
TITLE SOLVENT COMPOSITIONS COMPRISING UNSATURATED
FLUORINATED HYDROCARBONS CROSS REFERENCE(S) TO RELATED
APPLICATIONS This application claims the benefit of
priority of U.S. Provisional Application 60/732,771 ,
filed November 1, 2005. FIELD OF THE INVENTION This
invention relates to cleaning compositions comprising
unsaturated fluorinated hydrocarbons. The invention
further relates to use of said cleaning compositions
in methods to clean, degrease, deflux, dewater, and
deposit fluorolubricant. The invention further relates
to novel unsaturated fluorinated hydrocarbons and
their use as cleaning compositions and in the methods
listed above. BACKGROUND OF THE INVENTION
Chlorofluorocarbon (CFC) compounds have been used
extensively in the area of semiconductor manufacture
to clean surfaces such as magnetic disk media.
However, chlorine-containing compounds such as CFC
compounds are considered to be detrimental to the
Earth's ozone layer. In addition, many of the
hydrofluorocarbons used to replace CFC compounds have
been found to contribute to global warming. Therefore,
there is a need to identify new environmentally safe
solvents for cleaning applications, such as removing
residual flux, lubricant or oil contaminants, and
particles. There is also a need for identification of
new solvents for deposition of fluorolubricants and
for drying or dewatering of substrates that have been
processed in aqueous solutions. The present invention
provides new compositions comprising unsaturated
fluorinated hydrocarbons. These compositions have
utility in many of the applications formerly served by
CFC compounds. The compositions of the present
invention possess some or all of the desired
properties of little or no environmental impact,
ability to dissolve oils,greases or lubricants (in
particular fluorine-containing lubricants),
nonflammability, and ability to dissolve surfactant
compounds used in methods for drying or dewatering.
SUMMARY OF THE INVENTON Disclosed herein are novel
methods of using a composition comprising at least one
unsaturated fluorinated hydrocarbon selected from the
group consisting of: compounds having the formula E-
or ZR1CH= CHR2, wherein R1 and R2 are, independently,
C1 to C6 perfluoroalkyl groups, or Ci to C6
hydrofluoroalkyl groups. In one embodiment, the
methods disclosed herein are methods of using a
compound having the formula E- or Z-R1CH=CHR2, wherein
R1 and R2 are, independently, Ci to C6 perfluoroalkyl
groups, or Ci to C6 hydrofluoroalkyl groups, for
cleaning an article or substrate. In another
embodiment is a method for depositing a
fluorolubricant on a surface comprising: (a) combining
a fluorolubricant and a solvent comprising an
unsaturated fluorinated hydrocarbon selected from the
group consisting of: unsaturated fluorinated
hydrocarbons having the formula E- or Z-R1CH=CHR2,
wherein R1 and R2 are, independently, Ci to C6
perfluoroalkyl groups, or Ci to C6 hydrofluoroalkyl
groups; to form a lubricant-solvent combination; (b)
contacting the combination of lubricant-solvent with
the surface; and (c) evaporating the solvent from the
surface to form a fluorolubricant coating on the
surface. In yet another embodiment is a process for
removing at least a portion of water from the surface
of a wetted substrate, said process comprising: a)
contacting the substrate with the compositions of the
present invention further comprising surfactant, and
then b) removing the substrate from contact with said
composition.In yet another embodiment is a composition
comprising an unsaturated fluorinated hydrocarbon
having the formula R1CH=CHR2, wherein R1 and R2 are,
independently, Ci to C6 perfluoroalkyl groups, or Ci
to C hydrofluoroalkyl groups. Other objects and
advantages of the present invention will become
apparent to those skilled in the art upon reference to
the detailed description that hereinafter follows.
DETAILED DESCRIPTION OF THE INVENTION Many aspects and
embodiments have been described above and are merely
exemplary and not limiting. After reading this
specification, skilled artisans appreciate that other
aspects and embodiments are possible without departing
from the scope of the invention. Other features and
benefits of any one or more of the embodiments will be
apparent from the following detailed description, and
from the claims. Before addressing details of
embodiments described below, some 



terms are defined or clarified. As used herein, the
terms "comprises," "comprising," "includes,"
"including," "has," "having" or any other variation
thereof, are intended to cover a non-exclusive
inclusion. For example, a process, method, article, or
apparatus that comprises a list of elements is not
necessarily limited to only those elements but may
include other elements not expressly listed or
inherent to such process, method, article, or
apparatus. Further, unless expressly stated to the
contrary, "or" refers to an inclusive or and not to an
exclusive or. For example, a condition A or B is
satisfied by any one of the following: A is true (or
present) and B is false (or not present), A is false
(or not present) and B is true (or present), and both
A and B are true (or present). Also, use of "a" or
"an" are employed to describe elements and components
described herein. This is done merely for convenience
and to give a general sense of the scope of the
invention. This description should be read to include
one or at least one and the singular also includes the
plural unless it is obvious that it is meant
otherwise.Unless otherwise defined, all technical and
scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the
art to which this invention belongs. Although methods
and materials similar or equivalent to those described
herein can be used in the practice or testing of
embodiments of the present invention, suitable methods
and materials are described below. All publications,
patent applications, patents, and other references
mentioned herein are incorporated by reference in
their entirety, unless a particular passage is cited.
