T{ TLE'OF' | NVENTI ON GAS PHASE CLEANI NG AGENTS FOR REMOVI NG METAL. CONTAI NI NG
CONTAM NANTS FROM | NTEGRATED CI RCUI T ASSEMBLI ES AND A PROCESS FOR USI NG THE
SAVE TECHNI CAL FI ELD The present invention relates to cleaning agents used
in fabricating sem conductors and integrated circuits and a substantially
resi due-free vapor-phase process for using the cleaning agents which
conprise an effective anmount .of hexanet hyl di sil azane. BACKGROUND OF THE

| NVENTI ON The el ectronics industry is striving to further mniaturize

sem conductors and integrated circuits while increasing design conplexity.
To acconplish that result, the i ndiTTLECH INVENIION el ectrical devices such
as transistors, diodes and the |ike used to create the circuitry and the

i nt erconnects between such devices nust be fabricated on an increasingly
smal | scale. As ci GAS PHASE GUEANINGIAGENTSSFORREMOVENGSMETAIeNt duri ng
the fabri calgONTAINENGCCONTAMINANES FROM INTECRATER CIRCUITASSRMBS IES
failures and nmalTunctions.ANDEA PROCESSHFORUSING THE SAMR NUST De
carefully renoved fromthe CIitculrt asse y to narntarln ality standards
and to maxim ze the yield of fully functioning integrated circuits.
Cont am nants present during integrated circuit fabrication include
photoresist materials, residual organic and netallic contanm nants such as
al kali metals and native/netallic qmmmlgﬁgﬂﬂpc filnms conprising netal
oxi des and netal halides can al so be 1 nadvertently deposited onto

el ectronic devices during imrersion into etchant or resist stripper baths,
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semiconductors and integrated circuits and a substantially residue-free vapor-phase

process for using the cleaning agents which comprise an effective amount of
hexamethyldisilazane.

BACKGROUND OF THE INVENTION

The electronics industry is striving to further miniaturize semiconductors and
integrated circuits while increasing design complexity. To accomplish that result, the
individual, active electrical devices such as transistors, diodes and the like used to
create the circuitry and the interconnects between such devices must be fabricated on
an increasingly small scale. As circuitry dimensions decrease,’ contaminants present
during the fabrication of electronic devices cause significantly more device failures
and malfunctions. Therefore, surface contaminants must be carefully removed from
the circuit assembly to maintain quality standards and to maximize the yield of fully
functioning integrated circuits. o '

Contaminants present durixig integrated circuit fabrication include photoresist
materials, residual organic and metallic contaminants such as alkali metals and
native/metallic oxides. Metallic films comprising metal oxides and metal halides can
also be inadvertently deposited onto électronic devices during immersion into etchant
or resist stripper baths, both which maj contain metal jons and free metals in

solution. Likewise, corrosive chlorides are deposited onto such assemblies through



vari dus handling operations and plasma etching processes. These

contam nants can weaken or enbrittle the electrical connectors of the

devi ce and can cause the |layers of the device to delamnate resulting in
current | eakages or physical failure. Sodium containing contam nants are
particularly problematic because sodiumcan readily diffuse into the '
silicon matri x causing device failure. Chem cal cleaning agents are
typically used to renove bonded or adsorhed netallic oxides and corrosive
chl oride residues fromwafer surfaces between the nunerous individual steps
required to fabricate an integrated circuit. Conventional chem cal cleaning
processes 19ad 64 E‘|§.Hﬁ [ a S.
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using liquid cleaning solutions including incoinplete removal of the cleaning agent

from the surface and new contaminants being introduced onto the surface to be
cleaned. Hazardous liquid wastes generated during the process must also be

disposed.

A typical wet cleaning process for removing film contaminants from a bare
silicon or thermally grown silicon oxide crystal comprises inmersing the wafer into an
inorganic stripper such as sulfuric acid/hydrogen peroxide followed by immersing in a
sulfuric acid/oxidant mixture and rinsing with deionized water; immersing the wafer
into a mixture of water/ammonium hydroxide/ hydrogen peroxide to remove metal
oxides and metals followed by rinsing with deionized water; inmersing the still wet
wafers into a mixture of water/hydrochloric acid/hydrogen peroxide to desorb atomic
and ionic contaminants; and rinsing the cleaned wafers with distilled water and drying

the same in a inert atmosphere such as nitrogen.

Numerous problems are associated with conventional "wet" cleaning processes.
For example, ammonia and HCl .Vapors can mix to form particulate smoke containing

colloidal ammonium chloride particles which can contaminate the wafer. Special care



-3 - hust also be taken to prevent hydrogen peroxide from being depl eted
fromthe cleaning solution because ammoni um hydroxide in the absence of
hydr ogen peroxide acts as a silicon etchant. Additional contam nants may

al so be introduced into the systemduring the nunmerous distilled water
rinsing steps required to renove-cleaning residue. Finally, trace noisture
must be renoved, typically via high tenperature vacuum applications, before
conducting the next processing step. Disadwantages associated with wet

waf er cl eani ng processes have led to a search for "dry" cl eaning processes
wherein the cleaning agent is applied and renoved in the vapor state. In

order to canbtalsocbe taken tolpreventl Ifdtogeh purekide Trom DRidy depléted ff&hffﬁ by
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Manufacturers are continually searching for "dry” cleaning agents and vapor-phase
pi'ocesses for using such cleaning agents which eliminate the enumerated problems
wherein high quality electronic devices can be fabricated without using

environmentally harmful reagents.

T. Ito and coworkers, Proc. 2nd Int’l Symp. on Cleaning Technol. In Semicond.

Dev. Manuf., 92-12 72 [1992] disclose a process for cleaning iron and aluminum

- contaminants from a silicon surface wherein photoexcited chlorine radicals are
employed. Both iron and aluminum on the silicon surface are completely removed by
UV-excited dry cleaning at a cleaning temperature of 170°C. Iron and aluminum
concentrations on the silicon surface were decreased two orders of magnitude when
the surface was etched only 2 nm deep.l Ito and coworkers have also reported that

~ the phdtoexcited chlorine radicals decrease the amount of sodium residing on the
substrate’s surface. Applicants believe that the sodium chloride formed during the
process can diffuse into the bulk of the substrate causing deleterious electrical effects.

