DESCRI PTI ON

TI TLE OF | NVENTI ON: WAFER EDGE PROTECTI ON FI LM FORM NG
METHOD, PATTERNI NG PROCESS, AND COWPOSI TI ON FOR FORM NG
WAFER EDGE PROTECTI ON FI LM

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a nethod for
formng a protection filmon a peripheral edge of a
substrate, and a patterning process using the protection
film

BACKGROUND ART
[ 0002]

I n the manufacturing process of sem conductor
devi ces, for exanple, a resist coating process of
applying a resist chem cal on a sen conductor substrate
to forma resist upper layer film an exposure process
of exposing the resulting resist filmto forma
predeterm ned pattern, a devel opnment process of
devel opi ng the exposed resist upper layer film and the
li ke, are sequentially perforned to form a resi st
pattern on a substrate. Then, using the resist pattern
as a mask, an etching process is perfornmed to form a
predeterm ned pattern on the substrate.

[ 0003]

I n such substrate processing, when the resist upper
| ayer filmpattern is used as a mask to etch the
substrate to be processed, if there is any substrate
peri pheral edge (wafer edge) on which the substrate is
exposed, a problem arises in which the substrate in the

exposed portion is etched to generate particles,



resulting in an influence on yield reduction of
sem conduct or manufacturi ng.
[ 0004]

The wafer edge usually has a shape that gradually
sl opes down fromthe substrate surface and is cut off,
as shown in FIG 1. The beveled portion of the wafer
edge is referred to as a “bevel”, while the vertica
portion is referred to as an “apex”. The shape of the
waf er edge shown in FIG 1(A) is called a round type,
and the shape of the wafer edge shown in FIG 1(B) is
called a bullet type.

[ 0005]

I n order to suppress particle generation fromthe
waf er edge, a technique to forma resist filmonly on
t he wafer edge has been known. For exanple, as
di sclosed in Patent Docunent 1, a nethod of applying a
photoresi st solution to the wafer edge while rotating
the wafer has been known.

[ 0006]

Further, in recent years, it has been considered to
forma coating filmusing a coating type materi al
containing an inorganic netal as a resist or a resist
underlayer film Since netal adhesion to unintended
parts of sem conductor substrate during the
sem conduct or apparatus production process strongly
affects the electric properties of the sem conduct or
apparatus, strict controls have been in place to prevent
such nmetal adhesion.

[ 0007]

However, during the formation of a coating film
containing a netal described above, there is a concern
that the chem cal liquid supplied to the surface of the

substrate may run into the wafer edge or the peripheral



portion on the backside, thus formng a coating film

al so on these unintended parts, i.e., the wafer edge and
t he peripheral portion on the backside, resulting in
metal contam nation in these areas. There is also
concern that particles generated during etching of the
metal -containing filmwll adhere to the wafer edge,
resulting in metal contam nation in these areas.

Further, if the contam nated areas of the substrate cone
into contact with a substrate processi ng apparatus, such
as an exposure apparatus or an etching apparatus, or a
substrate transfer mechanism the subsequent substrate
to be transferred and processed after this substrate

t hrough these processing and transfer nechani snms may

al so be contam nated with a netal, that is, cross-
contam nati on may occur. Therefore, as disclosed in

Pat ent Docunents 2 and 3, nethods for form ng protection
films to protect wafer edge and peripheral portion on

t he backside from netal -containing materials have been
report ed.

[ 0008]

As descri bed above, the wafer edge protection film
form ng method is useful in the fine patterning process
i n sem conduct or manufacturing process to suppress
etching danmage to the wafer edge and netal contam nation
to the wafer edge during processing of netal -containing
materi al s.

[ 0009]

On the other hand, the recent manufacturing of
sem conductor devices perform nore processes of form ng
patterns with ultra-high aspect rati os on substrates to
be processed with the devel opnent of 3D device
structures. Although negative photoresist |iquids have

been comonly used for previously-known wafer edge



protection filnms, because of rapid increases in
conplication and | engthy processing tinme of etching
processes in the manufacturing of advanced devi ces, the
etching resistance of wafer edge protection filns is
expected to be inproved.

Cl TATI ON LI ST

PATENT LI TERATURE

[ 0010]

Pat ent Docunent 1: Japanese Lai d-Open Patent Application
Publ i cation No. 2014-110386

Pat ent Docunent 2: Japanese Lai d- Open Patent Application
Publ i cati on No. 2014-045171

Pat ent Docunent 3: Japanese Lai d-Open Patent Application
Publ i cation No. 2018-124354

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[0011]

The present invention has been nmade in view of the
above circunstances, and an object thereof is to provide
a wafer edge protection film having dry etching
resi stance superior to those of the previously-known
waf er edge protection filnms, as well as excellent
uni form coatability even at wafer edge portions, which

are difficult to coat.

SOLUTI ON TO PROBLEM
[0012]

In order to achi eve the above object, the present
i nvention provides:

a nmethod for formng a protection filmon a

peri pheral edge of a substrate, conprising the steps of:



(i) coating a peripheral edge of the substrate with a
conposition for formng a protection film conprising an
aromatic ring-containing resin (A) having an organic
group represented by the follow ng general formula (1),
and a sol vent; and

(ii1) curing the applied conposition for formng a
protection film by heat or optical irradiation to form
the protection filmon the peripheral edge of the
substr at e,

«—C=C—RA *——C=C—RA" (1)

H H
wherein RA is a hydrogen atom or a nonoval ent organic
group having 1 to 10 carbon atons, and * represents a
bondi ng site.
[ 0013]

Wth this wafer edge protection filmformng
met hod, since the wafer edge protection filmform ng
mat eri al containing a resin having an organi c group
represented by the above general forrmula (1) with
excellent reactivity and thermal flowability and an
aromatic ring with excellent dry etching resistance is
used, it is possible to achieve excellent uniform
coatability even at a wafer edge portion, which is
difficult to coat. Further, the wafer edge can be
protected even when a pattern with a high aspect ratio
is formed on a substrate to be processed.

[ 0014]

Further, the resin (A) preferably also has a
hydr oxyl group, and the ratio of the nunber of the
hydr oxyl groups to the nunmber of the organic groups
represented by the general formula (1) above preferably

satisfies a relationship a+b=1 and 0.1<b<0.9 wherein “a”



represents the proportion of the hydroxyl group and “b”
represents the proportion of the organic group
represented by the general formula (1) above.

[ 0015]

Since the resin (A) descri bed above has both a
hydr oxyl group and an organic group represented by the
above general formula (1), a wafer edge protection film
form ng material having both excellent thernal
flowability and substrate adhesiveness can be obtained.
Therefore, it is possible to provide a wafer edge
protection filmformng nethod ensuring excell ent
uni form coatability even at wafer edge portions, which
are difficult to coat. Further, when the contents of
t he organic group represented by the above general
formula (1) and the hydroxyl group is within the above
range, various physical properties required for use in
the formati on of wafer edge protection filns, such as
def ect suppression properties, dry etching resistance,
substrate adhesi veness, and the |i ke, can be adjusted
wi thin an appropriate range.

[ 0016]

Further, the resin (A) is preferably an aromatic
ri ng-containing resin having a hydroxyl group and an
organi c group represented by the follow ng general
formula (1A), and the ratio of the number of the
hydr oxyl groups to the nunmber of the organic groups
represented by the general formula (1A) above preferably
satisfies a relationship c+d=1 and 0.1<d<0.9 wherein “c¢”
represents the proportion of the hydroxyl group and “d”
represents the proportion of the organic group

represented by the general forrmula (1A) above,



* =0 * =
\ = A

wherein * represents a bonding site.
[0017]

Since the resin (A) descri bed above has both a
hydr oxyl group and an organic group represented by the
above general formula (1A), a wafer edge protection film
form ng material having both excellent thernmal
flowability and substrate adhesiveness can be obtained.
Therefore, it is possible to provide a wafer edge
protection filmformng nethod ensuring excell ent
uni form coatability. Further, when the contents of the
organi c group represented by the above general formula
(1A) and the hydroxyl group are within the above range,
various physical properties required for use in the
formation of wafer edge protection filns, such as defect
suppression properties, dry etching resistance,
substrate adhesi veness, and the |i ke, can be adjusted
wi thin an appropriate range.

[ 0018]

Further, the resin (A) is preferably a conmpound
having a ratio MM Vnh (i.e., dispersity) in a range of
1.00Mw/Mn<1.25, the Mw/Mn being a ratio of the weight
aver age nol ecul ar weight Mv to the nunmber average
nol ecul ar wei ght Mh on pol ystyrene basis according to
gel perneation chromatography.

[ 0019]

Wth the wafer edge protection filmformng
mat eri al containing a conpound having such a range of
di spersity, the thermal flowability can be further
i nproved, thereby achieving excellent uniform

coatability.



[ 0020]

Further, the resin (A) is preferably a polyner
havi ng a wei ght average nol ecul ar wei ght on pol ystyrene
basis according to gel perneation chromatography of
1,000 to 12, 000.

[ 0021]

Wth this wafer edge protection film form ng nethod
using a wafer edge protection filmform ng materi al
contai ning a polymer having such a range of weight
aver age nol ecul ar weight, the solubility in an organic
solvent is not inpaired, and outgassing during baking
can be suppressed.

[ 0022]

Further, the resin (A) preferably conprises at
| east one of the constituent units represented by the
foll ow ng general fornulae (A-1), (A-2), (A-3), (A-4),

and (A-5),
v v .V
(R _LoR?), Re0) \ =ijjvw
R nf“‘ﬁﬁw- Jf (i, n } < 4
\IJ\ /] (A1) ) ¥ 7\ (A-D)
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wherein W and W each independently represent a benzene
ring or a naphthal ene ring, and hydrogen atons in the
benzene ring and the naphthal ene ring are optionally
substituted with a hydrocarbon group having 1 to 6
carbon atonms; Ra is a hydrogen atom or an organic group
represented by the follow ng general fornula (2), and
satisfies a relationship e+f=1 and 0.1<£f<£0.9, wherein
“e” represents the proportion of the hydrogen atom and
“f” represents the proportion of the organic group
represented by the general formula (2) above anong the
structures constituting Re; Y is a group represented by

the follow ng general formula (3); ni1is 0O or 1; n2is 1



or 2; and V independently represents a hydrogen atom or

a connection portion,

- »@w QL g

A n5 (A-3)
V”‘l l'].ll;ﬂ
nd

wherein Zi1 is a group represented by the follow ng
general formula (4), and R2 is a hydrogen atom or an
organi c group represented by the follow ng general
formula (2) and satisfies a relationship e+f=1 and
0.1£f£0.9, wherein “e” represents the proportion of the
hydrogen atom and “f” represents the proportion of the
organi c group represented by the general fornmula (2)
above anong the structures constituting Re;, ns is 0 or 1
ns is 1 or 2; and V independently represents a hydrogen

atom or a connection portion,

*—RB-C=C-R* *-RB-C=C-RA 2)

H H
wherein * represents a site bonded with the oxygen atom
RB is a divalent organic group having 1 to 10 carbon
atonms; and RA is a hydrogen atom or a nonoval ent organic

group having 1 to 10 carbon atons,

o O OO OO e

wherein * represents a bondi ng arm

2= @

wherein W, W, Y, and n; are as defi ned above,
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wherein nmg and ny represent 1 or 2; and Z represents

either a single bond or the structure represented by the
follow ng general formula (5); RXis any one of the
structures represented by the follow ng general formnula
(6).

0 “ R, ~Re

o A
zZ= -Gt *—%—* (—aﬂ' D -0-—'—- *—'—[ /J * —‘—0 ) 40—* (5)
° \/1_5\;— / R

s !
b x\ // /
LSS o

wherein * represents a bonding arm | represents an
integer of 0 to 3; and Ra to Rr each independently
represent a hydrogen atom or an optionally fluorine-
substituted al kyl group having 1 to 10 carbon atons, an
optionally fluorine-substituted phenyl group, or an
optionally fluorine-substituted phenyl ethyl group, and Ra
and R, may be bonded to each other to forma cyclic

conpound,

OH Q
wherein * represents a site bonded with the aromatic
ring; and Qi is a |linear saturated hydrocarbon group
having 1 to 30 carbon atons, or the structure

represented by the follow ng general fornula (7),

OR )ns
.-—] ] @
" RJIL4

wherein * represents a site bonded with the carbonyl



11

group; and R represents a hydrogen atom or the organic
group represented by the general fornula (2) above, and
satisfies a relationship e+f=1 and 0.1<f<0.9, wherein
“e” represents the proportion of the hydrogen atom and
“f” represents the proportion of the organic group
represented by the general fornmula (2) above anong the
structures constituting R; R represents a linear or
branched hydrocarbon group having 1 to 10 carbon atons,
a hal ogen atom a nitro group, an am no group, a nitrile
group, an al koxycarbonyl group having 1 to 10 carbon
atonms, or an al kanoyl oxy group having 1 to 10 carbon
atonms; and nz and ns are each an integer of 0 to 7 that
represents the nunber of substituents on the aromatic
ring, provided that n3 + ng is O or nore and 7 or |ess;
and ns represents 0 to 2,

RYp (ORa)ﬂ

X
g J (A-5)

wherein R! is a saturated nonoval ent organic group having
1 to 30 carbon atonms or an unsaturated nonoval ent

organi c group having 2 to 30 carbon atons; X is a

di val ent organic group having 1 to 30 carbon atons; and
Ra is a hydrogen atom or the organic group represented by

t he general fornula (2) above, and satisfies a

ANY 44

relationship e+f=1 and 0.1<f<0.9, wherein “e” represents
t he proportion of the hydrogen atom and “f” represents
the proportion of the organic group represented by the
general formula (2) above anong the structures
constituting R, p is an integer of O to 5; g1 is an
integer of 1 to 6; p+tqr is an integer of 1 or nore and 6

or less; and g2 is 0 or 1
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[ 0023]

Wth this wafer edge protection filmformng
material containing a resin ensuring both high thermal
flowability and high dry etching resistance, it is
possi bl e to achieve excellent uniformcoatability even
at a wafer edge portion, which is difficult to coat.
Further, the wafer edge can be protected even when a
pattern with a high aspect ratio is forned on a
substrate to be processed.

[ 0024]

Further, the content of the resin (A) in the
conposition for formng a protection filmis preferably
10% by mass or nore.

[ 0025]

By using such a conposition for form ng an edge
protection film it is possible to forma thick edge
protection filmeven on a wafer edge portion, which is
difficult to coat, thereby providing an edge protection
filmwith a sufficient thickness that can endure the dry
et ching process on the substrate to be processed.

