
7-Amino AlkylidenyMHeterocyclic Quinolones and
Naphthyridones Cross-Reference to Related Application
This application is a continuation-in-part of
Application Serial Number 10/937238, filed September
9, 2004. Field of Invention The subject invention
relates to novel antimicrobial compounds, their
compositions and their uses. Background The chemical
and medical literature describes compounds that are
said to be antimicrobial, i.e., capable of destroying
or suppressing the growth or reproduction of
microorganisms, such as bacteria. For example, such
antibacterial agents are described in Antibiotics,
Chemotherapeutics, and Antibacterial Agents for
Disease Control (M. Greyson, editor, 1982), E. Gale et
al., The Molecular Basis of Antibiotic Action 2d
edition (1981), Recent Research Developments in
Antimicrobial Agents & Chemotherapy (S. G. Pandalai,
Editor, 2001), Quinolone Antimicrobial Agents (John S
Wolfson., David G Hooper, Editors, 1989), and F.
O'Grady, H. P. Lambert, R. G. Finch, D. Greenwood,
Martin Dedicoat, "Antibiotic and Chemotherapy, 7th
edn." (1997). The mechanisms of action of these
antibacterial agents vary. However, they are generally
believed to function in one or more ways: by
inhibiting cell wall synthesis or repair; by altering
cell wall permeability; by inhibiting protein
synthesis; or by inhibiting the synthesis of nucleic
acids. For example, betalactam antibacterial agents
act through inhibiting essential penicillin binding
proteins (PBPs) in bacteria, which are responsible for
cell wall synthesis. Asanother example, quinolones
act, at least in part by inhibiting synthesis of DNA,
thus preventing the cell from replicating. The
pharmacological characteristics of antimicrobial
agents, and their suitability for any given clinical
use, vary. For example, the classes of antimicrobial
agents (and members within a class) may vary in 1)
their relative efficacy against different types of
microorganisms, 2) their susceptibility to development
of microbial resistance and 3) their pharmacological
characteristics such as their bioavailability and
biodistribution. Accordingly, selection of an
appropriate antimicrobial agent in a given clinical
situation requires analysis of many factors, including
the type of organism involved, the desired method of
administration, the location of the infection to be
treated and other considerations. However, many such
attempts to produce improved antimicrobial agents
yield equivocal results. Indeed, few antimicrobial
agents are produced that are truly clinically
acceptable in terms of their spectrum of antimicrobial
activity, avoidance of microbial resistance, and
pharmacology. Thus there is a continuing need for
broad-spectrum antimicrobial agents, which are
effective against resistant microbes. Some
1,4-dihydroquinolone, naphthyridine or related
heterocyclic moieties are known in the art to have
antimicrobial activity and are described in the
following references: R. Albrecht Prog. Drug Research,
Vol. 2 1, p. 9 (1977); J. Wolfson et al., "The
Fluoroquinolones: Structures, Mechanisms of Action and
Resistance, and Spectra of Activity In Vitro",
Antimicrob. Agents and Chemother., Vol. 28, p. 581
(1985); G. Klopman et al. Antimicrob. Agents and
Chemother., Vol. 3 1, p. 1831 (1987); M. P. Wentland
et al., Ann. Rep. 



Med. Chem., Vol. 20, p. 145 (1986); J. B. Cornett et
al., Ann. Rep. Med. Chem., Vol. 2 1, p. 139 (1986); P.
B. Fernandes et al. Ann. Rep. Med. Chem., Vol. 22, p.
117 (1987); A. Koga, et al. "Structure-Activity
Relationships of Antibacterial 6,7- and
7,8-Disubstituted 1-alkyl-1
,4-dihydro-4-oxoquinoline-3- carboxylic Acids" J. Med.
Chem. Vol. 23, pp. 1358-1363 ( 1 980); J. M. Domagala
et al., J. Med. Chem. Vol. 3 1, p. 991 (1988); T.
Rosen et al., J. Med. Chem. Vol. 3 1, p. 1598 (1988);
B. Ledoussal et al., "Non 6-Fluoro Substituted
Quinolone Antibacterials: Structure and Activity". -
Med. Chem.Vol. 35, p. 198-200 (1992); U. S. Patent
6329391 ; A. M Emmerson et al., "The quinolones:
Decades of development and use", J. Antimicrob.
Chemother., VoI 5 1, pp 13-20 (2003); J. Ruiz,
"Mechanisms of resistance to quinolones: target
alterations, decreased accumulation and DNA gyrase
protection" J. Antimicrob. Chemother. Vol. 5 1, pp
1109-1 117 (2003); Y. Kuramoto et al., "A Novel
Antibacterial 8-Chloroquinolone with a Distorted
Orientation of the N1-(5- Amino-2,4-difluorophenyl)
Group" J. Med. Chem. Vol. 46, pp 1905-1917 (2003);
Japanese Patent Publication 06263754; European Patent
Publication 487030; International Patent Publication
WO0248138; International Patent Publication WO9914214;
U.S. Patent Publication 2002/00491 92; International
Patent Publication WO02085886; European Patent
Publication 572259; International Patent Publication
WO0136408; U.S. Patent 5677456; European Patent
Publication 362759; U.S. Patent 5688791 ; U.S. Patent
4894458; European Patent Publication 677522; U.S.
Patent 4822801 ; U.S. Patent 5256662; U.S. Patent
5017581 ; European Patent Publication 304087;
International Patent Publication WO0136408;
International Patent Publication WO02085886; Japanese
Patent Publication 01090184; International Patent
Publication WO9209579; International Patent
Publication WO01 85728; European Patent Publication
343524; Japanese Patent Publication 10130241 ;
European Patent Publication 413455; International
Patent Publication WO0209758; International Patent
Publication WO0350107; International Patent
Publication WO9415933; International Patent
Publication WO9222550; Japanese Patent Publication
07300472; International Patent Publication WO0314108;
International Patent Publication WO0071541 ;
International Patent Publication WO0031062; and U.S.
Patent 5869670. WO03050107 describes a series of
dihydroquinolone, naphthyridine and related
heterocyclic antibacterial agents. Of particular
interest is the disclosure of compounds of the
formula,wherein R8 and R8' are hydrogen, alkyl,
substituted alkyl, alkylamino, or arylalkyl, R9 is
hydrogen, alkyl, alkylamino, dialkylamino, aryl,
aryialkyl, or trihaloalkyl, and X is hydroxy, alkoxy,
acyloxy, amino or substituted amino. European Patent
Publication 362759 discloses 1,4-dihydroquinolone and
naphthyridine antibacterial agents of the formula,
wherein W is C1-3 alkylidene and R5 and R6 are
hydrogen or alkyl. International Patent Publication WO
99/14214 and US Patent 6329391 disclose quinolone
antibacterial agents with C-7-piperdinyl,
C7-azetidinyl, or C7- pyrrolidinyl substituents of the
formula, Of particular interest are those compounds
wherein R7 is amino, aminoalkyl, or substituted
aminoalkyl and R9 is selected from hydrogen, CrC 4
alkyl, C2-C6 alkenyl, C -C6 alkynyl, or a C3-C6 fused
or spirocyclic alkyl ring. For compounds with a
substituted piperidine at the 7-position of
thequinolonecarboxylic acid, among the preferred
substituents are 3-amino-4- methyl,
3-amino-4,4-dimethyl, 3-amino-4-spirocyclopropyl,
3-amino-6- cyclopropyl, 3-aminomethyl, 4-aminomethyl
and 3-methylamino. For 



