atide el éle id Ay ByppbAr Bigheh ;S EEROGt a istfloan ssqriEairBYI NG t he
sacrifici al odiay Qhy@deorhgNigghrd SRR rgdl8o Otk dactdyakl 1deposiding a
first | ayerfo%u@)ﬁ ys%bgareogatggmetﬂa;ezs uRgtdiate and-ftohingethe first
p(ﬂ ySIl IC()n gsilcon 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 structuré,

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 énother 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 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 structid BT 7200
wherein the spacer is renoved in array regions for formng a bitline

cont act ; R§S|t| a second polysilicon | ayer and applﬁ g to
pattern and"PIPME1 anding pad in the array and gate cohl F%V?lfor the 30
support transistors; siliciding the |landing pad,. the support gate
structure, the support gate conductors and the second polysilicon |ayer
overlying the bitline diffusion regions in the array region. |In another
enbodi nent of the process, a nethod of formng a menory 35 array and
support trarei stcoifdcinl exidetrronthdcfogning (hgtteaexdd¢ deyardeisposibingi a1 a trench
capaci t or igutlerditd €Rc&IdbEyRAE JodMiNGon igaihe axpate regiyeto, thepol ysilicon
layer, and tQI&L@ecag,ﬂeg aglan@;uqué @xg&aﬂemmtn@okhetgaes @04k, Rak tiar fleng an
array gate f%m&%& B2 ool DALY S, 1600, to'm%tﬁ@ 1LDg:; cap

| ayer; dep05| e sub yi.hg a
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gat e ‘st ack, ¥ terning t sec%nd gol silicon
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regi on wherg@reiont @€ alhei g3l ediCOdNEGKer $n e Bety @obhfmoumiatieylcdebosi ting a
third | ayeri@frcoRkysilicon onto the substrate and planarizing the third
polysilicon layer 10 over the gate stack in the support region; patterning

e ot LY REEERD oY Hrhe GS{D® ' nli0RL 1l gLgapneg, and [ the

support region er r rrul t aneousl y
forming i MRS CtrRefRihe &ﬁﬁluﬂﬁﬁl h “atlh‘é"réﬁ‘tngtmf‘ asélﬁpc’ (fanss’ll i°Ci di'ng the
exposed poPt FERYBIORPRETTON FETI TTCOR° 1Ty "ItAt tlﬁ’éerar‘ihéfel’“ec@’l’%‘ﬁt%rnd t he
| ocal® 15 i rierkaeorATeEisingAcE GHERCOHE) TeH R PTRYEHEP S IHEcTtrutEs i fREMT i on al so
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seni conductQp:20e 18 Vd; 6L cELIEPEASi d30iaydr, SAlRREN1t cdn@it 61 afid Aol gdilfron gat e
structure, 1%9&;0& array region comprising a plurality of embedded DRAM cells, a
' 25 bitline diffusion region electrically connecting adjacent DRAM cells, an

érray gate stack structure, a polysilicoh layer, wherein the polysilicon

layer includes a silicide surface; an isolation reg:Lon, wherein the

isolation region electrically separates the support region from the array
o region; and an intercomnect structure dlsposed on the isolation region
30 'comprising a polysilicon layer and a gilicide 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



and drain regions adjacent to the gate structure, and a silicide lTaEGdCT
di sposed on the source and drain regions, wherein the gate structur 2006.
conprises a dielectric capping layer, a nmetal conductor and a polysilicon

| ayer; an arr.a$/ region conprising a plurality of enbedded DRAM cells, a 25
bitline difM&PI4¥egion electrically connecting adj acetft/P el 1s, an
array gate stack structure, a polysilicon |ayer, wherein the polysilicon

| ayer 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 isolation region 30
conpri si ng dopekywmi kipeior af dihe Ageond e jsETuE e a PPl OB T EBHOT he

pol ysi | i con rkaipRrsephtat AgotHeedct breh ectidhimat fron ke Prasdng wordlpreovindes a

sem conduct Qry HaviChaa bdiglideidBo1gsuadn Wankdf HNGlicne suracs t viteremsi st or and

an embedded  DRAM, 12, 304 Y AT Gfich Al Ieisle L Ahrl AR . eikhosIM Conduct or
deVlCe conpri si ng. n actlvg?ﬁprd<ﬁggmgonpr|3|ng a first gate structure

formed on a98tHPEFEr e E erern Cfnhe';agfhlmr'st gate structure conprises
a netal conductor |layer, a dielectric capping |ayer and a spacer |ayer
formed on a port ioanotbér tibedfmentst thpaiwestipyErardes a spATEPHGEKOFIEFhe spaced
apart from the wdbhgas tahae wrRe et 108, suppert passdiBgrworkcin a®ed@dIRPi Ng a second
gate struct H{»E.ar_ ebESel fo LA SRAQADD afa &ns dekildbohtiRt OB bE @Empai sTRE Al

a_ di

conduct or, el ect.ric i A0{aTele) kA0 O%Ede diayee and a
spacdt |ayef” ﬁrwegiﬁlbé?'gpé‘%hgl%&%%%% %?:%’ 3%91%%?6%9%;1%% a;oa[rgépl on a
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portion of ChEFSERHE Fatte St Fict ure s i I ne usyon ° regian.

