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(54) Tifle; “POST CLEAN TREATMENT
(57) Abstraét

A“ mposition for removal of chemical residues from metal or dielectric surfaces or for chemical mechanical polishing of a copper

surface aqueous solution with a pH between about 3.5 and about 7. The composition contains a monofunctional, difunctional
or trifurictional organic acid and a buffering amount of a quaternary amine, ammonium hydroxide, hydroxylamine, hydroxylamine salt,
hydrazify hydrazine salt base. A method in accordance with the invention for removal of chemical residues from a metal or dielectric
surfac riscs contacting the metal or dielectric surface with the above composition for a time sufficient to remove the chemical residues.

accordance with the invention for chemical mechanical polishing of a copper surface comprises applying the above composition
to the copper surface, and polishing the surface in the presence of the composition,




to renmove post etch residues ("polymer residues”, "fences", vails, etc.).
These chem cal conpositions are also applicable to post CWP cl eaning
and for polishing copper wafers in CVP planarization.

At some poi g the wet chem cal processing (for netal -§f Ppost
25 etch V?Ee)s%%dggrermval etc.) of a wafer in the sem condgjci:‘;ti}cg)?é)(%n ustry

(or flat panel di spl ays, mcroel ectronechani cal devices, etc.) 4he
mat eri al nust "nove through" a rinse step. or post clean treatnent
step. Such rinse steps are de®O8WeCLEANERVEMENT chem cal s applied
in the previous step and stop any further chem cal effects fromthe

previ ous chem cals. These solutions are al so designed to reduce

particul ates on the 30 substrgt,@Rggﬁ@qgg Ri nses are generally a two
part system i.e., one bath containing "beni gn" organi c chem cal

(beni gn sol vepmicdiFigidy dilute the previous am ne- based
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increase to 500 MHz. This will increase the need for a three dimensional
construction on the wafer chip to reduce delays of the electrical signals. Currently
there are about 840 meters of "wires"/chip, but by 2001 (without any significant
design changes) a typical chip would have 10,000 meters. This length of wire would
severely compromise the chip's speed performance.

Newer methods to etch, planarize and to clean the wafers after each of these
critical steps must be developed. This invention deals with a new method for treating
(preparing) a wafer after a wet chemistry process step (post etch residue cleaning
step, PER). Specifically this invention deals with removing residual amines from
20 amine-based wet chemical treatment. Usually the amine based chemistries are used

to remove post etch residues ("polymer residues", "fences”, vails, etc.). These

chemical compositions are also applicable to post CMP cleaning and for polishing
copper wafers in CMP planarization.

At some point during the wet chemical processing (for metal etching or post

25 etch residue removal, etc.) of a wafer in the semiconductor industry (or flat panel

displays. microelectromechanical devices, etc.) the material must "move through" a

rinse step. or post clean treatment step. Such rinse steps are designed to remove the

chemicals applied in the previous step and stop any further chemical effects from the
previous chemicals. These solutions are also designed to reduce particulates on the
30 substrate surfaces. Rinses are generally a two part system, i.e., one bath containing

a "benign” organic chemical (benign solvents simply dilute the previous amine-based



a water spray is directed onto wafer surfaces that have been treated with
an am ne 10 contai ning wet chem stry solution, with the water fromthe
rinse accumul at i ng in a bath containing the wafers. The bottom of the
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bath containing the wafers. The bottom of the bath is then opened to dump the

accumulated water rapidly. As shown. instead of the theoretical low amine levels
remaining on the wafers as indicated by curve 4, higher amine levels remain, as
indicated by typical curve 6 or worst case curve 8.

15 Several of the current rinse solvents have low flash (IPA flash point is 22°C, closed
cup, NMP is 86°C, closed cup) and/or SARA Title II listings. A SARA Title II
listing means that the chemical must be monitored and the quantities reported to the
Federal government on a yearly basis. Isopropyl alcohol an.d NMP are among the
list of several hundred compounds.

20 Relevant Literature
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- 3- SUWMMARY OF THE | NVENTI ON The
I nvention solves the follow ng problens with the prior art:
[err] It reduces or elimnates corrosion problens 5 [err] It

el i m nat es | ammabl e sol vent s [err] It ?T?@ SARA
Title 111 dﬁ@%ﬁ’g@r“; [err] It lowers nobile an ransﬁglon

netal ions The post clean treatnent solution of this invention has
the foll ow ng features: [err] Aqueous based 10 [err]
Preferably has pH between 4.2 - 4. 4 err] H gh neutralization
capaci ty [err] 4] ' SNV VENEHMN| e and transition netal
"trash" ion r | oxi de danmage.

The inventi irr%]ep"r“(’)e\?nan 50‘5“0%1% f 10\1{:’%2* lgngrgﬁg\}}gﬁ &fl rnfTLem cal residues from
met al 15 or di ellectduces sue framms corrdsion gdoblemsal nmechani cal polishing of a
copper rface which solution with a pH between about

3.5 and bout 7. "T]ﬁ@hmmates ‘EB%Z’&W’%% B’ﬁf“él ns a nonofuctional ,

di functional or terjfeURGiatRMEAR QrGAOIE CREM ey a buffering anount of
a quaternary am ne, ammoni um hydroxi de, hydroxyl am ne, hydr oxyl am ne
sal t, hydrazine dritwraznqbeleeawrawae@ mafrinRod 20 for

removal of th%?@(:oégﬂ;lle:{rfﬁéaq}ﬂg@aslofu%r%}n of re{iﬁ "ﬂ{ eRonndﬁa%'zﬁ&Forn'o% lﬁz”feﬁlz%?e‘i

conprises con ric surface above
conposition for -AAqumsbamﬁ sufficient to renove the chenical resi dues. A
met hod cal polishing of a copper

for c
surface!®onpri ses BSFRAILGeS gﬁ'get“(??@ 4 %o?e‘i conposition to the copper

surface, and pol isShighthduftliAHbh 3gRcity) t he presence 25 of the conposition.
Al'so in the invention, chem cal residues are renoved froma metal or

diel ectric surfaceBysignsdtiacontie) mohilerad drangHonmsiairashe idsr f ace with an
aqueous corrp05|t|op05l§i%yé &gm@oplﬁk ‘?to‘!éﬁ!%'haﬂﬁgé‘t 3.5 and about 7 for a tine

suffici ent to renov em cal I'dues. In addition, in t he
I nvention, a copgderaccordance with the invention, a composition for removal of chemical

15 residues from metal or dielectric surfaces or for chemical mechanical polishing of a
copper surface is an aqueous solution with a pH between about 3.5 and about 7. The
composition contains a monofuctional. difunctional or trifunctional organic acid and
a buffering amount of a quaternary amine, ammonium hydroxide, hydroxylamine,
hydroxylamine salt, hydrazine or hydrazine salt base. A method in accordance with

20 the invention for removal of chemical residues from a metal or dielectric surface
comprises contacting the metal or dielectric surface with the above composition for
a time sufficient to remove the chemical residues. A method in accordance with the
invention for chemical mechanical polishing of a copper surface comprises applying
the above composition to the copper surface, and polishing the surface in the presence

25 of the composition.

In another aspect of the invention, chemical residues are removed from a
metal or dielectric surfaceby contacting the metal or dielectric surface with an
aqueous composition having a pH between about 3.5 and about 7 for a time sufficient
to remove the chemical residues. In still another aspect of the invention. a copper

30 surface is chemical mechanical polished by applying an aqueous composition having
a pH between about 3.5 and about 7 to the copper surface. and polishing the surface

in the presence of the composition.
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30 surface is chem cal mechanical polished by applying an aqueous
conposi tion having a pH between about 3.5 and about 7 to the copper
surface, and polishing the surface in the presence of the

conposition, - 3a-

I n accor dant¥P 8#4%4% first aspect of the present invention, gmﬁ%spy%
provi ded a conposition for renoval of chem cal residues fromnetal
or dielectric surfaces, tHrErshEmCAPTION CEgHHBRAVINGSEN applied in a
previ ous process ste and for stopping further chemcal effects fromthe
chemical residuesF! H is 8 gmphsbev ing revyiie ebfaingd Mith pShtswhithe art pHopat ween
about 3.5 and abqut 7 and contai ni ng: (a) a nonof uncti onal ,

di functional "or trifunctional organic acid having the general formula:
[err] wher ei RIGIRE 2- iohl flowitigram lshow g lh ogreen! proOSfs sequkhteon which the
-CHerr]-CJerr]H, -CHOH rr]H and.R | s _hydragen or an al kyl, aryl,

al karyl " or anﬁHgGﬁ”é‘]ﬁgﬁﬁ?nﬁﬁlﬁgﬂlﬂﬁwmf ?(i)\'ag[ﬁ%el?t”agds%dgr bon at ons:

FIGURE 3 is a graph showing corrosion rate of Al metal on a wafer versus

amount of amine dissolved in a water rinse system.
FIGURE 4 is a Pourbaix diagram for Al
FIGURES 5A-5C are scanning electron micrographs (SEMs) of comparative
10 results obtained with and without use of the Post Clean Treatment of this invention.

FIGURES 6-8 are bar graphs showing results obtained with the invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS

This invention concerns a new series of chemistries (Post Clean Treatment
solutions) that are designed to treat substrates. The Post Clean Treatnients have six
important features:

1.Neutralize significant quantities of hydroxylamine-based. amine-based and
alkanolamine-based chemistries.

2.Can be used in post CMP cleaning to remove chemical additives and slurry
20 particles from wafer surfaces.

3.Are aqueous solutions, which means that it has no flash point.
4.The ingredients are not on the SARA Title I lists.
5.Will reduce the level of mobile ions and "trash" transition metal ions
absorbed on the surface of the wafer.
25 6.Is a mild oxidizing solution designed to "repair” damages to metal oxide
films after the amine chemistry step.
7.Certain formulations wiil polish copper under CMP conditions.

8.Prevent amine precipate from forming, as possibly seen in IPA rinses.

30 Turning now to the drawings, more particularly to FIG. 2, there is shown a
typical process sequence in which the invention may be employed. After an etch step

10, an ashing step 12, a wet chemistry step {4 or both an ashing step 12 and a wet
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and (b) a buffering anount of a quaternary amne, ammonium
hydr oxi de, hydroxyl am ne, hydroxylam ne salt, hydrazine or hydrazine salt
base. I n accordance with a second aspect of the present invention,
there is proyid@fsess a method for removal of chemcal respEpBsogiohaP a.
nmetal or dielectric surface, which conprises contacting the nmetal or
dielectric surface with an aqueous conposition containing an organic acrd
and a buffer capaiskasiang! aangHiseetovsavvalpbotoradis asth dich treniducy. roraceordamﬁ
sufficient t I i.d ordance,with a
third aspect %%ﬁ%é%o?ggté%pgmr?@%n |W§§er r?rﬁg Ig (3 ’%P%’\Wd@g&mi rinse ?g_oﬁﬁ’[’ hod
for chem cal mmwlp@abhmmel Sk g @f;n@l@@ﬁpern@ur&aﬁeamh(}hrﬁgmmh sﬁ |
appl yi ng an ueou conp05|t|on containing an organic acid and_a buffer an
hgei %g g pH ‘FW&@ fR, ifte %C@déﬁaﬂfaffoumﬁ the i’ﬁ‘f?@‘*%’bﬂb%?%‘uﬁ‘ﬁ%lbémamf

pol i shi ngs t heskbh %?e Ef‘ i &ﬁ;\)/\?f\lf%slﬁ%egf twﬂn&,@fﬂéo%& bt 9@ A DI water I’mSﬁ
BRI EF DESCRI PTION OF T IS a graph OW ng

resul ts obt ai2deepmpiaies tée Progess Sfuanhe skown jr Figy. 2art process.
FIGURE 2 is a flow diagram showi ng a typical process sequence in which the
5 post clean treatnent of this invention is advantageously used.

FIGURE 3 is a graph showi ng corrosi orBackgreusd Al netal on a wafer versus
anmount of am_ne ol ved |hn a water rinse system FIGURE 4 is
a Pour bai x di& Chemistry Neutralization
10 An important feature for the Post Clean Treatment chemistry is it's ability to

rapidly neutralize amine characteristics that will be carried out (drag out) of the bath

with the wafers and boat. It is well understood that low concentrations (3-20%) of

amines in water rinses can cause corrosion of metal structures, especially Al metal

structures (see FIG. 3). The primary reason is that the amine reacts with water to

15 form hydroxide anions:
R‘N}I: +H30 ''''''' > R‘mi3+ + -OH

The hydroxyl groups then attack the metal surface or grain boundaries to
20 "etch” the structures.
One possible mechanism for this attack is that Al,O,, an amphoteric material.

can be removed by acids having a pH < 4 or bases having a pH > 10:

Al +30H + H,0-------- > Al(OH),--+H,

25 FIG. 3 illustrates the corrosion rate of Al metal on a wafer versus the amount
of amines dissolved in a water rinse system. The diagram clearly shows that very
small quantities of amines will be very corrosive to the metal.