compounds with a substituted pyrrolidine at the
7-position of the quinolonecarboxylic acid nucleus,
preferred substituents include 3-(1- aminoethyl),
3-aminomethyl, 4-(1-aminoethyl)-2,2-dimethyl, and 2-
aminomethyl. For compounds with an azetidine
substituent at the 7-position of the
quinolonecarboxylic acid, the compounds having the
substituents, 3-amino, 3-aminomethyl and 3-(1-amino-1
-methyl)ethyl, are included among the preferred
examples. European Patent Publication 241206A2
discloses compounds of the formula, wherein B is -CH
2-, -(CH2)2-, or -(CH 2)3-, R is hydrogen, CrC 3
alkyl, hydroxy, or CrC 3 alkoxy, W is hydroxy, CrC 3
alkoxy, or a group of the formula R R N- (CH2)n- in
which n is 0 or 1 and R5 and R6 are the same or
different and each represents a hydrogen atom, a CrC 3
alkyl group or an arylalkyl group, and m is 1 or 2.
each symbol is as defined in the specification of the
above mention publication. For the piperidine
substituent at the 7-position of the
quinolonecarboxylic acid, the compounds having
substituents of 4-amino-3- methyl,
4-methylamino-3-methyl, 4-hydroxy-3methyl are included
in the preferred examples therein. European Patent
Publication 0394553B1 discloses anti-viral compounds
of the formula,wherein R2i , R22 and R23 are each
independently is a hydrogen atom, a halogen atom,
amino, Ci-C alkyl, Ci-Cs alkoxy, or amino C1-C8 alkyl
and two of them may be combined with each other to
form a spiro ring, and n is 1 or 2. European Patent
Publication 0572259A1 discloses anti-viral compounds
of the formula, wherein R6 and R7 may be the same or
different and each represents a hydrogen atom or a
lower alkyl group, m is 0 or 1, n' is 1 or 2, n" is 1,
2, 3 or 4, and R8 is a hydrogen atom, a lower alkyl
group, a hydroxy group or a lower alkoxy group.
International Patent Publication WO9324479 discloses
compounds of the formula,wherein Z is an amino
radical, Ri is hydrogen, an (optionally hydroxylated
lower alkyl) radical, an acyl radical derived from a
carboxylic acid, an alkyl carbonic acid or an
arylsulfonic acid or an arylamino carbonyl radical, R2
is an oxygen atom, and n is 0 or 1. Examples of
bacterial infections resistant to antibiotic therapy
have been reported in the past; they are now a
significant threat to public health in the developed
world. The development of microbial resistance
(perhaps as a result of the intense use of
antibacterial agents over extended periods of time) is
of increasing concern in medical science. "Resistance"
can be defined as existence of organisms, within a
population of a given microbial species, that are less
susceptible to the action of a given antimicrobial
agent. This resistance is of particular concern in
environments such as hospitals and nursing homes,
where relatively high rates of infection and intense
use of antibacterial agents are common. See, e.g., W.
Sanders, Jr. et al., "Inducible Beta-lactamases:
Clinical and Epidemiologic Implications for the Use of
Newer Cephalosporins", Review of Infectious Diseases ,
p. 830 (1988). Pathogenic bacteria are known to
acquire resistance via several distinct mechanisms
including inactivation of the antibiotic by bacterial
enzymes (e.g., b-lactamases hydrolyzing penicillin and
cephalosporins); removal of the antibiotic using
efflux pumps; modification of the target of the
antibiotic via 



mutation and genetic recombination (e.g.,
penicillin-resistance in Neiserria gonorrhoeae); and
acquisition of a readily transferable gene from an
external source to create a resistant target (e.g.,
methicillin-resistance in Staphylococcus aureus).
There are certain Gram-positive pathogens, such as
vancomycin-resistant Enterococcus faecium, which are
resistant to virtually all commercially available
antibiotics.Hence existing antibacterial agents have
limited capacity in overcoming the threat of
resistance. Thus it would be advantageous to provide
new antibacterial agents that can be used against
resistant microbes. Summary of Invention Applicants
have found a novel series of quinolones and related
compounds that are effective against resistant
microbes, and provide significant activity advantages
over the art. In particular, the invention relates to
compounds having a structure according to Formula (I)
Formula I wherein: n is an integer from 1 to 3; m is
an integer from 1 to 3; z is an integer from 0 to 3; R
is selected from hydrogen, hydroxy, and alkoxy; R2 is
hydrogen; R3 and R4 are independently selected from
hydrogen, halogen, amino, hydroxy, alkoxy, alkylthio,
alkyl, alkenyl and alkynyl; R5 is selected from
hydrogen, halogen, alkyl, aryl, alkoxy, and alkylthio;
R6 is independently selected from alkyl, hydroxy,
alkoxy, alkylthio, alkenyl, alkynyl, aryl,
alkoxyimino, and halogen; or R5 and R6 join to form a
4- to 7-membered carbocyclic ring wherein each carbon
atom of the ring can be optionally substituted with Ri
2, wherein Ri 2 is selected from the group consisting
of halogen, amino, hydroxy, alkoxy, alkylthio, alkyl,
alkenyl, alkynyl, oxo, alkoxyimino and hydroxyimino; E
is selected from the group consisting of: 1) 7
wherein, I R-IO q is an integer from 1 to 3; R7 and R8
are each independently selected from hydrogen and
alkyl, or R7 and R8 join to form a 3- to 6-membered
carbocyclic ring, or either of R7 or R8 can be joined
independently to either of R9 or Rio to form a
heterocyclic ring containing the nitrogen atom to
which R or Ri 0 are bonded, wherein R9 and Ri 0 are
each independently selected from hydrogen, alkyl,
acyl, alkoxycarbonyl, or sulfonyl, or alternatively R9
and Ri 0 join to form a heterocyclic ring containing
the nitrogen atom to which they are bonded; 2)
wherein, q is as defined above; R7 and R8 are each
independently selected from hydrogen and alkyl, or R7
and R8 join to form a 3- to 6-membered carbocyclic
ring, and R9 is selected from hydrogen, alkyl, acyl,
alkoxycarbonyl, or sulfonyl; and 3) alkenyl; A is
selected from N and C(Rn), wherein Rn is selected from
hydrogen, alkyl, halogen, hydroxy, alkoxy, alkylthio,
and cyano; 



X is selected from C and N, where if X is C, a is a
double bond and b is a single bond, and if X is N, a
is a single bond and b is a double bond; and Y is
selected from N(Ri) and C(Ri), with the proviso that
when Y is N(Ri), X is C and when Y is C(Ri), X is N,
wherein Ri is selected from C3 to C6cycloalkyl, C4 to
C6 heterocycloalkyl, alkyl, alkene, a 6-memberecl aryl
and a 6-membered heteroaryl; provided that if A is
C(Rn), X is C and Y is N(Ri), then R and R1 can join
to form a 6- membered heterocyclic ring, or if A is
C(Rn), X is C and Y is N(R-i), then R2 and Ri can join
to form a monocyclic or bicyclic heterocyclic ring, or
if A is C(Rn), X is C and Y is N(R1) , then R2 and R
can join to form a 5- membered heterocyclic ring; or
an optical isomer, diastereomer or enantiomer thereof;
a pharmaceutically acceptable salt, hydrate, or
prodrug thereof. In addition, methods of using
compounds of the invention as starting materials are
also contemplated in this invention. It has been found
that the compounds of this invention, and compositions
containing these compounds, are effective
antimicrobial agents against a broad range of
pathogenic microorganisms with advantages of activity
against resistant microbes. Accordingly, the present
invention is also directed to a method of treating a
subject having a condition caused by or contributed to
by bacterial infection, which comprises administering
to said mammal a therapeutically effective amount of
the compound of Formula 1. The present invention is
further directed to a method of preventing a subject
from suffering from a condition caused by or
contributed to by bacterial infection, which comprises
administering to the subject a prophylactically
effective dose of the pharmaceutical composition of a
compound of Formula 1. Detailed Description The
subject invention provides compounds of Formula
(I)Formula I wherein: a, b, n, m, 2, R, R2, R3, R4,
R5, Re, A, E, X and Y are as defined in the Summary of
the Invention section above. Relative to the above
description, certain definitions apply as follows.
Unless otherwise noted, under standard nomenclature
used throughout this disclosure the terminal portion
of the designated side chain is described first,
followed by the adjacent functionality toward the
point of attachment. Unless specified otherwise, the
terms "alkyl", "alkenyl", and "alkynyl," whether used
alone or as part of a substituent group, include
straight and branched chains having 1 to 8 carbon
atoms, or any number within this range. The term
"alkyl" refers to straight or branched chain
hydrocarbons. "Alkenyl" refers to a straight or
branched chain hydrocarbon with at least one
carboncarbon double bond. "Alkynyl" refers to a
straight or branched chain hydrocarbon with at least
one carbon-carbon triple bound. For example, alkyl
radicals include methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tbutyl, n-pentyl,
3-(2-methyl)butyl, 2-pentyl, 2-methylbutyl, neopentyl,
n-hexyl, 2- hexyl and 2-methylpentyl. "Alkoxy"
radicals are oxygen ethers formed from the previously
described straight or branched chain alkyl groups.
"Cycloalkyl" groups contain 3 to 8 ring carbons and
preferably 5 to 7 ring carbons. The alkyl, alkenyl,
alkynyl, cycloalkyl group and alkoxy groups may be 



