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(57) ABSTRACT 

Inventive methods, systems and compositions of cleaning 
integrated circuit (“IC”) substrates are described. The clean 
ing methods of the present invention include: charging a 
solution, Which contains at least a solute selected to promote 
cleaning of the 1C substrate, to produce a charged solution, 
such that at least a portion of the solute is present as clusters 
in the charged solution; and conveying the charged solution 
for cleaning the 1C substrate. 

The cleaning systems of the present invention include: a 
charging chamber for holding a solution, Which contains at 
least a solute selected to promote cleaning of the integrated 
circuit substrate; and a ?rst acoustic energy source capable of 
vibrating the solution in the charging chamber to produce a 
charged solution such that at least a portion of the solute is 
present as clusters in the charged solution. 

The cleaning compositions of the present invention include: a 2004. 
solvent; and a solute selected to promote cleaning of the 1C 

_ _ _ _ substrate, Wherein at least a portion of the solute is present in 
Pubhcatlon Classl?catlon cluster form in the solution and the solute and solvent are 

(51) Int. Cl. present in a volumetric ratio that is between about 3x10“5 :1 
B08B 3/12 (2006.01) and about 1><10_24:1. 
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SYSTEMS AND METHODS FOR CHARGING 
A CLEANING SOLUTION USED FOR 
CLEANING INTEGRATED CIRCUIT 

SUBSTRATES 

FIELD OF THE INVENTION 

[0001] The present invention relates to systems and meth 
ods for effectively cleaning integrated circuit (“IC”) sub 
strates. More particularly, the present invention relates to 
systems and methods for effectively charging a solution 
before it is used for cleaning IC substrates. In the charged 
solution, at least a portion of the solute particles are present in 
cluster form, as solute clusters. The present invention also 
provides compositions for effective cleaning of IC substrates. 

BACKGROUND OF THE INVENTION 

[0002] During the integrated circuit (“IC”) manufacturing 
process, contaminants, such as particles, photoresist residue 
and the like, are introduced on the IC substrate surface. It is 
important to eliminate or reduce the presence of these con 
taminants as they adversely impact the performance and func 
tion of the IC that is ultimately produced. Accordingly, vari 
ous cleaning methods have been implemented to remove such 
undesirable contaminants. 

[0003] A cleaning method commonly used in the semicon 
ductor industry employs a concentrated ammonium hydrox 
ide solution knoWn as the Standard Cleaning Solution 1 (the 
“SC-1 solution”). In the SC-1 solution, typically heated 
ammonium hydroxide, hydrogen peroxide and deioniZed 
Water are present in a volume ratio of approximately 1:1:5. 
During cleaning, the SC-1 solution contacts the substrate 
surface in the presence of megasonic energy. It is believed that 
the SC-1 solution detaches contaminants from the substrate 
surface through surface etching and that the megasonic 
energy further removes the detached contaminant from the 
substrate surface. Although this method has been the cleaning 
method of choice for most in the semiconductor industry 
during the last forty years, it suffers from several drawbacks. 
[0004] Concentrated cleaning solutions run the risk of 
unduly etching, Which appears as surface roughness, and 
thereby damaging the substrate surface and the devices 
undergoing cleaning. In a non-pattemed semiconductor sub 
strate surface, for example, over etching damages the real 
estate on the substrate surface, upon Which circuitry and 
transistor devices are subsequently fabricated. For this rea 
son, the resulting semiconductor chip may suffer from poor 
electrical performance or complete malfunction. 
[0005] Dispensing highly concentrated cleaning solutions 
to drain poses environmental concerns. Consequently, the 
concentrated effluent stream exiting the cleaning system 
requires appropriate treatment. The cost of an effluent treat 
ment system and labor to implement the cleanup process 
make the process of cleaning using the SC-1 solution expen 
sive. 

