; e3eyhi vDDEdJFLHGH6! ThIS CO 8 J U L 2002 1 METHOD FOR PROVI DI NG DUAL
WWORKFUNCTI ON DOPI NG AND PROTECTI VE | NSULATI NG CAP BACKGROUND T@
INVENTI ON Field of the Invention The present invention general ;B &29020
a nmethod for providing dual work function doping, and nore particularly
relates to providing an array of gate structures whereby sonme of the gate
structures are P+ doped and other gate ptructures are N+ doped The present
invention is especially advantageous for providing structures that include
bot h DRAMS anMETHOD EORCRROVIDIRED UALI WORKFUNC IR BORINAG t Over the

| ast several years, si NDPROTEQUICRINSULAHNSZCATY ed in increasing the
circuit density in integrated circuit chip technol ogy. The abili tﬁi to

provide significantly increased nunbers of devices and circui tlsmm lmmum”m""“m

integrated circuit chipghe cﬁitlpcl)wg? OF PARANRERRTIORCr eased des

incorporate or integrate a system functions onto a singl e *esis6
integrated circuit chip In particular, an Increasing need exists for
joining both menory circuits and logic circuits together on the

integrated circuit clop 08 . 002 2 In fabricating dyna @M”M
access menory (DRAM circui ts)I‘l’teHe&j‘Fp’I%éﬁ’V’gnhas been on circui F“ lm”"”m
along with reduced cost. On the other hand, when fabricating |ogic *G0002
circuits, the enphasis has been on creating circuits that operate faster.
Accordingly, this desire for dual work function creates additional problens
with respect toThdgesatipkentionygemenallyrrelates tove metstl fof providingaali cat i ng

process. For instance) nenory circuits achieve increased density

requi r ementvaribfinemal dyingOarkehbrepaitROREy eQitAGBoiog dertrgsst datd | i ne
contacts), which are easily inplenented in a process having a single type

(e.g. typi galdureNbhdr¥REIonBandiksthidnitd £8PA dBped £d-dthaparl P-type netal

oxi de sem conductor (PMOSFET) 15 used 1 n creating DRAME Since such permts

a_singl e WOLicyGEhANA IRk e TEORAVGN BheniNivis LBeRR RGN QUEHOUL L he

fabrication process rgnific avings in fabricating
DRAMs, but _at.the expense of creati n inferiar performng PMOSFET. On
the ot her RENYI"E ¥ r%ﬂﬁ%d?@%*ﬁ@ﬂhﬁg@iﬁﬁi lﬁﬂchHRN+ gat ed MOSFETs in
order to achieve the necessary switching speeds P+ and N+ gate conduct or
devices are highly desirable for merged | ogi c and DRAM products.

H gh-performance logic requires the use of both N+ and P+ doped gate
conduct ors Al t hough cur rent IBesgiitoniof ¢ Kelajed $€r f or mance | ogi ¢ processes
provi de dual workfunction gate conductors, they do not use an insulating
gate cap because of density requirenents, and hence the need for diffusion
contacts borderless to gate conductors) which are of secondary inportance
to speed In 13 Over theJasthdverd0PearORAMBcand Bdansd lhatd stgueapinihdredsigs sel f
aligned to the gate conductor is essential

the circuit density in integrated circuit chip technology. The ability to provide
significantly increased numbers of devices and circuits on an integrated circuit chip
has, in turn, created an increased desire to incorporate or integrate additional
system functions onto a single integrated circuit chip In particular, an increasing
need exists for joiming both memory circuits and logic circuits together on the same

mtegrated crrewit chip



for fermng bitline contacts which are borderless to the wordliges.

Borderl ess contacts are needed for achieving the highest densit Brd{dl_y%ggz
cell layouts. However, cost-effective DRAM processes use only a single

pol ysilicon gate conductor. Thus, there is currently no economcally
attractive process for providing both dual workfunction gate doping and the
capability of borderless diffusion contacts SUMARY OF THE | NVENTI ON I n
view of the foregoing and other problens of the conventional techniques, an
obj ect of the ppéabegatingdyesmic sandpr acesspmempoe(DRANM) GBFUstARt i on dopi ng gate
conductors and including a self aligned insulating gate cap It is another
obj ect of enipbagiy ks daeén démaienit idemsity alopg ewthdedwbad toshoOk theetben lmnddopi ng. Thi s
may include providing a sem conductor substrate, a gate insul ator conductor
(conpri si RehehTbricaEdgopielci&iits] .0 Bmphdishuebderiondratihg Circléts kigyer) and an
insul ating cap. The nethod may al so include providing insulating spacers
(such as kthi C ; Cers) i shhdici de | ayer
(W61) and Trat Beh SR Rrihd IS BARET Al PO ShCIRR ot B or
substrate conductor, with a first j . and ot her portions
wth o sl M REPHE e ohlicho s TR RPELNE e HBRET, PP
conductor such that the dopants, of e first ag(cjl second, conducti ve types

Lt
spread oveFOTeht FULJPARNCE.\FRERQNY AlicUts ACNICYSIRGTPASAG PILY FFAULSEI e | ayer and

portions of the insulating cap may be etched to forma partial gate
conduct or egtPisingpieifcligres qontaeisdbardertanebit livagontactsy vapelcae sasilaf t er provi di ng
the insul ati ng spacers and prior to doping, the nmethod may further include
et chi ng t hmplentented $n € proesdhatiog a aihglatyege.gf typioallyddh thpe) gate motk cover ed by
the spacer material. An oxide |ayer may be fornmed on portions of the
sem condudumdtion A buried-channel P-type metal oxide semiconductor (PMOSFET) is

used in creating DRAMSs since such permits a single work function gate conductor,

N+, to be used throughout the fabrication process This results in significant cost

savings in fabricating DRAMs, but at the expense of creating an inferior

performing PMOSFET. On the other hand, logic circuits require both P+ and N+

gated MOSFETs in order to achieve the necessary switching speeds P+ and N+

gate conductor devices are highly desirable for merged logic and DRAM products.

High-performance logic requires the use of both N+ and P+ doped gate
conductors  Although currently practiced high-performance logic processes
provide dual workfunction gate conductors, they do not use an insulating gate cap

because of density requirements, and hence the need for diffusion contacts

borderless to gate conductors, which are of secondary importance to speed In 13



substrate not covered with the intrinsic conductor. Insulating spacers may
be renoved prior to doping portions of the sem conductor substr&D t ez
aonductor. Portions of the sem conductor substrate nmay correspond to sourc
and drain contact regions. The nmethod may further include extending the
source and drain regions in the support region of the substrate to a region
at | east under the anneal ed conduct or Th met hod nmay al so include form ng
source and drain regions in the array regions It is alsog an object of the
present i nRAMspntigsulating é%ibwblﬁblscm’é}lallﬂwglto therate ondyciers pusastifl f or

sel ectively applying either P+ or N+ doping to the gate conductor while at
the same t fordouniagbitling cantetsfwhadhi aye berdentess kathie mrdiiaps. oBorderiesgal e conduct or
0 8J UL 2002 s O her objects, advantages and salient features of the

i nvention wbhthctbemﬁemlﬁbmml&rinfgrtm@w deakitypomemnorydell iybesl descri ption
taken in conjunction with the annexed draw ngs, which disclose preferred

enbodi ment $dHeved)8odi R¥iBiIve rE&%sR%%@éﬂJ b ShbIPIN-+T5dty SO NS The

invention will bé described in detail with refefence to the follow ng

drawi ngs i 'aomf%‘ e tlrle% %r ﬁﬂglﬁtlmn&ro%rglcﬁl fitrackife Holégss%remsnt s and

wher ei n: shows™an semn con or structure; Fig 2 shows the

Fig. 1 sem con truc re.after etch B show t he
sem conductp{)(?‘”‘qéj E‘E‘E‘dﬁ'@l‘?’ Bt‘%{‘r&aé%/d% @@gb‘b létéflogﬁgr%eﬁ:}?épect ively,
after deposjiting spacer material; Figs 4A and 4B show the sem conduct or
structure é’f@l"“é@éﬁmg spacer mat er i al, Figs 5A and 5B show t he

sem conductor structure after formation of a

SUMMARY OF THE INVENTION

In view of the foregoing and other problems of the conventional
techniques, an object of.the present invention is to provide dual workfunction
doping gate conductors and including a self-aligned insulating gate cap

