
THERMALLY CURED UNDERCOAT FOR LITHOGRAPHIC APPLICATION
FIELD OF THE INVENTION [0002] The present invention
relates to deep UV lithography used in semiconductor
manufacturing and more particularly to undercoat
layers for chemically amplified bilayer resist
systems. BACKGROUND TO THE INVENTION [0003] Integrated
circuit production relies on the use of
photolithographic processes to define the active
elements and interconnecting structures on
microelectronic devices. Until recently, g-line (436
nm) and 1-line (365 nm) wavelengths of light have been
used for the bulk of microlithographic applications.
However, in order to achieve smaller d imensions of
resolution, the wavelength of light u sed for
microlithography in semiconductor manufacturing has
been reduced into the deep UV regions of 254 nm and
193 nm. As the patterns and wavelengths become finer,
the materials properties of the photoresists used for
pattern delineation have become more and more
demanding. In particular, requirements of sensitivity,
transparency, aesthetics of the image produced, and
the selectivity of the resists to etch conditions for
pattern transfer become more and more strenuous. The
problem with using deep UV wavelengths is that resists
used at the higher wavelengths were too absorbent and
insensitive. Because of this, the traditional
lithographic materials, such as novolaks,
diazonaphthoquinones, etc., are unsuitableplatforms
for ultra large-scale integration (ULSI) manufacture
and beyond. Thus, in order to utilize deep UV light
wavelengths, new resist materials with low optical
absorption and enhanced sensitivities were needed
along with additional lithographic techniques. [0004]
Advanced photoresists usually employ a technique
called chemical amplification in which an acid
generated by photolysis catalyzes a solubility switch
from alkali insoluble to alkali soluble by removal of
an acid sensitive group protecting an
alkali-solubilizing moiety. The principle of chemical
amplification as a basis for photoresist operation has
been known for some years (see US Patent No.
4,491,628). Most chemically amplified resists have
been designed around the use of acid sensitive
carboxylic esters or acid sensitive hydroxystyrene
derivatives. [0005] However, chemically amplified
resist systems have many shortcomings. One problem is
standing wave effects, which occur when monochromatic
is reflected off the surface of a reflective substrate
during exposure. The formation of standing waves in
the resist reduces resolution and causes linewidth
variations. For example, standing waves in a positive
resist have a tendency to result in a foot at the
resist/substrate interface reducing the resolution of
the resist [0006] In addition, chemically amplified
resist profiles and resolution may change due to
substrate poisoning. Particularly, this effect occurs
when the substrate has a nitride layer. It is believed
that residual N-H bonds in the nitride film
deactivates the acid at the nitride/resist interface.
For a positive resist, this results in an insoluble
area, and either resist scumming, or a foot at the
resist/substrate interface. [0007] Furthermore,
lithographic aspect ratios require the chemically
amplified resist layer be thin, e.g., about 0.5 mm or
lower, to print sub 0.18 mm features. Thisin turn
requires the resist to have excellent plasma etch
resistance such that resist image features can be
transferred down into the underlying substrate.
However, in order to decrease absorbance o f the
chemically a mplified resist, a romatic g roups, such
as those in novolaks had to be removed, which in turn
decreased the etch resistance. [0008] The most common
type of photoresists are called "single layer"
photoresists in which the photoresist has both the
function of imaging and plasma etch resistance. Single
layer resists use anti-reflective coatings to minimize
standing wave problems, which also assists in
decreasing problems with substrate poisoning. However,
there are distinct performance tradeoffs between
resist absorbance, image profiles, resolution and
substrate plasma etch resistance which are not optimum
for all semiconductor processes. [0009] Utilizing an
underlayer or undercoat film that is placed on the
substrate before the chemical amplified resist film is
applied can reduce the above-mentioned problems and
break the performance tradeoffs described above. The
undercoat absorbs most of the deep UV light
attenuating standing wave effects. In addition, the
undercoat prevents deactivation of the acid catalyst
at the resist/substrate interface. Furthermore, the
undercoat layer can contain some aromatic groups to
provide substrate etch resistance. [001O] In the
typical bilayer resist process, the undercoat layer is
applied on the substrate. The chemically amplified
resist is then applied on the undercoat I ayer,
exposed to deep UV light and developed to form images
in the chemically amplified resist topcoat. The
bilayer resist system is then placed in an oxygen
plasma etch environment to etch the undercoat in the
areas where the chemically amplified resist has been
removed by the development. The chemically amplified
resist in a bilayer system typically contains silicon
and is thus able to withstand oxygen plasma etching by
converting the s ilicon t o s ilicon d ioxide, that
then withstands the etch process.After the bottom
layer is etched, the resist system can be used for
subsequent processing such as non-oxygen plasma etch
chemistry that removes the underlying substrate. [001
1] Even though the undercoat attenuates standing waves
and substrate poisoning, it poses other problems.
First, some undercoat layers are soluble to the
chemical amplified resist solvent component. If there
is intermixing between the top and undercoat layers,
the resolution and sensitivity of the top resist layer
will be detrimentally affected. [0012] In addition, if
there is a large difference in the index of refraction



between the chemical amplified resist and the
undercoat layer, light will reflect off the undercoat
layer causing standing wave effects in the resist.
Thus, the real portion "n" of the index of refraction
of the two layers must be made to essentially match or
to have their differences m inimized, and the
imaginary portion "k" of the index of refraction of
the two layers must be optimized to minimize
reflectivity effects. [0013] Another problem with
undercoating layers is that they are sometimes too
absorbent because of incorporation of aromatic groups.
Some semiconductor manufacturing deep UV exposure
tools utilize the same wavelength of light to both
expose the resist and to align the exposure mask to
the layer below the resist. If the undercoat layer is
too absorbent, the reflected light needed for
alignment is too attenuated to be useful. However, if
the undercoat layer is not absorbent enough, standing
waves may occur. A formulator must balance these
competing objectives. [0014] In addition, some
undercoats have very poor plasma etch resistance to
plasma chemistry. The etch resistance of the undercoat
should be comparable to the etch rate of novolak
resins in order to be commercially viable.[0015]
Furthermore, some undercoat layers require UV exposure
in order to form cross-links before the radiation
sensitive resist topcoat layer can be applied. The
problem with UV cross-linking undercoat layers is that
they require long exposure times to form sufficient
cross-links. The long exposure times severely
constrain throughput and add to the cost of producing
integrated circuits. The UV tools also do not provide
uniform exposure so that some areas of the undercoat
layer may be cross-linked more than other areas of the
undercoat layer. In addition, UV cross-linking
exposure tools are very expensive and are not included
in most resist coating tools because of expense and
space limitations. [O016] Some undercoat layers are
cross-linked by heating. However, the problem with
some of these undercoat layers is that they require
high curing temperatures and long curing times before
the top layer can be applied. In order to b e
commercially useful, undercoat layers should be
curable at temperatures below 250 0C and for a time
less than 180 seconds. After curing, the undercoat
should have a high glass transition temperature to
withstand subsequent high temperature processing and
not intermix with the resist layer. [O017] Even at
temperatures below 250 C sublimation of small a mounts
o f the undercoated formulation (e.g. TAGs, oligomers
from the polymer, etc.) or products (e.g. acids,
alcohols, water) from the thermal curing frequently
occur. This can result in contamination of the
equipment, which requires more frequent cleaning o r
replacement of equipment to avoid loss of product
yield and other measures. This results in increased
costs and is undesirable. [0018] In certain
applications, it is desirable for the undercoat to
planarize the surface of the substrate. However, this
may be difficult to accomplish with undercoats
undergoing thermal crosslinking. As the temperature
rises and the number of crosslinks increase, the glass
transition temperature of the film increases. This
makes it more difficult for the film to flow and
planarize the substrate. Thus it isdesirable to use as
low a molecular weight material as possible to improve
the planarization. However, use of lower molecular
weight polymers in the undercoat can adversely impact
the lithographic performance of the photoresist
imaging process. [0019] In addition to the
requirements for no intermixing, no sublimation, good
substrate plasma etch resistance, good planarization
properties, and optical properties appropriately
complementing the photoresist coated over the
undercoat, the undercoat must be compatible with at
least one edge bead remover acceptable to the
semiconductor industry as well as give excellent
compatibility with the photoresist coated over the
undercoat so that lithographic performance (e.g.
photospeed, wall profiles, depth of focus, adhesion,
etc.) are not adversely impacted. Solutions for these
issues individually frequently adversely impact the
performance in other areas. The present invention is
directed to thermally curable polymer compositions
with decreased sublimation tendencies in which lower
molecular weight polymers may be employed without
major adverse impacts in other performance areas.
SUMMARY OF THE INVENTION [0020] The present invention
is directed to a novel thermally curable undercoat
composition comprising a) a polymer of Structure I
comprising repeating units of Structure II, III, and
IV(H) (III) (IV) wherein each R1 is independently a
hydrogen atom or an alkyl group having from 1 to 3
carbon atoms or a halogen atom; L represents a single
bond, a -COO- group, or a -CON(R2)- group; R2
represents a hydrogen atom or an alkyl group having
from 1 to 3 carbon atoms; M represents a C5-7
cycloalkylene group or an arylene group having from 6
to 18 carbon atoms; W represents a single bond, a -
COO- group, - O-, -(C=O)-, or -(SO 2)-; R3 represents
a hydrogen atom or a linear unsubstituted or
substituted alkyl having from 5 to 30 carbon atoms or
an unsubstituted or substituted cycloalkyl group
having from 5 to 30 carbon atoms, a bridged
unsubstituted or substituted alicyclic hydrocarbon
group having from 5 to 25 carbon atoms or an
unsubstituted or substituted aryl group having from 6
to 18 carbon atoms or an arylalkyl group having from 7
to 18 carbon atoms; n is an integer from 1 to 3, q is
an integer from 0 to 3, the sum of n and q being no
greater than 5; R4 is a linear or branched or cyclic
Ci - C10 alkyl or a halogen group; R5 is an alkyl or
branched alkyl or cyclic alkyl or an unsubstituted or
substituted alicyclic group, having 5 to 30 carbon
atoms or (R6O)tR7 group where R6 is a C o linear or
branched alkylene group and R7 is linear, branched or
cyclic alkyl or an unsubstituted or substituted
alicyclic group 0 r a n unsubstituted 0 r s ubstituted
a romatic or a lkyl a romatic g roup having 1 to 3 0
carbon atoms and t is an integer about 1 to 4; b) a
phenolic crosslinker having Structure V(V) wherein p
is an integer about 2 to 6; R is a -CH2OR group; R is
a hydrogen 



atom, -CH2OR>112 group, CrC 5 alkyl group, or aryl;
R10, R1111 and R are each independently a hydrogen
atom, or a C1-C5 alkyl group; X is a di- tri-, tetra-,
penta- or hexa- valent aikyl or arylalkyl moiety; c) a
thermal acid generator (TAG) of Structure Vl wherein A
is a phenyl or naphthyl group, R20 is an alkyl or a
cyclic alkyl or an unsubstituted or substituted
alicyclic group having 5 to 30 carbon atoms; when A is
phenyl, x is an integer of from 1 to 3, y is an
integer of from 0 to 5, the sum of x and y being no
greater than 6, and z is 6-x-y; when A is naphthyl, x
is an integer from 1 to 3, y is an integer from 0 to
7, the sum of x and y being no greater than 8, and z
is 8- x-y; B is a primary, secondary, or tertiary
unsubstituted or substituted alkyl or carbocyclic or
heterocyclic amine having 4 to 30 carbon atoms; and d)
a solvent.[0021] In addition, the present invention
also relates to novel polymers forthe undercoat
compositions, and a photolithographic coated substrate
comprising: a substrate, a thermally cured undercoat
composition on the substrate, and a photoresist coated
over the thermally cured undercoat composition.
Furthermore, the present invention further relates to
a process for using the photolithographic coated
substrate for the production of relief structures.
DETAILED DESCRIPTION AND EMBODIMENTS [0022] The
invention provides a thermally curable polymer
composition to be used as an undercoat in lithographic
processes that has low sublimation tendencies and good
planarization capabilities that is compatible with
high performance lithographic imaging with high
formulation latitude. The present invention is
directed to a novel thermally curable undercoat
composition comprising: a) a polymer of Structure I
comprising repeating units of Structure H, III, and IV
(H) (III) (IV) wherein each R1 is independently a
hydrogen atom or an alkyl group having from 1 to 3
carbon atoms or a halogen atom; L represents a single
bond, a -COO- group, ora -CON(R2)- group; R2
represents a hydrogen atom or an alkyl group having
from 1 to 3 carbon atoms; M represents a C5.7
cycloalkylene group or an arylene group having from 6
to 18 carbon atoms; W represents a single bond, a -
COO- group, - O-, -(C=O)-, or -(SO2)-; R3 represents a
hydrogen atom or a linear unsubstituted or substituted
alkyl having from 5 to 30 carbon atoms or an
unsubstituted or substituted cycloalkyl group having
from 5 to 30 carbon atoms, a bridged unsubstituted or
substituted alicyclic hydrocarbon group having from 5
to 25 carbon atoms or an unsubstituted or substituted
aryl group having from 6 to 18 carbon atoms or an
arylalkyl group having from 7 to 18 carbon atoms; n is
an integer from 1 to 3, q is an integer from 0 to 3,
the sum of n and q being no greater than 5; R4 is a
linear or branched or cyclic Ci - C10 alkyl or a
halogen group; R5 is an alkyl or branched alkyl o r
cyclic alkyl or an unsubstituted or substituted
alicyclic group, having 5 to 30 carbon atoms or
(R6O)tR7 group where R6 is a C- o linear or branched
alkylene group and R7 is linear, branched or cyclic
alkyl or an unsubstituted or substituted alicyclic
group 0 r a n unsubstituted 0 r s ubstituted a romatic
or a lkyl a romatic g roup having 1 to 30 carbon atoms
and t is an integer about 1 to 4; b) a phenolic
crosslinker having Structure V wherein p is an integer
about 2 to 6; R8 is a -CH2OR12 group; R9 is a hydrogen
atom, -CH2OR12 group, CrC 5 alkyl group, or aryl; R10
, R1 1 and R12 are eachIndependently a hydrogen atom,
or a C1-C5 alkyl group; X is a di- tri-, tetra-,
penta- or hexa- valent alkyl or arylalkyl moiety; c )
a thermal acid generator (TAG) of Structure Vl (VG
wherein A is a phenyl or naphthyl group, R20 is an
alkyl or a cyclic alkyl or an unsubstituted or
substituted alicyclic group having 5 to 30 carbon
atoms; when A is phenyl, x is an integer of from 1 to
3, y is an integer of from 0 to 5, the sum of x and y
being no greater than 6 , and z is 6-x-y; when A is
naphthyl, x is an integer from 1 to 3, y is an integer
from O to 7, the sum of x and y being no greater than
8, and z is 8- x-y; B is a primary, secondary, or
tertiary unsubstituted or substituted alkyl or
carbocyclic or heterocyclic amine having 4 to 30
carbon atoms; and d) a solvent. [0023] The polymer
employed in the thermally curable polymer composition
comprises repeating units of Structures II, III, and
IV. In the repeating unit having Structure II, R1 is a
hydrogen atom or an alkyl group having from 1 to 3
carbon atoms. Examples of R1 groups include methyl,
ethyl, propyl, and iso-propyl. Preferred R1 are
hydrogen and methyl. L represents a single bond, a
-COO- group, or a -CON(R2)- group, wherein R2
represents a hydrogen atom o r an alkyl g roup h aving
from 1 t o 3 carbon atoms. Preferred L groups are a
single bond, or a -COO- group. M represents a C5-C7
cycloalkylene group or a C6-C18 arylene group.
Preferred M groups are a C5-C7 cycloalkylene group or
a C -C1o arylene group. W represents a single bond, a
-COOgroup, a - (CO)- group, o r an -(SO2)- group. The
preferred W is a single bond.[0024] In the repeating
unit having Structure Ii, R3 represents a hydrogen
atom, or a linear unsubstituted or substituted alkyl
having from 5 to 30 carbon atoms or a cycloalkyl group
having from 5 to 30 carbon atoms, a bridged alicyclic
hydrocarbon group having from 5 to 25 carbon atoms or
an aryl group having from 6 to 18 carbon atoms or an
aikyl aryl group having from 7 to 18 carbon atoms.
Suitable examples of R3 include but are not limited to
hydrogen, methyl, ethyl, propyl, butyl, isopropyl,
isobutyl, tert-butyl, cyclohexyl, cyclopentyl,
cycloheptyl cyclooctyl, cyclononyl, cyclodecanyl,
cyclodecanemethyl, cyclododecyl, cyclodecanemethyl,
bicyclo[1.1 .1]pentyl, bicyclo[2.1 .1]hexyl,
bicyclo[2.2.1]heptyl, bicyclo[3.1.1]heptyl,
bicyclo[2.2.2]octyl, bicyclo[3.2.1 ]octyl,
bicyclo[4.1.1]octyl, bicyclo[3.2.2]nonyl,
bicyclo[3.3.1]nonyl, bicyclo[4.2.1 ]nonyl,
bicyclo[5.1.1]nonyl, bicyclo[3.3.2]decyl,
bicyclo[4.2.2]decyl, bicyclo[4.3.1]decyl,
bicyclo[5.2.1]decyl, bicyclo[3.3.3jundecyl,
bicyclo[4.3.2]undecyl, bicyclo[4.4.1]undecyl,
bicyclo[5.3.1]undecyl, bicyclo[4.4.2]dodecyl,
bicyclo[5.3.2]dodecyl, bicyclo[5.3.3]tridecyl,
bicyclo[5.4.2]tridecyl, bicyclo[5.5.1]tridecyl, 



