123456636\ aYA® " a6TaTaMETHOD OF. ACTI VATI NG POLYSI LI CON GATE STRUCTURE

. DOPANTS AFTER CFFSET SPACER DEPOSI TI ON BACKGROUND OF THE | NVENTI ON (1)

-Field of the Invention The present invention relates to nethods used.to

f abri cate semi conductor devices, and nore specifically to a method used to
reduce out diffusion of ion inplanted dopants froma polysilicon gate
structure during a procedure used to activate the ion inplanted dopants.

- (2) EESCYIptIOﬂ of Prior Art Mc¢ro-nminiaturization, or the ability to

: fabricate semgpngieds oF ASYIVGEANG POLEYR.IC ORGSR AR Nas alloved the

performance of the sub 0 25 um devices to e I-NCr ease e reducing the
fabrication cost th sub- 0.25 um
features. The snu ]@¢PENreg¥§§ﬂ$ %ure@pﬁgggﬁﬁﬁfggﬁ%?ﬁ%uct|on of performance
degrading parasitic capacitance, while the greater nunber of smaller

~sem conduct.or chips conprised with sub-0.25 um features, obtained froma
specific size starting substrate, reduce the fabrlcatlon cost of an

i.ndi vi dual seniconducg@$CKHH§DUNBM@@@HE§bBHﬂTT&N¢eatures of a seni conduct or
device, such as a gate structure of a nmetal oxide sem conductor field
~effect transistor (MOSFET), device, can encounter problenms when defined at
‘Wi dths as narrow as 0.25 um For exanple the dopants in a gate structure
such agl) ®igk0byihié Idvemiongat e structure; can be placed in the narrow width
pol ysilicon gate structure via ion inplantation procedures perforned in a
bl anket polysilicon layer prior to gate definition. Activation of the

Pt i TORFERAR il B O MEROAO,LE R abridele Lo SRS AR GaR1 L hCL U e

~conducti vi Pocedure use

result_in nt.ed ts v ut . diffysion fron1the top surface

of t hemﬁfeaﬁﬁﬁ‘éﬁcaglé’ Itglglf)qeiﬁbogﬁls?‘g?éF&CBP“ﬁg%ﬂﬁ? O&OFFIBE]?%‘H d depagisien fop surf ace
~as well as the sides of ‘a defined polysilicon gate structure. The |oss of
i npl anPArpildopRatestpure qusiag pprocgdyre uassiso aefingtrche ioa igalaatedtdonarttur e t hus
reduci ng MOSFET performance. The present invention will describe a process
sequence in which the out diffixsion of inplanted dopants in a defined gate

- structure is reduced via-use of a blanket insulator |ayer, wherein the sane

|nsula@p[khﬁyﬁbnmmemhaideflned as a component of a conposite insul ator
spacer on the sides of the gate structure after activation of the inplanted
dopants: Prior art such as Nandakumar, in U S Pat. No. 6,362,062 Bl, Tseng
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invention in which the blanket insulator |ayer, to subsequently be defined
as a oﬂi??@nﬂcgfb%@?t 2 sgmicondsterichin wgrmrla@%vﬂt% ke 825 s Teatiees. (Toe swallere
dopant out diffusion fromall exposed surface of a gate structure during

t he dogryife featerey eesilom anedection of poértmence BEMINRYa@FitiTldEpAcNVENTHON tht s an
object of thiss invention to fabricate a MOSFET device featuring a process
sequengreatathemeticnof $italleeseicaiduciopetiips @uiprided Hith se0.05 O Ra@bYobtdibgaon gate
structure is mnimzed.

_ from a specific size starting substrate, reduce the fabrlcatlon cost of an 1nd_1v1dua1 semiconductor

chip. However specific features of a semiconductor device, such as a gate structore of a metal
' oxide semiconductor field effect transistor (MOSFET), device, can encounter problems when

B defined at widths as narrow as 0.25 um.- For example the dopants in a gate structure such asa -
* polysilicon gate structure; can be placed in the narrow width polysilicon gate structure via ion

._implantation procedures performed in a blanket polysilicon layer prior to gate definition.
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It is another object of this invention-to deposit ‘a bl anket insulator |ayer -
on.the ponS|I|con gate structure prior.-to an anneal cycle-used to activate
the dopants inthe defined polysilicon gate structure. It is still another
" object of this invention to forma conposite insulator spacer on the sides
~of the polysilicon gate structure featuring an underlying offset insulator
spacer conponent;. obtained via a spacer formation procedure applied to a
bl anket i nsul at or | ayer, wherein the blanket insulator |ayer was deposited

pri or P\Qt&a'i%n%fwe %gpﬁ@g?@n{%gﬁ& t% r&uﬁ?ﬁﬁ{e%%ﬁfe% gsétt tsl&uy&]ﬁe present

ySI 1 con ructure on a
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deposited prior to an anneal procedure used to activate dopants in the