It is another object of the present invention to provide dual work
function doping. This may include providing a semiconductor substrate, a gate
insulator conductor (comprising intrinsic polysilicon and overlying silicide layer)
and an insulating cap. The method may also include providing insulating spacers -
(such as boron silicate glass spacers) along sides of the silicide layer (WSi,) and the
insulating cap, doping portions of the semiconductor substrate and the conductor

with a first conductive type and othet portions with a second conductive type, and



screen oxide layer, Figs GA and 6B show the sem conductor structure after
doping, Figs 7A and 7B show the sem conductor structure after aqzﬁfLHBE,
Rigs 8A and 8L3 show the sem conductor structure after source-dr 2002
ext ensi on, 08 J UL 2002 6 Figs. 9A and 9B show t he sem conduct or
structure after deposition of interlayer dielectric layer; and Fig. 10 is a
fl owmchart show ng steps of the present invention. DETAILED DESCRI PTI ON OF
PREFERRED ENMBODI MENTS OF THE | NVENTI ON ﬁigs. 1 and 2 will now be described
Wit h r espa@sneaiing theravndurter spelr thatthe dapantscaftbiefitsbandseernd copdidtivei ng t hat

di scussion, the figures wll be divided to show the gate conductor stack in
support r agpesnpreadidvarth@pespeegvocmdadtotshe sem conductor structure. Fig. 1
shows a sem conductor substrate 5 which is initially provided and a gate

oxide layer 10 PriRyisiedsaieesliciddtayst vt forMithsDf thefsukting canmagbor substrate S
is typically silicon but can be any sem conductor material such as group

L e S ke YR bha S OB RESenplnchnpRpge! Lo S1T T cor
b 1 or PO o AR APR oS et Gp o X JoRFE R ERIPA Yy N1 1 7 e
gate insul ato y. be used rather than the gate oxide | ayer 10 A gate stack
i s deposi tBY %Vgﬁgr infladeseiphing thedntnsigepndugloraiageas of e cpadretor 19t The gat e
stack may include an intiinsic (i.e , undoped) polysilicon layer I 1, a
covered by the spacer material.
An oxide layer may be formed on portions of the semiconductor
substrate not covered with the intrinsic conductor. Insulating spacers may be
removed prior to doping portions of the semiconductor substrate and the
conductor.
Portions of the semiconductor substrate may correspond to source and
drain contact regions. The method may further include extending the source and
drain regions in the support region of the substrate to a region at least under the
annealed conductor The method may also include forming source and drain
regions in the array regions
It is also an object of the present invention to achieve the dual work
function requirement for selectively applying either P+ or N+ doping to the gate

conductor while at the same time creating a self-aligned sulating cap on the gate

conductor



0 8:J UL 2002 tungsten silicide (Wsi x) layer 12, and a silicon nitride
| ayer 13 acting as a nitride cap 13. A gate conductor (GO maskg/\EUjTJ a32
layer of resist material (not shown) of the type enployed in kn L 0302
| i t hographi ¢ maski ng and etching techniques, is placed over the nitride cap
13. Any wel | - known photosensitive polynerizable resist materials may be
used. The resist material may be appli by spinning or by spraying, for
exanpl e. The gate stack is patterned, and et ched Erough.the nitride cap 13
and the Wi X | ayePthep obigcis adyantagss god %thif%‘l‘fe’i%‘f} ¢ mvenfiopwillhown in Fig. 2.
Over et-chi ng@i nto the polysilicon layer 1 | is acceptable. As is known in
the art, tBReogermppansatfcare thesfolaveing detatedydesaription taken nppnjuaefiosnsittand suppor t
regions and the foll ow ng discussion regarding Figs. 3 A-9B contains
di f f erent theaopsedsrdwihgwe esichliclospmefetred embadiments of the irvention. r egi on.  Si nce
the layout in the array region requires the utnost density, m ninmm channel
| ength (m ni mum pol ysilicon gate conductor stack w dth) and m ni mum space
bet ween gate conductors is utilized In the array region, a mninmm space
bet ween gate conduct oggff s@?ﬁﬂ@ﬁv@ﬁf EiRtARGRIGct s be borderless to
the array gate conductors %r I nés orderless contact technol ogy is nost
conpati bl-e and | east expensive for single workfunction gate conductors (i a
, preferably N+) Since density i equirenent in the support regions are nore
rel axed than in the array, borderless diffusion contacts and gate
conductors with i AB&imxentiog vl he descabsdon detal) ! é%feqeﬂ%ﬂéﬁ"e?o“f’wﬂl&al
wor kf unction gate conductors in the supports are 0 8 J UL 2002 g desired
for i nproveédwegsfiowhichdibe réfereadeauineradlonefen o bikesdlementsomdedhereinf Fi gs. 3A, 4A,
5A, 6A, 7A, 8A, and 9A shows the structure in the array regi on and each of
Fig. 1 shows an initial semiconductor structure,

Fig 2 shows the Fig. 1 semiconductor structure after etching;
Figs 3A and 3B show the semiconductor structure in the array and
support regions, respectively, after depositing spacer material,
Figs 4A and 4B show the semiconductor structure after etching spacer
material,
Figs SA and 5B show the semiconductor structure after formation of a
screen oxide layer,
Figs OA and 6B show the semiconductor structure after doping,
Fig’s 7A and 7B show the semiconductor structure after annealing,
Figs 8A and 8B show the semiconductor structure afier source-drain

extenston,



Figs.. 3B, 4B, 5B, 6B, 7B, 8B and 9B shows the structure in the support
region. As shown in Fig. 3, a layer of boron silicate glass (BSH 3%&5 0
conformal |y deposited over the partially patterned gate stack. ¥Yh gg 2
t hi ckness is selected such that the narrow spaces between gate conductors
(wordlines) in the array region (Fig. 3A) are conpletely filled while the

wi der spaces in the support region (Fige 3B) contain the topography of the
conformal |ayer aof. t BSG_3 Fig. 3B)., In an exenplary case,. for a 150 nm
i ni mum f eat ur e ﬁ*ﬁ%@i%@%@é‘e.&rfbgﬁ@ Hctﬁéftgcggﬁgﬁ%rtc%?;%S‘ti’% Y¥he array

regi on-(F;g. 3 A is nomnally approximtely 150 nm whereas the spacing

bet ween g terlayss directicslayes; ande support region (Fig. 3B) is typically 300 nm
.or greater A BSG |ayer 32 thickness of between approxi mtely 80 nm and 140
nmis preferably EigelDisalflewdbpostiovas 886 & 2hd presehidnvendaet i ve i on et ched
(RIE d) selectively to the silicon nitride, form ng spacers 30 on the gate
sidewal s in the support region (Fig 4B), but |leaving the spaces filled in
with the BSG 32 in the array region (Fig. 4A). In the support region, the

exposed intrinsic polp@rAiged o PHON OFERBAERREIACK IS reactive ion
etched selectively to ?E%W(hﬁqwﬂémpg of" the gate oxide |ayer
ecause of t

