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METHODS OF POST CHEMICAL 
MECHANICAL POLISHING AND WAFER 

CLEANING USING AMIDOXIME 
COMPOSITIONS 

CROSS-REFERENCE TO ELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 61/000,727, ?led Oct. 29, 2007, and 
US. Provisional Application No. 61/006,225, ?led Dec. 31, 
2007, both of Which are incorporated herein by reference in 
their entirety. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to compositions and 
methods for removal of chemical residues from metal or 
dielectric surfaces or for chemical mechanical polishing of a 
copper or aluminum surface including an aqueous solution 
comprising an amidoxime complex applied for a time su?i 
cient to remove the chemical residues. 
[0003] The National Technology Roadmap for the Semi 
conductor Industries (1994) indicated that the current com 
puter chips With 0.35 micron feature siZes Will be reduced to 
0.18 micron feature siZe in 2001. The DRAM chip Will have 
a memory of 1 gigabit, and typical CPU Will have 13 million 
transistors per cm2 (currently they only contain about 4 mil 
lion). The number of metal layers (the “Wires”) Will increase 
from the current 2-3 to 5-6 and the operating frequency, Which 
is currently 200 MHZ, Will increase, for example, to 500 ME. 
This Will increase the need for a three dimensional construc 
tion on the Wafer chip to reduce delays of the electrical sig 
nals. Currently there are about 840 meters of “Wires”/chip, 
but With progressed needs (Without any signi?cant design 
changes) the typical chip Would need 10,000 or more meters 
of Wire. This length of Wire Would severely compromise the 
chip’s speed performance Without design changes. 
[0004] The manufacturing of electronic Wafer chips 
involves a step Wherein semiconductor Work-pieces are 
cleaned With a liquid solution during or after Chemical 
Mechanical PlanariZation (CMP). A “semiconductor Work 
piece” is a microelectronic device, Which has not completed 
the fabrication process, typically a silicon Wafer With active 
regions formed in or on the surface of the silicon Wafer. 
Connections to the active regions are made using multiple 
layers of metal, typically copper and tungsten, Which has 
been deposited on the silicon substrate. When copper is used 
as the interconnect material, a damascene process is used 
Whereby the copper is deposited into lines etched into the 
inter-layer dielectric and then the excess copper is removed 
and the surface planariZed using a CMP process, folloWed by 
a cleaning step. The goal of the cleaning process (“Post-C 
cleaning”) is to remove residues left by the CMP step from the 
semiconductor Work-piece surface Without signi?cantly etch 
ing the metal, leaving deposits on the surface, or imparting 
signi?cant organic (such as carbon) contamination to the 
semiconductor Work-piece. Furthermore, it is desirable to 
protect the metal surfaces from corrosion by various mecha 
nisms such as chemical etching, galvanic corrosion or photo 
induced corrosion. Corrosion of the metal surfaces results in 
metal recess and thinning of the metal lines. Acidic cleaning 
solutions are often quite e?icient at removing organic con 
tamination from the Wafer surface and complexing residual 
copper. Thus, it is desirable to have a cleaning solution that is 
effective in the moderate to loW pH regime. Acidic chemis 
tries are typically utiliZed in a brush scrubber or megasonic 
cleaning unit for Post-CMP cleaning. 
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[0005] A cleaning solution may contain various chemicals 
that perform different functions during the cleaning process. 
A cleaning solution must contain a “cleaning agent.” A 
“cleaning agent” is the component of solution that removes 
residual CMP slurry particles, typically particles of metal, 
from the surface of the semiconductor Work-piece. A cleaning 
solution may also contain “chelating agents,” “corrosion 
inhibiting compounds,” and/ or “surface-active agents.” A 
“chelating agent” helps prevent re-deposition of removed 
metal onto the semiconductor Work-piece by complexing the 
metal in the cleaning solution. A “corrosion-inhibiting com 
pound” is the component of the cleaning solution that protects 
the metal surface from attack by mechanisms such as the 
aggressive nature of the cleaning solution, oxidation, post 
cleaning corrosion, galvanic attack, or photo-induced attack. 
A “surface-active agent” is a component of the cleaning solu 
tion that modi?es the Wetting characteristics and prevents 
Watermark formation. 

