METHOD FOR PASSI VATI ON OF PLASMA ETCH DEFECTS | N DRAM DEVI CES BACKGROUND
OF THE INVENTION (1) Field of the Invention The present invention rel ates
to met hods of fabricating sem conductor devices, and nore specifically to
a nmethod for passivating defects on a sem conductor substrate wherein the
defects are a result of plasma etching procedures. (2) Description of
Prior Art Dynam ¢ Random Access Menory (DRAM devices require specific

el enents to retain induced charge for significant periods of DRAM
operation. The ability of the DRAM el enents to retain charge, or data
retention tinme, is strongly influenced by the perfection or defect density
of the portion of sem conductor substrate used for DRAM stored charge

el enent s. MBEEORHORGTARIIY ATIONDF PDASMX Er0el SERECOS dNBANSHRG iR € Wil |
result in charge | eakage, lowretention tinme, and thus poor device yield

and performance. Unfortunately several sem conductor device fabrication
procedures can create defects in sem conductor substrates thus chall enging

the ability to fabricat & i asma dry etching
processes such as reacti3%£¢%ﬁ&gﬁgﬁpggwﬁﬁgn%qgﬁﬁﬁiﬁficalIy hi gh density
pl asma procedures performed to define many critical features in scaled
down (snaller geonetries) sem conductor devices, can result in danmage in

t he forwaofg% defect generation at sem conductor substrate. These defects
| ead to WUhEikldeidhemvenion cal bonds at the seni conductor surface pronot i ng

charge | eakage from storage el enments of a DRAM device. The data retention
time | oss or charge | eakage nechani sns suffered by DRAM devices can be in

the form of Theqetsenninbenioagdatant Heheds ofdstsicatiBscaat hdugeasAr Alihdreakage
(G@DL). The present invention will feature passivation of the surface.
def ect s spadiiedlyy a Bie@fdd for passivating defects on a semiconductor substrate wherein the defects

are a result of plasma etching procedures.

(2) Description of Prior Art

Dynamic Random Access Memory (DRAM) devices require specific elements to retain
induced charge for significant periods of DRAM operation. The ability of the DRAM elements
to retain charge, or data retention time, is strongly influenced by the perfection or defect density
of the portion of semiconductor substrate used for DRAM stored charge elements. Unwanted
defects in portions of the semiconductor substrate will result in charge leakage, low retention
time, and thus poor device yield and performance. Unfortunately several semiconductor device
fabrication procedures can create defects in semiconductor substrates thus challenging the ability
to fabricate efficient DRAM devices. Plasma dry etching processes such as reactive ion etching
(RIE), specifically high density plasma procedures performed to define many critical features in

scaled down (smaller geometries) semiconductor devices, can result in damage in the form of



density plasma etching procedures via introduction of a passivating dopant
at the sem conductor surface perfornmed after high tenperature fabrication
procedures have al ready been executed thus naintaining the passivating
dopant at or near the surface of the sem conductor substrate. Nunerous
attenpts at inproving data retention tinme have focused on sem conduct or
substrate defect reduction, however nost of these works involve nmajor and
costly process or design nodification. Prior art such as Schmtt et al US
Pat. No. 4,332,627, as well as Colonbo et al US Pat. No. US2004/0127000
Al , teach nmethods of elimnating process induced defects via use high
tenperature anneal s after arsenic processing, however these prior art
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the top surface where plasma etch induced defects are formed. O her prlor

art such Pat .
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of sen1co duct or_defects, however none of these features of the present
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el enents introduced at a point in the fabrication process wherein all high
tenperature procedures have already been perfornmed. 2 SUMVARY OF THE

| NVENTI ON | t Theprasenbinvetionofilltfbitareipassivativ bf the slifiueidel® caused bihighxi de
sem conduct or (MOS) device such as a dynam c random access nenory ( DRAM

devi ce, density plasihLatibE pREeddiStii At@dudtionio? a RRANAGKe ABYRE 4t tBE sduhibshductor
invention to passivate defects at or near the surface of a sem conductor
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defects at or near the surf

thus maintaining the passivating dopant at or near the surface of the semiconductor substrate.
Numerous attempts at improving data retention time have focused on semiconductor substrate
defect reduction, however most of these works involve major and costly process or design
modification. Prior art such as Schmitt et al US Pat. No. 4,332,627, as well as Colombo et al
US Pat. No. US2004/0127000 A1, teach methods of eliminating process induced defects via use
high temperature anneals after arsenic processing, however these prior art result in arsenic being
driven into the sémiconductor substrate away from the top surface where plasma etch induced
defects are formed. Other prior art such as Cote et al US Pat. No. 6,483,172 B1,

Yamaguchi et al US Pat. No 6,709,906 B2, Fowler US Pat. No. 3,849,204, Solomon et al

US Pat. No, 6,803, 266 B2, Derycke US Pat. No. US2004/0104406 A1, and Grasser et al