In case of conflict, the present specification,
including definitions, will control. In addition, the
materials, methods, and examples are illustrative only
and not intended to be limiting. Applicants
specifically incorporate the entire content of all
cited references in this disclosure. Applicants also
incorporate by reference the co-owned Provisional
applications 60/732,396, filed November 1, 2005,
60/732,090, filed November 1, 2005, 60/732,292, filed
November 1, 2005 and 60/732,581 , filed November 1,
2005. Further, when an amount, concentration, or other
value or parameter is given as either a range,
preferred range, or a list of upper preferable values
and lower preferable values, this is to be understood
as specifically disclosing all ranges formed from any
pair of any upper range limit or preferred value and
any lower range limit or preferred value, regardless
of whether ranges are separately disclosed. Where a
range of numerical values is recited herein, unless
otherwise stated, the range is intended to include the
endpoints thereof, and all integers and fractions
within the range. It is not intended that the scope of
the invention be limited to the specific values
recited when defining a range. In one embodiment, the
present invention provides compounds having the
formula E- or Z-R1CH=CHR2 (Formula I), wherein R1 and
R2 are, independently, C1 to C perfluoroalkyl groups,
or Ci to C6 hydrofluoroalkyl groups. Examples of R1
and R2 groups include, but are not limited to, CF3,
C2F5,CF2CF2CF3, CF(CF3)2, CF2CF2CF2CF3, CF(CF3)CF2CF3,
CF2CF(CFs)2, C(CF3)3, CF2CF2CF2CF2CF3, CF2CF2CF(CFs)2,
C(CFs)2C2F5, CF2CF2CF2CF2CF2CF3, CF(CF3)CF2CF2C2F5,
C(CFa)2CF2C2F5, CHF2, CH2F, C2HF4, C2H2F3, C2H3F2,
C3HF6, J-C3HF6, C3H2F5, C3H3F4, C4HF8, C4H3F6, C5HF10,
C5H3F8, or C6HFi2. Where positional isomers are
possible, formulas for hydrofluoroalkyl groups are
intended to refer to all possible positional 5
isomers. That is to say, C2HF4 is intended to convey
both -CHFCF 3 and - CF2CHF2 groups for example. In one
embodiment, specific examples of hydrofluoroalkyl
groups include without limitation -CHF2, -CH2F, -
CF2CHF2, -CHFCF3, -CH2CHF2, -CF2CH3, -CH2CF3,
-CH2CF2CHF2, - CF2CHFCF3, -CF2CF2CF2CH3,
-CH2(CF2)3CHF2. Exemplary, non-limiting 0 Formula I
compounds are presented in Table 1. TABLE 1SOLVENT
COMPOSITIONS COMPRISING UNSATURATED FLUORINATED
HYDROCARBONS CROSS REFERENCE(S) TO RELATED
APPLICATION(S) This application claims the benefit of
priority of U.S. Provisional Application 60/732,771,
filed November 1, 2005. FIELD OF THE INVENTION This
invention relates to cleaning compositions comprising
unsaturated fluorinated hydrocarbons. The invention
further relates to use of said cleaning compositions
in methods to clean, degrease, deflux, dewater, and
deposit fluorolubricant. The invention further relates
to novel unsaturated fluorinated hydrocarbons and
their use as cleaning compositions and in the methods
listed above. BACKGROUND OF THE INVENTION
Chlorofluorocarbon (CFC) compounds have been used
extensively in the area of semiconductor manufacture
to clean surfaces such as magnetic disk media.
However, chlorine-containing compounds such as CFC
compounds are considered to be detrimental to the
Earth's ozone 



layer. In addition, many of the hydrofluorocarbons
used to replace CFC compounds have been found to
contribute to global warming. Therefore, there is a
need to identify new environmentally safe solvents for
cleaning applications, such as removing residual flux,
lubricant or oil contaminants, and particles. There is
also a need for identification of new solvents for
deposition of fluorolubricants and for drying or