[0006] US. Pat. Nos. 6,194,366, 6,200,947, 6,436,302, 
6,492,308, 6,546,939, 6,673,757 and US. Patent Publication 
2001/0004633 disclose information relevant to Post-CMP 
cleaning solutions. HoWever, these references suffer from one 
or more of the disadvantages discussed beloW. Indeed, there 
has been a long felt need in the industry for cleaning solutions 
that address these disadvantages such that the solutions do not 
suffer from one or more of these disadvantages. 

[0007] It is highly advantageous to use a cleaning solution 
protect the metal surfaces of the semiconductor device from 
having a high static etch rate and from oxidation of the metal 
surfaces by forming a protective ?lm on the surface. The 
metal surfaces of the semiconductor Work-piece are typically 
copper and form the conducting paths of the semiconductor 
Wafer. Due to the very small siZe of features on semiconductor 
Wafers, the metal lines are as thin as possible While still 
carrying the desired electric current. Any oxidation or corro 
sion on the surface or recess of the metal causes thinning of 
the lines (dissolution) and results in poor performance or 
failure of the semiconductor device. Therefore, it is important 
to protect the metal surfaces from corrosion by forming a 
suitable corrosion resistant ?lm on the surface of the metal. 
Many cleaning solutions available in the art do not provide a 
?lm forming agent, and thus suffer from a high static etch rate 
and/or high RMS value. 
[0008] The cleaning solution’s corrosion preventing abili 
ties are quanti?ed by measuring the static etch rate or the 
surface roughness (quanti?ed by RMS, root mean square, 
value) of a metal surface that has been cleaned With the 
subject solution. A high static etch rate indicates dissolution 
of the metal surface is occurring. A high RMS value indicates 
a rough surface caused by attack of the metal. An effective 
protective ?lm reduces the corrosion of the metal as indicated 
by static etch rate and RMS values after cleaning. The corro 
sion resistance of a cleaning solution can also be directly 
measured using electrochemical means knoWn to those 
skilled in the art. 

[0009] One preferred method of protecting the metal sur 
face from oxidation corrosion is by passivating the metal 
surface after or during cleaning. Some existing acidic clean 
ing chemistries do not passivate the metal, resulting in corro 
sion during and after the cleaning step by oxidation of the 
metal surface. 

[0010] It is also desirable to clean and protect the semicon 
ductor surface in a single step. PlanariZing a Wafer surface 
usually includes a cleaning step folloWed by an additional 
step of rinsing With Water or an inhibitor solution. Some 
rinsing agents can leave deposits on the surface of the Work 
piece, thus contaminating the Wafer. Adding a second step is 
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also a drawback due to the fact that it lengthens the manufac 
turing process, complicates the process by having to handle 
more chemicals and more steps, and provides one more pos 
sible source of contamination or other quality control prob 
lems. Clearly, a process that cleans and protects the surface of 
the semiconductor Work-piece is desirable. 
[0011] The ability of the cleaning chemistry to remove 
residual metals and retain them in the cleaning solution is also 
an important characteristic of a Post-CMP cleaning solution. 
Chemicals that can complex the residual metals in the clean 
ing solution are effective cleaning solutions because the 
residual metals are not re-deposited on the semiconductor 
Work-piece after they are removed. These complexing chemi 
cals are referred to as “chelating agents.” Cleaning solutions 
using chemistry that cannot complex the residual metals typi 
cally perform poorly at the desired cleaning task. Thus, it is 
desirable to have a cleaning solution capable of removing and 
complexing the dissolved metal in the cleaning solution. 
[0012] Another common problem With cleaning semicon 
ductor surfaces is the deposition of contaminants on the sur 
face of the semiconductor device. Any cleaning solutions that 
deposit even a feW molecules of undesirable composition, 
such as carbon, Will adversely affect the performance of the 
semiconductor device. Cleaning solutions that require a rins 
ing step can also result in depositing contaminants on the 
surface. Thus, it is desirable to use a cleaning chemistry that 
is Will leave little to no residue on the semiconductor surface. 

