METHODS FOR ELI M NATI ON OF ARSENI C BASED DEFECTS I N
SEM CONDUCTOR DEVI CES W TH | SOLATI ON REG ONS
BACKGROUND OF THE I NVENTION (1) Field of the

I nventi on The present invention relates to nethods
used to fabricate sem conductor devices, and nore
specifically to nmethods used to prepare sem conductor
surfaces for nmetal silicide fornation.}%ég
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m cron features has all owed sem conductor device
performance to be increased. Decreases in performnce

resutt o ¢ RECRRRERTT O IR RR RE" O o o 7

sem conduct or devices. However in addition to the
. capaci tance decreases resulting with the use of
(1) Field o thei BYEHOBevi ce features, device performance has
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silicide? I iagii de regions forned on both the word |ine and
Ouretdrain regions. Formation of netal silicide on
these regions is acconplished selectively via a self
aLign%g netal silicide (salicide) procedure in which
(2) Desggiptin &iPricEfrde is fornmed onl y selectively on exposed
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ion inplantation procedure used for source/drain
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.- eff.ect transistor..(VMOSEET evi ces, .can.rel gase. .t he
N S
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silcide st GEA, PrOGRUBPoBHe e U SoRTREL 10D SEFHERson
exposed® E&ﬂu&ﬁ/etrgﬁoﬁmgh hé EEO@QHCOI’J word line structure and semiconductor
source/drain regions. To ensure optimum salicide formation the surfaces of these
exposed conductive regions have to be hydrophobic or oxide free, usually accomplished
via use of a hydrofluoric acid type wet clean procedure. However insulator regions such
as shallow trench isolation (STT) regions incorporated with arsenic ions as a result of
previously being exposed to an arsenic ion implantation procedure used for source/drain
regions for N channel metal oxide semiconductor field effect transistor (MOSFET)
devices, can release the incorporated arsenic ions during the hydrofluoric acid, salicide
pre-clean procedure. The released arsenic ions, now in the form of arsenic based

defects, can deposit on exposed conductive surfaces such as the word line and
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source/drain surface, thus deleteriously interfering
W th subsequent salicide formation on these surfaces.
This invention will describe various solutions for
renoval of arsenic based defects on conductive
surfaces prior to salicide formati on. The novel
process sequences described in the present invention
used for solution or elimnation of arsenic based
source/anesrBea | thywldgeiionshy méarbering iwithcsubeequeryi sshelde dorpmtion
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SUNH”%@%@@%qﬁgiﬁﬁﬁgN%@ﬁ%uctive region surfaces resulted
1tfi QM oBYROSUME: Bl ertios Ub dh@ard @BHAIS ¢ tr€ighs\BF metal
hydrofl uoric acid procedure. In accordance with the

silicide geqogepedafipent i on met hods of renoving arsenic based

it '\f?}f Ghiter forb%&%_zg_?h@ Liﬁ\te%%gnc' t8 freiﬁg\%j H‘&{llay F I‘[}gt?lllﬁ nigmgf {h8N

nnel device prior to neta
surfaced of craklidive regodbgsor ith ecttal Aflitee féraratved vare wit Hyldeofluoric
ulator filled STI regions and definition of
amdp“@S%Hﬁctlve gate structures overlying gate insulator

nl i8Y@ilISanotiRF SBRECOS MK Gk R ROV RFeRE bakQl MB@ Y ifRm
ion inplantation into portions of a sen1conductor

hydroflaqriss aqid clarfsh capgydive degigns preordemeridisilicadegatieg sevahetchipe
dry prog{ss%c %Q antol?xﬁaﬁ(ﬂleof tﬁyarsreﬁg'bglgc?i dc\{’%c'isl1%r?{l%ﬁ6'xaﬁuétﬁ@Srcglon

Into top portions 1 ons
surfacePresared from exposure of insulator regions to a wet hydrofluoric acid procedure

In accordance with the present invention methods of removing arsenic based
defects from the surfaces of conductive regions of an N channel MOSFET device prior
to metal silicide formation, is described. After formation of the insulator filled STI
regions and definition of conductive gate structures overlying gate insulator layers,
arsenic source/drain regions are formed via ion implantation into portions of a
semiconductor substrate not covered by the conductive gate structure or occupied by the
STI regions, with arsenic ions also implanted into top portions of the STI regions. Prior

to metal silicide formation a wet hydrofluoric acid procedure is employed to remove
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to netal silicide formation a wet hydrofluoric acid
procedure is enployed to renove 2 unwanted oxi de from
the surface of the source/drain region however with
the wet hydrofluoric acid procedure also resulting in
unwant ed arseni c based defects released fromthe top
portions of the STl regions and depositing on exposed
source/drain surfaces. Several processes used to
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used to selectively formnetal silicide on conductive
regi ons of an N channel MOSFET device, wherein the
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defects PQEichhsﬁkﬁﬁf&ﬁﬁﬁgﬁs'ng The arseni c based defects
eteriously inf uencing the success of netal

