; STe3eOLI "6RT5: 0 3 JAN 200 METHOD TO REDUCE VARI ATI ON I N LDD SERI ES

RESI STANCE BACKGROUND OF THE I NVENTION (1) Field of Invention The present
invention relates to nmethods used to fabricate sem conduct or devi[}:ésjﬁﬁdznnﬁ
nore specifically to methods used to control the series resistance of
lightly doped source and drain, (LDD), regions. (2) Description of Prior
Art Metal oxide sem conductor field effect transistor, (MOSFET), devices
can be fabricated as N channel, or P channel devices. The P channel, or
PMOS devi ceMEBHOR EOREDPEE VERIATIORNTN BBDVﬁmsRﬁsﬂswﬁ«gﬁped,
polysilicon gate structures. These P type regions, conprised wth boron

i ons, can however experience decreased boron concentration during thernal
cycl es encountered during subsequent processing sequences. The affinity of
boron for silicon oxd S |.h.boron, located in the polysilicon
gate structure, or ﬁ%ggﬁgﬁﬁﬁgﬁfgg#bﬁbaHﬂyﬁﬁgﬁﬁalfron1these regions to

adj acent silicon oxide regions, such as pad oxides on the LDD region or
silicon oxide spacers on the polysilicon gate structures, during subsequent
anneal ] es. The present invention will describe several solutions for
reduciﬁgy%ﬁ@‘ﬁﬁFﬁﬁﬁp@n of boron fromboth P type polysilicon gate
structures, as well as fromP type, LDD regions, into adjacent 0 3 JAN
2005 silicon oxide regions, thus reducing the risk of increased LDD

r esi st ance, TwpredentciaRediRayblhtek k9 L loran.di ff usi gn.phenonena.
Prior art, such as Chao et al, I?CBH&%%Q%%S&%&&%S@ ?%E?to'bg?"é S gNgymgKee s s

of i npl ; i olysilicon layer, to forma barrier
ayercoomdal B b @aa0uscl 2 S| Ipd eries resistinde of Vel doped soureastirain, The

presenKLb@gF éﬂon will offer solutions to the boron diffusion phenonena
whi ch ho not involve the gate oxide layer, thus not risk

conprom sing gate oxide integrity. SUMVARY OF THE | NVENTION It -is an obj ect
of this invention to retard boron out diffusion froma P type polysilicon
gate structure, and fromP type, LDD regions, via formation of a nonol ayer
of si | (®dPesaiiptiandef BrtortAre i nt erface of the LDD or polysilicon gate -
silicon oxide interface, acconplished via a plasma ritridation procedure
performed after a polysilicon reoxidation procedure.

Metal oxide semiconductor field effect transistor, (MOSFET), devices can be fabricated as
N channel, or P channel devices. The P channel, or PMOS devices feature P type, LDD regions
as well as P type doped, polysilicon gate structures. These P type regions, comprised with boron
ions, can however experience decreased boros: concentration during thermal cycles encountered
during subsequent processing sequences. The affinity of boron for silicon oxide, can result in
boron, located in'the ppiysilicon gate structure, or in the LDD region, diffusing from the‘s.e. r;gions

to adjacent silicon oxide regions, such as pad oxides on the LDD region or silicon oxide spacers

on the polysilicon gate structures, during subsequent anneal cycles.

The present invention will describe several solutions for reducing the diffusion of boron
from both P type polysilicon gate structures, as well as from P type, LDD regions, into adjacent
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It is another object of this invention to retard boron out diffusion froma
P type polysilicon gate structure, and fromP type, LDD regions, via
formation of a silicon oxynitride formed on the surface of the P gpdAN 2005
polysilicon gate structure, and on the surface of the P type LDD regions,
via introduction of a nitrogen source during the polysilicon reoxidation
procedure. It is yet another object of this invention to retard boron out
diffusion froma P type polysiHcon gate structure, and fromP type, LDD

r egi orsflicon ioRided st 108 réfucigithe ﬂslzk_%f* ih&@e&e&‘t?ﬂ %@isiagé(@rw}ﬁ’ éearﬂ?es% r%pa e of