~ pol ysi imelaredderantspia et dilisiandrose fertpmauiacapt e buekd opbrbironRYE: Yorigsi | i con

| ayer on an underlying gate insulator |ayer the polysilicon layer is doped
Vi a i onutidiffisont &omdire top soddaresell hothesides obydgaed eelysiigpmgatecsttgtues Brepl oyed
to define a polysilicon gate structure. A blanket, first insulator layer is

deposi 1@slof @iplatertidpynta il resaiain Plescadictive §81d stract@ethusatduciige®MOgPBNt S i n
the defined polysilicon gate structure, |ocated underlying the bl anket

i nsul ahQforhAy&y - A first ani sotropi.c dry etch procedure is used to define
~an offset insulator spacer on the sides of the polysilicon gate structure.
After formation of a lightly doped source/draln reglon in an area of the
sem conduc sub tra the sIru ture or by
e oftaor 106 it iy RhGort R o Rhpte g Sp g i *ﬂ&%ﬁ% S BERRRRIF ot or
-l'ayer, is deposited. A second anisotropjc dry etc ? cedure i S next used
to def imelanted dpgsgtsiie a dp |g&teoﬁtru§tﬁ§défedaﬁedﬂﬁ%u%w°@sb SHRIHBI K5 i con gate

structure; conprised of an
whereln the same 1nsulat0r layer will be defined as a component of a composrce insulator spacer

on the sides of the gate structure after actlvatlon of the 1mp1anted dopants. Prior art such as
Nandakumar, in U.S. Pat. No. 6,362,062 B1, Tseng .et al, in U.S. Pat. No. 6,063,698, Pﬁesterg in
U.S. Pat. No. 5,201,354, e.nd Chien et al, in U.S. Pat. No. 6,248,623 B1, describe methods of
forming offset spacers on the sides of a deﬁned'gate structure. However nene of these prior art
describe the process sequence featured in this preseﬁt invention in which the blanket insulator
layer, to subseqdently be deﬁned as a offset spacer of a composite insulator spacer, is-used to

| reduce dopant _out'diffusion from all exposed surface .of a gate structure during the dopant

activation anneal procedure.

SUMMARY OF THE INVENTION

It is an object of this invention to fabricate a MOSFET device featuring a process sequence

- wherein the level of dopant out diffusion from a polysilicon gate structure is minimized.



~ overlying second insul ator conponent -and of an underlying of fset spacer
conponent. A heavily doped source/drain region is fornmed in an area of the-
sem conduct or substrate not covered by the polysilicon gate structure or by
t he. conposite insulator spacer. BRI'EF DESCRI PTI-ON OF -THE DRAW NGS The
obj ect and other advantages of ‘this invention are best described in the
preferred enbodi nents with reference to the attached draw ngs which
include: Figs. 1 - 8, which schematically in cross-sectional style,
descri be key. stages,enmployved for the fabrication qf a polysjlicon, gate '

‘structure \%‘f%?’%‘? rﬁgﬁgtﬁ?ﬁ%‘ﬁfnvﬁptfwgied%“?traoq(jﬁ'b‘ﬁ‘émﬂﬁ?t?&ap rc_%‘ﬁl“lg%cﬁ%“ Mucture

~is mninzed via enploynent of a bl anket insulator |ayer, deposited prior

to an SHAEEICUYE HEEHNGAE AR cYle yet fo/antivatg dprgapants in tha delirsdyrslysilicomeajat e

structure. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS ' The net hod of

f abri cariatgea pol ysilicon gate structure wherein dopant out- di ffusion from

the polysilicon gate structure is mnimzed via enploynent of a bl anket

i nsul ator |ayer, deposited prior to an anneal procedure enployed to

activat e degamilbardothek BEjeQMIYES Inve@bnda teinmSd Edheiddi€insialol s hendgasy | bed

in detail. Sem conductor substrate |; conprised of P type single

cryst abt hBPoRkilib&Pate SRREHE FAG:iR di Gl jon, is

used and s?ﬁ@knlalti c%l?i s%own |ﬂlrr1I %%gg%r&%%fg%éﬁgﬂﬂqﬁwp S?eg§21§8 (%i,%h{éonpri sed
cof sili Wod irS. next therml |y 0 to a thi ckness, bet ween about 12
o 35 %ﬁ%ﬂ?‘? s e B Sad Srh e SR Pl hloE G RRERRE Y 2 ow
pressure %enical vapor deposition (LPCVD), procedures, -at a thickness

bet ween about 1200 to . 2000 Angstrons; using silane or disilane as a

“sour celnsl2j96 faysy Wasdsrositedipsior 1§ Bearsivationcanneal psassdirei n Fig: 1. If both N
channel and P channel, MOSFET devices are desired on the sanme sem conduct or
chip, or if several threshold voltages are desired for specific MOSFET

devi ces onit éreosiane widnthe predert iroeniddt pmethot ws fdrinigrn MASFEStpolicilidoe gated t h
vari ous doping | evels can be enployed. Thi's can be acconplished via

phot or eBickire oRakehRoductR Sdistrh®, WREGERAMSp&Ht oROdiIBdibh GOM th@YQYsifdn &iri ng a
first ion inplantation procedure resulting in doped polysilicon lrayer 3b,

fir . . ng In doped polysilicon Fayer
Cacond e B e B R R B P plpran ! 7 @

previ oysl d region of polysi]icon | r 3a; .wherein t dopant | eve
or dop lf\otc Xc%u)lt/!%gs(%g? © %"51"3{5 i ?‘?p(%tﬁ lrf%\g/gpi@ teon %a%%fﬁﬁcgi’r%ﬁf d‘fsﬁréel?F%t' “Gopant | evel
or typg of. polysilicaon |layer 3b. This is schematically illustrated in Fig.
2. For 9EA08TUAR Qhp PRIYEIEEAR In¥er OR R updeslydig gafernaitpidayd darp ydliopailavetisn | ayer
3b, will be a N type doped |ayer, acconplished via inplantation of arsenic
or phoétgmdrvem@nin@nfgmau@mpramdwsaﬁollaweébwpagtprrbm moerluasempldyed ® &finkeV, at a
dose between about 1E15 to 8EL5 atons/cnR. Doped polysilicon |ayer 3c, can
be a Ppolypbcahogpecstiunayer. , A blankdt, fites insaktor tayemia dipdsited followed by hhagghol d

vol tage requirenents, be another N type doped | ayer however at a different

- Nt ypepbogiind ude@ Y@hctivhR AhRpasts ROthY AbfindPd1ysANEH ob strldd&el 18BNt ed dopant s
“in the doped polysilicon |ayer are notfixll'y activated and thus in this

tate wi 1Ml : i red..¢ | VE rihes, i nit.i on of a
 potyei eSO ot e g8 LA RISy ERBRICRAE R b UebhER Do
Fig. 3, hot i st m in the d i v 1S .. tch
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"pol ysil.icon gate structure: 3d, on gate insulator layer 2. In this exanple