US Pat. No. 4,835.006, disclose various processes and procedures for reduction of
semiconductor defects, however none of these features of the present invention in which surface
defects are reduced via use of specific group V elements introduced at a point in the fabrication

process wherein all high temperature procedures have already been performed.
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sem conduct or substrate, defects resulting fromhigh density plasma etching
procedures, via inplantation of group V elenents with atom ¢ mass equal or
greater than arsenic. It is still yet another object of this invention to
performthe inplantation of group V elenents after all high tenperature
devi ce processing has been conpleted. In accordance with the present

i nvention a nmethod of passivating defects at or near the surface of a

sem conductor substrate via inplantation of group V elenents with atom c
mass equal or greater than arsenic, perfornmed after high tenperature
device fabrication processes have been conpleted, is described. After gate
i nsul ator growt h bl anket deposition of gate electrode naterials is
acconpl i shed. Definition okyagatrey elreals PFeERii¢Gt ure is next obtained via
conventi onal photolithographic and high density plasma dry etching
procedures, with the portions of the sem conductor substrate not covered
by the defined_gat | ect.rode structure danmaged at or near the )

sem conduct o ?t S %’E‘) gﬁ? gttog Y PyvERten tﬁ%?bé'rcaﬁe ﬁﬁp%atogﬂe@ﬁm&ﬂonﬂl&pﬁ%r (YY) degice a

source/drain region a sel ective oxidation procedure is enployed to form
oxi de si 6‘@5}3@?@ qimig rapslory aocess mmary AR AM)rdssicgamen ssiéeomducter sibsteate.ur e
whil e activating the inplanted source/drain ions. A group V elenent with
atom c mass equal or greater than arsenic is next inplanted in a top
portion of {theasnrocajebtiof this invdasion ad paspiassideRtis Agort ear tiet@€ics ofa t he
damaged regi on of the sem conductor substrate. After formation of

i nsul at odenip@riRt®r Qibstrhte. si des of the gate el ectrode structure a selective
silicon gromh procedure is enployed to formraised source/drain contact
regi ons. BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ect and ot her advant ages

f this i y ibed.in the. nbodi ments with
(et erence. 1 ot harap o Btq PERA el bR RIFF R T or SR AN SRl cal 1

in cross-secti,onal style scri be. key fabrication stages used to
Sefhicondactor su%st¥ate, (g?ects resu?tmg Pr/om %Pgh density plasma e%chjng procedures, via

implantation of group V elements with atomic mass equal or greater than arsenic.

It is still yet another object of this invention to perform the implantation of group V

clements after all high temperature device processing has been completed.

In accordance with the present invention a method of passivating defects at or near the
surface of a semiconductor substrate via implantation of group V elements with atomic mass
equal or greater than arsenic, performed after high temperature device fabrication processes have
been completed, is described. After gate insulator growth blanket deposition of gate electrode
materials is accomplished. Definition of a gate electrode structure is next obtained via
conventional photolithographic and high density plasma dry etching procedures, with the
portions of the semiconductor substrate not covered by the defined gate electrode structure
damaged at or near the semiconductor substrate surface. After implantation of ions used for a

source/drain region a selective oxidation procedure is employed to form oxide sidewalls on
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forma netal oxide sem conductor (MOS) device wherein inplantation of group
V elenents with atom c mass equal or greater than arsenic is enployed to
passi vate defects created at or near the surface of a sem conductor
substrate, defects which resulted fromhigh density plasnma etching
procedures. FIG 1, schematically describes the first stage of a process
used to forma shallow trench isolation region. FIG 2, schematically

descri bes spépafid pantadns of mg gatotlettivde p:mams@himdvattmg fierifplantsh@uteirdin RAS A
ment of the

i solation | schemati cal | CI‘I bes .t he at
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descri bes dfhe sdafcpmdubuoombptrmmdmaangl&edefe@ts irahmdnlmgecgﬁgﬁn 81 thel edmitéhdudtd:G. 5,
dto formanlnsulator

schematic eggricbes .t h edur e us S ectl

| ayer of gElLe%rF% Rfter TSN 1051“& REPAGH? 81 Hesifier ?ﬁehe gaé %ecstniuf)t@%ﬂ % he

i mpl ant at iselectjye ememgrewthsmted@e fsemplogedwlisotagsd souﬁﬁufaﬁleédiltaat RgibRgi on. FI G
6, schematically describes the procedure used to passivate plasma etch
defects. FIG 7, schematically describes the formation of conposite

i nsul ator sidewal | s on t heBRJ&AF ®ESCRIRTIONSOF THEGRAWISGHemat i cal | y descri bes
the formation of raised source/drain regions. DESCRI PTI ON OF THE PREFERRED
EMBODI MENT A process used to fabricate a netal oxide sem conductor (MXS)
devi ce, speci f ilhabbjyctandifdvaddatsigesnf thibawaition argbeadt@tibaiin afe pgefatyd V

o ement s Wb ALATL T RS SOl T ERLAE, BTSN ¢ 1 ol oved o
substrate, defects which r esul ted fromhigh density plasnma etching
procedures, wi IF Iigs.nlqg\,l s?l?ematically in cross-sectional style describe key fabrication stages used to
form a metal oxide semiconductor (MOS) device wherein implantation of group V elements with
atomic mass equal or greater than arsenic is employed to passivate defects created at or near the
surface of a semiconductor substrate, defects which resulted from high density plasma etching
procedures.

FIG. 1, schematically describes the first stage of a process used to form a shallow trench isolation
region.

FIG. 2, schematically describes the final stage of the process used to form a shallow trench
isolation region.

FIG. 3, schematically describes the attainment of the materials needed for a subsequent gate
structure.

FIG. 4, schematically describes the definition procedure used to form the gate structure.

FIG. 5, schematically describes the procedure used to selectively form an insulator layer of specific
portions of the gate structure, and describes the implantation procedure used to form a subsequent
source/drain region.

FIG. 6, schematically describes the procedure used to passivate plasma etch defects.

FIG. 7, schematically describes the formation of composite insulator sidewalls on the gate structure.