[ 0026]

Further, the conposition for form ng a protection
filmpreferably further conprises one or nore of a
crosslinking agent, a high boiling point solvent, a
surfactant, an acid generator, and a plasticizer.

[ 0027]

By using a conposition for form ng an edge
protection filmconprising these additives, various
physi cal properties required for use in the formation of
waf er edge protection films, such as defect suppression
properties, dry etching resistance, substrate
adhesi veness, and the like, can be adjusted within an

appropri ate range.
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[ 0028]

Further, in the step (i) above, in addition to the
peri pheral edge on the surface side of the substrate,

t he conposition for formng a protection filmis
preferably applied also to the peripheral edge on the
backsi de of the substrate, thereby form ng the
protection filmalso on the peripheral edge on the
backsi de of the substrate in the step (ii).

[ 0029]

By formng a protection filmalso on the peripheral
edge on the backside using the conposition for formng a
protection film it is possible to prevent such a risk
that the chemcal liquid supplied to the surface of the
substrate may run into the peripheral portion on the
backsi de during the formation of a coating film
containing a netal, thus formng a coating filmalso on
t he peripheral portion on the backside for which
formation of a coating filmis not intended, resulting
in metal contam nation in these areas.

[ 0030]

Further, the coating in the step (i) is preferably
perfornmed using a spin coating nethod, and the
protection filmis preferably not formed on areas other
t han the peripheral edge on the surface side of the
substrate and the peripheral edge on the backside of the
substr at e.

[ 0031]

By applying the above conposition for formng a
protection filmby using a spin coating nethod to form
protection films only on the peripheral edges on the
surface side and the backside, it is possible to make a
significant contribution to inproving the productivity

of the sem conductor manufacturing process, for exanple,



14

by reducing consunption of chem cal |iquids or reducing
production time.
[ 0032]

Further, in the step (ii), it is preferable to cure
t he applied conposition for form ng a protection film by
heat treatnment at a tenperature of 100°C or nore and
800°C or less for 10 seconds to 7,200 seconds.

[ 0033]

The heat curing enables formation of a dense cured
filmand i nproves dry etching resistance.
[ 0034]

The present invention also provides a patterning
process for formng a protection filmon a peripheral
edge of a substrate to be processed on which a filmwth
a pattern is formed and formng a pattern on the
substrate to be processed, the patterning process
conprising the steps of:

(I-1) applying a conposition for formng a protection
filmconprising an aromatic ring-containing resin (A
havi ng an organic group represented by the follow ng
general formula (1) and a solvent to a peripheral edge
of a substrate to be processed on which a filmwth a
pattern is fornmed;

(I-2) curing the applied conposition for formng a
protection filmby a heat treatnent or optical
irradiation to forma protection filmon a peripheral
edge of the substrate;

(I-3) formng a pattern on the substrate to be processed
by dry etching while using the filmwith a pattern as a
mask; and

(I-4) renmoving the protection film

C=C—R? (1)
H H

*—C=C—RA *
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wherein RA is a hydrogen atom or a nonoval ent organic
group having 1 to 10 carbon atons, and * represents a
bondi ng site.

[ 0035]

Wth the above patterning process, it is possible
to suppress particle generation fromthe wafer edge when
the substrate to be processed is dry-etched.

[ 0036]

The present invention also provides a patterning
process for formng a protection filmon a peripheral
edge of a substrate to be processed and form ng a
pattern on the substrate to be processed, the patterning
process conprising the steps of:

(I'l-1) applying a conposition for formng a protection
filmconprising an aromatic ring-containing resin (A
havi ng an organic group represented by the follow ng
general formula (1) and a solvent to a peripheral edge
of a substrate to be processed;

(I'1-2) curing the applied conposition for formng a
protection filmby a heat treatnent or optical
irradiation to forma protection filmon a peripheral
edge of the substrate to be processed,;

(I'1-3) formng a resist upper layer filmpattern on the
substrate to be processed and form ng a pattern on the
substrate to be processed by dry etching while using the
resi st upper layer filmpattern as a mask; and

(I'1-4) renoving the protection film

C=C—RA (1)
H H

wherein RA is a hydrogen atom or a nonoval ent organic

+—C=C—RA *

group having 1 to 10 carbon atons, and * represents a
bondi ng site.
[ 0037]
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Wth the above patterning process, it is possible
to suppress particle generation fromthe wafer edge when
t he substrate to be processed is dry-etched. Further,
it is possible to prevent such a risk that the chem cal
l'iquid supplied to the surface of the substrate may run
into the peripheral portion on the backside during the
formation of a resist upper layer film thus formng a
coating filmalso on the peripheral portion on the
backsi de for which formation of a coating filmis not
I ntended, resulting in contam nation in these areas.

[ 0038]

Further, in the step (I1-1) or (11-1) above, in
addition to the peripheral edge on the surface side of
t he substrate, the conposition for formng a protection
filmis preferably applied also to the peripheral edge
on the backside of the substrate, thereby form ng the
protection filmalso on the peripheral edge on the
backsi de of the substrate in the step (1-2) or (11-2)
above.

[ 0039]

By form ng a protection filmalso on the peripheral
edge on the backside using the conposition for formng a
protection film it is possible to prevent such a risk
that the chemcal liquid supplied to the surface of the
substrate may run into the peripheral portion on the
backsi de during the formation of a coating film
containing a netal, thus formng a coating filmalso on
t he peripheral portion on the backside for which
formation of a coating filmis not intended, resulting

in netal contam nation in these areas.

[ 0040]
Further, the present invention also provides a
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conposition for formng a protection film which is a
conposition for formng a protection filmon a

peri pheral edge of a substrate, the conposition
conprising an aromatic ring-containing resin (A) having
an organic group represented by the foll owi ng general
formula (1) and a sol vent,

C=C—RA (1)
H H

wherein RA is a hydrogen atom or a nonoval ent organic

*—C=C—RA s

group having 1 to 10 carbon atons, and * represents a
bondi ng site.
[ 0041]

Wth this conposition for formng a protection
film since the wafer edge protection filmformng
mat eri al containing a resin having an organi c group
represented by the above general formula (1) with
excellent reactivity and thermal flowability and an
aromatic ring with excellent dry etching resistance is
used, it is possible to achieve excellent uniform
coatability even at a wafer edge portion, which is
difficult to coat. Further, the wafer edge can be
protected even when a pattern with a high aspect ratio

is formed on a substrate to be processed.

ADVANTAGEOUS EFFECTS OF | NVENTI ON
[ 0042]

As expl ai ned above, the wafer edge protection film
form ng nethod and the patterning process of the present
i nvention uses a conposition for form ng a wafer edge
protection filmconprising a resin with an aromatic
ri ng-containing structure having an organic group with a
specific structure that has excellent thernal

flowability, and thus provides a wafer edge protection
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filmhaving dry etching resistance superior to that of
previ ousl y- known wafer edge protection films, as well as
excell ent uniformcoatability even at wafer edge
portions, which are difficult to coat. |In particular,
even in dry etching processes for formng fine patterns
with high aspect ratios, such as 3D NAND nenory, which
is becom ng increasingly highly stacked, it is possible
to protect wafer edges fromthe etchant until etching of
the substrate to be processed is conpleted, thereby
reduci ng particle generation from wafer edges due to
etching. Thus, the nethods are extrenely useful in fine
patterni ng process in the sem conductor manufacturing
process. Further, by formng a protection filmalso on
t he peripheral edge on the backside, it is possible to
prevent such a risk that the chemcal liquid supplied to
the surface of the substrate may run into the periphera
portion on the backside during the formation of a
coating filmcontaining a nmetal, thus form ng a coating
filmalso on the peripheral portion on the backside for
whi ch formation of a coating filmis not intended,

resulting in metal contam nation in these areas.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0043]

FIG 1 is an explanatory view of a wafer edge.

FIG 2 is an explanatory view of an exanple of a
waf er edge protection filmform ng method of the present
I nvention (protecting only the wafer edge on the surface
si de).

FIG 3 is another explanatory view of a wafer edge.

FIG 4 is an explanatory view of another exanple of
a wafer edge protection filmform ng nmethod of the

present invention (protecting only the wafer edge on the
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surface side and the wafer edge on the backside).

FIG 5 is an explanatory view of still another
exanpl e of a wafer edge protection film form ng method
of the present invention (protecting only the wafer edge
on the surface side and the wafer edge on the backside).

FIG 6 is an explanatory view of an exanpl e of
patterni ng process using the wafer edge protection film
form ng method of the present invention.

FIG 7 is an explanatory view of another exanple of
patterning process using the wafer edge protection film
form ng nmethod of the present invention.

FIG 8 is an explanatory view of a portion of a
waf er edge protection filmused for filmthickness
eval uati on.

FIG 9 is an explanatory view of a nmethod for
eval uati ng an amount of surface netallic inpurities at a

peri pheral edge of a wafer.

DESCRI PTI ON OF EMBODI MENTS
[ 0044]

As descri bed above, wafer edge protection filns
have been used in the fine patterning process in
sem conduct or manufacturing process to prevent particle
generation fromwafer edges during etching, and, in
recent sem conductor device manufacturing, nore
processes of form ng patterns with ultra-high aspect
rati os on substrates to be processed have been perfornmed
with the devel opnment of 3D device structures. This has
arisen a need to form wafer edge protection filnms that
can endure nore conplex and | engthy etching processes.
[ 0045]

The inventors of the present invention conducted

extensive research to solve the above problens, and have
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sought to forma wafer edge protection filmwth
excellent dry etching resistance and coverage to the
wafer edge in the wafer edge protection filmform ng
met hod. As a result, the inventors found that a wafer
edge protection filmform ng method using a conposition
for formng a wafer edge protection filmcontaining a
resin having an aromatic ring-containing structure with
an organic group of a specific structure that has
excellent thermal flowability and crosslinking
reactivity is very effective for this purpose, and thus
conpl eted the present invention.

[ 0046]

Specifically, the present invention is a wafer edge
protection filmformng nethod for formng a protection
filmon a wafer edge of a substrate, conprising the
steps of (i) coating a peripheral edge of the substrate
with a conposition for form ng a protection film
conprising an aromatic ring-containing resin (A) having
an organic group represented by the foll owi ng general
formula (1), and a solvent; and (ii) curing the applied
conposition for formng a protection film by heat or
optical irradiation to formthe protection filmon the

peri pheral edge of the substrate.

C=C—RA (1)
H H

*—C=C—R" *

wherein RA is a hydrogen atom or a nonoval ent organic
group having 1 to 10 carbon atons, and * represents a
bondi ng site.

[ 0047]
The present invention is described below in detail

however, the present invention is not limted to the
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exanpl es descri bed bel ow.
[ 0048]
Waf er Edge Protection Film Form ng Met hod

A protection filmis formed on a peripheral edge
(waf er edge) of a substrate by applying a conposition
for formng a protection filmon a peripheral edge of a
substrate to the peripheral edge of the substrate.

[ 0049]

Specifically, a method for form ng a protection
filmon a peripheral edge of a substrate, conprising the
steps of:

(i) coating a peripheral edge of the substrate with a
conposition for formng a protection film conprising an
aromatic ring-containing resin (A) having an organic
group represented by the general fornula (1) described
| ater, and a solvent; and

(ii) curing the applied conposition for formng a
protection film by heat or optical irradiation to form
the protection filmon the peripheral edge of the
substr at e,

i's provided.

[ 0050]

Such a wafer edge protection filmform ng nethod
enabl es formation of a wafer edge protection filmthat
can endure nore conplex and | engthy etching processes
with | ower defects.

[ 0051]

Exanpl es of the substrate include, but are not
particularly limited to, substrates made of Si, «o-Si, p-
Si, SI®, SIN SIiON, W TiN, A, and the like, those in
which the | ayers to be processed are fornmed on the
substrate, and the |ike. Exanples of the layers to be

processed include various lowk film such as those made
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of Si, Si®, SiON, SiN, p-Si, o-Si, W, W-Si, Al, Cu, or
Al -Si, and stopper filnms thereof, Hf, Zr, Cr, Ge, Ag,
Au, In, G, As, Pd, Fe, Ta, Co, WM, My, Ru or alloys

t hereof , anorphous carbon, an organic resist underl ayer
film a silicon-containing resist mddle layer film an
I norgani ¢ hard mask and sim | ar hard masks, which can
each be typically formed into a thickness of 50 to
10,000 nm particularly 100 to 5, 000 nm Wen the |ayer
to be processed is forned, the substrate and the | ayer
to be processed are nade of different materials.

[ 0052]

As shown in FIG 3, for exanple, the peripheral
edge W of the substrate is preferably within 15 mm
nore preferably within 10 mm and particularly
preferably within 5 mm fromthe peripheral edge W of
the substrate. 1In this specification, the peripheral
edge (wafer edge) of the substrate neans the area
i ncluding the edge surface, the bevel, and the apex, as
shown in FIG 1. Further, the peripheral edge (wafer
edge) of the substrate may include the backside of the
edge, in which case these peripheral edges are referred
to as the peripheral edge on the surface side and the
peri pheral edge on the backsi de.

[ 0053]

The protection filmform ng nethod using the
conposition for formng a wafer edge protection film of
t he present invention enables formation of a protection
filmon a peripheral edge on the surface side of a
substrate by applying a conposition for formng a
protection filmon a peripheral edge on the surface side
of a substrate.