Many of these disadvantages have been overcome by United States Patent
5,094,701, assigned to Air Products and Chemicals, ln__c.. which discloses a residue-free
cleaning process for removing metal-containing contaminants from a surface of a



5,094,701, assigned to Air Products and Chem cals, Itnc.. which discloses a
resi due-free cleaning process for renoving netal -containing contam nants
froma surface of a -4- substrate of the type used in nmanufacturing
'sem conductor devices. The process conprises contacting the substrate with
an effective amount of a beta-di ketone or beta-ketoimne dispersed in an
at nosphere capabl e of oxidizing the netal -contai ning contam nants at a
tenperature sufficient to formvolatile nedal -1igand conpl exes on the
surface of the substrate. The volatile netal-ligand conpl exes are sublined
fromthe surface of the substrate | eaving essentially no residue. The

process is gubstrateibfitlie/typé fused iiv manufactoring senivopdwdtor déviess: FRé process
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contam nants_fromthe surfaces of substrates such as those used |
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the surface of the substrate with an effective anount of a cl eaning agent
conpri sing hexa hyl di si |, azane in_the vapor, phase at a tenperature
sufficient to fofRe&lessonies industinisseeking dndmprrisd procgsssiopremoning metal-
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accordi ng tthe dnddes; hydroxides\andtsalts of sbdiam, from the surface of substrates such as
silicon which are commonly used in fabricating electronic devices. '

BRIEF SUMMARY OF THE INVENTION

The present invention is a vapor-phase process for cleaning metal-containing
contaminants, particularly, alkali metal-containing contaminants from the surfaces of
substrates such as those used in integrated circuits and semiconductors, between the
nuUmerous in&ividual fabricating steps required to form the finished electronic device.
The process comprises contacting the metal-containing contaminants residing on the
surface of the substrate with an effective amount of a cleaning agent comprising

~ hexamethyldisilazane in the vapor phase' at a temperature sufficient to form a volatile
metal-ligand complex; and subliming the volatile metal-ligand complex from the
surface of the substrate to proﬁde a cleaned surface of the substrate.

The vapor phﬁse cl_eénin_g agent according to the present inventidn, which
comprises an effective amount of hexamethyldisilazane, can be delivered into any
conventional reactor via its vapor pressure or can be dispersed in a reducing
atmosphere such as hydrogen, ammonia or silane or in an inert atm'osphere such as -

nitrogen, argon or helium.



conpri ses -an effective anmount of hexanethyl di silazane, can be delivered

I nto any conventional reactor via its .vapor pressure or can be dispersed in
a reduci ng atnosphere such as hydrogen, ammonia or silane or in an inert

at nosphere such as nitrogen, argon or helium 5- Met al - cont ai ni ng
contam nants capabl e of being cleaned fromthe enunerated substrates

I ncl ude any conposition which is capable of reacting with the
hexamet hyl di sil azane to forma volatile pgtal-1igand conpl ex.
Representative netal - containing contam nants include oxides, hydroxides
and salts of netals, preferably alkali netals, and nost preferably,
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reagent under cohditions sufficient fo forman activated netal - contai ning
conpound wiThetprocessican becytilized torcleammetalcontainingsontaminantsi from thesurfage
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instant cl phRde Fhapensasirdef Mle BRumendtad processiconditionsyeani ng that the
el ectroni c devi ce under fabrication does not have to be renoved fromthe

fabrication apparatus in order to clean netal -containing contam nants from
the Applicants have discovered that certain metal-containing contaminants are not

sufficiently reactive with hexamethyldisilazane to form the desired volatile metal-
ligand complex. Consequently, the instant process includes an optional step wherein
the metal-containing contaminants residing on the surface of the substrate to be
ccleaned are contacted with an activating reagent under conditions sufficient to form
an activated metal-containing compound which is then capable or reacting with
hexaxhethyldisilazane to form the desired volatile metal-ligand complex.

The invention offers numerous advantages over conventional wet-cleaning
methods because the instant cieaning process can be conducted in-situ, meaning that
the electronic device under fabrication does not have to be removed from the
fabrication apparatus in order to clean metal-containing contaminants from the
surfaces of the electronic device prior to conducting the next fabricating step.
Moreover, the cleaning agents leave essentially no residue on the surface of the
electronic assembly which might interfere with subsequent manufacturing steps or

assembly performance.



surfales of the electronic device prior to conducting the next fabricating
step. Moreover, the cleaning agents | eave essentially no residue on the
surface of the electronic assenbly which mght interfere with subsequent
manuf acturi ng steps or assenbly performnce. -6- DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The present invention relates to a cl eaning process for
renovi ng netal -containing contamnants fromthe surfaces of electronic

devi ces such as sem conductors and integraged circuits between the nunerous
i ndi vidual fabricating steps required to manufacture the el ectronic device.
The process utilizes a new vapor phase cl eaning agent which conprises an .

effective amobunt of hex L PESERTPTION O l‘fﬁ‘im d§ the general
enbodi ment of the invenfron, P ' ntacting the
surface of the substrate to be cleaned of netal -containing contam nants
with an effecti anpunt, of a.cl eani ng_agent ,conpri Si HVDS,in the vapor
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substrate to provide a cleaned surface of the substrate. This e i-ment
can be consemicandugtassrpnd integrated cirpuitsrbetween dhe aunierqus individualdfabricating
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time and tenperature for practicing the process wll vary dependi ng upon
the type ahexamethyldisilagang(HMDS)nt ai ni ng contaninant to be cleaned and the
| i ke. Typical processing tinme ranges fromabout 5 to 50 m nutes depending .
upon contam nant | oading on the surface of the substrate.