FIG. 8, schematically describes the formation of raised source/drain regions.
DESCRIPTION OF THE PREFERRED EMBODIMENT

A process used to fabricate a metal oxide semiconductor (MOS) device, specifically a DRAM
device, wherein implantation of group V elements with atomic mass equal or greater than arsenic is

employed to passivate defects created at or near the surface of a semiconductor



described in detail. Sem conductor substrate 1 conprised of single
crystalline silicon, with a <100> crystallographic orientation is shown
schematically in Fig. 1. Insulator layer 2 conprised of silicon dioxide,
is next thermally grown to a thickness between about 90 to 100 Angstrons,
in an oxygen - steam anbient at a tenperature between about 900 to 920C.
Silicon nitride layer 3 is next formed on insulator |ayer 2, via chem cal
vapor deposition (CVD) procedures, such as |ow pressure chem cal vapor
deposition (LPCVD), or plasma enhanced chem cal vapor deposition (PECVD).
Silicon nitride layer 3 is grown to a thickness between about 475 to 525
Angstrons. Photolithographic shape 4 featuring space 5a is next formed on
sili con wmulistrabedefbaywhicB resihedirom hidhodnsiSchlednd étetdhg prob&iukdsOwilllaowPby
etching procedures, such as reactive ion etching is next enPtoYed usin

(RIE), gdeehBédin dehMg REIMISHEREbGr AN cHRENAYE éﬁglé%g@&gﬁie%hicﬁﬂﬁﬁtﬁ 9
ayer , ul at or

define shallow trench shape Sb in silicon hitride in1ns

| ayer 2, i ortl e n ,about .3500. to. .37 Angstrons,. of
s condu i, e BHAehon REBNER I RRENCa13IR iz 10 kb A 2 epiBtisd o
as an etha.t f r.aiLicon nitride while CHF3 is used to define opening Sb
in insul &t ana(g%’fl % Is nep, thegmally groywp ko & thicknass| bstieep shew %9rape0 Spestiomshian t op

portion of sem conductor substrate 1 is acconplished via the R E procedure
usi ng C 3 ¥YE5M - EEYAAMbinbat adempereure iaftween abofif HI0tth 9RA06E. Sikidral iwidetdayend h
shape Sb photolithographic shape 4 is renoved via plasnma oxygen ashing and
wet  cl eameptfovnalioremsulhtosiyatd vid digmicabvapoa démyigion SOVD) procsddres; echdisoxi de,
is next deposited vis LPCYD or PECVD procedures at a thickness between

about 400 fressdABcARGETApOIBepositiBR(EREVD), fdr pldshd enffdnaéd idntid£058brShape Sb.
Renoval of unwanted portions of insulator |layer 6 fromthe top surface 5 of

silicon d'BIpbﬁiiiQ& (HEYED). 3SiliSorARERITAAYeS B ot 16h HiOne& Hifl &Glaby £3em cal
mechani cal pol i shing
to 525 Angstroms. Photolithographic shape 4 featuring space 5a is next formed on silicon nitride

layer 3. This is shown schematically in Fig. 1.

Dry etching procedures, such as reactive ion etching (RIE), is next employed using
photolithographic shape 4 and opening 5a as an etch mask to define shallow trench
shape 5b in silicon nitride layer 3, in insulator layer 2, and in a top portion, between about 3500
to 3700 Angstroms, of semiconductor substrate 1. The RIE procedure is performed using CF4 or
Cl; as an etchant for silicon nitride while CHF; is used to define opening 5b in insulator layer 2.
The definition of shallow trench shape 5b in the top portion of semiconductor substrate 1 is
accomplished via the RIE procedure using Cl, as an etchant for silicon. After definition of
shallow trench shape 5b photolithographic shape 4 is removed via plasma oxygen ashing and wet
clean procedures. Insulator layer 6 , a layer such as silicon dioxide, is next deposited vis LPCVD
or PECVD procedures at a thickness between about 4000 to 4500 Angstroms, completely filling

shallow trench shape 5b. Removal of unwanted portions of insulator layer 6 from the top surface
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(CWP) procedure, or via a dry etch procedure using CHF3 as a sel ective
etchant for insulator |ayer 6. The above procedures result in insulator
filled shallow trench shape 5b filled with insulator |ayer 6, to be used
for device isolation purposes. This is schematically shown in Fig. 2. After
formation of insulator filled shallow trench shape 6, silicon nitride |ayer
3 as well as insulator layer 2 are renoved using either dry or wet etch
procedures. Silicon dioxide |layer 22, to be used as the gate insul ator

| ayer for the nenory device, is next thermally growmn at a tenperature

bet ween about 740 to 760 C in an oxygen - steam anbient, at a thickness

bet ween about 55 to 65 Angstrons. Materials to be used for definition of a
gat e el eof sibden nigidedayen és acempléshed fiareither avelagatvecliontictl ateokani@y polisBmgand
schematically shown in Fig. 3. Polysilicon layer 7a is first deposited via

LPCVD or (@HEYP(}QEM@,Q% FRSa @ eRhipRdeHile 88inp EIHIB RN a sAPAHE RAMN8r ifSHator