[ 0054]
As shown in FIG 2(E), in the step (i), a wafer
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(substrate) 1 is first placed on a rotatable spin chuck
2. The method of applying the above conposition for
formng a protection filmto a substrate is not
particularly limted, and any appropriate coating neans,
for exanple, a spin coating nethod of continuously
di scharging a coating liquid onto a substrate that is
under rotation at a constant speed, a spray nethod of
spraying a coating liquid onto the surface of a
substrate, and the |ike, can be enployed. 1In the
present emnmbodi nent, the spin coating nethod is used as a
means for applying the conposition for form ng a
protection filmto the peripheral edge on the surface
side of the wafer 1. Specifically, as shown in FIG
2(F), the conposition for formng a protection film4 is
applied to the peripheral edge on the surface side of
the wafer 1 while rotating the spin chuck 2 at a
rotation rate according to the viscosity of the
conposition for formng a protection film4 and the
desired coating filmthickness. The conposition for
formng a protection film4 is discharged fromthe top
end of a supply nozzle 3 for supplying the conposition
for formng a protection film4 from above to the
peri pheral edge on the surface side of the wafer 1,
which is rotating around a vertical axis in a horizontal
pl ane. Then, in the step (ii), a protection filmd4Ais
formed on the peripheral edge on the surface side, as
shown in FIG 2(G.
[ 0055]

The wafer edge protection filmform ng nmethod of
t he present invention my be a nmethod of formng a
protection filmon the peripheral edge (wafer edge) of a
substrate in which a resist upper layer filmpattern is

formed on a substrate to be processed, or a nethod of
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formng a wafer edge protection filmon a substrate to
be processed, applying a resist upper layer film and

t hen subjecting it to exposure to light to forma resi st
upper |ayer filmpattern. Alternatively, a nethod for
formng a resist upper layer filmpattern using a

mul til ayer resist nmethod, typified by the three-I|ayer
resi st process in which a wafer edge protection filmis
formed on a substrate to be processed, a resist
underlayer film an inorganic hard mask, and the |ike
are fornmed, and a resist upper layer filmis fornmed

t hereon, may be used. Since the resist upper layer film
in which a pattern is formed is used as a mask to
process the substrate to be processed, it is preferable
if the protection filmcan be fornmed on the wafer edge
usi ng the conposition for formng a wafer edge
protection filmbefore dry etching is started, since it
can suppress particle generation fromthe wafer edge.

[ 0056]

In the case of coating a peripheral edge of a
substrate, the applied protection filmmy be dried by
rotating the spin chuck at, for exanple, 10 to 4000 rpm
[ 0057]

The wafer edge protection filmform ng nmethod of
t he present invention also enables formation of a
protection filmon a peripheral edge on the surface side
and a peripheral edge on the backside of a substrate by
applying a conposition for formng a protection filmfor
formng a protection filmon a peripheral edge on the
surface side and a peripheral edge on the backside of a
substrat e.

[ 0058]

As shown in FIG 4(1), in the step (i), a wafer

(substrate) 1 is first placed on a rotatable spin chuck
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2. The method of applying the above conposition for
formng a protection filmto a substrate is not
particularly limted, and any appropriate coating neans,
for exanple, a spin coating nethod of continuously

di scharging a coating liquid onto a substrate that is
under rotation at a constant speed, a spray nethod of
spraying a coating liquid onto the surface of a
substrate, and the |ike, can be enployed. 1In the
present emnmbodi nent, the spin coating nethod is used as a
means for applying the conposition for form ng a
protection filmto the peripheral edge on the surface
side and the peripheral edge on the backside of the
wafer 1. Specifically, as shown in FIG 4(J), the
conposition for formng a protection film5 is applied
to the peripheral edge on the surface side and the

peri pheral edge on the backside of the wafer 1 while
rotating the spin chuck 2 at a rotation rate accordi ng
to the viscosity of the conposition for form ng a
protection film5 and the desired coating film

t hi ckness. The conposition for formng a protection
film5 is discharged fromthe top end of the supply
nozzle 3 for supplying the conposition for formng a
protection filmb5 from above to the peripheral edge on
the surface side and the peripheral edge on the backsi de
of the wafer 1, which is rotating around a vertical axis
in a horizontal plane. Then, in the step (ii), a
protection film5A is formed on the peripheral edge on
the surface side and the peripheral edge on the
backsi de, as shown in FIG 4(K).

[ 0059]
In the case of coating the peripheral edge on the

surface side and the peripheral edge on the backsi de of
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t he substrate, the conposition for formng a protection
filmmy be supplied from separate supply nozzles
respectively to peripheral edge on the surface side and
t he peripheral edge on the backside. For exanple, in

t he enbodi nent shown in FIG 5, as shown in FIG 5(L),
after the wafer 1 is placed on the spin chuck 2, as
shown in FIG 5(M, the conposition for formng a
protection film®6 is discharged fromthe top ends of an
upper supply nozzle 3A and a | ower supply nozzle 3B for
supplying the conmposition for formng a protection film
6 from above and bel ow to the peripheral edge on the
surface side and the peripheral edge on the backsi de of
the wafer 1 under rotation, and a protection film®6A is
formed on the peripheral edge on the surface side and

t he peripheral edge on the backside, as shown in FIG
5(N). Further, the applied protection film 6A nmay be
dried by rotating the spin chuck 2 at, for exanple, 10
to 4000 rpm

[ 0060]

The lower limt of the average thickness of the
protection filmdescribed above is preferably 100 nm
nore preferably 200 nm for the surface portion. The
lower |imt is preferably 100 nm nore preferably 200
nm for the bevel portion. The lower limt is
preferably 200 nm nore preferably 300 nm for the apex
portion. The lower |limt is preferably 1 nm nore
preferably 5 nm for the backside portion.

[ 0061]

The upper limt of the average thickness of the
protection film described above is preferably 5,000 nm
nore preferably 4,000 nm for the surface portion. The
upper limt is preferably 5 000 nm nore preferably
4,000 nm for the bevel portion. The upper limt is
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preferably 7,000 nm nore preferably 6,000 nm for the
apex portion. The upper limt is preferably 1,000 nm
nore preferably 500 nm for the backside portion.

[ 0062]

The thickness of the wafer edge protection film
descri bed above can be appropriately selected according
to the purpose of edge protection. However, if the
thickness falls within the above range, it is possible
to provide a nethod for formng a wafer edge protection
filmthat can endure nore conplex and | engthy etching
processes, typified by the process for form ng patterns
havi ng an ul tra-high aspect ratio.

[ 0063]

The wafer edge protection filmform ng nmethod of
the present invention is preferably a nethod of formng
a wafer edge protection filmonly on the peripheral edge
on the surface side and the peripheral edge on the
backsi de of the substrate. Wth this nethod, it is
possi ble to, for exanple, reduce the consunption of the
chem cals for the conposition for formng a wafer edge
protection filmor sinplify the protection filmform ng
process and the protection filmrenoval process, thereby
contributing to the rationalization of the sem conduct or
manuf act uri ng process.

[ 0064]

In the wafer edge protection filmform ng nethod of
t he present invention, the conposition for formng a
waf er edge protection film applied onto the peripheral
edge on the surface side and the peripheral edge on the
backsi de of the substrate is cured by heat or optica
irradiation. In particular, a heat curing nethod is
nore preferable fromthe viewpoint of dry etching

resi st ance.
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[ 0065]

To perform heat-curing of the conposition for
form ng a wafer edge protection film applied to the
peri pheral edge on the surface side and the peripheral
edge on the backside of the substrate, the conposition
for formng a protection film described above is
preferably subjected to a heat treatnment at a
tenperature of 100°C or nore and 800°C or |ess,
preferably 150°C or nore and 600°C or less, for 10 to
7,200 seconds, preferably 10 to 600 seconds, thereby
formng a protection film Fromthe viewoint of
reduci ng sublimtes of the conposition for formng a
waf er edge protection film a tenperature of 100°C or
nmore and 450°C or less is nore preferable, and fromthe
vi ewpoi nt of productivity, the heat treatnment for 10 to
300 seconds is nore preferable.

[ 0066]

The above tenperature range is preferable because a
waf er edge protection filmwth excellent dry etching
resi stance can be formed, al so because defects including
m xi ng of the wafer edge protection film and the resist
filmand peel-off of the protection filmby an edge cut
ri nse, such as PGVEA, can be prevented when a coating
type material, such as a photoresist, is applied to a
substrate to be processed on which a wafer edge
protection filmis forned.

[ 0067]

When the conposition for formng a wafer edge
protection filmapplied to the peripheral edge on the
surface side and the peripheral edge on the backsi de of
t he substrate is cured by optical irradiation, the |ight
used for the curing is not particularly limted, and

exanpl es include Iight or radiation having a wavel ength
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in the range of high energy ionizing radiation, near
ultraviolet light, far ultraviolet light, visible |ight,
infrared ray, and the like. As the radiation, for
exanpl e, m crowave, EUV, LED, sem conductor |aser, or

| aser light for use in mcrofabrication of optical

sem conductors, such as 248-nm KrF excinmer |aser or 193-
nm ArF excinmer |laser, and the |like, can also be suitably
used.

[ 0068]

These rays may be nonochronme rays or multiple rays
of different wavelengths (m xed light). The wavel ength
of the light nmay be, for exanple, in a range of about
150 to 800 nm preferably in a range of about 150 to 600
nm further preferably in a range of about 150 to 400
nm The irradiation |ight anount (irradiation energy)
is not particularly limted, and nmay be, for exanple, in
a range of about 1 to 10,000 nW preferably in a range
of about 5 to 5,000 mW further preferably in a range of
about 10 to 1,000 mW The irradiation time is also not
particularly limted, and may be in a range of about 5
seconds to 60 m nutes, preferably in a range of about 10
seconds to 30 m nutes, and further preferably in a range
of about 30 seconds to 10 m nutes.

[ 0069]

A heat treatnment and optical irradiation may be
used in conbination.
[ 0070]

The formation of a uniformfilmis nmore difficult
in the coating on wafer edges conpared with the coating
on wafer surfaces; therefore, excellent filmformng
property is required for a conposition for formng a
waf er edge protection film In contrast, according to

t he wafer edge protection filmform ng nmethod of the
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present invention, since the aromatic ring-containing

resin (A) having an organic group represented by the

above general formula (1) is used to protect the

peri pheral edges of the substrate to be processed, the

roughness of the filmgenerated during the coating can

be recovered by the thermal flow, thus, a wafer edge

protection filmformng nethod with excellent uniform

coatability can be provided.

[ 0071]

Conposition for Form ng Wafer Edge Protection Film
The conposition for form ng a wafer edge protection

filmof the present invention conprises an aromatic

ri ng-containing resin (A) having an organic group

represented by the foll ow ng general fornmula (1) and a

sol vent,

Cc=C—RA (1)
H H

*—C=C—R"? x

wherein RA is a hydrogen atom or a nonoval ent organic
group having 1 to 10 carbon atons, and * represents a
bondi ng site.
[ 0072]
(A) Resin

Since the resin (A) descri bed above has the organic
group represented by the above general formula (1),
thermal flowability is inproved and excellent uniform
coatability can be achieved even at a wafer edge
portion, which is difficult to coat. Further, since the
resin (A) contains an aromatic ring, excellent dry
etching resistance can be obtained, and it is possible
to protect wafer edges even in the case of formng a
pattern with a high aspect ratio on a substrate to be
processed.
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[ 0073]

In the above general formula (1), RAis a hydrogen
atom or a nonoval ent organic group having 1 to 10 carbon
atons, and is preferably a hydrogen atom or a structure
represented by the following formula (Re-1) fromthe
vi ewpoi nt of thernosetting property and flowability.

[ 0074]

#-CH; *—{—CH2i—CH3 *— __g} *—ﬂ\r/ */Lm/~ */Lx/ﬁx
*/JxT/' #/L\J/L\ */«\,/L\ ¢/”\«/Lx,/ *’J“W //“xV/L:

— ey T\ ) O *
AN

CH3 (RE-1)

wherein * denotes a bonding site; pis 1 to 9,
preferably 1 to 6.
[ 0075]

The resin (A) preferably also has a hydroxyl group,
and the ratio of the nunber of the hydroxyl groups to
t he nunmber of the organic groups represented by the
general formula (1) above preferably satisfies a
relationship a+b=1 and 0.1<b<0.9, more preferably
0.25p<0.8, further preferably 0.3<b<0.7, wherein “a”
represents the proportion of the hydroxyl group and “b”
represents the proportion of the organic group
represented by the general fornmula (1) above.
[ 0076]

By controlling the ratio between the hydroxyl group
and the organic group represented by the above general
formula (1) within the above range, it is possible to
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achi eve high thermal flowability and high substrate
adhesi veness, thus providing a conposition for formng a
waf er edge protection filmw th excell ent wafer edge
coverage and excellent defect suppression property. 1In
order to inprove the adhesiveness of the filmwth
respect to the substrate, the proportion “a” of the
hydroxyl group may be increased, that is, a>b may be
satisfied, and in order to inprove the curability, the
heat resistance, and the defect suppression property,
a<b may be satisfied. These proportions can be
arbitrarily adjusted according to the required
performance.
[0077]

The above resin (A) is preferably an aromatic ring-
containing resin having a hydroxyl group and an organic

group represented by the follow ng general fornula (1A).

* —() * )
N = s

wherein * represents a bonding site.
[ 0078]

Wth the organic group represented by the above
general formula (1A), thermal flowability can be
I nproved and excel |l ent uniformcoatability can be
achi eved even at a wafer edge portion, which is
difficult to coat. Further, with the oxygen atons
therein, solubility in organic solvents can be inproved.
[ 0079]

The ratio of the number of the hydroxyl groups to
t he nunber of the organic groups represented by the
general formula (1A) above contained in the resin (A
above preferably satisfies a relationship c+d=1 and
0.1£d<0.9, more preferably 0.25<d<0.8, further preferably
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0.3£d<0.7, wherein “c” represents the proportion of the
hydroxyl group and “d” represents the proportion of the
organi c group represented by the general fornula (1A)
above.

[ 0080]

By controlling the ratio between the hydroxyl group
and the above general formula (1A) within the above
range, it is possible to achieve high thermal
flowability and high substrate adhesiveness, thus
providing a conposition for formng a wafer edge
protection filmwth excellent wafer edge coverage and
excel l ent defect suppression property. 1In order to
i nprove the adhesiveness of the filmwith respect to the
substrate, the proportion “c” of the hydroxyl group may
be increased, that is, c>d may be satisfied, and in
order to inprove the curability, the heat resistance,
and the defect suppression property, c<d nay be
satisfied. These proportions can be arbitrarily
adj usted according to the required performnce.

[ 0081]

In the resin (A) above, the ratio Mv Mh (i.e.,

di spersity) of the wei ght average nol ecul ar weight Mv to
t he nunmber average nol ecul ar wei ght Mh on pol ystyrene
basi s according to gel perneation chromatography is
preferably within a range of 1.00<Mw/Mn<1.25, more
preferably in a range of 1.00<Mw/Mn<1.10. By
definition, MMM is 1.00 for a nononol ecul ar conpound;
however, the neasured value may exceed 1.00 because of

t he separation property of GPC. 1In general, it is
extrenmely difficult for polymers with repeating units to
approach Mv Mnh = 1.00 unl ess a special polynerization
met hod i s used; therefore, they have Mw distribution and

Mv Mh of more than 1. In the present invention,
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1.00Mw/Mn<1.10 is defined as an index of
nononol ecul arity to distinguish nononol ecul ar conpounds
from pol yneric conmpounds.