adamantyl, adamantylmethyl, tricyclo[5,2,1 ,02
6]decanemethyl, tetracyclo[4,4,0,1
2'5,17'10]dodecanyl, phenyl, benzyl, phenylethyl,
naphthyl, naphthylmethyl and the like. Preferred R3
are a hydrogen atom, cyclopentyl, cyclohexyl,
bicyclo[2.2.1]heptyl, adamantyl, adamantylmethyl,
tricyclo[5,2,1 ,02>6]decyl, tricyclo[5,2,1
,02'6]decanemethyl, tetracyclo^AO.I^.I^dodecanyl,
phenyl, benzyl, phenylethyl, naphthyl and
naphthylmethyl group. [0025] Suitable examples of
monomers generating the repeating unit of Structure
(II) include, but are not limited t o styrene,
4-methylstyrene, 4-methoxystyrene, 4-
cyclohexystyrene, 3-cyclohexystyrene,
1-vinylnaphthalene, 2-vinylnapthanlene, 4-
phenylstyrene, 3-phenylstyrene,
4-(4'-phenoxyphenyl)styrene, 4-(4'-
methoxyphenyl)styrene, 4-(4'-acetylphenyl)styrene,
4-(4'-benzoylphenyl)styrene, Nmethylphenylacrylamide,
N-methylphenylmethacrylamide, N,N-dimethylacrylamide,
4- cyclohexylphenylacrylate,
4-cyclohexylphenylmethacryIate,
4-cyclopentylphenylacrylate,
4-cyclopentylphenylmethacrylate,
4-cycloheptylphenylacrylate,
4-cycloheptylphenylmethacrylate,
3-cyclohexylphenylacrylate, 3-
cyclohexylphenylmethacrylate,
S-cyclopentylphenylacrylate, 3-
cyclopentylphenylmethacrylate,
S-cycloheptylphenylacrylate, 3-
cycloheptylphenylmethacrylate,
2-cyclohexylphenylacrylate, 2-
cyclohexylphenylmethacrylate,
2-cyclopentylphenylacrylate, 2-
cyclopentylphenylmethacrylate,
2-cycloheptylphenylacrylate, 2-
cycloheptylphenylmethacrylate, 4-biphenylacrylate,
4-biphenylmethacrylate, (3- phenyl)phenylacrylate,
(3-phenyl)phenylmethacrylate,
(2-phenyl)phenylacrylate, (2-
phenyl)phenylmethacrylate, (4-benzoyl)phenylacrylate,
(4-benzoyl)phenylmethacrylate,
4-(4'-methylcyclohexyl)phenylacrylate,
4-(4'-methylcyclohexyl)phenylmethacrylate, 4-
(3'-methylcyclohexyl)phenylacrylate,
4-(3'-methylcyclohexyl)phenylmethacrylate, 4-(4'-
tert-butylcyclohexyl)phenylacrylate,
4-(4'-tert-butylcyclohexyl)phenylmethacrylate, 4-(4'-
chlorocyclohexyl)phenylacrylate,
4-(4'-chlorocyclohexyl)phenylmethacrylate, 4-(4 -
bromocyclohexyl)phenylacrylate,
4-(4'-bromocyclohexyl)phenylmethacrylate, 4-(4'-
methylcarbonylcyclohexyl)phenylacrylate, 4-(4'-
methylcarbonylcyclohexyl)phenyimethacrylate, 4-(4'-
methoxycarbonylcyclohexyl)phenylacrylate, 4-(4'-
methoxycarbonylcyclohexyl)phenylmethacrylate,
4-(4'-methylpheny!)phenylacrylate, 4-
(4'-methylphenyl)phenylmethacrylate,
4-(3'-methylphenyl)phenylacrylate, 4-(3'-
methylphenyl)phenylmethacrylate,
4-(4'-tert-butylphenyl)phenylacrylate, 4-(4'-tertbutyl
rhenyl)phenylmethacrylate,
4-(4'-chlorophenyl)phenylacrylate, 4-(4'-
chlorophenyl)phenylmethacrylate,
4-(4'-bromophenyl)phenylacrylate, 4-(4'-
bromophenyOphenylmethacrylate,
4-(4'-methylcarbonylphenyl)phenylacrylate, 4-(4'-
methylcarbonylphenyl)phenylmethacrylate, 4-(4'-
methoxycarbonylphenyl)phenylacrylate, 4-(4'-
methoxycarbonylphenyl)phenylmethacrylate,
(4-phenylsulfonyl)phenylacrylate, (4-
phenylsulfonyl)phenylmethacrylate,
(4-methylsulfonyl)phenylacrylate, (4-
methylsulfonyl)phenylmethacrylate,
(4-benzylsulfonyl)phenylacrylate, (4-
benzylsulfonyOphenylmethacrylate, and the like. More
preferred examples of monomers generating Structure
(II) include styrene, 4-methylstyrene,
4-methoxystyrene, Acyclohexystyrene, 4-phenylstyrene,
3-phenylstyrene, , 4-(4'-methoxyphenyl)styrene, 4- (4'
-acetylphenyl)styrene, 4-cyclohexylphenylacrylate,
4-cyclohexylphenylmethacrylate,
4-cycloheptylphenylacrylate,
4-cycloheptylphenylmethacrylate, 4-biphenylacrylate,
4- biphenylmethacrylate, (4-benzoyl)phenylacrylate,
(4-benzoyl)phenylmethacrylate, (4-
acetyl)phenylacrylate,
4-(4'-methylcyclohexyl)phenylacrylate, 4-(4'-
methylcyclohexyl)phenylmethacrylate,
4-(4'-chlorocyclohexyl)phenylacrylate, 4-(4'-
chlorocyclohexyl)phenylmethacrylate,
4-(4'-bromocyclohexyl)phenylacrylate, 4-(4'-
bromocyclohexyl)phenylmethacrylate, 4-
(4'-methylcarbonylcyclohexyl)phenylacrylate,
4-(4'-methylcarbonylcyclohexyl)phenylmethacrylate,
4-(4'- methoxycarbonylcyclohexyl)phenylacrylate ,
4-(4'- methoxycarbonylcyclohexyl)phenylmethacrylate,
4-(4'-methylphenyl)phenylacrylate, 4-
(4'-methylphenyI)phenylmethacrylate, 4-
(4'-chlorophenyl)phenylacrylate, 4-(4'-
chlorophenyl)phenylmethacrylate,
(4-phenylsulfonyl)phenylacrylate, (4-
phenylsulfonyl)phenylmethacrylate,
(4-benzylsulfonyl)phenylmethacrylate, and the like.
Most preferred examples of monomers generating
Structure (II) include styrene, 4- methylstyrene,
4-methoxystyrene, 4- cyclohexystyrene,
4-phenylstyrene, 1- vinylnaphthalene,
2-vinylnapthanlene, 4-cyclohexylphenylacrylate, 4-
cyclohexylphenylmethacrylate, 4-biphenylacrylate,
4-biphenylmethacrylate and the like. [0026] The
polymer of Structure I further includes a repeating
unit represented by Structure (III), wherein R1 has
the meaning as defined above; n is an integer from 1
to 2, q is an integer from 0 to 3, the sum of n and q
being no greater than 5; wherein R4 is a linear or
branched or cyclic C1 - Ci o alkyl o r a halogen
group. Suitable examples of R4 groups include but are
not limited to methyl, ethyl, propyl, isopropyl,
n-butyl, sec-butyl, tert-butyl, pentyl, hexyl,
cyclohexyl, cyclopentyl, octyl, cyclooctyl,
cyclononyl, chloro, fluoro, bromo and the like.
Preferred R4 groups are a halogen group or a C -C
linear or branched alkyl group. It is also preferred
that q = 0. Suitable examples of monomers generating
Structure (III) include but are not limited to
4-hydroxystyrene, 3- hydroxystyrene, 2-hydroxystyrene,
2-methyi-4-hydroxystyrene, 2-tert-butyl-4-
hydroxystyrene, 3-methyl-4-hydroxystyrene,
2-fluoro-4-hydroxystyrene, 2-chloro-4-hydroxystyrene,
3,4-dihydroxystyrene, 3,5-dihydoxystyrene,
3,4.5-trihydroxystyrene,
3,5-dimethyl-4-hydroxystyrene,
3,5-tert-butyl-4-hydroxystyrene and the like.
Preferred examples of monomers generating Structure
(III) include 4-hydroxystyrene, 3- hydroxystyrene, and
3,5-dihydoxystyrene. The most preferred monomer
generating Structure III is 4-hydroxystyrene. [0027]
In practice, the monomeric unit described by Structure
111 is provided by using a derivative at the
hydroxylic group which is removable. For example,
hydroxystyrene (II; R1= H n = 1; q - 0) can be
provided by 4-acetoxystyrene or 4-
trimethylsiloxystyrene. Subsequent to the
polymerization, the protecting group is removed. 