According to the general embodiment of the invention, Applicants’ process
‘comprises contacting the surface of the substrate to be cleaned of metal-containing
_contaminants with an effective amount of a cleaning agent comprising HMDS in the
vapor phase at a temperature sufficient to form a volatile metal-ligand complex and

subliming the volatile metal-ligand complex from the surface of the substrate to |
provide a cleaned surface of the substrate. This embodiment can be conveniently
employed when the metal-containing contaminants are sufficiently reactive with
HMDS under the enumerated reaction conditions to form a volatile

metal-ligand complex. |

~ Typical temperatutés for practiéing the process range from about 150° to about
- 215°C. The optimum reaction time and temperature for practicing the process will
vary depending upon the type and quantity of metal-containing contaminant to be
cleaned and the like. Typical processing time ranges from about 5 to S0 minutes
depending upon contaminant lbading on the surface of the substrate.

Optionally, formation of the volatile metal-ligand complexes of the general
embodiment can be conﬁeniently prohioted by con_tacting the substrate and HMDS in
the presence of energy generated by an energy source including but not limited to

fons generated by an ion guh, an RF plasma generator, 2 microwave plasma
generator, a D.C. discharge generator and a heated tungsten filament. The energy

source is configured to deliver a flux and wavelength sufficient to cause the metal-



Optionally, formation of the volatile netal -1igand conpl exes of the general
enbodi nent can be conveniently pronoted by contacting the substrate and
HVDS in the presence of energy generated by an energy source including but
not limted to ions generated by an ion gun, an RF plasna generator, a

m crowave plasma generator, a D.C. discharge generator and a heated
tungsten filament. The energy source is configured to deliver a flux and
wavel ength sufficient to cause the netal--7- - 7- containing contam nants
to di sassociate or ionize thereby pronoting the formation of the desired
vol atile netal -1igand conpl ex Suitable energy sources as well as the
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pot assium are not necessarily sufficient reactive

enuner at ed theaamti on conditions to forma volatile nmetal -1igand conpl ex
which can readily be sublined fromthe surface of the Therefore, an
optional step is enployed wherein the surface of the substrate to be

‘cleaned is cont aapplicants have disebberallithik soRROMtalion i@ WontdikanRl) f i ci ent
to forman activated netal -containing compound whi ch i s capable of "reacting

with HVDS upadiculasly alkatimaetabcontaining contamitiantssuch ashoxides; hydeixides ey salts of
form ng an s ' - ¢ at nj compound. i nvol ves converiing.the
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apparent to THose _
cleaned is contacted with an activating reagent under conditions sufficient to form an
activated metal-containing compound which is capable of reacting with HMDS under

the enumerated process conditions.

The optional step of forming an activated metal-containing compound involves
converting the metal-containing contnminants to compounds which emore readily react
with the cleaning agent, HMDS, to form volatile metal-ligand complexes. Therefore,

- such compounds are referred to as "activated metal-containing compounds”. The
activated metal-containing compounds can be formed by any of the following
procedures as well as those variants which will be apparent to those of ordinary skill
in the art upon reading this Specification.

In order to form the activnte_d metal-contnining compound, the metal-
containing contaminant must be subjected to an activating reagent capable of
converting the metal-containing compound to the activated metal-containing
compound. This conversion is desirably carried out fn-situ, meaning that the substrate
to be cleaned does not have to be removed from the processing apparatus in order to
conduct this step. Applicants have discovered that suitable activating reagents
including an ion source generated from conventional, commercially available ion guns -

wherein the metal-containing contaminant absorbs energy from the ion source and is



tn the art upon reading this Specification. In order to formthe activated
nmet al - cont ai ni ng conpound, the netal - containing contam nant nust be

subj ected to an activating reagent capable of converting the

met al - cont ai ni ng conpound to the activated netal -containing compound. This
conversion is desirably carried out in-situ, nmeaning that the substrate to
be cl eaned does not have to be renoved fromthe processing apparatus in
order to conduct this step. Applicants hav&-di scovered that suitable
activating reagents including an ion source generated from conventional,
commercially available ion guns wherein the netal -contai ni ng contam nant
absor bs enaopyerted te areompounsbwhich cancreadily reacgwith JiMIIS.c Those of ordipannd
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. step wherein t rate a .
generated from the energy source. Suitable energy sources for converting hydrogen

gas into its excited state include RF plasma, microwave plasma, D.C. discharge, a
tungsten filament and deep UV, typically below 200 nm. Ammonia gas can be
converted into its excited state by the above-mentioned energy sources except that a

tungsten filament source is not recommended.

This embodiment can be performed in a single step wherein the substrate and
gas are subjected to the energy source or in two steps wherein the gas is first
subjected to the desired energy source to form the corresponding gas in its excited
state, and then contacting the substrate with the gas in its excited state. By wéy of
example, sodium-containing contaminants on the surface of the substrate typically
exist as an oxide or hydroxide as determined by X-Ray Photoelectron Spectroscopy
(XPS). Therefore, the first step of this process is to convert the sodium-containing

contaminants to the activated metal-containing compound.