the oxi de formed after the pol ysi i con reoxi dation prdcedur ai 200

In ac 1 i nvention netho used .t orm a nitrogen
cont aiqﬁtl£ ﬁ?ﬁ%{‘é%ﬁﬁé@@@éﬁ%@%%%mdi f‘Pﬂéﬁqo‘ﬂmEf’s gg?(bﬁ airlﬂm-é’ pe pol ysilicon
gate shr g@;@g &nd fromP_type, LDD regions, into adjacent silicon oxide
layers, °ar e PiHProgess of uhplantingautregea; tireugha podysyispn layen to Swwi alat i on
proceg);rg_tia resulting in the formation of a silicon oxide |ayer on the
surfa c5iaygr o proyrat petopsiut difbuiogatte site instlatoe intarfite Ohhet freseatiinvaginof - P
type, LDD regions. An RF plasma treatnent is then perforned using a -
ni t r ogell offeusatetions do fhertroren diffusion Phétidnidng evhiA Ay willtnok RvolvatigE face of
the silicon oxide - polysilicon gate, or LDD region. A second nethod used
to retoxide byl ahuhdtirdRicOmpidmiing RareRxddeftegligMENt s is the addition of a
nitrogen, to the anbient used for the polySilicon reoxidation procedure,
resulting in a silicon oxynitride layer, on the surfaces of the P type
polysilicon gate structure and on the surfaces of the P type LDD regions. A
third nethod used to retar diffusion is the chem cal vapor
deposition of a thin sili c%‘%ﬁgﬁﬁ %melgurface of a polysilicon
. oxide layer, fornmed on the exposed surfaces of the P Type polysilicon gate
structure, and the P type LDD regions. An overlying silicon oxide |ayer is
~then forneld 18/4reotjéng of ded inverpion td egrasi tidromopy diffesdol £6m aUBtypd polysilicon gate
tetraethylorthosilicate, (TECS), as a source, followed by the formaiion of
an ovattying ahdfioi BiypeCODDYebiohdlYid RS SRAGRyer P VniiARE P TyPe
source/drain regions are then defined via ion I npl Jnt at1on procedures,
usi ng ikbEadd U i . as; . | EF. DESCRIL PTI ON THE
DRA R e Tl LOP T RiRBR ot 2ol TG i fies et Vet
descri ' e preferred,epgbodiments with reference to the attached
dr awi r@gg?t?]%tﬁ r?ﬁecdle‘ﬂed%e.r{bm’@d NP Ay rlecog;rgexidation pgocegiiiech schematical |y, in
cross-sectional style, describe key stages of fabrication used to forma
nitrogen containing |ayer, used to retard the out diffusion of boron froma
P type pol k45 anoghsn obiaeteofshis imentien teametard boronRut yitkisioRBroneg Pasise pdiEaieBhPT! ON
- OF THE PREFERRED EMBODI MENTS Met hods of form ng a nitrogen containing

| ayer gatestivenussafd fon PRRAL DIPreflioh Uk Rilmafio DO 8o WRBIIPBA ¥z e cON
gate structures, and fromP type LDD regions, Into agj acent silicon oXide

regio i e =D i ail.,. Fig. sehemptically, in |
Cross 8 gg%(}i@i d(;fl r%lzﬁp\s“{p?f %a?iiﬁ%d&gea ge g@ﬁgﬁg’e%ﬂdcoél, thg? l{réz{;e P gp&?ﬁ%ﬁ ﬂf,}gg@gpqsyg@ LDD
regio P. sem conductor substrate 1, conprised of single

cryst g?tf(?adﬁlgné‘%/ 5?%’8’ o8H 1 JH%P%’%‘ FaNggPEfation npsedureat i on i s used. An
N well region, not shown in the drawings, is formed in areas of P type
sem conductor substrate 1, to be used for PMOS devices. The N well region
i s forned Itisyes apothérarbfent obthivihvanioans tetard Hohas Sl AtiBkiSor BHS -2 gons of P
type sem conductor substrate 1, to be used for N channel, or N devi ces,
do notpoBxiliesn 416 Strkdigrel ) i -at | o CGat.e insul.ator
Iayertng’?S corr%irt i sed of I’\Igliic?/ii?g%}np g?g’xmd%?rgélgﬁgt’ %{eardr%g{?ﬁ@&gétg%mn ?lﬁcoélr{"t&l%en -
st.eam j L ckness between about. 15 to, 80 Angstroms. A :

pol yo 1 Psof e siffodof it GHOE X S thepohitieor reosiines BReREa v apor
deposition, (LPCVD), procedures, to a thickness between about 1500 to 3000
Angstrons. The polysilicon |ayer can be doped insitu, during deposition,
via the addition of diborane to a silane anbient, or the polysilicon |ayer
can be deposited intrinsically then doped via inplantation of boron or BFz
i ons. Conventional photolithographic and ani sotropic reactive ion etching,
(RIE), procedures, using Cz or SF6 as an etchant, are used to define P
type, polysilicon