10 over the substrate e spacers 30 In the support region
(Fig 513) and the protective BSG 32 (i a , blocking layer) filling the gaps

bet ween gate conduct ar in the array.region (fi A, only.the support
region 08 J U '%8‘0"2‘%; ‘Qj‘gt"«gwpklﬂ‘{Fé‘fyrlbieggﬁtgl“é#é?tq‘i?or by the RIE
process. A screen oxide layer 41 is preferably therpally grown on the
exposed si $3te 6PndiGHos stagk.eF &loxgng;thatdisqupsiqm, ghe fipmres prilb be divided toxi de | ayer 41
protects the surface of the substrate 5 fromion inplant danage due to
subsequent shiomptha gaztdooduaddr ssaaliic supgomiregiaopad arrayFggioheofithee, screen

oxi dation also "heals" the silicon surface from any plasnma damage i nduced
duri ng t hesegdtandpodoy stirkdt@ren reactive ion etch. The BSG 32 is then
isotropically etched selective to SiN silicon, W5 x and thernal oxide using

etchants wel | Kknowg. i BhdvAea @Hico(nidu&or,su\a@traahEmwhmHmiagy Fovdkd andl NCe BSG
e

et ches nmuch nore rapidly than the thermally grown oxi | ayer 41, the

screen oxi g, da%fle 14t ggghcﬁi(f(eg %g&tth%%db@&ﬁgtﬁ TR SKRboddABol BRsRRES are then

used to introduce Nf d or Phos) into the gate polysilicon

| ayer 11 ot . . ar regjon ,(Fig. 6A),.into th te polysilicon [ayer 11
of the sup%)(')%tp&rcggj’i Sénqog%? |aé' b%ﬁfgf\ﬁf'ﬁ“r%dd(’?tf)émfi&flgl Sgaheas 3 %35/]26 edges 43),
and into a partion of the ?o rcedrain regions 51 of. the support region's
NFETs The §68?Jf3 clorgisspd IP%E?@‘CP farg 05 apompide §dEdht i npl ant (typical ly
boron) into the gate polysilicon | ayer and the source-dramregions 51 The
energy of PHRCRIAUCHs ISR asisgicar pasbide d Thysamieanductohwbymstintypérildopant
penetrating through the array region's gate polysilicon layer 1 1 into the
substrat e Soitgingegllidgping eegitrenyhicishastbean implaftied grigro dmdforBatica dfi gh
tenperature anneal is used to distribute the dopants throughout the | ateral
extent of theeowgaymgpaleyssilurhenainayéy orloky Tilthi8e gnamallatonyanby esed br oad range
of tinme and tenperature, for exanple | 100C 08 J UL 2002 to for 10s to

850C for 3Qatherthehe gateb&ddiBR dpf fusivity of dopant in polysilicon is
typically 100X greater than in single crystal silicon, the junctions which

vere i mplanted intpo, e, st |J &R0 EHREA RS &bl § bHPGe BeB e 1 cant

anount during the

10 The gate stack may mclude an intrinsic (i € , undoped) polysihicon layer 11, a



anneal. A silicon reactive ion etch is then used to renove the gat
polysilicon | edges 43 in the support region (Fig. 7B) and to sep r@thUtlhe?UUZ
gate polysilicon conductors in the array region (Fig. 7A). Then, the oxide
ears 42 are renoved by a dilute HF etch and a gate sidewall oxide 90 is
grown (Fig. 8B). Array diffusions (N-type) 53 and support source-drain
extensions (N and P-type) 54 are inplanted depending on the type of FET as

shown in F L~ FYpheal, extensign inplants for Is preferably may be
done. usi g BRErsicdRLRs) 8K 12748 iRy plad s LA e RREE Y LG 4
cmz at 15-50 keV. For.PFETs, boron may be used at 5x10'3 - 5x10° " cm 2 at
S-20 keV T?Pé’n1,3'as shown in Figs 9A and 9B, nitride spacers 92 are fornmed on
t he gate conductor sidewalls (needed for borderl ess contacts) follow ng
standard processi figatgedandiateni®G)maskesugh gs a layerioffesist mpierialdpel ectric 100
(typically CVvD oxide) is deposited and vias are etched for subsequent
formati on sifowo)nf dettyst engsoyEdén ki lithegreghicwaaskingradd etobsig t o t he gate
conductors in the array region (via opening overlaps gate conductor), while

the vas argchiifiesdis PRICYESVEr gt ftrid Ba £3. OAsy Well-ReovilisHdedsensitg@i on (Fi g 9f 3)
The reason fog this distinction is that the netal studs 94 (i a , tungsten)

needed for,,ioMef; k%%ﬁgﬁégrggs rpéf B QlBRPhe xieEl?t errﬁ&é%SatJbE aﬁ;?@g byl the

support regi on nma r SS contacts rtor t PpO regl on

conpl i categ.. xpensi ve. -Ther ef or t vQi d. con t .S 94 to gate
shorts in %gﬁg%ﬁoyr?pr?yé%’ Bor{,exi"ﬂ’ge'v?%g%?&aﬁ%'f pgtgeéé\%gangfé#‘g? he gate
conductor. .Thi§ necessitates wi der spacing,of th te.conductors in the
support el i‘téf’ﬁﬁ% HgagHerand ghe WSl layes %ﬁ%tqtgeg@w&oawmh the array
region, polysilicon studs 95 are used which allow relatively easy formation
of border | asshopwrin &g 3. Omereschingzintovtbe rélhsilicop dayer blpip eecegtable. conduct or
process is applicable to DRAMS containing either deep trench or stacked
capaci t or st or age Asliekmewnsn Theears tler egeoadpawistroctsreanay indbdesdyogyn in Fig. 9A
for sinplicity. Fig. 10 shows a flowhart showi ng steps of the present
invention Fepigiarant St repiBnsSirRhSAlIBRingtdieusRNireRRdlNC Figs. 3-pBCt Ure is
formed and preferably includes the sem conductor substrate S containing

i sol ation cegthids giffRcht PRIckssE ORI ROLPDS P&Lidinalnd &rdyqesrBd t he gate oxide
| ayer 10, the intrinsic polysilicon layer I 1, the tungsten silicide |ayer