[0013] It may also be desirable to have a surface Wetting 
agent in the cleaning solution. Surface Wetting agents prevent 
contamination of the semiconductor Work-piece by helping to 
stop spotting of the surface caused by droplets clinging to the 
surface, Spotting (also called Watermarks) on the surface can 
saturate metrology tools that measure light point defects, thus 
masking defects in the semiconductor Work-piece. 
[0014] As indicated above, the available cleaning solutions 
do not adequately meet all of the requirements of post-CMP 
cleaning. The chemistry of the current invention makes use of 
multiple additives to provide a solution that is not sensitive to 
oxygen, removes particles ef?ciently, removes metal from the 
dielectric surface, is in the neutral to loW pH range, protects 
the metal from corrosion and dissolution, and does not con 
taminate the semi conductor surface. 
[0015] In some cases, the biodegradability is also unsatis 
factory. Thus, EDTA proves to have inadequate biodegrad 
ability in conventional tests, as does PDTA or HPDTA and 
corresponding aminomethylenephosphonates Which, more 
over, are often undesirable because of their phosphorus con 
tent. Phosphorus is also a dopant in semiconductor devices, 
therefore it is desirable to have CMP and post-CMP cleaning 
solutions With non-phosphor containing compounds. 
[0016] Further, most formulations being used in post-CMP 
cleaning, and other semiconductor applications, contain com 
plexing agents, sometimes called chelating agents. Much 
metal-chelating functionality is knoWn, a metal ion being 
attached by coordination links to tWo or more nonmetal atoms 
(ligands) in the same molecule. Heterocyclic rings are formed 
With the central (metal) atom as part of each ring. When the 
complex becomes more soluble in the solution, it functions as 
a cleaning process. If the complexed product is not soluble in 
the solution, it becomes a passivating agent by forming an 
insoluble ?lm on top of the metal surface. The current com 
plexing agents in use, such as, glycolic acid, glyoxylic acid, 
lactic acid, phosphonic acid, are acidic in nature and have a 
tendency to attack the residue and remove both metals and 
metal oxides, such as copper and copper oxide. This presents 
a problem for formulators Where a chelating function is 
sought but only selectively to metal oxide and not the metal 
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itself, e. g. in an application involving metal, such as copper. 
Accordingly, there is a need for complexing agents that are 
not aggressive toWard metal substrates, While effectively pro 
viding for the chelation of metal ions residue created during 
the manufacturing processes. 
[0017] The present invention addresses these problems. 