[ 0082]

Wth a conmpound having a dispersity in this range,
the thermal flowability of the conposition for formng a
waf er edge protection filmis further inproved, thus
provi ding a conposition for form ng a wafer edge
protection film having excellent wafer edge coverage and
excel | ent defect suppression property when the conmpound
I's blended in a materi al.

[ 0083]

The resin (A) above is preferably a polymer having
a wei ght average nol ecul ar wei ght on pol ystyrene basis
according to gel perneation chromatography of 1,000 to
12,000, nore preferably 2,000 to 10, 000.

[ 0084]

When t he nol ecul ar weight falls within this range,
solubility in an organic solvent can be ensured, thereby
suppressing sublimtes generated during the baking.
Further, the thermal flowability of the conposition for
form ng a wafer edge protection film can be inmproved,

t hus providing a conposition for form ng a wafer edge
protection film having excellent wafer edge coverage and
excel | ent defect suppression property when the conmpound
is blended in a materi al.

[ 0085]

The resin (A) above preferably has at |east one of
the constituent units represented by the foll ow ng
general formulae (A1), (A-2), (A-3), (A-4), and (A-5).
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[ 0086]
Constituent Unit: A-1, A-2 and A-3

A
¢ / a IRE’O .
wop Lo ) e, o
~T X

A e

n1

In the formula, W and W each i ndependently
represent a benzene ring or a naphthal ene ring, and
hydrogen atons in the benzene ring and the naphthal ene
ring are optionally substituted with a hydrocarbon group
having 1 to 6 carbon atons; Rae is a hydrogen atom or an
organi c group represented by the foll ow ng general
formula (2), and satisfies a relationship e+f=1 and
0.1£f£0.9, wherein “e” represents the proportion of the
hydrogen atom and “f” represents the proportion of the
organi c group represented by the general fornmula (2)
above anpbng the structures constituting Re. Y is a group
represented by the foll ow ng general formula (3); n1 is O
or 1, nois 1 or 2; and V independently represents a

hydrogen atom or a connection portion.

=4 (A'?’)
~ /’
n4

V

In the formula, Z; is a group represented by the
follow ng general formula (4), and R2 is a hydrogen atom
or an organic group represented by the foll ow ng genera
formula (2) and satisfies a relationship e+f=1 and
0.1<f£0.9, wherein “e” represents the proportion of the
hydrogen atom and “f” represents the proportion of the

organi c group represented by the general fornula (2)
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above anong the structures constituting Re;, ns is 0 or 1
ns is 1 or 2; and V independently represents a hydrogen

atom or a connection portion.

*—RB-c=C-R* *-RB-c=C-RA 2)
H H
In the fornula, * represents a site bonded with the

oxygen atom RB is a divalent organic group having 1 to

10 carbon atons; and R* is a hydrogen atomor a

nonoval ent organic group having 1 to 10 carbon atons.

o O OO OO o

In the fornula, * represents a bonding arm

)

In the formula, W, W, Y, and ni are as defined
above.
[ 0087]

If the resin has at |east one of the constituent
units represented by the above general fornulae (A1),
(A-2), and (A-3), a condensed carbon ring with a high
carbon density including a cardo structure is introduced
therein, thus formng a wafer edge protection filmwth
excell ent dry etching resistance and excel |l ent heat
resi stance. Because of the features described above, it
beconmes possible to protect wafer edges fromdry etching
process by formng a thinner protection film which is
desirable fromthe viewpoint of productivity and
producti on cost for the conposition for form ng a wafer

edge protection film
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[ 0088]

I n the above general formulas (A-1), (A-2) and (A-
3), Ra represents a hydrogen atom or an organi c group
represented by the above general formula (2), and the
above general formula (2) is preferably the structure
represented by the follow ng general fornula (2-A),

—_ \ A

wherein * represents a site bonded with the oxygen atom
[ 0089]

Wth the above general formulas (A-1), (A-2), and
(A-3) having an organic group represented by the above
general formula (2), in particular, an organic group
represented by the above general formula (2-A), thernmal
flowability can be further inproved, and, even at a
waf er apex portion, which is difficult to coat,
excell ent uniformcoatability that suppresses defects,
such as liquid pillar or crater, can be achieved.
[ 0090]

The ratio of the nunber of the hydroxyl groups to
t he nunmber of the organic groups represented by the
general formula (2) above contained in the above genera
formul ae (A-1), (A-2), and (A-3) preferably satisfies a
relationship e+f=1 and 0.1<f<£0.9, more preferably
0.25f<0.8, further preferably 0.3<f<0.7, wherein “e”
represents the proportion of the hydroxyl group and “f”
represents the proportion of the organic group
represented by the above general formula (2).
[ 0091]

By controlling the ratio between the hydroxyl group
and the above general formula (2) within the above

range, it is possible to achieve high thernmal
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flowability and high substrate adhesiveness, thus
providing a conposition for form ng a wafer edge
protection filmw th excellent wafer edge coverage and
excel | ent defect suppression property. 1In order to

I nprove the adhesiveness of the filmwith respect to the
substrate, the proportion “e” of the hydroxyl group may
be increased, that is, e>f nmay be satisfied, and in
order to inprove the curability, the heat resistance,
and the defect suppression property, e<f nmay be
satisfied. These proportions can be arbitrarily

adj usted according to the required performnce.

[ 0092]

Further, in the resin with the constituent units
represented by the above general formulae (A-1), (A-2),
and (A-3), by the action of the cardo structure
i ntroduced into the nolecule, the interaction between
the nolecules is alleviated and the solubility in an
organi c solvent is inparted; therefore, the filmform ng
property at the tinme of formng a coating filmis
I nproved. Further, because of the introduction of a
plurality of condensed carbon rings with a high carbon
density, a wafer edge protection filmw th excellent
heat resistance characteristics and excellent dry
et ching resistance can be forned.

[ 0093]

The resins having the constituent units represented
by the above general fornulae (A-1), (A-2) and (A-3) may
be conpounds represented by the foll owi ng genera
formul ae (a-1) and/or (a-2) and/or (a-3).
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[ 0094]

(ReO.

(W)
\ @ﬁ\ @2)
CL@ Ttom,

I n the above general fornmulae (a-1) and (a-2), W,

W, Re, Y, nip and n> are as defined above.
[ 0095]

In the above general fornulae (a-1) and (a-2), W,
W, Re, Y, ni1 and n2 are as defined above for the above
general formulae (A-1) and (A-2).
[ 0096]

In the above general fornmula (a-3), Zi, R: ns and
ns are as defined above.
[ 0097]

I n the above general formula (a-3), Zi, R: ns and
ns are as defined above for the above general fornula (A-
3).
[ 0098]

Specific exanples of the resins having constituent
units represented by the above general fornulae (a-1),
(a-2) and (a-3) include, but are not limted to, the
foll ow ng conmpounds.
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[ 0099]

) %OR;

[0100]

In the resins (a-1), (a-2) and (a-3) above, the
ratio MW/ Mh (i.e., dispersity) of the weight average
nol ecul ar wei ght Mwv to the nunmber average nol ecul ar
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wei ght Mh on pol ystyrene basis according to gel
pernmeati on chromat ography is preferably within a range
of 1.00SMw/Mn<1.25, more preferably in a range of
1.00SMw/Mn<1.10.
[0101]

Wth a conmpound having a dispersity in this range,
the thermal flowability of the conposition for formng a
waf er edge protection filmis further inproved, thus
providing a conposition for formng a wafer edge
protection film having excellent wafer edge coverage and
excel | ent defect suppression property when the conmpound
is blended in a materi al.
[0102]

The resins having the constituent units represented
by the above general fornulae (A-1), (A-2) and (A-3) may
be pol ynmers having repeating units represented by the

foll ow ng general fornulae (a-4) and/or (a-5) and/or (a-

6) .
[ 0103]
.r'; — \
/(R? M \
ay \R7Q! R
[R of? pﬁ\ " oo LOR ,."i\l1 \ = &\ Hl
I \ W
) (O R DA |
[ ﬁ\ /ﬁ J (a-4) \ kN = ST L—F @9
l'\ I'JL, '\.r‘l / \\ 6\_‘:(\\?&:\ = ikoad] 2 J'JI
5—( / \ N . {Hu':q/ n f

In the above general fornulae (a-4) and (a-5), W,
W, R, Y, ni1 and n2 are as defined above, and L is a
di val ent organic group having 1 to 40 carbon atons.
[ 0104]

In the above general fornulae (a-4) and (a-5), W,
W, Re, Y, ni1 and n2 are as defined above for the above
general formulae (A-1) and (A-2).
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[ 0105]

% 0y TQ%H% O JORQ‘"E' g

I n the above general formula (a-6), Zi, R ns and

(a-6)

ns are as defined above, and L is a divalent organic
group having 1 to 40 carbon atons.
[0106]

In the above general fornmula (a-6), Zi, R: ns and
ns are as defined above for the above general fornula (A-
3).

[0107]

These are polyners obtained by using the conpounds
represented by the above general fornmulae (a-1), (a-2)
and (a-3), and are excellent in dry etching resistance
and heat resistance because the conpounds descri bed
above are used. |In addition, since the polyner is not a
nmononer but a polynmer having repeating units, the anmount
of outgas conponent is small, and the polyner has a
nol ecul ar wei ght distribution; therefore, crystallinity
is alleviated, and inproved filmform ng property can be
expect ed.

[0108]

L, which is a linkage group constituting the
repeating units of the above general fornulae (a-4), (a-
5) and (a-6), is a divalent organic group having 1 to 40
carbon atons. Specific exanples thereof include the
fol Il ow ng.
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[ 0109]

H H H H H H H
CHg--e- =eeee f'.‘ --------- 2o -=-C-- Rt SRR — R PR --C-
CHy a3
:l o i
H H H H H H H
== -----C- R - - ERRRE *SEEEE --C----
CH -0
\\l \.\l = J Y as @_/’? o
CHgy OH CH [s] o
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oH OH
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[0110]
Further, the |linkage group L of the polyner
descri bed above is preferably represented by the

follow ng general fornmula (10),

wherein Ry is a hydrogen atom or an organic group having
an aromatic ring having 1 to 20 carbon atons, and the
dashed |ine represents a bondi ng arm

[0111]

Specific exanpl es of those represented by the
general formula (10) above include the follow ng; anong
t hese, a nethylene group is preferable because of easy
obtainability of the material, i.e., R is preferably a

hydr ogen at om

[0112]
H H H H H
=-CHy----  -=--- C--m e cC—— Croeee e Coreme o0 G- -
,j-tx /:"'\\1 /J\‘\ fﬁl‘\h‘ .'ﬁr\“h ,/ -
) joo () » O F
;"“\\,‘\ \‘.'_}\/ \‘l/\-/ ‘\\"‘/\ A
OH o 8
H H H H H H
----- C----- e R A R
/J'\\ fl . 4) ~ /% /J‘\ y/I I §\ /’J“\
Ty Ty 39 Y [0 C1 N =
\U\O— / lx\/\) N S = ~ N ) S N p;
L/ N/ \[‘\\' /7OH S »_D [\:\/LTO
[0113]

Further, the weight average nol ecul ar wei ght on
pol ystyrene basis according to gel perneation
chromat ogr aphy of the polynmer having the repeating
structure units represented by the above genera
formul ae (a-4), (a-5) and (a-6) is preferably 1,000 to
12,000; and Mwv is preferably 2,000 to 10, 000.
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[ 0114]

When the nol ecul ar weight falls within this range,
solubility in an organic solvent can be ensured, thereby
suppressing sublimtes generated during the baking.
Further, the thermal flowability of the conposition for
formng a wafer edge protection film can be inmproved,

t hus providing a conposition for form ng a wafer edge
protection film having excellent wafer edge coverage and
excel | ent defect suppression property when the conmpound
I's blended in a materi al.

[ 0115]

The resin containing the constituent units
represented by the above general forrmulae (A1), (A-2),
and (A-3) has a high carbon density because of its
backbone structure including a cardo structure.
Accordingly, the conposition for form ng a wafer edge
protection film containing these conmpounds exhibits
extremely high dry etching resistance and has excell ent
heat resistance. Further, because of the content of the
organi c group represented by the above general formula
(2), which contributes to the inprovenment of thernal
flowability, it is possible to provide a conposition for
form ng a wafer edge protection filmw th excellent
waf er edge coverage and excell ent defect suppression
property. Wth the conpound having structures
represented by the above general fornulae (a-1), (a-2)
and (a-3), the thermal flowability of the conposition
for formng a wafer edge protection filmis further
i nproved, thus providing a conmposition for formng a
waf er edge protection film having excellent wafer edge
coverage and excellent defect suppression property when
t he conmpound is blended in a material. On the other

hand, with the polymer containing the constituent units
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with the structures represented by the above genera
formul ae (a-4), (a-5), and (a-6), it is possible to
suppress the generation of sublimtes during the baking
and provide a wafer edge protection filmw th excellent
filmthickness uniformty. By m xing the conpound
havi ng the structures represented by the above general
formul ae (a-1), (a-2), and (a-3) with the polyner

contai ning the constituent units represented by the
above general fornulae (a-4), (a-5), and (a-6), it is
possi ble to provide a conposition for form ng a wafer
edge protection filmsatisfying the required properties.
As descri bed above, the conposition for form ng a wafer
edge protection film obtained by using the resins

contai ning constituent units represented by the above
general formulae (A-1), (A-2) and (A-3) can achieve both
filmform ng property and heat resistance/etching

resi stance at significantly high |evels.

[0116]

Constituent Unit: A-4

In the fornula, my and my represent 1 or 2; and Z

represents either a single bond or the structure
represented by the follow ng general fornula (5). RXis
any one of the structures represented by the follow ng

general formula (6).

O ? LW R, R. ,/“{‘,\ Re / N “-e\\] \"I
_ '] X I ™ ™ 1
Z= #-C-%  * g * \/ -\5/ \;,— \,r *_|‘Rb* "—'L—d[ J ‘Lf* * l\ o C ’i“”;l,lf oO—= (5)

In the fornula, * represents a bonding arn |
represents an integer of 0 to 3; and Ra to R each
i ndependent|ly represent a hydrogen atom or an optionally

fluorine-substituted al kyl group having 1 to 10 carbon
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atons, an optionally fluorine-substituted phenyl group,
or an optionally fluorine-substituted phenyl et hyl group,
and Ra and R, may be bonded to each other to form a

cyclic conpound.

OH Q,
ji o) o) r)x/Oﬂ%
Ri=  »—0" 07 q, *’HYD/“‘T/“YD/Lqu N 0 ©
OH OH H/\
0
OH Q;

In the fornula, * represents a site bonded with the
aromatic ring; and @ is a linear saturated hydrocarbon
group having 1 to 30 carbon atons, or the structure

represented by the follow ng general fornula (7).

