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cl eani ng sem conductor substrates after chem ca

mechani cal polishing and planarization, including the

renmoval of copper residues and oxi des, abrasive

particles and organic residues. Related Art Chem cal

mechani cal polishing or planarization (CVWP) is a
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typically involve rotating the semiconductor substrate against a wetted polishing
surface under controlled conditions. The chemical polishing agent includes a
slurry of an abrasive material (e.g., alumina or silica) and other chemical

compounds that interact with the substrate surface during the CMP process.

While CMP is effective in planarizing a substrate surface, this process leaves
contaminants at the surface, requiring the application of post CMP cleaning
solutions to remove such contaminating residues. For example, copper residues
on low k films can degrade the dielectric properties of such films, while other
particles from the CMP process can increase the contact resistance, limit the
conductivity of the interconnect material and lead to poor adhesion of overlying
layers. Therefore, such particles or residues must be removed from the substrate

surface in a post CMP cleaning process.
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the devices on semiconductor substrates continues to decrease, the amount of

acceptable material loss on the substrate due to the post CMP cleaning process
is also decreased. Therefore, the use of highly corrosive chemistries that clean
by copper or oxide dissolution or the use of fluorides that clean by oxide etching
becomes less desirable, while the use of gentler cleaning chemistries using

organic acids becomes more desirable.

However, a problem with cleaning chemistries employing organic acids or salts
thereof is that such organic acids are subject to biological growth, which can

result in a reduction in the effectiveness of the cleaning chemistry.
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The cleaning solutions described herein can be contacted with a surface of a
semiconductor component to effectively clean the component surface while

inhibiting or preventing microbial growth within the cleaning solutions.

The above and still further features and advantages will become apparent upon
consideration of the following detailed description of specific embodiments

thereof.

Detailed Description
Cleaning chemistries or solutions that are effective for cleaning substrate
surfaces that include metal debris and other contaminants include at least one
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w t hout
Organic amine compounds that are suitable for use in the cleaning solutions are

those that are capable of breaking down and/or removing organic residues from
the surface. Exemplary organic amine compounds that are effective in
combination with the organic acids of the cleaning solutions include, without
limitation, primary, secondary or tertiary aliphatic amines such as methylamine,
dimethylamine, trimethylamine, ethylamine, diethylamine, triethylamine, and
alkanolamines (e.g., monoethanolamine, diethanolamine, aminosthanolamine,
triethanolamine, isopropanolamine, diisopropanolamine, triisopropanolamine,
(aminoethylamino)ethanol, etc.), aromatic amines, heterocyclic amines, and
mixtures thereof,
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cl eaning solutions preferably include one or nore
organi ¢ aci ds noted above as cl eaning agents in

cormmpusahé eBanihg Bolatiensqireferably intigad bee acinds: ergamid acids noted
above as cleaning agents in combination with one or more organic acids noted
above as preservatives. The one or more organic acids that serve as cleaning
agents are preferably provided in the cleaning solution in a greater concentration
in comparison to the one or more organic acids that serve as preservatives.

The cleaning solutions can further include any conventional and/or other types of
suitable additives (e.g., surfactants, sticking agents such as polyethylene glycol
or polypropylene glycol, etc.) that enhance the performance and effect of the
cleaning solutions. For example, any one or more suitable types of surfactants,
such as non-ionic, anionic, cationic, zwitterionic and/or amphoteric surfactants,
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above as preservatives. The one or nore organi c acids
that serve as cl eaning agents are preferably provided
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a diluted cleaning solution includes from about 0.05%

to akPerably, a gt(oted cleaning solution includes from about 0.05% to about 0.5%
by weight of one or more organic acid cleaning compounds (e.g., Gitric acid
and/or oxalic acid), from about 0.005% to about 0.05% by weight of one or more
preservative compounds (e.g., salicylic acid), and about 0.015% to about 0.15%
by weight of one or more organic amine compounds (e.g., isopropanolamine

