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.present invention relates to a sem -aqueous cl eaning formul ati for use in
. produci ng seobuosssdzict or devi ces and a process for produsimmgsesesssconduct or
devices using the cleaning formulation. Mre particularly, the present

invention relates to a sem -aqueous cleaning fornulation useful for
cleaning organic materials, organonetal lic residues, organosilicon
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mat eri al re%U|res
igure 1a, photoresist {10) is deposited on a silicon dioxide, dielectric, hard mask, etch stop, and/or

barrier layer (12) on silicon substrate (14). A light source (16} (as indicated by the down ward

facing arrows) exposes the resist (10) not blocked by mask (18). The exposed resist (20), (the areas

} where the down arrows penetrate the resist layer), is dissolved in a developing solution, leaving a
| resist pattern identical to the mask (18). Figure 1(b) depicts the resist pattern (22) on silicon dioxide
layer (12) after dissolution of the exposed resist. In Figure 1(c), the silicon dioxide layer (12) is
then put into 2 plasma etch process or wet etch process typically using a fluorinated compound to
remove the oxide in areas not protected by resist (22), to create a patterned silicon dioxide layer of

- vias and/or trenches. At this point, the photoresist has served its useful purpose and must be
removed by an ashing and/or wet stripping step. The resist must be entirely removed since it is an

organic material, which, if left on the wafer surface, would cause defects.
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Low- dielectric constant films such as carbon-doped oxide (O8G) comprise 8i-0, Si-H and Si-C

linkages. The film structure is preferably porous, whereby the porous nature of the film is due to

g

the loss of velatile organic species or the inherent structure of the precursor material(s). In the
presence of highly acidic or alkaline aqueous formulations, the Si-O and Si-H links are converted
to OH groups, destroying the integrity of the Si~O link and increasing the dielectric of the low-k
film.

One useful carbon-doped oxide (OSG) is a low-k material having a dieleotric constant in the range
of 2.7-3.0. The trend to single wafer tools for photoresist removal and post plasma/ash residual
removal has mandated a short cleaning time to maintain wafer throughput, At the same time the

introduction of organosilica glass (OSG) dielectrics has made the alkaiine strippers and post-ash
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Further, there is a need for a cleaning formulation that is not effected by small changes in the

concentration of acidic and/or basic components.

Therefore, it is one object of the present invention fo provide an improved cleaning formulation
that removes organic materials, organometallic residues, organosilicon residues, sidewall polymers
and inorganic residues from a semiconductor wafer surface when low dielectric constant films and
conductive lines containing aluminum and/or copper are exposed to plasma efch and resist ash

- gonditions

It is a further object of the present invention to produce a cleaning formulation having a pH in 2
range that does not corrode metal and/or dielectric films and that is not effected by small changes

- in the concentration of acidic and or basic components.




A still further object of the present invention is to provide a cleaning
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Summary of the Invention The present invention relates to a sem -aqueous
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Description 0 PHE THventi on and Preferred Enbodi nents Thereof The present:
invention relates to a sem -aqueous cleaning formulation for sem conductor
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In a still further aspect the present invention relates to a method of removing particles from a

semiconductor substrate which includes, providing a semi-aqueous cleaning formulation
comprising a buffering system and contacting the wafer surface with the cleaning formulation for a

timne sufficient to effect the removal of at least of portion of the particles.

~ Brief Description of the Drawings
Figure 1(2)-1(d) shows four key photolithographic steps for an exemplary photoresist process.

Figure 2 shows an aluminum metal line having residue, prior to chemical processing.

Figure 3 shows the alumminum metal line of Fignre 2, after chemical processing.
* Figure 4 shows a via structure having residue, prior to chemical processing.