independently substituted with one or more members of
the group including, but not limited to, hydroxyimino,
halogen, alkyl, alkenyl, alkynyl, cycloalkyl, alkoxy,
oxo, alkoxyimino aryl, heteroaryl, heterocyclo, CN,
nitro, -OCOR13, - OR13, -SR 13, -SOR 13, -SO2R13,
-COOR13, -NR 13Ri 4, -CONR 13R14, - OCONR13R14,
-NHCOR13 , -NHCOOR 13 , and -NHCONR 13R1 , wherein R13
andR are independently selected from hydrogen, alkyl,
alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl,
heterocyclo, arylalkyl, heteroarylalkyl, and
heterocycloalkyl, or alternatively R14 and Ri 5 may
join to form a heterocyclic ring containing the
nitrogen atom to which they are attached. The term
"acyl" as used herein, whether used alone or as part
of a substituent group, means an organic radical
having 2 to 6 carbon atoms (branched or straight
chain) derived from an organic acid by removal of the
hydroxyl group. The term "Ac" as used herein, whether
used alone or as part of a substituent group, means
acetyl. The term "halo" or "halogen" means fluoro,
chloro, bromo or iodo. (Mono-, di-, tri-, and
per-)halo-alkyl is an alkyl radical substituted by
independent replacement of the hydrogen atoms thereon
with halogen. "Aryl" or "Ar," whether used alone or as
part of a substituent group, is a carbocyclic aromatic
radical including, but not limited to, phenyl, 1- or
2- naphthyl and the like. The carbocyclic aromatic
radical may be substituted by independent replacement
of 1 to 3 of the hydrogen atoms thereon with aryl,
heteroaryl, halogen, OH, CN, mercapto, nitro, amino,
CrC 8-alkyl, C-2-C8- alkenyl, CrC 8-alkoxyl, CrC
8-alkylthio, CrC 8-alkyl-amino, di (CrC 8-alkyI)amino,
(mono-, di-, tri-, and per-)halo-alkyl, formyl,
carboxy, alkoxycarbonyl, CrC 8- alkyl-CO-O-,
CrC-s-alkyl-CO-NH-, or carboxamide. Illustrative aryl
radicals include, for example, phenyl, naphthyl,
biphenyl, fluorophenyl, difluorophenyl, benzyl,
benzoyloxyphenyl, carboethoxyphenyl, acetylphenyl,
ethoxyphenyl, phenoxyphenyl, hydroxyphenyl,
carboxyphenyl, trifluoromethylphenyl,
methoxyethylphenyl, acetamidophenyl, tolyl, xylyl,
dimethylcarbamylphenyl and the like. "Ph" or "PH"
denotes phenyl. "Bz" denotes benzoyl. Whether used
alone or as part of a substituent group, "heteroaryl"
refers to a cyclic, fully unsaturated radical having
from five to ten ring atoms of which one ring atom is
selected from S, O, and N; 0-2 ring atoms are
additional heteroatoms independently selected from S,
O, and N; and the remaining ring atoms are carbon. The
radical may be joined to the rest of the molecule via
any of the ring atoms. Exemplary heteroaryl groups
include, for example, pyridinyl, pyrazinyl,
pyrimidinyl, pyridazinyl, pyrrolyl, pyrazolyl,
imidazolyl, thiazolyl, oxazolyl, isoxazolyl,
thiadiazolyl, triazolyl, triazinyl, oxadiazolyl,
thienyl,furanyl, quinolinyl, isoquinolinyl, indolyl,
isothiazolyl, N-oxo-pyridyl, 1,1- dioxothienyl,
benzothiazolyl, benzoxazolyl, benzothienyl,
quinolinyl-N-oxide, benzimidazolyl, benzopyranyl,
benzisothiazolyl, benzisoxazolyl, benzodiazinyl,
benzofurazanyl, indazolyl, indolizinyl, benzofuryl,
cinnolinyl, quinoxalinyl, pyrroiopyridinyl,
furopyridinyl (such as furo[2,3-c]pyridinyl,
furo[3,2-b]pyridinyl, or furo[2,3-b]pyridinyl),
imidazopyridinyl (such as imidazo[4,5-b]pyridinyl or
imidazo[4,5-c]pyridinyl), naphthyridinyl,
phthalazinyl, purinyl, pyridopyridyl, quinazolinyl,
thienofuryl, thienopyridyl, and thienothienyl. The
heteroaryl group may be substituted by independent
replacement of 1 to 3 of the hydrogen atoms thereon
with aryl, heteroaryl, halogen, OH, CN, mercapto,
nitro, amino, C-i-Cb-alkyl, CrC 8-alkoxyl, CrC
8-alkylthio, Ci-C 8-alkyl-amino, di(CrC 8-
alkyl)amino, (mono-, di-, tri-, and per-)halo-alkyl,
formyl, carboxy, alkoxycarbonyl, d-Cs-alkyl-CO-O-,
d-Cs-alkyl-CO-NH-, or carboxamide. 



Heteroaryl may be substituted with a mono-oxo to give
for example a 4- oxo-1 H-quinoline. The terms
"heterocycle," "heterocyclic," and "heterocyclo" refer
to an optionally substituted, fully saturated,
partially saturated, or non-aromatic cyclic group
which is, for example, a 4- to 7-membered monocyclic,
7- to 11- membered bicyclic, or 10- to 15-membered
tricyclic ring system, which has at least one
heteroatom in at least one carbon atom containing
ring. Each ring of the heterocyclic group containing a
heteroatom may have 1, 2, or 3 heteroatoms selected
from nitrogen atoms, oxygen atoms, and sulfur atoms,
where the nitrogen and sulfur heteroatoms may also
optionally be oxidized. The nitrogen atoms may
optionally be quaternized. The heterocyclic group may
be attached at any heteroatom or carbon atom. The
heterocyclic group may be substituted by independent
replacement of 1 to 3 of the hydrogen atoms thereon
with aryl, heteroaryl, halogen, OH, CN, mercapto,
nitro, amino, Ci-C 8-alkyl, CrC 8-alkoxyl, C
-i-C8-alkylthio, Ci-C 8-alkyl-amino, di(CrC 8-
alkyl)amino, (mono-, di-, tri-, and per-)halo-alkyl,
formyl, carboxy, alkoxycarbonyl, Ci-C 8-alkyl-CO-O-,
Ci-C 8-alkyl-CO-NH-, or carboxamide. Exemplary
monocyclic heterocyclic groups include pyrrolidinyl;
oxetanyl; pyrazolinyl; imidazolinyl; imidazolidinyl;
oxazolinyl; oxazolidinyl; isoxazolinyl; thiazolidinyl;
isothiazolidinyl; tetrahydrofuryl; piperidinyl;
piperazinyl; 2-oxopiperazinyl; 2-oxopiperidinyl;
2-oxopyrrolidinyl; 4-piperidonyl; tetrahydropyranyl;
tetrahydrothiopyranyl; tetrahydrothiopyranyl sulfone;
morpholinyl; thiomorpholinyl; thiomorpholinyl
sulfoxide; thiomorpholinyl sulfone; 1,3-dioxolane;
dioxanyl; thietanyl; thiiranyl; 2-oxazepinyl;
azepinyl; and the like. Exemplary bicyclic
heterocyclic groups include quinuclidinyl;
tetrahydroisoquinolinyl; dihydroisoindolyl;
dihydroquinazolinyl (such as 3,4-
dihydro-4-oxo-quinazolinyl); dihydrobenzofuryl;
dihydrobenzothienyl; benzothiopyranyl;
dihydrobenzothiopyranyl; dihydrobenzothiopyranyl
sulfone; benzopyranyl; dihydrobenzopyranyl; indolinyl;
chromonyl; coumarinyl; isochromanyl; isoindolinyl;
piperonyl; tetrahydroquinolinyl; and the like. The
term "carbocyclic" refers to a saturated or
unsaturated, nonaromatic, monocyclic, hydrocarbon ring
of 3 to 7 carbon atoms. Substituted aryl, substituted
heteroaryl, and substituted heterocycle may also be
substituted with a second substituted aryl, a second
substituted heteroaryl, or a second substituted
heterocycle to give, for example, a 4-
pyrazol-1-yl-phenyl or 4-pyridin-2-yl-phenyl.
Designated numbers of carbon atoms (e.g., CrC 8 or Ci
-8) shall refer independently to the number of carbon
atoms in an alkyl or cycloalkyl moiety or to the alkyl
portion of a larger substituent in which alkyl appears
as its prefix root. Unless specified otherwise, it is
intended that the definition of any substituent or
variable at a particular location in a molecule be
independent of its definitions elsewhere in that
molecule. It is understood that substituents and
substitution patterns on the compounds of this
invention can be selected by one of ordinary skill in
the art to provide compounds that are chemically
stable and that can be readily synthesized by
techniques known in the art as well as those methods
set forth herein. The term "hydroxy protecting group"
refers to groups known in the art for such purpose.
Commonly used hydroxy protecting groups are disclosed,
for example, in T. H. Greene and P. G. M. Wuts,
Protective Groups in Organic 