[0006] Concentrated cleaning solutions also deposit on the 
substrate surface undesirable metal contaminants Which 
degrade device performance. Moreover, the peroxide compo 
sition of the cleaning solution typically contains stabiliZers, 
Which is another source of contamination that leads to per 
formance issues. This problem is further exacerbated When 
relatively high composition of peroxide is used as part of the 
cleaning solution. 
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[0007] The presence of such contaminant particles even 
more adversely impact current IC geometries. With the min 
iaturiZation of the circuitry on ICs, device siZes are currently 
approaching progressively smaller scales and such small 
devices densely populate the IC substrate surface. Contami 
nant particles of a certain siZe, Which previously did not pose 
a threat to an IC’s performance because the early generation 
ICs Were not as densely populated, noW have a signi?cant 
impact on the electrical performance of current ICs having 
miniature geometries. In fact, these contaminant particles can 
render the entire IC useless. As a result, an effective cleaning 
method for removing such contaminant particles, Without 
damaging the substrate surface, is critical to enhancing the 
yield of ICs. 
[0008] In an attempt to circumvent the above-mentioned 
draWbacks, US. Pat. No. 6,681,781 issued to Puri et al. pro 
poses a cleaning solution formed from ultra dilute concentra 
tions of a cleaning enhancement agent (e.g., ammonia gas) in 
a solvent (e.g., Water). In ultra dilute solutions, the solvent and 
solute are present in volume ratios ranging from 500:1 to 
500,000: 1. Unfortunately, this process also suffers from 
draWbacks. 
[0009] At the high end of ultra dilute ammonium hydroxide 
concentrations, the reaction of ammonium hydroxide With 
silicon continues to produce over-etched surfaces in the cur 
rent IC geometries. To minimize draWbacks of over etching, 
an oZonating step has been added to the cleaning process. As 
a protective measure, in this step, the substrate surface under 
goes oZonation before it is exposed to the cleaning solution 
containing a harsh concentration of ammonium hydroxide. 
Such an additional step, hoWever, loWers the throughput of 
the cleaning process and the throughput of the overall IC 
manufacturing process. It also adds to the expense of cleaning 
the substrate surface. 
[0010] At the loW end of ultra dilute ammonium hydroxide 
concentrations, the cleaning solutions are simply not effec 
tive to detach the contaminant particle from the substrate 
surface. In other Words, cleaning solutions having loW con 
centrations of ammonium hydroxide do not suf?ciently react 
With the substrate surface to detach a desirable amount of 
contaminant particles from it. Conventional Wisdom, as a 
result, deems cleaning solutions having loW concentrations of 
a cleaning enhancing agent, such as ammonium hydroxide, to 
be ineffective and undesirable. 
[0011] What is therefore needed are improved systems and 
methods of cleaning ICs, Which do not suffer the draWbacks 
of the current IC cleaning processes and effectively clean IC 
substrate surfaces having the current miniature geometries. 

SUMMARY OF THE INVENTION 

[0012] To achieve the foregoing, the present invention pro 
vides systems and methods for effectively charging a solution 
before using it for cleaning the integrated circuit (“IC”) sub 
strate. Charging a solution impacts the distribution of the 
solute particles throughout the solution. Speci?cally, in a 
charged solution, the solute particles are arranged in cluster 
form and exist as solute clusters. By Way of example, each 
cluster can contain an average of betWeen about 100 and 
about 200 solute molecules. In sharp contrast, in conventional 
cleaning solutions, the solute particles are distributed ran 
domly, and not in cluster form. 
[0013] While Wishing not to be bound by theory, the solute 
clusters in a charged solution of the present invention provide 
an effective removal mechanism for the detached contami 
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nant particle from the substrate surface. It is believed that the 
solute clusters trap the contaminant particles, Which are ini 
tially detached from the substrate surface from the applica 
tion of acoustic energy. In the absence of such solute clusters, 
as is the case With conventional cleaning solutions, it is 
believed that there exists no mechanism to trap such detached 
particles, Which subsequently land on and adhere to the sub 
strate surface. 