‘the” pofigRsAispires{digin esion i ypeoidhe Sqaicendurioeerbsirgrmeioiered by the

polysilicon gate structure-or by the offset spacer, a second insulator layer, or a cbmposite
. insulator layer, is deposited. A second é.nisotropic dry etch procedure is next used to define a

composite insulator spacer on the sides of the polysilicon gate structure, comprised of an



~ polysilicon layer 3b, with a width between about 0.03 to 0.35 um The

- anisotropic R E procedure is perforned using Cl2 as an etchant for
-polysilicon with the procedure selectively ternmi nating at the appearance of

the top surface of gate insulator layer 2. Renobval of the photoresist shape

i s. acconplished via plasma oxygen ashi ng and wet clean procedures. A
“buffered hydrofluoric acid cycle, used as a conponent of the wet clean

-~ procedure, renoves ‘the portions of gate insulator 2; not covered by

- polysilicon ateqs.t rycture 3d. Thg ﬂef'i nj t.i.on olglsi-l icon gate structures

per T or AEEYIHT 691G GSUAOLAMRPAET SAT gh#kideying st aPach; samBoBetic & hegvidy al

di ffusion paths that woul'd have existed in undefined, or in blanket

pol ysi [9PRSSFopERg/Srain Fegipe e formgd nsanaseaef thesenziernslueipr posyale noteomerghbethe -
structure 3d, ‘can allow out diffusion of the unactivated dopants in

pol ysi Ipplysiticeragate sttuchire or ey Belcormpositomsslabyjrepdced t o an activati on anneal
procedure. Therefore to reduce the out diffusion phenonena insulator |ayer
4a,. shown schematically in Fig. 4, is next deposited. |Insulator |ayer 4a,
can be a silicon oxide. |l ayer obtained at a thickness between about 100 to
200 Angstroms, via LGP SESORPTRORUEBTARISNLRANefen cal vapor deposi tion
(PECVD), procedures, using tetraethylorthosilicate (TEOCS), as a source.

Bl anket insulator layer 4a, covering all surfaces of polysilicon gate

structure i S deposited at a |low tenperature hetween about_ 400 to 700 C,
t hus preveﬁ?‘?ﬁ Klis d’?hfefﬁ YaB{?g‘Ef‘fOf?}H@l Vggﬁl%ﬁr%besﬂgﬁﬁﬁ%éi 183]?‘“19{6&38 osition;
as well as preventing out diffusion of the sanme inplanted dopants during a
s'ubseqﬁg'g?dlg’@f"is\)"é{ﬁrﬁ refss Edthe ptashedidrawingspdicipdage: pr ocedure used to
activate the inplanted dopants in the polysilicon gate structure i s next
- addressed. A rapid thernmal anneal (RTA), procedure is performed at a

-t enper at ur &igset wewhiglbsahem@G@ully dn trodso@ciynal stiyleaddstribe Keesiapesrengiowet f& t o 30
. sec., in an inert anbient such as -argon or nitrogen, resulting in '

pol ysi lthecfabri@eb@ofd pelgditivon gae, striermeCoRaREih I8Fkn MY fushGt fré(zﬁttlﬁé%dl%mcéﬂt ed
dopants. Insulator |ayer 4a, covering all exposed surfaces of the :
_pol ysi Iy : , k i i pants
A R AL L P R R
desire i i neal , procedure can be acconplished via
con'ventq?%e%gﬁ)rg%d#lﬁeg%sg&)%r%ggagrdé’ ?‘nspléﬁﬁ%}’%lgﬂﬁ%ngﬁ%t%%r@ %t ure between about
850 to 1000 C, for a tine between about 5 to 20 mn., in an inert anbient.
A first pacer anisotropic R E procedure is next performed to insul ator
| ayer  4a, to forminsulator offset spacers 4b, on the sides ofpolysilicon
gate structure 3e. This is acconplished using CHF3 as a sel ective etchant -
~ for insul ator | ay®ESERIPTION OFTHOPRBFERBEDHEMBODIMENTY , region 5; is next
~formed.in an area of sem conductor substrate 1, not covered by polysilicon
gate structure 3e, or by insulator offset spacers 4b, via inplantation of
~arseni ¢ or Thb affdod thric@ig AfolBI1R0E Yal et e eR vHRAM ddpahPork AifkaNon FaH

arsenic ion option, and at a dose between about 5E14 to 5E15 atons/cne. The

- resul t yfpolRAREn PAOSEHMIESs thihi it s Fls@ator tion
of corrpospiot}teg i n%gl at or ‘spacer érﬁ%E&ltJﬁe I jgﬁeni?f%‘%l%lt F’:Sglgtr?%agggses‘{o%c ure
4e,  is _pext addressed and schematically described in.Figs. 6 - 7. Silicon
oxt de- PITED BIRRETEOL AR R aiRpleicPRRSts BF Pebtitsrrrindutns Wi o o
t hi ckness bet ween, about 80 . S i L o _
now be described in detail. Semiconductor substrate 1, comprised of P type single crystalline -