Synthesis, 2nd edition, John Wiley & Sons, New York
(1991), which is incorporated herein by reference.
Illustrative hydroxyl protecting groups include but
are not limited to tetrahydropyranyl; benzyl;
methylthiomethyl;ethylthiomethyl; pivaloyl;
phenylsulfonyl; triphenylmethyl; trisubstituted silyl
such as trimethylsilyl, triethylsilyl, tributylsilyl,
tri-isopropylsilyl, tbutyldimethylsilyl,
tri-t-butylsilyl, methyldiphenylsilyl,
ethyldiphenylsilyl, tbutyldiphenylsilyl; acyl and
aroyl such as acetyl, benzoyl, pivaloylbenzoyl, 4-
methoxybenzoyl, 4-nitrobenzoyl and arylacyl. Where the
compounds according to this invention have at least
one stereogenic center, they may accordingly exist as
enantiomers. Where the compounds possess two or more
stereogenic centers, they may additionally exist as
diastereomers. Furthermore, some of the crystalline
forms for the compounds may exist as polymorphs and as
such are intended to be included in the present
invention. In addition, some of the compounds may form
solvates with water (i.e., hydrates) or common organic
solvents, and such solvates are also intended to be
encompassed within the scope of this invention. Some
of the compounds of the present invention may have
trans and cis isomers. In addition, where the
processes for the preparation of the compounds
according to the invention give rise to mixture of
stereoisomers, these isomers may be separated by
conventional techniques such as preparative
chromatography. The compounds may be prepared as a
single stereoisomer or in racemic form as a mixture of
some possible stereoisomers. The non-racemic forms may
be obtained by either synthesis or resolution. The
compounds may, for example, be resolved into their
component enantiomers by standard techniques, such as
the formation of diastereomeric pairs by salt
formation. The compounds may also be resolved by
covalent linkage to a chiral auxiliary, followed by
chromatographic separation and/or crystallographic
separation, and removal of the chiral auxiliary.
Alternatively, the compounds may be resolved using
chiral chromatography. The phrase "a pharmaceutically
acceptable salt" denotes one or more salts of the free
base or free acid which possess the desired
pharmacological activity of the free base or free acid
as appropriate and which are neither biologically nor
otherwise undesirable. These salts may be derived from
inorganic or organic acids. Examples of inorganic
acids are hydrochloric acid, nitric acid, hydrobromic
acid, sulfuric acid, or phosphoric acid. Examples
oforganic acids are acetic acid, propionic acid,
glycolic acid, lactic acid, pyruvic acid, malonic
acid, succinic acid, malic acid, maleic acid, fumaric
acid, tartaric acid, citric acid, benzoic acid,
cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, p-toluenesulfonic acid,
benzenesulfonic acid, salicyclic acid and the like.
Suitable salts are furthermore those of inorganic or
organic bases, such as KOH, NaOH, Ca(OH)2, AI(OH)3,
piperidine, morpholine, ethylamine, triethylamine and
the like. Included within the scope of the invention
are the hydrated forms of the compounds that contain
various amounts of water, for instance, the hydrate,
hemihydrate, and sesquihydrate forms. The present
invention also includes within its scope prodrugs of
the compounds of this invention. In general, such
prodrugs will be functional derivatives of the
compounds that are readily convertible in vivo into
the required compound. Thus, in the methods of
treatment of the present invention, the term
"administering" shall encompass the treatment of the
various disorders described with the compound
specifically 



disclosed or with a compound which may not be
specifically disclosed, but which converts to the
specified compound in vivo after administration to the
patient. Conventional procedures for the selection and
preparation of suitable prodrug derivatives are
described, for example, in "Design of Prodrugs", ed.
H. Bundgaard, Elsevier, 1985. The term "subject"
includes, without limitation, any animal or
artificially modified animal. As a particular
embodiment, the subject is a human. The term
"drug-resistant" or "drug-resistance" refers to the
characteristics of a microbe to survive in the
presence of a currently available antimicrobial agent
such as an antibiotic at its routine, effective
concentration.Table 1 contains a non-limiting list of
preferred compounds of Formula Table 1ENHANCED
WAFERCLEANING METHOD by Inventors Seokmin Yun, John M.
Boyd, Mark Wilcoxson and John de Larios BACKGROUND 1.
Field of the Invention [0001] The present invention
relates to semiconductor wafer cleaning and drying
and, more particularly, to apparatuses and techniques
for more efficiently removing residues from wafer
surfaces after etch or ash operations. 2. Description
of the Related Art [0002] In the semiconductor chip
fabrication process, it is well known that there is a
need to clean and dry a wafer where a fabrication
operation has been performed that leaves unwanted
residues on the surfaces of wafers. Plasma etching
operations and ashing operations may leave unwanted
residues on a surface of a substrate. For example, in
post dual damascene cleaning, both organic and
inorganic residues remain present on the surface of
the substrate after these operations. The organic
residues may be remnants of the photoresist or
intentionally produced by the reactants to protect the
sidewalls of the features being formed during the etch
process, while the inorganic remnants may be residues
from sputtering operations or oxides of the lower
metal interconnect layer. If not removed, the unwanted
residual material and particles may cause, among other
things, defects on the wafer surface and inappropriate
interactions between metallization features, hi some
cases, such defects may cause the subsequent metal
interconnect layer to develop voids in the metal lines
or high resistance, or even voids, at the contact
interface between current and previous metal layers,
and hence the devices on the wafer to become
inoperable. In order to avoid the undue costs of
discarding wafers having inoperable devices, it is
therefore necessary to clean the wafer adequately
after fabrication operations that leave unwanted
residues. [0003] Figure 1 is a simplified schematic
diagram of a single wafer cleaning system utilizing a
spray system for distributing a cleaning agent.
Cleaning fluid is dispersed onto wafer 10 through
nozzle 14. Typically wafer 10 is rotating while the
fluid is being spayed. The initial spread of the
cleaning fluid, depicted by region 12, is unevenly
distributed. In addition, becauseof the centrifugal
force from the rotation of wafer 10, the center region
of the wafer is associated with a low mass transport
of the fluid at the substrate/fluid interface due to
the lower velocity of the fluid at the center of the
wafer. However, the peripheral region of wafer 10 is
associated with a high mass transport, due to the
higher velocity of the fluid. Further exacerbating the
cleaning consistency is that the residence time for
the cleaning fluid with the surface of wafer 10 is not
uniform across the wafer during initial dispense until
the fluid is uniformly distributed across the
substrate. That is, the center region of wafer 10,
where the cleaning fluid is initially applied, has a
high residence time, while the peripheral region has a
low residence time. Thus, in cases where the substrate
is sensitive to activity of the fluid being applied,
i.e., residence time, the higher residence time
regions may be prone to damage of the layer below the
residues, i.e., the interconnect dielectric material,
or the lower residence time 