OR )ns
-— ] @
™ RJJL4

In the fornula, * represents a site bonded with the
carbonyl group; and R represents a hydrogen atom or the
organi c group represented by the general fornmula (2)

above, and satisfies a relationship e+f=1 and 0.1<£f<£0.9,

wherein “e” represents the proportion of the hydrogen
atom and “f” represents the proportion of the organic
group represented by the general fornula (2) above anong
the structures constituting R; R represents a |linear or
branched hydrocarbon group having 1 to 10 carbon atons,
a hal ogen atom a nitro group, an am no group, a nitrile
group, an al koxycarbonyl group having 1 to 10 carbon
atonms, or an al kanoyl oxy group having 1 to 10 carbon
atons; and nz and ns are each an integer of 0 to 7 that
represents the nunber of substituents on the aromatic

ring, provided that n3 + ng is O or nore and 7 or |ess;
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and ns represents 0 to 2.
[0117]

From t he viewpoint of dry etching resistance and
heat resistance, in the above general formula (A-4), Z
Is preferably either a single bond or the structure
represented by the follow ng fornmula (4A),

wherein * represents a bonding armand | is as defined

in the above fornmula (5).
[0118]

In the above general fornmula (6), * represents a
site bonded with the aromatic ring, and Q is a linear
sat urated hydrocarbon group having 1 to 30 carbon atons,
or the structure represented by the above genera
formula (7). When Q. represents a linear hydrocarbon
group having 1 to 30 carbon atons, the nmethyl ene group
constituting Q. may be substituted with an oxygen atom or
a carbonyl group. Fromthe viewpoint of dry etching
resi stance and heat resistance, Q is preferably the
structure represented by the above general fornmula (7).
[0119]

Since the above general forrmula (A-4) has the
organi c group represented by the above general formula
(2), in particular, the organic group represented by the
above general formula (2-A), thermal flowability can be
I nproved and excel l ent uniformcoatability can be
achi eved even at a wafer edge portion, which is
difficult to coat.

[0120]
The ratio of the number of the hydroxyl groups to

(4A)



49

t he nunber of the organic groups represented by the
general formula (2) above contained in the above genera
formula (A-4) preferably satisfies a relationship e+f=1
and 0.1<f<£0.9, more preferably 0.25<f<0.8, further
preferably 0.3<f<0.7, wherein “e” represents the
proportion of the hydroxyl group and “f” represents the
proportion of the organic group represented by the above
general formula (2).

[0121]

By controlling the ratio between the hydroxyl group
and the above general fornmula (2) within the above
range, it is possible to achieve high thermal
flowability and high substrate adhesiveness, thus
providing a conposition for formng a wafer edge
protection filmwth excellent wafer edge coverage and
excel l ent defect suppression property. In order to

i nprove the adhesiveness of the filmwith respect to the

substrate, the proportion “e” of the hydroxyl group nay
be increased, that is, e>f may be satisfied, and in
order to inprove the curability, the heat resistance,
and the defect suppression property, e<f nmay be
satisfied. These proportions can be arbitrarily

adj usted according to the required performnce.

[0122]

The conmpound containing the constituent unit
represented by the above general forrmula (A-4) has a
hi gh carbon density because of its structure in which
aromatic rings are |linked via a single bond or via the
general formula (5). Accordingly, the conposition for
formng a wafer edge protection film containing these
conpounds exhi bits high dry etching resistance and has
excel l ent heat resistance. Further, as shown in the

above general fornmula (5), the structure of the |inkage
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group Z can be selected fromvarious |inkage groups
according to the desired performance. |In particular, by
i ntroducing the structure represented by the above
general formula (4A) as Z, heat resistance/etching

resi stance can be inparted without inpairing film
formng property. Further, by having the end portion R
with high flexibility, it is possible to forma thick
protection filmon a wafer edge w thout generating
cracks or other defects, even though the content of a
rigid aromatic ring structure. Further, the end portion
R< contains a termnal group Q that inparts thernal
flowability. As the term nal group Q, a flexible
hydrocarbon structure that contributes to inprovenent in
thermal flowability and a rigid aromatic ring structure
that contributes to etching resistance and heat

resi stance can be introduced in arbitrary proportions
according to the required performance. As descri bed
above, the conposition for form ng a wafer edge
protection filmformed fromthese conpounds can achi eve
both filmform ng property and heat resistance/etching
resi stance at high levels, thus allowing formation of a
thick filmaccording to the required characteristics.
[0123]

Constituent Unit: A-5

RNy

X
2 J (A-5)

In the fornmula, Rl is a saturated nonoval ent
organi c group having 1 to 30 carbon atons or an
unsat ur at ed nonoval ent organic group having 2 to 30

carbon atons; X is a divalent organic group having 1 to
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30 carbon atons; and R2 is a hydrogen atom or the organic
group represented by the general fornula (2) above, and
satisfies a relationship e+f=1 and 0.1<f<0.9, wherein
“e” represents the proportion of the hydrogen atom and
“f” represents the proportion of the organic group
represented by the general fornmula (2) above anong the
structures constituting Re; p is an integer of 0 to 5, Q1
is an integer of 1 to 6, p+g1 is an integer of 1 or nore
and 6 or less, and g2 is 0O or 1.
[ 0124]

I n the above general formula (A-5), exanples of the
di val ent organic group having 1 to 30 carbon atons
represented by X include al kanedi yl groups such as
nmet hyl ene group, ethanediyl group, propanediyl group,
but anedi yl group, pentanediyl group, hexanediyl group,
oct anedi yl group, decanediyl group, and the Ilike;
nonocycl i c cycl oal kanedi yl groups such as
cycl opropanedi yl group, cycl obutanediyl group,
cycl opent anedi yl group, cycl ohexanediyl group,
cycl ohept anedi yl group, cycl ooctanediyl group,
cycl odecanedi yl group, nethylcycl ohexanediyl group,
et hyl cycl ohexanedi yl group, and the |ike; polycyclic
cycl oal kanedi yl group such as bicycl o[ 2. 2. 1] hept anedi yl
group, bicyclo[2.2.2]octanediyl group,
tricyclo[5.2.1.026] decanediyl group (dicyclopentyl ene
group), tricyclo[3.3.1.137] decanediyl group,
tetracyclo[6.2.1.1356 027 dodecanediyl group,
adamant anedi yl group, and the |ike; and arenediyl group
such as phenyl ene group, naphthyl ene group, and the
like.
[ 0125]

Exanpl es of the al kanedi yl oxy group represented by
X above include a group conbining the above al kanedi yl
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group and an oxygen atom and the |like. Exanples of the
cycl oal kanedi yl oxy group represented by X above incl ude
a group conbining the above cycl oal kanediyl group and an
oxygen atom and the |ike.
[ 0126]

Some or all of the hydrogen atons in the above
al kanedi yl group, cycloal kanedi yl group, al kanedi yl oxy
group, cycloal kanedi yl oxy group, arenediyl group and the
l'i ke may be substituted. Exanples of the substituent
i ncl ude hal ogen atons such as fluorine atom chlorine
atom brom ne atom i1odine atom and the |ike; hydroxyl
group, cyano group, carboxy group, nitro group, am no
group, al koxy group, al koxycarbonyl group, acyl group,
al koxycar bonyl oxy group, aryl group, aliphatic
het erocyclic group such as |actone group, and the like;
and aromatic heterocyclic groups such as furyl group,
pyridyl group, and the |iKke.
[0127]

Exanpl es of the organic group represented by X
above include the groups represented by the foll ow ng

fornmul ae, and the I|ike,

* 7 i *
. /=\‘_ . . SN /=\ . —CH 2 [ j JC HQ—
—CH; \ / CH; —CHQ_\—/} _\\—/)7CH2 ‘[\v/. O”L“- |

wherein * represents a bondi ng arm
[ 0128]
The X above is preferably a nmethylene group from
t he viewpoint of availability of raw materials.
[0129]
Specific exanples of the resin having the structure
unit represented by the above general fornmula (A-5)

i nclude the follow ng resins.
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[0131]
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[0132]

The ratio of the number of the hydroxyl groups to
t he nunber of the organic groups represented by the
general forrmula (2) above contained in the above genera
formula (A-5) preferably satisfies a relationship e+f=1
and 0.1<f<0.9, more preferably 0.2<f<0.8, further

preferably 0.35f<0.7, wherein “e” represents the
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proportion of the hydroxyl group and “f” represents the
proportion of the organic group represented by the above
general formula (2).

[0133]

By controlling the ratio between the hydroxyl group
and the above general fornmula (2) within the above
range, it is possible to achieve high thermal
flowability and high substrate adhesiveness, thus
providing a conposition for formng a wafer edge
protection filmwth excellent wafer edge coverage and
excel | ent defect suppression property. 1In order to

i nprove the adhesiveness of the filmwith respect to the

substrate, the proportion “e” of the hydroxyl group nay
be increased, that is, e>f may be satisfied, and in
order to inprove the curability, the heat resistance,
and the defect suppression property, e<f may be
satisfied. These proportions can be arbitrarily

adj usted according to the required performnce.

[ 0134]

The pol ynmer containing the constituent unit
represented by the above general forrmula (A-5) has a
hi gh carbon density because of its structure in which
aromatic rings are |inked via the organic group X
Accordingly, the conposition for formng a wafer edge
protection filmcontaining these conmpounds exhi bits high
dry etching resistance and has excel |l ent heat
resi stance, thereby formng a protection filmwth fewer
sublimtes. Further, since the organic group having the
structure represented by the above general formula (2),
whi ch contributes to inprovenent in thermal flowability,
is directly bonded to the aromatic ring, which is the
scaffold structure of the resin, via an oxygen atom the

conposition for formng a wafer edge protection film
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formed fromthese polynmers can achieve both filmform ng
property and thermal resistance/etching resistance at
hi gh I evels. Further, since the aromatic ring structure
as the scaffold is not excessively rigid and forns a
repeating structure via the organic group (X), which
serves as a |inkage group, it is possible to forma
thick protection filmon a wafer edge w thout generating
cracks or other defects. As described above, the
conposition for formng a wafer edge protection film
formed fromthese polynmers can achieve both filmform ng
property and heat resistance/etching resistance at high
| evel s, thus allowing formation of a thick film
according to the required characteristics.

[ 0135]

The conposition for form ng a wafer edge protection
filmof the present invention preferably contains 10 %
by mass or nore, nore preferably 15 % by mass or nore,
further preferably 20 % by mass or nore of the above
resin (A) therein.

[ 0136]

Even in dry etching processes for formng fine
patterns with ultra-high aspect ratios on a substrate to
be processed, it is necessary to forma thick wafer edge
protection filmto protect wafer edges fromthe etchant
until etching of the substrate to be processed is
conpleted. Wth the conposition for form ng a wafer
edge protection filmcontaining the above resin (A) in
t he above content, it is possible to forma thick wafer
edge protection filmaccording to the required
characteristics.

[0137]
(B) Sol vent
The solvent (organic solvent) that can be used for
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the conposition for formng a wafer edge protection film
descri bed above is not particularly limted, and any
solvents that can dissolve the resin (A above nmay be
used. The solvent is preferably capable of also

di ssol ving crosslinking agent, surfactant, acid
generator, and plasticizer, which are described |ater.

[ 0138]

Specifically, solvents described in paragraphs
[0091] to [0092] of Japanese Lai d-Open Patent
Application Publication No. 2007-199653 may be added.
Furt her specifically, propylene glycol nononethyl ether
acetate, propylene glycol nononethyl ether, propylene
gl ycol nonoet hyl ether, propylene glycol nonopropyl
ether, 2-heptanone, cyclopentanone, cyclohexanone, y-
butyrol actone, or a m xture of one or nore kinds thereof
are preferably used.

[0139]

The addition anount of the organic solvent is
preferably adjusted according to the set thickness of
t he wafer edge protection film however, the addition
ampunt is usually in the range of 100 to 50,000 parts by
mass per 100 parts by nmass of the above resin (A).

[ 0140]
(C) Crosslinking Agent

A cross-linking agent may al so be added to the
conposition for formng a wafer edge protection film
descri bed above to inmprove curability and etching
resi stance. The crosslinking agent is not particularly
limted, and various known crosslinking agents can be
wi dely used. Exanples thereof include a nelam ne-based
crosslinking agent, a glycoluril-based crosslinking
agent, a benzoguanam ne- based crosslinking agent, a

urea-based crosslinking agent, a PB-hydroxyalkylamide-
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based crosslinking agent, an isocyanurate-based
crosslinking agent, an aziridine-based crosslinking
agent, an oxazoline-based crosslinking agent, an epoxy-
based crosslinking agent, and a phenol - based
crosslinking agent (e.g., a polynucl ear phenol -based
crosslinking agent such as a nethylol or al koxynethyl -
based crosslinking agent). When the crosslinking agent
is added, the addition anmount is preferably 5 to 100
parts by mass, nore preferably 10 to 50 parts by nmass,
per 100 parts by mass of the above resin (A).

[ 0141]

Speci fic exanpl es of the nel am ne-based
crosslinking agent include hexanmet hoxymet hyl at ed
mel am ne, hexabut oxynet hyl ated nel am ne, al koxy- and/ or
hydr oxy-substituted derivatives thereof, and parti al

sel f -condensates thereof. Specific examples of the

gl ycoluril -based crosslinking agent include
tetranmet hoxynmet hyl ated gl ycoluril, tetrabutoxymethyl ated
gl ycoluril, al koxy- and/or hydroxy-substituted

derivatives thereof, and partial self-condensates

t hereof. Specific exanples of the benzoguanam ne-based
crosslinking agent include tetramethoxynethyl ated
benzoguanam ne, tetrabutoxynmethyl ated benzoguanam ne,

al koxy- and/ or hydroxy-substituted derivatives thereof,
and partial self-condensates thereof. Specific exanples
of the urea crosslinking agent include

di met hoxymet hyl at ed di met hoxyet hyl eneurea, al koxy-
and/ or hydroxy-substituted derivatives thereof, and
partial self-condensates thereof. Specific exanples of
the pB-hydroxyalkylamide crosslinking agent include
N,N,N’'",N'-tetra (2-hydroxyethyl)adipic acid amide.