Apblicants have.formed the activated metal-containing compound by
generating a plasma of hydrogen and ammonia and flooding the surface to be cleaned
with the plasma, although other excitation or ionization sources would also be
effective. The plasma is highly reactive with the sodium-containing contaminants

resulting in formation of an activated metal-containing compound, for example,



gas dre subjected to the energy source or in two steps wherein the gas is
first subjected to the desired energy source to formthe correspondi ng gas
inits excited state, and then contacting the substrate with the gas inits
excited state. By way of exanple, sodium containing-contam nants on the
surface of the substrate typically exist as an oxi de or hydroxide as
determ ned by X-Ray Photoel ectron Spectroscopy (XPS). Therefore, the first
step of this process is to convert the sed-um containing contamnants to
the activated netal -containing conpound. Applicants have formed the
activated netal -contai ning conpound by generating a plasma of hydrogen and
amoni a andNdNHgdi Tige ¢omvestedisuctace ds thencéxposedinvéituhto! HMDS f(NH(»Si%}%rgh
ot her excit at,i,on ori(ga ation _sources ﬁﬁukﬂﬂﬁkgo be effective: sma
f fﬂ‘i’ép $ii

i's highly MathiRthe desi TRHIE FAREM Teastsiwith the activated metaln
formation- ﬁ?& tels | Kéxa Elﬂfjﬂl@@ﬂﬁiﬂxd‘ f I 29-
NaNH2. The%%g?\i/‘%i??tgg : ur]gg(rg liﬁ'ls)dftiﬁiri@ex osgd I n-si tuet%%@?&%ﬂp%i n
“the desi r edot examplatNa[N(Si(€¥3)3): deéBMmhﬁ volatilep and ammonid (INH3). -
cont ai ni ng conpound to produce the hexanethyl di sil ani de coordi nat ed
conpound, for exanple [err] (NaTMBN), which is volatile, and ammonia (NH3).

The process accorid process adaerdangwme, presait!indentivirfipToys a il ea8Ssf Qbaning

cl eani ng agents conprising an effective anmount of hexanethyl disilazane

- whi ch can iagemssomprising an effective ampuntofhexamethyldisilzzane which can be paiepared

commerci al | |1 abl e Lf.qrnia,. and
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unwant ed contam nants. The term effective anmount, as applied tg the

cl eani ng ad¥umbenH 4845). THheeammercially available mmm&mvf, erably-pusified-using e d

to obtain t ' ' LI . | t
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amount, as applied to the cleaning agents of this invention, refers to that amount of
HMDS required to obtain the desired cleaning activity. For example, an effective
amount of HMDS can be generated at temperatures as low as 35°C wherein a

préssure' of greater than 1 torr is produced.

The effective amount of cleaning agent required to practice the daimed
process is easily determined by those familiar with the art and will depend upon the
‘mananer in which the cleaning agent is delivered into the fabricating apparatus.

_ Suitéble vapor pressures are generated by HMDS at temperatures between about |
room temperature and about 220°C which upper limit represents the decomposition
temperature of HMDS. The operating pressure is not critical to the practice of

~ this invention.

In an alternate embodiment, an effective amount of the cleaning agent is
dispersed in an inert atmosphere. Suitable inert atinosphere; include nitrogen, argon
and helium. The effective aniount of cleaning égent will vary depending upon the
metal-containing contaminants t§ be cleaned from the surface and the surface loading
of the contaminants. Typical gas phase concentrations range from 1.0% to about
~ 100.0%, and preferably, from 5.0% to 25.0% of the HMDS dispersed in the



pressure of greater than 1 torr is produced. The effective anount of

cl eaning agent required to practice the clained process is easily

determ ned by those famliar with the art and will depend upon the manner
in which the cleaning agent is delivered into the fabricating apparatus.

Sui tabl e vapor pressures are generated by HVDS at tenperatures between
about room tenperature and about 220[err] which upper limt represents the
deconposi tion tenperature of HVDS. The opdPating pressure is not critical
to the practice of this invention. In an alternate enbodi nent, an effective
anount of the cleaning agent is dispersed in an inert atnosphere. Suitable
i nert at nosiesised attnasp i another embragtiment; dnhefféctive afiiount fof ¢he icleandug unt

Cont anm nantgot b siseried B rPORTRD aBlomha Suth AT hilrod. s8mpafhon dlage. ¢ ne

cont am nantFypichf gas phatligandrcchcefaLois Ribige Fron A8 tb'adbdut 100098, ut
100. 0% anglpjgr ef gr aBI fromb5 0%to 25. Oo/ogof .the HVMDS di spersed iﬁn?he

- 10-- desi rPéGfeaﬂ?Mﬁé’r%p% to 25005 of therdesineddigand-disperses-in the anount of the

cl eaning a ol | ' d in a reducing atnosphere such as hydrogen,
anmoni a orqgﬁ%‘rlg?%yaﬁﬂgg? gas phase ligand concentrations range from1l. 0%

to about 100.0% and preferably, from5. 0%to 25.0% of the desired |igand
di spersed in the_reducing atnosphere. The term netal-ligand co ex,

|
refers to the rcehe tesm, metalligand complexyrefers s the reaction predues ebithe or t he

activated al ni o . : afel li_gand
conpl oxes 1aealeofaliihy Bbar RO G YN metaf clitalihg SolEbEhg dnd"Cl
are then sHMDS:.d Theowolatile metal-ligand compléxegresidihg on, the shrefaces ofrthieyelectronic

residue-frege surface. The process, substantially reduces, the anmount of |
met al - cont aieemcﬁgorcwﬁﬁg St enéghﬁmﬁé fipm the sutfcs Praviding a clean,cubsantially

can interf qe&due-free surface. The process substantially reduces the amount of

-
-

metal-containing contaminants residing on the substrate’s surfaces which can interfere
with the depositing of conducting metals, etching steps and masking operations
required to manufacture electronic devices.

The cleaning agents according to the .present invention can be applied by both
machine and manual operations known in the art. The appropriate method for
delivering HMDS to the substrates to be cleaned will depénd upon factors such as the
properties of the electronic device, the type of _metal-contaihing contaminants to be
removed from the substrate’s surface and the like.

Applicants’ process is capable of removing metal-containing contaminants from
a broad range of substrates used in manufacturing electronic devices such as
integrated circuits and semiconductors. Any substrate having metal-containing
contaminants wherein the substrate is not adversely affected by HMDS under the
specified process operatiﬁg conditions can be used in the present process.
Representative substrates include, but are not limited to siliéon, silicon oxide,

borophosphosilicate glass and phosphosilicate glass.