SUMMARY OF THE INVENTION 

[0018] The present invention provides a method of solving 
one or more of the folloWing problems common With prior art 
compositions and methods: reducing or eliminating corro 
sion problems; eliminating substantial use of ?ammable sol 
vents; eliminating SARA Title III chemistries; and loWering 
mobile and transition metal ions. 
[0019] One embodiment, in accordance With the present 
invention, is a method for the removal of residues from metal 
or dielectric surfaces after chemical mechanical polishing 
(commonly refers to post CMP clean or PCMP) of a copper or 
aluminum surface using an aqueous solution comprising at 
least one compound With one or more amidoxime functional 
groups. Such compound is believed to act as a chelating 
compound. The composition optionally contains a basic com 
pound, and optionally an acid. 
[0020] pH 
[0021] Another embodiment, in accordance With the 
present invention, is a method of chemical mechanical pol 
ishing a copper or aluminum surface by applying the above 
composition to the copper or aluminum surface, and polish 
ing the surface in the presence of the composition. In a pre 
ferred embodiment, the copper or aluminum surface is chemi 
cal mechanical polished by applying an aqueous composition 
having a pH betWeen about 3 and about 10 to the copper or 
aluminum surface, and polishing the surface in the presence 
of the composition. 
[0022] The invention also relates to a method for removal of 
chemical residues from a metal or dielectric surface after 
chemical mechanical polishing, by contacting the metal or 
dielectric surface With an aqueous composition having a pH 
betWeen about 2 and about 1 l for a time suf?cient to remove 
the chemical residues. 
[0023] In another embodiment, the invention relates to a 
method for chemical mechanical polishing of a copper sur 
face by applying an aqueous composition having a pH 
betWeen about 3.7 and about 7 to the copper surface, and 
polishing the surface in the presence of the composition. 
Surprisingly, the formulations of the present invention are 
effective in both an acidic and basic pH range, alloWing for 
customiZation of the pH based on the needs of the application, 
not on the effectiveness of the CMP or post-CMP cleaning 
compositions. 
[0024] In another embodiment, the invention relates to 
method for the chemical mechanical polishing of an alumi 
num surface by applying an aqueous composition having a 
pH betWeen about 3.7 and about 7 to the aluminum surface, 
and polishing the surface in the presence of the composition. 
[0025] Organic Acid and/ or Basic Component 
[0026] In embodiments of the present invention, the aque 
ous composition may include: a) a monofunctional, difunc 
tional or trifunctional organic acid; and/or b) a buffering 
amount of one or more basic compounds selected from qua 
temary amines, hydroxylamine, hydroxylamine derivatives 
(including salts), hydraZine or hydraZine salt base, ammo 
nium compounds, and one or more alkanolamines. 
[0027] In another embodiment, the composition contains at 
least one alkaline (basic) compound that is an alkanolamine. 
Preferred alkanolamines are monoethanolamine, 2-(2-hy 
droxylethylamino)ethanol, 2-(2-aminoethoxy)ethanol N,N, 
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N-tris(2-hydroxyethyl)-ammonia, isopropanolamine, 
3 -amino-1-propanol, 2-amino-1-propanol, 2-(N-methylami 
noethanol, 2-(2-aminoethylamino)ethanol, tris(hydroxym 
ethyl)aminoethane and mixtures thereof. 
[0028] Suitable organic acids include methanesulfonic 
acid, oxalic acid, lactic acid, citric acid, xylenesulfonic acid, 
toluenesulfonic acid, formic acid, tartaric acid, propionic 
acid, benZoic acid, ascorbic acid, gluconic acid, malic acid, 
malonic acid, succinic acid, gallic acid, butyric acid, tri?uo 
racetic acid, glycolic, and mixtures thereof. 
[0029] Chelating Agent 
[003 0] In another alternative or additional embodiment, the 
aqueous composition can include a chelation agent that Will 
complex With transition metal ions and mobile ions. In a 
preferred embodiment, the chelation agent includes ethylene 
diamine tetraacetic acid (EDTA), an oxime, 8-hydroxy quino 
line, a polyalkylenepolyamine or croWn ether. 