Speci fic exanples of the isocyanurate-based crosslinking

agent include triglycidyl isocyanurate and triallyl



59

I socyanurate. Specific exanples of the aziridine-based
crosslinking agent include 4,4 -
bi s(et hyl enei m nocar bonyl am no) di phenyl net hane and 2, 2-
bi shydr oxynmet hyl but anol -tri s[ 3-(1-
aziridinyl)propionate]. Specific exanples of the
oxazol i ne- based crosslinking agent include 2,2 -
i sopropylidene bis(4-benzyl-2-oxazoline), 2,2 -
i sopropylidene bis(4-phenyl-2-oxazoline), 2,2 -
i sopropyl i dene bis(4-phenyl-2-oxazoline), 2,2 -nethylene
bi s- 4, 5-di phenyl - 2- oxazol i ne, 2,2’ -nmethyl ene bis-4-
phenyl - 2- oxazoline, 2,2 -nmethylene bis-4-tert-butyl - 2-
oxazoline, 2,2 -bis(2-oxazoline), 1,3-phenylene bis(2-
oxazoline), 1,4-phenylene bis(2-oxazoline), and a 2-
I sopropenyl oxazol i ne copol yner. Specific exanpl es of
t he epoxy-based crosslinking agent include diglycidyl
et her, ethylene glycol diglycidyl ether, 1,4-butanedi ol
di gl yci dyl ether, 1,4-cyclohexane di nethanol diglycidyl
et her, poly(glycidyl methacrylate), trimethylolethane
triglycidyl ether, trinmethyl ol propane triglycidyl ether,
and pentaerythritol tetraglycidyl ether.
[0142]

Specific exanples of the polynucl ear phenol - based
crosslinking agent include a conpound represented by the

foll ow ng general fornula (C-2),

[0143]
OR;
Q OH (C-2)
OR; /,

wherein Qis a single bond or a g-val ent hydrocarbon

group having 1 to 20 carbon atons; R:; is a hydrogen atom
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or a nmethyl group; and “q” is an integer of 1 to 5.
[ 0144]

I n the above general forrmula (C-2), Qis a single
bond or an g-val ent hydrocarbon group having 1 to 20
carbon atons; and “q” is an integer of 1 to 5, nore
preferably 2 or 3. VWhen Qis a g-valent hydrocarbon
group having 1 to 20 carbon atonms, Qis a g-val ent
hydr ocar bon group from which q hydrogens are renopved
froma hydrocarbon with 1 to 20 carbon atons. Mdre
specific exanples of the hydrocarbon having 1 to 20
carbon atoms in this case include nethane, ethane,
propane, butane, isobutane, pentane, cycl opentane,
hexane, cycl ohexane, methyl pentane, nethyl cycl ohexane,
di met hyl cycl ohexane, trinethyl cycl ohexane, benzene,

t ol uene, xylene, ethyl benzene, ethylisopropyl benzene,

di i sopropyl benzene, nethyl napht hal ene, et hyl napht hal ene,
and ei cosane.

[ 0145]

In the above general formula (C2), Rz is a
hydr ogen atom or a net hyl group, preferably a nethyl
group.

[ 0146]

By having the conpound represented by the above
general formula (C-2) as a crosslinking agent, it is
possible to increase the crosslinking reactivity of the
hydr oxyl groups contained in the above resin (A and
i nprove the denseness of the film This enables further
I nprovenment in heat resistance characteristics of the
conposition for formng a wafer edge protection film
[ 0147]

Specific exanples of the conmpound represented by
t he above general fornula (C-2) include, but are not

limted to, the follow ng conpounds. In the follow ng
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formula, Rs is as defined above. The condition
satisfying “q” = 3 and Rz = nethyl group is preferred
fromthe viewpoint of inmprovenment in curability and film
t hi ckness uniformty, and reduction of sublimtes. In
particul ar, a hexanethoxymet hyl ated derivative of

tri phenol met hane, triphenol ethane, 1,1,1,-tris (4-

hydr oxyphenyl ) et hane, and tris (4-hydroxyphenyl)-1-

et hyl - 4-i sopropyl benzene are preferred.
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[ 0148]
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[ 0150]

These crosslinking agents may be used individually
or in a conbination of two or nore kinds. The content
of the crosslinking agent is preferably 5 to 100% by
mass, nore preferably 10 to 50% by mass, per 100% by
mass of the above resin (A). If the additive amunt is
5 % by mass or nore, the crosslinking reaction with the
(A) resin is prompted and a dense filmw th excell ent
curability is formed, thus enabling formation of a wafer
edge protection film having desirable heat resistance
characteristics, dry etching resistance, and film
t hickness uniformty. On the other hand, if the
addi ti ve amount is 100% by mass or | ess, generation of
subl i mat es acconpanyi ng the sl ow ng down of the
crosslinking reaction between the (A) resin and the (C)

crosslinking agent can be suppressed, and the generation
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of sublimtes and degradation of filmthickness
uniformty can be reduced.
[ 0151]
(D) High Boiling Point Solvent

Further, apart fromthe (B) solvent, a high boiling
poi nt solvent may be added to the above conposition for
form ng a wafer edge protection film |In this case, the
organi ¢ solvent contained in the conposition may be a
m xture of one or nore organic solvents having a boiling
poi nt of |less than 180°C and one or nore organic
solvents having a boiling point of 180°C or higher
(hereinafter referred to as “(D) high boiling point
sol vent”).
[ 0152]

Specific exanples of the organic solvent having a
boiling point of |ess than 180°C i nclude propyl ene
gl ycol nononet hyl ether acetate, propylene glycol
nonomet hyl et her, propyl ene glycol nonoethyl ether,
propyl ene gl ycol nonopropyl ether, 2-heptanone,
cycl opent anone, and cycl ohexanone.
[ 0153]

Exanpl es of the (D) high boiling point solvent
include, with no particular limtation, any of
hydr ocar bons, al cohols, ketones, esters, ethers,
chl ori ne-based sol vents and the |ike, insofar as it is
capabl e of dissolving the conponents of the conposition
for formng a wafer edge protection filmof the present
I nvention. Specific exanples include 1-octanol, 2-
et hyl hexanol , 1-nonanol, 1-decanol, 1-undecanol,
et hyl ene glycol, 1,2-propylene glycol, 1, 3-butylene
glycol, 2,4-pentanediol, 2-nmethyl-2,4-pentanediol, 2,5-
hexanedi ol , 2, 4- hept anedi ol, 2-ethyl -1, 3-hexanedi ol ,
di et hyl ene glycol, dipropylene glycol, triethylene
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gl ycol, tripropylene glycol, glycerin, n-nonyl acetate,
nonohexyl ether, ethylene glycol nono-2-ethyl hexyl

et her, ethylene glycol nonophenyl ether, ethylene glycol
nmonobenzyl ether, diethylene glycol nonoethyl ether,

di et hyl ene gl ycol nonoi sopropyl ether, diethylene glycol
nono- n-butyl ether, diethylene glycol nonoisobutyl

et her, diethylene glycol nonohexyl ether, diethylene

gl ycol nonophenyl ether, diethylene glycol nonobenzyl

et her, diethylene glycol diethyl ether, diethylene

gl ycol dibutyl ether, diethylene glycol butyl nethyl
ether, triethylene glycol dinmethyl ether, triethylene

gl ycol nononmet hyl ether, triethylene glycol-n-butyl

et her, triethylene glycol butyl nethyl ether,
tetraethyl ene glycol dinmethyl ether, dipropylene glycol
nmononet hyl et her, dipropyl ene glycol nono-n-propyl

et her, di propyl ene glycol nono-n-butyl ether,
tripropylene glycol dinethyl ether, tripropylene glycol
nonomet hyl ether, tripropylene glycol nono-n-propyl
ether, tripropylene glycol nono-n-butyl ether, ethyl ene
gl ycol nonoethyl ether acetate, ethylene glycol
nonobutyl ether acetate, diethylene glycol nononethyl

et her acetate, diethylene glycol nonoethyl ether
acetate, diethylene glycol nonobutyl ether acetate,
triacetin, propylene glycol diacetate, dipropylene

gl ycol nethyl-n-propyl ether, dipropylene glycol methyl
et her acetate, 1, 4-butanediol diacetate, 1, 3-butylene

gl ycol diacetate, 1,6-hexanedi ol diacetate, triethyl ene
glycol diacetate, y-butyrolactone, methyl benzoate,

et hyl benzoate, propyl benzoate, butyl benzoate, dihexyl
mal onat e, diethyl succinate, dipropyl succinate, dibutyl
succi nate, di hexyl succinate, dinmethyl adipate, diethyl
adi pate, and di butyl adi pate, and the like. They my be

used alone or as a m xture.
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[ 0154]

The (D) high boiling point solvent may be
appropriately selected, for exanple, fromthe above
sol vents, according to the tenmperature at which the
above conposition for formng a wafer edge protection
filmis subjected to the heat treatnment, and the |ike.
The boiling point of the (D) high boiling point solvent
is preferably 180°C to 300°C, nore preferably 200°C to
300°C. Wth such a boiling point, there is no risk of
excessively rapid volatilization during baking (heat
treatment) due to an excessively low boiling point. It
is therefore assuned that sufficient thermal flowability
can be obtained during the filmformation, and a wafer
edge protection filmw th excellent uniformcoatability
can be fornmed even at a wafer edge portion, which is
difficult to coat. Further, the solvent having such a
boi ling point can prevent the risk of not being able to
evaporate after baking due to the high boiling point and
remaining in the film and thus does not adversely
af fect physical properties of the film such as etching
resi stance.

[ 0155]

When the (D) high boiling point solvent is used,
the addition anount thereof is preferably 1 to 200 parts
by nmass, nore preferably 1 to 100 parts by mass, per 100
parts by mass of the above resin (A). Wth this range of
addi tion amount, there is no risk of insufficient
thermal flowability at baking due to an excessively
smal | addition amount, and also there is no risk of
degradati on of physical properties of the film such as
etching resistance, due to an excessively large addition

ampunt, which results in residual solvent in the film
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[ 0156]
(E) Surfactant

A (E) surfactant may be added to the conposition
for formng a wafer edge protection film described above
in order to inprove coatability in spin coating.
Specific exanples of the surfactant include those
di scl osed in paragraphs [0142] to [0147] of the Japanese
Lai d- Open Patent Application Publication No. 2009-
269953. When the surfactant is added, the addition
ampunt is preferably 0.001 to 20 parts by mass, nore
preferably 0.01 to 10 parts by mass, per 100 parts by
mass of the above resin (A).

[ 0157]
(F) Acid Cenerator

An (F) acid generator may be added to the
conposition for formng a wafer edge protection film
descri bed above in order to further pronpote the curing
reaction. The acid generator can be classified into
t hose that generate an acid by thermal deconposition and
t hose that generate an acid by optical irradiation;
however, any acid generators can be added. Specific
exanpl es of the acid generator include, but not limted
to, those disclosed in paragraphs [0061] to [0085] of
Japanese Patent Lai d-Open Publication No. 2007-199653.

[ 0158]

These acid generators may be used individually or
in a conbination of two or nore kinds. When the acid
generator is added, the addition amount is preferably
0.05 to 50 parts by mass, nore preferably 0.1 to 10
parts by mass, per 100 parts by mass of the above resin

(A).
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[ 0159]
(G Plasticizer

Further, a (G plasticizer may be added to the
conposition for formng a wafer edge protection film
descri bed above to further inprove the filmform ng
property on the wafer edge. The plasticizer is not
particularly limted, and various known plasticizers can
be wi dely used. Exanples of the plasticizer include |ow
nol ecul ar wei ght conpounds such as pht hal ate esters,
adi pate esters, phosphate esters, trinellitate esters,
and citrate esters; polynmers such as pol yet her-based
pol ymers, polyester-based polynmers, and pol yacetal - based
pol ymers disclosed in the Japanese Lai d- Open Patent
Application Publication No. 2013-253227, and the |ike.
When the plasticizer is added, the addition amunt is
preferably 5 to 500 parts by mass, nore preferably 10 to
200 parts by nmass, per 100 parts by nmass of the above
resin (A).

[ 0160]

Further, in addition to those conponents above, an
additive may be added to the conposition for formng a
waf er edge protection film descri bed above to further
i nprove the filmformng property on the wafer edge.

The additive is not particularly limted, and any
additives that contribute to inprovenent in therml
flowability and inmpart filmform ng property on wafer
edge may be added. Preferable exanples thereof include
l'iquid additives having polyethylene glycol or

pol ypropyl ene glycol structures and therno-deconposabl e
pol ymers having a weight |loss ratio between 30°C and
250°C of 40% by mass or nore and a wei ght average

nol ecul ar wei ght of 300 to 200, 000. The therno-
deconposabl e polymer preferably contains a repeating
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unit having an acetal structure represented by the
foll ow ng general fornulae (DPl) and (DPla).
[0161]

Re
Y
éo)\o/ 9\ (DP1)

In the fornmula, Rs represents a hydrogen atom or a
saturated or unsaturated nonoval ent organi c group having
1 to 30 carbon atons which may be substituted; and Y
represents a saturated or unsaturated divalent organic
group having 2 to 30 carbon atons.

[0162]

R6a
o
HO/ \<O O/

In the fornmula, Rsa is an al kyl group having 1 to 4

oy  (OP1a)

n

carbon atoms; Ya is a saturated or unsaturated dival ent
hydr ocar bon group having 4 to 10 carbon atons and
optionally containing an ether bond; and n represents an
average repeating unit number of 3 to 500.
[0163]
Patterning Process

The present invention also provides a patterning
process for formng a protection filmon a peripheral
edge of a substrate to be processed on which a filmwth
a pattern is formed and formng a pattern on the
substrate to be processed, the patterning process
conprising the steps of:

(I-1) applying a conposition for formng a protection
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filmconprising an aromatic ring-containing resin (A
havi ng an organic group represented by the above genera
formula (1) and a solvent to a peripheral edge of a
substrate to be processed on which a filmwth a pattern
I's formed,

(I-2) curing the applied conposition for formng a
protection filmby a heat treatnent or optical
irradiation to forma protection filmon a peripheral
edge of the substrate;

(I-3) formng a pattern on the substrate to be processed
by dry etching while using the filmwith a pattern as a
mask; and

(I-4) renmoving the protection film

[0164]

An exanpl e of the patterning process of the present
invention is specifically explained bel ow using FIG 6.
First, in the step (1-1), a substrate to be processed 1
on which a film7 with a pattern is formed is placed on
a spin chuck (FIG 6(0O), and the conposition for
formng a protection film8 of the present invention
descri bed above is applied to the peripheral edge of the
substrate to be processed 1 froma supply nozzle 3 (FIG
6(P)). Next, in the step (I-2), the applied conposition
for formng a protection film8 is cured by a heat
treatment or optical irradiation to forma protection
film8A on the peripheral edge (FIG 6(Q). Next, in the
step (1-3), a pattern 1A is forned on the substrate to
be processed 1 by dry etching while using the film?7
with a pattern as a mask (FIG 6(R)). Then, in the step
(I-4), the film7 with a pattern is renmoved (FIG 6(S)),
foll owed by renmoval of the protection film8A (FIG
6(T)).
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[ 0165]

If the wafer edge is damaged by dry etching,
particles generated fromthe wafer edge may scatter
toward the center of the wafer, thus causing pattern
bridgi ng or disconnection. 1In contrast, in the above
patterni ng process of the present invention, the
peri pheral edge on the surface side and the peripheral
edge on the backside of the substrate to be processed
are protected by wafer edge protection filnms; therefore,
it is possible to prevent generation of defects fromthe
waf er edge during the dry etching process, thereby
enabling formation of patterns on the substrate to be
processed with high accuracy and | ess defects.