The instant cleaning procé_ss utilizing the cleaning agents disclosed herein can

be used to remove numerous metal-containing contaminants. For purposes of



w th- the depositing of conducting netals, etching steps and masking
operations required to manufacture el ectronic devices. The cl eaning agents
according to the present invention can be applied by both nmachi ne and
manual operations known in the art. The appropriate nmethod for delivering
HVDS to the substrates to be cleaned will depend upon factors such as the
properties of the electronic device, the type of netal-containing

contami nants to be renoved fromthe subsihgte's surface and the |ike.
Appl i cants' process is capable of renoving netal -containing contam nants
froma broad range of substrates used in manufacturing el ectronic devices

puch e | isarpiemig e Cluat T ARENGRRSHG it Y ARELIAL GUBF Kb Miminane

met al - cont ai ni ng cont am nants wherein t
af f ect ed by¥HpIDE capable ofreacting withethenleaning agents ar activatingdiengents ofalie be

used in th [ -_Repr.esentafi.ve substrates_include, but are not
limted t oig?éﬁiiﬂfenﬁpﬁﬁ@?ﬁm@@e B! Plexes, cRepresentative |
phosphosi | imétabestitaining dbiftaiifAmts inchi de e bl dﬁda%gre&m'eu ' etdaﬁmﬁkaeﬁibng
agents disclosed herein can be used to renove nunetous netal -containing ’
cont ani nantMOrMOguMp€ and O3 whereimMe répresentis:the metad of the respeetivé aretal
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cont am nant s, j ncl ude .net al,  oxi des represented by the fornul aNI}/% rr] and

[err] wher raxidesand metal salts representest by the formula MK )M may
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repr esent . Lsncl Lok t I | tals.. The pracess
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wherein n is, 1, 2 Q 3; X is ap anion such as a sulfate and Mrepresents
the metal dthiups iuwm apd\potassIUM. salt. Again, Mrepresents a broad range
~of netals including _

While the instant process is particularly suited toward cleaning metal-
containing contaminants residing on the surface# of substrates such as those used to
fabricate electronic devices, the process can also be employed to selectively clean one
metallic film while maintaining the integrity of another metallic film residing on the |
substrate’s surface. The selective process can be employed whenever two or more
discrete metal-containing contaminants such as metal oxide films or metal halide films
are present on the surface of a device wherein the reaction of the cleaning agent with
a particular metal-containing contaminant occurs more rapidly than with the other
contaminant residing of the substrate’s surface. |

In order to more fully describe the practice of the present process, a general
embodiment of the cleaning process will now be presented. The substrate to be
“ cleaned is placed in a heated chamber, ;such as a chemical vapor deposition chamber,
commercial chemical vapor deposition furnace tube or commercial cleaning tool used
in elevated temperature j:roceses. The substrate can also be left in the original
process chamber, such as a plasma etching reactor, provided that the chamber can be

brought to the appropriate cleaning proéess temperature.



1ithium sodium and potassium While the instant process is particularly
suited toward cl eaning netal - containing contam nants residing on the
surfaces of substrates such as those used to fabricate el ectronic devices,
the process can al so be enployed to selectively clean one netallic film .
while maintaining the integrity of another metallic filmresiding on the
substrate's surface. The sel ective process can be enpl oyed whenever two or
nore discrete netal -contai-ning contam nant- such as metal oxide filnms or
nmetal halide filnms are present on the surface of a device wherein the
reaction of the cleani ng ageni) with a particular netal-containing

contani nant occkinitialdesthay bg conducted ta determine whetheritheimetal-comainingg of

th bst aShi . ' f . ibe th ' ' f
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process chanber, “such as a &Iasma etching reactor, provi ,
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not sufficiently reactive, the first step of"the procéess c rrses tormng
the acti vad%&!l'déled. ucingratoiosphere osripentratmasphere and passediinte ke hot zone of the

substrate | ed, t he . desi Jed I enpegatile, typically from about
150 to 215#9?#%@%3@8%&%%%?3% "ﬁ‘&giyéﬁﬁ“mggem,_ e'_E'ral' X’g’t"f‘?@@ﬁﬂgw &e to be
- cl eaned Dbyigiemiitteatly delivéfed ihed thel RABIOF Jr ¢l éHdmbeyl to create a ,
- sufficient operating vapor pressure. Alternately, HVDS nay be dispersed in

" the

Metals in the zero oxidation state residing on the surface of the substrate may
optionally be oxidized by reacting the metal with an oxidizing atmosphere at elevated
temperatures to produce the corresponding metal oxides which then react with the

~ cleaning agents disclosed herein to form volatile metal-ligand complexes which can be
conveniently sublimed from the surfaces of the device to produce a cleaned surface.
The sublimation temperature is not critical to practicing the present invention so long
as the temperature is not so high that the volatile metal-ligand complex is caused to
‘decompose. The sublimation temperature is chosen to achieve the desired
sublimation rate. Typical sublimation temperatures range from room temperature to
just below the decomposition temperatufes of the volatile metal-ﬁgand complexes.
The sublimation can be performed under vacuum which substantially reduces the
temperature required to reach the desired sublimation rate.

The cleaning pattern can be conveniently controlled by masking operations
known in the art wherein porﬁon‘s of the substrate’s surface which are not to be

cleaned are covered with a material which will not react with the cleaning agent.