[0028] The polymer of Structure I further includes a
repeating unit represented by Structure (IV), wherein
R1 has the meaning a s defined above and R5 is a
cyclic alkyl or an unsubstituted or substituted
alicyclic group having 5 to 30 carbon atoms or
(R6O)tR7 group where R6 is a C~ri o linear or branched
alkylene group and R7 is a linear, branched or cyclic
alkyl or an unsubstituted or substituted alicyclic
group or an unsubstituted or s ubstituted a romatic or
a lkyl aromatic group having 1 to 30 carbon atoms and
t is an integer from 1 to about 4. [0029] Suitable
examples of R5 include but are not limited to
cyclohexyl, cyclopentyl, cycloheptyl cyclooctyl,
cyclononyl, cyclodecanyl, cyclodecanemethyl,
cyclododecyl, cyclodecanemethyl, bicyclo[1 .1
.1]pentyl, bicyclo[2.1 .1]hexyl, bicyclo[2.2.1]heptyl,
bicyclo[3.1 .1]heptyl, bicyclo[2.2.2]octyl,
bicyclo[3.2.1]octyl, bicyclo[4.1 .1]octyl,
bicyclo[3.2.2]nonyl, bicyclo[3.3.1]nonyl,
bicyclo[4.2.1]nonyl, bicyclo[5.1.1]nonyl,
bicyclo[3.3.2]decyl, bicyclo[4.2.2]decyl,
bicyclo[4.3.1]decyl, bicyclo[5.2.1]decyl,
bicyclo[3.3.3]undecyl, bicyclo[4.3.2]undecyl,
bicyclo[4.4.1]undecyl, bicyclo[5.3.1]undecyl,
bicyclo[4.4.2]dodecyl, bicyclo[5.3.2]dodecyl,
bicyclo[5.3.3]tridecyl, bicyclo[5.4.2]tridecyl,
bicyclo[5.5.1]tridecyl, adamantyl, adamantylmethyl,
thcyclo[5,2,1 ,02 6]decanemethyl, tetracyclo[4A0 f12
17 1^dodecanyl and the like.Preferred examples of R5
include cyclohexyl, b icyclo[2.1.1]hexyl, b
icyclo[2.2.1]heptyl, bicyclo[3.1.1]heptyl, adamantyl,
adamantylmethyl, tricyclo[5,2,1 ,02 6]decanemethyl,
tetracyclo[4,4,0,1 2'5 ,17 10]dodecanyl,
ethoxycyclohexyl, propyloxycyclohexyl,
isopropyloxycyclohexyl, tricyclo[5,2,1 ,02 6]decyl,
ethoxytricycl r[5,2,1 ,02 6]decyl , and
ethoxydicyclopentenyl. [0030] Suitable examples of R6
include but are not limited to methylene, ethylene,
propylene, butylene, isopropylene, isobutylene and the
like. Preferred examples of R6 include ethylene,
propylene, and isopropylene. [0031] Suitable examples
of R7 include but are not limited to cyclohexyl,
cyclopentyl, cycloheptyl cyclooctyl, cyclononyl,
cyclodecanyl, cyclodecanemethyl, cyclododecyl,
cyclodecanemethyl, bicyclo[1 .1 .1]pentyl,
bicyclo[2.1.1]hexyl, bicyclo[2.2.1]heptyl,
bicyclo[3.1.1]heptyl, bicyclo[2.2.2]octyl,
bicyclo[3.2.1]octyl, bicyclo[4.1.1]octyl,
bicyclo[3.2.2]nonyl, bicyclo[3.3.1]nonyl,
bicyclo[4.2.1]nonyl, bicyclo[5.1.1]nonyl,
bicyclo[3.3.2]decyl, bicyclo[4.2.2]decyl,
bicycio[4.3.1]decyl, bicyclo[5.2.1]decyl,
bicyclo[3.3.3]undecyl, bicyclo[4.3.2]undecyl,
bicyclo[4.4.1]undecyl, bicyclo[5.3.1]undecyl,
bicyclo[4.4.2]dodecyl, bicyclot5.3.2]dodecyl,
bicyc1o[5.3.3]tridecyl, bicyclo[5.4.2]tridecyl,
bicyclo[5.5.1]tridecyl, adamantyl, adamantylmethyl,
dicyclopentenyl, tricyclo[5,2,1 ,02'd]decyl,
tricyclo[5,2,1 ,02 6]decanemethyl, tetracyclo[4,4,0,1
2-5 , 17 10]dodecanyl and the like. Preferred examples
of R7 include cyclohexyl, bicycio[2.1.1]hexyl,
bicyclo[2.2.1]heptyl, bicyclo[3.1 .1jhe rtyl,
bicyclo[2.2.2]octyl, bicyclo[3.2.2]nonyl,
bicyclo[3.3.2]decyl, bicyclo[4.2.2]decyl,
bicyclo[3.3.3]undecyl, bicyclo[4.3.2]undecyl,
bicyclo[4.4.1]undecyl, bicyclo[5.3.1]undecyl,
bicyclo[4.4.2]dodecyl, bicyclo[5.3.2]dodecyl,
bicyclo[5.3.3]tridecyl, bicyclo[5.4.2]tridecyl,
bicyclo[5.5.1]tridecyl, adamantyl, adamantylmethyl,
tricyclo[5,2,1 ,02'6]decanemethyl, tricyclo[5,2,1 ,02
6]decyl, and tetracyclo[4,4,0,1 2-5 , 17>10]dodecanyl.
[0032] Suitable examples of monomers generating
repeating units of Structure (111) include but are not
limited to cyclohexylacrylate,
cyclohexylmethacrylate,cyclopentylacrylate,
cyclopentylmethacrylate, cycloheptylacrylate,
cycloheptylmethacrylate, bicyclo[2.1 .Ijhexylacrylate,
bicyclo[2.1 .1]hexylmethacrylate,
bicyclo[2.2.1]heptylacrylate,
bicyclo[2.2.1]heptylmethacrylate,
bicyclo[3.2.1]octylacrylate,
bicyclo[3.2.1]octylmethacrylate, isobornylacrylate,
isobornylmethacrylate, adamantylacrylate,
adamantylmethacrylate, tricyclo[5,2,1
,02'6]decylacrylate, tricyclo[5,2,1 ,02
6]decylmethylacrylate, tricyclo[5,2,1 ,02
6]decanemethyImethacrylate, tetracyclo[4 ,4,0,1 2 ,17
10]dodecanylacrylate, tetracyclo[4,4,0,1 2-5 ,17
10]dodecanylmethacrylate, ethylene glycol methyl ether
acrylate, ethylene glycol methyl ether methacrylate,
ethylene glycol ethyl ether acrylate, ethylene glycol
ethyl ether methacrylate, ethylene glycol
dicyclopentenyl ether acrylate, ethylene glycol
dicyclopentenyl ether methacrylate, ethylene glycol
phenyl ether acrylate, ethylene glycol phenyl ether
methacrylate, ethylene glycol benzyl ether acrylate
and ethylene glycol benzyl ether methacrylate the
like. Preferred example of monomers generating
repeating units of Structure (III) Include
cyclohexylacrylate, cyclohexylmethacrylate,
bicyclo[2.1 .1]hexylmethacrylate, isobornylacrylate,
isobornylmethacrylate, adamantylacrylate,
adamantylmethacrylate, tricyclo[5,2,1 ,02
6]decylacrylate, tricyclo[5,2,1,0 2
6]decylmethylacrylate, ethylene glycol ethyl ether
methacrylate, ethylene glycol dicyclopentenyl ether
acrylate, ethylene glycol dicyclopentenyl ether
methacrylate, ethylene glycol phenyl ether acrylate,
ethylene glycol phenyl ether methacrylate, ethylene
glycol benzyl ether acrylate and ethylene glycol
benzyl ether methacrylate. [0033] The polymers of this
invention can be prepared from the corresponding
monomers by any suitable conventional polymerization
process which reacts an ethylenically unsaturated
group. Such processes include, but are not limited to,
free radical or controlled radical polymerizations.
Such processes typically are run in a solvent or
solvent mixture using a catalyst or initiator.
Initiators should be chosen based on the temperature
to be employed in the polymerization, which in turn
mayb e set by the boiling point of the solvent. The
temperature employed may depend on the monomer
stability, and the catalytic ability of the catalyst
at the operating temperature or by the decomposition
half-life of the initiator. [O034] Suitable initiation
concentrations are between about 0.001 to about 10.0 %
moles of initiator to total moles of monomer. The
preferred range of initiator concentration is between
about 0.01 to about 8.0 % moles of initiator to total
moles of monomer. The most preferred range of
initiator concentration is between about .0.5 to about
8.0 % moles of initiator to total moles of monomer.
[O035] Examples of suitable free radical initiators
include, but are not limited to, benzoyl peroxide,
2,2'-azobisisobutyronitrile,
2,2'-azobis(methylisobutyronitrile), 



dimethyl 2,2'-azobisisobutyrate and lauroyl peroxide.
Optionally, a chain transfer agent (e.g. carbon
tetrabromide or 1-dodecanethiol) may be included.
[0036] Suitable solvents for polymerization include,
but are not limited to, dioxane, tetrahydrofuran,
2-methyltetrahydrofuran, acetonitrile, toluene,
ethylacetate, propylene glycol monomethyl ether
acetate, tetrahydropyran, methyl ethyl ketone, methyl
isobutyl ketone, and diglyme or any combination
thereof. Polymers may be isolated by precipitation of
the polymerization solution into an appropriate amount
of solvent in which the polymer is insoluble. The
precipitated polymer may be isolated by filtration and
dried using conventional techniques known by someone
skilled in the art. [0037] The polymers of Structure I
employed in the present invention have a weight
average molecular weight (Mw) in terms of polystyrene
of from about 5000 to about 45,000. A weight average
molecular weight (Mw) in terms of polystyrene of from
about 7,000 to about 30,000 is preferred. A weight
average molecular weight (Mw) in terms of polystyrene
of from about 8,000 to about 20,000 is more preferred.
The value of Mw can be determined by such standard
methods asgel permeation chromatography as described,
for example, in Jan Rabek, Experimental Methods in
Polymer Chemistry, John Wiley&Sons, New York, 1983.
The polydispersity of the polymer may range from 1 to
about 6. A preferred polydispersity of the polymer is
from about 1 to about 4. [0038] Repeating units of
Structure II, III, and IV impart absorption,
solubility and crosslinking and film forming functions
when applied as a TCU material. Each repeating unit is
focused on at least one of the three functions listed
above, but may have some impact on more than other
functions. This impact is dependent on the specific
monomer being employed. Changing the amount of monomer
represented by Il in the formula can vary plasma etch
resistance and absorbance, which will strongly vary
the optical parameter k, whose influence is on the
reflection control of TCU material. The crosslinking
density and rate is determined b y the amount of
monomer represented by Structure III in the above
formula, which also affects the optical parameter k.
The solvent solubility, plasma etch resistance, and
film forming properties can be optimized by choosing
appropriate co-monomers of Structure III and IV.
Generally, for 248 and 193 nm microlithography the
optimum range of values for refractive index (n) and
complex index (k) are about 1.5O to 1.80 and 0.12 to
0.28 respectively. [0039] The absorbance properties of
the polymers at a given wavelength can be altered by
adjusting the particular monomers or by the
concentration of the individual monomers. 11s hould b
e noted t hat t he absorbance o f a g iven p olymer
may be different at different wavelengths requiring
optimization of the choice of monomers to o btain not
o nly t he required o ptical p roperties for t he
wavelength o f interest, butthe other required
properties as well. [0040] The concentration of
repeating units in the polymer used in 248 application
having Structure Il may range from about 20% to about
85 molar %. A preferred concentration of repeating
units in the polymer having Structure Il is fromabout
30 % to about 80 molar %. A more preferred
concentration o f repeating units in the polymer
having Structure Il is from about 40 to about 70 molar
%. A most preferred concentration of repeating units
in the polymer having Structure Il is from about 50%
to about 70 molar %. The concentration of repeating
units in the polymer having Structure III may range
from about 10% to about 40 molar %. A preferred
concentration of repeating units in the polymer having
Structure III is from about 10 % to about 35 molar %.
A more preferred concentration of repeating units in
the polymer having Structure III is from about 15 to
about 30 molar %. A most preferred concentration of
repeating units in the polymer having Structure (Il is
from about 15% to about 25 molar %. The concentration
of repeating units in the polymer having Structure IV
may range from about 5% to about 40 molar % . A
preferred concentration of repeating units in the
polymer having Structure IV is from about 10 % to
about 35 molar %. A more preferred concentration of
repeating units in the polymer having Structure IV is
from about 15 to about 30 molar %. A most preferred
concentration of repeating units in the polymer having
Structure IV is from about 15%to about 25 molar %.
[0041] Preferred polymers for 248 nm application are
described by Structures VII (VII)wherein R1 is a
hydrogen atom or an alkyl group having from 1 to 3
carbon atoms or a halogen atom; R21 is an
unsubstituted or substituted aromatic group having
O6-C30 carbon atoms; R22 is a hydrogen o r a CrC 4
alkyl group, R23 is cyclic alkyl o r an unsubstituted
or substituted alicyclic group having 5 to 30 carbon
atoms or (R30O )tR7 group where R30 is a C2-4 linear
or branched alkylene group and R7 is linear, branched
or cyclic alkyl or an unsubstituted or substituted
alicyclic group o r an unsubstituted or substituted
aromatic or alkyl aromatic group having 1 to 30 carbon
atoms; n is an integer of about 1 to 2 and t is an
integer about 1 to 4. [0042] Polymers d escribed b y
Structures VIII are also preferred for 248 nm
application (VIII) wherein R24 is a hydrogen atom or a
methyl group; R25 is an unsubstituted or substituted
aromatic group having C6-C30 carbon atoms; R26 is a
cyclic alkyl o r an unsubstituted or substituted
alicyclic group having 5 to 30 carbon atoms or (R3O
O)tR7 group where R30 is a C2-4 linear or branched
alkylene group and R7 is a linear, branched or cyclic
alkyl or an unsubstituted or substituted alicyclic
group o r anunsubstituted or substituted aromatic or
alkyl aromatic group having 1 to 30 carbon atoms and t
is an integer about 1 to 4,and n is an integer of
about 1 to 2. [0043] The concentration of repeating
units in the polymer used in 193 application having
Structure Il may range from about 5% to about 40 molar
%. A preferred concentration of repeating units in the
polymer having Structure Il is from about 10 % to
about 35 molar %. A more preferred concentration of
repeating units 