0 3 JAN 200 gate structure 3, shown schematically in Fig. 1. Renoval of the

phot oresi st shape used to define P Type, polysilicon gate structure 3; is
acconpl i shed via plasnma oxygen ashing and careful wet cleans. P ﬂhBeJAﬂI?mﬁ
region 4, is next formed in regions of P type sem conductor substrate 1, no
covered by P type polysilicon gate structure 3, via inplantation of boron,
or BFZ ions, at an energy between about 1 to 50 KeV, at a dose between
about 5E12 to 8El14 atons/cne. Reoxidation of P type pol ysdicon gate
structure I ed and schemti,cal | hown in Fig. 2. Silicon
oxi de | ayefhl §,b‘§°£§@§g t“ﬁti%ghﬁ é‘i&"&e‘% SPRAeR ‘EB”@‘B?S 4d ¥%§‘6@ pityeeseRntainigg layer,

t her mal | r own t.he osed surfaces of P type, polysilicon gate

struct Ld?éeél tg retgyd ‘ﬁH:P%%%f @Cﬁﬁ? g’Oﬁb&’ {¥pepolystigen g strectuiegind. frofME tpmd, LHD i con
reoxidation procedure also results in additional growth of the regions of
gat e i F&iAnst BFo adigeent stlizonaidedayees, et degeridetly pefilgainethat fesedrds € palysifi@si! ti ng
in gate insulator 2b, now at a thickness between about 40 to Og Angst r ons.

A fir steonsiationlprosedurt oestiing sl tHeUbrmstitloh WFaQilicd oIR8 RYer dd m@sﬁlaféaéQ Gfap
polysilicon gate structure 3, and fromP type LDD région 4, during

SUPSCqUPRORSMIEaRELB drkkiRSand Sn HSuEAUTAIRO! I LIAGRD AORE Bl 000 | aver

6, formed at the interface of silicon oxi Bl ysilicon

gate s interface of te insulator, |ayer 2b, and P
Do Lo e & then Ak bolf d MAGRL?Gitn 18 Biskiioion il Eronglaverit she
thicknﬁgf bet ween..about. 3 to 5 Angstrons,-is formed via a renote plasm
nitri dang e BF BESHiGPR oxide  polyaligorngate,er iDI) seaion. b sesed method uSdtoraad W
at a sHbstrate_tenperature bet ween about 150 to 500 C, at a pressure

bet weeRORBSiffusEm framthe R type@lenkntsis thermdditioalof u mitrcareg,00 the bkt usel it thoe
addition of a nitrogen containing source such as NzO N2, NH3, or NO and

wi t h t pelysiitdnaeotiddtioni protedar edkultig U8 sibdid GGARH | B AN
200 of about 10,000 to 1. Tﬁg resuFt o? this prg%g@%$é8+§ﬁ§%ﬁ§ﬁ§f$g§:gy

00 of about 1 “The of "thi s”procedtirt " S “SChefat]
Cont i B oG P B SRR ATk & G BRI v g madler s 7

and th ' f _heawi|l.y doped, P e source/drain regions 8.

Deposi {reand areid Wi o Miiidh PG Slemicsl e apositwis achmisaon macidelayereacs)
as a sgyrcg? Hﬁ.ne t .acconpl i shed via LPCVD or plasnma enhanced chem ca
vapor d8pBErTs ik Pobystieompxids layep derineed onthe gxpased kurfses dithePappapalyilice@0 t o
1400 An%strons. An ai sotropic RIE procedures, using CHF3 or CFQ as an

et chanB3te pigugiuse; ardthe &\tgpe LBDetione Amevdrlyingrsilkpaogids 1aer isfthélEolmedvia
conposite insul ator spacer, conprised of an underlying |ayer of silicon

oxi de, clemicabvapdrydepesition prooetuiést (iifetch A¥BYlorthedlidAk: gﬁﬁésgﬁg adolirte,
acconpl i shed via deposition of an underlying silicén oxirde ['ayer,” using