[0166]

The filmw th a pattern formed on the substrate to
be processed is not particularly limted. Exanples
t hereof include resist upper layer film silicon-
containing resist mddle layer film inorganic hard nask
m ddl e | ayer film resist underlayer film and the |ike.
Since the filmwith a pattern is used as a mask to
process the substrate to be processed, particle
generation fromthe wafer edge can be prevented if the
protection filmcan be formed on the wafer edge using
the conposition for formng a wafer edge protection film
before dry etching is started. Therefore, the filmwth
a pattern is preferably a resist upper layer film
[0167]

The patterning process of the present invention is
suitable for a nultilayer resist processes, such as a
silicon-containing two-layer resist process, a three-
| ayer resist process using a resist underlayer film and
a silicon-containing resist mddle |ayer film a four-

| ayer resist process using a resist underlayer film an
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i norgani ¢ hard mask mddle layer film and an organic
thin film a silicon-free two-layer resist process, and
the like. Therefore, a silicon-containing resist mddle
|l ayer film an inorganic hard mask mddle layer film an
organic thin film a resist underlayer film and the

li ke may be formed between the resist upper layer film
in which a pattern is formed and the substrate to be
processed, and a resist underlayer filmor the |like my
be fornmed between the silicon-containing resist mddle

| ayer filmor the inorganic hard mask m ddle |layer film
in which a pattern is formed and the substrate to be
processed.

[0168]

When the resist underlayer filmis fornmed, the
resi st underlayer filmcan be formed by a nethod using a
coating-type organi c underlayer film conposition, a CVD
met hod, an ALD nmethod, or the like. Exanples of the
coating-type organi c underlayer film conposition include
resins and conpositions disclosed in Japanese Patent
Lai d- Open Publication No. JP2012-1687, Japanese Patent
Lai d- Open Publication No. JP2012-77295, Japanese Patent
Lai d- Open Publication No. JP2004-264710, Japanese
Pat ent Lai d- Open Publication No. JP2005-043471,
Japanese Patent Laid-Open Publication No. JP2005-
250434, Japanese Patent Lai d-Open Publication No.
JP2007- 293294, Japanese Patent Lai d-Open Publication No.
JP2008- 65303, Japanese Patent Lai d-Open Publication No.
JP2004- 205685, Japanese Patent Lai d-Open Publication No.
JP2007-171895, Japanese Patent Lai d-Open Publication No.
JP2009- 14816, Japanese Patent Lai d-Open Publicati on No.
JP2007- 199653, Japanese Patent Lai d-Open Publication No.
JP2008- 274250, Japanese Patent Lai d-Open Publication No.
JP2010- 122656, Japanese Patent Lai d-Open Publication No.
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JP2012- 214720, Japanese Patent Lai d-Open Publication No.
JP2014- 29435, International Publication No.

WO2012/ 077640, International Publication No.

WO2010/ 147155, International Publication No.

WO2012/ 176767, Japanese Patent Lai d-Open Publication No.
JP2005- 128509, Japanese Patent Lai d-Open Publication No.
JP2006- 259249, Japanese Patent Lai d-Open Publicati on No.
JP2006- 259482, Japanese Patent Lai d-Open Publicati on No.
JP2006- 293298, Japanese Patent Lai d-Open Publication No.
JP2007- 316282, Japanese Patent Lai d-Open Publication No.
JP2012- 145897, Japanese Patent Lai d-Open Publication No.
JP2017-119671, Japanese Patent Lai d-Open Publication No.
JP2019- 44022, and the |like. Further, a resist

underl ayer filmconposition containing netal atonms such
as Sn, In, Ga, G, A, Ce, La, Cs, Zr, Hf, Ti, Bi, Sb,
Zn, and the like may al so be used.

[0169]

When the inorganic hard mask m ddle layer filmis
formed, a silicon oxide film a silicon nitride film
and a silicon oxynitride film (SiONfilm are formed by
a CVD net hod, an ALD nethod, or the like. The method
for formng a nitride filmis disclosed in Japanese
Lai d- Open Patent Application Publication No. 2002-334869
and International Publication No. W0O2004/066377. The
t hi ckness of the inorganic hard mask m ddle |ayer film
is 5to 3,000 nm preferably 10 to 2,000 nm Anobng
them SiON filnms having a high function as an
antireflective filmare nost preferably used for ArF
exposure.

[ 0170]

As the silicon-containing resist mddle layer film

a pol ysil sesqui oxane-based resist mddle |ayer filmis

preferably used. The polysil sesqui oxane-based resi st
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m ddl e | ayer filmcan be easily inparted an anti -
reflective effect in excinmer exposure, whereby the
reflection can be suppressed in pattern exposure of the
resi st upper layer film and thus excell ent resolution
can be obtained. |In particular, when a conposition
contai ning many aromatic groups is used as the resist
underlayer filmfor 193-nm exposure, a k-value increases
and thus substrate reflection also increases. However,
the resist mddle |ayer filmcan reduce the reflection,

t hereby enabling the substrate reflection to decrease to
0.5%or less. As the resist mddle layer film having an
anti-reflective effect, a polysilsesqui oxane which has a
pendant ant hracene for exposure of 248 nmor 157 nm or
a pendant phenyl group or a pendant |i ght-absorbing
group having a silicon-silicon bond for 193 nm exposure,
and which is crosslinkable by acid or heat, is
preferably used.

[0171]

In the patterning process described above, the
resi st upper layer filmnmy be of a positive type or a
negative type, and any common phot oresi st conposition
may be used. Further, the photoresist conposition nmay
contain netal atoms such as Sn, In, Ga, Ge, A, Ce, La,
Cs, Zr, Hf, Ti, Bi, Sb, Zn, and the |ike. Wen a resist
upper |layer filmis fornmed using the above photoresi st
conposition, the formati on can be performed by spin
coating or by vapor deposition process using CVD or ALD.
[0172]

When t he photoresist conposition is formed by spin
coating, prebaking is conducted after the application of
the resist, and the prebaking is preferably perfornmed at
60 to 180°C for 10 to 300 seconds. Thereafter, exposure
I's conducted according to a usual manner, followed by
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post - exposure baking (PEB) and devel opnent, thereby
obtaining a resist pattern. Although the thickness of
the resist upper layer filmis not particularly |imted,
the thickness is preferably 10 to 500 nm particularly
preferably 20 to 400 nm

[0173]

When a phot oresist conposition is formed by a vapor
deposition process using CVD or ALD, the above resi st
conposition is an EUV-sensitive netal oxide film and
the above netal is selected from Sn, Zr, H, Ti, Bi, Sb,
and the |ike, preferably Sn, which has excellent EUV
sensitivity. The nmetal oxide-containing filmmy be a
phot osensitive organonetallic oxide film such as an
organotin oxide (e.g., haloal kyl Sn, al koxyal kyl Sn, or
am doal kyl Sn), and the |ike. Some specific exanples of
sui tabl e precursors include trinethyltin chloride,

di methyltin dichloride, nethyltin trichloride,
tris(dimethylam no)methyltin(lV), and
(dimethylam no)trimethyltin(IlV).

[ 0174]

The netal oxide filmmy be deposited by PECVD or
PEALD, for exanple, using a Lam Vector (registered
trademark) tool. In the ALD exanple, the Sn oxide
precursor is separated from O precursor/plasm. The
deposition tenperature is preferably in the range of
50°C to 600°C. The deposition pressure is preferably
bet ween 100 and 6000 mlorr. The flow rate of the
precursor solution of the netal oxide-containing film
(e.g., organotin oxide precursor) my be 0.01 to 10 cmm
and the gas flowrate (CO3;, CO Ar, N2) may be 100 to
10,000 sccm The plasma power provided from high
frequency plasma (e.g., 13.56 MHz, 27.1 MHz, or higher
frequency) may be 200-1000 W per 300 mm wafer station.
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The deposition thickness is preferably 100 to 2000 A
[0175]

Exanpl es of |ight for exposure include high energy
beans at wavel engths of 300 nmor |ess, specifically
exci mer |asers at 248 nm 193 nm and 157 nm soft X-
rays at 3 to 20 nm an electron beam X-rays, and the
l'ike.

[0176]

As the nmethod for renoving the wafer edge
protection filmfromthe wafer edge of the substrate to
be processed after the patterning process on the
substrate to be processed, removal by dry etching is
preferable. Wen the wafer edge protection filmis
renoved by dry etching, the wafer edge protection film
can be renoved by etching using oxygen-based or
hydr ogen- based gases because the wafer edge protection
filmis constituted of an organic film
[0177]

For example, if the substrate is Si, SiQ, SiN,
SiON, or silica-based |Iow dielectric constant insulating
film which is resistant to etching using oxygen-based
or hydrogen-based gas, the wafer edge protection film
can be renmoved wi t hout damagi ng the wafer edge of the
substrate to be processed.

[0178]

If the wafer edge is damaged by dry etching,
particles generated fromthe wafer edge may scatter
toward the center of the wafer, thus causing pattern
bridgi ng or disconnection. 1In contrast, in the above
patterni ng process of the present invention, the
peri pheral edge on the surface side and the peripheral
edge on the backside of the substrate to be processed

are protected by wafer edge protection filnms; therefore,
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it is possible to prevent generation of defects fromthe
waf er edge during the dry etching process, thereby
enabling formation of patterns on the substrate to be
processed with high accuracy and | ess defects. It is

al so possible to suppress the risk of adherence of
particles generated by etching of a film containing
netal atonms to the wafer edge, which causes nmetallic
contam nation of the wafer edge.

[0179]

I n addition, the present invention also provides a
patterni ng process for formng a protection filmon a
peri pheral edge of a substrate to be processed and
formng a pattern on the substrate to be processed, the
patterni ng process conprising the steps of:

(I'l-1) applying a conposition for formng a protection
filmconprising an aromatic ring-containing resin (A
havi ng an organic group represented by the above genera
formula (1) and a solvent to a peripheral edge of a
substrate to be processed;

(I'l-2) curing the applied conposition for formng a
protection filmby a heat treatnent or optical
irradiation to forma protection filmon a peripheral
edge of the substrate to be processed,;

(I'1-3) formng a resist upper layer filmpattern on the
substrate to be processed and form ng a pattern on the
substrate to be processed by dry etching while using the
resi st upper layer filmpattern as a mask; and

(I'1-4) renoving the protection film

[ 0180]

An exanpl e of the patterning process of the present
invention is specifically explained below using FIG 7.
First, in the step (I1-1), the conposition for formng a

protection film9 of the present invention described
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above is applied to a peripheral edge of a substrate to
be processed placed on a spin chuck fromthe supply
nozzle 3. The substrate to be processed nmay have a

| ayer to be processed 10 forned thereon, such as a
silicon-containing resist mddle layer film an

i norgani ¢ hard mask m ddle layer film an organic thin
film a resist underlayer film and the like (FIG

7(U)). Next, in the step (I1-2), the applied conposition
for formng a protection film9 is cured by a heat
treatment or optical irradiation to forma protection
film9A on the peripheral edge (FIG 7(V)). Next, in the
step (11-3), a resist upper layer film11l is formed on
the layer to be processed 10 (FIG 7(W), followed by
exposure to light, thereby form ng a resist upper |ayer
filmpattern 11A (FIG 7(X)). Then, the pattern 11A is
used as a mask to forma pattern 10A in the layer to be
processed 10 by dry etching (FIG 7(Y)), and the pattern
10A is further used as a mask to forma pattern 1A on

t he substrate to be processed by dry etching (FIG

7(2)). Then, in the step (lI1-4), the layer to be
processed 10 with the pattern 10A is renoved (FI G
7(AA)), followed by renmoval of the protection film 9A
(FIG 7(AB)).

[0181]

Wth the above patterning process, it is possible
to suppress particle generation fromthe wafer edge when
the substrate to be processed is dry-etched. Further,
it is possible to prevent such a risk that the chem cal
l'iquid supplied to the surface of the substrate may run
into the peripheral portion on the backside during the
formation of a resist upper layer film thus formng a
coating filmalso on the peripheral portion on the

backsi de for which formation of a coating filmis not
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I ntended, resulting in contam nation in these areas.
[0182]

When a resist upper layer filmis forned using the
above photoresist conposition, the formation is
preferably performed by spin coating. Wen the
phot oresi st conposition is formed by spin coating,
prebaking is conducted after the application of the
resist, and the prebaking is preferably perforned at 60
to 180°C for 10 to 300 seconds. Thereafter, exposure is
conducted according to a usual manner, followed by post-
exposure baking (PEB) and devel opnment, thereby obtaining
a resist upper layer filmpattern. Although the
t hi ckness of the resist upper layer filmis not
particularly limted, the thickness is preferably 10 to
500 nm particularly preferably 20 to 400 nm
[ 0183]

In the patterning process described above, the
resi st upper layer filmnmy be of a positive type or a
negative type, and any common photoresi st conposition
and netal atom containing photoresist conposition may be
used.

[ 0184]

When t he above resist upper layer filmused in the
above patterning process is a conposition containing a
metal atom the above patterning process using the
conposition for formng a wafer edge protection film of
the present invention is particularly effective in terns
of inhibiting contam nation of the wafer edges on the
surface side and the backside. Therefore, the above
resi st upper layer filmis preferably fornmed froma
conposition containing a netal atom
[ 0185]

When t he above photoresi st conposition contains a
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nmetal atom the nmetal atomis preferably Sn, In, G, Ge,
A, Ce, La, Cs, Zr, H, Ti, Bi, Sb and Zn, and
particularly preferably Sn, Zr, Hf and Ti.