Using an acid rinse solution composed of sulfuric acid or nitric acid (K, > 1) would
neutralize the amines, but uniess the pH is carefully controlled to above 4, many

30 metals are easily corroded (see FIG. 4. Pourbaix Diagram for Aluminum). It could
be very difficult to control the chemical activity of the Post Clean Treatment rinsc

made with such acids during it's life time.

-5-



FI GURES 5A-5C are scanning el ectron m crographs (SEMs) of conparative 10
results obtained wwth and w thout use of the Post C ean Treatnent of this

i nventi on. FI GURES 6-8 are bar graphs show ng results obtained
with the invention. DESCRI PTI ON OF SPECI FI C
EMBODI MENTSWO 98/36045 This invention concerns a new seri eBCHp598/62794

chem stries (Post C ean Treatnent 15 solutions) that are designed to-

treat substrates.geliagy) ﬁﬁx’%éral%%@”su%ﬁ@&z’i@%ﬁ DRVRe 8led 10 etch or Hﬂ%%tn?éiﬁl

features: utrahze significant quantities of

hydr oxyl ami nexndaseediueﬁamfmmame@mn@lres or to refhicerrsgilafranmboiles pings.cveamyst r i es.

2. Can be used_in. past eani n ve ch 3 slurry

20 parti P& ratc)%ﬂls \fva(i;{‘\r/!:r Elsuﬁr ac%gncci Ha¥eFob enouEﬁnpéaA 129gdque3zgosb€g%8t i ons,

whi ch neans tdwoivé ml&&i;ondesfdra&he POheit are many commercml roihietionsgyieel eot S ar e

not on the SARA Title 11 L reducethel&g}e

mobi | e i dns ¥HPUS{YRESHO %‘}“éf’ngﬁ tﬁ”‘%‘ﬁe e SFYBﬁgm Thesg Rrgraguess ooy surface

of the waf er getdmental to processé: 1h$h@sem;&(ﬁd9eibxdinam@ sol ution designed to
"repair" damages to netal oxid | ms aftér the ami ne chemistry step.

7. Certain fornul afb dhis delnowxﬂistWan@rPoanaéaan CipaigteAdiselubers, are not

8. Prevent a X | r.om | pses.

20 ”hé}? nQ& ‘%8 erﬂE\?et e @[;] ofxg{ Lmb[hgto ?.%se‘?% 3 eg%)%(xpg E@Er r#ﬁéfg{ 91%

there is showﬂut&nn spH muktylei readifi mmmmw&axmmma xmpnhnchwhﬂsmxt riemayinrgon may

be enpl oyed. After an etch step 10, an ashing step 12, a wet
chemi stré st B AP IGEERUGE ashing step 12 and a wet

-4- Isopropyl alcohol rinse solutions are flammable, and the chemical is on the
SARA Title I list. The carbonated water rinse solutions have only limited

neutralization capacity because of the limited CO, solubility in water.

15 Post-Chemical Mechanical Planarization Clean Processes

Both the interdielectric layers and metal polishing processes for chemical
mechanical planarization (CMP) processes, must eventually pass through a final
cleaning step to remove traces of slurry and the chemisiry. Though the process
appears to be simple. i.e., a brush scrub and a rinse cycle, considerable effort is

20 being expanded to determine if the process should involve either single side. double-
sided scrubbing, single wafer or batch processing, spray tools or even immersion
tanks. Recently an engineering group working with post-clean CMP ranked wafer
cleanliness (from slurry and pad particles and metallic contamination) as the most
important issue in the post-clean step. Process reliability and defect metrology were

25 the other two important areas of concerns.

Residual particle levels must be <0.05 particle/cm?®, and 90% of these
particles with less than 0.2 micron size. Line widths of 0.35 micron will require the
removal of particles down to 0.035 micron or less. Incomplete particle removal will
decrease wafer yield. Low defect (scratches) levels and acceptable planarity will aiso

30 be very important.

Most fabs have developed their own in-house technology for the post-clean

CMP steps. Most of the "chemistries” involve DI water with either added ammonium

-6-



chem stry step 14 are used to renove photoresist and etch residues. In

accor dance with the prior art, a carbonated water rinse 16, an

i sopropyl al cohol rinse 18 or an N-net hyl pyrrolidone rinse 20 is
enpl oyed to r;?{gé‘g"‘%vebri s and any renai ni ng wet chem gahsydok @il he.
et ched substf: th the invention, the Post C ean Treat nent

solution rinse 22 is enployed in place of the rinses 16. 18 or 20. A Dt
wat er rinse hydroxide 24r cBRplvdtiles sbine fabocass seuwpiethee ssihdamd iRCA| GC-R.

Background t ch i,d Neutral i zati.on 10 .

An i rrportant(r\pti,*‘é&}ﬁ%g8 '6&5)( Wﬁgt&@IWf?@l I?éﬁ*f‘gé%%%%{"#“y’ml@ Y4 dm api ity
to r afdk Ghonit B bfodédsZze am ne characteristics that V\,i Il be carried out
(drag out) of the bat with the wafers and boat. is well

under st ood t hat |er%@f¢c8m mechapisgs(for Zemyvipg impurities %ﬁuﬁ@é INORAGNS) i nses
can cause C structures, especially Al netal

structurgs (@é@%w%a Smr‘%é pri mary reason is that the amne reacts with
water to 15 i OR Replacing a smaiRrNh{ber of +

H o : ‘
e Ly aek the roRREY AT éle%"weﬂgf ith "o@u%é‘?]f“@g ¥ g3y TR 9 P

structures. solvent (changiethP @sshabich sraabanifatchogeyhi s attack is that

Al [err]derr], an anphoteric material. can be renoved ba/ aci ds havi ng
a pH < 4 or bases® ﬁmg_h_c‘a__pﬁgs_cggve with either acids or bases: The Si

\O

o ¥

10 group can be protonated (made positive) in acid or made negative with
bases by removing the proton.

eJon complexion: Removing adsorbed metal ions by adding acid (i.e.,

ion exchange).

#Oxidation or_decomposition of impurities: Oxidation of metals,

15 organic materials or the surface of slurry particies will change the
chemical forces between the impurities and substrate surface. The
chemical reaction can either be through redox chemistry or free
radicals.

eLtching the surface: The impurity and a cerain thickness of the

20 substrate surface is dissolved.

Silicon Oxide Chemistrv

The mechanism for dielectric polishing is still being developed. but the
polishing process appears to involve two concurrent processes; a mechanical process
25 involving plastic deformation of the surface and. chemical attack by hydroxide (OH)

to form silanol bonds.
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OTIT GOy Ao T O v e TTovwWw - CTroogTrT T o\ IL{VY VU . Jy) vy

i or=scal pHOLbieP-Si@he [many cofmer ci al |fornil ati ons
vari oys types pf.aeids to "|pi ckle"|nmetal sfructfires. These
pental to processeslin the denichnduct or
As this invention wll show, the Post C ean

desﬁgggc&to renove netal oxides but to
Therefore the

In a slurry (colloidal suspension) the pH is important and for the silicon
oxide system it needs to be in the 10 to 11.5 range. Currently CMP users are
using silicon oxide-based slurries which were "buffered” with sodiuvm hydroxide
but now are being formulated with potassium or ammonium hydroxide solutions.
Etch rates can be in the range of 1700A/min.

If the pH is too high the polynuclear species may start to precipitate in an
unpredictable manner. There is also the possibility of an oxidation process to
form Si—O—3Si bonds, eq. 4.

There are other important features of the silicon surface that will influence
the etch rates and final surface conditions; (metal contamination and possibly
micro scratches). As mentioned above, the typical silicon surface is terminated
(covered) with -OH groups under neutral or basic conditions. The silicon surface
is hydrophilic (the surface is "wettable”). These groups activate the surface to a
number of possible chemical or physioabsorbtion phenomena. The Si-OH groups
impair a weak acid effect which allows for the formation of salis and to exchange
the proton (H™) for various metals (similar to the ion exchange resins). These
SiO and Si-OH groups can also act as ligands for complexing Al, Fe, Cu, Sn and
Ca. Of course the surface is very dipolar and so electrostatic charges can
accumulate or be dissipated depending on the bulk solution’s pH, ion concentration
or charge. This accumulated surface charge can be measured as the Zeta

potential.



solution's pH nust be nodified to only neutralize amne inpurities wthout
destroying 10 the nmetal oxide coatings. | sopropyl al cohol
rinse solutions are flamuable, and the chem cal is on the SARA Title
11 list. The carbonated water rinse solutions have only Ii

neutral i zat M6h’ 86"‘35‘5@ ty because of the limted CO solubili t’g/&f’ﬁgb\?fa" 7e%.

15 Post - Chem cal Mechani cal Pl anarization C ean Processes

Bot h the interdi elfatt silicot &8ipsinfaadndarhalth theloxiei lmgr by egessiciechioe otfhem cal

mechani cal pl anari zati on ocess st eventual | ass .t hrough a
fi nal GF BiTA 42150 8 PO BN U SO e Ry OB e T CHER ot .

Though the ppEGESSsilicon has@PRE@sEreddx g&eﬁﬂim}ﬁch WilleallowaCRI Nahps Gbulrgand a
rinse cycl e, considerable effort is bei ng expanded to determne if

t he process sm)mvdou 'platd o' S tsHise swifangl Expostae talbghivall also effecksihged
scr ubbi n S' x reav\%]:)g rfozpéu balth%mrglﬂ{ o Wﬁe{?&gte' Sc?etcﬁéfns lﬂcﬂlé e%xch‘@%ol- gjrer sion

t anks. Recent an engi neérin 0St ¢l ean ranked
waf er elaeanl m&s]shé:f radmeslmef bqppandmpactxﬁartl cI es and netallic

contam nation) as the nost i mportant issue in the post-clean step.
Process reliability and defect netrol ogy were 25 the other two inportant
areas of conegiPeral Chem:st Residual particle levels nmust be <0.05
particlel/cnferr an of these particles with less than 0.2

mcron size. Lineltiadakse b@m detesningdcihahthasel Fost Gégap ﬂ“éea@men solutiony egtoval  of
articles, do r val will
P ﬁ) WQ utSe% % GD% oon, %@I?QJC%H Saﬁﬁ)% of cB emc%ﬁ"almg (}‘h ?gé &0

decrease waf er Vi el crat che I'evel s ptabl e
planarity w IpblishiroreBEs on theeoxidatipn iofipier hewl surface and the subsequdbstbrhsidis have

devel oped their own in-house technql.o :% for the post-clea GWP st eps.
: B st dh gh

Most of the 'OFHEnFXiqe fugkace Mith gm0 Y- dpdhis STHNBNT um
- 6- pH is important. The general equations are (M =metal atom):
15 M > M"™ ne
M + [Ox}, --—---- > MO, or [M(OH),]

Under ideal conditions the rate of metal oxide (MO,) formation (V,) will

equal the rate of oxide polishing (V,), (V,=V ). If the pH is too low (acidic) then
20 the chemistry can rapidly penetrate the oxide and attack the metal (V; < V), thus

exposing the metal without any further oxide formation. This means that all metal

surfaces. at high points and in valleys, are removed at the same rate.

Planarization of the surface is not achieved. This could cause metal plug

connectors to be recessed below ("dishing") the planarization surface which will
25 lead eventually to poor step coverage and possible poor contact resistance.

When the pH is too high (caustic), then the oxide layer may become
impenetrable to the chemistry and the metal becomes passive, (V; > V) and the
metal polishing rate becomes slow. Metal polishing selectively to oxide generally
ranges from 20 to 100:1, depending on the metal type. Tungsten metal should

30  have selectivities >50:1 for the metal to oxide, and copper could have > 140:1
metal to oxide selectivity. Etch rates can be up to 7000A/min. The chemical

diffusion rate and the type of metal oxide surface are important to the successful

9.



hydroxi de or HF while some fabs are using the standard RCA SC-1
(NH err]OHHJerr]:Herr]O and SC2 (HCl:Herr]Jerr]:Herr]O cleaning

steps traditionally used in the front end process. There
are five nme i for renoving inmpurities (particles and/ ot

fromthe waf g%’é@%ces: [err] Physical desorpt %8%%39/027954

sol vents: Replacing a small nunber of strongly absorbed -

materi al wi t Iplanakiastipm protassre Aodersiedkhachadis® hbebeen proposed by Kaufstny 8Nt
(changing the interaction of the surface charges). [ err] Change
t he surface &;ﬂaﬁrmwgpfhw (da’_d:’sj"%ﬁj bles: The Si -OH 10 gr oup
can be protonat ed ddpREeiRRSHrtiee) diffic@Ch@oRm %?ﬁe@@i@%téoﬁemé%itﬁd is
bases by renoving the proton. _ [err]lon conplexion: Renoving
adsor bed met #Rsiyodrmagpd Hddhnguay ipdrticiese . The chemical additives cambeeyarhange) .