[0031] OxidiZing Agent 
[0032] In another alternative or additional embodiment, the 
aqueous composition can include an oxidiZing agent that Will 
maintain metal ?lm oxide layers. In a preferred embodiment, 
the oxidiZing agent includes ammonium peroxydisulfate, per 
acetic acid, urea hydroperoxide, sodium percarbonate or 
sodium perborate. The cleaning agents of the current inven 
tion are also chelating agents. The cleaning action of the 
current invention e?iciently removes residual particles from 
the surface of the semiconductor Work-piece and also com 
plexes the metal that is removed in solution. Thus the cleaning 
ef?ciency is improved by presenting metal from re-deposit 
ing on the semiconductor Work-piece surface. 
[0033] The corrosion-inhibiting compound of the current 
invention protects the metal of the semiconductor Work-piece 
from oxidation, and corrosion. The corrosion-inhibiting com 
pounds are effective at forming a ?lm on the metal of the 
semiconductor Work-piece that protects metal surfaces from 
chemical, galvanic and photo-induced attack during and after 
the cleaning step. One preferred embodiment forms a protec 
tive ?lm by reducing the surface of the metal. By protecting 
the metal surface from attack, the metal retains its desired 
thickness and electrical carrying capacity. The cleaning solu 
tion of the current invention is not highly sensitive to oxygen 
because it does not contain any oxygen sensitive compounds. 
Because the cleaning solution is not highly sensitive to oxy 
gen the performance of the cleaning solution is not affected 
by the presence of air in the cleaning equipment. Thus, the 
cleaning solution of the current invention can be used Without 
extra precautions to purge the storage, transfer and cleaning 
equipment of essentially all air. 
[0034] The cleaning solution of the current invention cleans 
the semiconductor Work-piece and forms a corrosion-inhib 
iting ?lm on the metal surfaces in the same step. Because the 
cleaning and corrosion inhibiting is accomplished in a single 
step, there is less likelihood of accidental contamination by 
handling a completely separate solution. Furthermore, valu 
able processing time is saved by not having to add an addi 
tional inhibiting step. Some preferred embodiments of the 
cleaning solution include a surface-active agent, also referred 
to as a surface-Wetting agent. The surface-active agent helps 
prevent spotting (Watermarks) on the surface that can be a 
source of contamination or hide defects in the semiconductor 
Work-piece. 
[0035] Post CMP Cleaner 
[0036] One embodiment of the present invention involves 
the use of an aqueous composition comprising an amidoxime 
compound containing one or more amidoxime functional 
group in a semiconductor application Wherein the amidoxime 
compound complexes With metal (or metal oxide) on a sur 
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face, in a residue, or both. Optionally, the composition con 
tains one or more organic solvents. Optionally, the composi 
tion contains one or more surfactants. Optionally, the 
composition contains one or more additional compounds that 
contain functional groups Which complex or chelate With 
metals or metal oxides. Optionally, the composition contains 
a compound Which has oxidation and reduction potentials, 
such as a hydroxylamine or hydroxylamine derivative, such 
as a salt, and hydrogen peroxide. 
[0037] The composition may contain from about 0.1% to 
about 99.9% Water and from about 0.01% to about 99.9% of 
one or more compounds With one or more amidoxime func 

tional groups. 
[0038] The composition may also include a surfactant. 
[0039] The methods of the present invention may also use 
compositions that are substantially free from ?uoride-con 
taining compounds, acid compounds, organic solvents, 
alkanolamines, quaternary ammonium compounds, hydroxy 
lamine and hydroxylamine derivatives, non-hydroxyl-con 
taining amines, alkanolamines, none amidoxime group 
chelating agents, and surfactants. 
[0040] The compositions herein may contain substantially 
no additional components. 
[0041] A preferred source of the amidoxime group is from 
a nitrile compound that is derived from the cyanoethylation of 
a compound selected from the group consisting of sugar 
alcohols, hydroxy acids, sugar acids, monomeric polyols, 
polyhydric alcohols, glycol ethers, polymeric polyols, poly 
ethylene glycols, polypropylene glycols, amines, amides, 
imides, amino alcohols, and synthetic polymers. 
[0042] The reaction of nitrile-containing compounds With 
hydroxylamine are as folloWs, for example: 

—> Rl—C 

NHZ 
Amidoxime (AO) Nitrile Hydroxylarnine 

[0043] The amidoxime structure can be represented in their 
resonance form as illustrated beloW 

N—OH HN—OH 
// / 

R1—C R1—C 
\ \\ 
NH2 NH2 

Arnidoxime (A0) 

[0044] Amidoximes are made by the reaction of hydroxy 
lamine With nitrile compounds. The most preferred com 
pounds Which undergo cyanoethylation include the follow 
in . 

g[0045] Compounds containing one or more ‘OH or 
iSH groups, such as Water, alcohols, phenols, oximes, 
hydrogen sulphide and thiols. 

[0046] Compounds containing one or more iNHi 
groups, e.g., ammonia, primary and secondary amines, 
hydraZines, and amides. 

[0047] Ketones or aldehydes possessing a 4CHi, 
4CH2-, or CH3 group adjacent to the carbonyl group. 

[0048] Compounds such as malonic esters, malonamide 
and cyanoacetamide, in Which a 4CHi or iCHZ 
group is situated betWeen. 4CO2R, 4CN, or 
4CONHi groups. 






































































































