separati ng BhEe SeakVETIRIE PYRELPEBh PR el Pl Sel g2 tio? dittifade BAT™4 *F%hdi ng pad

conprising perersivhecsn thaviehy strustirecioderises f A0k GMERECh 12YHe*%hdi ng pad
i s in contaaiemskthctdapgpihy Nayergatdevistreinctner eili¢ide robdhigon Jaymt & $truct ure

and the bitLingcdihinishon: theg @ftrudibn aBgiochend erbadenentic dapeininvent i on

provides a s .r(,-: OJ]g&nb%BQ:r 88N CEnpri NGL Wdhd1gsid i chd afat WRE Kidded, | DBousHPpOT t

transistor an agragn reqi%rex a._dDa%érll\é to Hht %XtJ E&qc&ge,aagpafgi&§éiagqgﬁér | ayer, t he
seni conduct &F° deVice "¢ rrsing. 10 an array region C%’EREJ&%@S a plurality

of enbedded HIRRRFLEE IF8S 98 LFTPTHES 287 1 PUSTOn . regi on. ef ecirical |y connecting
adj acent DRAMIEEFICEnegh SEPFEYFS YT Eoatk * Y FiCE (FE 8y & Ay hy each DRAM
cel 120 and asspHoFEirEEiopoFYSiths ABHY TegiRsr | w\'&ﬂé?‘éit_’ﬁe'tlﬁ"élab’é’f‘ere\éf"rnuct ure
conpri ses aimgduaé acondeide prlisddfern dakra diel ectric capping | ayer and
wherein the silicide polysilicon layer is in 15 contact with the bitline
di ffusi on regi onyaBetaldasHi, edneGlrbdss CAP pitRgEtuteayighinages Ul Oedd fgh ON
conprising g, RQLYShlda¢ARad8h Qapdl Hit Blbesr BeROUI CE
25
The specific embodiments _refe.rred' to as well as possible variations
_énd the various features and advantages of the invention will become
. better understood when considered in connection with the accompanying
. ’ dréwings 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.



and a drain region adjacent to the gate structure, and a silicide I@yg@m
di sposed on the gate structure and the source and drain regions; an

i nt erconnect structure overlaying .an isolation region, separating the 20
support regi &fr)qrgthe array region, wherein the isolation region include
a silicide %‘8{"{9 Y¥con 1 ayer. Advantageously, the proce¥I/GHHOBSY uct ure
elimnates the need for a MO first metgal lization | ayer for sub-8F2cells.

25 The specific enbodinments referred to as well as possible variations and
the various features and advantages of the invention will beconme better
under st ood when considered in connection with the acconpanying draw ngs
and detailed description that follows. 30 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figures 1-5 showigehen®iib Ghés eaena6 tdredtakecti@as viiddsusiiinairatigg f abri cati on

of a DRAM apnay R0, SERPONSEQNSd e sl BnBGEOTEARCE Whdahe AR tn35n
enbodi nent o t%e resent_invention igures GA and 6B show schematic top

down and cr%"éb§§¥'ée(‘3?i°on%e Feeths M it rating fabrication of a DRAM 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
Vi ews depi sdramggpapdsarabrngy @a erdgeiree ensepdysrcent wor dl i nes. 18 OCT 2M WO

03/ 005447 PCT/ GB02/ 02961 8 Figures 8-10 show schematic cross-secti onal

views illustrati fabricatio M AaLray.apd.suppaklssganstructed in
accordance with 121% PrERB oAl NNt nO?Jt st S h e i 5 Dlr—f'gf'AI LED

_ e present inventign
DESCH PTI O\ PREFERRED ERBEHITERTS T é"f’%‘%@%"éﬁ?ﬂ PRt POACs “directed to a
process f or SemApRNCEEor RYPE 290 VBP FFREFS o b SATREEPIRAM M PR ERE" dual .
wor kf unct i omveutgpor dvevigeeslp rel ringtes| wOERIUE PoPCes1ips st ersereIFheptDcess, in
. accor dance ydnirbntiBfa1prasentionl NKaRtiONzatady anteageowshanlevsed fiat es nunerous
processi ng alaP%y b&natieVRitithe £AMNMENILONSAtaRAECAl | s AR aldd Zat | On
layer, is CO&Q%R&H%. U8 hAL of QLM 9a,R01 Nf e BEidohB-R06L T 1062
I nter connectns. rco Ie?ctgea:[ngl 1LP gsr alesbg't% giQ%Q&ytﬁe@tb%rgq.gixllaeirgstﬁehe MO | ayer.
In the presghf %E’Bcess, the Tocal® “Tnt eF connect s and ltgl tI"ines_are both
silicided, Tf8reBy=hs YhiHat itAYeT evell as numerous process steps typically

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

30. .1ayer) is no longer required.

Figures 1-5 are schematic, cross—sectioﬁal diagrams used to depict
" steps in an embodiment for fabricating a vertical embedded DRAM and logic
sﬁpport on the same substrate.
35
Turning now to Figures 1, the 1llustrated integrated ciréuit,
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 regiom 208.