silicide formation is present as a result of the
fl ' ' the nmetal silicide
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silicide. Enbedde

arsenic nateri a
described for preparing an

N channel MOSFET device for metal silicide processing. The arsenic based defects
deleteriously influencing the success of metal silicide formation is present as a result of
the hydrofluoric acid component of the metal silicide pre-clean procedures, with the
hydrofluoric acid allowing release of arsenic material previously embedded in msulator
regions such as insulator filled, STI regions, and now deposited on the surfaces of
conductive regions designed to accommodate metal silicide. Embedded arsenic material
in STI regions can be introduced during N type source/drain ion implantation procedure

used for formation of N channel MOSFET devices. However this invention c¢an also be
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in STI regions can be introduced during N type

source/drain ion inplantation procedure used for

formati on of N channel MOSFET devi ces. However this

i nvention can also be 3 applied to other devices such

as a P channel MOSFET device in which arsenic

i nplantation into exposed STl regions can al so occur
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subsequent blanket, wet hydrofluoric acid procedures. The result of the arsenic
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bet ween about 1E15 to 1E16 atons/cnR. In addition to
formng N type source/drain regions 8, in regions of
sem conduct or substrate 1, not covered by polysilicon
gate structures 4, or occupied by STI regions 2,
arsenic ions 7a, are also inplanted into top portions
of insulator filled, STl regions 2. The depth of
arsenic ions 7a, in STl region 2, is a function of
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surfacese Iutnlrég dilute solutions of H,0; are used. Hydrogen peroxide can be spiked
into the de-ionized water rinse after HF, at an HF water ratio between about 1:50 to
1:1000. Alternatively a procedure featuring a mixture of hydrogen peroxide and
hydrofluoric acid can accomplish oxidation or removal of the arsenic based defects as

well as removal of all native oxide. This mixture can be used in several variations such

as a HF/hydrogen peroxide procedure with an HF to hydrogen peroxide ratio of between
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i ndependently or as a conponent of a wet hydrofluoric
acid procedure used to renbve native oxide prior to a
nmetal silicide formation procedure. Hydrogen peroxide
alone will oxidize the unwanted arseni c based defects
resulting in a water soluble product. It may also
result in additional formation of native oxide on
exposed silicon or polysilicon surfaces unless dilute
about Isbllutl Pehs Bilompddyar deuatiad Pyt dijen aperiodivine pracdiee.
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based defects which were a result of release of arsenic ions during the wet HF procedure.
A hydrogen/argon or hydrogen/nitrogen ratio between about 1:0 to 1:100, is used at a
pressure between about 20 to 300 millitorr, at an rf power between about 150 to 2000
watts, at a temperature between about 15 to 40° C. The hydrogen reacts with the arsenic
based defect to form a volatile AsH; product.
This description featured the preparation of N type source/drain and polysilicon

surfaces for metal silicide accommodation via procedures used to remove arsenic based
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centrifugal force created by the circular notion of
the spin dry procedure. The spin dry solution can be
acconplished in nitrogen using a single wafer or batch
tool. In addition to the wet renoval and the spin dry
renoval procedures for arsenic based defects, a third
category for renoval is the use of hydrogen plasma
after an aqueous HF procedure. After renoval of

defects frami the abgicdacniroed Nutlpprs. Howevw/ il Paihanem MPSFGdidevisen
are to Bc' quﬁl%g Sn \{k@aﬁ BWEBf se'_{'l:lc&{dg&%p Wistrie qr %RS&)F&ISP (&glﬁgé‘ %

en is used to renove e arseni
region msmwmf mt@n\m lidwing raebcaorr @aUplaofatioe bms@neﬁo form P
ni.c ions durj

ars the met HF cedure. o
type SO BRI h B i B APEPb Gt 0T 5o By dgkilicon
gate stn%%téi &t Qeclfed bl 801 1e§,§)nl23 R@m@@al Jf tHRMEBRME DhBRIWREthape

about " 20 to 300 millrtorr, at an rf power between

again vegybditforms oinpantzd OuKidenamnt sondyetivg teaimpe rigeesiatier Weepxide

remova@ﬁrgg%lu#g fpiie A ﬁ%gﬁes%%d %dlr 1%9 QO rt&%ﬁ{ <§1ax\ﬁ B/IC(:)@leE]:ﬁ [6%%' c

orma voI
Therefotke sdranpfaboating ad woeghlittvetapy e:mrladmdm SClﬁlCNndW (CMOS)