silicon, featuring a <100> crystallographic orientation, is used and schematically shown in Fig. 1.
Gate insulator layer 2, comprised of silicon dioxide, is next thermally grown to a thickness

between about 12 to 35 Angstroms. Undoped pblysilicon layer 3a, is next deposited via low

pressure chemical vapor depositidn (LPCVD),_ procedures, at a thickness betwéen about 1200 to



to 200 Angstroms, using tetraethylorthosilicate (TECS) ‘as a source. Next
silicon nitride layer 6a, is deposited at a thickness between about 150 to
350 Angstrons; via LPCVD or ‘PECVD procedures, followed by deposition of
silicon oxide |ayer 7a, at a thickness between about 400 to 700 Angstrons,
via LPCVD or PECVD procedures, again using TEOCS as a silicon oxide source.
This-i.s schematically shown - in Fig. 6. A second spacer anisotropic KIE
‘procedure is next used to define silicon oxide spacer conponent 7b, with
"the se ani sotropi c.Rl E pracedure perfqrned using CHF3 as a sel ective

et chan'pB%@%%trPF@o‘??? ilape ?@[‘.ﬂfﬂﬁ%ﬁ% HePUERe _"t(%ﬂ?gg’ siligjh eHiniiceteaticdlly SgWhace of
silicon nitride layer 6a, wherein silicon nitride |layer 6a, overlays LDD -
_ regionHBBgALthird spacer anisotropic R E procedure is then enployed to
‘define L shaped silicon nitride spacer conponent 6b. This is acconplished
using Cl2 as an etchant for silicon nitride |ayer 6a, with the anisotropic
Rl E pr ocedifitls Nl chatriel sldyP slianpgl] MDSPETsdeviceosre d¥ditd oh alyedamb28mioBndiidid! '
cycle of the third spacer anisotropic R E procedure features CHF3 as a

.- sel ect iip, &tif f8ial fRsshsld WoRaIRs @6l dSirdda¥Lpediid MOSBET liAcksiol 1] dalgOn OXi de
spacer- conponent 12b. Conposite insul ator spacers 10, conprised of

1
i-nsul atsé}ﬁic&xdcu%ﬁ)} g@B?ﬁé}?ﬁéﬁ&%P .’gat%is{ril&{? S %h@grlgﬁ%ﬁ{g%%ée\%gsca% tl))csa Qﬁ%@ﬁ)glecfi i §0n

" nitride spacers sil'i"con oxIde spacer co y
chematd cal | hown..i.n .FLg., 7. Format.ion.of heavi.l oped..sour ce/ drain
7 cor on 1452 b BB MB R hpolorr PRk g Oc e 06 Rt ol PEGHLERHER £ ot

- covered by polysilicon gate structure 3e, or by conposite insulator spacers
10, vi SUiRgR féﬁ%/ wpigalagrioy prssdireresHies miopedirolyshiern laer 3b febesresbibet ween

about 35 to 90 KeV, for the arsenic option, ‘and at a dose between about

2E15 t phatResistineskineatelopdd padesdlicon daysi 3t, ebewingiadecemd aceimpdantgpmnendcedib, can

now be selectively renoved via a buffered hydrofluoric wet etch procedure

resul t tfprinpobysitipes layer Jcnimud pévdoushpacidpead tkEionRPPolg iR 8R4 30f whersihaed

silicon nitride spacers 6b, silicon oxide spacers 12b, and underlying

i nsul aliganplet sl dSPAEBIHE oftPolyskiidon lhyer 36 NEBREnAthkY 1RNQ t'lafeizbrg(gpeBOf In

addition, if desired conp05|¥e i nsul at or spacers can be forned CTonprised of

t he un W i I I : Of verl yi non -. L shaped

i1 conrmbdial S ThR s R e SRR R B Y A e Phpos: 11 on

of a silicon nitride layer. .at a thickness hetween about 500 f 00

Angat » BrRES et dobeg By Bt b TR i e Bieh AeRonB et Fite a

conventi onal _spacer conprised of a silicon nitride conponent and an

under | ynpigntation fggseaigion ghephereps ippadaplagisdpbineenersy tistvasa aboutys tadp&eV,

source/drain region again would be forned after definition of this

- conposatadisabefvatabap AL EY to STHP stantsémat iTmped polasiampagir Be, dandeh Rttgge Spacer

is not shown in the drawings. Wile this invention has been particularly

“shown dosbddgyee,ror bRidsivéd for weflefuféiim dr thredhdRl Wi EfGRitenRHR0BE ARy N & eof ,

it wll be understood by those.skilled in the art that various changes in

I orm ?Es%eﬁ?%%hh&w&%Ya@ediﬁﬁqﬁt M3 Adbarfl SRR thad odeli BByt EorPRY&ISh. aRd scope of |
| implanted. dopants in the doped pblysilicon 1ayer are not fully éctivated and thus in this state will

not provide the desired conductive properties.