[err] Oxidatigp, ?ﬁaﬂ%%ﬁﬂqﬁésyﬂger?gc iion urities: Oxidation of nmetals, 15
organi c mat er L&l s or  the surfate o slurry particles wll change the

chemi cal forces between the inpurities and substrate surface. The
chem cal reaction can either be through_ redox chem stry or free

radi cal s. [err] Etchi h&f ¥ The inmpurity and a certain
thickness of the 20variety of chemiSHOSI B Gsed W HRGEPASE CHaR SBEMGEn:

Silicon Oxide Chem st ryy l Tﬁsg mackﬁan%)sm grsﬂ#eﬁegtri c polishing
is still beidgm@dstinéped, but the pol i shing process appears to

i nvol ve {yw congurrent processes; a mechanical process 25 i nvol vi ng

pl astic deformation of the surface and, chem cal attack by hydroxi de (OH)
to form silanol bdmed=. are a variety of organic chemistries that can be used in the Post

Clean Treatment chemistries. The type of organic acid is very impornant. Some

possible acids and their pX,’s are as follows:

15 Monobasic pK,, pK.,. pK,;
formic 3.8
acetic 4.8
propionic 4.9
n-butyric 4.9
20 isobutyric 4.8
benzoic 4.2
Dibasic
ascorbic 4.2 11.6
gluconic 3.5 4.7
25 malic 3.4 5.1
malonic 2.8 5.7
oxalic 1.3 4.3

-10-



p
Si
Si
5
e

7-
H
|

q.

<

o
o

9
oH)
oH)
4

log Klerr]=-2.7 eq. 1

err]

]

25

30

[
[SI (G—W’e%ﬂfsfmﬂs- gerr] —===>

SiJerr] + 2Herr]O <====> Si(OH)[err]
Si(OHf[err] + OH <====>
- 2H[err]O ph > 9 log Klerr]=-1.7 eq. 2

==== pol ynucl ear species ph > 10.5 S98
- (HO [err]si--osi (CB)Terr
+ Herr]O
succinic 4.1 5.6
tartaric 29 472
Tribasic
citric 3.1 4.8 6.9
gallic 4.2 8.9
Fable II
General structure for the acid
O
|1
I i
R-C-C-0CH

X=-0H, -NHR, -H, -Halogen, -C0,H and -CH,-CO,H, -CHOH-CO2H

R = generally aliphatic, H or aromatic
Concentrations can vary from | to 25 wt %. The important factor is the
solubility of the acid and base products with any additional agents in the aqueous

solutions.

Bases

The caustic component to adjust the pH of the buffer Post Clean Treatment
can be composed of any common base, i.e., sodium, potassium, magnesium etc.
hydroxides. The major problem is that these bases introduce mobile ions into the
final formulation. Mobile ions can easily destroy computer chips being produced
today in the semiconductor industry.

Other bases can include tetramethylammonium hydroxide (TMAH) or

choline (both are quaternary amines) or ammonium hydroxide.

-11-
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Tabl e | In a slurry (colloidal suspension) the pHis

i nportant and for the silicon 10 oxi de systemit needs to be in the 10
to 11.5 range. Currently CWVMP users are usi ng silicon oxide-based
slurries which were "buffered" w th sodi um hydroxi de but _n [

bei ng for mul™® 838/ % h pot assi um or ammoni um hydr oxi de sol ut i%Eﬁ]';:".J89\%0%79:‘31

Etch rates can be in the range of 1700A/ m n. If the pHis too

hi gh the pol ynucl eairiRp@sdeas hj@¥xfhmint. 1s0thPFRE ibhiel Atnechi dnaR usddin

unpredi ctabl e manner. There is also the possibility of an oxidation process
to f Oﬁﬁpjgpct@nsylttbgﬁgg!}ydégﬁylmme salts (sulfate, nitrateppydjasidg eic. bt REher

i nportant fe f. [ o f. that will influence t he
etch rates aﬁ’g%%ﬁg lgﬂpﬁaﬁ%d%%n?%ﬁgsﬁfsﬁet al contam nation and possibly
m cro scratches). As nentioned above, the typical silicon surface is

term nated 2 il SOVer ed) with -OH groups under neutral or basic

condi ti ons. i con surface is hydrophilic (the surface is
"wettabl e"). Thesen@hsutdmgasidivial agdnbeis SHMMmP6Rank Pard of this invemidHewheh

possi bl e chem cal or physi oabsorbtion phenonena. The Si-Od glr oups .

i mpai r a weakhapicw! sirycaEes disicaaned plorest etel resisiuet oF #ariaochMaT Plararizationd to
exchange b R8P bt Qurkdk § dilde doRting’ Ry h ahdaded! @Msharn to the ion
exchange resiprl;%c)e. hese 2 5 gi &eer P?{%nﬁﬁ%ﬂ{x%—?%roupg" ca(n se%[ S(t) ‘act as

| i gands for @dwgiltagepusgioAlaye Fras ddpopge®metabdurface repait€d.befofre fiothese t he surface

is ver i pol ar an I [ i har n .
S very ﬂS PO n?anugicgmsngg p?ocee(d‘ltxreg %v%?ctn could 1Al rdse tﬁeadamage and possibly render

the device worthiess. At times a mixture of hydrogen peroxide in IPA have been

used as a separate process step. Some users will dip the wafers into a hydrogen

peroxide bath for several seconds to minutes. The wafers are then finally rinsed

in water and dried. The disadvantage is that a separate bath must be maintained
15 besides the usual rinse baths.

It would be a benefit if the oxidizing agent could be included in one of the
rinse baths. Hydrogen peroxide is one of the most common commercially
available oxidizers. Hydrogen peroxide has a short shelf life and could be a too
aggressive oxidizer, which would form thick metal oxide films that could interfere

20 with subsequent processing steps.
The redox potential for hydrogen peroxide (acidic) and hydroxylamine (in

acid and base) (E, at SHE) are given:

H,0, -—> 0, + 2 E,=+0.68
25 NH,0H + OH > N0 E,=-1.05
NH,OH* + H* > N,0 + 4H* E. =-0.05

Fortunately, few metal ions are reduced to the zero oxidation state when
using hydroxylamine under reducing conditions (basic solutions). This is
important in CMP processes o avoid contamination of the wafer surface with

30 metal particles.

-12-



accunul ate or be dissipated depending on the bulk solution's pH, ion
concentration or charge. This accunul ated surface charge can be
neasured as the Zeta potential . If the
silicon (Si yrf.ace underneath the oxide layer is exposed begas&sp

an over aggr‘@é??é@ gol I shing process, this could cause el ectrochem cia'll94
pr obl ens because silicon has a nodest redox potential which wll -
al low Cu, Au, Pt. BPHdesHging a redox apgeht Agydroxylghiat elilendmmbsiascdn foamsur f ace.

Exposure to Ii wil | so effect ion for Cu. The
G 1 GeBlex S wte s et e SO ST SR 8 | larer i a
whi ch t hen rgq}eg snieneapper ion to Cuferr]. CWP Metal Chem stry

It has al so been'determ néd that these Post C ean Treatnent solutions can
10 be used to pPeOHsr imEVRNpidyaaiege of ivng bydrexidiraine fEeagomnauads isThi s type

o pseauert aiTULABRHBURS BRARIE PRLBED B SR TBiE g bacRarc the |
t hi s mechani snncehhamhe@dmuylymme will decpibiposs to Mzorrt amtoged,hengene mad
equations ar ?\ E)M:’Il:rﬁe %rmauo ngf nitrogen even takes place through a slow internal redox
reaction at pHs above 8.
The hydroxylamine free base, besides being a good base, will under acidic
10 conditions be a mild oxidizing agent. Such oxidizers have a good shelf life and
will not form thick oxide films under normal processing conditions (up to 30
minutes).
Hydroxylamine is a more selective (controllable) oxidation and reducing

agent. This dual capability is achieved by shifting the pH from the acid to basic

15 media. i.e.

Cu**(NH,OH) ---> Cu* pH '9-11" E,=-0.08 Reduction
Cu* (H,S0,) ---> Cu*? pH ~0-1"® E,=+0.34 Oxidation

20 Gther oxidizers could include ammonium peroxydisulfate, peracetic acid,
urea hydroperoxide and sodium percarbonate or sodium perborate.

Concentrations can vary from 0.5 to 30 wt %.

Chelators

25 An added feature for this invention is to add small quantities of metal ion
chelators which will form transition metal ion complexes. The chelators couid
include di-, tri-, tetra-, functional groups, i.e., EDTA, citric acid, oximes, lactic
acid, 8-hydroxy quinoline and other well known agents that will chelate with metal
ions under acid conditions. Other possible agents are polyethylene oxide,

30 polyethyleneimine and crown ethers. These latter two compounds have varying
affinity for mobile ions (Li, Na, K, and certain alkaline earth ions).

Concentrations preferably vary from 0.01 to 10 wt %.

-13-



15 Merr] -- > Merr] n elerr] Merr] +
[OX][err] ------ > MJerr] or [MOH)J[err]] Under i deal
conditions the rate of netal oxide (MJerr]) formation (V[err]) Wil

equal the rate of oxide polishing (Verr]), (Merr]=V[err]) t IS
too | ow (acP@ ¥3%43en 20 the chenistry can rapidly penetra’(’%T/pﬁ%g’%E?“de'
and attack the netal (V[err] < V[err]), thus exposi ng the netal .

W t hout any Euifidagks oxi de formation. This neans -that all netal

surfaces. at high paints and in valleys, are renpved at the same rate.

Pl anari zation of PYHERCERES @emioniss, ri’GtO“ééH‘F‘é\?éféP”“’FhF%" boinclrdgd ik thepfet al  pl ug
connect or s tFbrf?x%lah@&s‘?s?ﬁflemw%r(acg'tér'?ioﬂgt&r thO BoR! AR TAARAR sofidAce whi ch
will 25 | ead event ual to poor step coverage and possl bl e poor contact
resi stance. will be ~ 70 dynes/athetheteheaybé secirbeituatighs ¢ermube swfacetitreivnt he oxi de
| ayer may beco Eet be re i npenetrable to the chem stry and the netal becones
passi ve, (V| !é?e RS filfeq“ﬁ(gpand t he metal polishing rate becones
slow. Metal polishing selectively to oxide generally ranges from 20
to 100: 1, depending on the netal type. Tungsten netal should 30 have
selectivities >50:1 for the nmetal to oxide, and copper could have > 140:1
nmetal to oxide selectivity. Etch rates can be up to 7000A/m n. The chem cal
diffusion rate and the type of nmetal oxide surface are inportant to the
successf ul - 9-
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pl anari zation process. A detailed nechani sm has been proposed by Kauf man,
F.; J. Electrochem Soc; 138 (11), p 3460, 1991.

Cbpper films present a difficult problembecause it is a soft nmetal and is
easily danmagesh Bysghhie slurry particles. The chemi cal additivesGashsheyery

5 I nportant to etch these inperfections. _ _
Types of Chem cal s A variety of chemcals can be used in -
t hese Post Cl ean Treat nent formul ations. -10 Aci ds

There are a variety of organic chem sé)g% ﬁ%ﬁitgat can be used in the Post

Clean Treatnent chem stries. The typ nic acid is very inportant.

Some phiegilbl e acids and their pKlerr]'s are as foll ows: 15

i re Klerr Klerr
?/gP%b gs' ¢ The Post Clean Tre@_gglnesolu]tions wi!beg«ttqﬁe[varioxls organic acic% £vith ]
4.8 5  @kRiaBAg Constants less than 1. Examples iftille formic, aceti®l HpaHblcC
4.9 20 i sobutyric . . ] ) 4.8 _benzoi c
4.2 PytyEG peids, or difunctional or trifunctional water soluble organic acids, i.e.,

citric acid, etc.
If a Post Clean Treatment bath can only neutralize small quantities of
amines (one or two boat loads of wafers) this would increase the cost of ownership
10 for the wafer cleaning process. because of the frequent need to replace the

solution. This effect can be overcome by the following exampie.

Example |

Experiments were done to determine the "buffering capacity" or amine
15 neutralization power of Post Clcan Treatment. The chemistry was designed to
neutralize amines until the sclution reaches pH 7. Once the pH goes above this
value (becomes more caustic) the possibility of metal corrosion increases.
The general procedure for the test was to use a 100 gm sample of the Post
Clean Treatment solution (89 parts water, 8 parts citric acid and 3 parts 50%
20 hydroxylamine) in a beaker with a magnetic stirring har. The pH was monitored
with a Fisher pH meter that had a two point calibration.

Various amine chemistries were added until a pH of 7 was reached.

-15-



ascorbic
3.5

51
oxalic
succinic
2.9

4.8
Tabl e 11

10

25

30

4.2 11.6 gl uconi c
4.7 25 mal i c 3.4
mal oni ¢ 2.8 5.7
1.3 4.3
WO 98/36045 4.1 5 .6 t ar t%(;’ﬁ‘/g598/02794
4.2 Tri basic citric
6.9 5 gallic - 4.2
Chemistry Percent in Final Sol. Final pH
A = 55% DGA: 10% 13% 7
gallic acid; 30% HDA;
5% H.0
B =27.5% DGA; 27.5% 11.5% 7.2
MEA: 30% HDA; 10%
gallic acid; 5% H,0
C =60% DGA; 5% 10.7% 7.1
catechol; 35% HDA
D = 100% NMP 1666+ % 6.2
E = 50 % NMP; 50% 57% 7.4
DGA
Table I

(% in final solution = amine quantity/100 gm Post Clean Treatment + amine)
Abbreviations: DGA = diglycolamine: HDA = hydroxylamine (expressed as
percentage of a commercially available 50 wt% aqueous solution); MEA =
monoethanolamine; NMP = N-methyl pyrrolidone

The amine and amine/hydroxylamine chemistries are sold by EKC
Technology, Inc., Hayward, CA.