in the polymer having Structure Il is from about 15 to
about 30 molar %. A most preferred concentration of
repeating units in the polymer having Structure Il is
from about 15% to about 25 molar %. The concentration
of repeating units in the polymer having Structure III
may range from about 10% to about 40 molar %. A
preferred concentration of repeating units in the
polymer having Structure III is from about 1 0 % to
about 35 molar %. A more preferred concentration of
repeating units in the polymer having Structure III is
from about 15 to about 30 molar %. A most preferred
concentration of repeating units in the polymer having
Structure III is from about 15*% to about 25 molar %.
The concentration of repeating units in the polymer
having Structure IV may range from about 20% to about
85 molar %. A preferred concentration of repeating
units in the polymer having Structure IV is from about
3 0 % to about 80 molar %. A more preferred
concentration of repeating units in the polymer having
Structure IV is from about 40 to about 70 molar %. A
most preferred concentration of repeating units in the
polymer having Structure IV is from about 50% to about
70 molar %. [0044] Preferred polymers for 193 nm
applications are described by Structure IX(IX) wherein
R1 is a hydrogen atom, an alkyl group having from 1 to
3 carbon atoms, and a halogen atom; R22 is a hydrogen
atom, and a C1-C4 alkyl group; R27 is a hydrogen or a
substituted or unsubstituted C5-C7 cycloalkyl; R28 is
a cyclic alkyl or an unsubstituted or substituted
alicyclic group having 5 to 30 carbon atoms or
(R30O)tR7 group where R30 is a C2-4 linear or branched
alkylene group and R7 is a linear, branched or cyclic
alkyl or an unsubstituted or substituted alicyclic
group or an unsubstituted or substituted aromatic or
alkyl aromatic group having 1 to 30 carbon atoms and t
is an integer about 1 to 4, and n is an integer of
about 1 to 3. [0045] Novel polymers described by
Structures X are also preferred for 193 nm
applications(X) wherein R24 is selected from the group
consisting of a hydrogen atom and a methyl group; R28
is selected from the group consisting of a cyclic
alkyl, an unsubstituted or substituted alicyclic group
having 5 to 30 carbon atoms and (R30O)tR7 group where
R30 is a C2-4 linear or branched alkylene group and R
7 is selected from the group consisting of a linear,
branched or cyclic alkyl, an unsubstituted or
substituted alicyclic group, and an unsubstituted or
substituted aromatic or alkyl aromatic group having 1
to 30 carbon atoms and t is an integer of about 1 to
4; R29 is a substituted or unsubstituted C5-C7
cycloalkyl group; and n is an integer of about 1 to 2.
[0046] The thermally curable underlayer compositions
comprise a phenolic crosslinker having Structure V(V)
wherein p is an integer about 2 to 6; R8 is a -CH2OR12
group; R9 is a hydrogen atom, -CH2OR12 group, C1-C5
alkyl group, or aryl; R10 , R11 and R12 are each
independently a hydrogen atom, or a C1-C5 alkyl group;
X is a di- trh tetra-, penta- or hexa- valent alkyl or
arylalkyl moiety. Examples of the di- tri-, tetra-,
penta- or hexavalent alkyl or arylalkyl moiety
include, but are not limited to, wherein R13, R14 ,
R15, R16, are independently a hydrogen atom or a Cr C5
alkyl group ; R17 , R18 and R19 are each independently
a C1-C5 alkyl, a C5-C8 cycloalkyl ora cycloalkylphenyl
group and Z is a bond, -O-, -S-, a C5-C8 cycloalkyl or
a cycloalkylphenyl group. [0047] Examples of the
phenolic crosslinker having Structure V include but
are not limited to, V-3 V-4CH2OCH3 V-8 V-9V-16 [0048]
Crosslinkers employed in this invention can be
purchased commercially, or prepared by
hydroxymethylation or alkoxymethylation of the
corresponding phenols using standard techniques known
to those skilled in the art.[0049] The thermally
curable underlayer compositions comprises a thermal
acid generator (TAG) of Structure Vl wherein A is a
phenyl or naphthyl group, R20 is an alkyl or a cyclic
alkyi or an unsubstituted or substituted alicyclic
group having 5 to 30 carbon atoms; w en A is phenyl, x
is an integer of from 1 to 3, y is an integer of from
0 to 5, the sum of _x and y being no greater than 6,
and z is 6-x-y; when A is naphthyl, x is an integer
from 1 to 3 , y is an integer from 0 to 7, the sum of
x and y being no greater than 8, and z is 8- x-y; B is
a primary, secondary, or tertiary unsubstituted or
substituted alkyl or carbocyclic or heterocyclic amine
having 4 to 30 carbon atoms. [0050] A variety o f
aromatic sulfonic acid amine salts can be employed as
the TAG, including those disclosed in U.S. Pat. Nos.
3,474, 054, 4,200,729, 4,251 ,665 and 5,187,019.
Preferably the TAG will have a very low volatility at
temperatur&s between 170 - 2200C. Suitable examples of
R20 include but are not limited to pentyl,
c^yclopentyl, hexyl, cyclohexyl, cyclooctyl, nonyl,
cyclononyl, decanyl, cyclodecanyl, cyclodecanemethyl,
cyclododecyl, cyclodecanemethyl, bicyclo[1 .
1.1]pentyl, bicyclo[2.1 .1]hexyl,
bicyclo[2.2.1]heptyl, bicyclo[3.1 .1]heptyl,
bicyclo[2.2.2]octyl, bicyclo[3.2.1]octyl and the like.
Suitable examples of primary, secondary, tertiary,
unsubstituted or substituted alkyl or carbocyclic
group containing amines include but are not limited
dibutylamine, tributylamine, dioctylamine,
didecylamine, triisob"utylamine, dicyclohexylamine,
N-ethyldicyclohexylamine, 1-methylpyrrolidine,
1-butylpyrrolidine, piperdine, 1-methylpiperidine,
hexamethyleneimine, heptamethyleneimine, tropane,
quinuclidine and the like. Suitable examples
heterocyclic amines include b ut are not limited to
4-methyl~1-oxa-3-aza-cyclopentane,
4,4-dimethyl-1-oxa-3-aza-cyclopentane, 4,4-diethyl-i
-oxa-3-aza-cyclopentane, 4,4-diisopropyl-1
-oxa-3-aza-cyclopentane,
4,4-ditert-butyl-1-oxa-3-aza-cyclopentane,
4,4-dimethyl-1-oxa-3-aza-cyclohexane, 1-aza-
3,7-dioxa-5-ethylbicyclo[3.3.0]octane,
1-aza-3,7-dioxa-5-methylbicyclo[3.3.0]octane, 1-
aza-3,7-dioxa-5-tertbutylbicyclo[3.3.0]octane and the
like. Most preferred TAG is CDX- 2168E, which is a
dodecylbenzene sulfonic acid amine salt supplied at
25-30% activity in propylene gycol methyl ether from
King Industries, Norwalk, CT 06852, USA. [0051] TAGs e
mployed i n this invention can be purchased
commercially, or 



prepared by reaction of the corresponding amine with
the desired sulfonic acid. [0052] The thermal acid
generators described above should not be considered
photoacid generators. Any sensitivity that the thermal
acid generators would have to UV light should be very
poor, and they cannot practically be used in
photolithography as a photoacid generator. [0053]
Suitable solvents for the undercoat include ketones,
ethers and esters, such as 2-heptanone, cyclohexanone,
propylene glycol monoethyl ether acetate, propylene
glycol methyl ether acetate, methyl lactate, ethyl
lactate, methyl 3- methoxypropionate, N-methyl-
2-pyrrolidone, ethylene glycol monoisopropyl ether,
diethylene glycol monoethyl ether, diethylene glycol
dimethyl ether and the like. [0054] This invention
relates to an EBR (edge bead remover) compatible
thermally curable polymer composition, which may be
used for forming an undercoat layer in deep UV
lithography. The thermally curable polymer composition
comprises the polymer of Structure I , the crosslinker
of Structure V, the TAG of Structure Vl and a solvent.
When the composition is cast as a film and is heated,
the thermal acid generator generates an acid that
catalyzes the reaction of the hydroxymethyl or
alkoxymethyl g roups a nd s ubsequent reaction with
the polymer crosslink it. After crosslinking, the
undercoat is insoluble in the resist coating
solvent.[O055] The thermally curable polymer
composition contains, on a total solids basis, about
65 to 95 wt. %, preferably about 70 to about 95 wt%,
and more preferably about 72 to about 95 wt. % of the
polymer of Structure I. The amount of the
cross-linking agent in the thermally curable polymer
composition is from about 3 to about 30 wt. %,
preferably from about 3 to about 27 wt% and more
preferably from about 3 to about 25 wt. %. The amount
of the thermal acid generator in the thermally curable
polymer composition is from about 0.1 to about 5 wt.
%, preferably from about 0.2 to about 4 wt %, and more
preferably from about 0.2 to about 3 wt. % . [O056]
The undercoat compositions are solubilized in the
organic solvents described above to prepare the
undercoat formulations. A specific concentration is
not mandatory, although the concentration employed
must be in the proper range to obtain the desired
coating thickness with the specific coating tool being
employed. In general the total solids content employed
is from about 4.0 to about 35.0 wt%, preferably from
about 5.0 to about 30.0 wt%, and more preferably from
about 5.0 to about 25.0 wt. %. [0057] The thermally
curable polymer composition of the present invention
should not begin significant cross-linking until it
reaches a temperature of about 50 C. Significant
cross-linking below 50 C may lead to gel formation at
room temperature, which will reduce its shelf life.
Gel formation results in non-uniform coatings and line
width variations across the substrate when the
thermally curable polymer composition is used as an
undercoat layer in microlithography. [0058] The
present invention also relates to a photolithographic
bilayer coated substrate comprising: a substrate, a
film of the thermally cured undercoat composition as
described above coated on the substrate, and a
radiation-sensitive resist coated over the thermally
cured undercoat composition.[O059] The substrate may
be, for example, semiconductor materials such a s a
silicon wafer or a ceramic substrate, glass, metal,
plastic or other organic film. [0060] In a first
coating step, the undercoat composition may be applied
uniformly to a suitable substrate by known coating
methods. Coating methods include, but are not limited
to spray coating, spin coating, offset printing,
roller coating, screen printing, extrusion coating,
meniscus coating, curtain coating, dip coating, and
immersion coating. [0061] After the first coating
step, the tacky film of undercoat composition is baked
in a first bake step. The baking may take place at one
temperature or multiple temperatures in one or more
steps. Baking may take place on a hot plate or in
various types of ovens known to those skilled in the
art. Suitable ovens include ovens with thermal
heating, vacuum ovens with thermal heating, and
infrared ovens or infrared track modules. Typical
times e mployed for baking will depend on ihe chosen
baking means and the desired time and temperature and
will be known to those skilled in the art. A preferred
method o f baking is on a hot p late. When baking on a
hot plate employing a two step process, typical times
range from about 0.5 minute to about 5 minutes at
temperatures typically between about 80-130 0C,
followed by a cure step for about 0.5 minutes to about
5 minutes typically between about 170 0C to about 250
0C. In a one step process, the undercoat film is cured
for about 0.5 minutes to about 5 minutes typically
between about 170 0C to about 250 0C. The undercoat
coated substrate is then allowed to cool. Preferably,
the thermally curable polymer composition is cured at
temperatures between about 150 to at>out 250 C and
more preferably between temperatures of 180 to 220 C.
The preferable cure times are from about 30 to 180
seconds and more preferably from about 6O to about 120
seconds. Typical film thickness may range from about
200 nm to about 1 micron.[O062] Jn a second coating
step, the undercoat coated substrate is then coated
with a photoresist and in a second baking step, baked.
Coating and baking equipment described above for the
undercoat may be employed. Typical times employed for
baking will depend on the chosen baking means, the
particular photoresist, the desired time and the
desired temperature and will be known to those skilled
in the art. A preferred method of baking is on a hot
plate. When baking on a hot plate, typical times range
from about 0.5 minute to about 5 minutes at
temperatures typically between about 80 0C to about
140 0C. Optimum bake parameters may vary depending on
the Deep UV photoresist and solvent employed. Typical
film thickness may range from about 100 nm to about
1/2 micron. [0063] The photoresist may be any suitable
radiation-sensitive resist. It is typically a
chemically amplified resist sensitive t o radiation in
the deep UV region such as those discussed in U.S.
Patent Nos. 5,492,793 and 5,747,622. Preferably, 



for a bilayer resist system, the radiation-sensitive
resist will contain silicon to protect it from oxygen
plasma etching. Examples of suitable chemically
amplified resists contain an alkali solubilizing group
blocked by an acid sensitive group. Examples of
suitable alkali solubilizing groups include, but are
not limited to, carboxylic acids, phenols,
hydroxyimides, hydroxymethylimides, fluorinated
alcohols and silanols. Examples of suitable blocking
groups include, but are not limited to, alkyl groups
containing tertiary carbons, and alpha alkoxy alkyls,
and arylisopropyl groups. Examples of suitable blocked
alkali solubilizing groups include, but are not
limited to, t-butyl esters, alpha alkoxy esters, alpha
alkoxyalkyl aromatic ethers, t-butoxyphenyl,
t-butoxyimido, and t-butoxymethylimido. Examples of
blocked alkali solubilizing groups can be found in US
Patents US5468589, US4491628, US5679495, US6379861 ,
US6329125, and US5206317, which are incorporated
herein by reference. [0064] Suitable polymers for the
imaging layer are those which contain both silicon and
blocked alkali solubilizing groups. Suitable polymers
are those withsilicon content of about 5 to about 30%
silicon by weight. Preferred polymers are those with
silicon content from about 8 to about 25% silicon.
Examples of suitable photoresist polymers can be found
in US Patents US6146793, US61 65682, US6340734, US
6028154, US6042989, US5882844, US5691396, US5731 126,
and US5985524. Other suitable polymers are disclosed
in US Patents US6531260, US6590010, US Patent
Application, Serial No. 09/576,146 and JP2001 114835,
which are incorporated herein by reference. The
silicon content may be contained in the polymer before
coating as in the above references or the polymer may
be silylated after coating as in US Patents US6306990
and US61 10637, which are incorporated herein by
reference. [0065] The radiation-sensitive resist will
also contain a photoacid generating (PAG) compound.
The PAG compounds may be of any suitable type such as
sulfonium or iodonium salts, nitrobenzyl esters,
imidosulfonates esters and the like. Typically, the
PAG will be present in an amount of about 1 t o 10%
based o n the weight of the polymer. [0066] Any
suitable photoacid generator compounds may be used in
the photoresist composition. The photoacid generator
compounds are well known and include, for example,
onium salts such as diazonium, sulfonium, sulfoxonium
and iodonium salts, nitrobenzylsulfonate esters,
oximesulfonates, imidosulfonates and disulfones.
Suitable photoacid generator compounds are disclosed,
for example, in US-Patent Nos. US5558978 and US
5468589 which are incorporated herein by reference.
US-Patent No. US6261738 disclose examples of suitable
oximesulfonate PAGs. Other suitable photoacid
generators are perfluoroalkyl sulfonyl methides and
perfluoroalkyl sulfonyl imides as disclosed in US
Patent US 5554664. [0067] Suitable examples of
photoacid generators are phenacyl
pmethylbenzenesulfonate, benzoin p-toluenesulfonate,
a-(p-toluenesulfonyloxy) methylbenzoin
3-(p-toluenesulfonyloxy)-2-hydroxy-2-phenyl-1-phenylpr
opyl ether,
N-(p-dodecylbenzenesulfonyloxy)-1,8-naphthalimide and
N- (rhenyl-sulfonyloxy)-1 ,8-napthalimide. [0068]
Examples of suitable onium salts included but are not
limited to, triphenyl sulfonium bromide, triphenyl
sulfonium chloride, triphenyl sulfonium iodide,
triphenyl sulfonium methane sulfonate, triphenyl
sulfonium trifluoromethanesulfonate, triphenyl
sulfonium hexafluoropropanesulfonate, triphenyl
sulfonium nonafluorobutanesulfonate, triphenyl
sulfonium perfluorooctanesulfonate, triphenyl
sulfonium phenyl sulfonate, triphenyl sulfonium
4-methyl phenyl sulfonate, triphenyl sulfonium
4-methoxyphenyl sulfonate, triphenyl sulfonium
4-chloropheny! sulfonate, triphenyl sulfonium
camphorsulfonate, 4-methylphenyl-diphenyl sulfonium
trifluoromethanesulfonate, bis(4-methy!phenyl)-phqnyl
sulfonium trifluoromethanesulfonate,
tris-4-methylphenyl sulfonium
trifluoromethanesulfonate, 4-tert-butylphenyl-diphenyl
sulfonium trifluoromethanesulfonate,
4-methoxyphenyldiphenyl sulfonium
trifluoromethanesulfonate, mesityl-diphenyl sulfonium
trifluoromethanesulfonate, 4-chlorophenyl-diphenyl
sulfonium trifluoromethanesulfonate,
bis(4-chlorophenyl)-phenyl sulfonium
trifluoromethanesulfonate, tris(4-chlrophenyl)
sulfonium trifluoromethanesulfonate, 4-
methylphenyl-diphenyl sulfonium
hexafluoropropanesulfonate, bis(4-methylphenyl)-
phenyl sulfonium hexafluoropropanesulfonate,
tris-4-methylphenyl sulfonium
hexafluoropropanesulfonate,
4-tert-butylphenyl-diphenyl sulfonium
hexafluoropropane sulfonate, 4-methoxyphenyl-diphenyl
sulfonium hexafluoropropane sulfonate,
mesityl-diphenyl sulfonium hexafluoropropane
sulfonate, 4-chlorophenyl-diphenyl sulfonium
hexafluoropropane sulfonate, bis(4-
chlorophenyl)-phenyl sulfonium hexafluoropropane
sulfonate, tris(4-chlrophenyl) sulfonium
hexafluoropropane sulfonate, 4-methylphenyl-dipheny!
sulfonium perfluorooctanesulfonate,
bis(4-methylphenyi)-phenyl sulfonium
perfluorooctanesulfonate, tris-4-methyiphenyl
sulfonium perfluoroocatanesulfonate,
4-tert-butylphenyl-diphenyl sulfonium perfluorooctane
sulfonate, 4-methoxyphenyldiphenyl sulfonium
perfluorooctane sulfonate, mesityl-diphenyl
sulfoniumperfluorooctane sulfonate,
4-chlorophenyl-diphenyl sulfonium perfluorooctane
sulfonate, bis(4-chlorophenyl)-phenyl sulfonium
perfluorooctane sulfonate, tris(4- chlrophenyl)
sulfonium perfluorooctane sulfonate, diphenyl iodonium
hexafluoropropane sulfonate, diphenyl iodonium
4-methylphenyl sulfonate, bis(4-tertbutylphenyl)
iodonium trifluoromethane sulfonate,
bis(4-tert-butylphenyl)iodonium hexafluoromethane
sulfonate, and bis(4-cyclohexylphenyl)iodonium
trifluoromethane sulfonate. [0069] Further examples of
suitable photoacid generators for use in this
invention are bis(p-toluenesulfonyl)diazomethane,
methylsulfonyl ptoluenesulfonyldiazomethane,
1-cyclo-hexylsulfonyl-1-(1,1-
dimethylethylsulfonyl)diazomethane,
bis(1,1-dimethylethylsulfonyl)diazomethane, bis(1
-methylethylsulfonyl)diazomethane,
bis(cyclohexylsulfonyl)diazomethane,
1-ptoluenesulfonyl- 