and/or triethanolamine) in deionized water. -

In one exemplary embodiment, a cleaning solution includes from about 10-15%
by weight of citric acid, from about 0-5% by weight of tartaric acid, from about 0-
2% by weight of salicylic acid, and from about 0-5% by weight of
isopropanolamine in deionized water, This solution can be diluted about 20 - 100
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c gelive et oL PERMERE R TG S B LR SE Ry g operand

yi @dp%ehbﬁ&\é desidues, as well as other residues, from a substrate surface. In
addition, the moderate pH value of the organic acid or acids in the cleaning
solutions prevents excessive copper oxidation and dissolution. The one or more
preservative compounds further inhibit or prevent microbial growth or microbial
activity in the cleaning solutions, which enhance the effectiveness and longevity
of the cleaning solutions prior to and during use in Post CMP or other cleaning
operations. For example, when salicylic acid is provided as a preservative with a
cleaning agent such as citric acid in a cleaning solution and at the concentration

ranges as noted above, the salicylic acid protects the citrate based solution by

inhibiting or preventing microbial growth.
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surfaces. Having described novel cleaning solutions

i n@sqafingg Pt s @ppandedelai®mapounds for post CVP cl eani ng
processes and correspondi ng net hods for cleaning

sem conduct or conponent surfaces with such sol utions,
it is believed that other nodifications, variations
and changes will be suggested to those skilled in the
art in view of the teachings set forth herein. It is
therefore to be understood that all such variations,
nodi fications and changes are believed to fall Wi t hi n
the scope as defined by the appended clains.d ains: 1.
A cl eaning solution conprising: at |east one cleaning
agent conprising an organic acid conpound; at | east
one preservative conpound that substantially mnimzes
or prevents mcrobial growth in the cleaning solution;
and at | east one am ne conpound.



2. The solution of claim1l1l, wherein the pH of the
solution is in the range fromabout 2 to about 7. 3.
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solution is no greater than about 5. 4. The sol ution
of claim1l, wherein the at | east one cleaning agent is
sel ected fromthe group consisting of citric acid,
ox@ldimsacid, tartaric acid, succinic acid gluconic

aci d, lic ' heni .d. maleic acid, giutaric
aci d, ;ﬁﬁmrlp\é%?éggling'%}] ]an%Q&g’P%Eg't hereof. 5. The
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acid, ang rrlxtures thereof, 6. The solution of claim
1, wherdi5est 42 LBINGEPBROIME | udes from about 2.5%t o
about 25% by wei ght of the at |east one cl eani ng agent

in the solutjon, fro hout 0.25%to, about 2. 5% by
wei ght of t hbe 5?'“&%&07%'??& : &8‘85‘?@? the{ethe ﬁ‘ﬁHﬁ‘?{H’si"hthe
t heange el abbut 26slabgem about 1. 0% to about 10% by

wei ght of the at | east one organic am ne conpound in
the solution. 7. The solution of claim1, wherein the
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wei ght of the at |east one cl eaning agent in

sofha@hiabAut §r om about 0. 005%to about 0.05% by wei ght

of the at |east one preservativeconpound in the

solution, and from about 0.015%to about 0.15% by ‘
wei ght %bf t ihBe aplutiengiclaime!, ahgeain theatlanst ermpleamen agent is
t h%lé&é&‘%ﬁ&”{he grou NOnSiglind dXriChci§) Ao doid W& é&:i&, Reccinic
at least one cleahing agent conprises citric acid, and
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ThSciﬁ%QHiﬁUregfth&rla&j m 8, wherein at | east one am ne
conpound conprises at |east one of isopropanol an ne

and triethanol am ne. 10. The solution of claim?9,

wher el n5't heTﬁé sglﬁﬁgﬁ opcge(\a’lmcz{, %%Léfrgth%ga% rl]etast one preservative
compound is selected from the group consisting of salicylic acid, benzoic acid,
sorbic acid, formic acid, acetic acid, lactic acid, propionic acid, and mixtures

thereof.

6. The solution of claim 1, wherein the solution includes from about
2.5% to about 25% by weight of the at least one cleaning agent in the solution,
from about 0.25% to about 2,5% by weight of the at least one preservative
compound in the solution, and from about 1.0% to about 10% by weight of the at
least one organic amine compound in the solution.