Although the drawings depict the isolation region as a shallow trench



need for the MO netal layer as well as numerous process steps typi C1ab|0)(: 2006
required to formthe netal |ayer. Mreover, the silicidation of the T
bitlines (especially advantageous for sub SF' cells) relaxes the pitch 20
requi renent_needed to formthe first nmetal |ayer since the M) netal |ayer
general Iy h¥® %HB*i ghtest pitch requirenents and presdffSHHE Yr eat est
phot ol i t hographi c chal | enges. The use qf relaxed pitches for the netal

| ayers advant ageously mnimzes the well known difficulties associated

wi th conventional |ithographic patterning of dense (menory type) and 25
isolated (logic type) features wthin the same |ayer. As a result,
proximty efspeatien d&FL) neporet: hehfr HYRIAOD A s Pk SR8t THER 4 BEdRe

Consequent | Mmited| ticasrie rayiofso Npdul Cai e dejpbrduet or prubxtivat ¢sy insdudee dduk on
schemes, aldarfsatiiRgeahgsesishifde, FRAKEJs1186dNbAIAS attds t(BEr) | dddettieS
reduced significantly since formation of the first netal | ayer (i.e., MO
30. layer) 1s no longer required. Figures 1-5 are schematic,
cross-sectional di agranms used to depi ct steps i_n an enbodi ment for
fabricating a véf tﬁsc“&Fe‘bﬁB%ﬁH’é?ddmﬂM ard i Sgficc o uPBott SBWh EREP sHite
substrate. 38 Péarim P slowctuwe Fi upesetice, tdegending e tae didsignt &bg at ed
circuit, Gpneeed hyy desugnatedoasmdmef e penegpatberio)0, stiglaad sui t abl e
substrat e f&ecesgir@cmo% Ng dHa€aRr £%EfbricaVSnveotlcal MosredtRgaledngi r CUi t

| nclydes a uﬂmngg %Lhesgeh%g@%e %@99 B¢ 1a08InGnd bk Gl ilve 261 QRa 206 ON a

40 sem conduyct or menor 204 and
the |ogic % ?cﬁhatslEE rencgziﬁ% 5 glananz?tlan {:%nxlsgaﬁdgyd n cfg%lé?on 208.

Al t hough t r’féCWa\ﬁs tfg" ‘&prﬁ“a‘tlﬁ% ﬁfsﬁFaﬁtP’Efﬁe rcé‘é?%ﬁ"rési’hd%el‘iaﬁrleﬁw french 18

- CCT 2006 \fer@3tbos5a447pr PEMCBO2f 02981219, foswHrgtd-owy STl y™ta§fon, the

i nventi on ifsrmioy #noidplartofrst birdtheadi fifeiing reioni 21 dior Po8Fctinggi ons. Suit abl e
Seml(BOndUCtaQﬁa&HbS'EftaEﬂS DM | udegvilithe arigim0t pddi sfirh@dré, 0andShnowSisCe,
Si/Site, sid  GRReANGADUM: @ 053 (S01) sARdodnb@ ot ilkRrs B2b! e mebed that the

dravi ngs i I),0str rgﬁ gh%a& Xa}%lezé%f lsegggargtgslfqgm 3941“@39 R0&e) NLRG structure.
In practlcg dg eS|IgCn che bstrate n@l}gg | ude nuner ous

nenory and® ct‘m r'e J|“°(1)’nzs30 %Y[an dard Ppro ’ude ]ﬁegf kno %ane rt for
fabricati ng‘)i f?”cé‘fglm)@ll:ﬁ'i"sﬂﬁﬂ?él N tti‘arléubfbr StpSt Pate e?(ﬁj O‘WB li ed
t hr #9gh t h&estiept SRAMIETLA| 378 S&ﬁ"%“:c'fq ﬁléecézfléélléfn‘éfnn%i:ltt%ﬁe bs‘ﬁ%%r“r’- ¥Ench
i sol ati on fayrgrirAMtdebls. sivesie Bioarrdar drFpoedgiefgre @ collar region

222 and a. buried strap 224.

The present invention is not limited to the exact memory'structufe

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 oh.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 othex
sub-8F* cells or for an 8F® vertical pass gate DRAM cell as will be

discussed in further detail below.

35 3 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.



techni ques include formation of the storage capacitors in deep trenches,
depositing a top oxide layer (TTO 210, formng array well inplants, 1g UCTZMB
forming an inplant for bitline diffusion region 214 for connecting 15

adj acent vertical DRAMs, renoving the original pad structure, and grow ng
a vertical YAP¥%5% de |ayer and a gate conductor |ayer ECDEBI2OINE array

gate polysilicon |layer 220 is separated from an underlying deep trench

pol ysilicon region 230 by a trench top oxide |ayer 226. The bitline

di ffusion region 214 is forned in the substrate 202 between adjacent 20
vertical DRAM cells and serves to electrically connect the bitline contact
of the DRAM cel I'Be ghagwrorkfunet igpur enplantAlngy be petfiiodesd &ty hiz ciokliartheegi on 222
and a. buri edpsdrt agd12:24i cohh@ify @& ht 1bofl bt QRtHoSrapRic bid¥eéLdst 0 t he exact

Menory struelbdl@ng 2 tﬁbqa\&@umatrf@siéeg%@&ltrl;hechpwsc@J. ltﬁe @@aﬁo@l so include
a buried exterior geggg&ne-e ect.rod e al out t@ tgee

counter-el ECYTOde ¥ h&F Fe et anne}ﬁ B Pce& d| eI &Ctric fornmed
on. the coGht®r! efNEET FO'dES -Delpthet ‘?"”éﬁd’ﬁ il >91§Y‘1°F%oﬁej1€§t_lf"6rned on the node
di el ect ri c imgysrertinepbropret AeRerless Whiptdfeiahty mefortnd dratliiec el enents shown,
but havi ngpdifdiet@nt2230cenef ngusat reghshs AlwvBerahs On 0EFt dapled ecklhariee n. Fi gure
1 shows t hemstahtalibh @ Rberdc RAT fHoEHoBFus Silbhs 8F DreRkdniybitbidyBe, tHavention may