regions may not be properly cleaned of residue. [0004]
Therefore, there is a need for a method and an
apparatus that allows for consistent cleaning of post
etch residues without damaging the underlying layer.
SUMMARY [0005] Broadly speaking, the present invention
fills these needs by providing a cleaning and drying
apparatus that is capable of removing unwanted
residues from the surface of a substrate without
adversely affecting the layer on which the residues
are deposited. It should be appreciated that the
present invention can be implemented in numerous ways,
including as a process, an apparatus, a system, a
device or a method. Several inventive embodiments of
the present invention are described below. [0006] hi
one embodiment, a method for removing post processing
residues in a single wafer cleaning system is
provided. The method initiates with providing a first
fluid to a proximity head disposed over a substrate.
Then, a meniscus of the first fluid is generated
between a surface of the substrate and an opposing
surface of the proximity head. The first fluid is
heated and the substrate is linearly moved under the
proximity head. [0007] In another embodiment, a method
for removing post etch residues in a single wafer
cleaning system is provided. The method initiates with
providing a fluid to a proximity head disposed over a
substrate. Then, a meniscus of the fluid is generated
between a surface of the substrate and an opposing
surface of the proximity head. The fluid is heated and
a substantially constant residence time of less than
30 seconds is maintained for the fluid over the
surface of the substrate.[0008] In yet another
embodiment, a single wafer cleaning system is
provided. The cleaning system includes a fluid source
and a proximity head operably connected to the fluid
source. The system further includes a substrate
support configured to support a substrate disposed
thereon. The substrate support is capable of moving
the substrate under the proximity head to form a
meniscus of fluid between opposing surfaces of the
proximity head and the substrate. A controller is
included. The controller is in communication with the
substrate support. The controller defines a residence
time of the meniscus of the fluid over the surface of
the substrate through movement of the substrate
support. [0009] Other aspects and advantages of the
present invention will become apparent from the
following detailed description, taken in conjunction
with the accompanying drawings, illustrating by way of
example the principles of the present invention. BRIEF
DESCRIPTION OF THE DRAWINGS [0010] The present
invention will be readily understood by the following
detailed description in conjunction with the
accompanying drawings. To facilitate this description,
like reference numerals designate like structural
elements. [0011] Figure 1 illustrates movement of
cleaning fluids on a wafer during a rotary spin, rinse
and dry (SRD) cleaning and drying process. [0012]
Figure 2A shows a top view of a wafer cleaning and
drying system with a proximity head in a horizontal
configuration which extends across a diameter of the
wafer 108 in accordance with one embodiment of the
present invention. [0013] Figure 2B shows a side view
of a wafer cleaning and drying system with the
proximity heads in a horizontal configuration which
extends across a diameter of the wafer in accordance
with one embodiment of the present invention. [0014]
Figure 2C shows a top view of a wafer cleaning and
drying system with the proximity heads in a horizontal
configuration which is configured to clean and/or dry
the wafer in accordance with one embodiment of the
present invention. [0015] Figure 2D shows a side view
of a wafer cleaning and drying system with the
proximity heads in a horizontal configuration which is
configured to clean and/or dry the wafer in accordance
with one embodiment of the present invention. 



[0016] Figure 3 illustrates a wafer cleaning/drying
process that may be conducted by a proximity head in
accordance with one embodiment of the present
invention.[0017] Figure 4A shows a top view of a
portion of a proximity head in accordance with one
embodiment of the present invention. [0018] Figure 4B
illustrates a proximity head with angled source inlets
performing a drying operation in accordance with one
embodiment of the present invention. [0019] Figure 5A
shows a multi-process window proximity head in
accordance with one embodiment of the present
invention. [0020] Figure 5B shows a multi-process
window proximity head with three process windows in
accordance with one embodiment of the present
invention. [0021] Figure 6 is a high-level simplified
schematic diagram of a single wafer cleaning system in
accordance with one embodiment of the invention.
[0022] Figure 7 is a cross-sectional simplified
schematic diagram of the cleaning of a single wafer
surface in accordance with one embodiment of the
invention. [0023] Figure 8 is a simplified
cross-sectional view of a proximity head that may be
used to perform the cleaning of a single wafer surface
in accordance with one embodiment of the invention.
[0024] Figure 9 is a flow chart diagram illustrating
the method operations for removing post processing
residues in a single wafer cleaning system in
accordance with one embodiment of the invention.
DETAILEDDESCRIPTION [0025] An invention for methods
and apparatuses for effectively cleaning process
residues from a wafer is disclosed. In the following
description, numerous specific details are set forth
in order to provide a thorough understanding of the
present invention. It will be understood, however, by
one of ordinary skill in the art, that the present
invention may be practiced without some or all of
these specific details. In other instances, well known
process operations have not been described in detail
in order not to unnecessarily obscure the present
invention. [0026] While this invention has been
described in terms of several preferred embodiments,
it will be appreciated that those skilled in the art
that various alterations, additions, permutations and
equivalents thereof may be realized. It is therefore
intended that the present invention includes all such
alterations, additions, permutations, and equivalents
as fall within the true spirit and scope of the
invention. [0027] It should be appreciated that the
system described herein is exemplary, and that any
other suitable types of configurations that would
enable movement of the proximity head(s) intoclose
proximity to the wafer may be utilized. In the
embodiments shown, the proximity head(s) may move in a
linear fashion from a center portion of the wafer to
the edge of the wafer. It should be appreciated that
other embodiments may be utilized where the proximity
head(s) move in a linear fashion from one edge of the
wafer to another diametrically opposite edge of the
wafer, or other non-linear movements may be utilized
such as, for example, in a radial motion, in a
circular motion, in a spiral motion, in a zig-zag
motion, etc. The motion may also be any suitable
specified motion profile as desired by a user. In
addition, in one embodiment, the wafer may be rotated
and the proximity head moved in a linear fashion so
the proximity head may process all portions of the
wafer. It should also be understood that other
embodiments may be utilized where the wafer is not
rotated but the proximity head is configured to move
over the wafer in a fashion that enables processing of
all portions of the wafer. Alternatively, the wafer
may move under a stationary proximity head. In
addition, the proximity head and the wafer cleaning
and drying system described herein may be utilized to
clean and dry any shape and size of substrates such as
for example, 200 mm wafers, 300 mm wafers, flat
panels, etc. The wafer cleaning and drying system may
be utilized for either or both cleaning and drying the
wafer depending on the configuration of the system.
[0028] Figure 2A shows a top view of a wafer cleaning
and drying system 100-2 with proximity 