[0014] The present invention recognizes, in accordance 
With one embodiment, that applying acoustic energy to rela 
tively dilute solutions promotes charging. For example, 
charging can be accomplished by applying acoustic energy to 
dilute solutions, Where the solute is present in the solvent at a 
volume ratio that is betWeen about 3x10‘5 :1 and about 1x10 
24: 1. Such dilute solutions may cover solute concentrations in 
the ultra dilute regime and at “near Zero dilutions.” When a 
solute is present in a solvent at a volumetric ratio that is 
betWeen about 3x10“5 :1 and 5x10“5 :1, the dilution of the 
resulting solution is considered to be in the ultra dilute 
regime. Furthermore, the term “near Zero dilution,” as used in 
this speci?cation, refers to dilutions Where the solute is 
present in the solvent at a volumetric ratio that is betWeen 
about 5><l0_5:l and l><l0_24:l. 
[0015] Regardless of Whether the dilution of the solute is in 
the ultra dilute regime or at near Zero dilution, the teachings of 
the present invention alloW for effective cleaning of the sub 
strate, Without suffering from the drawbacks encountered 
When using concentrated or dilute conventional cleaning 
solutions. In fact, given that relatively dilute solutions are 
desirable for charging, i.e., forming solute clusters, solutions 
having “near Zero dilutions” are preferred in the present 
invention. Use of “near Zero dilutions” for cleaning substrates 
goes against conventional Wisdom because conventional 
cleaning techniques require higher concentrations of the sol 
ute to facilitate particle removal through a reaction mecha 
nism. As explained above, the particle removal mechanism of 
the present invention is primarily focused on promoting sol 
ute cluster formation, and not focused on promoting the reac 
tion betWeen the solute and the substrate surface. 
[0016] The present invention provides effective methods 
for cleaning an IC substrate. Inventive methods include: (i) 
charging a solution, Which contains at least a solute selected 
to promote cleaning of the integrated circuit substrate, to 
produce a charged solution, Wherein at least a portion of the 
solute is present as clusters in the charged solution; and (ii) 
conveying the charged solution for cleaning the integrated 
circuit substrate. 
[0017] In accordance With one embodiment of the present 
invention, charging of the solution is carried out by vibrating 
the solution, preferably by using megasonic energy. Prefer 
ably, the solute is ammonium hydroxide. In accordance With 
yet another embodiment of the present invention, the charg 
ing step includes diluting the solution such that the solute is 
present in a solvent in a volumetric ratio that is betWeen about 
5><l0_5:l and about l><l0_24: 1, preferably betWeen about 
l><l0_6:l and about l><l0_24: l, and more preferably betWeen 
l><l0_8:l and about l><l0_24:l. 
[0018] In one embodiment, cleaning methods of the present 
invention further include: (i) diluting the charged solution to 
produce a cleaning solution; and (ii) using the cleaning solu 
tion for cleaning the integrated circuit substrate. According to 
this embodiment, the charged solution can be further charged 
to a greater extent by increasing its dilution. In the cleaning 
solution, the solute may be present in a solvent in a volumetric 
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ratio that is betWeen about 5><l0_5:l and about l><l0_24:l, 
Which range ensures that the cleaning solution is effectively 
charged. Another step of this embodiment includes applying 
acoustic energy to said cleaning solution, preferably by a 
megasonic device. Before charging the solution, the present 
invention also contemplates mixing a solvent and the solute to 
produce the solution. Preferably, the solvent is deioniZed 
Water. In certain embodiments, mixing produces the solution 
having the solute present in the solvent in a volumetric ratio 
that is betWeen about 3x10“5 :1 and about l><l0_24: 1. Clean 
ing of the substrate surface can be carried out at about 30° C. 
or beloW 30° C. 

