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 nethod 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 time, is strongly influenced by the perfection or defect density
of the portion of sem conductor substrate used DRAM st ored charge

el enent sSMESFIRREOR P@ﬁW&QONOBBMSM E&CH]HEFEGW DR PEEESt rate wil |l
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 fabricaBACKGROUNDOPRNY BSMENEON Pl asma dry et ching
processes such as reactive ion etching (R E), specifically high 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 forfﬁ'f%ld%fﬁl%fh%geﬁti neration at sem conductor substrate. These defects
| ead t O ‘unsat ur at chem cal bonds

The present invention relates to methods of fabricating semiconductor devices, and more
specifically to a method 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 perforﬁiance. 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




at the sem conductor surface pronoting charge | eakage from storage el enents
of a DRAM device. The data retention tine |oss or charge | eakage

mechani snms suffered by DRAM devices can be in the formof junction | eakage
and defect assisted gate induced drain |eakage (G DL). The present
invention will feature passivation of the surface defects caused by high
density plasma etching procedures via introduction of a passivating dopant
at the sem conductor surface perforned after high tenperature fabrication
procedures have already been executed thus maintaining the passivating
dopant at or near the surface of the sem conductor substrate. Nunerous
atterrptéﬁ? af inproving datag retention tinme_ have focused on sem conductor
subst r AC&Ct grupration plagmgongpcto Thssg deecty kadto upsptwated shanigal begfer and
costly process or design nodification. Prior art such as Schmtt et al US
Pat . NG the sgmizogdurtorsyripgs| prometingaiharps deakageafrom s8rapa elemiots oUSPRAYI0127000
‘Al, teach nethods of elimnating process induced defects via use high

t enper akvice #nnéah stative tinklewr chpgolesiagt pgchddns\saffelel 68 DRAMdeviats
result in arsenic being driven into the sem conductor substrate away from
the t oRas bE frame fmesfguithion Rk &leeid dBRHCAS stedl 846 ldaca Baih MaRESL (GEOhEr prior
art such as Cote et al US Pat. No. 6,483,172 131, Yamaguchi et al ‘US Pat.
No 6,709,906 B2, Fowl er US Pat. No. 3,849, 204, Solonon et al US Pat. No,

6, 803, 266 D TR . 2at. . No.  US2004/.0104406 and asser et al US
Pat. No. 4,@%@ r %S@ﬁééﬁ%géjfc@ g%e\?%lf? %ausgw?z)t%Ocl)lcoéglleessur%%ed&g?%sccéﬂaﬁg@g SljI’@r reducti on
of senj conductor defects,, however none of these features_ of the present
i nvent irHSﬂ 18’ TWﬂac?ﬁc Rrg‘i,ﬁél“reﬁé’faéﬂ?’%‘{]“ﬁp‘én ?éﬁ??é%‘ﬂatﬁgék’l}% apthe §?5’é16?1?qouﬁt°§r oup V
elements introduced at a point in the fabrication

surface performed after high temperature fabrication procedures have already been executed

thus maintaining the passivating dopant at or near the surface of the semiconductor substrate.
Numerous attempts at improving data retenﬁon 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 férmed. Other prior art such as Cote et al US Pat. No. 6,483,172 Bl1,

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 vérious 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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process wherein all high tenperature procedures have already been
performed. 2 SUMVARY OF THE INVENTION It is an object of this invention to
fabricate a metal oxide sem conductor (MOS) device such as a dynamc
random access nenory (DRAM device, on a sem conductor substrate. It is
anot her object of this invention to passivate defects at or near the
surface of a sem conductor substrate. It is still another object of this
invention to passivate defects at or near the surface of a sem conductor
substrate, defects resulting fromhigh density plasnma etching procedures,
via inplantation of group V elenments with atom c nass equal or greater

than arsenic. It is still _yet another object of this invention to perform
the inplantation of grou§ﬁ$ﬂ4§3§ﬂﬁﬁgﬁ%f*¥ENgﬁ?Nhigh t enper at ure device
processi ng has been conpleted. In accordance with the present invention a
met hod of passivating defects at or near the surface of a sem conductor

subst rat e Vi & anwpjeatfdbis enveofiogodalpiceteal meteinixsdesiemivoadwndrd My sieviegual  or
greater than arsenic, perfornmed after high tenperature device fabrication

pr oces sasch fav@malRatndRi K ceisafemory égggm)i Refte, i 4 RImiRHECthNmHiAROT growt h
bl anket deposition of gate electrode materials is acconplished. Definition

of a gate electrode structure is next obtained via conventional

Hocol it E ! ucture 1 - . with th
phot ol I t Og{it%%gbtggfnﬂggﬁ%@ﬁ%}éﬁt{?% tgg?sé%teqfef{ecgta?m Oﬂ% e 3Bl of 2 wth the

portions o or substr not cover e he defi ned gate

el ect 1 Qb8 Aha e ibstrate.