Figure 5 shows the via structure of Figure 4, after chemical processing.
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Organic acids useful in the buffering systemof the instant invention
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in the buf f ghotng tsysdndmnadt ptefieablyr doand.0 itnbSntThoterm “buffer system” refers to a
combination of compounds that provide a buffering system in solution that exhibits buffering

capacity, that is, the capacity to newiralize within limits, either acids or bases (alkali) with relatively
T ' little or no change in the original pH. The buffering system of the pres'ent invention serves to
maintain the pH of the instant formulation to within a pH of & 1, and as such the potential for oxide

etching and/or metal corrosion is limited.

N As used herein, the term “buffering capacity” is defined as the millimoles (mM) of strong acid or
base (or respectively, hydrogen or hydroxide ions) required to change the pH by one unit when
added to one liter (a standard unit) of the buffer solution. The buffering capacity will depend on the

kind and concentration of the buffer components,
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_ present in an amount ranging from about 0 to 25.0% weight by volume, more preferably from

about 0 to 8.0 % weight by volume and most preferably from about 0 to 1.0 percent weight by
volume. Suitable fluoride compounds are ammonium fluoride and derivatives thereof, including
but not limited to:

ammonium fluoride;

ammonium bifluoride;

tetraalkylammonium fluorides, wherein each alkyl group may be same or different Iand is

selected from the group consisting of Cy to Cy, such as-

tetramethylammonium fluoride (TMAF); and

amine fluoride salts, such as,

methyldiethanolammonium fluoride (MDEAF);

triethanolammonium fluoride (TEAF);

' diglycolammonium fluoride (DGAF);
triethylamine tris (hydrogen fluoride) (TREAT-HF).




organi c solvent systemis soluble in water, Preferably the organic sol vent
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nitrilotriacetic aci - sal and m xtures t . ,
corrosion inhibitor may be present in a concentration ranging from about 0 to 2.5% weight by

volume of the total cleaning formulation, preferably 0 to 1.0% weight by volume of the total
cleaning formulation and most preferably about 0 to 0.5% weight by volume of the iotal cleaning

formulation.

The corrosion inhibitor serves to react with the substrate surface, which may be metal or non-metal,
~ to passivate the surface and prevent excessive etching during cleaning. The cleaning agent is a
substance that chelates to specific metal or non-metal components to be removed, leading to
soluble componenis that can be readily removed during polishing. The corrosion inhibitor and
cleaning agent for the instant invention are preferably a carboxylic acid. More specifically, the

carboxylic acid may be chosen from, but not limited to glycine, oxalic acid, malonic acid, succinic




Alternatively, the carboxylic acid may be a di, tri or tetra carboxylic
acid that preferentially has a nitrogen containing functional @r?o P 12806
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In one embodiment, the semi-aqueous cleaning formulation of the present invention comprises:

Component Percent weight by volume
a buffer system comprising:

organic acid 0.1 to 35.0;
salt of organic acid or conjugate base 0.1 to 40.0;
\ - water 1.0 to 70.0; and
J
organic solvent system 0 t0 95.0; and
fluoride salt 010 25.0.

In one embodiment, the present invention relates to a semi-aqueous cleaning formulation
comprising: a lactic acid, ammonium lactate and water buffer system; a 1-cyclohexyl-2-

pyrrolidinone and N,N-dimethylacetamide solvent system; and ammenium fluoride.




| actic acid 8.14-13.26; anmmoniumlactate 13.25-16.95; water 8.2-10; and
organi c solvent system conprising: 1-cyclohexyl-2-pyrrolidi non? ?Q%é 320[]@;
N, N-di met hyl acet ami de 34.0-36.8; and ammonium fluoride 0.27-0.33 El

. exenpl ary f oF@d@IBbNs "of "the instant invention include lmrusase4aaot | it ed
to: Conponent Percent weight by volume a buffer systemconprising: formc
acid 26.2; 1-(2-amnoethyl)piperazine (AEP) 37.0; vvater 32 8; and

Corroston g SO L ot acalic 468 S L vor e
chmprBesmmi noet hyl ) pi perazi ne (AEP) 37.0; |

I'NQ:
acid 28.7;