- Definition of a polysilicon gate structure is next addressed and schematically described in
Fig. 3. A photoresist shape, not shown in the drawings, is used as an etch mask to allow an
~ anisotropic reactive ion etch (RIE), procedure to define polysilicon gate structure 3d, on gate

insulator 1ayer 2. In this examplé the polysilicon gate structure 3d, is defined from doped



‘What is claimed is: 1.- A nethod of forming a conductive gate structure on a
~sem conduct or substrate, conprising .the steps of forming a gate insulator:
~layer on said seniconductor substrate; fornming a conductive |ayer on said
- gate insulator layer; 5 forming dopants in said conductive |ayer; defining
-a conductive gate structure on said gate insulator l|ayer; forming an
insul ator layer on said conductive gate structure; perforning an anneal
procedure to activate said dopants i'n said conductive gate structure; and
10 perfornming a dry etch procedure to formoffset insulator spacers on the
"~ sides of said conductjve gate structure. 2. The nethod of claim?1; wherein

sai d gRP¥SHIFRNIpYRr 3P Wﬁ@éﬂmﬁbbﬁﬁﬁwvM%b%O@ﬁéapaéunay%wanﬁh@mmaRﬂy grown to a

. thickness between about 12 to 35 Angstrons. 3. The nmethod of claiml,

vher ei prosedute sqetfounédwsingayiers drsetehaptfoy sollsitiom Wialy tie pravodwt selectivBlyvi a | ow
pressure chem cal vapor deposition (LPCVD), procedures, at a thickness -

~ bet weerrabntihg 42A00afrRaRAQARYB) keifEe of Fat&’ﬁlﬁumﬂr nger Df RGh&aMbilthe Wher ei n
sai d dopants fornmed in said conductive [ayer are arsenic or phosphorous

i ons, H@tﬂﬁﬁtst‘@h i@@cdoﬂ%ﬁh@l’iﬁd@hé B4 Qﬁ%gﬁjﬁﬁﬁn v B Alocir gy between
about- 5 to 40 Ke dose be ween about 1 5 to g% ﬁ%fons %b.
buffered hydroﬂuoric acid cycle, used as a component of the wet clean procedure, removes the

portions of gate insulator 2, not covered by polysilicon gate structure 3d.

The definition of polysilicon gate structures performed, prior to an activation anneal

' _ procedure, will reduce lateral diffusion paths.that would have existed in undefined, or in
blanket polysilicon layer. However the exposed surfaces of polysilicon gate structure 3d, can

allow out diffusion of the unactivated dopants in pd]ysilicon gate structure 3d, if now subjected
to an activati()n.aﬁneal proceduré; Therefore to reduce the out diffusion phenomena insulator

| llayexf 4a, shown schematically in Fig. 4, is néxt dei:)osited. Insulator layer 4a, can be a silicon
oxide layer obtained at a thickness between about 100 to 200 Angstroms, via LPCVD or via
plasma enhanced chemical {fapor deposition (PECVD), procedures, using tetraethylorth'osilicate
(TEOS); as a source. Blanket insulator layér 4a, covgring all surfaces of poiysilicon géte
structure 3d, is deposited at a low temperature between about 400 to 700° C, thgs preventingr
out diffusion of the irﬁplaﬁted dopants during depositién, as well as preventihé, out diffusion of

the same implanted dopants during a subsequent activation anneal procedure.

The anneal procedure used to activate the implanted dopants in the polysilicon gate
structure is next addressed. A rapid thermal anneal (RTA), procédure is performed at a
- temperature between about 950 to 1100° C, fora time between about 5 to 30 sec., in an inert

- ambient such as argon or nitrogen, resu_lting in polysilicon gaté structure 3¢, now comprised with



5. The method of claim1, wherein said conductive gate structure is formed
via an anisotropic R E procedure, perforned. using Cl2 as an etchant: 6. The
met hod of claim 1, wherein the width of said conductive gate structure is
bet ween about - 0.03 to 0.35 um 5 7. The nethod of claim1, wherein said .
insulator layer is a silicon oxide |ayer, obtained via LPCVD or via plasma
- enhanced cheni cal- vapor deposition (PECVD), procedures, to a thickness

~ between about 100 to 200 Angstroms. 8. The method of claim1, wherein said
insulator layer is a silicon oxide |ayer obtainﬁd vi a -LPCVD or Egch "
‘procedures, .using tetraethylorthosilicate (TEOQS), as a source. 10 9. The
et hod a‘&f"a@fié’iﬂﬁﬁ%‘fdaﬂ%- sulgtoy layR Fowlaé el gxrosedautaces ofchs Ralysilicsa; d
dopants in said conductive |ayer is a rapid thermal anneal (RTA),;

pr oced&te strarsyre orrpectedtoundifi@sipe phinylantesbdapents this oexigBngttbe dadoctBityfofr  a
time between about 5 to 30 sec., in an inert anbi ent such as nitrogen or
ar gon. pdlgsilidinegateedttuotiro3e. dF désired thevdagvation as@datiprecdtiand caprbe Gesn iskkieda t O
activate said dopants 15 in said conductive |layer is performed using
conventomafioralfuRRie pRicediRep@forited 8t 4 RIPERALSBEWRET MRENs A8 %0@%& f&0 1000

C, for a tinme between about to 20 mn., in an inert ambi ent such as

Ni t r 098 BnRrhedl @A 'ﬂb?ﬁ't%-to Ebﬁlaﬁ'??‘lha%qnéﬁ arfibidhiM AL firg)) %E&'aglsﬁéb cHpy etch
procedure used to f - 0 e sides

orm sal fset spacers on e said conductive

gate s (e i n..ani sot.ropi c . R E procedure, - rformed using CF1F3 as
an et o Ifff#%& 3 }% ng%‘i _p%rf{oarg%qs tgtlgsrurl)qtcgJ@Fe_r 42 to S insulator dastet spaeers 4b, on _tl?e _

_sides ef pelysilieon gate structure 3e. This is accomplished usiﬁg CHF3 as a selective etchant for
insulator layer 4a. Lightly doped source/drain (LDD), region 5, is next fonﬁed in an area of
semioddductof substrate 1, not covered by polysilicon gate structure 3e, or by insulator offset
.spacers 4b, via iihplantation of arsenic or phosphorous ions at energy between about 1 to

10 KeV, for arsenic ion option, and at a dose Between about SE14 to 5E15 atoms/em®, The

- result of these procedures is schematically shown in Fig. 5.