dewatering of substrates that have been processed in
aqueous solutions. The present invention provides new
compositions comprising unsaturated fluorinated
hydrocarbons. These compositions have utility in many
of the applications formerly served by CFC compounds.
The compositions of the present invention possess some
or all of the desiredproperties of little or no
environmental impact, ability to dissolve oils,
greases or lubricants (in particular
fluorine-containing lubricants), nonflammability, and
ability to dissolve surfactant compounds used in
methods for drying or dewatering. SUMMARY OF THE
INVENTION Disclosed herein are novel methods of using
a composition comprising at least one unsaturated
fluorinated hydrocarbon selected from the group
consisting of: compounds having the formula  - or
ZR1CH= CHR 2, wherein R1 and R2 are, independently, Ci
to C6 perfluoroalkyl groups, and unsaturated
fluorinated hydrocarbons selected from the group
consisting of (CFs)2CFCH=CH 2, CF3CF2CF2CH=CH 2,
CH2=CFCF 2CF2CHF2, CF2=CHCF2CH2CF3, CF3CF=C(CF 3)(CH3)
, CH2=CFCH(CFs) 2, CHF=CHCH(CFs) 2, CH2FCH=C(CFs) 2,
CH3CF=C(CFs) 2, (CFs)2C=CHCH 3, CHF2CF2CF=CFCH 3,
C2F5CF=CHCH 3, CF3C(CH3)=CHCF 3, CH2=CHCF 2CHFCF 3, C
H2=C(CF S)CH 2CF3 , CF3CH=CFCH 2CH3, CF3CH=C(CHs)2,
CF3(CF2)3CF=CF 2, CF3CF2CF=CFCF 2CFS, (CF 3)2C=C(CF
3)2 I (CF 3)2CFCF=CFCF 3I (CFs)2C=CHC 2F5, (CFS)
2CFCF=CHCF 3 1 CF3C F2CF2CF2CH=CH 2 , CH2=CHC(CF 3)S,
(CF3)2C=C(CH 3)(CF3) , C H2=CFCF 2CH(CFS) 2, C
F3CF=C(CH 3)CF 2CFS, CF3CH=CHCH(CFS) 2 , (CFS)
2CFCF=CHCH 3 , CF3CF2C F2CF=CHCH 3 , CH2=CHCF
2CF2CF2CHF 2 , (CF S)2C=CHCF 2CH3 , CH2=C(CF
3)CH2C2F5, CFSCF 2CF2C(CHS)=CH 2 , C F3CF2CF2CH=CHCH
3, CH2=CHCH 2CF2C2F5, CFsCF2CF=CFC 2H5, CH2=CHCH
2CF(CFS) 2 , CF3CF=CHCH(CF 3)(CH 3) , (CFS)2C=CFC 2H5,
(CH3)2C=CFCF 2CF3, (CFs)2C=C(CHs)2, CF3CF=CFCF
2CF2C2F5, CF3CF2CF=CFCF 2C2F5 1 CFSCH=CFCF 2CF2C2F5 ,
CF3CF=CHCF 2CF2C2F5, CF3CF2CH=CFCF 2C2F5,
CF3CF2CF=CHCF 2C2F5 1 CF3CF2CF2CF2CF=CHCH 3,
CF3CF2CF2CF=CHCH 2C H3, (CHS)2C=CFCF 2CF2CF3, cyclo-
CF2CH=CHCF 2CF2CF2- , CyClO-CF2CF=CFCF 2CF2CF2- ,
CF2=CHCF 2Br, CF2=CFCBrH 2, CHF=CBrCF 3, CHF=CHCBrF 2,
CHF=CBrCHF 2, CHBr=CFCF 3, CHBr=CHCF 3, CH2=CBrCF 3,
CH2CFCBrF 2, CFBr=CHCF 3, CFBr=CFCF 3, CH2=CBrCF 2CF3,
CHBr=CHCF 2CF3, CH2=CHCF 2CF2Br,CH2=CHCBrFCF 3,
CF3CBr=CFCF 3, CH3CBr=CHCF 3, CF3CBr=CHCH 3,
(CF3)2C=CHBr, CF3CF=CBrCF 2CF3, CHF2CBr=CFC2F5,
CF2=CBrCHFC 2F5, CHBr=CF(CF 2)2CHF2, CH2=CBrCF2C2F5,
CF2=CHCF2CH2CBrF2, (CFs)2CFCBr=CH2, CF2=C(CH2Br)CF3,
CH2=C(CBrF2)CF3, (CF3)2CHCH=CHBr, (CF3 2C=CHCH2Br1
CH2=CHCF(CF 3)CBrF2, CF3CF2CF2CBr=CH2,
CF3(CF2)3CBr=CH2, CHCI=CFCCIF 2,
CHCI=CCICF3,CHCI=CHCH2F, CHCI=CFCH3 1 CH2=CCICH2F,
CHF=CCICH3,CH2=CCICCIF2, CH2=CFCCI2F, CHCI=CCICHF 2,
CHCI=CHCCIF 2 , CHF=CCICHCIF, CCI2=CFCH3,
CH2=CCICHCIF, CH2=C(CHF 2)CCIF 2,CH2=CHCF 2CHCIF,
CHCI=C(CH3)CF3, CH2=CHCHCICF 3,
CH3CF=CHCCIF2,CH2=CCICF2CF3, CHCI=CHCF2CF3,
CH2=CHCF2CF2CI, CH2=CHCCIFCF3, CH3CCI=CHCF3,
CF3CCI=CHCH3, CH2=CHCCIFCHCI 2, CH2=CCICCIFCCIF 2,
CH2=CCICH 2CCIF 2, CH2=CHCF2CHCI2, CH2=CHCCIFCCIF 2,
CCI2=C(CH3)CF3, CCI2=CHCH2CF3,CH2=CFCCIFCCIF2,
CCIF=CHC2H5, CHCI=CHCF2CH3, CH2=CCICF2CH3,
CH3CH=CHCCIF2, (CF3)2C=CHCI, CF3CH=C(CCIF 2)CF3,
CHCI=CHCF2CCIFCF3, CHCI=CHCF(CCIF 2)CF 3, CF3CF=CCICF
2CF3 1 CHCI=CF(CFZ) 2CHF 2, CH2=CCICF2C2F5, CF2=CHCF
2CH2CCIF 2, (CF 3)2CFCCI=CH 2I (CF3)2CHCH=CHCI,
(CFs)2C=CHCH2CI, CH2=CHCF(CF 3)CCIF2, CH2=CCICF
2CF2C2FS, and CHCI=CHCF2CF2C2F5. In one embodiment,
the methods disclosed herein are methods of using a
compound having the formula E- Or Z-R1CH=CHR2, wherein
R1 and R2 are, independently, Ci to C6 perfluoroalkyl
groups, for cleaning an article or substrate. In
another embodiment is a method for depositing a