It is still another object of this invention to passivate defects at or near the surface of a
semiconductor substrate, defects resulting from high density plasma etching 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

elements 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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damaged at or near the sem conductor substrate surface. After inplantation
of ions used for a source/drain region a selective oxidation procedure is
enpl oyed to form oxide sidewalls on 3 specific portions of the gate

el ectrode structure while activating the inplanted source/drain ions. A
group V element with atom c mass equal or greater than arsenic is next
inplanted in a top portion of the sem conductor substrate passivating the
defects in the damaged region of the sem conductor substrate. After
formati on of insulator spacers on the sides of the gate el ectrode
structure a selective silicon gromh procedure is enployed to formraised
source/drain contact. regions. BRI EF DESCRI PTI ON.OF THE DRAW NGS The obj ect
and ot KBf°! st dheggatq ¢l pctrodp sewptyre while actyatieg te dmplapied soupcy/ draindenss er r ed

enbodi ments with reference to the attached draw ngs which include: Figs. 1
- 8, schgeup Veagmsnt withaitarsis mase equaher greated thandarsapid b sekt épplanted icatopon st ages
used to forma netal oxide sem conductor (MOS) device wherein inplantation
of gr oortién of Klenemicondididr sabariicpaREisHingqhdefats igreadaaiagtd fagioarofeid C i S

enpl oyed to passivate defects created at or near the surface of a

sem CoRgbAductdtRebstaict Andefoffitin ¥ritilat: SPdeRbnlthOTd Fthedansdiidrodp! asma
et chi ng procedures. DESCRI PTION OF THE P ERRED EMBODI MENT™ A process used

to fabrgfahe aelEi sifhPFowh P& RBHY ¢ Qhptb MR rdl8Vh&E sotPRfddih CRldh @

regions.

BRIEF DESCRIPTION OF THE DRAWINGS

The object and other advantages of this invention are best described in the preferred

embodiments with reference to the attached drawings which include:

Figs. 1 - 8, schematically 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.

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 wit atomic mass equal or greater than

arsenic is employed to passivate defects created at or near the surface of a semiconductor
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DRAM devi ce, wherein inplantation of group V elenents wit atom c nmass equal
or greater than arsenic is enployed to passivate defects created at or
near the surface of a sem conductor 4 substrate, defects which resulted
from high density plasma etching procedures, will now be 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 |ayer 3
is next formed on insulator_ | ayer vi a chem cal vapor dep05|t|on (CVD)

pr oc ed FPRrates defeptywhich seguliedbarn h&h&%ﬁfyd&%mmn&wa@m%w lnopcd¥D) , or

pl asma enhanced cheni cal vapor deposition (PECVD). Silicon nitride |ayer 3
i s gr owescribedintdetail ifemdcanductensmbsttntul camFised obdsglAngstaipmsilicon, with a

Phot ol i t hogr aphi ¢ shape 4 featuring space 5a is next formed on silicon

ni tri de<10baygstalogrdphicorichita8io0 1 she wh e chishiatiallyyin IFip. fi Ghsulbtor Diyyr 2terprivgd
procedures, such as reactive ion etching (RIE), is next enployed using

phot ol idrkpesa@bkide SHARE tHenaRY, gﬁ@fﬁwg R&n2Ss BeRvéeh GholT®8 o m) SgistBasshal | ow
trench shape 5b in silicon nitride |ayer 3, in insulator |ayer”2, and in a

top POLhiQenDSlHERARY o é%ggrauﬁgbég,or ms tEid sﬁﬁ"&é GRALRLATS

substra procedur usin n “et chant
for 5|I|con nitride mr se eflne in | sul at or
| ayer 4% S fimg o st Pl Tt Si7ia Sstiiea asnen depeatien 45V DN PRSE N DRt  on-of
seniconductor substrate 1 is )

low pressure chemical vapor deposition (LPCVD), or plasma enhanced chemical vapor

deposition (PECVD). Silicon nitride layer 3 is grown to a thickness between about 475