The following example is_provide_d to further illustrate the present invention

and is not intended to restrict the_si:ope of the invention. In the following example,



desi red reduci ng atnosphere or inert atnosphere and passed into the hot
zone of the sel ected apparatus by conventional techniques. HVMDS nay be
continuously or intermttently delivered into the reactor or cleaning
chanber. Metals in the zero oxidation state residing on the surface of the
substrate may optionally be oxidized by reacting the nmetal with an
oxi di zi ng atnosphere at el evated tenperatures to produce the correspondi ng
nmet al oxi des which then react with the Cﬂéaning agents di sclosed herein to
formvolatile nmetal -1igand conpl exes whi ch can be conveniently sublinmed
fromthe surfaces of the device to produce a cl eaned surface. The

subl i mat i dpmperataresiare set forgh pngorrected in degnees Celsiisn gSampiesv wese ahalyaedid i on

| £ | tal - | d
corpl ex | & U SAHREE Slibhce adafical 1ol bebied igh XERAY Bhotpelerion radehuzes
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range fromroom tenperature to ust be t he corrp05|t|onterrperatures of
t he vol at {SPBCsAiTaons; les, wer iggﬂ%'é‘wg{ﬁ)ﬁ‘gﬂmbhﬁ&&ﬁmﬂdhper formed under

vacuum V\hlw GeBld al |y reduces the tenperature required to reach the
desired su on rate. The cleaning pattern can be conveniently
control |l ed by maski ng operations known in the art wherein portions of the

substrate's surface which are not to he Ied are covered with a materi al
which will not ractvmththe cl es n|n . Thefollovmn example is
pro\“ded to furtlbE LL_! D A I lg “"‘ ' 3 ;:J AVIRINA N TN ended to
restrict the scopekfQivi TRJCON SHREACE US ‘n! Aot L KA N INAN A (o - 13 -
tenperatures are set for GO MRRISI NG HE NAM Ed ¢ cicld LANE Sarrpl es were

anal yzed in a UHV sur f ace sci ence anal yti cal "t ool eqw pped W t h X- Ray
quant i tat i vel JRaF JE siico suaties O EBALBREY sieaB %u%&%p#’éﬁ 3% BChnal yzed
bef ore an‘él@intlfé s&fu%ﬁ&é.c The warerSwer e ddheffibated by doping sodium hydroxide
- (NaOH) onto the wafers in the following manner. NaOH was dissolved in deionized
water to a concentration of 1.305 X 10" moles/cc. An aliquot of 0.1 cc of this
solution was dropped onto the wafer and allowed to evaporate at 50°C leaving NaOH
on the surface of the wafer as confirmed by scanning electron microscopy. The doped
wafers were introduced into the processing reactor with further modification.

A microwave cavity was positioned parallel to the wafer surface within the
reactor. A mixture of Hy (5% in nitrogen gas) was flowed through a 13mm LD.
quartz tube within the microwave cavity. A plasma was initiated in the cavity by
irradiating the cavity with an RF power at 2.450 MHz and initiating the plasma by
using a spark from a high frequency coil (Tesla coil). The microwave cavity was
tuned by a triple stub tuning network which optimized the forward and reflected
power levels. The flow rate of hydrogé_n gas to the reactor was 80 sccm and the
pressure was 250 millitorr. Ammonia was introduced at 20 sccm into the reactor from
an alternate gas inlet port. The surface temperature of the wafer was maintained
between 165°C and 175°C. HMDS was introduced into the chamber at a flow rate of
5 sccm with a balance of argon at 30 sccm with the chamber pressure being
maintained at 1 torr, the lowest calibration pressure on the mass flow controller.

The results of the example are presented in the Table.



EXAMPLE CLEANI NG OF ALKALI METAL- CONTAI NI NG ‘CONTAM NANTS FROM A SI LI CON
SURFACE USI NG A CLEANI NG AGENT COWPRI SI NG HEXAMETHYLDI SI LAZANE Bare <100>
silicon wafers (1.5 [err]) were cleaned using a standard RCA cl eani ng
sequence. The wafers were then contam nated by dopi ng sodi um hydr oxi de
(NaOH) onto the wafers in the foll ow ng manner. NaCH was di ssolved in
dei oni zed water to a concentration of 1.305 X 10 [err] nples/cc. An aliquot
of 0.1 cc of this solution was dropped onldé-the wafer and allowed to '
evaporate at 50C | eaving NaCH on the surface of the wafer as confirmed by
scanni ng el ectron mcroscopy. The doped wafers were introduced into the
processing-reactor with further rTDdIfICM A mcrowave cavity was

posi tioned parallel tCLEANINGOF : ' ‘ psm xt ure of
H2 (5% in nitrogen gas)tHad XS JAGENT t ube within
the m crowave cavity. A pl askaiiad 15,50 V. ty by irradiating
the cavity with an RF power at 2.450 MHz and |n|t1at|ng t he plasnma by using
a spark froma high frequen e mcrovvave caV|ty was
“tuned by a triple stubtﬁﬂ%@f@&fﬁgﬁ% Rard. and

refl ected power_| evels. w&gﬁl&tctor was 80
sccm and the prBENIre wa$ATOMPERGENT) Ammoni ATOM PEREENE®Y at 20 sccm
into the reactor froman alternate gas inlet port. The surface tenperature
of the wafer was maintained between 165[err] and 175[err]. HVDS was

i ntroduced intolthe chamber9@t a flowrate of 5 sggmwi th a bal ance of
argon at 30 sccmwi th the chanber pressure being naintained at 1 torr, the
| onest calibrathon pressureggn the mass flow controjler. The results of the
exanple are presented in the Tabl e. -14- TABLE '

3 - 11.0 1.9

The Table demonstrates that the present process effectively removes sodium-
containing contaminants from the surface of a silicon wafer. Runs 1 through 3 show
that the process is highly reproducible. The amount of carbon residing on the
substrate’s surface, before and after conducting the process, remained imchanged at
about 20 atom percent which proves that neither the HMDS or the volatile metal-

~ ligand complex decomposed during the process.