be nodified,{.0k Ot B&Ies élutge%c%l&e{:io%e&& O?fpgqumﬁfz e th Gk %%S ngg}( el ERAM

cell,as will., be discuss al W, 35
used’to sefective 103 iéh C?h LI"T’(S% atger s’ﬁl%o rthoset% por% reg| on 206 and
pol ysi | | cohmli'?ft"’ftém’t HEWFH%ﬁb%"ic’f‘égdmatyh%IF&tﬁ 'e&f t8F doriRg té‘ﬁpﬁ%’fsti 1Pl ant s and
support gaBe-Exiti&bs SR rpher gatlecwkiade: Kanfey dpSinitiop mEdtisyPHEEcogni zed
~ procedur eslegid garesttgugtunss, rtgkaiRan cegicunermbt24€ byThelayet wsi | i con | ayer 221

I S subsequenitoyettchegkstigial phatdrasist f4redn prideessddy addhagype egi @an@4. The
t hi gkness of deh6veliOn tR*bilRnt AUSN pPabia AR ng RO EShdelnnp 2 k1848 APpy oxi matel y
the same. 18,0CT 2006 skmegsznogé%z Ps;TJa Zﬁeqaﬁfs;m@gl S alauee
wor kf unct i OI’] I ggl gnt 3 m actlv te B{ rr![E o 1omI5Teor ar].ternati P}pport

phot Ol i e'ho raphrc

pon5|I|con usi ng convent i ona %f process Dependi ng on
t he parti cEFafTUEST Y ScFH chfi f’?ﬂfm’leﬁém@’éﬂﬁegé‘b eﬁ”%“ﬁé’rgﬁﬁﬁ}gt - F¥gi on can be -

defi ned as*¥i*FF&r?L*P"¢hannel (PFET device) or as an N .5 channel (NFET
devtte). In the case of PFET devices, selective inplantation of boron
dopant ions is pueferdblystperet ohpedmemy sthetupokftsy Vacions 2@8ergfhatrdie support
regi ons, wheneasmed ilNkhd slppre emg aseldyesdgione. TRpbapbad baysficar seni ¢ or
phosphor ouszi @0Sepsrabdce tRfmatieYurRBRl 035 sabB&y 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
.\i 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



energi es, doses and sel ective processing required for each channel fype_ 10
are conventional and well within the skill of those in the art. Thel g@ET 2006
i npl antation of NFET supports may al so be used for doping the polysilicon
gates in the DRAM region. In contrast, during definition of the PFET |ogic
gate struct JY@E ML " DRAM region is protected by a | ayePCH$BO2BHE or esi st .
Resi dual photoresist after processing egch type of channel 15 is renoved

wi th conventional plasma ashing and subsequent wet cleans as is known to
those skilled in the art. A rapid thermal anneal (RTA) procedure can then
be used to activate all of the doped regions or alternatively, the RTA
procedur e c&helsetyierreesiat 28tr Fifg JUbsEatidntorprstiessien§reof) Ph&Llicht egr at ed
circuit. 20nRmde or XEPS [wirgt p ahés leyre ofe gbiiyons tytgideufE N afoneop vapt ous | ayers
have been tadiEd | thet RoSUPPALd1cad cAak @Y 2540 Sn ihB& aSiHaP&it oedl ysi | i con
221 is sepatpl gg- i QMG URder X ENALEHT fRCE PctNenARE Q1 OXL dG 4 ayer 240.
pbargier |ayer, 290 Jis, denoshied onto,hhg of LAy and SUAROLL.SUrfaces using
25 conventi onal ~deposrtion proEes_se_s such as chem'ca vapd)rp deposi tion
(CVD), pl a8WEaesEPe dBIFOEHIE PR highoumerty HEd| 9t 9 BYFafErdhl §*° t he.
barrier |agare $tmckoingde fspenern ragtcal 2d6canei natfefeed afrgbein irofloungst # i des
suitable fadd wse in the present invention include, but are not limted to
titanium nitride, tantalumnitride, tungsten nitride and the like. O her

ITH'[ e{d al S 30 Su'état}le?tifmgrof%té%i&ba&fxé gi‘raly%géﬁnﬂ,l Jheb&aép@ﬂcﬁﬂgsst 0 those
skilled in irtl I‘lclz(c?thaI;:}l:ue. Iaprawa% s%f otrblrse 9(': Scalrgsaurled 'Trégl thl (ikl"l_&}SST PI the
barrier |ayer na Varyyan I g‘,’ not" Gritical 'to. the presen i nventi on.
Opt i onal | y, S'PPPH; )r(°91§i‘~13f:?,soﬁrel Syrer mrale pe aplietBrea° (BF 9BEHBEIEEEYt 0 hel p
W th adhesi #Af Bfing [renvepgiopile Procgseas - t dtiheés Peitodrtre stdgyer ZEBR5iAR t he
array. 35 Ataretal2zs¢endyctworon gheesid@B@lls prfefrer gbe yprackeufgdicest BY | i ci de
(Wi /| tadpgsitedn EWa LiayiedieldcBriteXbyeteposint€dhdlbidskzdtag ere@etiblt he
conventi onalpe EROSKEL 9L, RPrQCES3E6S: Haschd bed abovess Thevs®t al neonduct or
layer 252 ig§, ggrtt Q0L RS Mo dbi ne. SLAGKE b NG ALLAY LM, |