1-cyclohexylcarbonyldiazomethane,
2-methyl-2-(ptoluenesulfonyl )propiophenone,
2-methanesulfonyl-2-methyl-(4-
methylthiopropiophenone,
2,4-methy1-2-(p-toluenesulfonyl)pent-3-one, 1-diazo-1-
methylsulfonyl-4-phenyl-2-butanone,
2-(cyclohexylcarbonyl-2-(ptoluenesulfonyl) propane,
1-cyclohexylsulfonyl-1 cyclohexylcarbonyldiazomethane,
1- diazo-1-cyclohexylsulfonyl-3,3-dimethyl-2-butanone,
1-diazo-1 -(1 ,1-
dimethylethylsulfonyl)-3,3-dimethyl-2-butanone,
1-acetyl-1-(1 - methylethylsulfonyl)diazomethane,
1-diazo-1 -(p-toluenesulfonyl)-3,3-dimethyl-2-
butanone, 1-diazo-1
-benzenesulfonyl-3,3-dimethyl-2-butanone, 1-diazo-1
~(ptoluenesulfonyl)- 3-methyl-2-butanone, cyclohexyl
2-diazo-2-(ptoluenesulfonyl) acetate, tert-butyl
2-diazo-2-benzenesulfonylacetate, isopropyl-2-
diazo-2-methanesulfonylacetate, cyclohexyl
2-diazo-2-benzenesulfonylacetate, tertbutyl 2
diazo-2-(p-toluenesulfonyl)acetate, 2-nitrobenzyl
p-toluenesulfonate, 2,6- dinitrobenzyl
p-toiuenesulfonate, 2,4-dinitrobenzyl
ptrifluoromethylbenzenesulfonate.[0070] The photoacid
generator compound is typically employed in the
amounts of about 0.0001 to 20% by weight of polymer
solids and more preferably about 1% to 10% by weight
of polymer solids. [0071] Suitable solvents for top
radiation-sensitive compositions include ketones,
ethers and esters, such as methyl ethyl ketone, methyl
isobutyl ketone, 2- heptanone, cyclopentanone,
cyclohexanone, 2-methoxy-1-propylene acetate, 2-
methoxyethanol, 2-ethoxyethanol, 2-ethoxyethyl
acetate, l-methoxy-2-propyl acetate, 1,2-dimethoxy
ethane ethyl acetate, cellosolve acetate, propylene
glycol monoethyl ether a cetate, propylene glycol
methyl ether acetate, methyl lactate, ethyl lactate,
methyl pyruvate, ethyl pyruvate, ethyl
3-methoxypropionate, N-methyl-2-pyrrolidone,
1,4-dioxane, ethylene glycol monoisopropyl ether,
diethylene glycol monoethyl ether, diethylene glycol
monomethyl ether, diethylene glycol dimethyl ether,
and the like. The solvents employed in the top
photoresist compositions will be chosen with a view
toward compatibility with the polymer resin in the
undercoat and top photoresist compositions. F or
example, the choice of solventfor the photoresist
composition and the concentration thereof depends
principally on the type of functionalities
incorporated in the acid labile polymer, the photoacid
generator, and the coating method. The solvent should
be inert, should dissolve all the components in the
photoresist, should not undergo any chemical reaction
with the components and should be re-removable on
drying after coating [0072] In an additional
embodiment, base additives may be added to the
photoresist composition. The purpose of the base
additive is to scavenge protons present in the
photoresist prior to being irradiated by the actinic
radiation. The base prevents attack and cleavage of
the acid labile groups by the undesirable acids,
thereby increasing the performance and stability of
the resist. In addition, the base can act as a
diffusion control agent to prevent the acid from
migrating too far and lower resolution. The percentage
of base in the composition should be significantly
lower t han t he p hotoacid g enerator o r o therwise
t he p hotosensitivity becomes toolow. T he preferred
range of the base compounds, when present, i s a bout
3% t o 50% by weight of the photoacid generator
compound. Nitrogenous bases are preferred. Suitable
examples of base additives are 2-methylimidazole,
tetramethyl ammonium hydroxide, tetrabutylammonium
hydroxide, triisopropylamine, 4-
dimethylaminopryidine, 4,4'-diaminodiphenyl ether,
2,4,5-triphenylimidazole, and 1,5-
diazabicyclo[4.3.0]non-5-ene, and
1,8-diazabicyclo[5.4.0]undec-7-ene. [0073] Dyes may be
added to the photoresist to increase the absorption of
the composition to the actinic radiation wavelength.
The dye must not poison the composition and must be
capable of withstanding the process conditions
including any thermal treatments. Examples of suitable
dyes are fluorenone derivatives, anthracene
derivatives or pyrene derivatives. Other specific dyes
that are suitable for photoresist compositions are
described in U.S. Patent No. 5593812. [0074] The
photoresist composition may further comprise
conventional additives such as adhesion promoters and
surfactants. A person skilled in the art will be able
to choose the appropriate desired additive and its
concentration. [0075] The i nvention further relates t
o a process for forming a pattern on a substrate which
comprises the following process steps: A. providing a
substrate, B. coating in a first coating step said
substrate with a thermally curable undercoat
composition of this invention, C. curing said
undercoat composition, D. coating in a second coating
step a photoresist over the undercoat to produce a
bilayer photoresist stack, E. exposing the bilayer
photoresist stack, F. developing the photosensitive
composition portion of the bilayer photoresist stack
making a portion of the underlying undercoat
visible,G. rinsing the bilayer photoresist stack, and
H. etching the visible undercoat in an oxidizing
plasma to produce a bilayer relief image. [0076] For
this process, the substrates, coating, and baking
steps are as described for the bilayer stack
previously. [0077] For the production of relief
structures, the radiation-sensitive resist is
imagewise exposed to actinic radiation. The term
'imagewise' exposure includes both exposure through a
photomask containing a predetermined pattern, exposure
by means of any suitable source of actinic radiation,
such as for example, a computer controlled laser beam
which is moved over the surface of the coated
substrate, exposure by means of computer-controlled
electron beams, and exposure by means of X-rays or UV
rays, through a corresponding mask. The imagewise
exposure generates acid i n the exposed regions o f
the resist which catalyzes the cleavage of the acid
labile groups resulting in a polymer which is aqueous
soluble. [0078] The process described above for the
production of relief structures 



preferably includes, as a further process measure,
heating of the coating between exposure and treatment
with the developer. With the aid of this heat
treatment, known as "post-exposure bake", virtually
complete reaction of the acid labile groups in the
polymer resin with the acid generated by the exposure
is achieved. The duration and temperature of this
post-exposure bake can vary within broad limits and
depend essentially on the functionalities of the
polymer resin, the type of acid generator and on the
concentration of these two components. The exposed
resist is typically subjected to temperatures of about
5O0C to 15O0C for a few seconds to a few minutes. The
preferred post exposure bake i s from about 8 O0C t o
1300C for about 5 seconds to 180 seconds. Any suitable
heating means may be employed. The preferred heating
means is a hot plate.[0079] After imagewise exposure
and any heat treatment of the material, the exposed
areas of the photoresist are removed by d issolution i
n a n aqueous b ase developer to generate a relief
structure. Examples of suitable bases include, but are
not limited to, inorganic alkalis (e.g., potassium
hydroxide, sodium hydroxide, ammonia water), primary
amines (e.g., ethylamine, n-propylamine), secondary
amines (e.g. diethylamine, di-n-propylamine), tertiary
amines (e.g., triethylamine), alcoholamines (e.g.
triethanolamine), quaternary ammonium salts (e.g.,
tetrarnethylammonium hydroxide, tetraethylammonium
hydroxide), and mixtures thereof. The concentration of
base employed will vary depending on the base
solubility of the polymer employed and the specific
base employed. The most preferred developers are those
containing tetramethylammonium hydroxide (TMAH).
Suitable concentrations of TMAH range from about 1% to
about 5%. In addition, an appropriate amount of a
surfactant can be added to the developer. [008O]
Development can be carried out by means of immersion,
spray, puddling, o r other s imilar developing methods
known t o those skilled i n the a rt at temperatures
from about 10 0C to 40 0C for about 30 seconds to
about 5 minutes with or without agitation. After
development, the relief pattern may be optionally
rinsed with a rinse comprising de-ionized water or
de-ionized water containing one or more surfactants
and dried by spinning, baking on a hot plate, in an
oven, or other suitable means. [0081] The
radiation-sensitive resist used for the bilayer
process described above will typically contain silicon
or have silicon incorporated into the resist after
development. After images are formed in the
radiation-sensitive resist, the imaged substrate will
be placed in a plasma-etching environment comprising
oxygen so that the underlayer coating will be removed
in the area unprotected by the resist. The silicon
incorporated in the radiation-sensitive resist forms
silicon dioxide when exposed to an oxygen plasma and
protects the resist from being etched so that relief
structures can be formed in the undercoat layer.[0082]
After the oxygen plasma step, the substrate carrying
the bilayer relief structure is generally subjected to
at least one further treatment step, which changes the
substrate in areas not covered by the bilayer coating.
Typically, this can be implantation of a dopant,
deposition of another material on the substrate or an
etching of the substrate. This is usually followed by
the removal of the resist coating from the substrate
typically by a fluorine/oxygen plasma etch. [0083] The
invention is illustrated by, but not limited to, the
following examples in which the parts and percentages
are by weight unless otherwise specified. [0084]
General Synthetic Procedure for Polymerization in
Tetrahydrofuran (THF): The m ixture of monomers and
chain transfer agent were dissolved in THF under N2 in
a round bottom flask equipped with a reflux condenser,
a temperature probe and a gas inlet. The mixture was
heated to 550C while stirring. Solution degassed by
bubbling N2 with syringe for 15 minutes. A solution of
initiator in THF was added and the solution was heated
to 65C for 20-24 hours under a N2 atmosphere. The
reaction mixture was then cooled t o 5 00C. The
reaction mixture was diluted by methanol (50 mL) a nd
sodium methoxide solution (4 g , 10 wt% i n methanol)
were added for methanolysis. The mixture was refluxed
at 640C and the by-product methyl acetate was
continuously removed by azeotropic distillation using
Dean-Stark trap for 4 h. After cooling to room
temperature, Amberlyst 15 resin (15 g) was added to
the mixture to ion exchange with sodium and stirred
for 1 h, The resin was filtered and the solution was
precipitated into a methanol/water mixture ( 1 .6 L,
2:1 methanol/water) by slow addition. The solid
polymer was isolated by filtration and washed with
water (100 ml_ x 2). After filtration, the solid was
dried at 6O0C for 48 h under vacuum. Molecular weights
and molecular weight distributions were measured using
a Waters Corp. liquid chromatograph (refractive index
detection, Millennium(GPC V software), equipped with
the following Phenogel-10, 7.8 x 250 mm columns:
10-4A, 500A & 5OA (from Phenomena) and THF eluent.
Thermal decomposition measurements (TGA) were
performed using a Perkin-Elmer thermal gravimetric
analyzer. The glass transition temperature (Tg) of the
polymer was measured using a Perkin-Elmer Pyris 1
Differential Scanning Calorimeter at a heating rate of
20C/minute. The structure and composition of polymer
were a nalyzed w ith a 1H NMR using a Bruker 400 MHz
NMR-spectrometer. See Table 1 for analytical data of
the polymer examples. [0085] Synthesis Example 1 The
mixture of monomers [4-biphenyl methacrylate (72.37 g,
0.303 mol), acetoxy styrene (10.56 g, 0.065 mol) and
ethylene glycol dicyclopentenyl ether methacrylate
(17.07 g, 0.065 mol)] and initiator VAZO 67 (6.00 g,
6.0 wt% vs monomers) and chain transfer agent
1-dodecanethiol ( 1.8O g , 3 0 wt% v s i nitiator)
were polymerized according to the general procedure
above. Transesterification employed 4.0 g sodium
methoxide solution. Yield: 9 1.3g, 94%. [0086]
Synthesis Example 2 The mixture of monomers
[4-biphenyl methacrylate (62.74 g, 0.263 mol), acetoxy
styrene (14.23 g, 0.087 mol) and ethylene glycol
dicyclopentenyl ether 