fluorolubricant on a surface comprising: (a) combining
a fluorolubricant and a solvent comprising an
unsaturated fluorinated hydrocarbon selected from the
group consisting of: (i) unsaturated fluorinated
hydrocarbons having the formula E- Or Z-R1CH=CHR2,
wherein R1 and R2 are, independently, Ci to C6
perfluoroalkyl groups; and(ii) unsaturated fluorinated
hydrocarbons selected from the group consisting of
(CF3)2CFCH=CH2, CF3CF2CF2CH=CH 2 CH2=CFCF 2CF2CHF 2, 



CF2=CHCF2CH2CF3, CF3CF=C(CF3)(CH3) , CH2=CFCH(CFs)2,
CHF=CHCH(CF 3)2, CH2FCH=C(CF 3)2, CH3CF=C(CF 3)2,
(CF3)2C=CHCH3, CHF2CF2CF=CFCH3, C2F5CF=CHCH 3,
CF3C(CH3)=CHCF3 CH2=CHCF 2CHFCF 3, CH2=C(CF3)CH2CF3,
CF3CH=CFCH2CH3, CF3CH=C(CH3)2, CF3(CF2)3CF=CF2l
CF3CF2CF=CFCF 2CF3, (CF 3)2C=C(CF 3)2I (CF3)2CFCF=CFCF
3, (CFS)2C=CHC 2F5, (CF 3)2CFCF=CHCFS,
CF3CF2CF2CF2CH=CH 2 , CH2=CHC(CF 3)S1 (CFS)2C=C(CH
3)(CF 3) , CH2=CFCF 2CH(CFS) 2 1 CF3CF=C(CHS)CF 2CF3,
CF3CH=CHCH(CF 3)2 (CFs)2CFCF=CHCH3, CF3CF2CF2CF=CHCHs,
CH2=CHCF 2CF2CF2CHF 2 1 (CFs)2C=CHCF2CH3,
CH2=C(CF3)CH2C2F5, CFSCF 2CF2C(CHS)=CH 2
CF3CF2CF2CH=CHCH 3 1 CH2=CHCH2CF2C2Fs,
CF3CF2CF=CFC2H5, CH2=CHCH2CF(CF3)2l CF3CF=CHCH(CF
3)(CHs), (CFs)2C=CFC2H5, (CHs)2C=CFCF2CF3 1
(CF3)2C=C(CH3)2l CF3CF=CFCF 2CF2C2F5 1 CFSCF 2CF=CFCF
2C2FS, CF3CH=CFCF 2CF2C2F5l CF3CF=CHCF2CF2C2Fs,
CF3CF2CH=CFCF 2C2F5 1 CF3CF2CF=CHCF 2C2F5,
CF3CF2CF2CF2CF=CHCH 3 CF3CF2CF2CF=CHCH 2CHS1
(CHS)2C=CFCF 2CF2CFS, cyclo-CF2CH=CHCF 2CF2CF2- ,
CyCIo-CF2CF=CFCF2CF2CF2- , CF2=CHCF2Br, CF2=CFCBrH 2,
CHF=CBrCF 2, CHF=CHCBrF 2, CHF=CBrCHF 2, CHBr=CFCF3,
CHBr=CHCF 3, CH2=CBrCF 3, CH2CFCBrF2, CFBr=CHCF3,
CFBr=CFCF 3, CH2=CBrCF2CF3, CHBr=CHCF2CF3,
CH2=CHCF2CF2Br1 CH2=CHCBrFCF 3, CF3CBr=CFCF3,
CH3CBr=CHCF 3, CF3CBr=CHCH 3, (CFs)2C=CHBr1CF3CF=CBrCF
2CF3, CHF2CBr=CFC 2F5,
CF2=CBrCHFC2F5,CHBr=CF(CFz)2CHF2 1 CH2=CBrCF2C2F5,
CF2=CHCF2CH2CBrF2, (CFa)2CFCBr=CH2, CF2=C(CH2Br)CF3,
CH2=C(CBrF2)CF3, (CF3)2CHCH=CHBr, (CF3 2C=CHCH2Br
CH2=CHCF(CF3)CBrF2, CF3CF2CF2CBr=CH2,
CF3(CF2)3CBr=CH2, CHCI=CFCCIF2 CHCI=CCICF3 1
CHCI=CHCH2F, CHCI=CFCH3 1 CH2=CCICH2F,
CHF=CCICH3,CH2=CCICCIF2, CH2=CFCCI2F, CHCI=CCICHF 2,
CHCI=CHCCIF2, CHF=CCICHCIF, CCI2=CFCH3, CH2=CCICHCIF,
CH2=C(CHF2)CCIF2 CH2=CHCF 2CHCIF, CHCI=C(CH3)CF3,
CH2=CHCHCICF 3, CH3CF=CHCCIF2, CH2=CCICF2CF3,
CHCI=CHCF2CF3, CH2=CHCF2CF2CI, CH2=CHCCIFCF3l
CH3CCI=CHCF3, CF3CCI=CHCH3, CH2=CHCCIFCHCI2,
CH2=CCICCIFCCIF 2, CH2=CCICH 2CCIF 2 1CH2=CHCF2CHCI2,
CH2=CHCCIFCCIF 2, CCI2=C(CH3)CF3, CCI2=CHCH2CF3,
CH2=CFCCIFCCIF 2, CCIF=CHC2H5, CHCI=CHCF2CH3,
CH2=CCICF2CH3,CH3CH=CHCCIF2, (CF3)2C=CHCI,
CF3CH=C(CCIF 2)CF 3 1 CHCI=CHCF 2CCIFCF 3,
CHCI=CHCF(CCIF 2)CF 3 1 CF3CF=CCICF 2CF3 1 .
CHCI=CF(CF2)2CHF2, CH2=CCICF2C2F5, CF2=CHCF 2CH2CCIF 2
1 (CFS)2CFCCI=CH 2 1 (CFa)2CHCH=CHCI1 (CF3 2C=CHCH2CI1
CH2=CHCF(CF 3)CCIF 2, CH2=CCICF2CF2C2F5, and
CHCI=CHCF2CF2C2F5, to form a lubricant-solvent
combination; (b) contacting the combination of
lubricant-solvent with the surface; and (c)
evaporating the solvent from the surface to form a
fluorolubricant coating on the surface. In yet another
embodiment is a process for removing at least a
portion of water from the surface of a wetted
substrate, said process comprising:a) contacting the
substrate with the compositions of the present
invention further comprising surfactant, and then b)
removing the substrate from contact with said
composition. In yet another embodiment is a
composition comprising an unsaturated fluorinated
hydrocarbon having the formula R1CH=CHR2, wherein R1
and R2 are, independently, C-i to C6 perfluoroalkyl
groups. In yet another embodiment is a composition
comprising an unsaturated fluorinated hydrocarbon
selected from the group consisting of CH2=CCICF2CF3,
CHCI=CHCF2CF3 1 CHCI=CHCF2CF2C2F5 and CHBr=CHCF2CF3.