The resuits show that adding composition D will never shift the pH above 7
and composition E has a similar, but smaller effect on the Post Clean Treatment.

The data for compositions A, B and C can be used to calculate the potential
neutralization capacity, if we assume a typical rinse bath has 6.5 gal (24.6 liters),
then the amount of added amines will range between 2.6 to 3.2 liters. Therefore
if there is ~22 gm of dragout amine/25 wafer boat then the number of wafer

boats will range from 120 to 145 boats.

Idea 2
Another method to test the "buffering capacity” of the Post Clean
Treatment and to show that the solution will not etch metal films is by taking

samples of the Post Clean Treatment solution used in Example 1 and adding 8 to

-16-
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CGeneral structure for the acid 10

[err] 15 X=-0OH, -NHR, -H, -Halogen, -CJerr]H and
-CHerr]-CJerr]H, -CHOH+ CO2H R = generally aliphatic, H or
aromatic Ooncentrat ions can vary froml to 25 yr{ResthBs4 -

| mpor t ant FHOBPNE the 2 solubility of the acid and base products with
any additional agents in the aqueous sol uti ons. Bases y

The caustic kﬁbwp&neﬁt/azfcms aﬁjeu@f hydhex]dbmbfe anh@rlauﬁrieecchet?ds;tieﬂ € Treat nent

25 can be conmo " RAtassi magnesi um
et c. kﬁ?ﬁ]@g g“é%” afaﬁle eﬁeainbrf’erﬁ?‘?ﬁ‘l tg?n ?%Defl u&“ﬁ'e anélé1 Iey mefoduce

nobi | e ions /igkk® id DF water. THe feaxlsmflﬁzr(rmw &8 of mbmlms wms:asaaneceaabiey
destroy conputer chips being produc today in the sem conduct or

i ndustry.  and after the test. di}?ew%&éése %féﬁ Tesbnralesy qf@tm%mﬁﬁwmm

hydroxi de (Tads10F iSh par&lifdstyie (both are quaternary am nes) or ammoni um
hydr oxi de.

Example 2
Before After

C (8%) Al 66.98 + 0.814 67.11 + 0.1.202

16 Ti 2.527 £ 1.147 2.499 + 1.038
W 440.9 £ 0.583 440.2 + 0.562

E (10%) Al 67.50 £+ 3.030 66.73 + 2.921

Ti 2.476 + 2.264 2.460 = 2.313

W 443.8 + 0.466 442.9 + 0.348

IS5 A (8%) Al 65.16 + 1.990 64.95 & 1.168
Ti 2.523 £+ 1.120 2.516 + 1.147

W 429.9 + 1.302 429.7 £ 1.279

Within experimental error the results show that there was no loss in metal
20 thickness.
Al=AV/0.5%Cu. 5000 A: Ti=3000 A; W=Til00A,W5000 A
Table IV

Patterned wafers were tested with the Post Clean Treatment solution used
25 in Example | doped with amine wet chemistries to simulate the effect of
hydroxylamine and/or amine wet chemistries dragout. FIG. 5A shows a patterned
wafer before processing with any wet chemistry as a control. The patterned
wafers were immersed in the doped solutions for 30 minutes before being rinsed
with DI water. FIG. 5B shows the results obtained with the Post Clean Treatment
30  solution of Example 1 to which was added 10 weight percent of solution E (Table

OI). FIG. 5C shows the results obtained with the Post Clean Treatment solution

-17-



Anot her base is hydroxylam ne, as the free base, which can be used in
conjunction with other hydroxylamne salts (sulfate, nitrate, chloride

etc.). Oher bases coul d include hydrazine and or its salts. 5

Oxi di zers | ncorporating oxidizing agents is an_i nportant. part
of this i nveWPi%R04nen the metal structures are cl eangﬁ%gifﬁ%?" etch
residues or after a CWVP planarization procedure the netal surface's

oxi de coati NGfIEBMmPRYE 1dRERhGARBAS § k;@%th) perkdnt ioB solution CadY@BiAPEOUS to
have this damaged netal surface repaired before further 10 manuf act uri ng

procedur es whitesF EBYI phatogrrrbs dierthanshom iy éheamis NooRiarip Pl thedmrigstructure ¢ he
devi ce wort hla?l%?gaeﬁgfggg@géh fheBost gfegn qireanxgﬁ leﬁporgrdéﬁt ’inth @aﬁgxﬁ. have been

used as a separa step. Sone users w e wafers into a

hydr ogen hydpey briigeansiadthaniioe chavierriat. seconds to minutes. The wafers are
then finally rinsed in water and dried. The disadvantage is that a
separate bath nust be naintained 15 besi des the usual rinse baths.

It would be gdkgemefit if the oxidizing agent could be included in one of

t he rinse baths. Hydrogen peroxide is one of the nost common
comercially Cugteatly amnesicopicenl 2818 plagyarayge shepeipioies a€ ¢i%8r a short shel f
life and coul : 1 Xig.zer k m t hi ck
net al oxi de f@?%e?ﬁgr?gelg&ﬂréeﬁ?g{ g?@“ﬁ%ﬁ éy&méts%d?éﬁ%lé@gﬁwt%r%gfgssi ng

st eps. films these chémeisirieslcan morbduntei mbbikand hnzdsivgemeiakiopx iod ehe meiatli ¢c) and
hydr oxyl ﬂgn n%’(nisn acid and base) (E at SHE) are given:

The Post Clean Treatment solutions can be used as post CMP clean
treatment chemistries. During CMP metal planarization the chemical-siurry
solutions will damage the natural oxide films on the metal. The repair of this
metal oxide layer requires an oxidizing reagent that is stable and is not going to

15 contribute to mobile ion contamination, will not "stain" the equipment, and is
generally environmentally friendly. Hydrogen peroxide systems are not stable and
could form oxides several microns thick if not closely monitored.

Hydroxylamine (or its salts) in the acidic solution is a mild oxidizing agent

(E°= -0.05 V).
20
Example 3
The following data shows the effect of rinses composed of organic acids
and buffered with either hydroxylamine or ammonium hydroxide to a final pH of
4.5
25
Selution 1 Solution 2
Propionic acid 92 parts 92.5 parts
Water 808 parts 808 parts
Salicylic acid 1 part 0
30 Salicyclaldoxime 0.2 part 0
27% NH,OH 31 part
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Herr]Qerr] ---- > (Jerr] + 2e E[err] = + 0.68 25
NHerrJOH + OH ----- > Nerr]O E[err]=-1.05

NH err]OH err] + Herr] ----> Nerr]O + 4H err] E[err]=-0.05
Fortunately, ‘,J& dg&gsal ions are reduced to the zero oxidationg ﬁﬁ#ﬁmm;p

usi ng hydroxylamne under reducing conditions (basic solutions

IS IS

I nportant in CMP processes to avoid contam nation of the wafer surface with

30 metal pfr shiCheSon

Besides heing a redox agpnl3,5'6t1ydroxvl m ne,

-12-
l'i ke ammoni a, @ form conpl ey ssalts with many nei @l s inclufling
N(SQerr])[eWﬁ%ﬁ%ﬁz%mﬁﬂHﬁﬁ%#H[err]o

Anot her

i nportant advant age of using hydroxylam ne type conpounds is 5

their deconposition products. Dependi ngagr Vhe solution pH netal ions and
concentration, hydroxylamne will deconpose to water. nitrogen, ammonia and

N err]Q

r edox

The f or maf IHRUBLORRS §LdA %%ﬁatﬁwéerpwabéo%ﬁowgﬂq nlacstl dmitient er nal

solutions for 24 hours at room temperature. The samples were rinsed with IPA

and water and dried and then weighed.

Selution 1 Solution 2
10 Ti coupon -0.0071 % +0.0075%
Ti wafer no change no change

Table VI

The data shows that metal samples processed through hydroxylamine
15 buffered solutions are not etched (loss weight) but have slight weight gain (gain
oxide thickness).

Other post treatment solutions were also tested.

Solution 3 Seolution 4
20 Citric acid 75 parts 75 parts
water 825 parts 825 parts
27% NH,OH 22.2 parts
50% NH,0H 18.6 parts
pH 4.5 4.5
25
Table VII
Titanium coupons and Ti wafers (4000A) were placed in solution C of
Example 1 that was heated to 65°C for 30 minutes. The samples were then
transferred to an IPA solution or to the treatment solutions.
30
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reaction at pHs above 8. The hydroxyl am ne free base, besides

bei ng a good base, will under acidic 10 conditions be a mld oxidizing

agent. Such oxidizers have a good shelf life and will not formthick

oxide films under normal processing conditions (up to 30 ).

Hydr oxyl am n&0i9%8/3604fore sel ective (controll able) oxidation aﬁETﬂésaﬁfg 7§‘S

agent. This dual capabl lity is achieved by shifting the pHfromthe acid to

ba5|c 15 =Cperft-tNEFer=+-G [err] pH
"9-11[err] [ er r] =- 0 08 Reducti opa Selution x:uier Bélutibhdrr [ err])

---> Cuferr pH——=0=I{erT] Eferr=F0 32Okl dati ¢n Z

O her oxi di quE& e@RPA i ncl ude bﬂ? perox‘VQhOé‘ffj%f ate +&8%?éti g acid,

urea hydr operjoxi nd SOdI l;llm per bonatge o &, UM| per.

urea hydr operjo] ste? P g bonat P ofopesk m%

An added feature for thls invention is to_add small quantities of nmetal ion

chel atorsSwhich will formtransition FaViion conpl exes. The chel ators

coul d inclu - r

citric acid, oxi nedghed"}aa ﬁows that Rtt&fré gsn%“é‘(ragiéyc%@ Fﬁiggga E)i];er wel |

known agents fﬁ]baPAwrltfeaMBat atlmlomstﬂmrﬂfmﬂaaho adverse effarss (uma@n lese). dOsondi ti ons.

O her possible agents are et hyl ene_oxi de, 30 ol yeth ei m ne and
crown ethers. pﬁfﬂ&?é LAt g? CERsTh B8R REECH IR, RFAIFYY ﬁ&sey%eca}/l Q‘FF’ By for
nobi | e ions (lheer Neprototehd c6@bdi@ HyddAdd ioneb@aht Bqtld@ﬂ§l’ost Clean

Concentrations preferably vary from0.01 to 10 wt %
{0 Treatment solutions weré able to successfully neutralize any hydroxyl/amine

species formed from the solution C chemistry. Therefore therc was no weight

loss.

Idea 4
15 Another important feature of these post clean treatment solutions is that the
metal features on the wafer must not be etched or corroded after leaving the amine
cleaning chemistry. This is similar to the idea expressed above concerning the
post CMP cleaning processes.
This idea was tested with wafers coated with various mezals, generally

20  between 3000 and 5000 A.

Example 4
Various metal blanket wafers, with 3000 to 5000 A of, Al/(0.5%)Cu. Ti,

TiW, W, Ta and Cu, were tested with the Post Clean Treatment solution of
25  Example 1, at room temperature conditions. The solutions were stirred during the
one hour test.

Each wafer (except the TiW) was measured with a Prometrix four point
probe for determining blanket metal film thickness. The wafers were then
individually immersed in the chemistry in beakers with magnetic stirring bars.

30  The wafers were rinsed with DI water and then dried with nitrogen. The wafers

were measured again by four point probe.

-20-



- 13- Surfactants Surfactants (nonionics,
anionics and cationics) can be included in these formul ati ons.
the surface tensions for the Post Cl ean Treatnent sol utions wi |

70 dynes/ CMy& betS

needs to be reduced.

I5

30

Four point probe measurements show that the etch rate for Al/(0.5%)Cu,
Ti, W and Ta were less than | A/min. The copper wafer had an etch rate 17
A/min.

The TiW wafer would not give a reading with the probe, therefore it was

weighed to the nearest 0.01 mg. At the end of the test, the wafer gained 0.01 mg.

Within the accuracy of the measurements, since the accuracy of the four
point probe measurements are to the nearest 1 A/minute. Table IX summarizes the

results for the metals tested, with the exception of copper.

Corrosion on Metals

Al/0.5% Cu 0 A/min
Ti 0 A/min
W 0 A/min
TiwW 0 A/min

Post Clean Treatment Solution of Example 1. Room Temp. - 60
min.

Table IX

Except for the copper wafer (3000 A with 100 A Ti) results, the other etch
rates are as expected from the above theoretical discussion. The Post Clean
Treatment solution (example | composition) was designed to be buffered at pH 4 -
4.5 which should not attack the oxide films on metals. These results agree with
the examples given above with the Ti wafers, Ti coupons and Al coupons.

Though the copper wafer had an 17 A/min etch rate this is not excessive,

for a typical 5 minute rinse the total loss will be only 85 A.