methacrylate (23.03 g, 0.087 mol)] and initiator VAZO
67 (6.00 g, 6.0 wt% vs monomers) a nd c hain transfer
agent 1-dodecanethiol ( 1.8O g , 3 0 wt% v s i
nitiator) were polymerized according to the general
procedure above. Tranesterification employed 5.0 g
sodium methoxide solution. Yield: 9 1.5g, 95%. [0087]
Synthesis Example 3 The mixture of monomers
[4-biphenyl methacrylate (54.09 g, 0.227 mol), acetoxy
styrene (22.09 g, 0.136 mol) and ethylene glycol
dicyclopentenyl ethermethacrylate (23.82 g, 0.09 mol)]
and initiator VAZO 67 (6.00 g, 6.0 wt% vs monomers) a
nd c hain transfer agent 1-dodecanethbl ( 1.80 g , 3 0
wt% v s i nitiator) were polymerized according to the
general procedure above. Transesterification employed
6.0 g sodium methoxide solution. Yield: 85.5g, 91%.
[O088] Synthesis Example 4 The mixture of monomers
[biphenyl methacrylate [BPMA](37.74g; 0.158 mol),
acetoxy styrene (8.54 g; 0.0527 mol) and
ethyleneglycol dicyclopentenyl ether methacrylate
(13.82 g; 0.0527 mol) and chain transfer agent,
1-dodecanethiol ( 1.08 g , 30 wt% of initiator) were
dissolved in 83.6 g of PGMEA (propylene glycol methyl
ether acetate) (40% of solid) under flow of N2 in a
500 rnL, round bottom flask equipped with a reflux
condenser and a gas inlet. The mixture was heated to
70 0C. Then, VAZO 67(r) [free radical initiator,
Dupont product, 2,2'-azobis(2- methylbutyronitrile)]
(3.6 g, 6 wt% of monomer used) in 6.4g of PGMEA was
added slowly for 15 minutes to the reaction mixture
and stirred for 24 h under N2. T he disappearance o f
B PMA was monitored by GPC using a UV detector at 2 54
nm. After 24 h, residual BPMA was <0.1%. The reaction
mixture was cooled to room temperature. Then, 2.0 g of
sodium methoxide in methanol (10 wt %) and 50 ml
methanol were added to the flask. The reaction mixture
was refluxed for 3 h and about 25 ml of methanol was
removed by azeotropic distillation using a Dean-Stark
trap. The solution was then cooled to room temperature
and 10.0 g of Amberlyst 15 resin was added t o it. The
reaction mixture was stirred for 2h and the resin was
isolated by filtration. The solution was distilled to
half of the volume under vacuum <60C to remove
methanol and by-product, propylene glycol methyl
ether. Finally, a 30 wt% of solid solution was made by
adding PGMEA to it. [0089] Synthesis Example 5 The
mixture of monomers [biphenyl methacrylate
[BPMA](37.74g; 0.158 mol), acetoxy styrene (8.54 g;
0.0527 mol) and ethyleneglycol dicyclopentenyl
ethermethacrylate (13.82 g; 0.0527 mol) and chain
transfer agent, 1-dodecanethiol (1.08 g , 30wt% of
initiator) were dissolved in 83.6 g of PGMEA
(propylene glycol methyl ether acetate) (40% of solid)
under flow of N2 in a 500 mL, round bottom flask
equipped with a reflux condenser and a gas inlet. The
mixture was heated to 70 0C. Then, VAZO 67(r) [free
radical initiator, Dupont product, 2,2'-azobis(2-
methylbutyronitrile)] (3.6 g, 6 wt% of monomer used)
in 6.4g of PGMEA was added slowly for 15 minutes to
the reaction mixture. Then, the temperature was slowly
increased to 8O0C and stirred for 4 h under N2. The
disappearance of BPMA was monitored by GPC using a UV
detector at 254 nm. After 3 h, residual BPMA was
<0.1%. The mixture was cooled to room temperature.
Then, 2.0 g of sodium methoxide in methanol (10 wt %)
and 50 ml methanol were added to the flask. The
reaction mixture was refluxed for 3 h and about 25 ml
of methanol was removed by azeotropic distillation
using a Dean-Stark trap. The solution was then cooled
to room temperature and 10.0 g of Amberlyst 15 resin
was added to it. The reaction mixture was stirred for
2h and the resin was separated by filtration. The
solution was distilled to half of the volume under
vacuum <60C to remove methanol and by-product,
propylene glycol methyl ether. Finally, a 30 wt% of
solid solution was made by adding PGMEA to it. [0090]
Synthesis Example 6 The mixture of monomers
[cyclohexyl methacrylate (32.73 g, 0.1945 mol),
Aacetoxystyrene (10.52 g, 0.0648 mol) and styrene
(6.75 g, 0.0648 mol)] and chain transfer agent
1-dodecanethiol (0.9 g, 0.0044 mol) were dissolved in
THF (73 g, 40% solid) in a 500 mL three neck round
bottom flask. The initiator VAZO-67 (3.0 g, 0.0156
mol) dissolved in THF (2 g) was added to mixture at
55C and was heated to 650C for 24 h . The polymer was
processed as described in the General Synthetic
Procedure for Polymerization in Tetrahydrofuran.[0091]
Synthesis Example 7 The mixture of monomers
[cyclohexy! methacrylate (32.73 g, 0.1945 mol), 4-
acetoxystyrene (10.52 g, 0.0648 mol) and styrene (6.75
g, 0.0648 mol)] was dissolved in THF (73 g, 40% solid)
in a 500 ml_ three neck round bottom flask. The
initiator VAZO-67 (1.5 g, 0.O078 mol) dissolved in THF
(2 g) was added to mixture at 550C and was heated to 6
50C for 24 h. No chain transfer agent was used. The
polymer was processed a s described in the General
Synthetic Procedure for Polymerization in
Tetrahydrofuran. [0092] Synthesis Example 8 The
mixture of monomers [cyclohexyl methacrylate (28.16g,
0.1674 mol), 4- acetoxystyrene (9.05 g, 0 .0558 mol)
and 4-cyclohexylphenyl acrylate (12.79 g, 0.0558 mol)]
and chain transfer agent 1-dodecanethiol (0.8 g,
0.0040 mol) were dissolved in THF (73 g, 40% solid) in
a 500 ml_ three neck round bottom flask. The initiator
VAZO-67 (2.5 g, 0.O130 mol) dissolved in THF (2 g) was
added to mixture at 550C and was heated to 65C for 24
h. The polymer was processed as described in the
General Synthetic Procedure for Polymerization in
Tetrahydrofuran. [0093] Synthesis Example 9 The
mixture of monomers [cyclohexyl methacrylate (28.16g,
0.1674 mol), 4- acetoxystyrene (9.05 g, 0 .0558 mol)
and 4-cyclohexylphenyl acrylate (12.79 g, 0.0558 mol)]
was dissolved in THF (73 g, 40% solid) in a 500 ml_
three neck round bottom flask. The initiator VAZO-67
(3.0 g, 0.0156 mol) dissolved in THF (2 g) was added
to mixture at 550C and was heated to 650C for 24 h. No
chain transfer agent was used. The polymer was
processed as described in the General Synthetic 



Procedure for Polymerization in Tetrahydrofuran.[0094]
Synthesis Example 10 The mixture of monomers
[cyclohexyl methacryiate (27.69 g, 0.1646 mol), 4-
acetoxystyrene (8.90 g, 0.O549 mol) and
4-cyclohexylphenyl methacryiate (13.41 g, 0.0549 mol)]
and chain transfer agent 1-dodecanethiol (1.2 g,
0.0059 mol) were dissolved in THF (73 g, 40% solid) in
a 500 mL three neck round bottom flask. The initiator
VAZO-67 (4.0 g, 0.O208 mol) dissolved in THF (2 g) was
added to mixture at 55C and was heated to 65C for 24
h. The polymer was processed as described in the
General Synthetic Procedure for Polymerization in
Tetrahydrofuran. [0095] Synthesis Example 11 he
mixture of monomers [cyclohexyl methacryiate (27.69 g,
0.1646 mol), 4- acetoxystyrene (8.90 g, 0.0549 mol)
and 4-cyclohexylphenyl methacryiate (13.41 g, 0.0549
mol)] was dissolved in THF (73 g, 40% solid) in a 500
mL three neck round bottom flask. The initiator
VAZO-67 (2.5 g, 0.0130 mol) dissolved in THF (2 g) was
added to mixture at 550C and was heated to 650C for 24
h. No chain transfer agent was used. The polymer was
processed as described in the General Synthetic
Procedure for Polymerization in Tetrahydrofuran.
[0096] Synthesis Example 12 The mixture of monomers
[cyclohexyl methacryiate (27.69 g, 0.1646 mol), 4-
acetoxystyrene (8.90 g, 0.0549 mol) and
4-cyclohexylphenyl methacryiate (13.41 g, 0.0549 mol)]
and chain transfer agent 1-dodecanethiol ( 1 .5 g,
0.0074 mol) were dissolved in THF (148 g, 25% solid)
in a 500 mL three neck round bottom flask. The
initiator VAZO-67 (5.0 g, 0.0260 mol) dissolved in THF
(2 g) was added to mixture at 550C and was heated to
65C for 24 h. The polymer was processed as described
in the General Synthetic Procedure for Polymerization
in Tetrahydrofuran.[0097] Synthesis Example 13 The
mixture of monomers [TCD methacrylate (22.94 g, 0.104
mol), 4- acetoxystyrene (12.51 g, 0.078 mol) and
4-cyclohexylstyrene(14.55 g, 0.078 mol)] and chain
transfer agent 1-dodecanethiol (1.5 g, 0.0074 mol)
were dissolved in THF (148 g, 25% solid) in a 500 mL
three neck round bottom flask. The initiator VAZO-67
(2.5 g, 0.0130 mol) dissolved in THF (2 g) was added
to the mixture at 55C and was heated to 650C for 24 h.
The polymer was processed as described in the General
Synthetic Procedure for Polymerization in
Tetrahydrofuran. [0098] Synthesis Example 14 The
mixture of monomers [4-phenylstyrene (28.01 g, 0.155
mol), 4- acetoxystyrene (8.40 g, 0.O58 mol) and
ethyleneglycol dicyclopentenyl ether methacrylate
(15.39 g; 0.058 mol) and chain transfer agent
1-dodecanethiol (1.5 g , 0.0074 mol) are dissolved in
THF (148 g , 25% solid) in a 500 mL three neck round
bottom flask. The initiator VAZO-67 (2.5 g, 0.0130
mol) dissolved in THF (5 g) iss added to the mixture
at 55C and is heated to 65oC for 24 h. The polymer is
processed as described in the General Synthetic
Procedure for Polymerization in Tetrahydrofuran.
[0099] Table 1PULSE OXIMETRYMOTION ARTIFACTREJECTION
USING NEAR INFRAREDABSORPTION BYWATER BACKGROUND OF
THE INVENTION The present invention relates to the
processing of signals obtained from a medical
diagnostic apparatus, such a pulse oximeter, using
near infrared spectroscopy, to remove artifact or
noise effects from the signal representative of a
physiological parameter of interest. A typical pulse
oximeter measures two physiological parameters,
percent oxygen saturation of arterial blood hemoglobin
(SpO or sat) and pulse rate. Oxygen saturation can be
estimated using various techniques. In one common
technique, the photocurrent generated by the
photo-detector is conditioned and processed to
determine the ratio of modulation ratios (ratio of
ratios) of the red to infrared signals. This
modulation ratio has been observed to correlate well
to arterial oxygen saturation. The pulse oximeters and
sensors are empirically calibrated by measuring the
modulation ratio over a range of in vivo measured
arterial oxygen saturations (SaO2) on a set of
patients, healthy volunteers, or animals. The observed
correlation is used in an inverse manner to estimate
blood oxygen saturation (SpO2) based on the measured
value of modulation ratios of a patient. Most pulse
oximeters extract the plethysmographic signal having
first determined saturation or pulse rate, both of
which are susceptible to interference. In general,
pulse oximetry takes advantage of the fact that in
live human tissue, hemoglobin is a strong absorber of
light between the wavelengths of 500 and 1100 nm. The
pulsation of arterial blood through tissue is readily
measurable, using light absorption by hemoglobin in
this wavelength range. A graph of the arterial
pulsation waveform as a function of time is referred
to as an optical plethysmograph. The amplitude of the
plethysmographic waveform varies as a function of the
wavelength of the light used to measure it, as
determined by the absorption properties of the blood
pulsing through the arteries. By combining
plethysmographic measurements at two different
wavelength regions, where oxy- and deoxyhemoglobin
have different absorption coefficients, the oxygen
saturation of arterial blood can be estimated. Typical
wavelengths employed in commercial pulse oximeters are
660 and 890 nm. It is known that rapid motion or
application of pressure to a tissue site can have the
effect of changing the optical properties being
measured at or near that site. The amplitude of the
optical signal changes associated with such events,
known as motion artifacts, can easily be larger than
that due to the arterial pulse. In practice, this can
lead to inaccurate estimation of the percent oxygen
saturation by pulse oximetry. Various techniques for
addressing and removing undesired signal effects,
including motion artifacts are known. As used herein,
noise refers to signal portions that are undesired or
are not directly related to changes in optical
properties that are related to the arterial pulse, and
which may include motion artifact. The optical signal 