7. The solution of claim 1, wherein the solution includes from about
0.05% to about 0.5% by weight of the at least one cleaning agent in the solution,
from about 0.005% to about 0.05% by weight of the at least one preservative



i ncl udes from about 10-15% by weight of citric acid
and from about 0-5% by weight of tartaric acid in the
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i ncl udes from about 0-2% by wei ght of saiicyiic acid
in the solution, and the at | east one organi c am ne
conpound i ncl udes from about 0-5% by wei ght of
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conpri sing: provi a cl eaning so I'oh conpri sing
at | east one cl eaning agent including an organic acid
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conpound; and contacting a surface of the

sem conduct or conponent with the cl eaning sol ution.

12. The9.net i sofutioh af chailrils, witeesie iatlchiieongtintifie tb@pound

e ffbs e AF of SRS B B BOE < ut on

iS no greater than about 5. 14. The nethod of claim
ent

11, whe Ies one cl eanin ,
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f@sgvatlve conpound is selected fromthe
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acigéprd‘p@habﬁ“@qh%e sfiglonc acid, lactic acid, propionic
acid, and m xtures thereof. 16. The net hod of claim

15, further conprising: prior to contacting the

surfaceiof tReHBLEOBINAS 8serRBRANEHN codoReh Bre method

comprising:

providing a cleaning solution comprising at least one cleaning agent
including an organic acid compound, at least one preservative compound that
substantially minimizes or prevents microbial growth in the cleaning solution, and
at least one amine compound; and

contacting a surface of the semiconductor component with the cleaning
solution.

12. The method of claim 11, wherein the pH of the solution is in the
range from about 2 to about 7.

13. The method of claim 11, wherein the pH of the solution is no greater
than about 5.

14. The method of claim 11, wherein the at least one cleaning agent is
selected from the group consisting of citric acid, oxalic acid, tartaric acid, succinic



cl eaning solution, diluting the cleaning solution from
about 20 tines to about 100 tinme with dei oni zed water

weualt/tierad t he dil uted cl eani ng sol ution i ncl udes/1B200TV00605
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about 0.05%to about 0.5% by wei ght of the at | east
one cl eani ng agent in the sol Ufion, from about 0.005%

to a@?éj 05% f the at | east one ,
or Gel e eeR A B, nefonic 2, Malein oo Gl R AR umeri
0. Gthlarndanixhees th@rebh % by wei ght of the at |east one
organi c am ne conpound in the solution. 17. The net hod
of claim1l, wherein the at | east one cl eani ng agent

corrpr i S¢5. CitHd Mieth6l of CIQiHP'M %e%,ﬁ&@raf%dsvsnec%@@waﬁbe
nBrlses salicylic acid . The meth of claiml
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nmet hod of claim 18, wherein t st one cleani ng
agde®fcl udes from about 10- 15% by wei ght of citric
acid and about 0-5% by weight of tartaric acid in the
solution, the at |east one preservative conpound

i ncl udedf r dieaBetied of tsisrhip, festhehtoroprisiag: i cyl i ¢ aci d

o B8Pt S5 o R By i
i sg&aﬁlﬁ'ﬁﬁ@lt@ﬁm redluting hhh@l&aolngtspblnon from about 20 times to about 100
time with deionized water such that the diluted cleaning solution includes from
about 0.05% to about 0.5% by weight of the at least one cleaning agent in the

solution, from about 0.005% to about 0.05% by weight of the at least one
preservative compound in the solution, and from about 0.015% to about 0.15%

by weight of the at least one organic amine compound in the solution.

17. The method of claim 11, wherein the at least one cleaning agent
comprises citric acid, and the preservative compound comprises salicylic acid

18.  The method of claim 17, wherein at least one amine compound
comprises at least one of isopropanolamine and triethanolamine.

19.  The method of claim 18, wherein the at least one cleaning agent
includes from about 10-15% by weight of citric acid and about 0-5% by weight of
tartaric acid in the solution, the at least one preservative compound includes from
about 0-2% by weight of salicylic acid in the solution, and the at least one organic

amine compound includes from about 0-5% by weight of isopropanolamine in the
solution.