LPCVD lioREEY , 1t hi;ckness bet. t 100 t0.200
gt r ong e e e oAb R G Ry AR s oBrvigop. &

overlyj .of silicon,nitrjde, also obtained via LPCVD or PECVD

pr oced@pggéf&é?/d?lq Wg@ﬁﬁé%esthﬁ‘éé?ldé’@ﬁi VRHeR implaation proogluresgesingthe thicki sot r opi ¢
Rl E procedures, again using CHF3 or CF, as an etchant, are used to cCreate

t he co‘ﬁﬁﬁ%‘iofépﬁcﬁfsiﬁlaemmk- spacer. Heavily doped, P type source/drain region
8, is next defined in regions of sem conductor substrate 1, not covered by
P type polysilicon gate structure 3, or by insulator spacers 7, via:

i npl antation of boron or BFz ions, at an energy 'between about 1 to 50 KeV,

at.a dose between about t It of these
procedures is schenatica?ﬁ§gg%gaﬁﬁﬁﬁT%pgﬂaﬁ&gghgéggﬁﬁﬁgganneal cycl es, used
to activate the dopants in the source/drain regions, or to form netal
silicide rﬁ%iops, will not result in out diffusion of boron fromP type

pol ysi | i cort g aPECisind piheradvantages of isinpentipp erd 1R desgiibnd if thepreferredsul t  of
the diffusion barrier characteristics of nitrogen containing |layer 6. This
r educ e@niggement with jefre200® thanitathieddrawingMasiaéli@s esi stance of the P type
LDD el enent. A second nethod of creating a nitrogen containing |ayer, used
to retard boron out diffusion froma P3type polysilicon gate structure and
fromP type LDD regions, is next described and schematically shown in Fig.
S. After definition of P type polysilicon gate structure 3, introduction of
a nitrogen containing gas, such as NzO or NO to an oxidizing anbi ent used
for the polysilicon reoxidation procedure, is enployed to create nitrogen
containing, silicon oxynitride layer 9, fornmed at the surface of P type

pol ysilicon gate structure 3, and P type LDD region 4, This procedure can
be acconplished using a nitrogen containing gas such as NO or NzO or

m xture of oxygen and nitrogen containing sources, such as NH3 + Ov Nz + Ov
NO + @2, and N20 + OZ. Silicon oxynitride layer 9, is fornmed at a thickness

AN a2 A NN A - - -

UL



i nsul ator spacers 7, previously shown, and the formation of heavily doped,
P type source/drain 0O 3 JAN 2005 region 1 |1, again forned identically to
previ ously described heavily doped, source/drain region 8. Nitroded JAN 2[;[]5
containing, silicon oxynitride layer 9, will again retard the diffusion o
boron fromP type polysilicon gate structure 3, and fromP type LDD region
4, to adj.acent silicon oxide regions such as insulator spacers 10, during
subsequent hot process procedures. A third nethod used to create a nitrogen
cont ai ni ng L : di ffus) 0 op. fromP e .

pol ysi li cogkgg%gt?eg’s%gtsﬂ%gq a?ba%glt ’#}?%S?néetlsﬂé%%g"?&fs?g%‘? %er?’ Sﬁa,lgef g f%\%ﬁ‘fmm“
described . and schematically. shown in,Figs. ,7 - 8., After definjition of P
Cype. pOIEYLP RIMELH AL SoHHHLaT0 oD, Usa Ll et BB roduope,
identical to the procedure previously used to formsilicon oxide |ayer 5,

i s agaPelyekgon@atastustireranddrom oypobdBeaetigner 12, again at a thi ckness

bet ween about 30 to 60 Angstronms, on the surfaces of P type polysilicon
gate structure 3. Regions o~gate insulator |ayer 2a, exposed to the

pol ysilicon reoxidation procedure, now result in an increased thickness,
between about 40 to BRYCNIBFIONTF TAE PREFERREBUMBOBIMENT]YEr 13, is next
deposited at a thickness between about 6 to 20 Angstrons, using either
LPCVD, rapid thermal chem cal vapor deposition, (RTCVD), or renote plasm

enhanced chgm Gal r_deposition,. { RPECVD rocedures. Pracess

condi ti ons gﬂro% ﬁﬁ%%&ﬁjggl o Q?)‘P%‘Eéﬂ’ﬁ?éé b&Bt%edatOtYEWff&hﬁt Husignert hoegn
about I—éog’oéo 120? ﬁ a pressure between about 0.01 to 100 fort using SiH,
and. NHIOMJ? Dge Rolysiion ghtg SthRuFss ARAdTomP rea bDBURIoN, Ge liscentistioRPRGID

procedure are _an RF power between about 5 to 300 W a substrate tenperature
bet weeFEisLVllIBYY bod@odbe inalepile $5girle stematenily pinaudssSOctidmat styleoshdG@ at or t
and using SiH and NH3 or NZ as reactants, in a main carrier gas m xture of