9 21 SEP 2006 WO
03/ 083582 PCT/ US%E@@!%Q‘B wat er 33.8; and arﬁmh%éfhkﬂ#)j&ﬂﬁe 0.5. Conponent
percent wei ght by volu a buffer syst em conprising ormc acid 26. 4;

water 32.5; and corrosion

1- (2- ami noet hy| ) pPHEF FFPRETERERS 37,

i nhi bi tor: conpr lasticagid | m nodi acetic aci d 3.840enmonent Percent wei ght by
vol ume ammonium lactate 13.25-16.95;
water 8.2-10; and
organie solvent systern: comprising:
1-cyelohexyl-2-pyrrolidinone 29.1-31L.5;
N,N-dimethylacetamide 34.0-36.8; and
. ammonium fluoride 0.27-0.33.

Other exemplary formulations of the instant invention include but are not limited to:

Caomponent Percent weight by volume
a buffer system comprising:
formic acid 26.2;
1-(2-aminoethyl)piperazine (AEP) 37.0;
water 32.8; and
corrosion inhibitor; comprising;
4 iminodiacetic acid 3.5
ammonium fluoride 0.5.

Component Percent weight by velume

_ | a buffer system comprising: _ '
formic acid 28.7;
1-(2-aminoethyl)piperazine (AEP) 37.0;




a buffer systemconprising: formc acid 31.0; 1-(2-am noethyl)pi perazine
(AEP) 36.1;, water 32.9 The cleaning fornulation of the instant4 td
AN A

~may have nultiple cleaning uses and is not linmted to post etch
- residue renoVaP38EE: exanpl e, the cleaning fornul ati on OfCHER@3/0848st ant

{ 3} he present invefffPBH

-
LS

invention when diluted with water in a ratio of fromabout 1 part
formulation to 12 parts water, is useful for post chem cal nechanica
pol i shi ng cleanigg The cleaning formulatio 3§sagseful in cleaning wafer
surfaces of multi'Bi% particle residues, particularly post etch and post
ash residues froma car bon—doped—dtetectric—ttin film |In one enbodi nent,
t he instant inveRli.ofud 8lahes to a nethod ofgg.enoving particles froma
sem conductor substrate. Representative particle conpositions include
positive photoresists, electron beamresists, X-ray resists, ion beam
resists, and the |like. Exanples of plasma processing residue sidewall
pol yners incl ude H@nt hers, netal - or gani Gp LRl ERESy @hd O i NOrganic
salts, oxides, oxI des or_ conpl exes of the organic polyner resins of a
phot or esi st. | n AU PHEP “WAHHEE nent, the present invention relates to a
met hod for renovidgicpadticles froma sem cadductor wafer surface, said
nmet hod i ncl udes pr.ovi.di a sen ~agueous cl ing fornulation _10 G 21 SEP
2006 WO 03/08358§£?%57%§Qgﬁﬁﬁﬁ&ﬁ§%%nprisin%ﬁg’buffering syst em and
contacting the wafter surface with said clea%ﬂﬁgmﬁornulation for atinme
sufficient to effect the remmval of at least of portion of the particles.
The net hod of cIeananm?Wmafer.sunface usi ng the cl eaning conpositions of
0B PR 8Nt act i ng a substrate having resi due

t hereon, parti cuingwddizcetic grghonet al lic or nmet &5 oxi de residue, with a
cl eani ng conposition of the present invention for a tine and at a
tenperature sufficient to renove the residue. Stirring, agitation
circulation, sonication or other techniques as are known in the art
optionally may be€otwment The substrate i s gerercahtiweighhbsgyolme i n t he cl eani ng
conposi tion. The, ] gﬁ%rature are determ ned based on the
pa?PicuIar nater?%féﬁgéﬂg“%ﬁe ved froma substrate. Generally, the
tenperature is ifmipEt ange of from about arblent or roomtenperature to
45C., and the conpagdinctthjlpigedzifia(@Bmabout 30 3seconds to 60 minutes. The
preferred tenpergture and tine of contact fgpethis inventionis 20 to 45 C
and fromabout 1'to 10 mnutes. The fornulation nay be renoved fromthe
waf er by any nethod readily know to those

' The cleaning formulation of the instant invention may have multiple cleaning uses and is not

limited to post etch and resist residuc removal. For example, the cleaning formulation of the

instant invention when diluted with water in a ratio of from about 1 part formulation to 12 parts

water, is useful for post chemical mechanical polishing cleaning.