[0019] In another aspect, the present invention provides a 
system for cleaning integrated circuit substrates. The system 
includes: (i) a charging chamber for holding a solution, Which 
contains at least a solute selected to promote cleaning of the 
integrated circuit substrate; and (ii) a ?rst acoustic energy 
source capable of vibrating the solution in the charging cham 
ber to produce a charged solution, Wherein at least a portion of 
the solute is present as clusters in the charged solution. 
[0020] The system may further include a processing cham 
ber for cleaning the integrated circuit substrate using the 
charged solution. In accordance With one embodiment of the 
present invention, the system includes a second acoustic 
energy source for vibrating contents of the processing cham 
ber during cleaning the integrated circuit substrate. In pre 
ferred embodiments, the present invention further includes a 
mixing chamber for mixing a solvent and the solute to pro 
duce the solution before the charging step commences. A ?rst 
connection betWeen a solvent reservoir and at a location on 
the second connection may also be provided for diluting the 
charged solution before it enters the processing chamber. The 
second connection de?nes the connection betWeen the charg 
ing chamber and the processing chamber so that the charged 
solution can be conveyed from the charging chamber to the 
processing chamber. 
[0021] In yet another aspect, the present invention provides 
a composition of a solution used for cleaning integrated cir 
cuit substrates. The composition includes a solvent and a 
solute, Which is selected to promote cleaning of the integrated 
circuit substrate. At least a portion of the solute is present in 
cluster form in the solution and the solute and solvent are 
present in a volumetric ratio that is betWeen about 3x10“5 :1 
and about l><l0_24:l. In a preferred embodiment, the solute 
and solvent are present in a volumetric ratio that is betWeen 
about l><l0_6:l and about l><l0_24: l. 

BRIEF DESCRIPTION OF THE FIGURES 

[0022] FIG. 1 is a diagram of a cleaning system, according 
to one embodiment of the present invention, for effectively 
cleaning integrated circuit substrates. 
[0023] FIG. 2A shoWs the random distribution of the solute 
particles in an uncharged solution. 
[0024] FIG. 2B shoWs the solute particles arranged in clus 
ter form in a charged solution, according to one embodiment 
of the present invention. 

DETAILED DESCRIPTION OF INVENTION 

[0025] The present invention provides systems, methods 
and compositions for effectively cleaning integrated circuit 
(IC) substrates. Conventional Wisdom dictates that for effec 
tively cleaning IC substrates, high enough concentrations of 
the solute, Which is typically an active cleaning ingredient in 



US 2009/0272411 Al 

the cleaning solution, should be used. According to such 
Wisdom, it is believed that high concentrations of the solute 
react With the substrate surface to detach contaminant par 
ticles therefrom. Predicated on this belief, conventional Wis 
dom teaches aWay from using cleaning solutions With rela 
tively loW solute concentrations. 
[0026] In the present invention, hoWever, relatively loW 
solute concentrations of the solute are preferred because they 
promote charging of a solution. It is believed that in a charged 
solution, solute particles, Which are arranged as clusters, trap 
detached contaminant particle for effective removal from the 
substrate. As a result, the present invention focuses on form 
ing solute clusters for effective cleaning of IC substrates. 
Notably, the inventive cleaning systems and methods 
described herein not only provide a Way to clean substrates 
using relatively loW solute concentrations, Which are deemed 
ineffective in conventional cleaning, rather such loW solute 
concentrations represent preferred embodiments of the 
present invention. 
[0027] FIG. 1 shoWs a cleaning system 100, according to 
one embodiment of the present invention, for effectively 
cleaning IC substrates. System 100 has three chambersia 
mixing chamber 110 for mixing a solute and a solvent to form 
a solution, a charging chamber 118 for charging the solution 
and a processing chamber 126 for cleaning the IC substrates 
using the charged solution. Each of mixing chamber 110 and 
charging chamber 118 connect through separate connections 
to processing chamber 126. Speci?cally, a ?rst connection 
132 connects mixing chamber 110 to processing chamber 126 
and a second connection 130 connects charging chamber 118 
to processing chamber 126. As Will be explained beloW, ?rst 
connection 132 can also be used to convey a solvent from its 
reservoir directly to processing chamber 126. 
[0028] Mixing chamber 110 receives a solvent stream from 
a solvent reservoir 102 and the solute stream from a solute 
reservoir 104 through valves 106 and 108, respectively. A 
valve 112 is activated to convey the contents of mixing cham 
ber 110 to charging chamber 118. Charging chamber 118 
comes equipped With a ?rst acoustic energy source 114 and a 
coupling chamber 116 for coupling the continuous energy 
transmission into the charging chamber. Contents of mixing 
chamber 110 can also be emptied into processing chamber 
126 through ?rst connection 132 When valves 112 and 120 are 
activated. As shoWn in FIG. 1, solvent from solvent reservoir 
102 can be conveyed through mixing chamber 110 and ?rst 
connection 132 to processing chamber 126. Using a similar 
path, solvent from solvent reservoir 102 can also be conveyed 
through valve 106, mixing chamber 110 and ?rst connection 
132 to a location on the second connection Where the charged 
solution is diluted, before it is introduced into processing 
chamber 126. Contents of charging chamber 118 are con 
veyed to processing chamber through second connection 130 
When valve 120 is activated. 