hel i uNPMOS dexjer) aftdifermation 6f OF Hipee DD |r%\%i@rﬂ A tyhél QeRfRAGhdtbOMbsFate 1,
schematically shown in Fig. 7. 0 3 JAN 2005 A'conposite insul ator spacer,

conpr i X:'ry% id d i ..and overlying silicon
nitri dggg%ﬁn%g%ggﬁé%& I smll#]ée%??c% ?’o%ﬁnlégeq@ﬁ?gg{ggaﬂé%%@rﬁ IOPS'Ilutg o'\‘/isélsf_(gcgf)}\for
PECVD -1 af a silicon.oxide |ayer, at t hi ckness bet ween about 100
Lo 200 Aagaibh 3B: Hosth Bt S50aft, B ariobibiarss oF P Bme iR PEn S fofo
deposi% an oveg&{vdgg%si licon nitride | ayer, at a thickness between about
600 t oP99%4 18R vicesn ThgNawalh igion iRformpd e duplestation PRiers@iFGr or CFa as
an etchant, is used to define the conposite insulator spacer. |f desired

t he comfesphewus inngl RegiensefR oipe semichrducepsabsatdy, toibelused for N thanpdl, exi de
only, or a silicon nitride only spacer. Heavily doped, P type source/drain

r egi ONNMOSideviegaido nbpexpReiendethi WtypaRbRM Htﬁ’c'ibnq;m?&fu?@ Gﬁtﬁ%'fs%le{t&“& using -

conditions identical to those previously described for the heavily doped, P

type sQuk dpAl i : r f these procedures are.schematically
Shoan’ ez RPN diftel BaHirhally gt i PLORER - SerieBuiw b de

| ayer 13, will prevent rop fromdiffusing fromP type polysilicon gate

st r uct Hgknsss eef“r%ﬁilb?g {HE0 prestrams. oA pelyslicon lmélsdﬁﬁ&)&ﬁbﬁléedi wislovat or
spacer, thus elimnating increases in LDD series resistance. Wiile this

i nvent PessuTa sheseiea] vepen depokition (LELOMD), arutediass; to helichicshbstaker sime 156 tot he
preferred enbodi nents thereof, it wll be understood by those skilled in

the arB00hAhgsaims UEreqiuaniRonidyet OinBeiibed Mshl) duriiBieBEsiIR] %ot Yllfion of

departing fromthe spirit and scope of t#tis inve
What | gibel#e69 stishe ambient, or the polysilicon layer can be deposited intrinsically then doped via

implantation of boron or BF, jons. Conventional photolithographic and anisotropic reactive ion

etching, (RIE), procedures, using Cl, or SF; as an etchant, are used to define P type, polysilicon

4



1. A nethod of fabricating a P channel, netal oxide sem conductor, (PMXS),
devi ce, on a sem conductor substrate, featuring the use of a nonol ayer of
silicon nitride , used to retard out diffusion of P type dopants&ﬂodj\ﬂ H05
Type polysilicon gate structure, and froma P type lightly doped ‘
source/drain, (LDD), region, conprising the steps o formng said P type

pol ysilicon gate structure on an underlying first gate insulator |ayer;
formng said P type LDD region, in a region of said sem conductor substrate

not CoOV@fcegb¥irSal t . ild.con gate structure: perform

oxi dat ?ggr? pr occla"du’réciailc't&é1 %?ﬁg% ?%Lll‘—l’j IBOP:I‘%SIF II?%%V%%%'E pF%WEEPgBWaPﬁBS%&P%gﬁ%e of
said P e | ysilicon gate structure, and form ng a second gate insul ator
. | ayer, %‘&g‘f’r@?@ﬁﬂ“?‘é&@eaffg%taf S 85PemPlishied varpplasma Quyeen ashing and cerefil geet

i nsul at or | gﬁ/er reater in thickness than said first gate insulator |ayer;
per f or IFISAB5- &8’ PIP& Eegen das next fpmazdad wegonsoof P iype sensadriucion sltawate Qhot
silicon nitride , at a thickness between about 3 to 5 Anestroms, on the

sur f acgovdred by & thpelyqipsilimoh\paid staeturgal wa shplbethisEof BORSIE ok W dosdiafan

pol ysilicon oxide |ayer, and creating said monolaver of silicon nitride on
the surehérg® befweeaiaBol T6PR KPR 414 RE betWAEE ib 3818 7 QEFA??@HQ[C te

i nsul ator layer; formng insulator spacers on the sides of said polysilicon
oxi de layer, located on the sides of said P Type polysilicon gate _

Zﬁ ;;ngr S;i @c%gdaftigﬁ W‘f?%e P{ﬁ%}{ﬁclox gcziipep s?rclix’ctu?e I,y igge;-?t% Eir%gs/egragéi gcllre?rl%ltigﬁfy 'nan

shown in Fig. 2. Silicon oxide layer 5, at a thickness between about 30 to 60 Angstroms, is
thermally grown on the exposed surfaces of P type, polysilicon gate structure 3, at a temperature
between about 700 to 1000° C, The polysilicon reoxidation procedure also results in additional

growth of the regions of gate insulator layer 2a, not covered by P type gate structure 3, resulting

in gate insulator 2b, now at a thickness between about 40 to 100 Angstroms.