S

. The cleaning formulation is useful in cleaning wafer surfaces of multiple particle residues,
particularly post etch and post ash residues from a carbon doped diclectric thin film. In one
embodiment, the instant invention relates to a method of removing particles from a semiconductor
substrate. Representative particle compositions include positive photoresists, electron beam resists,
X-ray resists, ion beam resists, and the like. Examples of plasma processing residue sidewall
polymers include among others, metal-organic complexes and /or inorganic salts, oxides,

hydroxides or complexes of the organic polymer resins of 2 photoresist.

In a further embodiment, the present invention relates to 2 method for removing particles from a

semiconductor wafer surface, said method includes providing a semi-aqueous cleaning formulation
7 .
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skilled in the art. However, preferably, the fornulation is renoved by
spin-drying. Generally, the wafer is preferably rinsed with a ?oil nﬁgjgﬁhlé:h
-as ‘et hanol or deionized water to conplete the cleaning process:

. enbodi ment, WhessEsent i nvention relates to a nethod ofporarsoyisag particles
froma sem conductor substrate conprising a step of formng an insulation
filmon a sem conductor substrate, a step of dry etching the insulation

filminto a prescribe attern t he Ita

b oduct i ¢ OGP T BB LS eR PaER TR BF HEEAPe bR TP PR T Bt
system an aimpanfificiens wleffen the syotabofisploatt o phtirorfid@artidesr ce. 1 n a furt her
enbodi nent, the present invention rel ates to a nethod of renoving particles

froma sem conductor_ substrate conprisin step of form ng a, conductive
line patter nbf Fsthedefiriepnine 2 Yaferaprfass usg the a:%?ﬁ’aizfettopw thesr et frengep o
sem conduct diivostidhtadihes substBitee@vify redidit Hefton, dirtidulbsly lofgﬁﬂoﬁiataihé bd hatd pxitih e

condustive |06 RAk!S0lnR Sh8R:Slor L 2108 Al 80) frl Byd DS EASHAAL | or

filmby dry et chi I'ng an of cleanin e resu t wmth a
sem - aqueou§uféil=lef&|tﬁ W@O‘fedhmﬂl@m S@ﬁlﬂ&(}?@ﬁﬁb‘lﬂi@ﬂ?}éﬁuaﬂs Isepfidtion o yglgretmhmaws 8Y gani ¢

sol vent systa&%aﬁdmahefam@ﬁdnatﬁj BPWE ﬁ@g mfa sebsi®did ik enbMl ﬁ@fefsaﬁﬂf@dﬂ dmmg t he
present invention r met hod of re rticles fro

semi conduct §PREELY ﬁ’h? é 8‘?@?‘3?‘5 rHge éresdftgﬁm'bcgnqa???%“ﬁg pEreip matgral ?’ru%gc al

mat eri al or ranovgieine o subsicttd. Ggnerwiy,ahd winpeoatira issie tiecangd Wt from abaybalient o, a st ep

of dry-etchifg, trerhﬁeraftdré & 45533 Oan@ the” ch]‘tac@ %mgﬁspfr&ﬁ) Qhout ypse@éfd@%&gmutes The
_PCT/1JS03/ 08408 conductive 1ine pattern

cl eaning t
“Yesul tant pPGHHEL RIS S o Cqbia € ‘E%‘?ﬁ'i“ﬁ‘ds hefedhe i aég‘ﬁﬁ ¥ ng a
buf f er syst efinutearThe fayauistion ) Yermosy Sibanthawnderdyahyarthdieesidy keoe. to khosea