[0029] Similar to charging chamber 118, processing cham 
ber 126 is also ?tted With a second acoustic energy source 122 
and a coupling chamber 124 for coupling the continuous 
energy transmission into processing chamber 126. Inside pro 
cessing chamber 126, a sparger 134 facilitates Well distrib 
uted How of the charged solution for effectively cleaning a 
vertically disposed IC substrate 128, Which is secured on a 
suitable carrier (not shoWn to facilitate illustration). 
[0030] Mixing chamber 110 may be any equipment knoWn 
in the art that can controllably combine a How of at least one 
liquid With a How of at least one gas. Charging chamber 118 
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and processing chamber 126 can be made of any material 
knoWn to be a good transmitter of acoustic energy. These 
chambers are preferably made from quartZ. Although FIG. 1 
describes three chambers as three separate vessels, it is pos 
sible that the three chambers could be incorporated into tWo 
vessels or a single vessel. The preferred embodiment, hoW 
ever, is to have three separate vessels as shoWn in FIG. 1. 

[0031] Acoustic energy sources 114 and 122 can be any 
source that supplies megasonic energy and the like. Charging 
chamber 118 and processing chamber 126 are ideally placed 
above their corresponding acoustic energy sources and their 
coupling chambers. Use of megasonic energy is, hoWever, 
preferred because it is more effective at removing smaller 
particles from the substrate surface. Although the megasonic 
device used in system 100 can have outputs as high as 5 
Watts/cm2 and higher, it is preferable to use an output of 3 
Watts/cm2 and loWer. Suitable equipment for generating 
megasonic energy is commercially available from a variety of 
vendors. Such equipment should, hoWever, preferably 
include a generator and a series special transducers or the like. 
By Way example, megasonic devices, Which are commer 
cially available from Kaijo Corporation of Japan and PCT 
Systems, Inc. of Fremont, Calif. Work Well. 
[0032] Although in FIG. 1, one IC substrate 128 is shoWn 
inside processing chamber 126, those skilled in the art Will 
recogniZe that in certain embodiments, processing chamber 
126 can be designed to hold more than one substrate or a 