A first method used to retard out diffusion of bbron, from P type polysilicon gate

structure 3, and from P type LDD region 4, during subsequent processing steps, is the creation of

nitrogen containing 1ayer 6, formed at the interface of silicon oxide layer 5, and P type polysilicon
- gate structure 3, and at the interface of gate insulator layer 2b, and P type LDD region 4 A

monolayer of nitrogen containing layer 6, at a thickness between about 3 to 5 Angstroms,-is

formed via a remote plasma nitridation procedure, perf'ormed at an RF power between aboiit 5 to

300 W, at a substrate temperature between about 150 to 500°C, at a pressure between about 50

mtorT to '1 00 Torr, in a helium -argon ambient, with the addition of a nitrogen containing source

such as N,0O, N,, NH,, or NO, and with the ratio of helium -argon to the nitrogen containing gas

,,,,, At



0 3 JAfV 2000 sem conductor substrate not covered by said P type
polysilicon gate structure or by said insulator spacers. 2. The nethod of
claim1, wherein said first gate insulator layer is a silicon di dkidddANaggg
obtai ned via thermal oxidation procedures at a thickness between about 15
to 80 Angstroms. 3. The nethod of claiml, wherein said P type polysilicon
gate structure is formed froma polysilicon |ayer, obtained via LPCVD
procedures to a thickness between about 1500 to 3000 Angstrons, either

doped ioRatsdu 40,000tb MITEERESL bf @R pr¥bediutd laib AR, BbwiiiPp25e to a silane
soBrce,0 gr depbsi ted intrinsical Ip;; t gn gpeg{avll al_}l on i r’rp?lgn ation of boron
or BFz ions. 4. The nethod of claim1, wherein said P type LDD region is

d via 4 nt at i opn ,of on or BF2 ions, at an epergy between about 1
to 50 Kev, HIPtaPeRbn EEREMOS e Bbrvgnaesm seHEmEiDer G, s Themied hod of
claim1, wherein said polysilicon oxide |ayer, formed on the surfaces _of
sai d PYYiAfee fumpten peiammlyar epasensifc and theifornsisioaiofbeavilyalope Phigbe ooretddraibn
procedures, at a tenperature between about 700 to 1000 C, to a thickness

bet weemegityioll. Bepasdio®EAniEbn oriEle l4yer, Thiag n@tdeadathosilishl) (rEO)esel fHus@l d
second gate insulator layer is a silicon

is next accomplished via LPCVD or plasma enthanced chemical vapor deposition, (PECVD),
procedures, to a thickness between about 600 to 1400 Angstroms. An aisotropic RIE

procedures, using CHF; or CF, as an etchant, is next employed to define insulator spacers 7.

If desired a composite insulator spacér, comprised of an underlying layer of silicon oxide, and
overlying silicon nitride layer, can be used. This is accomplished via deposition of an undérlying
silicon oxide layer, using LPCVD or PECVD procedures, at a thickness between about 100 to
200 Angstroms, and using TEOS as a source, followed by the deposition of an overlying layer of
silicon nitride, also obtained via LPCVD or PECVD procedures, at a thickness between about
600 to 1200 Angstroms. Anisotropic RIE procedures, a-lgain using CHF; or CF, as an etchant, are
used to create the composite insulator spacer. Heavily doped, P type source/drain region 8, is
next defined in regic:;ns of semiconductor substrate 1, not covered by P type polysilicon gate
structure 3, or by insulator spacérs 7, via implantation of boron or BF, ions, at an energy between
about 1 to 50 KeV, at-a dose between about 5E12 to 8E14 atoms/cm®, The result of thése
procedures is schematically shown in Fig. 4. Subsequent anneal cycles, used to activate the
dopants in the source/drain regions, or to form metal silicide regions, will not result in out
diffusion of boron from P type polysilicon gate structure 3, or from P type LDD region 4, as a
.result of the diffusion barrier‘cﬁa:acteﬁstics of nitrogen containing layer 6. This reduces the
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at a thickness between about 40 to 100
Angstronms. 7. The nmethod of claim 1, wherein said nonolayer of silicon
nitride is formed at a thickness between about 3 to 5 Angstrons, jv3aJAN 2005
renmote plasma nitridation procedure, perfornmed at an RF power between about
5 to 300 W at a substrate tenperature between about 150 to 500 C, at a
pressure ‘between about 50 ntorr to 100 torn, in a helium-argon anbient,
with the addition of a nitrogen containing source such as NZO, NZ, NH3, or
NO, Wi tvhridthom in athé cerids réststancaiof HRype LDD bemeht r ogen cont ai ning gas of
about 10,000 to 1. 8. The method of claim1, wherein said insulator spacers
are conprised of silicon oxide, forned froma silicon oxide |ayer obtained