T

shoul d be ngte that the proce Is. not, limted to this particular
wor dl i ne stzr%?c furgo.s lsl'ﬁeémfhtlegkoﬁg%:tigfsuf’%éatce()nductOr may vary dependi ng on

the deposition process. The metal conductor 252 is capped with a thick
| ayet® of 18 OCT F20156° “VD'O3FESA4F PP ERyy U288t 7 o e fii'e Wat eri al
254, such dgetrerpaeetfy Fepetostackealiee (TEOSP e piccRAtteret rrde or TECS
Wi th a thiretchgfer Tk ssphdre gregivios rard errpGichhd bn okigle Yamext 260. A resist
mask is then applied and exposed in the array and in regions where a local
interconnect 306 is to be formed. The top oxide layer 210 is removed in
25 the array region selective to the top of the dielectric layer 254. The
oxide and dielectric layers 260 and 258 respectively, are also removed in
regions where the local intercomnect 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 iayer 258 1s 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 staéks 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



shown) . The deposited dielectric |ayer 254 forns an insulating cap gggj'
the wordline conductors. Preferably, the dielectric material 254 is CT 2006
TECS |l ayer with a thin [ayer of about 10-30 nmof SiN on its upper

surface. Then, usi A conventional |ithography and etchin rocesses, the
gate stacks WO 03740 gupport regi on 206 are patterned as 5‘%% UPHOIF gures 3
and 4. 10 At the tinme of patterning the_array wordlines, the stack

thickness 1in both the array and supportlzregi ons are approxi mately

coplanar. The support logic gates are first patterned and etched to the
gate oxide layer 240 using conventional processes. At this point, gate

si dewal | oxitFgbeblo dhaydelecPB6 larer gr gt iorertdmes gemal, | mdofomplaeegat €

stacks, fol|owetkdbyrohStidepsirt i:egicab. art Ri mraiak aGtdh G bayer ;258,0nt 0 the
substrate Pd‘t@fo.@ﬂeabée\iectltr@@o Qingls@;stt{*ét% léyqeec&eﬁ Sa!nl an nytri e at a

1on 1
t hi ckness of u rt 8 ten5|on i B57°%r e perfor med
and an |nsuI:L ?QP bych aé{t&of 0is % 58 déepo%‘iaf‘ér(f %jr?riit%fcil‘?ﬁle §E‘b‘5§traltoe 20

ay
Fi gures 4-5% f{}gfl?]af%acfffef?@rﬁﬁ‘r (Peafiifies P pidetbiEEigr oW lagaler defining the
menory and SOPPEPERESEt acklee nitktdeatiBals Weandétiches ahe deet hernéd+and et ched.
The support imptAngnsisarage preoteetiiedhiy moxiide thayeirs26Q. nrbrd ee%b&itivermsk is

then appl i edhanthtexiesadn-ifpet dtPardtf Ed¥hs 31305dnbr 1680 120N S, WHALE: 8¢ lLcal
i nter connectiodb ihtertQnbasf orned. The top oxide |ayer 210 is rem)ved in 25
the ggray region selective to the top of the dielectric |ayer 254. The

oxi de and di el ecLs |i ayers 260 and 258 respectively, are also renoved in
regi ons where the 1631 *99h e 08 riff& i3 38 1d FosBEAFH ofidde Eeasegxanpl e,
por tions of PPHEILSI" P deSRegifdraldy 0 tha sikivodmnrégionsi aper E0r8dd e ehe enpved
~over the bi BFiave ®iitlingstidfrsieygieamien 2tk intetdvenaits ayd negisaspor04. | n 30
addi tion, theudeslrett rédioh ayR ka2 A8Hesmas edR6dl MRl-Yauk£BPUBE 11,0 eXpese t he
(n') 15 nter cearmet theGh OIt$daBegSHRWN Filaurgiglj!iﬁsélratg bicpn, sy i de spacers
270 are thepefRtnRd,Qn ghbeslﬁélqm%glgn Sod Nere %%be Lagks,Ln the array

i

region. A segQigd J.ayet, N+ ot licon $oContor mal | y deposited
over the substrafe %/mé %'Iatailnarl gtgl c Vel™ EboVe I hEegiPRe85 st ack.

Pol i shi ng dxb dﬁ%bnd ’r’iai‘“es flf‘Fen‘EﬁS‘p Pol'Y 8eYal darerstmf ace and is
acconpl i shet E%JH\?ent lﬁ‘l‘féls éﬁéﬁf%‘é’r"“ﬁ%’é’hﬁ’r‘?f"’d’&l 2 goffiestir rigterreehrt ques
knowf’ t o th?)ssém%]i@l P¢ &tpertedt frem digurept arsdiernshe dsfifetenhstbotonssi | i cate gl ass
(BSG) phospirscéhis - sifigurateshosd sgliagded RBG ionarseni € 1sdibed atterghass ( ASG or
the |i ke nesepeher bemappliuwediormnd t he second | ayer of polysilicon 300 is
patterned with a photoresist mask and sel ectively etched to the STI oxide

260 in the arragcasttestddslivg Ind OGF: 2006, ¥0,Q3L 008447 LCII GBO2/ 02961
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
dowp 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 (BAA®) 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. Optionally, the polysilicon layer 300 may