The present vapor-phase cleaning process for removing metal-containing
contaminants from the surfaces of electronic devices during their fabrication offers
numerous advantages over typical wet cleaning methods known in the art. The instant
cleaning process can be conducted in the vapdr-phase thereby eliminating the
necessity for exposing the substraté to the clean room environment during apparatus
transfer. Recontamination via exposure to other contaminants is thereby avoided.
Moreover, the cleaning agents leave esséntially no residue on the surface of the
electronic assemblywhich might later interfere with subsequent manufacturing steps

and device performance. This invention also solves problems encountered during the



CLEANI NG OF ALKALI METAL- CONTAI NI NG CONTAM NANTS FROM A Sl LI CON SURFACE
USI NG A CLEANI NG AGENT COWPRI SI NG HEXAMETHYLDI SI LAZANE Na LEVEL AFTER

DOPI NG Na LEVEL AFTER AND CARBON REMOVAL CLEANI NG CYCLE RUN ( ATOM
PERCENT) ( ATOM PERCENT) 1 9.0
2.1 2 8.4 1.7 3 11.0

1.9 The Tabl e denpbnstrates that the present process effectively renoves
sodi um contai ning contam nants fromthe Stirface of a silicon wafer. Runs 1
through 3 show that the process is highly reproducible. The anount of _
carbon residing on the substrate' s surface, before and after conducting the
process, r mpﬂaéﬂ"ﬁi"rﬂfh band ULSbircyits wheseimeontaminams ofmetals,qparticalarly,
nei ther thgncaliiveals dlof Aol GrdTiftlon dtal dufigum) ox. decorposed during
the process. The present vapor-phase cl eaning process for renoving

met al - cont ai ning contam nants fromthe surfaces of el ectronic devices
during their fapyication offers nunerous advaptages over typical wet

cl eani ng et hodg us eﬁfgb"é’r € present{gyeniion, whahisiow deemed appropriate
conduct ed g} Kdbfery PaRénetdd 3eCod e il GoRblvillg Wijended BRiRECESSI tY for exposing
t he substrate to the clean room environme uring apparatus transfer.
Recont am nation via exposure to other contam nants is thereby avoi ded.

Mor eover, the cleaning agents | eave essentially no residue on the surface
of the electronic assenbly which mght later interfere with subsequent

manuf acturi ng steps and device performance. This invention al so sol ves
probl ens encountered during the -.15 - manufacture of VLSI and ULSI
circuits wherein contam nants of metals, particularly,



al kal'i metals such as sodiumare left on critical surfaces. Having thus
described the present invention, what is now deened appropriate.far _lLetters
Patent is set out in the follow ng appended clains. jt,ﬂm W Claim 1. A

cl eani ng agent for renoving netal - containing contam na UMH!!H"’”H"’; of
s *

a substrate, the cleaning agent conprising an effectiv
hexanet hyl di si |l azane wherein the cl eaning agent and the netal -contal ni hg
contami nants are capable of reacting to #d6m a volatile netal -1igand

conpl ex. 2. The cleaning agent of Cl aim 1l wherein the hexanethyldisilazane
is dispersed in a reducing atnosphere. 3. The cleaning agent of Claim?2
wher ei n t hdVe &daimaing at nosphere is selected fromthe group consisting of
hydr ogen, anmonia and silane. 4. The cleaning agent of Claim1 wherein the
hexanet hyl di sil azane is dispersed in an inert atnosphere. 5. The cl eaning

agent of daim 41.vvfmw'amﬁgws%ém% éqmaﬁﬁngwméﬁﬁﬁingé@g?&.gﬁeﬁglﬁﬁg,%OUP

fr
consi sting of nitrogen, argonh and heliu 6. A proce .
net al - cont srrfaee)of arsubstraten the tleaning agent camprising an efffectivg anvowmpiof Si Ng

cleani ng. syEREm S ARahe WHPEURY! Mobitk dctod S of Mesdfotitalnlag "o
t enper at ur eofitabfinansnire teaFabreraﬁewﬁﬁg td foriied %hmawmu%@ﬁe
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sublimng the volatile netal-ligand conplex fromthe surface
substrate to provide a cleaned surface of the substrate. 7. The process of

consi st ngof i 1 e cepsiig gl BECHRT Kheicla M REbbh! fiflactndls” "

phospho- si Idispetseddnas seducing atmosphere.

3. The cleaning agent of Claim 2 wherein the feducing atmosphere is selected.
from the group consisting of hydrogen, ammonia and silane.

4. The cleaning agent of Claim 1 wherein the hexamethyldisilazane is
dispersed in an inert atmosphere.

5. The cleaning agent of Claim 4 wherein the inert atmosphere is selected
from the group consisting of nitrogen, argon and helium.

6. A process for cleaning metal-containing contaminants from a surface of a
substrate comprising contacting the surface of the substrate with an effective amount
of a cleaning agent comprising hexamethyldisilazane in the vapor phase at a
temperature sufficient to form a volatile metal-ligand complex; and subliming the
volatile metal-ligand complex from the surface of the substrate to provide a cleaned
surface of the substrate. |

7. The process of Claim 6 wherein the substrate to be cleaned is selected
from the group consisting of silicon, silicon oxide, borophosphosilicate glass and
phospho-silicate glass. |



-©'17-*8. The process of Claim6 wherein the contacting of the surface of
the substrate with an effective anmount of the cleaning agent is conducted
in the presence of energy generated by an energy source:capabl e of

pronoting formation of the volatile netal-1igand conpl ex. m f
Cl aim 8 wherein the energy source is selected fromthe grumlll msﬂ'ﬁmrlm
an ion gun, RF plasma generator, mcrowave plasnma generatof, D.C @ séharge
generator, a deep ultraviolet generator-&hd a tungsten filament. 10. A
process for cleaning netal-containing contam nants froma surface of a
substrate conprising contacting the surface of the substrate with an
activating reag®nfTherprecessmf(Claim fcwherfein tlieccnntactingoofrthersusfate witthe

met al - cont aj nj C 0 ol e in e gcti.vated netal -cqntain ng conpound
Wih o or SRS ABNRR EGn{CRRbuaRok e A8 RtRTE oBpacted T T Bresente