source, Lo A TR SenaRar e e LRl Oin SHEARNG! hgEb iRl Supboucindt
ot hod SO RP7RE POUBRERE SRFHTs ALLTARG: DRI S AR o oRpderarbed sl at o
spacers conprised of a underlying silicon oxide conponent, at a thi ckpess
bet weerichgmticallyodops ip 6. Andter defnitiemaf B type\petysilicomgate sircaurers, intiodaction
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reoxidation procedure, is employed to create nitrogen containing, silicon oxynitride layer 9,
formed at the surface of P type polysilicon gate structure 3, and P type LDD region 4, This
procedure can be accomplished using a nitrogen containing gas such as NO or N,O, or mixture of
oxygen and nitrogen containing sources, such as NH, + O,, N, + O,, NO + 0,, and N;O + OQ,.
Silicon oxynitride layer 9, is formed at a thickness between about 40 to 100 Angstroms, using
either conventional furnace or rapid thermal processing (RTP), procedures, at a termperature
between about 700 to 1200° C, at a pressure between about 0.01 to 200 torr, using a flow of
| about 0.1 to 40 standard litres per min.for the oxidizing- nitriding source. Silicon oxynitride
layer 9, can also be formed via plasma procedures using an RF power between about 5 to 300 W,
a substrate temperature between about 150 to 500° C, at a pressure between about S0 mtorr to
100 torr, and using a ratio of heﬁum—argon to the nitrogen containing source, of about 10,000

to 1. The nitrogen containing sources for the plasma procedure are the same nitrogen and

oxygen sources used for the furnace or RTP procedures.

Fig. 6, schematically shows the formation of insulator spacers 10, formed identically to

' iﬁsuiator spacefs 7, previously shown, and the formation of heavily doped, P type source/drain
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/ boron from P type polysilicon gate structure 3, and from P type LDD region 4, is next described
and schematically shown in Figs. 7 - 8. After definition of P type polysilicon gate structure 3,a .
polysilicon reoxidation procedure, identical to the procedure previously used to form silicon oxide
| layer 5, is agéin employed to form silicon oxide layer 12, again at a thickness between about 30 to
60 Angstroms, on the surfaces of P type polysilicon gate structure 3. Regions of gate insulator
layer 2a, exposed to the polysilicon reoxidation procedure, now result in an increased thickness,
between about 40 to 100 Angstroms. A thin silicon nitride layer 13, is next deposited at a
thickness between about 6 to 20 Angstroms, using either LPCVD, rapid thermal chemical
vapor deposition, (RTCVD), or remote plasma enhanced chemical vapor deposition, (RPECVD),
procedures. Process conditions for the LPCVD or RTCVD procedures are a temperature
between about 700 fo 1200° C, a pressure between about 0.01 to 100 torr using SiH, and NH,,
or 3iH, and N, as reactants. Process conditions for the RPECVD procedure are an RF pdwer
between about 5 to 300 W, a substrate temperature between about 150 to 500° C,a pressﬁ;'e
between about 50 mtorr to 100 torr, and using SiH, and NHj; or N, as reactants, in a main carrier
gas mixture of helium and argon. The result of the silicon nitride deposition is schematically

shown in Fig. 7.
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A composite insulator spacer, comprised of underlying silicon oxide component 14, and

overlying silicon nitride component 15, is next formed. This is accomplished via LPCVD or