device, SpRreeY BRBRAGBATI DR P o MR adrs Rt F5 Tiipyen

du@ésSQlﬂé eIrba§8d e polekrie! fef fpaMmityher AROHRIBRA HONGEh, are
proce sur f aces. ibmgvep chaﬁnelyRCSFET %EV|ces@mare to

performigd oindy prcdtimg, #fkey .b@ﬁl @@,N afpesidi & Hivg sevis e/ dsiib e d1aye

bﬁmfbgﬁgforesist masking of region 20, would be perfornmed
owi ng a boron ion inplantation procedure to formP
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perfom{eﬁ%g%nﬂn% anggn%lentionyﬂegr ﬁﬁlﬁhfu%%cé: %P8 telﬁperatureebetween about
650 to 850°C, resulting in formation of a second phase, a lower resistance metal silicide
region, such as cobalt silicide regions 10, For titanium silicide the second anneal is not
required. This is schematically shown in Fig. 5. The ability to remove native oxide and
prevent or remove arsenic based defects allowed optimum metal silicide to be realized
on all source/drain regions as well as on exposed polysilicon gate structure surfaces.

While this invention 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
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i s deposited via physical vapor deposition (PVD), to a
t hi ckness between about 50 to 300 Angstrons. A first
silicide anneal is perforned in either a conventiona
or rapid thermal anneal (RTA) furnace, at a
tenperature between about 400 to 800 C, formng a
first phase of netal silicide on surfaces of al
source/drain regions and on the exposed top surface
changesdf faiinl asbiejaisimaydy nepsle avidortidepartiag fromh@e geirig pod spppe of this
inventiremains unreacted on the surface of insulator spacers
‘%" and on the surface of STI regions 2. Renoval of
unreacted netal is selectively acconplished via a wet
etch procedure featuring a solution conprised of
H2Q2,. HC I, NH4AOH, H2SO4 and H2O. A second annea
procedure is next perforned again using a
conventional or RTA furnace, at a tenperature between
about 650 to 850C, resulting in formation of a second
phase, a |ower resistance netal silicide region, such
as cobalt silicide regions 10. For titaniumsilicide
the second anneal is not required. This is
schematically shown in Fig. 5. The ability to renove
nati ve oxi de and prevent or renobve arsenic based
defects allowed optimumnetal silicide to be realized
on all source/drain regions as well as on exposed
pol ysilicon gate structure surfaces. Wiile this
i nvention has been particularly shown and descri bed
wth reference to, the preferred enbodi nents thereof,
it will be understood by those skilled in the art that
various 7 changes in formand details may be made
wi t hout departing fromthe spirit and scope of this
invention. 8 What is clained is: |I. A nethod of
formng netal silicide regions on a sem conductor
substrate, conprising the steps of: providing
insulator filled, shallow trench isolation (STI)
regions in top portions of said sem conductor
substrate; providing a gate insulator |ayer on a
portion of said sem conductor substrate not occupied
by said insulator filled STl regions, and providing a
conductive gate structure conprised with insul ator
si dewal | spacers, on said gate insulator |ayer;
performng an ion inplantation of a dopant to forma
source/drain region in a portion of




said sem conductor not covered by said conductive gate
structure; performng a pre-netal silicide formation
treatment further conprising: plasma oxidizing the
surface of the source/drain region to forman oxide
thereon, treating the oxide with a first agent to
renove the oxide, the treating resulting in dopant
_based defects, form ng the dopant based defects into a
What issdiingd Bonpound or gas conpound using a second agent

erejn t.he | 0 Hg;.S NEenfi@Sndctor subst
pgtioAbggaggnbfz%gﬁgggiﬁgaSH%S%OS%?Bgﬁgg%e%%v?%E fﬁ% substrate,
compris$id thel seps glas conpound; and forming said nmetal silicide

regi ons. on sai ource/drai.n.regi o d on a to . .
bt ing R e R Bt R PEb ST T Fesfihts SR pgrtions o saia
met hogn@tor@daomubstrfter ei n: performng the ion

i mplantation forns an N type squrce/drain region;

and
PMINALH SR &S BIAr dayebipa @%Qiorlﬁ@ pid agnicpRuRion Fulstate not occupied
sol | dkr)?g AL Oleﬁg]S fifle AP rrf:%g+59 %@ (g)%v‘?(ﬂﬂg Ly co%@gctivet %a(t)% structure

rinsi away the water so e product.~3. The ne
of cl ainmprised whibrieiuhatoreidewiall gpachs, gastidcgrnposwdtor kykudes

T T I T

the s@lid sknsiosRRUBENMREVHEEBY sHPtehddetpiengietshcture;

sem conduct or substrate in a non-oxidizing gas. 5. The
REEHBENOF PEHBFRh stlicidiarrastipnd s Aribaitoar s Eon