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 CF,4 or
Cl; asan efchant for silicon nitride while CHFj3 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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acconplished via the R E procedure using Cl2 as an etchant for silicon.
After definition of shallow trench shape 5b photolithographic shape 4 is
renoved via plasma oxygen ashing and wet clean procedures. Insul ator |ayer
6, a layer such as silicon dioxide, is next deposited vis LPCVD or PECVD
procedures at a thickness between about 4000 to 4500 Angstrons, conpletely
filling shallow trench shape 5b. Renoval of unwanted portions of insulator
| ayer 6 fromthe top surface 5 of silicon nitride layer 3 is acconplished
via either a selective chem cal nechanical polishing (CW) procedure, or
via a dry etch procedure using CHF3 as a sel ective etchant for insulator
| ayer 6.. The above procedures result .in insulatqr filled shallow trench
shape %% SHicpn @ignds leyer 3iihasgpmpbishe Yipsither a selpchve ¢hepvical prechyiraliRoliskise at i on
purposes. This is schematically shown in Fig. 2. After formation of
i nsul at(eMiprecedurseaviomdyrctohgtiocsHangeisiog (31H3ias o neledtiveicttbant dgransubaters wel | as
i nsul ator |ayer 2 are renoved using either dry or wet etch procedures.
Si | i conay 6xiTHeabowy procdyred esicinis@iht@<illcd shsgRinetrének whapt 6b fillay efthf or t he
menory device, is next thermally grown at a tenperature between about 740
t0 760 ifsuldloraiyeP ¥ YBMR usedioR AR TR Sin pl%‘ISOSES. ITHi KRB MatiPAl/RERn &PRIBL 2,55 tO
65 Angstrons. Materials to be used for definition of a gate el ectrode
structure are next fornmed on gate insulator |ayer 22 and schematically
shown in Fi . 0l vsili.con.layer. .7a.is.first deposited via,LPCVD or
PEVD pr ocedty dmton i UERE ELAY SRR rfan B 6 7T Mg S arb re =
Pol ysil.icon |l ayer 7a can either _be deposited via in situ doping procedures
wher ei rRSpriEYeE 2 am{aglﬁﬁ?f'@%mﬂlﬁwrméafewt%prgwd&ﬁ‘é- gHigon v ysilicon
‘layer 7a can

Y layer 22, to be used as the gate insulator layer for the memory device, is next thermally grown at

a temperature between about 740 to 760° C in an oxygen - steam ambient, at a thickness
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 mtrinsically 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
6



be intrinsically deposited than doped via inplantation of arsenic or
phosphorous ions. Barrier |ayer 8a conprised of tungsten nitride is next
formed at a thickness between about 140 to 160 Angstrons via CVD or via

pl asma vapor deposition (PVD) procedures. If desired barrier |ayer 8a can
al so be conprised of titaniumnitride. Layer 9a conprised of tungsten is
next deposited on barrier |ayer 8a via LPCVD or PVD procedures at a

t hi ckness between about 90 to 110 Angstrons. Layer 9a is enpl oyed to reduce
the resistance of a subsequently fornmed gate electrode structure,
therefore other conductive materials such as nol ybdenum can al so be used.

A cappiy I|c nnitride .S next grown on |ayer 9a at a
thlcknesgsi ’ﬁnﬁﬁﬁﬁPTTﬁEg&%@)@Hﬁg% pﬂﬁ@é@?%ns, again via LPCVD or PECVD
pr ocedur es. Photollthographlc shape 11 is next formed on the gate silicon
nitride Iayer 10b and used as an etch nmask to define gate el ectrode

st r uct ur es.Phetqlithpgmphipy shaps bhis pegdemudeonshe pata silisen nitriviedayer 6 andRis& as
procedure is enployed to renove the portions of material not covered by
phot ol ianhetgh apék © dsfiapeatd tlectusientguis.as pRsme it préeduishélcannni tri de

| ayer 10a, for tungsten |ayer 9a, for tungsten nitride or titaniumnitride

llayer Gaisofosic RIE pRREMNSE s ifiiloyed Y@ FeniFe (WM JdRidB O f nARKSCHdt @R cfedBlyE Procedure
sel ectively termnating at the top surface of exposed gate insulfator |ayer