12 and thegpjck rtlixéjﬁyécg.ﬁglol:"é arrdy) ?e}%ioni rQﬁuﬁt%? Pr:e%l‘tggtit dg&ﬂy,g_r?ﬁ%ﬁﬁé t¥fntiayers are

appropriately etch wn to the polysilicon layer equently, in step

S 104, a ess _process .forms, a bl ocki | ayer i.n.t.he array region and
adds spacer ey AR AESQTSh Edaranterbl U Blas BBl | aoer 13 s

then etched in step S 1 OG arid the screen oxide l.ayer 41 ~s grown in step
S 108 Subsgﬁ'i%eﬁf‘lg?{% Wélf%sm%g*zec{]ﬂé tpesRs P8V PEAR ALPIMEYEY SPAFG he array regi on

and the spacers 30 in the support region a~ a renoved 1' he source/dra~n
cont act ar ®§8V%1 garedronfiectert pestisds theldd)Eusiaseapfactstbs bpesieqlessiip gwrariagyer 1 1 are
inplanted in step si pue yuo anye.nsnlfi s~ s~uauopoqma nBmads ath ~o
uon nsap aygatestandnpogviayoodimer) aderdetlesalohmstaechnology Isvhgsagurasaibleuaaq s~~~
uo>>uanui at ~~ af ~hl aauew i o3aad y9y .ion s~~~SOW ~auu~y ao~3ans nove
uonai ~. ~odat NexrsBykpehaAfdrbingle workfunction gate conductors (i e , preferably N+)

Since densily requirements in the support regions are more relaxed than
i the array, borderless diffusion contacts and gate conductors with insulating caps