Pr 0Cegifiy bRiPRIENAE TFfloc P Lot SR GoLiON® folfTRh 8RB Ghereon,
at an energy bet'ween about 10 to 100 V, at a dose

bet weentimgdbi oxide Fiths: fist 4EEH6 taateorst tirPoxide, Ghe Tépding resulting in

met hod of ¢laim1l erein said pre-netal silicide
f or mati on ‘forp@%\t{gﬁ‘%éﬁ{tdg?e {Sa wet treatnent using a

sol ut oGO dbs@t baved defayd g anoRE EpdRd @8 gid@mpound using a
second agent. 7. The nethod  of claim6, wherein said,
wet treat msRndagey whereis fieditplageptde Hie sefqrr @gey has a ratio between

formation JHO?@f:WIOd{).S‘I,Qn@Ol ution of hydrofluoric (HF)

acid as the first agent and hydrogen peroxide as the
seconanagyerg the validor gas eampeuodl; 448 t o hydr ogen per oxi de

?oer}n\{\r%es%i(e 1?1%%} silllc::i&e gegions on said source/drain region and on a top surface of said
conductive gate structure.
2. The method of claim I, wherein:
performing the ion implantation forms an N type source/drain region; and
removing the solid compound includes:
forming the solid compound as a water soluble product; and
rinsing away the water soluble product.
3. The method of claim 1, wherein removing the gas compound includes forming the
gas compound as a volatile product using hydrogen.
4, The method of claim 1, wherein removing the solid compound includes
spin drying the semiconductor substrate in a non-oxidizing gas.
5. The method of claim 1, wherein said ion implantation procedure is performed
using arsenic ions, implanted at an energy between about 10 to 100 KeV, at a dose between about

1E15 to 1E16 atoms/cm?®.




1000: 1. 8. The nethod of claim®6, wherein said wet
treatnment used for pre-netal silicide formation
treatnment is an initial dilute hydrofluoric (HF) acid
cycle foll owed by a HF/ hydrogen peroxide cycle, with
aratio of HF as the first agent to hydrogen peroxide
as the second agent between about 1:1 to 1000:1. 9.

The nethod of claim®6, wherein said wet treatnent used '
Por préemthad of dlpigy beWhrgp rald Risrostelathiade fq@adon treatment is a
' {deSRIEL b et
wet e B R R e b R BeA
(HF) dbe chetdmdtdielain 6swhagarshid vatt teeatnyadt ogpdrior said pre-metal silicide

per.oxjde:.water .rati o., bet ween ut .1:5Q, t : 1000, )
formarlyy A A ot R PP R T hid i Y BB sn vrogen
peroxickl dsl @ik decdnar 4@Ad, GAtht & ealon®MHFItS hyderden pRRAidéShadgednabout 1:1 to

initial hydrofluoric (HF) acid only procedure with HF
1000:1gs the first agent, followed by a spin dry procedure,

wher e, then&PhP Ay PHACRIVERd GRR tREtREE quédTR!i erQm_llnheéaI silicide

nitrogen using a single wafer or batch tool.
formatioe titvelchenf iscinainsfial dilyth dydioAueal diiprasidhestcld fodpwed bde HE/hydrogen

formation treat i erfored, usi ng agueous
pecoridryiat By POt B R e et B ) MR gl ARG Bty sipna et
betweed abydroigenodoy. etch treatment, wherein a dry etch

anbient is conprised with a hydrogen/argon o .

Rydr odén/mitkebgeraat et ed %?gdtﬁa’_ﬂa@n@ Ul for poprmegg! silcide
formati;%g RicEednt Eseét%a{g\’iﬁ)%@n gQ‘BHMG 20 tl{eose%glgl 3\%%11% éﬁ’if&é?ir ‘élto AHe Mhized water

power en “about 150 to 20 an . .
rinse ppénfred afid IatdrefluosimiBFaacid e thp Ersieeentatd aultydibgen peragidgwater ratio

bewecf gl 1O Pd Wor  Sed of cobalt - Silicide or titanium

g0l i citde.m&Rod of claim 1, wherein said pre-metal silicide formation treatment is
performed using an initial hydrofluoric (HF) acid only procedure with HF as the first agent,
followed by a spin dry procedure, wherein the spin dry procedure can be performed in nitrogen
using a single wafer or batch tool.

11.  The method of claim 1, wherein said pre-metal silicide formation treatment is
performed using aqueous hydrotluoric (HF) acid as the first agent followed by a hydrogen dry
etch treatment, wherein a dry etch ambient 1s comprised with a hydrogen/argon or
hydrogen/nitrogen ratio between about 1:0 to 1;100, at a pressure between about 20 to 300
millitorr, at an rf power between about [50 to 2000 watts, and performed at a temperature
between about 15 to 40° C.

12.  The method of claim 1, wherein said metal silicide regions are comprised of cobalt

silicide or titanium silicide.
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