The formation of composite in;ulator spacers on the sides of polysi.l.icon gate structure 4e,
~ isnext addressed and scheniatically described in Figs. 6 ] 7. Sil.ico_n. oxide layer 12a, is first
-depos.ited via LPCVD or PEC.V.I_)' pfoceduree, to a thickness bet\a}een about 80
.'to 200 A’ngstfoms, using te&ae&yloﬂhosilieate (TEOS) as a source. Next s_ilicon ni_tride layer 6a,
is d_eposited at a thickness .betw.een abo.ut_l 150 to 350 Angstrofns, via LPCVD or PECVD
| prdee_dures, followed by -depesitien of silicon oxide léyer’ Ta,ata th.i'cknes_s between about
40.0. to 700 Ahgstrems, via LPCVD or PEC.\./D pfoceduieé, again ueiﬁg TEOS as a silicon oxide
_ so_ueee. This is schematically shown in Fig. 6. A second spec_er ani.setropic RIE procedure is

next used to define silicon oxide spacer component 7b, with the second anisotropic RIE

~ procedure performed using CHF; as a selective etchant for silicon oxide terminating at the




12, A nmethod of fabricating a metal oxide sem conductor field effect

. transistor (MOSFET), on a sem conductor substrate; featuring the

integration of -an anneal procedure used to activate dopants in a
polysilicon gate structure, and the formation of offset silicon oxide

_ spacers.on the sides of said polysilicon gate structure, conprising 5 thg
“steps of: fornming a gate insul ator | ayer on said sem.conductor substrate,;
form ng-a polysilicon.layer on said-gate_lnsuyator_Iayer;,perfornlng an ion
“i.npl antation procedure to place dopants-in said polysilicon |ayer;

per o sl sl LSO ARG ELBEALEUNL iR, BRL PRl con

gate 10 structure; formng a firs

' : = perfarm ng said anneal -procedure activating said dopants in
381 a poPHEHeR G Mol ettt irer R o R e theeeBRiovaostsinopisbapes 1
- procedure to define said offset silicon oxi de 15 sFacers on the §|d¢s pf
sai d pB’ﬁlﬁ‘ér} PRSPt Sowperrst o-eThis sraskorplished whing Glade pedcloufgeilgoai n
region in an area of said sem conductor substrate not covered by said
pol ysi Pitiddmlayrat6e, with the anisetrapic RIE pracalund deteetively btopsing oxitleors@ager s; form ng
a second silicon oxide layer; 20 formng a silicon nitride layer; formng a

third iyed QenA diaidgcleay ere; thipé sfa0emnRgtrapit MIE?rcfé@éhﬁ@?é’aﬁiPésCCﬁl%l%a%E gofure to
define first silicon oxide spacer conmponents fromsaid third silicon :

i de s ki i Lic i tri rpaneats from said
_g?;igoﬁﬁ%?ff?ggmggst@§kgﬁgn?g%%ggF%gfggggh%ﬁ%| ?%%%&géwgg.spaggw“§3W%onents
f rom Sflsfa®f Eﬁt@&s $b) doﬁ‘f}?is&f%fqgsulla%é(red’ffsgtrs%géjelrst JLbr] QitcOn Sxide Thosrs tl gb, L

shaped silicon nitride spacers 6b, and silicon oxide spacer components 7b, is schematically

shown in Fig. 7.

Formation of heavily doped .source/drain region 8, is next formed in a region of
- semiconductor substrate.. 1, not covered by polysilicbn gate structure 3e, or by composite insulator
spacers 10, via implantation of arsenic or phosphorous ions, at an energy between about 35
| to 90 KeV; for the arsenic option, and at a dose between anut 2E15 to 7E15 atoms/em®, If
~ desired silicon oxjde spacer components 7b, can now be selectively removed via a buffered
_hydroﬂuor_ic wet etch procedure resulting in coﬁposite insulatbr spacers 11, now compriﬁed of L.
shaped silicon niﬁide spacers 6b,. silicon oxide spacers 12b, and un_derl_yin.g inSlﬂator offset

spacers 4b. This is schematically shown in Fig. 8.

In addition, if desired cdmposite insulator spacers can be formed comprised of the
- underlying insulator offset spacers and of an oVerIy_ing non - L shaped silicon nitride spacer
component. This would be accomplished via deposition of a silicon nitride layer at a thickness

- between about 500 to 700 Angstroms, followed by the anisotropic RIE procedures use to definea



5 insul ator “spacers on the sides of said polysilicon gate structufe,"

" conprised of underlying, said offset silicon oxide spacers, said second

- silicon oxide spacer conponents, said L shaped silicon nitride spacer :
‘conponents, and overlying, said first silicon oxide spacer conponents; and
~forming a heavily doped source/drain region in an area of said .

seni conductor 10 substrate not covered by said polysilicon gate structure

or by said conposite spacers. 13. The nethod of claim 12, wherein said gate

[ I i i Fobd 1.ay t L1y, A t hi ck :
bt weon oot e SRREOT et Sy ook AR o dh R Cnfeiei n sai d