cassette of many substrates. In preferred embodiments, hoW 
ever, processing chamber 126 is designed to clean one IC 
substrate at a time in series. FIG. 1 also shoWs that substrate 
128 is oriented vertically during cleaning operations inside 
processing chamber 126. It is, hoWever, not necessary for the 
substrate to be vertical. A substrates oriented such that its 
surface is titled at an angle in the range from about Zero 
degrees to about ten degrees can be effectively cleaned using 
the inventive systems and methods described herein. When 
more than one planar substrate (e. g., a semiconductor Wafer) 
is simultaneously cleaned inside processing chamber 126, a 
slight tilt aWay from the vertical, i.e., ninety degrees, is 
desired to prevent adjacent substrates from being jostled 
against each other. In those embodiments, Where a substrate 
carrier is used, a slight tilt prevents the substrates from being 
jostled against the carrier. Such titling is optional and under 
certain circumstances may not be desirable. In a substrate 
carrier, substrates are arranged face to face, back to back, face 
to back or back to face. Face to face and back to back are, 
hoWever, preferred orientations. 
[0033] A typical cleaning process in system 100 begins 
When a solvent, typically deioniZed Water, stored in solvent 
reservoir 102 ?oWs to mixing chamber 110 by activating 
valve 106. Similarly, a solute from solute reservoir 104 enters 
the same chamber 110 via valve 108 so mixing may com 
mence to form a solution. Solute reservoir 104 may contain 
any solute that facilitates removal of a particulate contami 
nant from the substrate surface. In certain embodiments of the 
present invention, solute reservoir 104 contains ammonium 
hydroxide as either a concentrated solution in liquid form or 
as an aqueous solution. In a preferred embodiment, solute 
reservoir 104 contains ammonia gas, Which alloWs the use of 
ammonium hydroxide in extremely loW concentrations. In 
such preferred embodiments, before mixing ammonia gas 
With deioniZed Water, ammonia gas is ?ltered to bring its 
purity to about 99.99999%. Those skilled in the art Will rec 
ogniZe that depending on the type of particulate contaminants 
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to be removed from the substrate surface, other types of 
solutes, different from ammonium hydroxide, may be used. 
By Way of example, a solution includes other chemicals, such 
as 03, HCl, H202, NH4OH and HF. These solutes are usually 
mixed With deioniZed Water to a solution Which is subse 
quently used for cleaning. Alkaline based solutions tend to 
remove particles of silicon, carbon, and their derivatives. Acid 
based solutions, such as that made using HCl, remove metal 
contaminants from the substrate surface. In those embodi 
ments Where ammonium hydroxide is used, the volumetric 
ratio of ammonium hydroxide to deioniZed Water is generally 
betWeen about 3x10“5 :1 and about 1x 1 0'9: 1, and preferably 
betWeen about l><l0_°:l and about l><l0_8: l. 
[0034] By activating valve 112, the solution formed in mix 
ing chamber 110 is conveyed to charging chamber 118. An 
acoustic energy source 114, preferably a megasonic device, 
through a coupling chamber 116 supplies su?icient energy to 
charge the solution to create a coherent solution inside charg 
ing chamber 118. As a result, inside chamber 118, a relatively 
dilute solution is transformed from an uncharged state to a 
charged state by the aid of a megasonic device. 
[0035] FIGS. 2A and 2B illustrate the difference in solute 
particle distribution from a solution’s uncharged state to a 
charged state. In FIG. 2A, Which shoWs an uncharged solution 
200, solute particles 202 are randomly distributed throughout 
solution 200. In FIG. 2B, Which shoWs a charged solution 
210, solute particles 214 are organiZed in solution 210 as 
clusters 212. In a preferred embodiment of the present inven 
tion, an average number of molecules of solute 214 in clusters 
212 is betWeen about 100 and about 200 molecules per clus 
ter. Those skilled in the art Will recogniZe that in each of 
solutions 200 and 210, the solute particles are dissolved in a 
solvent, Which is not shoWn in FIGS. 2A and 2B to simplify 
illustration and facilitate discussion. Furthermore, clusters 
212 need not have a circular shape With a smooth exterior, as 
shoWn in FIG. 2B. Rather, clusters 212 are generally of any 
irregular shape. 
[0036] Although cluster formation is predominant at 0° C., 
cleaning inside processing chamber 126 should be carried out 
at about 30° C. or beloW 30° C. Test data obtained from 