through the tissue can be degraded by both noise and
motion artifact. One source of noise is ambient light
which reaches the light detector. Another source of
noise is electromagnetic coupling from other
electronic instruments. Motion of the patient also
introduces noise and affects the signal. For example,
the contact between the detector and the skin, or the
emitter and the skin, can be temporarily disrupted
when motion causes either to move away from the skin.
In addition, since blood is a fluid, it responds
differently than the surrounding tissue to inertial
effects, thus resulting in momentary changes in volume
at the point near which the oximeter probe is
attached. Motion artifact can degrade a pulse oximetry
signal relied upon by a health care provider, without
the provider's awareness. This is especially true if
the monitoring of the patient is remote, the motion is
too small to be observed, or the health care provider
is watching the instrument or other parts of the
patient, and not the sensor site. There are various
known techniques for addressing the effects of noise
and/or motion artifacts. For example, U.S. Patent No.
4,714,341 discloses a method for combining three
wavelengths to detect the presence of motion. The
wavelengths are used two at a time to separately
compute the oxygen saturation percentage. When the
oxygen saturation values computed using different
wavelength combinations are in poor agreement, this is
assumed to be caused by motion artifact, and the value
is discarded.A disadvantage of this approach is that
the agreement or lack thereof between the saturation
values may or may not be due to motion artifact. In
addition, this approach does not identify or remove
the effects of motion artifact, but instead discards
values that appear suspect. Another approach involves
the filtering of pulse oximetry signals. However,
filtering methods require assumptions about the
properties of the artifact that do not always hold in
practice. In addition, this approach does not measure
the motioninduced signal. U.S. Patent No. 5,482,036
provides another approach, and describes a signal
processing method for artifact reduction that
functions when the artifact-related signal is
associated with blood that is at a lower oxygen
saturation than the arterial blood. Such a method
relies on the generation of an artificial noise
signal, which is combined with the physiological
parameter to reduce the effect of the unknown noise
signal. This approach for reducing the effects of
artifact, without separately measuring the motion
signal, is based on assumptions about the effect of
motion on the plethysmographic signal. Assumptions may
or may not be true, and many assumptions are invalid.
Each of the known techniques for compensating for
motion artifact has its own limitations and drawbacks.
It is therefore desirable that a pulse oximetry system
be designed which more effectively and accurately
reports blood-oxygen levels during periods of motion.
While many have attempted to isolate the effects of
undesired signal portions, such as motion-induced
artifacts, by making potentially invalid assumptions
or by rejecting suspect estimates of desired signal
values, there still remains a need for a deterministic
identification, determination and measurement of
artifact signals, to enable an accurate measurement of
the desired signal values in the presence of undesired
signal portions.BRIEF SUMMARY OF THE INVENTION By
measuring the artifact signal, the present invention
allows motion artifact to be separated from the
plethysmography signal without the limiting
assumptions of prior known techniques. The present
invention provides methods for measuring the motion
signal associated with changes in tissue optical
properties and using the measurement to compensate
plethysmographic measurements made at other
wavelengths. hi one embodiment, the present invention
provides a method of measuring a physiological
parameter, including obtaining a first signal derived
from electromagnetic energy transmitted through a
tissue portion at a first wavelength, the first signal
including a signal portion corresponding with
motion-related events and a signal portion
corresponding with arterial pulsation events, where at
the first wavelength water is a dominant absorber of
electromagnetic energy in the tissue portion;
obtaining a second signal derived from electromagnetic
energy transmitted through a tissue portion at a
second wavelength, the second signal including a
signal portion corresponding with motion-related
events and a signal portion corresponding with
arterial pulsation events, where at the second
wavelength hemoglobin is a dominant absorber of
electromagnetic energy in the tissue portion; and
combining the first signal and the second signal to
generate a combined plethysmograph signal, such that
the combined signal has a signal portion corresponding
with motion-related events that is smaller than that
present in the first signal or the second signal. At
the first wavelength water is a stronger absorber of
electromagnetic energy than hemoglobin in the tissue
portion, and at the second wavelength hemoglobin is a
stronger absorber of electromagnetic energy than water
in the tissue portion. For a fuller understanding of
the nature and advantages of the embodiments of the
present invention, reference should be made to the
following detailed description taken in conjunction
with the accompanying drawings.BRIEF DESCRIPTION OF
THE DRAWINGS Fig. 1 is a block diagram of an exemplary
oximeter. Fig. 2 is a graph of the plethysmographic
amplitude measured on the human ear as a function of
wavelength. Fig. 3 is a graph of absorption spectra of
the principal components in human blood. Fig. 4 is a
graph of absorption spectra of the principal
components in human skin, scaled to typical
physiological concentration. Fig. 5 is a graph of
absorption spectra of the principal components in
human skin, scaled to equal volume-fraction
concentration. Fig. 6 is a graph of plethysmographs
measured on a human ear at 4 different 



wavelengths of approximately 920, 1050, 1180 and 1300
nm respectively. Fig. 7 is a graph of an
exemplaryplethysmographic artifact reduction by
combining measurements at 2 near infrared wavelengths.
DETAILED DESCRIPTION OF THE INVENTION By measuring the
artifact signal, the present invention allows motion
artifact to be separated from the plethysmographic
signal without the limiting assumptions of prior known
techniques. The present invention provides methods for
measuring the motion signal associated with changes in
tissue optical properties and using the measurement to
compensate plethysmographic measurements made at other
wavelengths. Fig. 1 is a block diagram of an exemplary
pulse oximeter that may be configured to implement the
embodiments of the present invention. The embodiments
of the present invention can be a data processing
algorithm that is executed by the microprocessor 122,
described below. Light from light source 110 passes
into patient tissue 112, and is scattered and detected
by photodetector 114. A sensor 100 containing the
light source and photodetector may also contain an
encoder 116 which provides signals indicative of the
wavelength of light source 110 to allowthe oximeter to
select appropriate calibration coefficients for
calculating oxygen saturation. Encoder 116 may, for
instance, be a resistor. Sensor 100 is connected to a
pulse oximeter 120. The oximeter includes a
microprocessor 122 connected to an internal bus 124.
Also connected to the bus are a RAM memory 126 and a
display 128. A time processing unit (TPU) 130 provides
timing control signals to light drive circuitry 132
which controls when light source 110 is illuminated,
and if multiple light sources are used, the
multiplexed timing for the different light sources.
TPU 130 also controls the gating-in of signals from
photodetector 114 through an amplifier 133 and a
switching circuit 134. These signals are sampled at
the proper time, depending upon which of multiple
light sources is illuminated, if multiple light
sources are used. The received signal is passed
through an amplifier 136, a low pass filter 138, and
an analog-to-digital converter 140. The digital data
is then stored in a queued serial module (QSM) 142,
for later downloading to RAM 126 as QSM 142 fills up.
In one embodiment, there may be multiple parallel
paths of separate amplifiers, filters and A/D
converters for multiple light wavelengths or spectra
received. Based on the value of the received signals
corresponding to the light received by photodetector
114, microprocessor 122 will calculate the oxygen
saturation using various algorithms. These algorithms
require coefficients, which may be empirically
determined, corresponding to, for example, the
wavelengths of light used. These are stored in a ROM
146. In a two-wavelength system, the particular set of
coefficients chosen for any pair of wavelength spectra
is determined by the value indicated by encoder 116
corresponding to a particular light source in a
particular sensor 100. In one embodiment, multiple
resistor values may be assigned to select different
sets of coefficients. In another embodiment, the same
resistors are used to select from among the
coefficients appropriate for an infrared source paired
with either a near red source or far red source. The
selection between whether the near red or far red set
will be chosen can be selected with a control input
from control inputs 154. Control inputs 154 may be,
for instance, a switch on the pulse oximeter, a
keyboard, or a port providing instructions from a
remote host computer. Furthermore, any number of
methods or algorithms may be used to determine a
patient's pulse rate, oxygensaturation or any other
desired physiological parameter. For example, the
estimation of oxygen saturation using modulation
ratios is described in U.S. Patent No. 5,853,364,
entitled "METHOD AND APPARATUS FOR ESTIMATING
PHYSIOLOGICAL PARAMETERS USING MODEL-BASED ADAPTIVE
FILTERING5" issued December 29, 1998, and U.S. Patent
No. 4,9 11,167, entitled "METHOD AND APPARATUS FOR
DETECTING OPTICAL PULSES," issued March 27, 1990.
Furthermore, the relationship between oxygen
saturation and modulation ratio is further described
in U.S. Patent No. 5,645,059, entitled "MEDICAL SENSOR
WITH MODULATED ENCODING SCHEME," issued July 8, 1997.
Having described an exemplary pulse oximeter above,
the methods for reducing noise, including motion
artifact effects in the received signals, according to
embodiments of the present invention, are described
below. Fig. 2 is a plot of the average plethysmo
graphic amplitude as a function of wavelength measured
through the earlobe of 36 subjects, and normalized to
measurements at a wavelength of approximately 900 nm.
Measurements, such as those shown in Fig. 2, reveal
that the amplitude of the photoplethysmo graphic
waveform diminishes as a function of wavelength
between approximately 900 and 1300 nm, having a
minimum value at approximately 1285 nm. The inventors
herein have discovered that at wavelengths beyond
approximately 900-920 nm, water, which is at much
higher concentrations than hemoglobin, also becomes a
major light absorber in tissue. Fig. 3 is a graph of
some of the light absorbing components found in blood,
in units of absorbance in cm 1 vs. wavelength in nm.
Fig. 3 shows that at approximately 1400 nm, the
absorbance of water is approximately 60% higher than
that of oxy-hemoglobin, yet the plethysmography
amplitude (Fig. 2) at 1400 nm is 35% lower than that
at approximately 900 nm. Fig. 4 is a graph of
absorption spectra (cm 1) of the principal components
in human skin, scaled to typical physiological
concentration, as a function of wavelength in nm. This
figures shows that the absorbance due to water has a
peak value at approximately 1180 nm, and that similar
peaks are present for protein at slightly above 1150
and for lipids at approximately 1200 nm.Fig. 5 is a
graph of absorption spectra of the principal
components in human skin, scaled to equal
volume-fraction concentration. This figure shows that
at approximately 1185 urn, the volume-fraction scaled
absorbance for water, lipids and proteins are
approximately equal. 



While not being limited to any particular theory, the
present inventors note that a reason for the weaker
plethysmographic effect of water (at wavelengths below
approximately 900 and below approximately 1300 nm)
compared to hemoglobin lies in the fact that
hemoglobin is largely confined to the blood vessels,
whereas water is present at high concentrations both
in the blood vessels and in the surrounding tissue. As
a result, the pulse-induced expansion of arterial
vessels through a tissue bed results in a localized
increase in hemoglobin concentration, but only a small
net change in water concentration. To the extent that
the water concentration in the blood is equal to the
water concentration in tissue, the change in light
absorption by water is expected to approach zero. The
embodiments of the present invention exploit the
finding that in spectral regions where hemoglobin
absorbs weakly and water absorbs strongly, the
plethysmograph is more sensitive to motion-related
events than arterial pulsation, compared with spectral
regions where hemoglobin is a strong absorber and
water is a weak absorber. The weak magnitude of the
plethysmograph in regions of strong water absorption
is exploited to enable the separation of
arterial-pulse-related signal from a motion artifact
signal. By measuring the optical plethysmograph at a
wavelength where water is the dominant absorber, the
change in tissue optical properties associated with
motion or pressure can be measured, with little
interference from the underlying arterial pulsation.
Plethysmographs at four near-infrared wavelengths
measured through a human ear undergoing occasional
motion are shown in Fig. 6, in absorbance units vs.
scaled time {i.e., time per point is 43 ms). At
approximately 920 nm, where hemoglobin absorption is
strong and water absorption is weak, the
plethysmograph contains regular arterial pulsations
that are interrupted occasionally by motion-related
events. As the wavelength is increased to
approximately 1300 nm,where water is the predominant
absorber, the arterial pulsations diminish and the
measured signal becomes largely due to the
motion-related events. By combining the plethysmograph
measured in a spectral region where water is the
dominant absorber with a plethysmograph measured where
blood is a major absorber, the motion-related signal
can be selectively removed. Fig. 7 shows the
plethysmograph of a human ear measured at
approximately 920 nm, and the result of subtracting a
portion of the plethysmograph measured at
approximately 1180 nm from that measured at 920 nm. In
particular, Fig. 7 shows the plethysmograph of a human
ear measured at 920 nm, and the result of subtracting
approximately 60% of the plethysmograph measured at
approximately 1180 nm from that measured at
approximately 920 nm. The 60% value is chosen since at
this wavelength, the absorbance of water is
approximately 60% higher than that of oxy-hemoglobin.
For different wavelength combinations, other
multipliers are used based on the ratios of the
absorbance of water as compared to that of
oxy-hemoglobin or based on empirical determination(s)
. By applying the same analysis to a diverse pool of
36 patients measured in a hospital setting, an average
signal to noise increase of a factor of 2 of the
plethysmograph at 910 nm was observed. By allowing the
multiplier for the 1180 nm plethysmograph to vary,
higher signal to noise improvements are achieved.
Theoretical Model The following derivation
demonstrates a mechanism by which the effect of
motion-induced changes in optical scattering on a
plethysmograph measured at one wavelength can be
compensated by plethysmographic measurement at a
second wavelength. This derivation is provided as one
example of the type of motioninduced optical changes
that can be compensated, but is not the only mechanism
by which the present invention may function, and thus
is not meant to limit the embodiments of the present
invention. A starting point for the analysis is the
diffusion theory of light transport in tissue (for
example, see "Diffusion Theory of Light Transport",
Willem M. Star, in Optical-Thermal Response of
Laser-Irradiated Tissue, edited by Ashley J. Welch
andMartin J.C. van Gemert, Plenum Press, New York,
1995, pgs. 131-206). In the case where the
transport-corrected scattering coefficient, ms ', is
much larger than the absorption coefficient, ma, the
diffuse intensity of light, I(l) , measured at
wavelength, l, by a detector positioned a distance, /,
away from a light source, can be described as follows
(for example, see "Measurement of Blood Hematocrit by
Dual-Wavelength Near-IR Photoplethysmography",
Schmitt, J. M.; Guan-Xiong, G.; Miller, J., SPIE, Vol.
1641, 1992, pgs. 150-161): For small changes in the
absorption coefficient, such as those caused by
arterial pulsation, the resulting change in intensity
can be described by the derivative of intensity with
respect to the absorption coefficient: where AV"rt is
the fractional volume change due to arterial
pulsation, ma art is the absorption coefficient of the
arterial blood under measurement, AC(l) refers to the
time varying portion of the optical signal and DC (l)
refers to the average or non-time varying portion of
the optical signal. The arterial oxygen saturation,
SpO , is estimated if the AC-DC ratio described by
equation 2 is measured at two wavelengths, li and that
are chosen so that oxy- and deoxy-hemoglobin are
readily differentiated (e.g.,l ~ approximately 660 nm,
~ approximately 910 nm): rean 3afrom which: (eqn. 3c)
where m 1Hband mam b are the respective absorption
coefficients for deoxyand oxy-hemoglobin in arterial
blood, and R is the ratio of the AC to DC ratios. The
effect of small changes in the scattering coefficient,
such as may be brought about by compression of tissue
or motion artifact, are as set forth below by eqn. 4 :