are not requited However, dual workfunction gate conductors in the supports are



uoyoun~yom fenp a~l ~ ~C~i suap tf~n~ ~o~ uona~ ~CEaae aya m S~0~~uggQ _Uoi snyp
ssa~~ap~og 30 uon~w o~ ag~ snmol | ~ uoyuanm auasa~d au; "iag~n3 Ily gxgHjL 2002
~~~xa aonpoi ~ui | ou saop pug ~C~yg~yai aau~~o-boy y~y |03 suoaa~ ~oddns m
suo~sua~xa ur~i p-ammos30 uouewao3 snol fu "~a~e~~al uoi; ounf nol ao3 uoaal

~CuaJu aul ut sui ~i p-ao. ~nos padop r~l~uyl snojl~ ~atl~n3 uopuanui -~uasa.~d
atl Z i o~onpuoo a~~~ aye uo duo pau~y~ ~fas ~ ~uy~a~o awy awes acf~ ~e ajigm
i o~onpyoo a; ~~ ag~ o~ ~wdop +~ io +d iailya ~yu~dd~ ~q ~uawannbal

uoyoun3x| onfl§siraghfor imprexedperfasmoncsn fn the fellowingdiscussion eaghy of Bigs. 3Ag. -

~uy~l nsui pau~y~ al as auk ~ul pnfolLll ~ndop uoyoun3xiom | ~np paiisap aye

swW 03 ~Cgai 48~5Aams6Ay -84, and/9 A slaiwsdb@ stpmhire indhparsay region aw eachaf ai p

i a~C~l . ~a~m u~ pine pawi 03 a. ~~ Z6 saao~ds apuyu ZZ | S dais m uail,L 'QZ
| S dai s m PBigs:BB, dB; SBNSE 7B)8Bdnd dBxhowetheatruaqre ipthg spppont-fegiona. ~~e ~S

suoi sua~xa unp~aoanos auk "~ unpi ~ sr 06 aa~~ej apixo ||l ~emaprs aq;

~~0 ~uanbasqns ~R3QRVAPR Fg 3, D ldyer otdordn sﬂiéhté%la@ﬂ%ﬂmgﬁis éonforddally-! api xo a~~
30 suoyod g | |I: S dais m ~tl~uanbasgnS 9 | | dais ui paqo~a aa~ |19
aa-C-l uooyhgiGharoRRYRR-ARRy B AN RARODKEBEY pARTkydiRyS——0d padop a

wi o~ pug | I . ~a~t~l" uo ysyo& aqii ~rog~noau~ s~u~dop auk p~aads o~

pal sauu~e si ,a.~ni oru~s auk "~ i | dais m uauz 'Z | . S Zi A zoaz~nr ao
08 3 UL otiestepsughhaf giegarr 88&8?%?@&‘3%{’5%“? vﬁnﬁvﬁar Si’?@r diJE‘E?bg‘ Bf the
invention. Various other nodifications and changes nay.  occur to those
skilled i n ¥R meton(Fighdd arg spaipleiehydfilied sikle e vagsrspacehigdhe fippertof t he
i nvention.

region (Fig. 3B) contain the topography of the conformal layer of the BSG 32

(Fig. 3B). In an exemplary case, for a 150 nm minimum feature size, the spacing
between gate conductors in the array region (Fig. 3A) is nominally approximately
150 nm, whereas the spacing between gate conductors in the support region (Fig.
3B) is typically 300 nm-or greater A BSG layer 32 thickness of between
approximately 80 nm and 140 nm is preferably used.

The deposited BSG 32 is then reactive ion etched (RIE'd) selectively to the
silicon nitride, forming spacers 30 on the gate sidewalls in the support region (Fig
4B), but leaving the spaces filled in with the BSG 32 in the array region (Fig. 4A).

In the support region, the exposed intrinsic polysilicon layer 11 of the gate
stack 1s reactive ion etched selectively to oxide and nitride, stopping on the gate
oxide layer 10 over the substrate 5 Because of the spacers 30 in the support
region (Fig SB) and the protective BSG 32 (i e, blocking layer) filling the gaps

between gate conductors in the array region (Fig 5A), only the support region



08 J UL 2002 - 14 Wat is clained is: 1. A nethod for providing dual work
function doping, the nmethod conprising the steps of: providing a%ﬁ JUL ZQOZ
sem conductor substrate, a gate insulator, a conductor conprising intrins

pol ysilicon and overlying silicide |ayer on said sem conductor substrate

and an insulating cap on said conductor; patterning said silicide |ayer and
said insulating cap so as to etch through said silicide |ayer and said
insulating cap whi.le leaving a portion of said. intrinsic polysilicon,

provi di ng gﬂ%ﬁf"é(ﬁ‘l“ﬁ@‘ layss & & jsonepardiiths RIE iosessr ArvaiceR PEIfe lbeift] 18i des of said
silicide layer and said insulating cap and so as to rest on top of said

i nsi ¢ pol yBiefargdnthereatiypgowi o thesapasedsiicapfsubwiaty Tasrfown st Figi 3 a first
conductive type dopant and second portions of said conductor with a second
conduct i veThey geeddapidetlayenn tl prtevesthe agfasepfithe subdtrate Srfraswmn implant dopant s of
said first and second conductive types spread over said respective

conduct or Sdardage Hu® toRIQfheATmPladiaiBElof dufdedrdih dopahtiIEuttherest@pr i sing the
step of etching portions of said silicide |ayer and portions of said

i nsul ating : " i hal e ; ' provi di ng
sai d insul %c??églg&,gdgfggé?r sS81 @grsTH% Slrlrlg%%éﬁ gé;ﬁgrﬁtgﬁ%%lgénﬁ’aﬁ&g{i’i g}aﬁ{dﬁl éhv\,her ein an
array regi (ci>&1rifotﬁ1rr19dt in said serg:' condltj%tor substrate is protected due to

pr edet er ni e & g e SININRP TEFCNEIBLSM the array region, and a space

bet ween adj acen}1 ﬁate conductors are filled ,vvith,]gl g.,ss, and 08J UL
2002 - 15 wher ei h1¢ BSS Ruppsn isotrepicdly etrhed saleptiveio XY fdigeroV Skapdt rate t he
spaci ng between gate conductors is larger than in the array region, thereby
f or mi ng anthiersa|catdenging stbents ekl ke iadhe ait et wbtE/salphericcacids in t he
support region. 4. The nethod as clainmed in claim1l1, wherein said silicide
| ayer conpBinseBSNGitshes mucH heremphigcdhasthe tlermaly growrccbxideiager 4dhérei n sai d

i nsul ati ng spacers conprise boron silicate glass spacers. 6. The nethod as

cl ai med i nsab@i sRide lafdial Releft GUMY infdch OMbERd $dneifipRhts e fi@dsai d i nsul ati ng
spacers prior to doping said first and second portions of said

seni CondUCIrﬁfod_ﬁé@ﬁtﬁrd@b@nt@@g., ﬁ@gpPﬁc%‘g\‘tt%hgrgat_e%olyg-ih@onqﬁﬁé?qu oftthec! @i med in
claim1, wherein said first and second portions of the sem conductor
substrate GQhy Fe%%?lr@xgt BAT ML e ga@éjpgg;sﬂchn QM At tﬁeesgbgm region's

(Fig 6B) NFETs (i.e, in the exposed ledges 43), and into a portion of the source-

drain regions 51 of the support region's NFETs The support region's PFETs

receive a P-type dopant implant (typically boron) into the gate polysilicon layer

and the source-drain regions 51 The energy of the N+ implant is selected such

that the amount of dopant penetrating through the array region's gate polysilicon

layer 11 into the substrate S is neghgible

Then, as shown in Figs 7A and 7B, a high temperatuie anneal 1s used to

distribute the dopants throughout the tateral extent of the gate polysilicon layer 11

This anneal may have a broad range of ime and temperature, for example 1100°C



8. The nethod as clained in claim7, wherein said sem conductor substrate

i ncl udes support regions and array regions. 9. The nethod as cla{haduNjL 2002
claim8, wherein after annealing the conductor, the nethod further

conprises extending the source and drain regions in said support region of
said substrate to a region at |east under said anneal ed conductor. 10. The
nmethod as clainmed in claim8, wherein afgt er annealing said conductor, the

met hod furth comrises form ng source and drain regions.in.said array
regi ons. 1fti’.r ?E}snté’ %t G der 30smiapties nigeq theél@ﬁ’mt&?fa‘iﬂ%‘?té\qﬂméﬁ‘i“‘é‘r“ ¥nneal i ng said
conductor, the nmethod further conprises etching portions of said conductor.
12. The neyPi6alyaP0X sresterthaminginglerprystal silipan, the jeasHpRs whihyweisr ni ng a gate
sidewal | oxide on sidewalls of said anneal ed conductor. 13. An array of

gat e st r ucimplanteddbtoathe siicdmysubsuateridiffost byfandhségnificant amo@nigduging/the 2002 - 16
14. The method as clained in claim1l, wherein an entire conductor gate

stack, foramadalofA siadod redetive R ietchROihysided ¢ Remadalitice gatd patysilicoh ayer and sai d
insulating cap and fornmed prior to said providing of said insulating

spacers, il%déH@Mﬁﬁ’fH&'sﬁbﬁdrV?egﬁoﬁgﬁ . TBY 398 sephrate t?ﬁ@?at%u}ﬁlﬁccﬁls claimed in

claiml, wherein a dopant conductor i1s introduced on a horizontal

surface inco\gﬁab&grsqng%pag@%\%gﬁg{%7§gd the array region of the sem conduct or

substrate are expos nductor in the array region, and such
t hat | edges on the gonductors _in the s ort region of the sem conductor
substrate are etlﬂ)%'s oxilg earpi2 arg.tegye acﬁhgit"nﬁg efcﬁ apd 48HE1 " wherein
conductors in a support region of the sem conductor substrate are separated
such that d&relipaide g Benn i 8B dATAYEFEHRSNHYPY 3 (BRASURPATINFET can be
sel ectively formed adjacent to a PFET. 17. The nmethod as clainmed in claim
|, wher ei nsousceadramraxtepsioaNmddi-typa) o ae mploetidaponding drsthe &tpe of no