22. Th hlbﬁ;ﬁkﬂ ai}fuc SH Oﬁﬁngégéﬁ%re@ﬁ t?&%&l%ﬁh Hlt{;l&eelage?flbg 't ﬁ?fi ygat ©

electrode stack 13 o ate at or a er schéenma in F|g
R Tt iy b m@ 1
anisotropic RIE procedure selectively terminating at the top surface of exposed gate insulator
layer 22. The result of the above procedures result in the definition of gate electrode stack 13 on
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 cnergy 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,



pol ysilicon shape 7b. Al though the high energy plasma dry etching procedure
selectively termnates at the surface of gate insulator |ayer 22 damage of

under|lying portions of sem conductor substrate 1 can still occur creating
defects 12a near the top surface of sem conductor substrate 1. Defects 12a
schematically shown in Fig. 4, if left remaining will cause |eakage in

specific regions of a nenory device such as access areas and storage node
junctions, with the unwanted | eakage resulting in the degradation of data
retention tine in devices such as DRAMs. After renoval of gate el ectrode
defining photolihographic shape 11, again via plasma oxygen ashing and wet
cl ean procedur sour e/ rain region 23 is formed in portions of,

sem corttiidt f’gi? Eberran Biey d&?gtel&s‘gw@dmwn@aﬂ@l%Oéélfsrﬂaa@r ghogpiorqus ions at
Source/drain region 23, 7 schematically shown in Fig. 5, 1is obtained via

i on i nMFN&REEY PEHeRT ab&ﬂé‘é‘ht%ﬁd@‘bﬁzxﬁﬁwmylantﬂmd betweenabasit &b ty2oBewen about
40 to 55 KeV for arsenic inplant and between about 15 to 25 Kev for

phos phehosphoioup irapltnt, amicit atdose shbeentbbureichtoab®HE 2 diofistem’ STOedsl2 at ons/ cnp.
To ensure enhanced isolation of the gate el ectrode stack a sel ective

oxi dat ieBharREdRERHEEOS the PRY blePREdRERR Y scl8étivd dkRIFRES fotdRirdis huagRahwdt 890
to 910 C, in an oxygen - steamanbient, to formsilicon oxide spacers 14,

at a thi ckhGRmRe Tb\é\ﬁf‘ac@n Qﬂﬁ't'@(?é d19° &2/ g;??% n%tea&%ﬁﬂ?%t,stb (ﬁg‘ﬁn %con

ponS|I|con shape 7 I's schematic shown 1n e selective
o6 RS BT, o T APl ABESLRIRIALS 00
shape 7b. This is schematically shown in Fig. 5. The selective oxidation procedure is performed
at the highest furnace temperature used for the fabrication of the memory or DRAM device.
This high temperature process activates and drives implanted 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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This high tenperature process activates and drives inplanted arsenic 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
arseni ¢ or phosphorous ions. The key feature of this invention, the

passi vation of defects 12a, is next acconplished and schematically
described in Fig. 6. After all high tenmperature steps have been conpl eted,
such as the high tenperature selective oxidation of polysilicon shape 7b,
a low energy inplantation of specific group Vions, is performed. The

preferred.inplanted ion is arsenic, however other slow, diffusing group V
ol orrontidiErlied B3 36 e AN HEEHE by BT pHBkEn dghe oA gleh
diffusing_grou V elenent is not a candidate for passivation of defects
12a. | siehmifion ot gate gick By Sidwinewi nassivated dafect d2tyshiovan schometicatly jn Bigt fuvdh about

30 to 50 Kev, at a dose between about 1 to 3E12 atons/cnR. Arsenic being a
heavy abdongeecmitriisitetoossvahted filretitow rakagefoa GEDDS It isaitcabihdisnbatuait paicest e 1
t herefore passivating the unsaturated chem cal bonds of defects 12a, 8

whi ch rsepuibé Jﬂh@@hﬂ@ﬁ&aﬁ?a&aﬁ;smt Wﬂ@amlﬁ%ﬂﬁu&?ﬁﬁin%w@&{ié #In€ tekérlaAc e
during the plasma etch definition of gate stack 13. The now passi vated