PECVD deposition of a silicon oxide layer, at a thickness between about 100 to 200 Angstroms,

followed by another PECVD or LPCVD procedure used to deposit an overlying silicon nitride

layer, at a thickness between about 600 to 1200 Angstroms. An anisotropic RIE procedures,

using CHF; or CF, as an etchant, is used to define the composite insulator spacer. If desired the

composite insulator spacer can be replaced by either a silicon oxide only, or a silicon nitride only

spacer. Heavily doped, P type source/drain region 16, is again formed via ion implantation of

boron or BF, ions, using conditions identical to those previously described for the heavily doped,
- P type source/drain regions. The result of these procedures are schematically shown in Fig. 8. The
attainment of nitrogen containing, silicon nitride layer 13, will prevent boron from diffusing from

P type polysilicon gate structure 3, and from P type LDD region 4, into the composite insulator

spacer, thus eliminating increases in LDD series resistance,

While this invention has been particularly shown and desecribed with reference to, the
preferred embodiments thereof, it will be understood by those skilled in the art that various

changes in form and details may be made without departing from the spirit and scope of this

invention,
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What is claimed is:
1. A method of fabricating a P channel, metal oxide semiconductor, (PMOS), device, on a
semiconductor substrate, featuring the use of a monolayer of silicon nitride , used to
retard out diffusion of P type dopants from a P type polysilicon gate structure, and from a
P type lightly doped source/drain, (LDD), region, comprising the steps of:
forming said P type polysilicon gate structure on an underlying first gate insulator
layer;
forming said P type LDD region, in a region of said semiconductor substrate not
covered by said P type polysilicon gate structure;
performing an oxidation procedure to create a polysilicon oxide layer on the surface
of said P type polysilicon gate structure, and forming a second gate insulator layer, on
the surface of said P type LDD region, with said second gate insulator layer greater in
thickness than said first gate insulator layer;

performing a plasma nitridation procedure to create said monolayer of silicon

nitride , at a thickness between about 3 to 5 Angstroms, on the surface of said
P type polysilicon gate structure, underlying said polysilicon oxide layer, and creating
said monolayer of silicon nitride on the surface of said P type LDD
region, underlying said second gate insulator layer;
forming insulator spacers on the sides of said polysilicon oxide layer, located on the
sides of said P type polysilicon gate structures; and

forming a heavily doped, P type source/drain region, in an area of said

10
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semiconductor substrate not covered by said P type polysilicon gate structure or by said

insulator spacers.

2. The method of claim 1, wherein said first gate insulator layer is a silicon
dioxide layer obtained via thermal oxidation procedures at a thickness between about

15 to 80 Angstroms.

3. The method of claim 1, wherein said P type polysilicon gate structure is
formed from a polysilicon layer, obtained via LPCVD procedures to a thickness
between about 1500 to 3000 Angstroms, either doped in situ, during deposition, via the
addition of diborane to a silane source, or deposited intrinsically then doped via ion

implantation of boron or BF; ions.

4. The method of claim 1, wherein said P type LDD region is formed via
implantation of boron or BF; ions, at an energy between about 1 to 50 KeV, at a dose

between about 5E12 to 8E14 atoms/cm”.

5. The method of claim 1, wherein said polysilicon oxide layer, formed on the
surfaces of said P type polysilicon gate structure is obtained via thermal oxidation
procedures, at a temperature between about 700 to 1000° C, to a thickness between

about 30 to 60 Angstroms.

6. The method of claim 1, wherein said second gate insulator layer is a silicon

11
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dioxide layer, at a thickness between about 40 to 100 Angstroms.

7. The method of claim 1, wherein said monolayer of silicon nitride
is formed at a thickness between about 3 to 5 Angstroms, via a remote plasma
nitridation procedure, performed at an RF power between about 5 to 300 W, ata
substrate temperature between about 150 to 500°C, at a pressure between about
50 mtorr to 100 torr, in a helium -argon ambient, with the addition of a nitrogen
containing source such as N;O, Ny, NH3, or NO, with the ratio of helium - argon to the

nitrogen containing gas of about 10,000 to I.

8. The method of claim 1, wherein said insulator spacers are comprised of
silicon oxide, formed from a silicon oxide layer obtained via LPCVD or PECVD
ﬁrocedures, using tetraethylorthosilicate, (TEOS), as a source, to a thickness between
about 600 to 1400 Angstroms, and defined via an anisotropic RIE procedures, using

CHF; or CF, as an etchant.

9. The method of claim 1, wherein said insulator spacers are composite
insulator spacers comprised of a underlying silicon oxide component, at a thickness
between about 100 to 200 Angstroms, and an overlying silicon nitride component, at a

thickness between about 600 to 1200 Angstroms.

10. The method of claim 1, wherein said heavily doped, P type source/drain

12
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