head 106a-3 in a horizontal configuration which
extends across a diameter of wafer 108 in accordance
with one embodiment of the present invention. In this
embodiment, proximity head 106a-3 is held by an upper
arm 104a-3 that extends across a diameter of the wafer
108. Proximity head 106a-3 may be moved into a
cleaning/drying position by vertical movement of the
upper arm 104a-3 so the proximity head can be in a
position that is in close proximity to wafer 108. Once
proximity head 106a-3 is in close proximity to a top
surface of wafer 108, the wafer processing operation
of a top surface of the wafer can take place. [0029]
Figure 2B shows a side view of a wafer cleaning and
drying system 100-2 with proximity heads 106a-3 and
106b-3 in a horizontal configuration, which extends
across a diameter of wafer 108 in accordance with one
embodiment of the present invention. In this
embodiment, proximity head 106a-3 and proximity head
106b-3 both are elongated to be able to span the
diameter of wafer 108. Here, while the wafer 108 is
being rotated, proximity heads 106a-3 and 106b-3 are
brought to close proximity of wafer surfaces 108a and
108b by top arm 104a and bottom arm 106b-3
respectively. Because proximity heads 106a-3 and
106b-3 extend across wafer 108, only half of a full
rotation may be needed to clean/dry wafer 108.[0030]
Figure 2C shows a top view of a wafer cleaning and
drying system 100-3 with proximity heads 106a-3 and
106b-3 in a horizontal configuration, which is
configured to clean and/or dry wafer 108 in accordance
with one embodiment of the present invention. In this
embodiment, wafer 108 may be held stationary by any
suitable type of wafer holding device such as, for
example, an edge grip, fingers with edge attachments,
etc. Proximity head carrier assembly 104'" is
configured to be movable from one edge of wafer 108
across the diameter of the wafer to an edge on the
other side of the wafer after crossing the entire
wafer diameter. In this fashion, proximity head 106a-3
and/or proximity head 106b-3 (as shown below in
reference to Figure 2D) may move across the wafer
following a path along a diameter of wafer 108 from
one edge to an opposite edge. It should be appreciated
that proximity heads 106a-3 and/or 106b-3 may be moved
in any suitable manner that would enable moving from
one edge of wafer 108 to another diametrically
opposite edge. In one embodiment, proximity head
106a-3 and/or proximity head 106b-3 may move in
directions 121 (e.g., top to bottom or bottom to top
of Figure 2C). Therefore, wafer 108 may stay
stationary without any rotation or movement and
proximity heads 106a-3 and/or proximity head 106b-3
may move into close proximity of the wafer and,
through one pass over the wafer, clean/dry the top
and/or bottom surface of the wafer. Alternatively,
proximity heads 106a-3 and 106b-3 may be stationary
while wafer 108 moves in the direction of arrows 121.
Here, a substrate support, e.g., an edge grip, fingers
with edge attachments, etc., is connected to a drive
system that moves the substrate under the proximity
head. [0031] Figure 2D shows a side view of a wafer
cleaning and drying system 100-3 with proximity heads
106a-3 and 106b-3 in a horizontal configuration, which
is configured to clean and/or dry wafer 108 in
accordance with one embodiment of the present
invention, hi this embodiment, proximity head 106a-3
is in a horizontal position with wafer 108 also in a
horizontal position. By use of proximity head 106a-3
and proximity head 106b-3 that spans at least the
diameter of wafer 108, the wafer may be cleaned and/or
dried in one pass by moving proximity heads 106a-3 and
106b-3 in direction 121 as discussed in reference to
Figure 2C. Of course, proximity heads 106a-3 and
106b-3 may remain stationary and wafer 108 may move
under/between the proximity head(s). [0032] Figure 3
illustrates a wafer cleaning/drying process that may
be conducted by proximity head 106a in accordance with
one embodiment of the present invention. Although
Figure 3 shows top surface 108a being cleaned, it
should be appreciated that the wafer drying processmay
be accomplished in substantially the same way for
bottom surface 108b of wafer 108. In one embodiment,
source inlet 302 may be utilized to apply isopropyl
alcohol (IPA) vapor toward top surface 108a of wafer
108, and source inlet 306 may be utilized to apply a
cleaning chemistry or deionized water (DIW) toward top
surface 108a of wafer 108. hi addition, source 



outlet 304 may be utilized to apply vacuum to a region
in close proximity to the wafer surface to remove
fluid or vapor that may located on or near top surface
108a. It should be appreciated that any suitable
combination of source inlets and source outlets may be
utilized as long as at least one combination exists
where at least one source inlet 302 is adjacent to at
least one source outlet 304, which is in turn adjacent
to at least one source inlet 306. The IPA may be in
any suitable form such as, for example, IPA vapor
where IPA in vapor form is input through use of a
non-reactive gas, such as nitrogen (N ) gas. It should
be appreciated that although DIW is mentioned herein,
any other suitable fluid may be utilized that may
enable or enhance the wafer processing such as, for
example, water purified in other ways, cleaning
fluids, etc. In one embodiment, IPA inflow 310 is
provided through source inlet 302, vacuum 312 maybe
applied through source outlet 304 and cleaning
chemistry/DIW inflow 314 may be provided through
source inlet 306. Consequently, if a fluid film
resides on wafer 108, a first fluid pressure may be
applied to the wafer surface by IPA inflow 310, a
second fluid pressure may be applied to the wafer
surface by chemistry/DIW inflow 314, and a third fluid
pressure may be applied by vacuum 312 to remove the
chemistry/DIW, IPA and the fluid film on the wafer
surface. [0033] Therefore, in one embodiment, as
inflow 314 and inflow 310 is applied toward a wafer
surface, any fluid/residue on the wafer surface is
intermixed with the DIW inflow 314. At this time,
inflow 314 that is applied toward the wafer surface
encounters inflow 310. The IPA forms an interface 118
(also known as an EPA/DIW interface 118) with inflow
314 and along with vacuum 312 assists in the removal
of the 314 along with any other fluid/residue from the
surface of wafer 108. In one embodiment, the 1PA/DIW
interface 118 reduces the surface of tension of the
chemistry/DIW. In operation, the chemistry/DIW is
applied toward the wafer surface and almost
immediately removed along with fluid on the wafer
surface by the vacuum applied by the source outlet
304. The chemistry/DIW that is applied toward the
wafer surface and for a moment resides in the region
between a proximity head and the wafer surface along
with any fluid on the wafer surface forms meniscus 116
where the borders of the meniscus are the IPA/DIW
interfaces 118. Therefore, meniscus 116 is a constant
flow of fluid being applied toward the surface and
being removed at substantially the same time with any
fluid on the wafersurface. The pressure (which is
caused by the flow rate of the IPA) of the downward
injection of IPA also helps contain meniscus 116.
[0034] The flow rate of the N2 carrier gas containing
the IPA may assist in causing a shift or a push of
water flow out of the region between the proximity
head and the wafer surface and into the source outlets
304 (suction outlets) through which the
fluids/residues may be output from the proximity head.
It is noted that the push of water flow is not a
process requirement but can be used to optimize
meniscus boundary control. Therefore, as the IPA and
the chemistry/DIW is pulled into source outlets 304,
the boundary making up the IPA/DIW interface 118 is
not a continuous boundary because gas (e.g., air) is
being pulled into source outlets 304 along with the
fluids. In one embodiment, as the vacuum from source
outlet 304 pulls the DIW, IPA, and the fluid on the
wafer surface, the flow into the source outlet 304 is
discontinuous. This flow discontinuity is analogous to
fluid and gas being pulled up through a straw when a
vacuum is exerted on combination of fluid and gas.
Consequently, as the proximity head 106a moves, the
meniscus moves along with the proximity head, and the
region previously occupied by the meniscus has been
dried due to the movement of the IPA/DIW interface
118. It should also be understood that the any
suitable number of source inlets 302, source outlets
304 and source inlets 306 may be utilized depending on
the configuration of the apparatus and the meniscus
size and shape desired. In another embodiment, the
liquid flow rates and the vacuum flow rates are such
that the total liquid flow into the vacuum outlet is
continuous, so no gas flows into the vacuum outlet.
[0035] It should be appreciated any suitable flow rate
may be utilized for the N2/TPA, DIW, and vacuum as
long as the meniscus 116 can be maintained. In one
embodiment, the flow rate of 