separation between the conductors exists. 18. A nethod for providing dual
wor Kk f unct FBN aglelpjvitgin Rid) @BelypRal exeunpibn fhplghtd foe NFETs preferably may

be done using Phos at 5x10* - 5x10* cm™ at 5-20 keV or As at 5x10" - 5x10"

cm™ at 15-50 keV. For.PFETSs, boron may be used at 5x10" - 5x10" cm™ at 5-20

keV

Then, as shown in Figs 9A and 9B, nitride spacers 92 are formed on the

gate conductor sidewalls (needed for borderless contacts) following standard

processing well known in the art. An interlayer dielectric 100 (typically CVD

oxide) is deposited and vias are etched for subsequent formation of contact studs

The vias are opened borderless to the gate conductors in the array region (via

opening overlaps gate conductor), while the vias are formed between gate

conductors in the support region (Fig 9B) The reason for this distinction 1s that

the metal studs 94 (1 e , tungsten) needed for low-resistance and performance in



steps of: providing a sem conductor substrate, a gate insulator, a

conductor conprising intrinsic polysilicon and overlying SiliCiSPp|?N}[.2ﬂUZ
sai d sem conductor substrate and an insulating cap on said conddctol;

provi ding insul ati ng spacers conprising spacer material along sides of said
silicide layer and said insulating cap; doping first portions of said
conductor with a first conductive typeldopant and second portions of said
conduct or ¢ suBpéh ABRAMaKE MBS donRssdaP@B kupRRdegidfeal i ng sai d

conductor suc pthigﬁﬁopants of éaid firgt and gg%%ndgkonductive types

spread ov L0 respecti.ve tors.. - 17 .wherein after
provi di nggélﬁé@ageg ualngt8 ’l(pneés“s’%a@%rp%g%h% %'P }docrog%agt é%%?%é%gﬁégh&nétlmd further

conprises etching said. intrinsic condquctor at areas of .the conductor not
covered b)t}lesséfpﬂo"gfﬁ%’é'r thyas arejot OR@GQ?H‘@ th@?ﬁ‘éﬁo%@cfﬂr ailf8d i n clai m 18,

further conprising the step of form ng an oxide |ayer on portions of the
sem conduBessitats sridesspacingtof thagateepndietarsdmthe spprart feglog uctor. 20. A
met hod of form ng dual work function doping, the method conprising the
st eps of : highendedesugsistaseris awaptatde orthe edast regios, padysjgoe siuds 89 ateor | ayer, a
rel atively undoped polysilicon |layer on the sem conductor substrate, a

hi ghl'y conskdowhivigalfow fefdtittely kay@ornakion afbdroaidsatdniggts: dbhioduasai d silici de
| ayer; patterning said silicide and said insulating cap so as to etch

through _S%&kﬁhétiﬂﬂﬁ@égﬁ%ﬁrco%ﬂﬁict&aﬂrg%%sﬂg%F@Fcialﬂg (S BRAMI bshedifi@yi N9 @ portion

of said intrinsic po I con;, provi nsul ati ng spacers conpri sing

spacer nateﬁﬁé-racilegé) {}enscih%?\é\gé le%scgfa 1 lggn %q?r:anés g'er%%r\t?g'gﬁfﬁg%gg F%%'g?orﬁ' licide layer

and so as to re onto SI'cC po et chi ng
Jortions of said relatively undaped pol ysilicon | ayer which are not covered
'Ei; the sp AL O%ﬁg?%?} ig. 9A %r sxmp?lglty. poly y

Fig. 10 shows a flowchart showing steps of the present invention In
particular, in step S100, the semiconductor structure is formed and preferably
includes the semicondugtor substrate 5 containing isolation regions and well
doping regions on which is formed the gate oxide layer 10, the intrinsic polysilicon
layer 11, the tungsten silicide layer 12 and the nitride cap 13. Then, in step S102,
the respective layers are appropriately etched down to the polysilicon layer 11
Subsequently, in step S104, a maskless process forms a blocking layer in the array
region and adds spacers 30 in the support region The exposed polysilicon layer
11 is then etched in step S106 and the screen oxide layer 41 1s grown in step S108

Subsequently, m step S110, the BSG blocking layer in the array region and
the spacers 30 in the support region ate removed The source/drain contact areas

51 and the exposed ledges 43 of the polysilicon layer 11 are implanted in step



renmovi ng the spacer material such that said rel atively undoped poh\égi I Lﬂfrb
I'ayer includes first and second exposed portions; doping first ex eoc' UUZ
portions of said polysilicon |layer with a first conductive type dopant;

dopi ng second exposed portions of said polysilicon |ayer with a second
conductive type dopant; and 0 8 JUL 2002 -18 annealing the polysilicon

| ayer such that remaining portions of sbild polysilicon Iayer become doped

ith said d d conduct i d | d
ol ai m 20, Pt B 7ak Sbln e ot sAehEd o e EPRANE of "Sai o 1 11 ci de

| ayer -and ‘?ortl ons of said insulating cap to forma partial gate conductor
stack pri ¢fropghqut gha relysificam|agier Hsapd 4ommhy dapsd pohvsilicgmlayerid. net hod as cl ai med
in claim20, wherein said silicide |ayer conprises WSi.sub.x. 23. The

met hod as Ezdpaﬁetdﬂnbrﬁimnsaifdierdo@ed puwio@hﬂaysawaﬂemmhb@him Sidécers conpri se
boron silicate gl ass spacers. 24. The nethod as clainmed in claim 20,

further ccoupsdquemy, iwess EI8, poriidRPdMEe Pidé lapdistiahd teeoxidellafer abe Wi th said
first conductive type prior to annealing said polysilicon |ayer, said

portions Gfe fnfvedib8liRgRenflQ rtﬁ@§mm@lldmet1£ye§9@lrscg%@ﬂ dhél§onk /&t act
regions. 25. The nethod as clained in c ai'm 24, “wherein sal d sem conduct or

substrate e'x[lﬁ%ﬁﬁse%ﬁ%ﬁlﬂpl%ﬁl tell G (10 Arefy % ﬁr?%fa‘?@lng@émecﬁﬁ st thod as

claimed in alm corrprl e step he source
and drain ontac ons.jn sai subtra strate to a
region at gﬁ’s‘f’ Eﬁﬁdﬁ%bs‘a rlﬂ“’éﬂ?’?@ﬁ%@&“’p ”9%‘5 it adﬁ“ﬁeﬂw die ‘7t“°%;¢§ %ret hod as
claimed in claim25 wherein after annealing said polysilicon layer, the
met hod furdteﬁ%ﬁteéonprl ses formng source and drain regions in said

The resulting structure thereby forms the desired dual workfunction doping
including the self-aligned insulating gate cap. That is, the present invention
achieves a dual workfunction requirement by applying either P+ or N+ doping to
the gate conductor while at the same time creating a self-aligned cap on the gate
conductor The present invention further allows lightly doped source-drains in the -
array region for low junction leakage, allows formation of source-drain extensions
in support regions for high hot-carrier reliability and does not introduce extra
masks

Still further, the present invention allows the formation of borderless
diffusion contacts in the array region for high density The dual workfunction
gates i the support tegion allow surface channel MOSFETS for high performance

While the invention has been described with reference to specific

embodiments, the description of the specific embodiments is illustrative only and 1s



array. regions. 28. The nethod as clainmed in claim?20, wherein after

anneal ing said polysilicon layer, the nethod further conprises et{PBnQ[}&,2002
portions of said polysilicon layer. 29. The nethod as clainmed in claim 20,
further conprising the step of formng a gate sidewall oxide on sidewalls
of said anneal ed polysilicon |ayer. 08 J UL 2002 -19 30. An array of
gate structures obtained by the nethod a8 claim20. 31. A nethod of form ng
dual work function doping,. the t hod nprising of : providing a
seni conduchrto §95gqspd§feé!,asgnwgtg§gégg§f§gp Sf'g'F VR \éb@g?é@?r\slel y undoped

pol ysi.licon | ayer on the sem conductor substrate, a Bf$£|§ conductive
silicide |mpdificativas and thangasanaymgousap thase skifle iaithq art Wikhqui departing, - i g an

oxi de layer on portions of said sem conductor substrate not covered with
sai d pol ysfrbinah& spidtyid;scepeafithh ingentinsul ati ng spacers conpri si ng spacer
material on sidewalls of said insulating cap and said silicide |ayer;
etching portions of said relatively undoped polysilicon |ayer which are not
covered by the spacer material; renoving the spacer material such that said
rel atively undoped polysilicon |layer includes first and second exposed
portions; doping first exposed portions of said polysilicon |ayer with a
first conductive type dopant; doping second exposed portions of said
polysilicon layer with a second conductive type dopant; and annealing the
polysilicon |ayer such that remaining portions of said polysilicon |ayer
beconme doped with said first and second conductive types. 32. A nethod for