various experiments suggests that at room temperature or at 
about 30° C., there are su?icient number of solute molecules 
Within the clusters to trap the detached contaminant particles 
from the substrate surface and provide the necessary electro 
motive force (“EMF”) for holding onto such particles. At 
higher temperatures, cluster formation appear to melt aWay 
and only a feW molecules are left Within a very small cluster. 
Consequently, substrate cleaning is more effective at around 
room temperature than at relatively higher temperatures. 
[0037] The charged solution exiting charging chamber 118 
has solute present in the solvent in a volumetric ratio that is 
betWeen about 5x10“5 :1 and about l><l0_24: 1, preferably 
betWeen about l><l0_°:l and about l><l024: l, and more pref 
erably betWeen about l><l0_8:l and about l><l0_24: l. 
[0038] By activating valve 120, some of the charged solu 
tion is introduced through ?rst connection 130 into process 
ing chamber 126 for cleaning substrate 128. Although only 
one inlet to process chamber 126 is shoWn in FIG. 1, those 
skilled in the art Will recogniZe that if more than one stream of 
solution is required for cleaning then additional inlets to 
chamber 126 can be provided. 
[0039] Inside processing chamber 126, the charging solu 
tion is introduced by a sparger 134 located at the bottom. The 
charging solution ?lls the processing chamber 126 from the 
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bottom as described in Us. Pat. No. 6,681,781 issued to Puri 
et al. Processing chamber 126 may also come equipped With 
a drain valve and drain line (not shoWn to simplify illustra 
tion) to dispense the effluent stream. Cleaning of the substrate 
occurs by causing the charged solution to contact the surface. 
This is accomplished by any one of spraying the solution onto 
the surface, by submerging the surface in a charged solution 
or ?oWing the solution past the substrate surface. Acoustic 
energy is applied to the substrate surface, While it is contact 
ing the charged solution. 
[0040] In preferred embodiments as shoWn in FIG. 1, sys 
tem 100 is designed to charge to a greater extent a charged 
solution stream ?oWing out of charging chamber 118. First 
connection 132 facilitates diluting this charged solution using 
more solvent from solvent reservoir 102 and conveying it to 
the charged solution inside second connection 130, before it 
is introduced inside processing chamber 126. Speci?cally, by 
activating valves 106 and 112 such solvent is provided from 
solvent reservoir 102 to the charged solution Within second 
connection 132. In such dilute charged solution, solute is 
present in a solvent in a volumetric ratio that is betWeen about 
5x10“5 :1 and about l><l0_24:l. This preferred embodiment, 
provides the ?exibility of using small amounts of charged 
solution residing in charging chamber 118 and further dilut 
ing it to produce a more effectively charged solution. 
[0041] Although not shoWn in FIG. 1, charging chamber 
1 18 can be ?tted With a recirculation scheme having one more 
chambers arranged to recirculate the charged solution. In 
each such chamber, progressive dilutions of the charged solu 
tion are possible. The above-described scheme alloWs effec 
tive dilutions of charged solutions having relatively loW con 
centrations of the solute. The How schemes described above 
for mixing, charging and cleaning can be carried out in con 
tinuous mode, batch and semi-batch mode. 
[0042] In summary, the present invention relies upon very 
high pH of the charged near-Zero solute dilutions in the clean 
ing solution to capture and transfer the particulate contami 
nants Which are further detached from the substrate surface 
using megasonic energy. 
[0043] The present invention represents a marked improve 
ment over the conventional systems, methods and composi 
tions for cleaning IC substrates. As explained above, the 
present invention prefers use of charged solutions, Which 
have relatively loW concentrations of the solute, i.e., dilutions 
in the ultra-dilute regime or having “near Zero dilutions.” 
Consequently, the cleaning systems and methods of the 
present invention are environmentally green. In other Words, 
they do not require the additional expense of equipment and 
labor to treat the e?luent stream before draining, Which is 
required by the conventional cleaning systems and methods. 
Furthermore, in the cleaning system and methods according 
to the present invention, the signi?cant cost associated With 
disposing chemicals is eliminated. 
[0044] According to conventional cleaning methods, the 