Exampile 5

It is important to know if there will be any compatibility problems between
the Post Clean Treatment solutions and substrates commonly encountered in the
BEOL (Back End of the Line, after metal deposition) in the semiconductor

processes. These substrates can be metals (W, Ti, Al. and possibly Cu) and also

21-
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gay be special situations were the surfacgcte8sd/2mH5
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dielectric materials which are usually boron phosphorus silicate glass (BPSG) (~5
wt % for both boron and phosphorous) and tetraethylorthosilicate (TECS).

Film thickness for blanket 3" BPSG (3000 A, densified) and a 3" TEOS
(5000 A) wafers were determined with a Geartner Scientific L1 15 ellipsometer.
Both wafers were immersed in the Post Clean Treatment solution used in example
1 for 60 minutes at room temperature, then rinsed with DI water and dried with
nitrogen. The samples were then returned for film thickness determination.

Within the limits of the experiment there was no significant changes in film
thickness. The initial mean TEOS thickness value was 5119 A (std. dev. 144.6 A,
30) with a final mean value of 5128 A (std. dev. 145.3 A, 30). The BPSG means
thickness values (before) were 3095 A (std. dev. 215 A, 30)

Idea 6

Another important feature of this invention is the ability to reduce or lower
the level of certain transition and mobile ions that might be absorbed on the wafer
surface. These ions are introduced onto the wafers as impurities in the cleaning
chemistries or as particulate from the process equipment or redeposit plasma etch
residues generated during the etching process.

One way of illustrating this chelation effect for removing transition and
mobile metal cations from a wafer surface is to monitor a Post Clean Treatment

solution before and after immersion in the soiution.

Example 6

Three inch wafers with 3000 A PBSG or 5000 A TEOS were dipped into a
solution composed of ~ 100 ppb sodium, potassium. calcium, and iron (). The
wafers where then dried with a nitrogen flow. The wafers were then immersed in
the Post Clean Treatment solution of Example 1 for 20 minutes. Sampies of the

solution, before and after, were then analyzed by GFAA.

Metal (ppb) before after before after
Na 44 63 43 52




EXAMPLES
wi |

citric acid,

neutralize snull

contain various organic acids wwth 5
than 1. Exanples include formc,
or difunctiwpaksgrsstrifunctional

The Post C ean Treatnent sol utions

di ssoci ating constants | ess

acetic. propanoic, butyric acids,

wat er sol ubl e organi ¢ aci deCTIUSe8/92794

If a Post Clean Treatnent bath can only
amines (one or t

| dea |

etc.
quantities of

wa_hgaﬁhloads of”

waf ers) thia woul g i ncrgasegt he| cost of ommershlp 10 gor tihhe wafer
cl eani ng pr geess—beeatge c1g%hF Heguent—nged—+o—+ ﬁ%aee +h
solution. This effect can b overcomd0by t hg f obé owiing é&B@nplie.
Exanpl e | EXperi ment s re dogne to determne the "buffering
capacity" or am nE%15 nedtralizatidn powdr of Podt Cl¥an Tfeatnment. The
chem stry Was deshgned tlo neut rjgki ze an1 unti | e gpl ution
reaches pH 7 Cncegthe = éggs HBev-e ?é. “at-e \%??u“bs nor e
caustic)sthg posﬁﬂhility of sSmet al corSosion |i ncrseases. 5 The
general prodedure for The Test was 1o _use a (100 _gm ganpl e of |t he Post
Clean Treatrent s&hution (89 patts wal’er, 8 |part$ ciltridSacidand 3 parts
50% 20 ﬁEroxyNQn1ne) iy beaker with a jmagpeti Stﬂ%r'”a bar. The pH
was nonitor

Table X
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30

The results show that the Na, K, Ca and Fe cations have increased in the
solutions after each test. The combination of the aqueous solution and chelation
agents {citric acid and hydroxylamine) help to remove the metal contaminates.

The last five metal (Cu to Ni) are given to the typical background values.

Example 7

Three inch wafers with 5000 A thermal silicon dioxide were dipped into a
solution composed of ~ 100 ppb each of sodium, potassium, calcium, and iron.
The wafers were dried with a nitrogen flow. The wafers were then cleaved into
sections and then immersed into either DI water or the Post Clean Treatment
solution of Exampie 1. Samples were immersed for 20 minutes at room
temperature. The samples were then removed and rinsed in IPA and dried with a
nitrogen flow. The samples were analyzed by TXRF (Total X-ray Fluorescence)
(1'° atoms/cm?). Under these conditions only the potassium, calcium and iron can
be measured. It is generally assumed that the sodium concentrations (atoms/cm?)

will parallel the potassium values.

Thermal Oxide

before after
Post Clean Treatment Solution | K 60 <20
of Example 1
DI water K 60 600




with a Fisher pH neter that had a two point calibration.

Various am ne chem stries were added unti |
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a pH of 7 was reached.

WO 98/36045 PCT/USH8/02794

Post Clean Treatment Solution | Ca 80 10

of Example 1

DI water Ca 80 6200

Post Clean Treatment Solution { Fe 700 50

of Example 1

DI water Fe 700 2300

Table X1

FIG. 6 is a graph of the above results, showing the significant improvement

in mobile ion control obtained with the Post Clean Treatment solutions, while 2 DI

water rinse actually increases the amount of mobile ions present.

Example 8

Three inch wafer with 5000 A BPSG and 3000 A TEOS were dipped into a

solution composed of ~ 100 ppb each of sodium, potassium, calcium, and iron.

The wafers were dried with a nitrogen flow. The wafers were then cleaved into

sections and then immersed into either DI water or the Post Clean Treatment

solution of Example 1. Samples were immersed for 20 minutes at room

temperature. The samples were then removed and rinsed in IPA and dried with a

nitrogen flow. The samples were analyzed for iron by TXRF (Total X-ray

Fluorescence). The units are 1' atoms/cm?).

BPSG TEOS
before after before | after
Post Clean Treatment 800 200 2600 90
Solution A
i DI water 600 500 2500 800
Table XII




Chem stry Percent in Final Sol. Fi nal pH A = 55%

DGA: 10% 13% 7 gallic acid; 30%
HDA: 5 5% Herr]O B =27.5 %DGA;, 27.5 % 11.5 %

7.2 Mefos3086 HDA; 10% gallic acid;, 5% H err] O permusesdarsa 60%
DEA; 5% 10. 7% 7.1 10 cat echol ; 35% HDA
D = 100% NwWP 1666+% 6.2 E =50 %
NMP: 50% FIGS. 7 and 8_;’11% graphs of the results obtZingd, expressed[aya perg_@t

Table 111 % | u E’ost Cl ean
Treatment + SW anﬁe )og rr?obﬂcfi 08 Bn éi?/elé g«% 8?1 ghc'%@ re%aﬂs %% fuyr%%]s

hydr oxyl am nerotexpi’ds siedcads of the TEQ®rén.age of a comTerCI aI I y aval | abl e 50

wt % aqueous sol uti o nonoet hanol am ne; = N- et hyl
pyrrolidone ASHe reN‘Eéﬁé‘O%(nf‘?’?eW%fﬁEf %ﬁ?%@ﬁﬁ{)@l‘*é&y‘?ea?ﬁsﬁg%ﬁem stries are
sol d by BKC rrearment 86RA1B0A QgExarhﬂE 1 héﬁaﬁé‘@ﬁ&nﬂ wer residual metal iors¥8ftloRSUl S
show t hat addi ng conposition never shi t he pH above 7 and
conposition Eaenwerasgfaﬁﬂ ar, but srral | er eff ect on the Post C ean
Treatnment. 25 [ [ n an be used to
cal cul ate the pot en qrarar &e% ?C[eg ﬁéz)g@%% SO&U‘ gdmp IR'F%\%& %ssurre a

typi cal rinseqlzatd) d@aﬂa@rﬁahyﬁkndzﬂwﬁtdrldrﬁﬁ%))mpatzble (notd‘peﬂaltmaxﬁmmg of
added am nes. wi || nq T’F{)getween 2.6 to 3.2 liters. Therefore . if there
is ~ 22 gm of f&ﬁ‘é‘&é& LEfecHY Iy risFselragss /f aminerang fpasif (b & PHY cchemisiies

boats wiflgl raRaewhfeP WrEls tiAusléRniBORSthe corrosion possibility of amine based
chemistries and excess OH ions from a DI water rinse. The Post Clean
Treatment solution can be used after pre-diffusion cleans, pre-implantion cleans
and pre-deposition cleans under essentially the same conditions described above.
The solution can also be used for post chemical mechanical polishing cleaning, and

i5 as a chemical mechanical polishing solution for copper substrates.
The invention now being fully described, it will be apparent to one

of ordinary skill in the art that many changes and modifications can be made

thereto without departing from the spirit or scope of the appended claims.
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30 | dea 2 Anot her nethod to test the "buffering

capacity" of the Post C ean nt and to show that the solution
will not etch netal filnms is by ta Jﬂéyllr, !uﬁm”ﬂs of the Post O ean
Treatment sol ution used in Exanple 4

- 16- WO 98/36845 10 wt % of various types of Fydroxyl aniFfé SHHPHP* ani ne
chem stries. The bl anket netal wafers were imersed in the "doped"
sol ution fory3os o espifshs: rinsed in DI- water. The resistivity
(ohns/ cnferr]) of the fiTnms were neasured before and after the test.
The wt % of the EKC Technol ogy chem stries from Table 1l of 5 Exampl e
ée:‘ zr Ien par ept hesg compo%{ri %ir"or%)e(r%gwl of ée(ng%i residues from m&fal or dielectric 66. 98
0. 814 sififacdslod for herficdl. xﬁ&‘fﬁarﬂ:&ii pohshmg of a copper surface, wilich

2.527 + 147 2. 499 : wW

440.9 | eljsr] @)org;ggses an agm:@uszkﬁ f,qn]w@h 5@? between abogi Zt §(§%i about 7 andp)

67.50 [err] ZdidRing 66. 73 2.921 Ti

2.476 [err] 2.264 ° 2.460 2.313

(a) a monofuctional, difunctional or trifunctional organic acid; and
(b)  a buffering amount of a quaternary amine, ammonium hydroxide,

hydroxylamine, hydroxylamine salt, hydrazine or hydrazine salt base.

10
2. The composition of claim 1 in which the organic acid has the general
formula:
O
[}
[
15 R-C-C-CH
|
X

wherein X is -OH, -NHR, -H, -Halogen, -CO,H or -CH,-CO,H, -CHOHE-CO2H
20 and R is hydrogen or an alkyl, aryl, alkaryl or aratkyl group having from | to

about 20 carbon atoms.

3. The composition of claim 2 in which the organic acid is present in an
amount of from about 1 weight percent to about 25 weight percent.

25
4, The composition of claim 3 in which the quarternary amine is

tetramethylammonium hydroxide or choline.

5. The composition of claim 2 in which the composition has a ph between
30 about 4 and about 86,

This Sheet Has Been Replaced
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wW 443.8 + 0. 466 442.9 [err] ©0.348 15 A (8%

Al 65.16 [err] 1.990 168

Ti 2.523 [err] 1.120 uﬂmnmﬁ’nﬁwmm _

429.9 [err] WwoXb&sods 429.7 1. URUINY Wt h| n eXPEEE AR /o4
error the results show that there was no Ioss in hetal

t hi ckness. Al =Al /0. 5%Cu. 5000 A: Ti 3000 A, WETi 100A, W6G00
A 0. The composition of claim 5 in which thE alogamid ALid is present in an

w

Patterned wafers an_Treatment sol ution used 25
in Exanple 1 dope%ﬁqﬁnhgg?ﬁgﬁeﬂ%{b %gbr%“g? w«?ég?"fcge??%l ate the effect of
hydr oxyl am ne and/ or am ne wet chem stries dragout. FIG 5A shows a

patterned

control.

The pat t efi§etpmposition i elajm 1 4

waf er before proce55| ng with any wet chemistry as a

’élof’#ﬁ’e‘iwsi% t he doped sol utions

for 30 migutes befgye heiRBribh e%&\ggglcﬂlgg\eml%gw fm&k gﬁmgﬁo@x&%ﬁ the

results obtained with the Post

to whi ch was melkiiedion® wei ght percent of solution E (Table [11).

5C shows the results obtained with the Post C ean Treatnent sol ution

-17-
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8. The composition of claim 7 in which the chelation agent is ethylene
diamine tetraacetic acid, an oxime, 8-hydroxy quinoline, a polyalkylenepolyamine

or a crown ether.

9. The composition of claim 1 additionally comprising:

(c) an oxidizing agent which will maintain metal film oxide layers.

10.  The composition of claim 9 in which the oxidizing agent comprises
ammonium peroxydisulfate, peracetic acid, urea hydroperoxide, sodium

percarbonate or sodium perborate.

11. A method for removal of chemical residues from a metal or dielectric
surface, which comprises contacting the metal or dielectric surface with a
composition in accordance with claim 1 for a time sufficient to remove the

chemical residues.