- hexanet _hy|d£|e%bi'$' j ratadwemvemgys&aeecapamet&rﬁeﬁaﬁﬂg%ﬁﬁdd&bflnfetO form
a volatile nmetal-Tigand conpl ex; and sublimng the volatile netal-11gand
conpl ex f volatile medalrligand eomples substrate to provi de a cl eaned surface of
the substrate. 11. The process of Caim 10 wherein the substrate to be
cleaned is selected fromthe group consisting of silicon, silicon oxide,

bor ophosphosi | i g.atFhegpresessasfcClaiin Swherein theoérergy sorce iselddted frafiahe Of
Claim 10 wherein the activating reagent is an ion source capabl e of

" pronot i ng SFPRP FeRsistingf asy iongumy RF plasma gaNesAtorTRICOVRVR PIASRBBERETAtOE, The

process of s 1A N8 ' o un. 14.
The pr ocestse(B?lI 1@%"&3‘&%@{,5?@%21 aci |I§§$‘%“}5Q@ggégtr?fgﬁngg‘ﬁgg%%‘g‘%ﬁ or
ammoni a whi ch has been subjected to an energy source capabl e of converting

“the hydrogen or,anponi a i nto an excited stajte. .
yareg 10. A process for cleaning metaﬂcontaxln?ng contaminants from a surface of a

substrate comprising contacting the surface of the substrate with an activating reagent
under conditions sufficient to form an activated metal-containing compound; reacting
the activated metal-containing compound with a cleaning agent comprising an

- effective amount of hexamethyldisilazane in the vapor phase at a temperature
sufficient to form a volatile metal-ligand complex; and subliming the volatile
metal-ligand complex from the surface of the substrate to provide a cleaned surface of
the substrate.

11. The process of Claim 10 wherein the substrate to be cleaned is selected
from the group consisting of silicon, silicon oxide, borophosphosilicate glass and

phospho-silicate glass.

12, The process of Claim 10 wherein the activating reagent is an ion source

_capable of promoting the formation of the activated metal-containing compound. -

'13. The process of Claim 12 wherein the ion source is generated by an

ion gun.

14. The process of Claim 10 wherein the activating reagent is hydrogen or

ammonia which has been subjected to an energy source capable of converting the

hydrogen or ammonia into an excited state.



- 18-- 15. The process of Caim 14 wherein the hydrogen or ammonia is
converted into an excited state by being subjected to energy generated by
an RF plasna generator, a mcrowave plasma generator, a“—D‘C—dT?‘harge je

generator, a deep ultraviolet generator and a tungsten; fji
AT

process of Caim 15 wherein the metal -contai ni ng cont am
fromthe surface of the substrate conprise an oxide, rcoxu- eMorsa sal t
of a metal. 17. A process for cleaning allBal i netal - cont ai ni ng contam nants
froma surface of a substrate conprising contacting the surface of the
substrate with an activating reagent under conditions sufficient to form an
activated al kal i15neThe pramss:oﬁﬁlaiu} Howbacilmherhydrogetgon sramonia isaconvertedal |

| d h ff
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the volatiTe al kali netal -1 i .gand- corrplexfromthes ace of the substrate
to provi deulirayviolet.genezator and atungstendilamentat . 18, The process of daim 17
- wherein the substrate to be cleaned is selected fromthe group consisting
of silicon, silicon oxide, borophosphosilicate glass and phospho-silicate
gl ass. 19. The M60CERé pedcess of Claim 15 wherein tliem(almntamggreenmnans tarbe on

source capabl e of prom)tl ng t foration of fhe actjvat - cont ng
conpound. ¢leaned from the-surface ‘gtBFﬁP MQP@PH'SQ A8 Sh‘,’ém?&e Qéﬁéﬁ‘gt‘gd
by an ion gyn.,p1. The process of Caim 17 wherein the activating reagent

I s hydrogen or ammoni a whi ch has been subjected to an energy source capabl e
of converting the hydrogen or ammonia into an excited state.

17. A process for cleaning alkali metal-containing contaminants from a
surface of a substrate comprising contacting the surface of the substrate with an
activating reagent under conditions sﬁfﬁcient to form an activated alkali metal-
containing compound; reacting the activated alkali metal-containing compound with a
cleaning agent comprising an effective amount of hexamethyldisilazane in the vapor
phase at a temperature sufficient to form a volatile alkali metal-ligand complex; and
subliming the volatile alkali metal-ligand complex from the surface of the substrate to
provide a cleaned surface of the substrate.

18. The process of Claim 17 wherein the substrate to be cleaned is selected
from the group consisting of silicon, silicon oxide, borophosphosilicate glass and

phospho-silicate glass.

19. The process of Claix.n. 17 wherein the activating reagent is an ion source

capable of promoting the formation of the activated metal-containing compound.

20. The process of Claim 19 wherein the ion source is generated by an

ion gun.

21. The process of Claim 17 wherein the activating reagent is hydrogen or
ammonia which has been subjected to an energy source capable of converting the

hydrogen or ammonia into an excited state.



22. The process of Caim 21 wherein the hydrogen or amonia is converted
into an excited state by being subjected to energy generated by an RF

pl asma generator, a microwave plasma generator, a D.C dlschatg_ generator,
a deep ultraviolet generator and a tungsten filament. 23, The process of

Claim 22 wherein the al kali netal -containing contam nant$ U' wﬂ,m’rm :
fromthe surface of the substrate conprise an oxide, an hy u"’
of an alkali netal selected fromthe greul® <onsisting of :li t hi um" sddi dm *
and pot assi um

22. The process of Claim 21 wherein the hydrogen or ammonia is converted
into an excited state by being subjected to energy generated by an RF plasma
generator, a microwave plasma generator, a D.C. discharge generator, a deep
ultraviolet generator and a tungsten filament.

23. The process of Claim 22 wherein the alkali metal-containing contaminants
to be cleaned from the surface of the substrate comprise an oxide, an hydroxide or a
salt of an alkali metal selected from the group consisting of lithium, sodium and

potassium.