solute concentration is heated to facilitate substrate etching 
for particle removal. This requires substantial time and equip 
ment. The solute in the present invention, hoWever, effec 
tively cleans at room temperature conditions and does not 
require such heating. The present invention, therefore, obvi 
ates the need for heating equipment and additional processing 
time. 
[0045] As explained above, conventional cleaning systems 
and methods rely upon concentrated solution to etch the sub 
strate surface and thereby remove particulate contaminants. 
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The conventional cleaning, therefore, introduces undesired 
surface roughness that degrades the electrical performance of 
the ultimately produced IC. In the present invention, hoWever, 
the IC substrates are cleaned using charged solutions having 
loW concentrations of the solute. In other Words, given that 
very small quantities of chemicals are being used for clean 
ing, the substrate surface is unetched. Another advantage of 
using small quantities of chemicals is that no residue of sta 
biliZers and metal contaminants remain on the substrate sur 
face. In other Words, substrates cleaned according to the 
present invention have little or no stabiliZer residue and metal 
contaminants thereon because chemicals in very small quan 
tities are used during the cleaning process. A yet another 
advantage of using small quantities of chemicals is that there 
is no need for a pretreatment step before cleaning the sub 
strate. The present invention, Which can effectively clean 
substrates at “near Zero dilutions,” do not require an addi 
tional pretreatment step, such as oZonation, Which is required 
by conventional cleaning techniques. This also translates into 
increased throughput When cleaning according to the present 
invention. 
[0046] Substrate cleaning, according to the present inven 
tion, occurs very rapidly. By Way of example, about three to 
?ve minutes, and typically about three minutes is su?icient 
time to effectively clean a substrate. Consequently, the 
present invention provides a relatively higher throughput. 
Moreover, if a substrate surface is not suf?ciently clean after 
a single cleaning cycle, then more than one cleaning cycle can 
be implemented to more effectively clean that surface, With 
out degrading it. Multiple cleaning cycles in the present 
invention, actually improve the quality of the surface and do 
not introduce undesired surface roughness, stabiliZers or 
metal contaminants, Which are introduced When cleaning 
according to conventional methods is performed. Those 
skilled in the art Will recogniZe that such multiple cleaning 
cycles in conventional cleaning typically destroys the sub 
strate surface. 
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[0047] Although certain examples have been described in 
terms of cleaning semiconductor substrates, those skilled in 
the art Will recogniZe that the inventive systems, methods and 
compositions described herein can be used for other IC sub 
strates. For example, the inventive systems, methods and 
compositions can be used for effective cleaning of masks, 
disks, ?at panels, liquid crystal displays, thin ?lm heads, 
photo masks, and lenses. 

1-17. (canceled) 
18. A system for cleaning integrated circuit substrates, 

comprising: a charging chamber for holding a solution, Which 
contains at least a solute selected to promote cleaning of said 
integrated circuit substrate; and a ?rst acoustic energy source 
capable of vibrating said solution in said charging chamber to 
produce a charged solution, Wherein at least a portion of said 
solute is present as clusters in said charged solution. 

19. The system of claim 18, further comprising a process 
ing chamber for cleaning said integrated circuit substrate 
using said charged solution. 

20. The system of claim 19, further comprising a second 
acoustic energy source for vibrating contents of said process 
ing chamber during cleaning said integrated circuit substrate. 

21. The system of claim 18, further comprising a mixing 
chamber for mixing a solvent and said solute to produce said 
solution. 

22. The system of claim 18, further comprising a second 
connection betWeen said charging chamber and said process 
ing chamber for conveying said charged solution from said 
charging chamber to said processing chamber. 

23. The system of claim 22, further comprising a ?rst 
connection betWeen a solvent reservoir and said second con 
nection for diluting said charged solution before it enters said 
processing chamber. 

24-27. (canceled) 