Other objects and advantages of the present invention
will become apparent to those skilled in the art upon
reference to the detailed description that hereinafter
follows. DETAILED DESCRIPTION OF THE INVENTION Many
aspects and embodiments have been described above and 



are merely exemplary and not limiting. After reading
this specification, skilled artisans appreciate that
other aspects and embodiments are possible without
departing from the scope of the invention. Other
features and benefits of any one or more of the
embodiments will be apparent from the following
detailed description, and from the claims. Before
addressing details of embodiments described below,
some terms are defined or clarified. As used herein,
the terms "comprises," "comprising," "includes,"
"including," "has," "having" or any other variation
thereof, are intended to cover a non-exclusive
inclusion. For example, a process, method, article, or
apparatus that comprises a list of elements is not
necessarily limited to only those elements but may
include other elements not expressly listed or
inherent to such process, method, article, or
apparatus. Further, unless expressly stated to the
contrary, "or" refers to an inclusive or and not to an
exclusive or. For example, a condition A or B is
satisfied by any one of the following: A is true (or
present) and B is false (or not present), A is
false(or not present) and B is true (or present), and
both A and B are true (or present). Also, use of "a"
or "an" are employed to describe elements and
components described herein. This is done merely for
convenience and to give a general sense of the scope
of the invention. This description should be read to
include one or at least one and the singular also
includes the plural unless it is obvious that it is
meant otherwise. Unless otherwise defined, all
technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs.
Although methods and materials similar or equivalent
to those described herein can be used in the practice
or testing of embodiments of the present invention,
suitable methods and materials are described below.
All publications, patent applications, patents, and
other references mentioned herein are incorporated by
reference in their entirety, unless a particular
passage is cited. In case of conflict, the present
specification, including definitions, will control. In
addition, the materials, methods, and examples are
illustrative only and not intended to be limiting.
Applicants specifically incorporate the entire content
of all cited references in this disclosure. Applicants
also incorporate by reference the co-owned Provisional
applications 60/732,396, filed November 1, 2005,
60/732,090, filed November 1, 2005, 60/732,292, filed
November 1, 2005 and 60/732,581 , filed November 1,
2005. Further, when an amount, concentration, or other
value or parameter is given as either a range,
preferred range, or a list of upper preferable values
and lower preferable values, this is to be understood
as specifically disclosing all ranges formed from any
pair of any upper range limit or preferred value and
any lower range limit or preferred value, regardless
of whether ranges are separately disclosed. Where a
range of numerical values is recited herein, unless
otherwise stated, the range is intended to include the
endpoints thereof, and all integers and fractions
within the range. It is not intended that the scope of
the invention be limited to the specific values
recited when defining a range.In one embodiment, the
present invention provides compounds having the
formula E- Or Z-R1CH=CHR2 (Formula I), wherein R1 and
R2 are, independently, Ci to C6 perfluoroalkyl groups.
Examples of R1 and R2 groups include, but are not
limited to, CF3, C2F5, CF2CF2CF3, CF(CF3)2,
CF2CF2CF2CF3, CF(CF3)CF2CF3, CF2CF(CF3)2 C(CF3)3,
CF2CF2CF2CF2CF3, CF2CF2CF(CFs)2, C(CFs)2C2F5,
CF2CF2CF2CF2CF2CF3, CF(CF3) CF2CF2C2F5, and
C(CFa)2CF2C2F5. Exemplary, non-limiting Formula I
compounds are presented in Table 1.REPLACEMENT METAL
GATE TRANSISTORS WITH REDUCED GATE OXIDE LEAKAGE
TECHNICALFIELD [01] The present invention relates to
semiconductor devices comprising transistors with
metal gate electrodes and reduced gate oxide leakage.
The present invention is particularly applicable to
high speed semiconductor devices having submicron
design features. BACKGROUND ART [02] The integration
of hundreds of millions of circuit elements, such as
transistors, on a single integrated circuit
necessitates further dramatic scaling down or
micro-miniaturization of the physical dimensions of
circuit elements, including interconnection
structures. Micro-miniaturization has engendered a
dramatic increase in transistor engineering
complexity, such as the inclusion of graded
well-doping, epitaxial wafers, halo implants, tip
implants, lightly doped drain structures, multiple
implants for source/drain regions, silicidation of
gates and source/drains, and multiple sidewall
spacers, for example. [03] The drive for high
performance requires high speed operation of
microelectronic components requiring high drive
currents in addition to low leakage, i.e., low
off-state current, to reduce power consumption.
Typically, the structural and doping parameters
tending to provide a desired increase in drive current
adversely impact leakage current. [04] Metal gate
electrodes have evolved for improving the drive
current by reducing polysilicon depletion, and
reducing processing temperature subsequent to metal
gate formation. In order to implement replacement
metal gate process flow, a dummy gate, such as
polysilicon, is removed by dry/wet etching, followed
by metal deposition. 



[05] The relentless drive toward greater
miniaturization requires a reduction in the feature
size of transistors, including gate oxide layers for
metal gate transistors. Such gate oxide layers must be
reduced to achieve a very thin effective oxide
thickness (EOT). This objective has been illusive in
attempting to form gate oxides at thicknesses of about
15A because of the leakage current. [06] Accordingly,
there exists a need for metal gate transistors having
a gate oxide with a reduced EOT with reduced leakage
current. There also exists a need for-methodology
enabling the fabrication of semiconductor devices
comprising metal gate transistors having a gate oxide
with a reduced EOT without sacrificing device speed.
DISCLOSURE OFTHEINVENTION [07]An advantage of the
present invention is a semiconductor device having a
transistor with a metal gate electrode and a gate
oxide having a reduced EOT and reduced leakage
current. [08] Another advantage of the present
invention is a method of fabricating a semiconductor
device -comprising a transistor with a metal gate
electrode and a gate oxide having a reduced EOT and
reduced leakage current. [09] Addition advantages and
other features of the present invention will be set
forth in the description which follows and, in part,
will become apparent to those having ordinary skill in
the art upon examination of the following or may be
learned from the practice of the present invention.
The advantages of the present invention may be
realized and obtained as particularly pointed out in
the appended claims.[ ' ' cofdirig 'o IHe 'preseht
"riventiri, the foregoing and other advantages are
achieved in part by a semiconductor device comprising:
a substrate; a gate dielectric layer on the substrate;
a protective layer on the gate dielectric layer; and a
metal gate electrode on the protective layer; wherein,
the protective layer has a graded composition between
the gate dielectric layer and the metal gate
electrode. [ 11] Embodiments of the present invention
comprise metal gate transistors with a gate oxide,
e.g., silicon oxide, and a protective layer thereon.