“ pol ysilij er | ined.via. |l ow pressure. chenjcal yvapor deposition
- CLPuor i Eimishe B RN Y e BuREERS it et morrud b brmebpter

Angstr%m§”.15. he method of claim 12, wherein said dopants fornmed in said

pol ysi OFEYHOR B é‘i; cPEosiicdplatorpagsso S ik dterstion Phmeompsisite inseldton spacerds doti on

i mpl ant3 bt ¥i¥e performed at an energy between about 5 to 40 KeV, at

a dose between about 1E15 to 8EL15 atons/cnR. 16. The .nethod of claim 12; '

. wherein said polysilicon gate structure is forned via said first

- anisotropic R E procedure, perforned using Cl2 as an etchant for

pol ysi | i coWhile thi.invEngonedshiaeh pirtiedi@lyRhban A 8ELkiPed Wh Wirdbibe9s t@éai d

pol ysilicon gate structure i's between about ‘0.03 to 0.35 um 5°18. The

nmet hod paffereddamBodgnenBELH Nt SA] j L pde lLayer.i.s obtained via
00 p ﬁér@bf'ﬂlt%ﬁlrll fe Lh(ﬁel?étoédpl%?}r t‘ﬁg& S(Rﬁle??% %e{aﬁé@&no

LPCVD or via plasma enhanced. chem cal va eposi ,‘ﬁrocedures,

at a thy : t t0.200, Angstrons. 19.. The nmethod of claim
12, “uhe B R T g PR R o MU h Ly PR FE e e ety of s
tetraethyl orthosilicate (TECS), as a source. 10 20. The nethod of claim 12,
wherei n 'Sai d° anneal procedure .used to activate said dopants in said
polysilicon layer is a rapid thermal. anneal (RTA), procedure, perforned at
a tenperature between about 950 to 1 100 C, for atine between about 5 to
30 sec., in an inert ‘anbient such as nitrogen or argon. -



" 21. The method of claim12, wherein said anneal procedure, used to activate

. said 15 -dopants in said polysilicon |ayer, is perforned using conventi onal

furnace procedures, at a tenperature between about 850 to 1000 C, for a
time between about 5 to 20 mn., in an i nert amnbi ent. such as nitrogen or
argon. 22. The nethod of cIa|n112 wherein said second anisotropic RE
procedure used to define said offset silicon oxide spacers; is performed
- using CHF3 as asel ective etchant for said first silicon oxide layer. 23.
The nmethod of claim 12, wherein said-1ightly doped source/drain region is
for med whaB i AmbARL ant at i.on of arsenic or- phosphorous ions, at an energy

" between about 1 to 5°KaV, for the arsenic option; and at a dose between

about 5E14 to 5E15 atons/cnﬂ 24. The nmethod of claim 12, wherein said
silicon nitrid er s qbt ai ned via LPCVD 10 15 PECVD procedures at a

t hi ckness betlvéélﬁ3 to%@gﬁﬁmﬁiﬁeﬂ‘ﬁrﬁjﬁ%ﬁ%‘f@‘%ﬂselfhemde@thoﬂlbsﬁatel aim 12,
wherein said third silicon oxide |ayer is obtained via LPCVD or PECVD
procedur es afoBPEfILkASKEs tfet ween about . 400 to 700 Angstrons, using TECS as
a source. 26. The nethod of claim 12, wherein said third anisotropic R E
procedur e used%nnmga@ﬁusamﬂmﬁum&ioﬁ@&ﬂ@@ﬂw@%ﬁﬁﬁm§ﬂﬁﬁﬁ% conponents, said L

shaped silicon nitride spacer. conponents, and said second silicon oxi de
~Spacer . conponefirfing Ia%oﬂ(ﬁfcﬁ% Iﬁ?@f dﬂ%hﬂ%ag'ilﬁghlator layer;
5 , | formmg dopants in said conductive layer;

defining a conductive gate structure on said gate iesulator layer;

forr_ning an insulator layer on said conductive gate structure;

performing an anneal procedure to activate said dopants in said conductive gate

structure; and

10 performing a dry etch procedure to form offset insulator spacers on the sides of said

conductive gate structure.

2. The method of ciaxm 1, wherein said gate insulator layer is a silicon dioxide layer,

thermally grown toa thlckness between about 12 to 35 Angstroms.

3. The method of claim 1, wherein said conductive layer is a polysilicon layer, obtained
15. . vialow pressure chemical vapor depoéition (LPCVD), procedures, at a thickness |

between about 1200 to 2000 Angstroms.

- 4. The method of claim 1, wherein said dopants formed in said condﬁctive layer are
~ arsenic or phosphorous ions, formed via ion implantation procedures performed at an

energy between about 51to0 40 KeV, at a'dose befween about 1E15 to 8E15 atoms/cm”.

10,




as an etchant for si Ilcon oXi de and usi ng CIz as an etchant for si Ilcon

| .-nitride. 27. The nethod of claim12, wherein said heavily doped

sour ce/ dr ai.n region is forned via |an antation of arsenic or phosphorous
i ons, at an energy between about 35 to 90 KeV, for ‘the arsenic option, and
at . a dose between about 2E15 to 7E15 atons/cn®. :
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via LPCVD or via plasma enhanced chemical vapor deposition (PECVD), procedures,

toa thicknesé between about.100 to 200 Angstroms.

8. The method of claim 1, wherein said insulator layer is a silicon oxide layer obtained

vié LPCVD or PECVD procedures, sing tetraethylorthosilicate (TEOS), as a source.