def ect %Qhe %Mdﬁgtgﬁﬂﬁfahgra’t’)gésll%ﬂ tg‘?‘g‘@"é#\ﬂ’ 8%6[dﬂ%}§lg§&ga§rthé:§%%{i. é) ute to

unwant ed junction | eakage o subsequent process

a1 coni ViR BERTENEon Wi RFTORE olRf ohiot e PrlaoTR B Bl 0

t enperature procedures such as the sel ective
arsenic 1ons,

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 CF4 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
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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 dry
et ching procedures. Next silicon nitride 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 sotropi£. RIE procedure perforpmed.using .Cl2 or CF4 as an etchant. The
resul t 9gped g s leahivh e hdomBHiaT BaPHiah elerprRgsPEooURD e
source/ drain contact shapes 17 conprised of silicon, are next formed on
sour ceSHg; oW, oFrased sourcqdiainepningtshepssdr’iam be prdgsdigely zrovehipivmsiselbieibat i cal | y
in Fig. 8 are used to reduce source drain contact resistance. Raised

sour ce/ddpai via topltwaetionsdfapesic br phosphdronsnieds.at a t hi ckness bet ween about 540
to 580 Angstronms via CVD selective silicon growth perforned at a
tenperature between about 840 to 860 C. Raised source/drain shapes 17 can
be in situ 9 doped during the selective growmh formation via the addition

f . . | ! o! . Lon
of arsenic wmmgw%e&ﬁa%&eﬁpﬁ%m?ysﬂom%dags;ﬁtasﬁ@@ gég%ggyévtartﬂe h contac

shapes 17 can be selectively g rinsical an I'a
 mpl antp%f%x%ﬁ e%bo%fn%een"t]s' t‘l‘ﬁer%g)f, lﬁ% %@% &stood Q}? those skilled in the art that various

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

invention,

What is claimed is:
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VWhile this invention has been particularly shown and described with
reference to, the preferred enbodinents thereof, it wll be understood by
those skilled in the art that various changes in formand details maybe
made w t hout departing fromthe spirit and scope of this invention. Wat
is clained is: 10 1. A nmethod of formng of formng a netal oxide

sem conduct or (‘MOS) 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 atop portion of a first region of said 5 sem conductor substrate,;

formng a gate .insul at | ayer. .on_a secopd .regi qn of saj em conduct or
substrate, | vindrBRodal st i SRerLoTg: SgteandeEr @3@&4"@&@&&@ at or
i solation region;, depositing a group of layers; perfornmng a plasma dry
et ch pr ocedursémicondysignsabsimicfegranppastivatipneaatsiefeetemt er repr the fopisorfpesrafi on of
said gate insulator |layer while defining a gate el ectrode structure

conpri sed ofsaslaenhigpndugiorchbitmyee comprising thesepdofporti on of said gate
i nsul ator layer; performng a first ion inplantation procedure to forma

source/ drai n r efgimifg ki insPRIr i@NSioR ki@ M 2368 phrtlof 804 ARt REichAS aid
sem conduct or substrate not overlaid by said gate
5 semiconductor substrate;
forming a gate insulator layer on a second region of said semiconductor substrate,
wherein said second region is not occupied by said insulator isolation region;
depositing a group of layers;
performing a plasma dry etch procedure to remove said group of layers from a first
10 portion of said gate insulator layer while defining a gate electrode structure comprised
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;
15 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;
forming a second insulator spacer on said gate electrode structure and on said first
insulator spacer; and
20 forming raised source/drain contacts on top of exposed regions of said source/drain

region.
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el ectrode structure; 15 formng a first insulator spacer on a | ower portion
of said gate electrode structure; performng a second ion inplantation
procedure placing inplanted ions into a top portion of said source/drain
region; formng a second insulator spacer on said gate el ectrode structure
and on said first insulator spacer; and 20 form ng rai sed source/drain
contacts on top of exposed regions of said source/drain region. 2. The
met hod of claim 1, wherein said gate insulator layer is a silicon dioxide
| ayer obtained at a thickness between about 55 to 65 Angstrons, via
thermal oxidation perfornmed at a tenperature bet ween about 740 to 760 C
in an oxygen tea anbj en f claiml1, mhereln sai d
group of | ayezr gﬁ? gle%ﬂﬁ?bfé Wﬁﬁﬁnﬁ?@@ﬂeﬁsﬁ to B@Te%slal SilicoR droxidsrlavsr o

t hi ckness between about 670 to 730 Angstrons, a barrier layer such as

‘tungsten nitrd &@eératﬁﬂﬂ‘dﬁeﬁﬁ'heﬁwmlah@méﬁ to 65 RingKresess Visshanmehoxadtion 140 t o
160 Angstrons, and an overlying tungsten |ayer at a thickness between about