12 etched to the dielectric layer in the interconnect region, and
conpletely renoved fromthe support regions. If a hardmask is utili ??dﬁﬂifﬁﬂﬁ
is then stripped selective to the substrate. If needed, an additiona

oxide layer, such as TECS, is then deposited and spacers 360 etched. These
5 additi onal"OPAEE’s form on the sides of the bitline abfl/¢RIzE61
interconnect. The nitride 258 is then etched. The deep n+ and p+ inplants
357 are performed whil e masking the PFETs and NFETs respectively. The
outdi ffused n-type dopant forms n+ junctions 267 in regions of the |ocal
interconnects. 10 Silicide regions 309 are then forned on surfaces of the
exposed poksmitd e MPIPEnSpetdpf japdlsilseqtehe erdragh de dleysesdsinate f or mred on
the array pidvlidouacentiofiinést ONTHeEGpOIYsiliben LaddRAS padreadeStian il fted&uppor t
source/ drai p,d ePPrcafty BRindcdeRGR AL 20ARGherR RESAU AP et Gyl hdefisi S USEd
15 to forn]gge S%Li%bq%c eQIﬂPEﬁsE&Q%&?&é'éJ&%& H?%%%ntHQm ESU|%IQQ
structure w ﬁ“'fehe si'I'Ci'ded regions 87 t'Shoul d "be hoted that -selective
si | i c?dati offoP%H% pol ysilicon | ayer 300 and the support source/drain
regions elimnates the need for an MO netal |ayer for sub-8F2cells ..
Figure 5 is intentioaedd ynehinaht)ga athibf engnt 250ntergdntect2s2@nds woul d be
expect ed frommEiQuE Qagle:t 0253N0QW debsibéd EJoCiHe SrhttGldlaShofdOSSFuee Figure 5
shows silicideg |.UNALLAYS12RA 8, Sidel &6 ] N ECORRNGErB0RALAL € Trom the
junctjons. SLandatd BEAgssslng Lhen,contd ougs, ! o Lofm the YaLioys w ring 25
| evels, viaS 3ng 1At &r | evel Ui eleectiie layers For exanpl &, An i nterl evel

di el ectric Papertemfy BE Hepesie &8° oR° tlﬁéersﬁ”uc?u?%f“ﬁégg’éﬁdﬁéﬁye:fnamet ched
to form viaks brent fepobitied- | A Tk 1F nsed tevseletiwile el hq sifdron pifradfot her

- enbodi nment , 1gyeefer dlpl sheusmdafray pbitgdofsabee eqthomaiyk. SF® TBOlarer t2iecal DRAM
cells, the S Mapaagere? 7 ths nselaetli peet ionetatll @dsipportegiceirsciathasee t he
bitline confget (st kRoRE FBARAN} BEWABNDEFing RAVRE bR cEAEstbp idown Vi ew of

Figure 6A a a)f%éi%ﬁp%ﬁ'_'a@g bQ2Pea &ﬁ%éhgi‘ﬂ!coa/h?é%ééﬁﬁ?mrialal._ Frhgure GB. In
this process he,sgggter 2 Ls not etg¢ d ctive array

. X ; o) 5 LD the Sane . .
regi ons (AN PREWEER VRG] SE&Mt “Wordl Ras a?Vf) where f?ﬁ"é 35 Ditlines are not
cont act ed. SPREHEITHhEH P dGYTnds SHORPThEdr Btyi BREWhE 8 *t9e’8FN*&bacer 270
i s etched. Fhfe a0 THE BiTtie et £fusi on 214 to be exposed only in the
hat c¥fed region. It is inportant to note that the wordline is isolated from
t he substrate by tdyer tedpinoxirgdéc 2di@sHinidon 302 ghghérededoyitefienty thd ne di ffusion
regi on 214.subb-abepasishettopdl yithl ihe Gpgldt | Ay e lcomflbrdrSnakhe noghadraeryned as a
| andi ng pad;, hesubddnghy Pe LA& 83 UBLEWaGt of the process. The polysilicon
layer 302 is then etched to the gate oxide 303 in the support regions 206
25 and completely cleared selective to Ehe gate cap 254 and silicon nitride
_ layer 301 in the array region. The support extension and halo implants
i } 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
intercomnect 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 interconmnect 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



shown in Figures 7A and 7B. The | andi ng pads are patterned as shown |cg1 T
Figure 7 by the hatched region. Optionally, the polysilicon | ayer 38 R%LATE
8 OCT 2006 WO 03/005447 PCT/ GB02/02961 13 require a CWP pl anari zation and
subsequent %rg/gﬁz as discussed in the previous enbodi nent. se

pol ysi | i con " PARAIRY pads are then silicided and el ect riC4H0Y0 2c‘fﬂnnect ed

with a subsequent netal wiring level b ,eans of a netal contact. in this
enbodi ment, the netal wiring level serves as 5 the bitline. in another
enbodi ment, a barrier layer 250, a conductor 252 and a dielectric |ayer