' By measuring the AC-DC ratio at a third wavelength,
l , chosen so that the absorption due to hemoglobin is
weak but the absorption due to water is strong, the
effect of the motion-induced scattering change are
removed from the AC-DC measurement at l2 by
subtracting the scaled AC-DC measurement at l . The
resulting motion-corrected plethysmography P, can be
expressed as: where :W23 (eqn.5b) When the effects of
arterial pulsation (equation 2) and motion artifact
(equation 4) are additive, equation 5 is expanded as
follows:When water absorption dominates the absorption
of light by tissue at , and the water concentration in
the arteries and surrounding tissue is nearly equal,
Dma(l ) is approximately zero, and equation 6
simplifies to: Equation 7 depends only on the effect
of arterial pulsation at l , the effect of the motion
artifact has been removed. In a similar manner the
plethysmograph measured at /I may be used to remove
the motion effects from the plethysmograph measured at
lj. The corrected plethysmo graphs measured at li and
2 may then be combined and used to estimate oxygen
saturation, as described, for example, by equation 3.
Several wavelengths in the range between approximately
900 and 1300 nm and more specifically in the range
between approximately 1150 and 1350 nm have been
tested and found effective at reducing motion-artifact
from plethysmographs measured at approximately 910 nm.
Wavelengths at the longer wavelength side of this
range have the advantage of weaker absorbance of
hemoglobin compared to that of water (for example, see
Figs. 3 and 4). However, wavelengths at the shorter
end of this range have the advantage of reduced
variation with changing tissue composition. As can be
seen in Fig. 5, where the major components of tissue
have been normalized to equal volume fraction, water,
lipid, and non-hemoglobin protein all have
approximately equal absorbance at approximately 1185
nm. Therefore the absorbance of tissue at
approximately 1185 nm will vary little with changes in
the relative concentration of these principal
components.It is known that the detection of light
beyond approximately 1100 nm cannot readily be
accomplished with the silicon (Si) detectors that are
commonly employed in commercial oximeters. For
example, the detector used to collect the data
displayed in Figs. 2-7 employed Indium Gallium
Arsenide (InGaAs) as the photosensitive material. The
most common type of InGaAs detectors are sensitive to
light between approximately 800 and 1700 nm.
Therefore, in a pulse oximeter designed in accordance
with the embodiments of the present invention, with
the conventional wavelengths of 660 and 890 nm, in
addition to a new light source that emits at
wavelengths that are absorbed strongly by water (such
as approximately 1180 nm or approximately between
900-1400 nm), an additional detector(s) is used. One
such scheme employs two detectors, one Si and one
InGaAs, placed side-by-side. An alternative
arrangement uses a collinear ("sandwich") detector
containing separate Si and InGaAs layers, such as
those commercially available, for example, from the
Hamamatsu corporation. Alternately, a germanium
detector (Ge) is used as a substitute for the InGaAs
detector. In addition, an alternative to the
above-described augmentation to conventional pulse
oximetry, is an all-NIR pulse oximeter. An example of
an all NIR oximeter is an oximeter employing light
sources emitting at approximately 940, 1040, and 1180
nm used in conjunction with a single InGaAs detector.
In addition to the advantage of requiring only one
detector, the all-NIR implementation has advantages
associated with the optical properties of tissue. The
accuracy of measurements made using pulse oximetry
depends, in part, on the extent to which the paths
traveled by the different colors of light are the
same. The mean path length and penetration depth of
light at a particular wavelength traveling through
tissue is strongly affected by the absorption and
scattering coefficients of tissue at that wavelength.
In conventional pulse oximetry, in order to achieve
the same mean path length and penetration depth at two
wavelengths, the scattering and absorption
coefficients at the two wavelengths need to be
matched. The scattering of light by tissue decreases
rapidly as a function of wavelength, with the result
that the scattering properties of tissue at
approximately 940, 1040, and 1180 nm will be more
closely matched than the scattering properties of
tissue at a combination of both visible and NIR
wavelengths such as approximately 660, 890, and 1180
nm, for reasons discussed below. The absorption
properties ofoxy- and deoxy-hemoglobin are such that
at high oxygen saturation values the net {i.e.,
combined effects of oxy and deoxy) absorption
coefficient due to hemoglobin will be matched
reasonably well at 660 nm and 940 nm. However, as
oxygen saturation values decrease, the high absorption
coefficient of deoxy-hemoglobin at approximately 660
nm will result in an increasingly strong mismatch
between the net absorption coefficient of hemoglobin
at approximately 660 and approximately 940 nm. The net
absorption coefficients of hemoglobin at approximately
940 and approximately 1040 nm, will be more closely
matched than at approximately 660 and approximately
940 nm, over the full range of measurable oxygen
saturation values. The choice of the wavelength used
to measure the motion-artifact signal depends
partially on the need for matching the optical path
length to that of the signals to be corrected. Beyond
approximately 950 nm, the absorption coefficient of
water, protein, and non-hemoglobin protein, in
addition to that of hemoglobin needs to be considered
in order to achieve close matching of path lengths.
Although about 1185 nm is a currently preferred
wavelength for measuring the motion-artifact signal,
other alternative wavelength values are also
effective, for example, wavelengths between
approximately 1050 and 1400 nm and between
approximately 1500 and 1850 nm. The embodiments of the
present invention may be practiced by placing the
optical components directly at the tissue interface,
or alternatively, by transporting the light to and
from the tissue with fiber optics. The former
implementation has the 



advantage of more efficient delivery and collection of
the light, whereas the latter implementation has the
advantages of being less costly. The less costly
solution is enabled by the fact that when employing
fiber optic delivery, the light sources and detectors
can reside in the monitor as opposed to the sensor,
and considering that such components may be more
expensive that the fiber, this will result in a less
expensive device. The embodiments of the present
invention have several advantages over known methods
of addressing the results of motion artifacts, as
discussed below. The embodiments of the present
invention provide methods and devices for measuring
the motion signal associated with changes in tissue
optical properties and using themeasurement to
compensate plethysmographic measurements made at other
wavelengths. By measuring the artifact signal, the
embodiments of the present invention allow motion
artifact to be separated from the plethysmographic
signal without the limiting assumptions of the prior
known techniques. Embodiments of the present invention
have the advantage that in addition to identifying the
motion, they provide a method of removing the motion
artifact and continuing to measure the oxygen
saturation during the motion. As will be understood by
those skilled in the art, other equivalent or
alternative methods for the measurement of motion
artifact signal associated with changes in tissue
optical properties, and using the measurement to
compensate plethysmographic measurements made at other
wavelengths, according to the embodiments of the
present invention can be envisioned without departing
from the essential characteristics thereof. For
example, a combination of visible and NIR or an all
NIR wavelength combination may be used to make the
measurements. Moreover, individuals skilled in the art
of near-infrared spectroscopywould recognize that
additional terms can be added to the algorithms used
herein to incorporate reflectance measurements made at
additionalwavelengths and thus improve accuracy
further. Also, light sources or light emission optics
other then LED's including and not limited to
incandescent light and narrowband light sources
appropriatelytuned to the desired wavelengths and
associated light detection optics may be placed near
the tissue location or may be positioned within a
remote unit; and which deliver light to and receive
light from the tissue location via optical fibers.
Additionally, sensor arrangements functioning in a
back-scattering or a reflection mode to make optical
measurements of reflectances, as well as other
embodiments, such as those working in a
forward-scattering or a transmission mode may be used
to make these measurements. These equivalents and
alternatives along with obvious changes and
modifications are intended to be included within the
scope of the present invention. Accordingly, the
foregoing disclosure is intended to be illustrative,
but not limiting, of the scope of the invention which
is set forth in the following claims.WHAT IS CLAIMED
IS: 1. A method of measuring a physiological
parameter, comprising: obtaining a first signal
derived from electromagnetic energy transmitted
through a tissue portion at a first wavelength, said
first signal including a signal portion corresponding
with motion-related events and a signal portion
corresponding with arterial pulsation events, wherein
at said first wavelength water is a dominant absorber
of electromagnetic energy in the tissue portion;
obtaining a second signal derived from electromagnetic
energy transmitted through a tissue portion at a
second wavelength, said second signal including a
signal portion corresponding with motion-related
events and a signal portion corresponding with
arterial pulsation events, wherein at said second
wavelength hemoglobin is a dominant absorber of
electromagnetic energy in the tissue portion; and
combining said first signal and said second signal to
generate a combined signal comprising a
plethysmograph, said combined signal having a signal
portion corresponding with motion-related events that
is smaller than that present in said first signal or
said second signal. 2. The method of claim 1 wherein
at said first wavelength water is a stronger absorber
of electromagnetic energy than hemoglobin in the
tissue portion. 3. The method of claim 1 wherein at
said second wavelength hemoglobin is a stronger
absorber of electromagnetic energy than water in the
tissue portion. 4. The method of claim 1 wherein said
first wavelength is in the range between approximately
900 and 1850 nm. 5. The method of claim 1 wherein said
first wavelength is in the range between approximately
1100 and 1400 nm. 6. The method of claim 1 wherein
said first wavelength is in the range between
approximately 1150 and 1250 nm. 7. The method of claim
1 wherein said first wavelength is approximately 1185
nm.8. The method of claim 1 wherein said second
wavelength is in the range between approximately 600
and 950 nm. 9. The method of claim 1 wherein said
combing comprises applying a multiplier to said first
signal to obtain a scaled first signal and subtracting
the scaled first signal from said second signal. 10.
The method of claim 9 wherein said multiplier is a
function of the ratio of the absorption of
electromagnetic energy in the tissue portion by
hemoglobin at said first wavelength to that at said
second wavelength. 11. The method of claim 1 wherein
said physiological parameter is a pulse rate. 12. The
method of claim 1 further comprising: obtaining a
third signal derived from electromagnetic energy
transmitted through a tissue portion at a third
wavelength, said third signal including a signal
portion corresponding with motion-related events and a
signal portion corresponding with arterial pulsation
events, wherein at said third wavelength hemoglobin is
a dominant absorber of electromagnetic energy in the
tissue portion; and 



combining said first signal and said third signal to
generate a second combined signal comprising a
plethysmograph, said second combined signal having a
signal portion corresponding with motion-related
events that is smaller than that present in said first
signal or said third signal. 13. The method of claim
12 further comprising: combining said combined signal
with said second combined signal to form a
combination; and estimating an oxygen saturation value
using said combination. 14. An apparatus for measuring
a physiological parameter, comprising: means for
obtaining a first signal derived from electromagnetic
energy transmitted through a tissue portion at a first
wavelength, said first signal including a signal
portion corresponding with motion-related events and a
signal portioncorresponding with arterial pulsation
events, wherein at said first wavelength water is a
dominant absorber of electromagnetic energy in the
tissue portion; means for obtaining a second signal
derived from electromagnetic energy transmitted
through a tissue portion at a second wavelength, said
second signal including a signal portion corresponding
with motion-related events and a signal portion
corresponding with arterial pulsation events, wherein
at said second wavelength hemoglobin is a dominant
absorber of electromagnetic energy in the tissue
portion; and means for combining said first signal and
said second signal to generate a combined signal
comprising a plethysmo graph, said combined signal
having a signal portion corresponding with
motion-related events that is smaller than that
present in said first signal or said second signal.
15. The apparatus of claim 14 wherein said means for
obtaining a first signal comprise: light emission
optics configured to direct electromagnetic energy at
said tissue location; and light detection optics
configured to receive radiation from said tissue
location. 16. The apparatus of claim 15 wherein said
light emission optics are configured to deliver
electromagnetic energy at a wavelength in the range
between approximately 900 and 1850 nm. 17. The
apparatus of claim 15 wherein said light emission
optics are configured to deliver electromagnetic
energy at a wavelength in the range between
approximately 1100 and 1400 nm. 18. The apparatus of
claim 15 wherein said light emission optics are
configured to deliver electromagnetic energy at a
wavelength in the range between approximately 1150 and
1250 nm. 19. The apparatus of claim 15 wherein said
light emission optics are configured to deliver
electromagnetic energy at approximately 1185 nm.20.
The apparatus of claim 14 wherein said means for
combining comprises means for applying a multiplier to
said first signal to obtain a scaled first signal and
subtracting the scaled first signal from said second
signal. 21. The apparatus of claim 14 wherein said
means for combining comprises a processing device
configured to combine said first signal and said
second signal to generate a combined signal comprising
a plethysmograph, said combined signal having a signal
portion corresponding with motion-related events that
is smaller than that present in said first signal or
said second signal. 22. The apparatus of claim 14
further comprising: means for obtaining a third signal
derived from electromagnetic energy transmitted
through a tissue portion at a third wavelength, said
third signal including a signal portion corresponding
with motion-related events and a signal portion
corresponding with arterial pulsation events, wherein
at said third wavelength hemoglobin is a dominant
absorber of electromagnetic energy in the tissue
portion; and means for combining said first signal and
said third signal to generate a second combined signal
comprising a plethysmograph, said second combined
signal having a signal portion corresponding with
motion-related events that is smaller than that
present in said first signal or said third signal. 23.
The apparatus of claim 22 further comprising: means
for combining said combined signal with said second
combined signal to form a combination; and means for
estimating an oxygen saturation value using said
combination. 24. The apparatus of claim 14 wherein
said physiological parameter is a pulse rate. 