further enba&lmea%e arl. NEowIRE fgpe@era%ty, &Qﬁmhﬁ&toﬁmrerhd@gﬁyépﬁmy em;atug e

corrpr| se an i1tati n%&nmeans wher el n IS contacted wt
cl eani ng foF" BT gnaoknEnsed Pt e salvey s%&mﬂleﬁol %W% walRie g SOBAFE ﬂE?r

ul trasoni c tleanig@rokdss.f r eei ng particles adhering to the substrate surface or
trapped in vias or trenches. The present invention is not limted to the
particul ar enbodi nents shown and descri bed herein, but that various
changes andimnengi qribedimendribe meesenbiventieerelafes o @tmethod 0f (rPPRYing (RETiFEN §98 ope  and

spirit of {chgchdivienivb@te cmgns&;@ad HELSE, foaﬁ@gesﬁ &samnantuaataa@m&oﬂmsme
present inveption are.fur cFser S

non-1imiti nggetrﬁtéa‘rr"b (golfg‘fyé’% W@ﬂjtc(’)nm\tﬁ%m Pr%gﬁotﬁ%escméggaﬁe?l am?txt i Gf%anf’ggl\/let al
Et ch r at es tht reb@®8% product with a semi-aqueous cleaning formulation comprising a buffer system, an

organic solvent system and a fluoride source.

In a further embodiment, the present invention relates to a method of removing particles from a
semiconductor substrate comprising a step of forming a conductive line pattern from a metal
-material or a semiconducting material on a semiconductor substrate, a step of forming an insulation
film on the conductive line pattem, a step of forming a via hole in the insulation film by dry-
etching and a step of cleaning the resultant product with a semi-aqueous cleaning formulation

comprising a buffer system, an organic solvent system and a fluoride source,
In a still further embodiment, the present invention relates to a method of removing particles from a

semiconductor substrate comprising a step of forming a film of a metal material or a

semiconducting material on a semiconductor substrate, a step of dry-etching the film into a
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Formul ation: pH of approximately 6 Conponent Percent weight by vol ume
buf fer system corrprl sing: boric acid 5.0; formic acid 19.0 ?1 SEP ZBUB

©1-(2-am noeth %geram ne (AEP) 26.0; water 48.6; and corrosion
. inhibitor: citric acid 0.4; and ammoni um f | RESYTSH082080

-Recormended Pr ocess Condl tions: -12 21 SEP 2006 WD 03/083582
PCT/'US03/ 08408 Tinme: 10 Mnutes Process Tenperature: 40C DI 1120 Rinse: 3

M nut Tabl T N
13_ng 2/8 mi ?{ gqn&“(’ﬁ@ ﬂng}?&&:ﬁlﬂn& %tstga &Q@ﬁmﬁl’lg&lﬂmr@ pf%‘mcpw@ﬁegeﬁga q%g(;lus @1 E/ a
Pol Si 0.6 AWI&@WP%H@ -bu@réﬁﬁnﬂ@ WWI@P‘ spStAnd ?ﬁ%or%l%.%m? or rrul ati on as

used in Exarrpl e 1, was used to clean alum nun1 copper netal lines: Figure 2

and Figure 3 th |_uni urﬂ 0 ta E and
af t er ( Ei qur Iél 1\%3{: f:m o%zment ?CEQF tix%lma't glgdrtrlﬁ ﬁp ﬁlrt%r éx&per{sg%{ ﬁggtgt%ng
condi ti ons i megscidierein ﬂgPrMé@ss mgfst@cémﬂeﬂﬂatcwgo&mlww 4r@rag@@tqdubﬁénms afo

m nutes, folhowedmB¥sicdRiiRiaR o 6l F¥leSlarticle) ffBering to the substrate surface or

trapped in vias or trenches.

- The present invention is not limited to the particular embodiments shown and described herein, but
that various changes and modifications may be made without departing from the scope and spirit of

the invention.

[}\L/

The features, aspects and advantages of the present invention are further shown with reference to

the following non-limiting example relating to the invention.