Angstrons. Polysilicon |ayer 7a can either be deposited via in situ doping

procedur gsepbefgi bRt g@g@m@ées rleﬁlglﬁﬁ Bid6 '@feggi%atf%%dt&p g%%eggg@gg%m or

pol ysilicon l'ayer 7 I nsi ca osite via

i npl antatjon, of arsenic or, phosphorous ions. Barrier |ayer 8a conprjsed of
tungstenhﬁﬁ?gygaef@ﬁﬂbﬁPﬁpg&Hgaﬁﬁﬂﬁ)mFﬂﬂEﬂﬁ@@% ﬁé@ﬁmg%ﬁﬂb”%ﬂﬁnﬂ%Fﬁﬁé
Angstroms via CVD or via plasma vapor deposition (PVD) procedures. If
desired barrier |ayer 8a can also be conprised of titaniumnitride. Layer
9a conpri sedAder farmgkencef ingilaterdilledgbplbsst trethshapea, silieon higyder laga 3vdis avellREVD
or PVD procedures at a thickness between about 90 to 110 Angstrons. Layer
9a i s enmpsdyiedlayer 2 aduarotddasmg sithéraing er wEt eichspibsdqieensilicoh alokkld gat e

el ectrode structure, therefore other conductive materials such as

nol ybdenlaperoantoesBeds e 8ste inshlabPBjeN for $Hhd ﬁl&ﬁ@l}iﬁeﬁrfck,qg nEAYRmalRerowd dext
grown on |layer 9a at a thickness between about 1425 6 to 1575 Angstrons,
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between about 55 to 65 Angstroms. Materials to be used for definition of a gate electrode
structure are next formed on gate insulator layer 22 and schematically shown in Fig. 3.
Polysilicon layer 7a is first deposited via LPCVD or PECVD procedures at a thickness between
about 670 to 730 Angstroms. Polysilicon layer 7a can either be deposited via in situ doping
procedures wherein arsine or phosphine is included with silane gas, or polysilicon layer 7a can
be intrinsically deposited than doped via implantation of arsenic or phosphorous ions. Barrier
layer 8a comprised of tungsten nitride is next formed at a thickness between about 140
to 160 Angstroms via CVD or via plasma vapor deposition (PVD) procedures. If desired barrier
layer 8a can also be comprised of titanium nitride. Layer 9a comprised of tungsten is next
deposited on barrier layer 8a via LPCVD or PVD procedures at a thickness between about 90
to 110 Angstroms. Layer 9a is employed to reduce the resistance of a subsequently formed gate

electrode structure, therefore other conductive materials such as molybdenum can also be used.

A capping silicon nitride layer 10a, is next grown on layer 9a at a thickness between about 1425
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an etch mask to define gate el ectrode structures. A plasma dry etch
procedure such as an anisotropic RIE procedure is enployed to renove the
portions of material not covered by photolithographic shape 11, using O 2
as an etchant for silicon nitride |ayer 10a, for tungsten |ayer 9a, for
tungsten nitride or titaniumnitride |layer 8a, and for polysilicon |ayer
7a, with the anisotropic R E procedure selectively termnating at the top
surface of exposed gate insulator |ayer 22. The result of the above
procedures result in the definition of gate el ectrode stack 13 on gate

i nsul ator layer 22, shown schematically in Fig. 4, with the gate el ectrode
stack conprised of silicon nitride shape 10b, tungsten shape 9b, tungsten
nitride aF 1575t Asttomsidghindea BPGYP BIPECMIIproB&@luy&l | i con shape 7b. Al't hough
the high energy plasma dry etching procedure selectively termnates at the
surface of gate insulator |ayer 22 damage of underlying portions of

sem conduct o Il .occur creati defects 129 negr the top
surface of E gﬁ@g@%gﬁ@ 6 gs hf@%gsl 'fi % e f(f‘.ne%g? @Eetgsar&i %@cogéﬂtéﬁﬁ?qysﬁﬁbf"g% 35 n
Fig. 4, if ft ining will cause | eakage in specific regions of a
memory d& ietc Ig%}kﬁgggfﬂgé@s@ecgpgggt@ﬁge% ﬁdﬁ%ﬁ? %a@h PYQSREVE ¥ as\ift h t he
unwant ed | eakage resulting in the degradation of data retention tinme in
devi ces ¥uRAropy IRanBcedayeris pmplonerd/igl rempvathe porsions of wateridabt eivered by

phot ol i hographi ¢ shape 11, again via plasma oxygen aching and wet clean

pr ocedur p®tolghegramicistape 1t,e5ingrCl23 dnsetdtantied silisorpitridedngr 00a, faathganduct or
substrate 1 not covered by gate el ectrode stack 13. Source/drain region 23,

7 schenslay@ala) for 8@uen hitridd & titAniurh iR RlyEETA, ¥ Brok BHlydiMPrARY Rtk ARitiPFhe
arseni c or phosphorous ions at an energy between about 40 to 55 KeV for

ar seni ¢ iRkl FARGrihMEaBcARM! hiinkhoa afiGho bitace BRESRICT OSinkTRHANT

and at a dose between about 4.07to atof : . anced
Inz )O(![ at| q?yleZZF "Pl?e x%glhteofeihg gtgorv(c?:%?ocse 1%84‘ reSul? 1%' e (tléﬁ{l(letioonxcl) g%%el e?erg:tl}gcrieo sctgcg(ubem{ S
pertor med
gate insulator layer 22, shown schematically in Fig. 4, with the gate electrode stack comprised of
silicon nitride shape 10b, tungsten shape 9b, tungsten nitride or titanium nitride shape 8b, and
polysilicon shape 7b. Although the high energy plasma dry etching procedure selectively
terminates at the surface of gate insulator layer 22 damage of underlying portions of
semiconductor substrate 1 can still occur creating defects 12a near the top surface of
semiconductor substrate 1. Defects 12a schematically shown in Fig. 4, if left remaining will
cause leakage in specific regions of a memory device such as access areas and storage node

junctions, with the unwanted leakage resulting in the degradation of data retention time in

devices such as DRAMS.