254 are deposited onto the structure as shown in Figure 1. As previously
descri bed, rdigsidiiedredtith@ bimperesPB4nisy) preéftée ddkiings 36 dombi nati on of TEGCS
and a thin imyeionedctsiark clanineé! r ode. cnEhBcats ayriglde ani Sapabiarfwd and

etched to thged IQY |b@y&505211:9d ah¥ §balc'ep§9661'e€5hlege &mgftrmlm e ERB-e

deposi t ed. ti ve etch the sil t | ayer
301 in the %3?1 arr fich? I onsg'%ogtq1 ;\)/\afméplantfshaml'% a éer[uf%o is then
renmoved in tig ‘3‘?8?18 g‘?""r g5 pBPer % aT‘P(T %at&ﬁ?ﬁf}?13°?sactrh|ef‘}+c’r‘ﬁFr°6%‘iedé 15 | ayer
(not shown)&dsthehgsr Relly] JAtdinswire Bigristdldihese Preower'stesepstuehis array

regi ons 204showr énpigirecited Ty debe ofithe @opcess t foll tevs | @yemt 3041 pidress suppor t

i mpl ants (wekps aand fhoasbel gy adjddsdriirteipesd eryred, the sacrificial oxide
l'ayer is stripped and the support gate oxide |layer 303 is grovvn as shown
in Fgures 8 an a i.c holysilicon i s,then

depoi5| ted onto g%d%rdmﬁbo Lhy?ore%%fn%aﬁer%’e tvﬁe? vt Re Enﬁen If 9ate conduct or
mask, Optid Arat935t tha SRAY %8sk may be used for th| s part of the process.
The ponS|I|con Iayer 302 is then etched to the gate oxide 303 in the
support redi-ofepade AShamebhy orghigkrdnys chedhedrs®l ewtipv ediantohe@isgat e cap 254
and sili corremiitEiigea mbayy esbusd bhotdlidhegapiaprdcegd @ihdod heTmppRIeeXt ensi on
and 3al 0 i npl @Rt St AN PEFdOLIFECheadilr @I cuddl O UnkORRLredi GeWal | oxi dation. The

PFET i npl a%&&oﬁﬁ%ogg h&eEzItQEHEQg Etm%&oz@nfegl?&x'egna@lh 1§lgl\é SDACAr lAYQL 1S
formed (not, sh e  edo Rarri e%': nitride Ia er 258 then _deposited onto.

t he substrate as hown | b‘gure . Toe ntlfy TRt liner |ayer 260

is then deﬁﬁ%‘i"‘f‘é’d’goﬁ‘t‘*oﬂt‘-’ﬂ’eﬁc?ﬁ tdi‘fafféenénﬁtfﬂé Fe e Htst A& S5 %7°8hd in the
regi ons whéPe 'PHE FHEE interconnect is to be formed. The TECS liner is
remed by using a photoresist mask and conventional wet etching
processes. 2THeronvelfd oS INfirshyeral] tavemmpoednly refepredi trgag hee Mayerert o Rl E and
et chi ng t hes b0 2fQired £35 sub@rareiay sahddhtiee RitEiseal actloceli to the silicon 202
under | yi ng ihtRc@tnbadt 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.



region and the interconnect region. The resist used for the mask iz t hen
sel ectively stripped fromthe substrate surface. The etching of th Bn9GTr 7086
| ayers 301 and 258 forns the spacer 270 40 in the array regions. A |ayer
of n+ doped S|I|con 300 is conformally deposited and pl anari zed over
the gate st‘ﬁgﬂl” 9447 opt i onal BSG hardmask (used for pl &REEBR4RI6HN reasons)
is used to pattern the n+ doped OCThoi WO 03/005447 PCT/ GB02/ 02961 14 '
polysilicon (with a photoresist mask) &hd the bitlines and | ocal

i nterconnects are defined. Once the SSGis stripped, an additional TECS
|'ayer may be deposited and spacers 360 etched. The nitride in the support
gate regions is then etched, the n+ afnsks+ | npl ants are perforned which 5
al so dopes the gate stack 302. The gate stack 302, the n+ interconnect and
the n+ pon b|t| i ne %Fe then silicided. The cog ete ssﬁgt%cétére is shown in
Figure 10. 'The PJEEMSt Of FETHPEHESEEF o8NS E SRUEAT iOHAl " Process steps as
i's recogni f@ﬂi%yd‘tcﬁ@)"sé“%%ﬂtleedlhla Metled Gepprisiny: Accordl ng to the foregoing,
the advantages of the invention include at least the following: jl 1.
Separ at e | it hogpahyinges) wediBRt&ch:@r ndviley at ladyayl Sgii @ asily anp@geous| y
results ing ﬂBrsepapizuétbyp£03mlaélbgqaﬁgny vREREE S Se wrfg;oyxgl&ihmu@gl Iled 15

in the artvm ciate the. difficu ed,J B,
photol it hogr%ﬁﬁl caneft e}anl n% anfi 4 ey mfg' q?ucr%ggsogxﬁ)t (lrleogi' o seupport features

wi thin t he "8eafay ¥~ aifg>¢ ‘ée"ltedgﬁ?q'?ﬁf FIVEREHHETRY “Sefaratel y

pat t3€r ni ng GPWE’—CE?C’QH? feretn Aty H’F‘P‘Tgérbéﬁ%mﬁl‘%%Wsl‘%‘qﬁ?qi@?ﬁam%h 25F ERREnenory
and., | ogi ¢ et ensp Q4@ laYergonventional first nmetal |ayer, commonly
referred to as the MO |l ayer, is not required for sub-8F «cells since

the. bitlines andidy@gRling bMNM@FLONRAGSE Sa Ak RRERakly a tdie1estdik Cagipitnyon Of
polysilicon, Bl imnall Qs Qtethe MO layer renoves the nost difficult fayer
to phot olit hographl cally 25 patter n. The MO | ayer typically includes
feat'dires of the smallest dimensions. 18 OCT 2006 WD 03/ 005447

PCT/ GB02/ 02961 18V mRNELoRT . of AT PREEE ofY Flor B X B 7Y&F r &% and

Support t r &8s 94 ekretrigncagpring layer from 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

layexr;

e 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 applying a mask to pattern
and form a landing pad in the array and gate conductors for the support
transistors;
40 siliciding the landing pad, the support gate structure, the support

gate conductors and the second polysilicon layer overlying the bitline

diffusion reglons in the array region.