R

Example

Example 1: Metal Eich rates at 100%

Formulation:

pH of approximately 6
Component Percent weight by volume
a buffer system comprising:
boric acid 5.0
formic acid © 190
1-(2-aminoethyl) piperazine (AEF) 26.0;

| water 48.6; and

corrosion inhibitor; comprising:
citric acid 0.4; and
ammonium fleoride i.0 -

Recommended Process Conditions:

-12-




Exanple 3: Cleaning of Via Structure The sane fornul ation as used in
Exanple | was used to clean a via structure: Figure 4 and Fi gur@ b S 088
Vi a étructu&g_gﬁgﬁgising silicon dioxide, before (Figure 4) and after
- (Figure 5) ¢ 2 §*wi th the above formul ation. Experi meREHFSOHB/08 t i ons
i ncluded a processing tenperature of 40C for a tinme of 10 m nutes,
foll owed by a deionized (D) water rinse. Al though the present invention
has been destmicbed Minuigdetail, it shoul d be understood that vari ous
changes, subsibikdlampasuamde@l terations can be nmade hereto. wi thout departing
from the spi PiH20&igke: 39diafres of the invention as described by the appended
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Example 2: Cleaning of Metal Lines

The same formulation as used in Example 1, was used to clean aluminum/copper metal lines:
Figure 2 and Figure 3 show the aluminum/copper metal lines before (Figure 2) and after (Figure 3)

cleaning with the above formulation. Experimental conditions included a processing temperature of

40°C for a time of 10 minutes, followed by a deionized (DI) water rinse.

Example 3: Cleaning of Via Structure

The same formulation as used in Example 1 was used to clean a via structure:

Figure 4 and Figure 5 show a via structure comprising silicon dioxide, before (Figure 4) and after
{(Figure 5) cleaning with the above formulation. Experimental conditions included a processing

temperature of 40°C for a time of 10 minutes, followed by a deionized (DI} water rinse.

~ Although the present invention has been described in detail, it should be understood that various
_ changes, substitutions and alterations can be made hereto without departing from the spirit and

scope of the invention as described by the appended claims,
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iminodiacetic acid 3.5

ammonium fluoride 0.5.

4. A semi-aqueous cleaning formulation for semiconductor devices comprising:

Component Percent weight by volume
formic acid 28.7;
1-{2-aminoethyl)piperazine (AEP) 37.0;
water 33.8;

and
ammonium fluoride 0.5.

5. A semi-aqueous cleaning formulation for semiconductor devices comprising:

Component Percent weight by volume
“formic acid 26.4;
l1-{2~aminoethyl)piperazine (AEP) 37.6;
water 32.5;
_ and
_ dminodiacetic acid 3.5.

6. The semi-aqueous cleaning formulation for semiconductor devices, wherein said formulation

comprises:
Component Percent weight by volume
formic acid 31.0;
1-(2-aminoethyl)piperazine {(AEP) 36.1;
water 32.9.

7. A me?thod for removing particles from a semiconductor wafer surface, said method comprising
.contacting the wafer surface with a semi-aqueous cleaning formulation for a time sufficient to effect the
removal of at least a portion of the particles from the wafer surface, said cleaning formulation
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film on a semiconductor substrate; dry-etching the insulation film into a prescribed pattern, thereby
producing particles comprising at least one resultant product from the insulation film on the
semiconductor substrate; and cleaning the resuitant product with a semi-aqueous cleaning formulation
comprising formic acid, 1-{2-aminoethyl)piperazine (AEP) and water.

14. A method of removing particles from a semiconductor substrate comprising; forming a conductive
line pattern from a metal material or a semiconducting material on a semiconductor substrate; forming
an insulation film on the conductive line pattern, forming a via hole in the insulation film by dry etching,
thereby producing particles comprising at least one resultant product from the insulation film or the
metal material on the semiconductor substrate; and cleaning the resultant product with a semi-aqueous
cleaning formulation comprising formic acid, 1-(2-aminoethyl)piperazine (AEP) and water.
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