12. A method for chemical mechanical polishing of a copper surface which
comprises applying a composition in accordance with claim 1 to the copper

surface, and polishing the surface in the presence of the composition.

13. A method for removal of chemical residues from a metal or dielectric
surface, which comprises contacting the metal or dielectric surface with an
agueous composition having a pH between about 3.5 and about 7 for a time

sufficient to remove the chemical residues.

This Sheet Has Been Replaced
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of Exanple 1 to which was added 8 wei ght percent of solution C (Table I11).
These SEM phot ogr aphs furt her showt no attack of the netal
structure af ter passing throug @ﬁ@m Tr eat nent sol ution
"doped” with various hydr oxyl anmknec chem stries. 5

| dea 3 w0 9836045 Currently tungsten nmetal CWP pi anari zat POHUBHERTHt ri-es
are either hydr ogen peI’OXI de or ferric nitrate solutions. Besides

damagi ng t he ErEt a#’g()x'egn%d Oéﬁlafrﬂemriatw 1(“’& ga%?cﬁ@c Enri:)o??or?g@ntéxgst goduce mobi | e

and transi ti I'ons The Post

Cl ean Treat nﬁmhoﬁiabtwnlannﬁfuﬁaibnbieodxsiadicﬁénaposganﬁi\deid:I ean t r eat ment
chem stries. During CVWP netal planarization the chemcal-slurry
solutions will damage the natural oxide films on the netal. The repair of

this mesal ey %tﬂo@%rciaﬁxﬁqg'zﬁ %zéﬁthgﬁi}ﬂbizth@giqﬁé‘d%g%ﬁi pbdi@dn isS stable

and is not going to 15 contribute to nobile 1on contam nation, will not
"stain" the edjustpthwith a Riftering amount of gequateahdry aming, mmmwaiiiysiromd%ndl y.

ydr ogen per i ASAKRECTDuBE ARk 2L R Fihy pyorandUh afer m oxi des

several mcro ose
Hydr oxyl am ne (or its salts) I n the aCIdIC sol ution isamld oxidizing

i? g? Inf)vm ng d aﬁ g g[i%&i’s mteﬁié’dé’if Vét"f’ Iginpy }H%Iieg‘e@SH"r%’é éﬂ”B?S“b?‘b‘&ﬁi“éesa% i d S

g][id bUffezedcﬂiﬁt%n%g%ﬂ%h;@ﬂ%l@&%ﬁi@l @ﬁth%aiﬁm%éiﬂibﬂsgirﬂ;‘mgﬁiéﬁné final pH
[ uti

Sol uti ont®2 Propionic acid 92 parts

3(2) éSpg?{ tss 17.  The WBHRY of claim 16 in which the chelatio enP R diffylene diamine

tetraacetic acid, an oxime, 8-hydroxy quinoline, a polyalkylenepolyamine or a

crown ether.

15 18.  The method of claim 13 in which the aqueous composition includes an

oxidizing agent which will maintain metal film oxide layers.

16.  The method of claim 18 in which the oxidizing agent comprises ammonium
peroxydisulfate, peracetic acid, urea hydroperoxide, sodium percarbonate or

20  sodium perborate.

20.  The method of claim 13 in which the aqueous composition has a pH

between about 4 and about 6.

25 21. A method for chemical mechanical polishing of a copper surface which
comprises applying an aqueous composition having a pH between about 3.5 and
about 7 to the copper surface, and polishing the surface in the presence of the

composition.

30 22.  The method of claim 21 in which the ageous composition contains a

monofunctional, difunctional or trifunctional organic acid.

This Sheet Has Been Replaced
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Salicylic acid 1 part : 0 30

Sal i cycl al doxi ne 0. N 0 27%
Tertioh oo oar M~ sovs oo

35.6 wOoXd36045 = ¢ L K » PCT/US98/02794. O.

Table V 5 Ti tani um coupons (1.33 g) and a Ti wafer with 4000 A

were placed in the solutiaons for 24 hours at roomtenperature. The

sanpl es were finsethsuelhiof pAclaim 21 in ahich e oF ofrilie aquesds egrapasiiion isei ghed.

Solution 1 adjusted with a%lfféﬁhggmguﬂt%f a qua{gﬁ*na?fﬂﬁ%, ammonium hydroxide,
-0.0071% +0. 0075% T wat er
change hydroxylamine, kyvaorgamine salt, hydrazine or hydrazine salt base.

Tabl e VI The data shows that netal sanples processed through
hydr oxyl am ne
5 24.  The method of claim 21 in which the aqueous composition includes a

chelation agent which will complex with transition metal ions and mobile ions.

25.  The method of claim 24 in which the chelation agent is ethylene diamine
tetraacetic acid, an oxime, 8-hydroxy quinoline, a polyalkylenepolyamine or a

10 crown ether.

26.  The method of claim 21 in which the aqueous composition includes an

oxidizing agent which will maintain metal film oxide layers.

15 27.  The method of claim 26 in which the oxidizing agent comprises ammonium
peroxydisuifate, peracetic acid, urea hydroperoxide, sodium percarbonate or

sodium perborate.

28.  The method of claim 21 in which the aqueous composition has a pH

20 between about 4 and about 6.

This Sheet Has Been Replaced
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15 buffered solutions are not etched (|l oss weight) but have slight weight

gain (gain oxi de t hi ckness). Ot her post treatnent
sol utions were al so tested.
Sol ution 3 wo 98/36045 Sol ution 4 20 Gtric acid PCT/US98/02794 - /5
parts 75 parts wat er 825
parts 825 parts 27% NH err] OH 22. 2
parts 50% NH err] CH 1/6 18.6
parts pH 4.5 4.5
25 0 Table VI Ti tani um
coupons and Ti vvafer% (MO00A) were placed in solution C of Exanple 1
that was heated to 65] C for 30 mnutes. The sanpl es were then
transferred to an | PAgs ion or to the treatnment solutions. 304
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Sol ution 4 Ti coupon

| PA Solution 3
+0. 023% +0. 014% +0. 020% Ti wafer
n. d. +0. 044% +0.030% 5
The data shows that though there is s@ptédsRRIde
the | PA or treatnent solutions there was

Table VIII
WO 98/36045
chem stry being carried into
| oss). One practiced in the art woul d

no adverse effects (wei ght
expect no effect fromthe I PA rinse, zi)/eéause there is no water to
pronote the corrosive hydroxide ion, “but the agueous Post C ean 10
Treatment sol utions were able to successfully neutralize any hydroxyl/am ne
species forned fromthe solution C chem stry. Therefore there was no wei ght
Anot her_ i nport ant feature okt t hese post

| oss. | dea 4 15
clean treatmepht sblutions'is thatyjthé ' | hetal féatufes an"the wafer
must not be efched or corroded af[er | eavi ng t he am ne cl eani ng
chem stry. This is simlar toLhe! i dea exp{essed above fconces ni ng the
post CWP cl eahi ng processes. § This idea wa$ testted with wafers
coated with various netals, eclsrerlal ly 20 ' bet ween 300pP and {5000 A
Exanmpl e 4 - var i ou taI bl anKet wafers, wWth 3008 to 5000 A
of, AI/(0.5 %Cu, Ti, W Ta andCu were tgsted Wth he Post
Cl ean Treatnept sol ution of 25 Exanpl e:l, at room enpergtureld o
conditions. Tpe solutions were s, irred duling the one 'hour% eﬁ.
Each wafer (ekcept the TiW was rreasured .with a Promefrix fqur p% Ny
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probe for deternmining blanket netal filmthickness. The wafers were then
individually immersed in the chem stry in beakers with magnetic stirring
bars. 30 The wafers were rinsed with DI water and then dried with

nitrogen. T, =S were neasured again by four point )
"o 9 %d’ﬁ%% 08/ 36045 9 y POI Nt 0802704
PCT/ US98/ 02794 Four poi nt3 pgobe neasurenents show that the
etch rate for Al/(0.5 9% Cu, Ti, Wand Ta were less than 1 AAm n. The
copper wafer had an etch rate 17 Al'm n. The Ti W waf er
woul d not give a reading with the probe, therefore it was 5 wei ghed to

the nearest 0.01 ng. At the end of the test, the wafer gained 0.01 ng.
Wthin the accuracy of the measurenents, since the accuracy of the four
poi nt probe nmeasurements are to the nearest 1 Almnute. Table | X summari zes
t he results for the netals tested, with the exception of copper. 10
Corrosion on Metals Al /0.5% Cu

0 A mn o N _— R ’
0 Alm n

0 AAmn

0 AAmn 15 i
Room Tenp. - 60%&&

Exanpl e 1.

FIG..5A

SUBSTITUTE SHEET (RULE 26)



m n. Table I X
Except for the copper wafer (3000 Awith 100 A Ti) results, the other etch

20 rates are as expected fromthe above theoretical discussion. The Post
Cl ean - Treat ment solution (exanple | conposition) was qgﬁj be
buf f ered atW@Ppp/36045 4.5 whi ch should not attack the oxi e"@?ﬁﬂ%kgn
netals. These results agree with zﬂﬁé exanpl es given above with the Ti
waf ers, Ti coupons and Al coupons. -Though the copper wafer had
an 17 A/lmn etch rate this is not excessive, 25 for a typical 5 mnute
rinse the total loss wll be only 85 A Exanpl e 5 It

Is inportant to know if there will be any conpatibility probl ens between
the Post Clean Treatnent solutions and substrates conmonly encountered in
t he 30 BEOL (Back End of the Line, after netal deposition) in the

sem conduct or processes. These substrates can be nmetals (W Ti, A
and possibly Cu) and al so
-21-
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wt % for both boron and phosphorous) and tetraethylorthosilicate (TEQOS)
Fil mthickness for blanket 3" BPSG (3000 A densified) and a 3" TEGCS
(5000 A) wafers were determned with a Geartner Scientific L115

eIIipjso'rrete‘gvgq‘%BﬁO@oth wafers were imrersed in the Post Ce T‘?&g}o t:.
sol ution used Tn exanple | for 60 m nutes at roomtenperature, ‘then
rinsed with DI water and dried with /6nitrogen. The sanples were then
returned for filmthickness determ nation: Wthin the limts
of the experinment there was no significant changes in film t hi ckness.

The initial mean TECS t hi ckness val ue was 5119 A (std. dev. 144.6 A 10
3a) with a final nean value of 5128 A (std. dev. 145.3 A 3[err]). The BPSG

nmeans t hi ckness val ues (before) were 3095 A (std. dev. 215 A 3f[err])
| dea 6 Anot her inportant feature of this invention is the
ability to reduce or |ower 15 the level of certain transition and nobile
lons that m ght be absorbed on the wafer surface. These ions are

: chem stries
: il asma etch
. One way of
and 20 nobi | e
an Treat nent
Exampl e 6
f@ped into a 25
seand iron (111).

The wafers were
é%g Exanple | for

i ntroduced ont 0
or as particul ag
resi dues gener at:
illustrating th
netal cations f
sol ution before
Three i nch waf egs
sol ution conpos
The waf er
then i mrersed i

20 m nutes. Sa were then
anal yzed by GFA -
TECS 30 hefore after

.....
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Na : 44 63 43 52

- 22- K 8 23 11
15 Fe 91 105 96 106
Cu ' 5 5 5 $98/0275P
189 WO J36045 202 201 5 T ETS? 5
5 5 5 Zn 14 17
17 18 Ni 6/6 10 : 5 13
16 Table X 10 The

results show that the Naya._ Ca and Fe cations have increased in. the
solutions after each test. The conbinati on of the agueous { i
chel ati on agents (gbéru (== iﬁ. nmd—tydr oxyl am ne) hel j

met al cont ami nat es. he | Iz mptal (Cu to Ni) ar
typi cal background val ueggg 1 = &

t he
t he

10E10 , 400 ~
ATOMS/cm?

200 -

100

FIG._6

300 T T T

I WATER
X.1 SOLN

[
mo

200 -

=

% CHANGE

100 -

FIG._.7

25° C @ 5MIN

8000 T ) T

6000 4 | O INITIAL

DI WATER
10E10 B EX.1SOL'N
ATOMS / cm2 4000 - ]
2000 -
FIG._8 0 . ' [

TEOS
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Three inch wafers with 5000 A thermal silicon dioxide were dipped into a

sol ution conposed of ~ 100 ppb each of sodium pot asgr-tam—eat-et-tir--aned

i ron. The wafers were dried with a nitrogen fl qWRERIASENERST SHiddT ¢

t hen cleaved into sections and then i mersed it ' ek or
t he Post C ean Treatnent 20 solution of Exanple 1. |S np?eea ' h mreg sed
for 20 mnutes at room tenperature. The sanpl es r'e [ ed and
rinsed in |PA and dried with a ni-B+ogen flow. Th

anal yzed by TXRF (Total X-ray, Fluores ce) flerr] atoms/cnjerr}).
Under these conditions only M&i&ég A bé’?ﬁ*’@!"ﬂ‘.’?ﬁ.{u T TomTarn he
measured. |t 8 igRAGERLIVesARS IR i HbbIERE wAldhe BriEPBRENt rati ons

(at ons/ cni errTih) l25 Wi I% paral | el the potassium vg]ﬂues.