90 to 110 Anpgsbmoetsat ai@npkratifedetvatch abow{74€ tef60P C, invherxgizen -stdach pl asma dry
etch procedure used to define said gate electrode structure is an
ani sotropi ¢ raadedntve ion etch (RIE) procedure, perfornmed
5 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
such as 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.

10 4. The method of claim 1, wherein said plasma dry etch procedure used to define said
gate electrode structure is an anisotropic reactive ion etch (RIE) procedure, performed

using Cl; as an etchant for said group of layers.

5. The method of claim 1, wherein said first ion implantation procedure used to form
said source/drain region is performed via implantation of arsenic or phosphorous ions

15 at an energy between about 40 to 55 KeV for arsenic implant and between about 15
to 25 KeV for phosphorous implant, and at a dose between about 4.0 to

5.0 E12 atoms/cm?.
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using Cl12 as an etchant for said group of layers. 5. The nethod of claimi1,
wherein said first ion inplantation procedure used to form said
source/drain region is performed via inplantation of arsenic or phosphorous
ions 15 at an energy between about 40 to 55 KeV for arsenic inplant and
bet ween about 15 to 25 KeV for phosphorous inplant, and at a dose between
about 4.0 to 5.0 E12 atons/cnR. 12 6. The method of claim1, wherein said
first insulator spacer is silicon oxide spacer formed at a thickness

bet ween about 25 to 35 Angstrons via thermal oxidation perfornmed at a
tenperature between about 890 to 9 100 C. 7. The nmethod of claim 1, wherein
sai d second i i npl.ant atj on_procedure is perfornmed 5 via inplantation of
group V ions @ﬁbﬁ ﬂ’eﬁ]ﬂgclﬁﬁg wlriein sy figit daspistorspaghr isslicop pxidy $8RSTC.  at an
ener gy between about 30 to 50 KeV, and at a dose between about 1 to 3E12
atons/ cnR. 8.formpd aferthiskines befwaemabbut Hhier3si Angsuoms viedmmbal oxddatianor spacer

is silicon nitride spacer fornmed at a thickness between about 335 to 385
Angstronms. 1@ecHorniddet mtdniysthtad betvedemabout 8b@toed110° €ai d rai sed source/ drain
contacts are conprised of silicon at a thickness between about 540 to 580
Angstrons, obtained via CV/D selective gromh procedures at tenperature

bet ween about7 §40mkMo8BPciGim 1, wherein said second ion implantation procedure is performed
5 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.

10 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

sclective growth procedures at temperature between about 840 to 860° C.
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13 10. A nethod of form ng a MOS device on a sem conductor substrate
wherein defects |ocated near the top surface of said sem conductor
substrate are passivated via an arsenic inplantation perfornmed after
conpletion of all high tenperature processing, conprising the steps of 5
formng a silicon dioxide gate |ayer on said sem conductor substrate;
depositing a conposite |ayer on said silicon dioxide gate | ayer, wherein
said conposite layer is conprised of an underlying polysilicon |ayer, a
tungsten nitride layer, a tungsten |layer and an overlying silicon nitride
| ayer; performng a plasma dry etch procedure to renove conposite |ayer
froma secon ortion of said silicon dioxide gate |ayer fprnin% a gate

0
el ectrode st ﬂgc drethstptommipg p MO, deviesongg scaneondustps sigsiralg wherge 55568 | ayer
with said gate el ectrode structure conprised of an underlying polysilicon
shape, a tundewtd nganthe e ssrfagseof saidsemtpondistas iselstratgrmek passivaedyiaghng si | i con
nitride shape, and with said plasna dry etching procedure creating said
def ects i n ornrseaimphstatioppaturinad aftafcompletigh o albhigh sénthegatin esvdistiopr
substrate 15 underlying said second portion of said silicon dioxide gate
layer; form ngnarEBigltECitessfn region in portions of said sem conductor
substrate not covered by said gate electrode structure; performng a