After removal of gate electrode defining photolihographic shape 11, again via plasma
oxygen ashing and wet clean procedures, source/drain region 23 is formed in portions of

semiconductor substrate 1 not covered by gate electrode stack 13. Source/drain region 23,



at a tenperature between about 890 to 910 C, in an oxygen - steam anbient,
to formsilicon oxide spacers 14, at a thickness between about 25 to 35
Angstroms, on the sides of polysilicon shape 7b. This is schematically
shown in Fig. 5. The selective oxidation procedure is perforned at the

hi ghest furnace tenperature used for the fabrication of the nmenory or DRAM
device. This high tenperature process activates and drives inpl anted
arseni ¢ or phosphorous ions of source/drain region 23 away fromthe top
surface of sem conductor substrate 1, thus any defects caused by the gate
defining gate el ectrode plasma etch procedure will not be passivated by the
group V arsenic or phosphorous ions. The key feature of this invention, the

passi vat isdrnoticdbfshows il Pig, 5,iis obteibd daGeHRhpl sliatbne T drsefiec b8 PREshREbLYions at
described in Fig. 6. After all high tenperature steps have been conpl eted

such as ah Bferty Bitwb&IINRLAL0H0S SIENE fitaMEnil )ﬁlr@%fn! £ P24 Xﬁ#llt 159§ i%%p Bor/D: 2
p Vions, I's pertorimed:" The

| ow energy inplantation of specific grou

preferregl i i.S.arseni ¢ _however, ot ow diffusing group V

el ement 39 }écbs &g{sﬁ a l‘lim?fonaﬁﬂc} a(tzgﬁoséﬁ seﬁwtf@\ggﬂgl“o@@g% Bi%étﬁﬁ’élgghs%%eqsg’éet er
diffusin%H%%Q%P eleqﬁgt i s not a candidate for passivation of defects
12a. Inp S EHAn ot dhegats elestinds sfagk pavlecsivaegidationproessiarey npetipafermeshout
30 to 50 Key, at a dose between about 1 to 3E12 atons/cnR. Arsenic being a
heavy at 8 PEpeiiEe bityeen about $R9 to 9p0°sUrifi au exyden - seaincmrtdentttoforaudikitanat e 1

t herefore passivating the unsaturated chem cal bonds of defects 12a, 8

whi ch r estilie guicérs dn af antrigiencsobtwean dbbet XewizcnuetaE, cnuhstiaatd polsilivse
during the plasma etch definition of gate stack 13. The now passi vat ed

def ect 1shape $hOWis ScdoREmAticaRY kB infFig 5. Phe Widctive BRidh ceRIRRLE k&%rﬁleho
unwanted junction | eakage or G DL. It is critical that subsequent process

Steps. beu Ry fighaPrhufice | Qi RIRSEAL 1 83 Akl b} 8Lt e ol i LL usi ng

arsenic ions gﬁo remai n &)rqsear the sfeﬂ’mﬁ%oéﬁ _utcaPég} Mstlljlfgl ace” thu Id%WlCah

tenper at'ﬂ{ighﬁﬁ%}ﬁ&%ﬁ% psrgccegs z?c%iv%tgse and (!lnev%g Er}llglanted arsenic or phosphorous ions of
source/drain region 23 away from the top surface of semiconductor substrate 1, thus any defects
caused by the gate defining gate electrode plasma etch procedure will not be passivated by the

group V arsenic or phosphorous ions.

The key feature of this invention, the passivation of defects 12a, is next accomplished and
schematically described in Fig. 6. After all high temperature steps have been completed, such as
the high temperature selective oxidation of polysilicon shape 7b, a low energy implantation of
specific group V ions, is performed. The preferred implanted ion is arsenic, however other slow
diffusing group V elements such as antimony can also be employed. Phosphorous, a faster
diffusing group V element is not a candidate for passivation of defects 12a. Implantation of
arsenic ions is performed at an energy between about 30 to 50 Kev, at a dose between about 1 to
3E12 atoms/cm®.  Arsenic being a heavy atom remains close to the top surface of

semiconductor substrate 1 therefore passivating the unsaturated chemical bonds of defects 12a,
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oxi dation of polysilicon, were perforned prior to the | ow energy

i npl antation of the passivating arsenic ions. Prior to encapsul ati on of
gate el ectrode stack 13, needed for isolation fromsubsequent netal |ines
and runners, portions of silicon dioxide gate insulator |ayer 22 not
covered by gate electrode stack 13 is selectively renoved via wet or

et ching procedures. Next silicon nitride dry spacers 16 are fornmed on the
sides of gate electrode stack 13 acconplished via deposition of a silicon
nitride |layer using LPCVD or PECVD procedures at a silicon nitride |ayer at
a thickness between about 335 to 385 Angstrons, followed by a bl anket,

ani sotropis RIE procedure perfornmed using C2 or CF as an etchant. The
resul t ofwhidhassltpd Gosctishege donsoNRORiiEdlildtosRBWrate suttdek Burirp thEBiaSS etch
source/drain contact shapes 17 conprised of silicon, are nef% formed on

sour ce/ diakiiisPeH O ditk 13THE doRHLGRI Urlle PIRRES LneRNANy ST RRMBILGA! | Y