Ther mal. Oxi de o It reduces or eliminates corrosion problems bef or e
after Pogt an ataent i K 60

<20 30 5 of Exanpl hthed LA Filmati LV K

60 60@ It eliminates SARA Title Il Chemistries ' - 23-

« It lowers mobile and transition metal ions
The post clean treatment solution of this invention has the following features:
¢ Aqueous based
= 10 » Preferably has pH between 4.2 - 4.4
* High neutralization capacity
* Designed to contro]l mobile and transition metal "trash” ions
» Possible repair of metal oxide damage. ‘
The invention provides a composition for removal of chemical residues from metal
15 or dielectric surfaces or for chemical mechanical polishing of a copper surface which is

an aqueous solution with a pH between about 3.5 and about 7. The

composition contains a monofuctional, difunctional or trifunctional organic acid and
a buffering amount of a quaternary amine, ammonium hydroxide, hydroxylamine,
hydroxylamine salt, hydrazine or hydrazine salt base. A method
20 for removal of chemical residues from a metal or dielectric surface
comprises contacting the metal or dielectric surface with the above composition for
a time sufficient to remove the chemical residues. A method
for chemical mechanical polishing of a copper surface comprises applying
the above compasition to the copper surface, and polishing the surface in the presence
25  of the composition.

Also in the invention, chemical residues are removed from a
metal or dielectric surfaceby contacting the metal or dielectric surface with an
aqueous composition having a pH between about 3.5 and about 7 for a time sufficient
to remove the chemical residues. In addition, in the invention, a copper

30  surface is chemical mechanical polished by applying an aqueous composition having
a pH between about 3.5 and about 7 to the copper surface, and polishing the surface

in the presence of the composition.

A CS2220-F
AL ML



Post:' Cl ean Treatnent Solution Ca 80 _ 10 of

Exanpl e "1 Dl water CR ept SCEMEHT SHEBP

6200 5 Post Clean Treatment Solution Fe | ... 200

50 of Exanple 1 D water _ -

700 2300 21 DEC @gl 4 ¥4 10

FIG 6 is a graph of the above results, show ng | hge_significanti Hprovement
in mobile ion control obtained with the Post O

;;nq,p;beat rrent soI ut i ons,
while a DI wat er rinse actual |l y3anacreases ghe—annunt—et- b+l e i ons
present. Exanple 8 15 Three i nch.waf er W|th 5000 A BPSG
and 3000 A TEGCS were dipped into a sol ution conposed of - 100 ppb
each of sodium potassium calcium and iron. The wafers were dried
with a nitrogen flow The wafers were then cleaved into sections and
then i mersed i i acceidahes with a fiest aspectrof thecpregent ingendion, thewds pronvided

sol ution of Examab@p&smosamme@@xw @heriTEAR rédhel Bbm2Retll dHdie@éctid surfacds) e
tenperature. The Sa@% es Were then renoved, and rinsed in |PA and dried with

a ni eheayeah resiayes haming RespispRlied,ie (AePraKIRNS PrOgesE §IePi MihiogyoPRIRE TRARSY o
X- I ay chefli&s® Effé:&sef?&ﬁ}he chBgicdMetidual @hikh @bmprisat mé&%ﬂoﬂﬂt%n with a pH

BPSG ore after
before  abareeen about 33 aqd@é)@utdi aggdsompigingirent 800 200
2600 90 (a)  amonofunctional, difunctional or trifunctional organic acid having the general
heed formula:
0]
)
R-C-C-OH

|
X

wherein X is -OH. -NHR, -H, -Halogen, -CO2H or -CH,-CO,H, -CHOH-CO;H and R is

hydrogen or an alkyl, aryl, alkaryl or aralkyl group having from 1 1o about 20 carbon atoms:

and
(b) a buffering amount of a quatemary amine, ammonium hydroxide,

hydroxylamine, hydroxylamine salt, hydrazine or hydrazine salt base.

In accordance with a second aspect of the present invention, there is provided

RN a method for removal of chemical residues from a metal or dielectric surface, which

comprises contacting the metal or dielectric surface with an aqueous composition containing
an organic acid and a buffer and having a pH between about 3.5 and about 7 for a time

sufficient to remove the chemical residues

In accordance with a third aspect of the present invention, there is provided
a method for chemical mechanical polishing of a copper surface which comprises

applying an aqueous composition containing an organic acid and a buffer and having a pH
between about 3.5 and about 7 to the copper surface,and polishing the surface in the presence

of the composition.



Sol ution, A D wat er 600 500 2500

-24- ”"I"I ”mu"" wu”"|8 ar eagrgp sﬁﬁgemcge resti-+

obt ai ned, expressed as a per ceht " change of MEN Wrﬁfﬂ&ﬁé’ ase of
the BPSG results, and expressed as 10[er tcms/c erT—t t he case
of the TECS results. Tesults shoy, Ztﬁl% g@@ prpcessed
t hrough the Post Clean 5 Tr eat rrentCL My i on of hnpl e 1 ha
significantly | ower residual netal ions left on t he warer—str fjace.

In summary, the Post Clean Treatnent solution of this_invention is

: fl | d ib
handling L4 GRksfioR Kn:eho Y oF incti RSP Rivh iy SR e e b
basic (> 7chpiri)cabi'aeldusthaive& tken appliedrin Wad‘renoWrB&@esnep,tdmdeoe klopping furtigr t he

]E' ?(r):nozl c[))ln OSSI P?tjf tgécromrmgnkggxfzgérz% 2s, which cor}x?prgsgg zgnl z%?xegu@%oﬁugg %v?thg_}lwl—i ons

between about 3.5 and about 7 and containing:
(a) a monofunctional, difunctional or trifunctional organic acid having the general

formula:

O

= R-C-C-0OH

l
X

wherein X is -OH. -NHR, -H, -Halogen, -CO,H or -CH,-CO,H, -CHOH-CO,H and R is
hydrogen or an alkyl, aryl, alkaryl or aralkyl group having from 1 to about 20 carbon atoms:
and

(b) a buffering amount of a quaternary amine. ammonium hydroxide,

hydroxylamine, hydroxylamine salt, hydrazine or hydrazine salt base.

2.  The composition of claim 1 in which the organic acid is present in an amount of from

about 1 weight percent to about 25 weight percent.

3.  The composition of claim 2 in which the quanenary amine is teramethylammonium

hydroxide or choline.

4.  The composition of claim 1 in which the composition has a pH between about 4 and

about 6.

5.  The composition of claim 4 in which the organic acid is present in an amount of from

about 2 to about 11 weight percent.

6.  The composition of claim 1 additionally comprising:
() a chelation agent which will complex with transition meal ions and mobile

ions.



Treatment solution can be used after pre-diffusion cleans, pre-inplantion
cl eans and pre-deposition cleans under essent lally the sane

chom cai mechani car pol 1 <hi nH[Hl t’W (AT s RGeS LR ca
S

pol i shing solution for copper+Su Lra ess The | nvention
now being fully described, it will be apparent t¢ 4née ¥ DEC 1899 of d nary
skill in the art that many changes and nodifi catijofqs can be nade

thereto without departing fromthe sp2|7r|t or scope of the appended cl ai ns.

7. The composition of claim 6 in which the chelation agent is ethylene diamine

tetraacetic acid. an oxime, 8-hydroxy quinoline, a polyalkylenepolyamine or a crown ether.

8. The composition of claim 1 additionally comprising:
(c) an ammonium peroxydisulfate, peracetic acid. urea hydroperoxide. sodium

percarbonate or sodium perborate oxidizing agent.

9, A method for removal of chemical residues from a metal or dielectric surface, which
comprises contacting the metal or dielectric surface with a composition in accordance with

claim 1 for a time sufficient to remove the chernical residues.

10. A method for chemical mechanical polishing of a copper surface with comprises
applying a composition in accordance with claim 1 to the copper surface. and polishing the

surface in the presence of the composition.

11. A method for removal of chemical residues from a metal or dielectric surface. which

comprises contacting the metal or dielectric surface with an aqueous composition containing
an organic acid and a buffer and having a pH between about 3.5 and about 7 for a time

sufficient to remove the chemical residues

12. The method claim 11in which the agueous composition contains a monofunctional.

difunctional or trifunctional organic acid.

13. The method of claim 11 in which the pH of the aqueous composition is adjusted with
a buffering amount of quaternary amine, ammonium hydroxide, hydroxylamine.

hydroxylamine salt, hydrazine or hydrazine salt base.

14. The method of claim 11 in which the aqueous composition includes a chelation agent

which will complex with transition metal ions and mobile jons.

15. The method of claim 14 in which the chelation agent is ethylene diamine tetraacetic

acid, an oxime. 8-hydroxy quinoline. a polyalkylenepolyamine or a crown ether.
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CLAI V5 1. A conposi ti f chef oIl

di el ectric surfaces, the. cﬂai'rlﬁ@llﬂﬁa gluﬁ havi J@é@éﬁg ) %&Ef‘n
previ ous process step, and t her{chem cal efftect
chem cal residues, which conprises an aqueous snl it Poh DEE 1939 AH et ween
about 3.5 and about 7 and cont ai ni ng: a nonof unctifonal ,

di functional or trifunctional organiLggacid haV| hg t he general forfrrul a:
[err] wherein Xis -OH, -NHR -H -Halogen] -CJerr]lH or '
-CH err]-ad. ermd-lmetrﬁﬁi@ﬂ-cﬂﬁnerm]d-lwhmﬂ the |aau¢waslrcogpeqs1mn melugkek wh oxmlizmg
al karyl or_ar a%,' @H’%ﬁﬁ«? hav %lfro il to about 20 carbon atons; and
(b) a bBSFEY ﬁéw' mg];eaé rﬂﬁ’é & ﬁxgrsy am ne. amoni um hydroxi de,

hydr oxyl am ne, hydroxyl am ne salt, hydrazine or hydrazine salt base.

m netal or
a

17. The method of claim 16 in which the oxidizing agent comprises ammonium
peroxydisulfate, peracetic acid, urea hydroperoxide, sodium percarbonate or sodium

perborate.

18. The method of claim 11 in which the aqueous composition has a pH between about 4

P and about 6.

19. A method for chemical mechanical polishing of a copper surface which comprises
applying an aqueous composition containing an organic acid and a buffer and having a pH
between about 3.5 and about 7 to the copper surface,and polishing the surface in the presence

of the composition.

20. The method of claim 19 in which the aqueous composition contains a

monofunctional, difunctional or trifunctional organic acid.

21. The method of claim 19 in which the pH of the aqueous composition is adjusted with
a buffering amount of a quaternary amine, ammonium hydroxide, hydroxylamine,

o’ hydroxylamine salt, hydrazine or hydrazine salt base.

22. The method of claim 19 in which the aqueous composition includes a chelation agent

which will complex with transition metal ions and mobile ions.

'23. The method of claim 22 in which the chelation agent is ethylene diamine tetraacetic

acid, an oxime, 8-hydroxy quinoline, a polyalkylenepolyamine or a crown ether.

24. The method of claim 19 in which the aqueous composition includes an oxidizing

agent which will maintain metal film oxide layers.

25, The method of claim 24 in which the oxidizing agent comprises ammonium
peroxydisulfate, peracetic acid, urea hydroperoxide, sodium percarbonate or sodium

perborate.
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2. " The conposi tion of claim-d—+fA-which the organic acid is present in an

anount of from about | wei ght about 3.

The conposition of cl ai mgi’“m@‘“ \“mquartengrﬂégeﬁe MEI{E SHEET”

t et ramet hyl anmoni um hyd he conpositirgn pf claiml
in which the conposition nas$ a" pH bet ween about | 4] agd} 1998, The

=z

conposition of claim4 in which the ohganl c aci gl {s present in janf anount of
fromabout 2 to about 11 wei ght perce The conposition gf claim1
addi ti onal by. cdrmrmahdtgof claim 19 if &hich tise atwb\atuomoagmnhasm}& hewietr plovhh| ex

W|thtran5|t| r’getal ions and nobile ions.
an aout

27. The composition of claim 1 in which hydroxylamine is present in the buffering

amount.

28. A composition for removal of chemical residues from metal or dielectric surfaces. the
chemical residues having been applied in a previous process step, and for stopping further

chemical effects from the chemical residues, which comprises an aqueous solution with a pH

between about 3.5 and about 7 and containing:

(a)  a monofunctional, difunctional or trifunctional organic acid selected from the
group consisting of formic, acetic, propionic, n-butyric, isobutyric, benzoic. ascorbic,
gluconic, malic, malonic, oxalic, succinic, tartaric, citric and gallic acids; and

(b) a buffering amount of a quaternary amine, ammonium hydroxide,
hydroxylamine. hydroxylamine salt, hydrazine or hydrazine salt base.

29. The composition of claim 28 in which the organic acid is citric acid.
30. The composition of claim29 in which the composition has a pH between about 4 and
' about 6. ‘

31. The composition of claim 30 in which the citric acid is present in an amount of from

about 2 to about 11 weight percent.

32. The composition of claim 31 in which hydroxylamine is present in the buffering

amount.