thermals oxi dat iR QERUN Giokde bHeThy3r 5 bdif WhialGosRRES ;0N the sides

depositing a composite layer on said silicon dioxide gate layer, wherein said
composite layer is comprised of an underlying polysilicon layer, a tungsten nitride
layer, a tungsten layer and an overlying silicon nitride layer;
performing a plasma dry etch procedure to remove composite layer from a second
10 portion of said silicon dioxide gate layer forming a gate electrode structure on a first
portion of said silicon dioxide gate layer with said gate electrode structure comprised
of an underlying polysilicon shape, a tungsten nitride shape, a tungsten shape and an
overlying silicon nitride shape, and with said plasma dry etching procedure creating
said defects in or near the top surface of a region of said semiconductor substrate
15 underlying said second portion of said silicon dioxide gate 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;
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of said polysilicon shape; 14 perform ng said arsenic inplantation
procedure through said second portion of silicon oxide gate |ayer and into
a top portion of said source/drain region passivating said defects;
forming a silicon nitride spacer on sides of said gate el ectrode structure
and on sides 5 of said silicon oxide spacer; and form ng raised
source/drain silicon contacts on top of exposed regions of said
source/drain region. 11. The method of claim 10, wherein said silicon

di oxi de gate layer is obtained at a thickness between about 55 to 65
Angstrons, via thermal oxidation perforned at a 10 tenperature between
about 740 to 760.C .in an oxygen. - steamanbient. 12, The nethod of claim -
10, wherein saPd B ‘{]Egsﬁng‘%&pl‘?néat’(?&ﬁﬁ?‘ieg'ga %H‘P“ggla‘ia{ﬂi seed@rriAn RS

pol ysilicon quer at a thickness between about 640 to 730 Angstrons, said
tungst en ni t rSiiifen pAigle gatgdaysr and ipterAdeR PRGIONOE prich Bswee/draip region BRISipRNgt r ons,
said tungsten |layer at a thickness between about 90 to 110 Angstrons, and
sai d 15 over Isgidrdglesist i con nitride | ayer at a thickness between about 1425
to 1475 Angstrons. 13. The nethod of claim 10, wherein said plasnma dry

et ch procedur donttiggla siticalediiriie spsoai 6n gaésorahid GhlcRURredd shebifardondtes
ani sotropic reactive ion etch (RIE) procedure
5 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 layer is obtained at a
thickness between about 55 to 65 Angstroms, via thermal oxidation performed at a

10 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 betwéen about 140 to 160 Angstroms, said
tungsten layer at a thickness between about 90 to 110 Angstroms, and said

15 overlying silicon nitride layer at a thickness between about 1425 to1475 Angstroms.

13. The method of claim 10, wherein said plasma dry etch procedure used to define
said gate electrode structure is an anisotropic reactive ion etch (RIE) procedure

performed using Cl; as an etchant for said composite layer.

15



performed using C 2 as an etchant for said conposite |ayer. 15 14. The

nmet hod of claim 10, wherein said source/drain region is obtained via

i npl antation of arsenic or phosphorous ions, perforned at an energy between
about 40 to 55 KeV for arsenic inplant and between about 15 to 25 KeV for
phosphorus inplant, and at a dose between about 4.0 to 5.0 E12 atons/cn®.
5 15. The nethod of claim 10, wherein said silicon oxide spacer is forned
at a thickness between about 25 to 35 Angstrons via said thernmal oxidation
performed at a tenperature between about 890 to 9 100 C. 16. The met hod of
claim 10, wherein said arsenic ion inplantation procedure, used to

passi vat e sai fects, |S perfornmed at an energy between,ahout 30 to 50
KeV, and at a{lq fﬁe 188%‘8{1 8@@%@%@6 SMstrn faid Boué‘ffi‘ga‘gtr‘iﬁm g ﬁg".amfg V3The met hod of
claim 10, wherejin said silicon nitride spacer is fornmed at a thickness
bet ween aboutimBEstajign gBasoricyannhemrhorous iomhperfosmedat apfenerza betveen ababkr ei n
said raised source/drain silicon contacts are forned at a thickness
bet ween about403405 KeVoB0arsergs impae and betwsed gt 1eto@IKe W for ghasphédrupr ocedur es
at tenperature between about 840 to 860 C. 16
implant, and at a dose between about 4.0 to 5.0 E12 atoms/cm?.
5 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

10 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

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