in Fig. 8 are used to reduce s rarn contact resrs

sour ce/ drai shapes 17.are fornmed a hi ckne bet ween about 540
to 550 AngiPebrehtheAGBRE R e Pofon FiEs a” G h ThEriear et bredsent process
tenperatyre bet en(ﬁggut 840 to 860 C. Raised source/drain shapes 17 can
be in si PGPS & REEBERCARIIOW (erpnesatatss that wilkallswothe Klomodifsing arsenie iank éo weein i on
of arsenic or phosphorous to a silane flow, or raised source/drain contact
shapes 17cag the semiconfhectersuefhse. gihwwmll highrtempdratatd prot¢ddares sodpsdha/selective

i npl antation of arsenic or phosphorous ions. Wiile this invention has been
parti cul exidlaticnfedpnlysitidord eses pdrfamed pHor t6 {18y 16WGRelz implagtatiph 6f @E beivating
enbodi ments thereof, it will be understood by those skilled in the art that
various arcdmani@es in formand details may be made without departing fromthe
spirit and scope of this invention.

Prior to encapsulation of gate electrode stack 13, needed for isolation from subsequent
metal lines and runners, portions of silicon dioxide gate insulator layer 22 not covered by gate
electrode stack 13 is selectively removed via wet or dry etching procedures. Next silicon nitride
spacers 16 are formed on the sides of gate electrode stack 13 accomplished via deposition of a
silicon nitride layer using LPCVD or PECVD procedures at a silicon nitride layer at a thickness
between about 335 to 385 Angstroms, followed by a blanket, anisotropic RIE procedure
performed using Cl, or CF; as an etchant. The result of these procedures is schematically shown

in Fig. 7.

Raised source/drain contact shapes 17 comprised of silicon, are next formed on
source/drain region 23. Raised source/drain shapes 17, shown schematically in Fig. 8 are used to
reduce source drain contact resistance. Raised source/drain contact shapes 17 are formed at a
thickness between about 540 to 580 Angstroms via CVD selective silicon growth performed

at a temperature between about 840 to 860° C. Raised source/drain shapes 17 can be in situ



What is claimed is: 10 1. A nethod of form ng a netal oxi de sem conductor
(MXS) device on a sem conductor substrate featuring passivation of defects
at or near the top surface of said sem conductor substrate, conprising the
steps of: formng an insulator isolation region in a top portion of a first
region of said sem conductor substrate; formng a gate insulator |ayer on
a second region of said sem conductor substrate, wherein said second
region is not occupied by said insulator isolation region; depositing a
group of layers; performng a plasna dry etch procedure to renove said
group of layers froma first portion of said gate insulator |ayer while
defining a gate el ectrode structure conprised of said group of layers on a
second pdepddahiriog theaeiictijat gowthsfotmitiom viathe addifen bParsdnigorepHokpldtous @a

i npl antation procedure to forma source/drain region in portions of said

second r gignelodf os@isdd SRR LABRUGhRAEL HHRSTRRE bO M@V By b Wh Rrisddafly 8Rhe
el ectrode structure, formng a first insulator spacer "on a |ower portion of

sai d gatgqﬁhgﬁéﬁﬁﬁﬁuﬁﬁ%uﬁaﬁ&ﬁéorR&kP%&§&$%né second ion inplantation

procedure placing I nplanted ions in p° portion of said source/drain
region for passivating said defects; form ng a second insulator spacer on
said gate el ectrode structure and on said first insulator spacer; and

form ng raisgﬂ?source/d[ain contacts on top of exposed regions of said
source/ rajn"hilg éliﬂ% Hivention has been particularly shown and described 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.

What is claimed is:
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2. The nethod of claim1l1l, wherein said gate insulator layer is a silicon
di oxi de | ayer obtained at a thickness between about 55 to 65 Angstrons,
via thermal oxidation performed at a tenperature between about 740 to 760
C., in an oxygen-steam anbient. 3. The nethod of claim1, wherein said
group of layers is conprised of an wunderlying polysilicon |ayer at a

t hi ckness between about 670 to 730 Angstrons, a barrier |layer conprising

tungsten nitrida ofethdd T g rd Getdt oRidehi&kRESRRE! (EIT)2BOHEe oHAQ tO
160 Angstrons, and an overlglng tungsten layer at a thickness between about
(1

90 to 110seAngendusies substrate feathangpadsotion of tlefieets 2t omirar iertop airfagelodsad dry
etch procegur: fine said.,gate el.ectrode structure is an
&%180 I'TSL?DSgI'gte C(f‘lmlf% t}%rsgeé)a Qkir e

ani sotropic reactrve'ion etc performed using Cl2 as an

etchant for sai fhrgimupn odsuladyreisslatid® rddien iRtaheE SUrtied af A fisst YRS L sgidi d
first ion inplantation Frocedure used to formsaid source/drain region is
per f or med SFAHCHNAYFIQREURSIEYS: of arsenic or phosphorous ions at an energy

bet ween about 4 LG Lonl . t o 25
kov Tor ohosnnelohiheiedfishRlordiRe BhG chIRABkioRND AR URRDARIH bSteard
at ons/ cn. whereihhseidnsetdratregiond$ adtmoctupivthby eiid issaiddorf isslation regidnat or spacer is
silicon oxide s fornmed at a thickness between about 25 to 35

acer.
Angstronms via t$f@PHHEPE B YR9 fTherformed at a tenperature between about
890 to 910 C. 7perfbh@ides PREAmATarg! @i prbeedire ricf kSRl i %{jﬁgdof' Qers from a