provi di ng dual workfunction doping, the nethod conprising the



steps of: 0 8J UL 2002 -20 providing a sem conductor substrate, a gate
i nsul ator over said sem conductor substrate and conductors co@)ai glmg %{]02
.deposited sem conductor material over said gate insulator; doping firs
portions of said sem conductor substratel4nd first ones of said conductors
with a first conductive type dopant and second portions of said

sem conduct‘? ts.ub t.ra@e,and second ones of said conductors wth a second
conductive éﬁe‘sﬁgﬁﬂl IS'and anneal | ng said conductors such that said first
and second dopants spread over said respective first and second conductors.

33. A nethad for providi dual. rk function doping, the nmethod conprising
the steps of: pr o‘\/mﬂwg &7 s tish Ut BB hamethodssararsime e
conductor conpri gjeB@of:ntrinsic polysilicon and overlying silicide Iayer on

sai d sem conductor substrate and an insulating cap on said conductor;
patterning said silicide |ayer and said insulating cap; providing

i nsul ati ng spacers co I .S S r i 0 i d sai il ]cide
| ayer and said insul awﬁdf%g ;a g%ﬂéﬁﬁaﬁﬁﬁfﬂégﬁ%&gﬁ onggfgf ?@gﬁt rt%ng%cdtu(%{r&wi th
a first conducti wempyipieg domanstic apdlysdond apdr toverigingf sfaidk chagelucémor sadt h a

second conductive type dopant; and annealing said conductor such that
dopant's of sai d FEPTGHRPTSBEHHEE Tl IIE Ve, FRE0 S eRguT0s: sai d
respective conductors, wherein said intrinsic polysilicon is |eft unetched

during processing of the nethod, such that said intrinsic polysilicon
protects an upper surf aaéeraingt yed sdifidoirygetasd spithdasuiatiagi eapapo #8rigycteBgi on

Cegron of sai o s Sho ok PAFRE AR R Sud Sgng B Fndle iy rfRRPRde, o

for providi ng duaitringic kofysiticon;on dopi ng, the nmethod conprising the steps
of : providing a sem conductor substrate, a gate insulator, a conductor
conprising intrinsic polysilicon and overlying silicide |ayer on said
sem conduct or subst r at @réidinginsubising aphdgs CEAPNIng spater oiatkal along sides of

said silicide layer and said insulating cap and so as to rest on top of said insic

polysilicon;

doping first portions of said conductor with a first conductive type
dopant and second portions of said conductor with a second conductive type

dopant; and

annealing said conductor such that dopants of said first and second

conductive types spread over said respective conductors.

2. The method as claimed in claim 1, further comprising the step of etching
portions of said silicide layer and portions of said insulating cap to form a partial

gate conductor stack prior to providing said insulating spacers.

3. The method as claimed in claim 2, wherein an array region formed in said
semiconductor substrate is protected due to predetermined tight spacing of gates
in the array region, and a space between adjacent gate conductors are filled with

glass, and



patterning said silicide |ayer and said insulating cap; providing

i nsul ati ng spacers conprising spacer nmaterial along sides of sai cﬂ@ d
1l ayer and said insulating cap; doping first portions of said conduct (k)Jrlgv'\'n ?goz

a first conductive type dopant and secontd portions of said conductor with a
second conductive type dopant; and annealing said conductor such that

dopants of said first and second conductive tvpes.spread oyer said .
respecti ve conductors, ‘%?é?léilrhaﬁu@é){teregltog S'fllﬁ(,sleﬁl&ioﬁ’ ugsitg’i ﬁl\{)ls{ﬁ?tf ?lﬁesfpélcmg
pol ysilicon, sai theBidenCiatiecoraiietoraiidag@t thannauhatiray region,i the@bl YoRang iaal | y
etched such that .etching is perforned only through the silicide |ayer and
said insul ati ng dBpHatygspac FW(?SH%PCE[S‘F S?rtFGnglcgq}&Fn SRPRAHEEI8n” dopi ng,
the nethod conprising the steps of: providing a sem conductor substrate, a
gate insulator, a conductor conprising intrinsic polysilicon and overlying
silicide | @der onhsanethedad damiddn olaims dbwherginesaghsilicide laysutcanpnings 3%§ix.on
sai d conductor; patterning said silicide |ayer and said insulating cap;
provi ding insul ati ng spacers conprising spacer nmaterial along sides of said
silicide | ayer arthesmkthotd nsudlaitiedgincapim 1, BhBredn bhid AO0Eting dpatedi tgnprisest
portions of said conductor with a first conductive type dopant and second
portions of said 2O5NHHIEEHE 8PS W2 econd conductive type dopant; and
anneal i ng sai d conductor such that dopants of said first and second
conductive types spread over said respective conductors, wherein said

i nsul ati ng &pacerHednethpdpneldinggd y daimy hdughefespmmrissr the giepeofdemewing siged

by said silicide ih?a\fzﬁfngaggac%ﬁi gribp%jl (?J'p'u&g SGRPAir@"%hd second portions of said

semiconductor substrate and said conductor.

7. The method as claimed in claim 1, wherein said first and second portions of the

semiconductor substrate correspond to source and drain contact regions.

8. The method as claimed in claim 7, wherein said semiconductor substrate

includes support regions and array regions.
9. The method as claimed in claim 8, wherein after annealing the conductor, the
method further comprises extending the source and drain regions in said support

region of said substrate to a region at least under said annealed conductor.

10. The method as claimed in claim 8, wherein after annealing said conductor, the

method further comprises forming source and drain regions in said array regions.

11. The method as claimed in claim 1, wherein after annealing said conductor, the

method further comprises etching portions of said conductor.

12. The method as claimed in claim 1, further comprising forming a gate sidewall

oxide on sidewalls of said annealed conductor.

13. An array of gate structures obtained by the method of claim 1.



wher ei n dopi ng occurs only through a horizontal surface of said intrinsic
pol ysilicon and without going through sidewalls of said intri nsOcB JUL 2002
polysilicon. .AF{S,.A AA A@ AFUy. AFU@ AY. Ae. AFy. A

A . A[S.AY, 4. AN. Al , . A{. A AF. AUF. AH. A. A%-J'6#$r k/ >@R a

MBF_{vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c(a]ca]ca] ca]ca]c*a]ca]ca]ca]cal

cal cal cal cRy] cRavhgal cah Pyl GRh5ah GR1GGR] T BBk A Y Rl ksl Al ©2
a] c(a] ca] ca] ca] cajfmkg drcaldcambel £ pdigalied, caldcalisiat aales aha ahfiingahet@aksp] ca
]ca]l ca]ca] calca]ca!"0)Z i AHgkM xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal cal ca
] ca] ca] ca] ca] c( a] eed famed peay énjad PERIERE O4peid]ipa A HEcwRed . clanehrompletely
PZVTLE " - ) #7395 5 F'''")*VW*}xsnid_Z]]ca]calcalcalcalcalcalc(alc(a
] ca] ca] ca] ca] ca] caJ ca] cal] ¢a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c(a]ca]calV
*¥rkx 444l on,, -"-$-.3/u3333*4445H555+67a777N88879} xsni d_Z] ] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca%lga] ca

a] c(a] ca] cal ¢a] caﬁ‘?&ﬁ‘%_ﬁ%ﬁ%ﬁ?ﬁ%ﬁé&] A dp HIEEN78 S8, Fbdhg ASRTARE] BheDC
CCCl DDDCEEEEEEE] Firinoysdddchnsd herirbanl safealie (vhloh 2duppdt dgal eal %@@i@@] ca
] ca] ca] ca] ca] ca] ca] ca] ca) ca] ca] ca] ca] ca] caj ca]g&a@%a] ca! FFFFCQy Hal ni |

JJj KhLwL| LM MVIVNNG L SihsHate)are sXROSPE REOuerR dhe sprdicto)ip 4he araw) ca

| cal ca] ca] ca] cal cilgalisa] sh GRACRESA] 6RkrALERheAkE 3 GR GabsRl FdabRIRRRRR<S

T UL UUUB VWV sexdgandveioxBatatiatesane exposda) ca] ca] ca] ca] ca] ca] c( a] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]calcalc*alcalcalcal [NNX[][-

\\\v]]]]r*Mr 5 BG &

aaeaaa" bvbbbhbSc} xFhe cheftlodca ctathedrcdhion] ceharahcahdadtealic a]supgam]e(g&inoﬁ‘]tha] c&
al cal cal cal cal cal gal cal falc el patae el cpherhoakhhee seided ehseeetpal foc
PRGN )]} xspiddpefldbfid S3RbCal BET A Bd s tRbEabaAdEaljsrheR] LREER] ca] ca

] ca] ca] ca] ca] ca] ca] c(a] ca]ca] ca] ca] ca] ca] ca]ca]cal'j zk} k™l zI I | EMOmQnnUoaooq
&Q*qzqqqgNrrr ?sssst\ttt;

uEu} xsnid_Z}tcalc C C a : *al-C ajc
a] ca] ca] ca] ](I:Z] c}a] ?gf%ftggfgda gieﬁa@%fgg! @hﬁ@] v%?)l]e m}%m%%%%@sgsﬁ%t]{ ;
uEu} xsni d_Z] ] ca] c sdnuiapchictra elasate] najepaiatiah bajvesh tlad cafoctbsadxesd. ca] ca] cal ca
] ca] ca]ca] ca] ca] ca] c(a] ca] ca]ca]ca]ca] yfG