10 9. The method of claim 1, wherein said anneal procedure used to activate said dopants
in said conductive layer is a rapid thermal anneal (RTA), procedure, performed at a
temperature between about 950 to 1100° C, for a time between about 5 to 30 sec., in an

inert ambient such as nitrogen or argon,

10. The method of claim 1, wherein said anneal procedure used to activate said dopants
15 in said conductive layer is performed using conventional furnace procedures at a
temperature between about 850 to 1000° C, for a time between about 5 to 20 min., in an

" inert ambient such as nitrogen or argon.

11. The method of claim 1, wherein said dry etch procedure used to form said offset

spacers on the sides of said conductive gate structure is an anisotropic RIE procedure,

n
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- (MOSFET), on a semiconductor substrate, featuring the 1ntegrat10n of an anneal
procedure used to actlyate dopants in a polysﬂlcon gate structure, and the formation of
‘offset silicon oxide .;v,pacers on the sides of said polysilicon gate structure, compris_ing'
5 the steps of: -
. forming a gate ihsuiatﬁr layer on said semiconductor substrate;
. forming a ﬁolysilicon Iélyer on said gate insulator layer;
performing an ion implantatioﬂ procedﬁrg to place dopants in said polysilicon layer;
| performing a; ﬁ_rst aniéotropic RIE procedure to define said polysilicox_l gate
10 | structure; |
forming a first silicon oxide layer on said polysilicoq gate structure;
performing said anﬁe‘al procedure activating said dopants in said polysilicon gate
structure; B
'performing a second anisotropic RIE prdcedure to define said offset silicon oxide
15 - Spacers on the sides of said poiys.ilicon gate structure;
forming a lightly doped source/drain region in an area of said Semicondu;:tor_
substrate not covered by said polysilicon ga.fe structure or by said offset sili’cc_m oxide
spacers; | ..
fdrming a second silicon oxide iayér;
20 | - forming a silicon nitride_.layer; |

forming a third silicon oxide layer; : _
performing a third anisotropic RIE procedure to define first silicon oxide spacer

12
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components from said third silicon oxide layer, to define L shaped silicon nitride

spacer components from said silicon nitride layer, and to define second silicon oxide

spacer cornponents from said second silicon oxide layer, resultmg In a composite

1nsulator spacers on the sides of said polys:hcon gate structure, comprised of

- underlying, said offset silicon oxide spacers, said second silicon oxide spacer

components, said L shaped silicon nitride spacer components, and overlying, said first
silicon oxide spacer components; and
forming a heavily doped source/drain region in an area of said semiconductor

substrate not covered by said polysilicon gate structure or by said composite spacers.

13. The method of claim 12, wherein said gate insulator layer is a silicon dioxide layer,

thermally grown to a thickness between about 12 to 35 Angstroms,

14. The method of claim 12, wherein said polysilicon layer is obtained via low pressure

chemical vapor deposition (LPCVD), procedures, at a thickness between about 1200 to

2000 Angstroms.

15. The method of claim 12, wherein said dopants formed in said polysilicon layer are
arsenic or phosphorous ions, obtained via said jon implantation procedure performed at

an energy between about 5 to 40 KeV, ata dose between about 1E15

to 8E15 atorns/cm

16._The method of claim 12, wherein said polysilicon gate struct_ure is formed via said, |

first anisotropic RIE procedure, performed using Cl, as an etchant for polysilicon.

13
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4@ 10% & 0- l}of’he method of claim 12 wherein the w1dth of said polysﬂlcon gate structure is

between about 0.03 to 0 35 um.

5° . 18. The method of claim 12, wherein said first silicon oxide layer is obtained via
LPCVD or via plasma enhanced chemical vapor deposition (PECVD), procedures, at a

thickness between about 100 to 200 Angstroms.

19. The method of claim 12, wherein said first silicon oxide layer is deposited using

tetraethylorthesilicate _(TEOS), as a source.

10 . 20. The method of claim 12, wherein said anneal procedure used to activate said
dopants in said polysilicon -layer is a rapid thermal anneal (RTA), procedure, performed
at a temperature between about 950 to 1100° C, for a time between about 5 to 30 sec.,

in an inert ambient such as nitrogen or argon.

2]. The method of claim 12, wherein said anneal procedure, used to activate said
15 ..'dopants in said polysilicon layer, is performed using conventional furnace procedures,
‘at a temperature between about 850 to 1000° C, for a time between about 5 to 20 min.,

- -in an inert ambient such as nitrogen or argon.

_ 22 The method of claim 12, wherein said second anisotropic RIE procedure used to
deﬁr_le said offset silicon oxide spacers, is performed using CHF 3 a8 a selective etchant

for said first silicon oxide layer.

23. The method of claim 12, wherein said lightly doped source/drain region is formed

14
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24. The method of claim 12, wherein said silicon nitride Iayer is obtained via LPCVD

PECVD procedures at a thickness between about 150 to 350 Angstroms.

25. The method of claim 12, wherein said third silicon oxide layer is obtained via
100 LPCVD or PECVD procedures at a thickness between about 400 to 700 Angstroms,

- using TEOS as a source,

26. The method of claim 12, wherein said third anisotropic RIE procedure used to form
said first silicon oxide spacer components, said L shaped silicon nitridé spacer
components, and said second silicon oxide spacer components, is performed using
CHF3

.15 as an etchant for silicon oxide, and using Cl, as an etchant for silicon nitride.
27. The method of claim 12, wherein said heavily doped source/dréin région is formed
via implantation of arsenic or phosphorbﬁs ions, at an energy between ébout 35

to 90 KeV,_ for the arsenic option, and at a dose between about 2E15

to 7E15 atorhs/cmz.
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