i mpl antation procedure is perforned via inplantation roup”Vions with
at oni ¢ masfrsegagionopf gridagete insalator hlayer whilar defiming aagatanclecterdgy stoetween
about 30 to 50. KeV, %pd at a dose betmeqp %Qout 1950 .
comiptised of said group of layers on a second portion of Said gate insulator layer;
performing a first ion implantation procedure to form a source/drain region in
portions of said second region of said semiconductor substrate not overlaid by said gate
electrode structure;
forming a first insulator spacer on a lower portion of said gate electrode structure;
performing a second ion implantation procedure placing implanted ions into a top
portion of said source/drain region for passivating said defects;
forming a second insulator spacer on said gate electrode structure and on said
first insulator spacer; and

forming raised source/drain contacts on top of exposed regions of said

source/drain region.

2. The method of claim 1, wherein said gate insulator layer is a silicon dioxide layer
obtained at a thickness between about 55 to 65 Angstroms, via thermal oxidation

performed at a temperature between about 740 to 760° C., in an oxygen-steam ambient.

3. The method of claim 1, wherein said group of layers is comprised of an
underlying polysilicon layer at a thickness between about 670 to 730 Angstroms, a
barrier layer comprising tungsten nitride or titanium nitride at a thickness between about
140 to 160 Angstroms, and an overlying tungsten layer at a thickness between about 90

to 110 Angstroms.

11



3E12 atons/cnR. 8. The nethod of claim1l1, wherein said second insulator
spacer is silicon nitride spacer forned at a thickness between about 335
to 385 Angstrons. 9m The nmethod of claiml, wherein said raised
source/drain contacts are conprised of silicon at a thickness between
about 540 to 580 . Angstrons, obtained via CVD selective growh procedures
at tenperature between about 840 to 860 C. 10. A nethod of formng a CCS

devi ce on a senTaoRABUCO6T SBdS YT Mhera84i8 iplasnfied§Cdish pread e us&hto tdifet OP

surface of said sem conductor substrate are passivated via an_ arsenic
i mpl ant ati on pefdidAEEeIode steetplecisiapranifotrapic teagjivetiemptshaRIEpplogediaee
processi ng r 90.CG. . conprising the steps of: formng a
silicon di %%FO e%gggirggitdr#%%ﬁs%lta&%a%f gofes?ﬁ Olépafq@ag‘gﬁ‘i conductor substrate,
depositing a conposite |ayer on said silicon dioxide gate insulating |ayer,
wherein sa%d cogﬁosite | ayer . is conprised of an underlying polysilicon

ngst ef® '

| ayer, a t meshad; of plgim | lppdhereiy saigh §st dop |ira91@ma¥iﬁ@| papcedyeer psadrig
si l'icon nifyindGid &BEe/dReS ife%fdﬁ‘ % Probh 8 TR gﬁolﬁgﬁ%tg% Bf 26& Uro?.pﬁgg‘ﬁ%%\ée

portions of said conposite ayer froma sec Ion of sai I con
di oxi de gaives rhaudretgynbetivesreabouo Aéritm §5 Kelyafoe arsehiedmpbute asd betetes eban 18

first portjo idsilicon dioxide te insulating layer wth said_ gate
el ectrode St 2%3{?}?3101‘08}3%?:[‘9@&‘50@1’3%%?1 At yA H@S%EF% 1308t 4bafe Sdbdilied
from unresewedmportions of said polysilicon |ayer, a tungsten nitride

shape defined from unrenoved portions of said tungsten nitride |ayer, a
tungsten shape defined from unrenoved portions of said tungsten | ayer and

an overlying sidicon.nitride shape defi. fr unr enoved. portipns of said
silicon ni(?ri de+}:lea1§8trh Ogﬁ)g C%’Hflﬁ’s eEFHE)IS%{g%gSth?ﬁ%]%maﬁﬁr Y BR R spacer
formed at a thickness between about 25 to 35 Angstroms via thermal oxidation

performed at a temperature between about 890 to 910° C.

7. The method of claim 1, wherein said second ion implantation procedure is
performed via implantation of group V ions with atomic mass equal or greater than that
of arsenic, at an energy between about 30 to 50 KeV, and at a dose between about 1 to

3E12 atoms/cm?>.

8. The method of claim 1, wherein said second insulator spacer is silicon nitride

spacer formed at a thickness between about 335 to 385 Angstroms.

9. The method of claim 1, wherein said raised source/drain contacts are comprised
of silicon at a thickness between about 540 to 580 Angstroms, obtained via CVD

selective growth procedures at temperature between about 840 to 860° C.

10. A method of forming a MOS device on a semiconductor substrate wherein
defects located near the top surface of said semiconductor substrate are passivated via an
arsenic implantation performed after completion of all high temperature furnace
processing at temperatures above 890° C., comprising the steps of:
forming a silicon dioxide gate insulating layer on said semiconductor substrate;
depositing a composite layer on said silicon dioxide gate insulating layer,

wherein said composite layer is comprised of an underlying polysilicon layer, a tungsten