| 109%&' ()-s10%&' ()-yL10%&' ()-10%& ()-sMLO%& ()-s$S109& () - m'#$rdE 109%& ()-F
%0%& ()-| %48Y& (A Sethdor proyitdiEidal -wokk ¥adtibn doping, €héNeethdd tOmprising the
10210%&' ()-0"109%& ()-VY,.10%&' ()-,,109%& ()-*10%&' ()-/>@ P Q R ~PB4 1000 1000
1000 MLO%OQE! () - NEPYRR ()-1109%0C% ()-910%0% ()-$10%& ()-R a MIEPB4 1000
1Y109&' () -, 109& ()-10%& ()- Y10%&' ()-yl09%& () -

providing a semiconductor substrate, a gate insulator, a conductor
comprising intrinsic polysilicon and overlying silicide layer on said

semiconductor substrate and an insulating cap on said conductor;

providing insulating spacers comprising spacer material along sides of

said silicide layer and said insulating cap;

doping first portions of said conductor with a first conductive type
dopant and second portions of said conductor with a second conductive type

dopant; and

annealing said conductor such that dopants of said first and second

conductive types spread over said respective conductors,



YY4.09& () - 3F_6dEPB4 1000 1'! 10% ()- F3109& ()-, @O%& () -
10%& ()- 10%& () - snlO%& ()- 6yndEPB4 1000 1 08 JUL 2002
. 109& () - +L10%& ()-)10%&' ()-' - 109& () - Yd0%& () - y#10%&' ()-hijkzC~ @
1000&ML0%<& ()- GlO%& ()- !glo%& ()- %@d09%& ()- 10 10

10L0109%&’ () - C5UJE~ @ 10008310%<&" () -, TIO%& ()- y1l0%& ()- @O0%& ()-

| 10%<& ()- SYL0%& ()- )A4vddE= L . : . .

1000Y%4 0%<& () - F#@OW&QZ‘} ﬁq‘ﬁiaﬁt‘fé@pfté&‘d(“}% {§°1'554%ng spgeers and prior to doping, the
10%<&' () - 3&10%< &' hgtheinpsptaetYBEmpO§a diblsind Osaid intrinsic conductor at areas of the
10<s010%<& ()-F. 10%&" ()-1, @0%& ()-)10%& ()-Y  10%& ()-z"odEYNC 1000
@OY%&' ()-1 YMLOYEONYUGaIwk coYeredipy SFRsRareTalisRa ) - 304 109& () -)Z_ dEYNC 1000

19. The method as claimed in claim 18, further comprising the step of forming an
oxide layer on portions of the semiconductor substrate not covered with said

intrinsic conductor.

20. A method of forming dual work function doping, the method comprising the

steps of:

providing a semiconductor substrate, a gate insulator layer, a relatively
undoped polysilicon layer on the semiconductor substrate, a highly conductive

silicide layer and an insulating cap on said silicide layer;

patterning said silicide and said insulating cap so as to etch through said
silicide layer and said insulating cap while leaving a portion of said intrinsic

polysilicon;

providing insulating spacers comprising spacer material on sidewalls of
said insulating cap and said silicide layer and so as to rest on top of said intrinsic

polysilicon layer;

etching portions of said relatively undoped polysilicon layer which are

not covered by the spacer material;

removing the spacer material such that said relatively undoped

polysilicon layer includes first and second exposed portions;

doping first exposed portions of said polysilicon layer with a first

conductive type dopant;

doping second exposed portions of said polysilicon layer with a second

conductive type dopant; and
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22. The method as claimed in claim 20, wherein said silicide layer comprises
WSi.sub.x.
23, The method as claimed in claim 20, wherein said insulating spacers comprise

boron silicate glass spacers.

24, The method as claimed in claim 20, further comprising the step of doping
portions of the substrate with said first conductive type prior to annealing said
polysilicon layer, said portions of the substrate corresponding to source and drain

contact regions.

25. The method as claimed in claim 24, wherein said semiconductor substrate

includes support regions and array regions.

26. The method as claimed in claim 25, further comprising the step of extending the
source and drain contact regions in said substrate region of said substrate to a

region at least under said annealed polysilicon layer.

27. The method as claimed in claim 25, wherein after annealing said polysilicon
layer, the method further comprises forming source and drain regions in said

array regions.

28. The method as claimed in claim 20, wherein after annealing said polysilicon

layer, the method further comprises etching portions of said polysilicon layer.

29. The method as claimed in claim 20, further comprising the step of forming a gate

sidewall oxide on sidewalls of said annealed polysilicon layer.
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providing a semiconductor substrate, a gate insulator layer, a relatively
undoped polysilicon layer on the semiconductor substrate, a highly conductive

silicide layer and an insulating cap on said silicide layer;

forming an oxide layer on portions of said semiconductor substrate not

covered with said polysilicon layer;

providing insulating spacers comprising spacer material on sidewalls of

said insulating cap and said silicide layer;

etching portions of said relatively undoped polysilicon layer which are

not covered by the spacer material;

removing the spacer material such that said relatively undoped

polysilicon layer includes first and second exposed portions;

doping first exposed portions of said polysilicon layer with a first

conductive type dopant;

doping second exposed portions of said polysilicon layer with a second

conductive type dopant; and

annealing the polysilicon layer such that remaining portions of said

polysilicon layer become doped with said first and second conductive types.

32. A method for providing dual workfunction doping, the method comprising the

steps of:
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33. A method for providing dual work function doping, the method comprising the

steps of:

providing a semiconductor substrate, a gate insulator, a conductor
comprising intrinsic polysilicon and overlying silicide layer on said

semiconductor substrate and an insulating cap on said conductor;
patterning said silicide layer and said insulating cap;

providing insulating spacers comprising spacer material along sides of

said silicide layer and said insulating cap;

doping first portions of said conductor with a first conductive type
dopant and second portions of said conductor with a second conductive type

dopant; and

annealing said conductor such that dopants of said first and second

conductive types spread over said respective conductors,

wherein said intrinsic polysilicon is left unetched during processing of
the method, such that said intrinsic polysilicon protects an upper surface of the
semiconductor substrate in an array region of said substrate during a doping of a

source and a drain in a support region of said semiconductor substrate.
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dopant and second portlons of sa1d conductor with a second conductive type

dopant; and

annealing said conductor such that dopants of said first and second

conductive types spread over said respective conductors,

wherein a gate stack including said intrinsic polysilicon, said silicide
layer and said insulating cap is only partially etched such that etching is

performed only through the silicide layer and said insulating cap.

35. A method for providing dual work function doping, the method comprising the
steps of:

providing a semiconductor substrate, a gate insulator, a conductor
comprising intrinsic polysilicon and overlying silicide layer on said
semiconductor substrate and an insulating cap on said conductor;

patterning said silicide layer and said insulating cap,

providing insulating spacers comprising spacer material along sides of

said silicide layer and said insulating cap;
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annealing said conductor such that dopants of said first and second

conductive types spread over said respective conductors,

wherein said insulating spacers are formed only on the sidewall of a

gate stack formed by said silicide layer and said insulating cap, and

wherein doping occurs only through a horizontal surface of said
intrinsic polysilicon and without going through sidewalls of said intrinsic

polysilicon.