Aspects of this embodiment include a protective layer
comprising an amorphous carbon layer containing metal
carbides, formed by diffusing metal from the gate
electrode into the amorphous carbon layer, at a
concentration up to about 50 at. %. Typically, the
concentration of the metal carbides is about 80 at. %
approximate the interface between the amorphous carbon
layer and the metal gate electrode and decreases
across the amorphous carbon layer to about 20 at. % at
the interface with the gate oxide layer. Embodiments
also include depositing an amorphous carbon layer
containing at least one additional element, such as
oxygen, silicon and/or nitrogen. [12] Another aspect
of the present invention is a semiconductor device
comprising: a substrate; a gate dielectric layer on
the substrate; and a metal gate electrode on the gate
dielectric layer; wherein, the gate dielectric layer
comprises an oxide layer containing an oxide having a
dielectric constant (k) greater than 4, and silicon
concentrated at interfaces of the oxide layer with the
substrate and with the metal gate electrode. [13]
Embodiments include forming a gate dielectric layer
comprising a layer of polycrystalline silicon on the
substrate, the oxide layer containing the high
dielectric constant oxide on the first polycrystalline
silicon layer, and a second layer of polycrystalline
silicon on the oxide layer and adjacent the metal gate
electrode. [14] Another aspect of the present
invention is a method of fabricating a semiconductor
device having a transistor with a metal gate
electrode, the method comprising: forming a removable
gate over a substrate with a gate dielectric layer
therebetween; forming a dielectric layer over the
substrate and exposing an upper surface of the
removable gate; removing the removable gate leaving an
opening in the dielectric layer defined at its bottom
by the gate dielectric layer and. defined at its sides
by exposed surfaces of the dielectric layer; forming a
protective layer on the gate dielectric layer and
lining the opening; and forming a metal gate electrode
in the opening; wherein, the protective layer has a
graded composition between the gate dielectric layer
and the metal gate electrode. [IS] Embodiments include
depositing a layer of amorphous carbon by chemical
vapor deposition (CVD) or atomic layer deposition
(ALD), and heating to an elevated temperature to
diffuse metal, e.g., cobalt, (Co), nickel (Ni),
tantalum (Ta) or molybdenum (Mo), into the amorphous
carbon layer to form the metal carbides decreasing in
concentration from the metal gate electrode across the
amorphous carbon layer to the gate dielectric layer.
[16] Additional advantages of the present invention
will become readily apparent to those skilled in this
art from the following detailed description, wherein
embodiments of the present invention are described,
simply by way of illustration of the best mode
contemplated for carrying out the present invention.
As will be realized, the present invention is capable
of other and different embodiments, and its several
details are capable of modification in various obvious
respects, all without departing from the present
invention. Accordingly, the drawings and description
are to be regarded as illustrative in nature, and not
as restrictive.BRIEF DESCRIPTrONOF DRAWINGS [17] Figs.
1 through 7 schematically illustrate sequential phases
of a method in accordance with an embodiment of the
present invention. [18] Figs. 8 through 12 represent
sequential phases of another embodiment of the present
invention. [19]In Figs. 1 through 12, similar features
are denoted by similar reference characters.
DESCRIPTION OF THE INVENTION [20] The present
invention address and solves problems attendant upon
conventional practices relating to the formation of
polysilicon gate electrodes, which problems stem from
their high resistivity and, hence, slower operating
speed. The present invention also addresses and solves
problems attendant upon attempting to reduce the gate
oxide thickness of replacement metal gate transistors,
such as increased leakage current and reduced
operating speed. [21] The present invention addresses
and solves such problems by providing metal gate
transistors with gate oxides having a reduced EOT
without an increase in leakage, e.g., gate oxides
having a thickness of less than 15A, such as a
thickness of 5A to 12A, e.g., 10A, by techniques which
include forming a protective layer on the gate oxide
layer, which protective layer has a graded composition
between the gate oxide layer and the gate electrode
layer. The formation of a graded protective layer
reduces stress between the gate electrode and the gate
oxide layer, thereby reducing defects and, hence,
reduces leakage current. [22] In accordance with
embodiments of the present invention, after removing a
removable or "dummy" gate, such as a polycrystalline
silicon gate, a layer of amorphous carbon is deposited
on the exposed gate oxide and lining the opening
created by removing the "dummy" gate. A metal layer,
such as Ta, Ni, Co, Mo, is then deposed followed by
chemical-mechanical polishing (CMP) to form the
replacement metal gate. Subsequently, heating is
conducted to diffuse metal from the metal gate
electrode into the amorphous carbon layer to form
metal carbides. 



[23] Embodiments of the present invention include
heating to a temperature of about 3000C to 6000C,
e.g., 400 0C, for about 30 seconds to about 5 minutes,
under vacuum or is an appropriate atmosphere, such as
argon, nitrogen, or a forming gas comprising about 4
vol. % hydrogen and about 96 vol. % nitrogen. During
heating, metal from the gate electrode diffuses into
the amorphous carbon layer and forms carbides, as in
an amount up to about 50 at. %. The resulting
structure of the protective layer is a graded
composition containing a higher amount of metal
carbides at the interface of the amorphous carbon
layer with the gate electrode, decreasing across the
amorphous carbon layer to the gate oxide layer.