. . 18 0CT 2006
sem conductor substrate, the method conprising: 5 providing a nmenory
structure having an array region and a support region separated by an

i sol ation region, wherein the array reglonlkncludes a plurality of dynam c
random access nenory cells enbedded in the "substrate, wherein adjacent
dynam ¢ random access nenory cells are 10 connected to each other through
bitline diffusion regions which are capped wth a top oxide |ayer,;
depositing a barrier |ayer, a netal Iayer -and a dielectric capping | ayer

onto the substrat vin ortl the barrier | ayer,
pol ysi | i con ?ayer?Ple Sth?ﬂgcﬁp e%t Li ﬁrf}heﬁe?o“fprréﬁjr %ép§%§9r%‘ie to

form an arraj‘Gatevelsexids &F@r ate dép@sqptehhfg? idmyerthsf intenliedel omtde tlheer
subst rat e antbx embnvinggedrii@ct Nid witiegl ayenefs.0m t he non-array regi ons and
the top oxide layer in the support regi on; formng a support sacrificial

o oot 3, O THEGBHEPSLL Bhal B AL GBS DS SRl oL L aver

and formng a support gate oXi
pol ysi | i con 6wes ‘t‘ﬁ@rssdaﬁs?r‘aectéaa‘i‘m’l‘Dé%*@HFWatthelaﬁ/ﬂ' sindpel Jisph | ciomidayeyet o
the support gate oxide to forma 30 support gate structure; formng

spacers on tshe 5|’ld1%V\ﬁédh%dOeiccto|B§1rﬁf 'f:@-yC1Q§-ﬁel Suﬁ%&HrﬁxeaP&la\%y&p(}regl&at e

structure, t cer_Ls.re in.array regions for formng a
bitline cont a@%gi%g %eﬁ%@? I ngeréChsecong ol yglci i'con | ayer and applying a

mask to pattern and forma | andi ng pad |n the array and gate conductors
for) the suppoert " Thearghgtiorserdipestd i@rdh g theelmndengigpad; dahe @uppord
gate struct uhermdine Stpport gate conductors and the second pol ysilicon
|.ayer overlying the bitline diffusion regi ons in the array region. 1 8 OCT

2006 16 2. .T od according to da her conprising applying
an interl evelhﬁom & % accrorgh e%laﬁp‘eﬁl ﬁ’Be{ﬁlﬁsea}cﬁ‘ thebent® esdis oxi de

| ayer- for fBFHH9%§ %c?ﬁa |°?féd‘wrﬁgw ehhrinBisied 3stripecurdt A iae cowdpmg t o
Claim1, wherein the dielectric capping

7. A semiconductor device including a dual workfunction support

transistor and an embedded DRaM array free of a MO first metal layer the.

sem1 conductor device compr1s1ng

a support region comprising a gate structure, source and drain

regions adjacent to the gate structure, and a silicide layer dlsposed on
the source and drain regions, where1n the gate structure comprises a
dielectric cappiné layer, a metal conductor and a polysilicon layer;

PR : | '

iﬂ) ' an array reglon comprising a plurallty of embedded DRAM cells, a
bltllne diffusion reglon 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.
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l.ayer '‘comprises a tetraethylorthosilicate |ayer and silicon nitride |ayer

4. The nethodrafeesehi ng to Gaim1l, wherein the "isol gt PAgE G 9Bptember 2003
conprises a shallow trench isolation region. 5. The nmethod according to
Claim1l1, wherein the support gate oxide is thermally growmn. 6. The nethod
according to Claiml, wherein each of the DRAM cells includes a collar
oxide region and a buried strap outdiffusion region. 7. A sem conductor
devi ce including a dual workfunction support transistor and an enbedded
DRAM array free of a MOfirst netal |ayer, the sem conductor device
conprising: a support region conprising a gate structure, source and drain
regi ons adj acent tThet henigatducsbr ublvure acardiiagstn €ildan 2ay erhedezpabedaomy
the source angtdr ekl &gposes WhEdal ki d Bon@RESr SInaUE L@ &QHPI d5R3n& 1aver.
dielectric capping |layer, a nmetal conductor and a polysilicon |ayer; an
array region conprising a plurality of enbedded DRAM cells, a bitline

di ffusi on redion dhectemicardirten iisEets AU AE et CHRAM cefhiegeimthear r ay
gate stack stdietéarrer cppbiySkbéconmpryges a Wagseioni tdieapaiystiiosabicdtayahd
includes a sid hgide sw;flacs nap-iLokalboss g8l Wherein the isolation
region electrically separates the support region fromthe array region;
and an interconnect structure disposed on the isolation region conprising
a polysilicon |ayer and a silicide layer formed on the polysilicon |ayer.
8. The sem conductor device according to Caim7, wherein the isolation
region conprises a shallow trench isolation region. 18 OCT 2006 FI S000267
New Page: 8 Septenmber 2003 17 9. The sem conductor device according to
Claim21, wherein the array gate stack conprises a netallic conductor and
~aldielectric capping layer. 10. The sem conductor device according to

Claim 7, wherein the dielectric capping |ayer conprises a | ayer of
tetraethylorthosilicate and a layer of silicon nitride disposed thereon.