33. The composition of claim 28 in which the organic acid is present in an amount of

from about 1 weight percent to about 25 weight percent.

34. The composition of claim 2g additionally comprising:
(¢c) an ammonium peroxydisulfate, peracetic acid, urea hydroperoxide, sodium

percarbonate or sodium perborate oxidizing agent.
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-27- 7. . The conposition of claim 6 in which the chelation agent is
et hyl ene diam ne tetraacetic acid. an oxine,.. 8-hydroxy quinoline, a

Bl i onal 1y compri Sing: Eiﬁm‘mﬁmﬁﬁm lﬂﬁﬁtoni [PREEAER B, ARegT, |
Rl e

peracetic acid, urea hydrop rc r:Ennate Qr sodi %m per bor at e

G

oxi di zing agent. 9. A methodfdr femdval of chepi2d DESsi%8es firom a
metal or dielectric surface. which conprises co ting the netal jor
dielectric surface with a conposition in accordance with claim1 flor a tine
sufficient to renove the chem cal residues. 10. A nethod for_chem cal
mechani cal polishing of a copper surfac®-with conprises applying a
conposition_in cordance with.claim.l to the cqopper surface, and polishing
the surface33n t1E cPPRLH °ft8¥5"f’ﬁ§a@%"‘&ﬂ?@?’ﬁf’@ﬂr}s“%ll. A met hod for renoval
of chemi cal resigues afchelatien BEhewhiRh viil @loaeldd Witk Wahagsh mehl tdhs GAAREdLEES
contacting the netal or dielectric surface with an aqueous conposition

cont ai ni ng ¥®-organic acid and a buffer and having a pH between about 3.5
and about 7 for a tine sufficient to renove the chem cal residues 12. The
met hod claim 11 in which the agueous conposition contains a nonofunctional.
di f uncti onad6.or Theicpmpesitianpiiclaim g5 i whigk the chelatih ageThie ethplenodiaminec] ai m 11
in which t f | j j with a buffering
mount of | anSPEeackd'eh AL SOPARCILE S bR RB ol brd oo !

hydr oxyl am ne salt, hydrazine or hydrazine salt base.




14. The nethod of claim 11 in which the aqueous conposition includes a

chel ati on agent which w | ion netal ions and nobile
i ons. 15. The nethod of cI al ll"

chel ation agent is ethyl ene
di am ne tetraacetic acid, an oxi*ne¢ r@xy qui noline. a

pol yal kyI e ne or a crown et her PCT/US98/02794
- 28- n?ﬁcegaﬁemﬁod of claim 11 |n &vﬂ Epﬁ@q aqueous conposi tion

170 #ﬁism‘i‘?hgé' recatipdbis h%ﬁ Gt %ﬂn‘iﬁ 3258 oni um

di sul fate, é d Dot
Sodt um per bor at o, 168 c%ﬁémf& A6 ﬁf %ﬂ z 2 mypgggLLonat e or
conposi tion has a pH bet wedf"&HB1¢ S adfy ug met hod f or

chem cal mechani cal polishing of a copper surface whi ch conpri ses
L A composition for removal of chemical residues from metal or dielectric surfaces, the

chemical residues having been applied in a previous process step. and for stopping further
chemical effects from the chemical residues. which comprises an aqueous solution with a pH
between about 3.5 and about 7 and containing:

(a) a monofunctional. difunctional or trifunctional organic acid having the general

formula:

l
R-C-C-OH

i
X

wherein X is -OH. -NHR, -H. -Halogen. -CO-H or -CH,-CO,H, -CHOH-CO;H and R is
hydrogen or an alkyl. aryl. alkary! or aralky! group having from 1 to about 20 carbon atoms:
and

(b) a buffering amount of a quatermary amine. ammonium hydroxide.

hydroxylamine. hydroxylamine salt, hydrazine or hydrazine salt base.

Cancel Claim 2.

3. The composition of claim 1 in which the organic acid is present in an amount of from

about |} weight percent 1o about 23 weight percent.

4. The composition of claim 3 in which the quartenary amine is tetramethylammonium

hydroxide or choline.

5. The composition of claim 1 in which the composition has a pH betwezn about 4 and

about 6.

6. The composition of claim 5 in which the organic acid is present in an amount of from

about 2 to about 11 weight percent. " This Sheet Has Been Replaced

() 2 chelation agent which will complex with transition metal ions and mobile
ions. THIS SHEET HAS BEEN
-30- REPLACED
AMENDED SHEET (ARTICLE 19)

7. The composition of claim 1 additionally comprisin




appl yi ng an aqueous conposition containing an organic acid and a buffer and
havi ng a pH between about 3.5 and about 7 to the copper surface, and
polishing the surface in the presemnm i qgposition. 20. The method
of claim19_ in which the aqueousmnm)mmuluﬂﬁﬂmai ns a nonofunctional , .
di funct i onat¥¥P4% uncti onal or gani ctaci d”? $521* The net hod PEF/USP84%419 i n
whi ch the pH of the aqueous conposition is adjusted with a buffering afrount
of a quaternary am ne, ammoni um hydr oxi de, hydroxyl am ne, hydroxyl am ne
azl t,h th;r. azi Mae Odontpositiad i ofeclsiat t7I bgs:ench tlﬂ:2|cheléih>ﬁ aghhasl etfylenk adiamih® in

I ch the aqueous_ conpasition inclydes a chel ati on agent which will conplex
Wi th tr aneTREeE Wi 81 OTiHsS-AYRIOROBIT *qco%gonyalkwepol 106 0F RGEHEEF-af m 22
in which the chelation agent is ethylene diam ne tetraacetic acid, an
oxi me, 8-hydroxy quinoline, a polyal kyl enepol yam ne or a crown ether. 24.
The net hdd of Tokgpmpasitianpiwkired adfisonylyeomprisibgposi ti on i ncl udes an
oxi di zi ng age whi 1) | b Ld: i I .25 5. The
met hod of cl aira%?] 23& prrﬁ%vé#]% the g‘)%’iﬂﬁ éz’?éleégcggéenﬁt%bg%%rlﬁbséggﬁ ?r’r‘%%h?%drwrg
per oxydi gatchebionate peseioet pebereiechxidizinmageptr oper oxi de, sodi um per car bonat e or
sodi um per bor at e.

Cancel Claim 10.

11. A method for removal of chemical residues from a metal or dielectric surface, which
comprises contacting the metal or dielectric surface with a composition in accordance with

claim 1 for a time sufficient to remove the chemical residues.

12. A method for chemical mechanical polishing of a copper surface with comprises
applying a composition in accordance with claim 1 to the copper surface. and polishing the

surface in the presence of the composition.

13. A method for removal of chemical residues from a metal or dielectric surface. which
comprises contacting the metal or dielectric surface with an aqueous composition having a

pH between about 3.5 and about 7 for a time sufficient to remove the chemical residues.

14.  The method claim 13 in which the aqueous composition contains a monofunctional.
difunctional or trifunctional organic acid.

15.  The method of claim 13 in which the pH of the aqueous composition is adjusted with
a buffering amount of quaternary armine, ammonium hydroxide, hydroxyvlamine.

hydroxylamine salt. hvdrazine or hydrazine salt base.

16.  The method of claim 13 in which the agueous composition includes a chelation agent

which will complex with transition metal ions and mobile 1ons.

17.  The method of claim 16 in which the chelation agent is ethylene diamine tetraacetic

acid, an oxime. 8-hydroxy quinoline. a polyalkylenepolyamine or a crown ether.

THIS SHEET HAS BEEN

This Sheet Has Been Replaced -31_ REPLACED

EN AR

AMENDED SHEET (ARTICLE 19)



-29- 26. The nethod of claim 19 Ln which the aqueous conposition has a pH
bet ween bout 4 and about 6. The conposition of cI aiml in which

hydroxyl am ne is present in the b ,m A conposition for
removal’ of chem cal resi dues fro m\l’mmﬂﬂwrmf' c surfaces. the

cheni cal re¥iR#¢MEavi ng been appl ted it a#previous process FITAI8azT4f or
stopping further chemcal effects fromthe chem cal residues, which
conprises an aqueous solution with a pH between about 3.5 and about 7 and
contai ni NG The meth8d of CPaI,HDl'},OfnU\QﬁM] 2L uegﬁsf w?xg:%ols?gﬁlmc?udeg ra'nfolg(g 1£1Ing nal
organic acid selected fromthe group cons stin

pr opi oni cagem-\bmc!ywﬂbmam@abmmy}ﬁlm oXidmliaydrs. ascorbic, gl uconi ¢, mal I C,

mal oni ¢, oxalic, succinic, tartaric, citric and gal lic acids; and _

(b) a buffering amount of a quaternary armine, amonium hydroxide,
hydr oxyl aifi. ne. They chethogt| afiriclain SE8 tin whick alid RRIdMind \géAZéonprEad ambdmfim  29.
The conposi t f cam28| whi ch the organic_acid is citric acid. 30.

The corrpoosem’ﬁygﬁmg e, PRRRPS AH Wrﬁrfi‘f*hh%’ QPEBAG s FediuR PEIcarbongly 19t $RdEHn about
4 and abagi¢tboRate.

20.  The method of claim 13 in which the aqueous composition has a pH between about 4

and about 6.

21. A method for chemical mechanical polishing of a copper surface which comprises
applying an aqueous composition having a pH between about 3.5 and about 7 to the copper

surface. and polishing the surface in the presence of the composition. -

22, The method of claim 21 in which the aqueous composition contains a

monofunctional, difunctional or trifunctional organic acid.

23.  The method of claim 21 in which the pH of the aqueous composition is adjusted with
a buffering amount of a quaternary amine. ammonium hydroxide. hydroxylamine,

hydroxylamine salt. hydrazine or hydrazine salt base.

24. The method of claim 21 in which the aqueous composition includes a chelation agent

which will complex with transition metal ions and mobile ions.

25, The method of claim 24 in which the chelation agent is ethylene diamine tetraacetic

acid. an oxime. 8-hydroxy quinoline. a polyalkylenepolyamine or a crown ether.

26.  The method of claim 21 in which the aqueous composition includes an oxidizing

agent which will maintain metal film oxide layers.

27.  The method of claim 26 in which the oxidizing agent comprises ammonium
peroxydisulfate, peracetic acid, urea hydroperoxide. sodium percarbonate or sodium

perborate.
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31. The conposition of claim3Q_in which the citric acid is present in an
anount of from about 2 to about 11 wei ght percent. 32. The conposition of

claim 31 in which hydroxyl an ne l[e buf fering amount. 33.
The conposition of claim28 in \“mm mm‘u) @Hl acid is present gp
anount of fVOMBEEM5t | wei ght perceht %o "abdut*25 weight per EERT 598’02 #  The
conposition of claim28 additionally conprising: (c) an anmoni-um

peroxydi sul fate, peracetic acid, urea hydroperoxi de, sodi um percarbonate or

sodi um pegdor atie Methét &f digmadyeitwhich the aqueous composition has a pH between about 4
-30- 35. The conposition of claim?28 additionally conprising: (c
a chel atlmﬁiﬂ&@@rﬁ- which will conplex with transition netal ions and nobil

)
e
29.  The composition of claim 1 in which hydroxylamine is present in the buffering

amount,

30. A composition for removal of chemical residues from metal or dielectric surfaces. the
chemical residues having been applied in a previous process step, and for stopping further
chemical effects from the chemical residues, which comprises an aqueous solution with a pH
between about 3.5 and about 7 and containing:

(a) a monofunctional, difunctional or trifunctional organic acid selected from the
group consisting of formic, acetic, propionic, n-butyric, isobutyric, benzoic. ascorbic,

gluconic, malic. malonic. oxalic, succinic. tartaric, citric and gallic actds: and

(b) a buffering amount of a quaternary amine, ammonium hydroxide,

hydroxylamine. hydroxylamine salt, hydrazine or hydrazine salt base.
31.  The composition of claim 30 in which the organic acid is citric acid.

32.  The composition of claim 31 in which the composition has a pH between about 4 and

about 6.

33.  The composition of claim 32 in which the citric acid is present in an amount of from

about 2 to about 11 weight percent.

34.  The composition of claim 33 in which hydroxylamine is present in the buffering

amount.

35.  The composition of claim 30 in which the organic acid is present in an amount of

from about 1 weight percent to about 25 weight percent.

36.  The composition of claim 30 additionally comprising:
(c) an ammonium peroxydisulfate, peracetic acid, urea hydroperoxide, sodium
percarbonate or sodium perborate oxidizing agent.
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| ons. 36. The conposition of claim35 in which the chelation agent is
et hyl ene di am ne tetraaceric acid, an oxine, 8-hydroxy quinoline, a
pol yal kyl ene pol yanmi ne or a crown et her.

WO 98/36045 PCT/US98/02794

-

37.  The composition of claim 30 additionally comprising:

(c)  a chelation agent which will complex with transition metal ions and mobile

ons.,

38.  The composition of claim 37 in which the chelation agent is ethylene diamine

tetraacetic acid, an oxime, 8-hydroxy quinoline, a polyalkylene polyamine or a crown ether.--
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