Embodiments of the present invention include heating
to diffuse metal from the metal gate electrode into
the amorphous carbon layer to form a graded
composition comprising about 80 at. % metal carbide
proximate the interface with the replacement metal
gate electrode gradually decreasing across the
amorphous carbon layer to a concentration of about 20
at. % proximate the interface with the gate oxide
layer. Advantageously, the graded composition enhances
compatibility between the gate oxide layer and metal
gate electrode, thereby reducing stress and, hence,
reducing defects resulting in a reduced leakage
current and increased operating speed. [24] In another
embodiment of the present invention, the gate oxide
layer is formed of a high dielectric constant
material, e.g., a dielectric material having a
dielectric constant (k) greater than or equal to 4,
with 1 based upon a vacuum. Embodiments of the present
invention include forming a gate dielectric layer from
a dielectric materialhaving a dielectric constant (k)
of 4 to less than about 500, such as about 4 to less
than about 40. Embodiments of the present invention
also include forming the gate dielectric material from
a high dielectric constant (k) material having a
dielectric constant (k) of about 4 to about 30, e.g.,
about 4 to about 20. Suitable dielectric materials
include Ta2O5, Hf2O3 and HfSiS . In such embodiments
it has been found advantageous to form the gate oxide
layer with a high concentration of silicon at an
interface between the gate oxide layer and the
substrate and at the interface between the gate oxide
layer and the replacement metal gate electrode. Other
embodiments include forming a layer of
polycrystalliiie silicon at the interface between the
high dielectric constant gate oxide layer and
substrate and a layer of polycrystalline silicon at
the interface between the high dielectric constant
gate oxide layer and the replacement metal gate
electrode. [25]An embodiment of the present invention
is schematically illustrated in Figs. 1 through 7.
Adverting to Fig. 1, a temporary replaceable or dummy
gate 11, such as polysilicon, is formed over substrate
10 with a gate dielectric layer 12 therebetween, such
as silicon oxide. Embodiments of the present invention
also include depositing a high dielectric constant
material for the gate dielectric layer 12, such as
ZrO2, HfO2, Hf2O3, HfSiO3, InO2, LaO2, Ta2O3 and TaO2.
Shallow source/drain extensions 13 are then formed.
Subsequently, dielectric sidewall spacers 15, such as
silicon oxide, silicon nitride or silicon oxynitride,
are formed on removable gate 11. Ion implantation is
then conducted to form deep source/drain regions 14,
followed by silicidation to form metal suicide layer
16 on the exposed surfaces of the source/drain regions
13, such as nickel suicide by depositing a layer of Ni
and then heating. Manipulative steps illustrated in
Fig. 1 are implemented in a conventional manner. [26]
Adverting to Fig. 2, a layer of dielectric material,
such as silicon oxide, e.g., silicon oxide formed from
tetraethyl orthosilicate (TEOS), is deposited followed
by chemical mechanical polishing (CMP) forming
dielectric layer 20. It should be understood that
shallow source/drain extensions 13 and source/drain
regions 14 are activated by high temperature thermal
annealing, such as at a temperature of about 9000C and
above, at the stage illustrated in Fig. 1 or
alternatively, Fig. 2 or alternatively, even at the
stage illustrated in Fig. 3 prior to depositing the
replacement metal gate electrode. [27] As illustrated
in Fig. 3, replacement or dummy gate 11 is removed, as
by etching, e.g., using a solution of hydrofluoric
acid and nitric acid in acetic acid. In accordance
with aspects of this embodiment, a layer of amorphous
carbon. 40 is deposited lining the opening created by
removing the dummy polysilicon gate 11, as
schematically illustrated in Fig. 4. Embodiments of
the present invention include depositing amorphous
carbon layer 40 by CVD or ALD. Typically, the layer of
amorphous carbon is deposited at a thickness up to
about 5qA, such as about 10 to about 50A, e.g., about
25 to 35A. Suitable results may be obtained by
depositing amorphous carbon layer at about a thickness
about 3qA. [28] Subsequently, as illustrated in Fig.
5, a layer of conductive material 50, such as
tantalum, nickel, cobalt and molybdenum is deposited,
as by a physical vapor deposition technique.
Embodiments of the present invention comprise
depositing an initial layer of metal, such as
tantalum, nickel, cobalt or molybdenum, and then
depositing a layer of copper (Cu) or a Cu alloy. CMP
is then implemented to planarize the upper surface of
the deposited conductive material, thereby completing
the metal gate 60 as illustrated in Fig. 6. [29] In
another embodiment of the present invention, the
amorphous carbon layer is deposited by CVD and
contains at least one element, such as oxygen, silicon
and nitrogen. Embodiments include deposition by CVD
using oxygen, silane (SiH ) and nitrogen. The
inclusion of oxygen, silicon and/or nitrogen in the
initialamorphous carbon layer further reduces stress
and defects resulting from stress, thereby reducing
leakage current. [30] Subsequently, heating is
typically implemented at a temperature of about 3000C
to about 6000C, e.g., 400 0C, for about 30 seconds to
about 5 minutes, under vacuum or is an appropriate
atmosphere such as, argon, nitrogen or a forming gas
comprising about 4 vol. % hydrogen and about 96 vol. %
nitrogen. During heating metal from the replacement
metal gate diffuses into the amorphous carbon layer 40
forming carbides in a concentration gradually
decreasing from the interface between amorphous
current layer 40 and metal gate 60 across amorphous
carbon layer 40 toward gate dielectric layer 12. The
resulting structure is shown in Fig. 7 with element 70
representing the protective layer of amorphous carbon
having metal carbides therein. [31] Typically heating
is conducted under conditions sufficient to form up to
50 at. % metal carbides. The metal carbide
concentration typically ranges from about 80 at. %
proximate the interface between protective layer 70
and metal gate electrode 60 gradually decreasing
across the thickness of protective layer 70 to about
20 at. % proximate the interface between protective
layer 70 and gate oxide layer 12. Protective layer 70
having a graded composition improves compatibility
thereby decreasing stress and, hence, decreasing
defects generated at the gate electrode/gate oxide
interface. In this way, the EOT can be significantly
reduced without an attendant disadvantageous increase
in leakage current. [32] Another embodiment of the
present invention is schematically illustrated in
Figs. 8 through 12. Adverting to Fig. 8, processing is
implemented as in Figs. 1 through 3, Fig. 8
essentially corresponding to Fig. 3. At this point the
gate oxide layer is removed as by employing a
conventional hydrofluoric acid etch, resulting in the
intermediate structure illustrated in Fig. 9. In this
embodiment, a new gate oxide is formed which does not
contain radiation damage due to plasma treatments to
remove the polysilicon dummy gate or deposition of the
placement metal gate. In accordance with aspects of
this embodiment, a new gate dielectric is formed 