the chemistry/DIW through a set of the source inlets
306 is between about 25 ml per minute to about 3,000
ml per minute, hi a preferable embodiment, the flow
rate of the chemistry/DIW through the set of the
source inlets 306 is about 40 ml per minute. It should
be understood that the flow rate of fluids may vary
depending on the size of the proximity head. hi one
embodiment a larger head may have a greater rate of
fluid flow than smaller proximity heads. This may
occur because larger proximity heads, in one
embodiment, have more source inlets 302 and 306 and
source outlets 304. [0036] In one embodiment, the flow
rate of the N2/IPA vapor through a set of the source
inlets 302 is between about 1 standard cubic feet per
hour (SCFH) to about 100 SCFH. In a preferable
embodiment, the IPA flow rate is between about 5 and
50 SCFH. hi anotherembodiment, the flow rate for the
vacuum through a set of the source outlets 304 is
between about 10 standard cubic feet per hour (SCFH)
to about 1250 SCFH. In a preferable embodiment, the
flow rate for a vacuum though the set of the source
outlets 304 is about 350 SCFH. Li an exemplary
embodiment, a flow meter may be utilized to measure
the flow rate of the N2/IPA, DIW, and the vacuum. The
cleaning chemistries employed with the embodiments
described herein include any suitable commercially
available single wafer cleaning chemistry, such as
those available from ATMI Incorporated of Danbury CT.
[0037] Figure 4A shows a top view of a portion of a
proximity head 106 in accordance with one embodiment
of the present invention, hi the top view of one
embodiment, from left to right are a set of the source
inlet 302, a set of the source outlet 304, a set of
the source inlet 306, a set of the source outlet 304,
and a set of the source inlet 302. Therefore, as
N2/IPA and chemistry/DIW are input into the region
between the proximity head 106 and the wafer 108, the
vacuum removes the N2/IPA and the chemistry/DIW along
with any fluid film that may reside on the wafer 108.
The source inlets 302, the source inlets 306, and the
source outlets 304 described herein may also be any
suitable type of geometry such as for example,
circular opening, triangle opening, square opening,
etc. In one embodiment, the source inlets 302 and 306
and the source outlets 304 have circular openings.
[0038] Figure 4B illustrates a proximity head 106 with
angled source inlets 302' performing a drying
operation in accordance with one embodiment of the
present invention. It should be appreciated that the
source inlets 302' and 306 and the source outlet(s)
304 described herein may be angled in any suitable way
to optimize the wafer cleaning and/or drying process.
In one embodiment, the angled source inlets 302' that
input IPA vapor onto the wafer 108 is angled toward
the source inlets 306 such that the IPA vapor flow is
directed to contain the meniscus 116. It should be
appreciated that while vacuum is mentioned in the
above embodiments, the use of vacuum is optional.
[0039] Figure 5A shows a multi-process window
proximity head 106-6 in accordance with one embodiment
of the present invention. The proximity head 106-6
includes two process windows 538-1 and 538-2. hi one
embodiment, the process window 538-2 may use cleaning
fluids suitable for a single wafer cleaning operation,
instead of DIW to clean wafers. The process window
538-2 may use any suitable configuration of source
inlets and outlets that may apply any suitable type of
cleaning fluid to the wafer. In one embodiment, the
process window 538-2 may include only source inlets
that may apply the cleaning fluid. In another
embodiment, theprocess window 538-2 may include other
configurations and functions of source inlets and
outlets described herein. [0040] The process window
538-1 may then dry the wafer. The process window 538-1
may use any suitable configurations of source inlets
and source outlets consistent with the configurations
and functions described herein for drying a wafer
surface. Therefore, by use of multiple process windows
multiple functions such as cleaning and drying may be
accomplished by one proximity head. In yet another
embodiment, instead of multiple process windows being
located on one proximity head, multiple proximity
heads may be utilized to process the wafer where, for
example, one proximity head may clean the wafer and
another proximity head may dry the 



wafer according to the apparatuses and methodology
described herein. [0041] Figure 5B shows a
multi-process window proximity head 106-7 with three
process windows in accordance with one embodiment of
the present invention. It should be appreciated that
the proximity head 106-7 may include any suitable
number of processing windows depending on the number
and types of processing desired to be accomplished by
the proximity head 106-7. Ih one embodiment, the
proximity head 106-7 includes a process window 538-1,
538-2, and 538-3. hi one embodiment, the process
window 538-1, 538-2, and 538-3 are cleaning chemistry
1, cleaning chemistry 2, and rinsing/drying process
windows respectively. In one embodiment, the process
window 538-1 may form a meniscus made up of DIW to
rinse a wafer surface. The process window 538-2 may
generate a cleaning fluid meniscus to clean a wafer
surface. The process windows 538-1 and 538-2 include
at least one source inlet 306 to apply fluid to the
wafer surface, hi one embodiment, the process windows
538-1 and 538-2 may optionally include source inlet
302 and source outlet 304 to generate a stable and
controllable fluid meniscus. The process window 538-3
may generate the fluid meniscus 116 to dry the wafer.
It should be appreciated that the process window 538-3
both rinses and dries the wafer surface because the
fluid meniscus is made up of DIW. Therefore, different
types of process windows may be included in the
proximity head 106-7. As discussed in reference to
Figure 5A above, instead of having multiple process
windows in one proximity head, multiple proximity
heads may be used where one or more of the proximity
heads may be used for different purposes such as
cleaning, rinsing, drying, etc. [0042] Figure 6 is a
high-level simplified schematic diagram of a single
wafer cleaning system in accordance with one
embodiment of the invention. Within chamber 600, wafer
108, which is supported by substrate support 608, and
proximity head 106 is included. Substrate support
608is used to move wafer 108 under proximity head 106.
As Figure 6 shows a top view of chamber 600, substrate
support 608 is hidden by wafer 108. Ih one embodiment,
substrate support 608 may be an alternative type of
drive, e.g., one that supports the wafer along the
edges, and moves the wafer under proximity head 106.
It should be appreciated that any suitable drive
mechanism may be used to move substrate support 608
and wafer 108 under proximity head 106. Alternatively,
proximity head 106 may move across the wafer surface
with wafer 108 being stationary. The system also
includes controller 602, fluid source 604, and pump
606. Controller 602 is in communication with pump 606
and the drive mechanism for substrate support 608. m
one embodiment, the linear velocity at which wafer 108
is moved under proximity head 106 is between about 1.0
millimeters per second and about 10 millimeters per
second. At this velocity range, a single 200mm wafer
may be cleaned in less than 200 seconds, and in one
embodiment, in less than 20 seconds. It should be
appreciated that where wafer 108 is stationary and
proximity head 106 moves, controller 602 will be in
communication with the proximity head to control the
movement. [0043] Still referring to Figure 6, heating
the fluid source through a heating element either
located within proximity head 106 or within the fluid
source reservoir 604 may be used to raise the
temperature of the cleaning chemistry. At the higher
temperatures, the cleaning chemistry becomes more
aggressive in removing a post-etch film from the
surface of wafer 108. By controlling the rate at which
the wafer moves on the proximity head 106, the
residence time that the wafer is exposed to the
cleaning chemistry can be controlled. It should be
appreciated that the residue from the post-etch
operations on surface of wafer 108 may be sensitive to
temperature of the chemistry and less sensitive to the
residence time of contact with the chemistry, however,
the layer, e.g., dielectric film, over which the
residue is disposed may be more sensitive to residence
time of contact with the chemistry. Thus, by the
system described above, both the residence time and
the temperature of the cleaning chemistry may be
controlled and optimized to ensure the residue is
removed without damaging the dielectric layer. One
skilled in the art will appreciate that multiple fluid
sources may be used for the multiple 