12



procedure creating said defects in or near the top surface of a region of
said sem conductor substrate underlying said second portion of said
silicon dioxide gate insulating layer; formng a source/drain region in
portions of said sem conductor substrate not covered by said gate

el ectrode structure; performng a thermal oxidation procedure to forma
silicon oxide spacer on the sides of said polysilicon shape defined from

unr emoved pRidd RS, @furdded LR K% b SRAYSHcon REIAQEIENG sai d arseni ¢

i mpl antation procedure through said se portion of” silicon dioxide gate
i nsul ati ng | ayeperfmthingraglasmagrypeich ippocedfirestai einsoe rppetiatsad fnsaid gomposite

passivating sajd defects; formng.a.silicon nitride spacer on sides of said
gate el ect%g e glprau%%cﬁ?‘gpgﬁ'&np%ﬁsgkqaﬂggorbgl%ﬁlleagagq nsYging layee Ut £2%nd
form ng raéls@ebdeauic@ield first pbitloADreRAsAn dXidOPtOInsEMARS B ef R2h QTR Of
said source/drain region. 11 m The nethod of claim 10, wherein said

silicon di M gecade sireureacomgrisedy ef ansundstyumignealysiticen shdpekdefzed bzemeen
about 55 t oV raml Qxi dati.on erfornmed at t erature
et ween abareo o pofoHE oLt hOEKTEn JeCh Rkt Ronumie Sherd' odinsBohoq of
clai m 10, whremevel paitibneasrpedil t @ngayemifrigle CRYRT i & @chgefenSetage dvTaed! ég
polysilicon | ayer at a thfj ckness between about 640 to 730 gstrons, said

tungst en nftPEYCq REFEPISAT s41¢ Wnasteie syenuidweoy cabig sitiopm nigideshapmdefinedns,
S gl kot N CARPSR P ARED B2 S0 AR
1475 Angstproemslurel 3reating said defects in or near the top surface of a region of said
semiconductor substrate underlying said second portion of said silicon dioxide gate
insulating layer;
forming a source/drain region in portions of said semiconductor substrate not
covered by said gate electrode structure;
performing a thermal oxidation procedure to form a silicon oxide spacer on the
sides of said polysilicon shape defined from unremoved portions of said polysilicon layer;
performing said arsenic implantation procedure through said second portion of silicon
dioxide gate insulating layer and into a top portion of said source/drain region
passivating said defects;
forming a silicon nitride spacer on sides of said gate electrode structure and on
sides of said silicon oxide spacer; and

forming raised source/drain silicon contacts on top of exposed regions of said

source/drain region.

11. The method of claim 10, wherein said silicon dioxide gate insulating layer is
obtained at a thickness between about 55 to 65 Angstroms, via thermal oxidation

performed at a temperature between about 740 to 760° C., in an oxygen-steam ambient.

12. The method of claim 10, wherein said composite layer is comprised of said
underlying polysilicon layer at a thickness between about 640 to 730 Angstroms, said
tungsten nitride layer at a thickness between about 140 to 160 Angstroms, said tungsten
layer at a thickness between about 90 to 110 Angstroms, and said overlying silicon

nitride layer at a thickness between about 1425 to 1475 Angstroms.
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1 3. The nmethod of claim 10, wherein said plasma dry etch procedure used
to define said gate electrode structure is an anisotropic reactive ion
etch (RTE) procedure performed using C2 as an etchant for said conposite
| ayer. 14. The nmethod of claim 10, wherein said source/drain region is
obtained via inplantation of arsenic or phosphorous ions, perforned at an
ener gy between about 40 to 50 KeV for arsenic inplant and between about
1.5 to 25 KeV for phosphorus inplant, and at a dose between about 4.0 to
5.0 E12 atons/cnR. 15. The nethod of claim 10, wherein said silicon oxide
spacer is tbrnethamethod:dfi ddines wereieenidafiesna 2ty ¢toh Boclhgstused® défnesai d

t her mal oxi dat erf t te ture bet ween ab 0Ot

16. The ma?al’fg gef e@ In%m f%ﬁ‘ér‘él ggfsﬁ TOPICE FRAEIY O AOR rFﬁq‘arq{i% Ocegure
procedure,p é#ﬁﬁﬁﬁeﬂ@sm@@?hs\/zﬁlt&cf%tﬂ)rQQﬁ%hfposﬂt@laQ@JfOr med at an energy
bet ween about 30 to 50 KeV, and at a dosé between about 1 to 3E12

atons/cnR. 17. The nethod of claim 10, wherein said sili con nitride spacer

is formed i about. 335.t0 Angst
net hod of clai m]}% ngfé\mer &l nqélg}fe(jr&f avhe%fnssall?l S@PE?FZ "R ST Oélohq 8%%%“6\§t Yag, o
formed at implditstiorestarigioweihosioubusishs, perfoBhedAs leh &gy beti dn$Bb@CA0 toe  CVD
gromh pr ocedurfes at tenperature between about 840 to 860 C. 14

or arsenic nnplant and between about 15 to 25 KeV for phosphorus implant,

and at a dose between about 4.0 to 5.0 E12 atoms/cm?.

15.  The method of claim 10, wherein said silicon oxide spacer is formed at a
thickness between about 25 to 35 Angstroms via said thermal oxidation performed at a

temperature between about 890 to 910° C.

16. The method of claim 10, wherein said arsenic ion implantation procedure, used to
passivate said defects, is performed at an energy between about 30 to 50 KeV, and at a

dose between about 1 to 3E12 atoms/cm’.

17.  The method of claim 10, wherein said silicon nitride spacer is formed at a

thickness between about 335 to 385 Angstroms.
18. The method of claim 10, wherein said raised source/drain silicon contacts are

formed at a thickness between about 540 to 580 Angstroms, via selective CVD growth

procedures at temperature between about 840 to 860° C.
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