comprising a high dielectric constant material with
silicon concentrated at the interface with the
substrate and at the interface with the metal gate
electrode, thereby forming a graded gate dielectric
layer compatible with both the substrate and the metal
gate and, hence, reducing stress and associated
defects. [33] After removing the original gate oxide
12, the graded high dielectric constant gate oxide is
formed. Aspects of this embodiment include depositing
an initial layer of polycrystalline silicon 81, shown
in Fig. 10, depositing a high dielectric constant
material 82 thereon, such as Ta2O5, Hf2O3, or HfSiO ,
and then depositing another layer of polycrystalline
silicon 83 on the high dielectric constant material
82. As shown in Fig. 11, a metal 90 is then deposited.
Aspects of this embodiment include depositing an
initial Ta layer followed by a layer of Cu or Cu
alloy. [34] CMP is then implemented resulting in the
structure schematically illustrated in 12 comprising
metal gate electrode 100. The graded composite gate
dielectric layer comprising silicon concentrated at
the interface with substrate 10 and at the interface
with metal gate electrode 100 significantly reduces
stress and, hence, reduces defects, thereby enabling a
reduced EOT without increased leakage current. [35]
Embodiments of the present invention include the use
of various types of amorphous carbon, such as carbon
containing hydrogen, e.g., amorphous hydrogenated
carbon having a hydrogen concentration of about 5 at.
% to about 40 at. %, typically about 20 at. % to about
30 at. %. Embodiments of the present invention also
include amorphous carbon nitride, sometimes referred
to as nitrogenated carbon, generally having a nitrogen
to hydrogen concentration ratio of about 5:20 to 30:0.
Amorphous hydrogen-nitrogenated carbon may also be
employed.[3'6]  hb present invention provides
methodology enabling the fabrication of semiconductor
devices having transistors with metal gate electrodes
and gate oxides with ultra thin EOT while preventing
the generation of leakage current. The present
invention enables adjustment of V across the graded
profile of the protective layer on the gate oxide
layer. [37] The present invention enjoys industrial
applicability in the fabrication of various types of
semiconductor devices. The present invention is
particularly applicable in fabricating semiconductor
devices having submicron features and exhibiting a
high drive current and minimized leakage current. [38]
In the previous description, numerous specific details
are set forth, such as specific materials, structures,
chemicals, processes, etc., to provide a better
understanding of the present invention. However, the
present invention can be practiced without resorting
to the details specifically set forth. In other
instances, well known processing and materials have
not been described in detail in order not to
unnecessarily obscure the present invention. [39] Only
the preferred embodiment of the present invention and
but a few examples of its versatility are shown and
described in the present application. It is to be
understood that the present invention is capable of
use in various other combinations and environments,
and is capable of changes or modifications within the
scope of the inventive concept as expressed
herein.WHAT IS CLAIMED IS: 1. A semiconductor device
comprising: a substrate (10); a gate dielectric layer
(12) on the substrate (10); a protective layer (70) on
the gate dielectric layer (12); and a metal gate
electrode (60) on the protective layer (70); wherein,
the protective layer (70) has a graded composition
between the gate dielectric layer (12) and the metal
gate electrode (60). 2. The semiconductor device
according to claim 1, wherein: the gate dielectric
layer (12) comprises an oxide; and the protective
layer (70) comprises an amorphous carbon layer. 3. The
semiconductor device according to claim 2, wherein the
amorphous carbon layer (70) contains metal carbides
decreasing in concentration from the metal gate
electrode (60) across the amorphous carbon layer (70)
to the gate oxide (12). 4. The semiconductor device
according to claim 3, wherein: the metal is selected
from the group consisting of tantalum, nickel, cobalt
and molybdenum; and the metal carbides decrease from
about 80 at. % at an interface with the metal gate
electrode (60) across the amorphous carbon layer (70)
to about 20 at. % at an interface with the gate oxide
layer (12). 5. The semiconductor device according to
claim 3, wherein the amorphous carbon layer (70)
contains at least one element selected from the group
consisting of oxygen, silicon and nitrogen. 6. The
semiconductor device according to claim 1, wherein the
protective layer (70) has a thickness of about IOA to
about 5qA. 7. The semiconductor device according to
claim 1, wherein the protective layer (70) is formed
by: depositing a layer of amorphous carbon by chemical
vapor deposition or atomic layer deposition; and
heating to diffuse metal from the metal gate electrode
into the layer of amorphous carbon (70) to form up to
50 at. % metal carbides decreasing in concentration
from the metal gate electrode (60) across the
amorphous carbon layer to the gate dielectric layer
(12), wherein the gate dielectric layer (12) comprises
an oxide. 8. A semiconductor device comprising: a
substrate (10); a gate dielectric layer on the
substrate (10); anda metal gate electrode (100) on tte
gate dielectric layer (10); wherein, the gate
dielectric layer comprises an oxide layer containing
an oxide (82) having a dielectric constant (k) greater
than 4, and silicon concentrated at interfaces of the
oxide layer with the substrate (10) and with the metal
gate electrode (100). 9. The semiconductor device
according to claim 9, wherein the gate dielectric
layer comprises: a first layer of polycrystalline
silicon (81) on the substrate; the oxide layer (82) on
the first layer of polycrystalline silicon (81); and a
second layer of polycrystalline silicon (83) on the
oxide layer (81)and adjacent the metal gate electrode
(100). 10. The semiconductor device according to claim
10, wherein the oxide (82) having a dielectric
constant (k) greater than 4 comprises Ta2O5, Hf2O3 or
HfSiO3. 