windows illustrated with reference to Figures 5A and
5B. [0044] Figure 7 is a cross-sectional simplified
schematic diagram of the cleaning of a single wafer
surface in accordance with one embodiment of the
invention. Proximity head 106 is disposed over wafer
108. The layers of wafer 108 include substrate layer
618, low-K dielectric layer 616, copper layer 620 and
low-K dielectric layer 610. Layer 614 is the post-etch
or postashing residue left after an etching or ashing
operation. Wafer 108 is being driven in the direction
indicated by arrow 624. Here, the wafer would be
driven by the substrate support referred to in Figure
6. Meniscus 116 is disposed between a bottom surface
of proximity head 106 and the top surface of wafer
108. The cleaning chemistry making up meniscus 116 is
configured to remove the residue layer 614 from the
top surface of wafer 108. As mentioned above, the rate
at which wafer 108 is driven under proximity head 106
is controlled, as well as the temperature of the
cleaning fluid within meniscus 612. It should be
appreciated that pattern features within dielectric
layer 610 will be cleaned through the embodiments
described herein. [0045] Figure 8 is a simplified
cross-sectional view of a proximity head that may be
used to perform the cleaning of a single wafer surface
in accordance with one embodiment of the invention.
Proximity head 106 may include two portions, such as
the clean and rinse/dry portions illustrated with
reference to Figure 5A. Clean portion 626 will provide
the cleaning chemistry meniscus as illustrated with
reference to Figure 7 in order to clean a residue from
a surface of a substrate. Rinse section 622 will
provide for the removal of any cleaning chemistry left
by portion 626. Gap 628 which is defined by the
trailing edge of portion 626 and the leading edge of
portion 622 may be adjusted in order to further
control the residence time experienced by the wafer
surface being cleaned. Thus, the residence time may be
controlled by the linear velocity at which the wafer
is moving and by the dimension of gap 628. [0046]
Figure 9 is a flow chart diagram illustrating the
method operations for removing postprocessing residues
in a single wafer cleaning system in accordance with
one embodiment of the invention. The method initiates
with operation 640 where a fluid is provided to a
proximity head disposed over a substrate. It should be
appreciated that more than one fluid may be applied to
the proximity head where the proximity head has a
cleaning portion and a rinse/dry portion as
illustrated with reference to Figures 5A and 5B. The
structure of the proximity head may be as discussed
above. Furthermore, fluid may be pumped to the
proximity head. In one embodiment, the flow rate of
the fluid is about 40 milliliters per minute. The
method then proceeds to operation 642 where the fluid
is heated. The fluid may be heated through a heating
element disposed within the proximity head in one
embodiment. Alternatively, the reservoir containing
the fluid may provide for heating the fluid. That is,
the fluid may be heated by the proximity head or
before the fluid is delivered to the proximity head.
In one embodiment, the fluid is heated to temperatures
between about 20C and 8O0C. The method then advances
to operation 644 where a meniscus of the fluid is
generated between a surface of the substrate andan
imposing surface of the proximity head. As described
above with reference to Figure 7, the meniscus is used
to clean the post-etch residues from the surface of
the wafer. Exemplary cleaning chemistries include
non-aqueous solvents, semi-aqueous based chemistries
and aqueous based chemistries. In one embodiment, the
cleaning chemistries include chelators which assist in
removing the post-etch residues. [0047] The method of
Figure 9 then moves to operation 646 where a
substantially constant residence time is maintained
for the fluid over the surface of the substrate. In
order to maintain the constant residence time, the
rate at which the wafer is moved under the proximity
head is maintained constant. In one embodiment, the
wafer is not rotated but is just moved linearly under
the proximity head. It should be appreciated that the
proximity head may move relative to the wafer in
another embodiment. That is, the wafer stays
stationary in the proximity head moves over the top
surface of the wafer at a constant rate. The residence
time may also be controlled through the width of the
gap discussed above with reference to Figure 8. [0048]
Through the embodiments described above, the cleaning
chemistry is optimized for 



selectivity between the residue and the layer on which
the residue is disposed, by optimizing the residence
time with chemical activity. The residence time
maximizes the residue removal rate and minimizes
damage to the later on which the residue is disposed,
e.g., a low-dielectric film. Thus, as mentioned above,
the residence time may be controlled by how fast or
slow the wafer is moving under the proximity head or
how wide of a meniscus is being used by the proximity
head. The flow rate of the cleaning chemistry to the
proximity head controls mass transport. In one
embodiment, the residence time is less than 30 seconds
and a flow rate delivered to the proximity head is
less than 40 milliliters per minute. It should be
appreciated that any suitable pump, e.g., a syringe
pump, may be used to deliver such a flow rate to the
proximity head. Furthermore, the residence time may be
adjusted based on the activity of the cleaning
chemistry. For example, the embodiments described
herein enable the achievement of a residence time that
is a fraction of a second. These embodiments also can
operate at low flow rates of the expensive cleaning
chemistries, thereby reducing costs and possibly
eliminating the need for recycling. [0049] While this
invention has been described in terms of several
preferred embodiments, it will be appreciated that
those skilled in the art upon reading the preceding
specifications and studying the drawings will realize
various alterations, additions, permutations and
equivalentsthereof. It is therefore intended that the
present invention includes all such alterations,
additions, permutations, and equivalents as fall
within the true spirit and scope of the invention.
Wliat is claimed is:CLAIMS 1. A method for removing
post processing residues in a single wafer cleaning
system, comprising: providing a first fluid to a
proximity head disposed over a substrate; heating the
first fluid; generating a meniscus of the first fluid
between a surface of the substrate and an opposing
surface of the proximity head, and linearly moving the
substrate under the proximity head. 2. The method of
claim 1, further comprising: controlling the moving of
the substrate so that the meniscus of the first fluid
contacts the surface of the substrate for less than 30
seconds. 3. The method of claim 1, further comprising:
controlling the moving of the substrate so that the
meniscus of the first fluid contacts the surface of
the substrate for less than 2 seconds. 4. The method
of claim 1, wherein the first fluid is heated to
between about 20 C and about 80 C. 5. The method of
claim 1, further comprising: providing a second fluid
to the proximity head, the second fluid being applied
to a region of the substrate located behind an
application area of the first fluid. 6. The method of
claim 5 wherein a gap between a leading edge of the
application area and a leading edge of the second
fluid region defines a residence time of the first
fluid with the surface of the substrate. 7. The method
of claiml , further comprising:maintaining a
substantially constant residence time of the first
fluid over the surface of the substrate. 8. The method
of claim 1, wherein the substrate moves at a linear
velocity between about 0.5 millimeters per second and
about 10 millimeters per second. 9. A method for
removing post etch residues in a single wafer cleaning
system, comprising method operation of: providing a
fluid to a proximity head disposed over a substrate;
heating the fluid; generating a meniscus of the fluid
between a surface of the substrate and an opposing 



surface of the proximity head; maintaining a
substantially constant residence time of less than 30
seconds for the fluid over the surface of the
substrate. 10. The method of claim 9, wherein the
method operation of heating the fluid includes,
elevating a temperature of the fluid to greater than
35 C. 11. The method of claim 9, wherein the method
operation of maintaining a substantially constant
residence time of less than 30 seconds for the fluid
over the surface of the substrate includes, adjusting
a width of the meniscus to adjust the residence time.
12. The method of claim 9, wherein the method
operation of providing a fluid to a proximity head
disposed over a substrate includes, flowing the fluid
to the proximity head at a flow rate of less than
about 40 milliliters per minute.13. The method of
claim 9, further comprising: removing both inorganic
and organic residues from the surface of the substrate
during the residence time. 14. The method of claim 9,
further comprising: rotating the substrate while
radially moving the proximity head across the surface
of the substrate. 15. A single wafer cleaning system,
comprising: a fluid source; a proximity head operably
connected to the fluid source; a substrate support
configured to support a substrate disposed thereon,
the substrate support capable of moving under the
proximity head to form a meniscus of fluid from the
fluid source between opposing surfaces of the
proximity head and the substrate; and a controller in
communication with the substrate support, the
controller defining a residence time of the meniscus
of the fluid over the surface of the substrate through
movement of the substrate support. 16. The system of
claim 15, further comprising: a pump for delivering
fluid from the fluid source to the proximity head. 17.
The system of claim 15, wherein the proximity head
includes a heating element, the heating element
configured to elevate a temperature of the fluid
between about 20 C and about 80 C.18. The system of
claim 16, wherein the controller adjusts a mass
transport characteristic of the meniscus of the fluid
through manipulation of a flow rate of the fluid to
the proximity head. 19. The system of claim 15,
wherein the residence time is less than 30 seconds.
20. The system of claim 15, wherein the movement of
the substrate support is controlled at a linear
velocity of between about 0.5 millimeters per second
and 10 millimeters per second. 