[ 0186]

Exanpl es of |ight for exposure include high energy
beans at wavel engths of 300 nmor |ess, specifically
exci mer |asers at 248 nm 193 nm and 157 nm soft X-
rays at 3 to 20 nm an electron beam X-rays, and the
li ke. Anong these, extrene ultraviolet having a
wavel ength of 3 to 15 nmis preferable.

[0187]

I n the above patterning process, a silicon-
containing resist mddle layer film an inorganic hard
mask m ddle layer film an organic thin film a resist
underlayer film and the |ike my be forned between the
substrate to be processed and the resist upper |ayer
film
[ 0188]

The above patterning process nmay be a process of
applying the conposition for formng a wafer edge
protection filmof the present invention to a substrate
to be processed, a substrate in which a resist
underlayer filmis formed on a substrate to be
processed, a substrate in which a resist underlayer film
and a silicon-containing resist mddle |layer filmor an
i norgani ¢ hard mask are formed on a substrate to be
processed, a substrate in which a resist underlayer
film an inorganic hard mask and an organic thin film
are fornmed on a substrate to be processed, and a
substrate in which a silicon-containing resist mddle
| ayer filmor an inorganic hard mask is formed on a
substrate to be processed, to form a wafer edge

protection film and then applying a resist upper |ayer
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film
[0189]

The patterning process of the present invention is
suitable for a nultilayer resist processes, such as a
silicon-containing two-layer resist process, a three-
| ayer resist process using a resist underlayer film and
a silicon-containing resist mddle |ayer film a four-
| ayer resist process using a resist underlayer film an
i norgani ¢ hard mask mddle layer film and an organic
thin film a silicon-free two-|layer resist process, and
the |ike.

[ 0190]

As the method for renmpving the wafer edge
protection filmof the present invention fromthe wafer
edge of the substrate to be processed after the
patterni ng process on the substrate to be processed,
renoval by dry etching is preferable. Wen the wafer
edge protection filmis renoved by dry etching, the
waf er edge protection film can be renoved by etching
usi ng oxygen-based or hydrogen-based gases because the
waf er edge protection filmis constituted of an organic
film
[0191]

For example, if the substrate is Si, SiQ, SiN,
SiON, or silica-based |Iow dielectric constant insulating
film which is resistant to etching using oxygen-based
or hydrogen-based gas, the wafer edge protection film
can be renmoved w t hout damagi ng the wafer edge of the
substrate to be processed.

[0192]

If the wafer edge is damaged by dry etching,

particles generated fromthe wafer edge may scatter

toward the center of the wafer, thus causing pattern
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bridgi ng or disconnection. |In contrast, in the above
patterni ng process of the present invention, the

peri pheral edge on the surface side and the peripheral
edge on the backside of the substrate to be processed
are protected by wafer edge protection filnms having
excell ent dry etching resistance; therefore, it is
possi bl e to prevent generation of defects fromthe wafer
edge during the dry etching process, thereby enabling
formation of patterns on the substrate to be processed
with high accuracy and | ess defects. Moreover, when the
above resi st upper layer filmused in the above
patterni ng process is a conposition containing a netal
atom the above patterning process using the conposition
for formng a wafer edge protection film of the present

I nvention is particularly effective in ternms of

i nhibiting contam nation of the wafer edges on the

surface side and the backsi de.

EXAMPLE
[0193]

Her ei nbel ow, the present invention is specifically
expl ai ned by showi ng Exanpl es and Conparative Exanpl es;
however, the present invention is not limted by these
descriptions. The nmol ecul ar wei ght and the dispersity
were neasured by the follow ng nethod. The weight
aver age nol ecul ar weight (Mv) on pol ystyrene basis was
measured by gel perneati on chromat ography (GPC) using
tetrahydrofuran as an eluent, and the dispersity (Mwv Vn)
was cal cul at ed.

[ 0194]
Synt hesi s Exanpl es
In the foll owi ng Synthesis Exanpl es, the follow ng

conmpound group G (Gl) to (G8) and nodifying agent group
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H (H1) to (H6) were used.
[ 0195]
The compound group G (Gl) to (G&8) are shown bel ow.

HO

(G1)

o) O
;U%mo
o) 7 TN o

(G4) (G5) (G6)

Qs

CH,

Lxxﬁwijij
(G7) (G8)
[ 0196]
The nodi fying agent group H (Hl) to (H6) are shown
bel ow.
HOOC}_\
/-/O ./J_\ HO. .y
F—@—: B s e’ 4 Q Q /y/ Hooc’Ljv/j
NH- o—
(H1) (H2) (H3) (H4) (HS) (H8)
[0197]

Synt hesi s Exanple 1: Synthesis of Conpound (B-1)
I n an atnosphere of nitrogen, 200 g of N-

met hyl pyrroli done was added to 20.0 g of the conpound
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(Gl) in the starting material group, 16.4 g of the
nodi fyi ng agent (Hl), and 23.3 g of potassium carbonate,
followed by a reaction at an internal tenperature of
140°C for 24 hours. After cooling at roomtenperature,
300 mM of nethylisobutyl ketone and 300 m of pure water
were added to the reaction solution for honpgenization;
thereafter, the separated water |ayer was renoved.
Further, the organic |ayer was washed with 100 m of a
3% aqueous nitric acid solution tw ce and washed with
100 m of pure water five tinmes, and then the organic
| ayer was dried under reduced pressure to hardness. 100
g of THF was added to the residue to yield a honbgeneous
solution, and a crystal was precipitated by 350 g of
met hanol. The precipitated crystal was separated by
filtration, washed twice with 200 g of nethanol, and
recovered. The recovered crystal was vacuumdried at
70°C, thereby obtaining a conmpound (B-1) for a
flowability accel erator.
[ 0198]

The wei ght average nol ecul ar wei ght (Mw) and the
di spersity (M Mh) were determ ned by GPC, and the
follow ng results were obtained.
(B-1): Mw = 580, MW M = 1.03

0 ‘.ﬁ ~ o)
/OO\
[ 0199]

Synt hesi s Exanple 2: Synthesis of Conpound (B-2)

I n an atnosphere of nitrogen, 45.5 g of the
conpound (G&2) in the starting material group, 9.8 g of
pot assi um car bonate, and 150 g of DMF were added, and a
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honbgeneous di spersion |iquid was prepared at an
i nternal tenperature of 50°C. 17.6 g of the nodifying
agent (H2) was slowy added, followed by a reaction at
an internal tenperature of 50°C for 24 hours. 300 m of
met hyl i sobut yl ket one and 300 g of pure water were added
to the reaction solution to dissolve the precipitated
salts; thereafter, the separated water |ayer was
renoved. Further, the organic |ayer was washed with 100
g of a 3% aqueous nitric acid solution and 100 g of pure
water six tinmes, and then the organic |ayer was dried
under reduced pressure to hardness, thereby obtaining a
conpound (B-2) for a flowability accel erator.
[ 0200]

The wei ght average nol ecul ar wei ght (Mw) and the
di spersity (Mwv Mh) were determ ned by GPC, and the
follow ng results were obtained.
(B-2): Mw = 965, MW M = 1.08

[ 0201]
Synt hesi s Example 3. Synthesis of Conpound (B-3)

I n an atnosphere of nitrogen, 46.9 g of the
conmpound (G2), 10.1 g of potassium carbonate, and 150 g
of DMF were added, and a honmpbgeneous di spersion |iquid
was prepared at an internal tenperature of 50°C. 9.0 g

of the nodifying agent (H2) was slowy added, foll owed
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by a reaction at an internal tenperature of 50°C for 24
hours. 300 m of methylisobutyl ketone and 300 g of pure
wat er were added to the reaction solution to dissolve
the precipitated salts; thereafter, the separated water
| ayer was renmoved. Further, the organic | ayer was
washed with 100 g of a 3% aqueous nitric acid solution
and 100 g of pure water six tines, and then the organic
| ayer was dried under reduced pressure to hardness,
t hereby obtaining a conmpound (B-3) for a flowability
accel erator.
[ 0202]

The wei ght average nol ecul ar wei ght (Mw) and the
di spersity (Mv Mh) were determ ned by GPC, and the
follow ng results were obtained.
(B-3): Mw = 903, MW Mh = 1.08

[ 0203]
Synt hesi s Exanple 4: Synthesis of Conpound (B-4)

I n an atnosphere of nitrogen, 47.2 g of the
conmpound (G3), 11.7 g of potassium carbonate, and 150 g
of DMF were added, and a honobgeneous dispersion |liquid
was prepared at an internal tenperature of 50°C. 8.6 ¢
of the nodifying agent (H3) was slow y added, foll owed
by a reaction at an internal tenperature of 50°C for 24
hours. 300 m of methylisobutyl ketone and 300 g of pure
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wat er were added to the reaction solution to dissolve
the precipitated salts; thereafter, the separated water
| ayer was renoved. Further, the organic |ayer was
washed with 100 g of a 3% aqueous nitric acid solution
and 100 g of pure water six tines, and then the organic
| ayer was dried under reduced pressure to hardness,
t hereby obtaining a conpound (B-4) for a flowability
accel erator.
[ 0204]

The wei ght average nol ecul ar wei ght (Mw) and the
di spersity (Mwv Mh) were determ ned by GPC, and the
follow ng results were obtained.
(B-4): Mw = 724, MW Mh = 1.01

0.5 : 0.5

[ 0205]
Synt hesi s Exanple 5: Synthesis of Conpound (B-5)

I n an atnosphere of nitrogen, 100 g of N-
met hyl pyrroli done was added to 30.00 g of the conpound
(&4) in the starting material group, and a honogeneous
solution was obtained at an internal tenperature of 40°C
i n an atnosphere of nitrogen; thereafter, 13.7 g of the
nodi fyi ng agent (H4) was added, followed by a reaction
at an internal tenperature of 40°C for 3 hours, thereby
obtaining an am de acid solution. 200 g of o-xylene was
added to the obtained am de acid solution, and the

m xture was reacted at an internal tenperature of 150°C
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for 9 hours while renmoving the produced | ow boiling
substance and water fromthe system thereby perform ng
dehydrating imdation. The m xture was cooled to room
tenperature after the reaction and a crystal was
precipitated by 1,000 g of nmethanol. The precipitated
crystal was separated by filtration, washed twice with
500 g of methanol, and recovered. The recovered crystal
was vacuumdried at 70°C, thereby obtaining a conpound
(B-5) for a flowability accel erator.
[ 0206]

The wei ght average nol ecul ar wei ght (Mv) and the
di spersity (Mv Mh) were determ ned by GPC, and the
follow ng results were obtained.
(B-5): Mw = 930, Mw M = 1.01

OQ;) LY :@o
oG RO

[ 0207]
Synt hesi s Exanple 6: Synthesis of Polynmer (B-6)

I n an atnosphere of nitrogen, 44.7 g of the
conmpound (G5) in the starting material group, 16.5 g of
pot assi um car bonate, and 150 g of DMF were added, and a
honbgeneous di spersion |iquid was prepared at an
i nternal tenperature of 50°C. 16.5 g of the nodifying
agent (H2) was slowy added, followed by a reaction at
an internal tenperature of 50°C for 24 hours. 300 m of
met hyl i sobut yl ket one and 300 g of pure water were added
to the reaction solution to dissolve the precipitated
salts; thereafter, the separated water |ayer was

renmoved. Further, the organic |ayer was washed with 100
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g of a 3% aqueous nitric acid solution and 100 g of pure
water six times, and then the organic |ayer was dried
under reduced pressure to hardness, thereby obtaining a
polyner (B-6) for a flowability accel erator.
[ 0208]

The wei ght average nol ecul ar wei ght (Mw) and the
di spersity (Mv Mh) were determ ned by GPC, and the
follow ng results were obtained.
(B-6): Mw = 2500, MW Mh = 3.10

R= ‘\\\ or —H
0.7 :

0.3

[ 0209]
Synt hesi s Exanple 7: Synthesis of Polynmer (B-7)

I n an atnosphere of nitrogen, 20.0 g of the resin
(G&6), 34.5 g of potassium carbonate, and 100 g of DMF
wer e added, and a honobgeneous dispersion |iquid was
prepared at an internal tenperature of 50°C. 23.8 g of
t he nodi fying agent (H2) was slowly added, followed by a
reaction at an internal tenperature of 50°C for 24
hours. 300 m of methylisobutyl ketone and 300 g of pure
wat er were added to the reaction solution to dissolve
the precipitated salts; thereafter, the separated water
| ayer was renoved. Further, the organic |ayer was
washed with 100 g of a 3% aqueous nitric acid solution
and 100 g of pure water six tines, and then the organic
| ayer was dried under reduced pressure to hardness,
t hereby obtaining a polynmer (B-7) for a flowability
accel erator.
[ 0210]

The wei ght average nol ecul ar wei ght (Mw) and the
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di spersity (Mwv Mh) were determ ned by GPC, and the
follow ng results were obtained.
(B-7): Mw = 9,400, MW/ Mh = 3.59

SHRN
&

[0211]
Synt hesi s Exanple 8: Synthesis of Polynmer (B-8)

I n an atnosphere of nitrogen, 20.0 g of the resin
(G6), 27.6 g of potassium carbonate, and 100 g of DMF
wer e added, and a honpbgeneous dispersion liquid was
prepared at an internal tenperature of 50°C. 15.8 g of
t he nodi fying agent (H2) was slowly added, followed by a
reaction at an internal tenperature of 50°C for 24
hours. 300 m of methylisobutyl ketone and 300 g of pure
wat er were added to the reaction solution to dissolve
the precipitated salts; thereafter, the separated water
| ayer was renmoved. Further, the organic | ayer was
washed with 100 g of a 3% aqueous nitric acid solution
and 100 g of pure water six tines, and then the organic
| ayer was dried under reduced pressure to hardness,
t hereby obtaining a polynmer (B-8) for a flowability
accel erator.
[0212]

The wei ght average nol ecul ar wei ght (Mw) and the
di spersity (Mwv Mh) were determ ned by GPC, and the
follow ng results were obtained.
(B-8): Mw = 9,200, MW M = 3.53
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[ 0213]
Synt hesi s Exanple 9: Synthesis of Conpound (B-9)

I n an atnosphere of nitrogen, 51.0 g of the epoxy
conmpound (G7), 56.6 g of the nodifying agent (H5), and
600 g of 2-nmethoxy-1-propanol were mxed to yield a
honbgeneous solution at an internal tenperature of
100°C, and then 5.7 g of benzyltriethylanmoni um chl ori de
was added thereto, followed by stirring at an interna
tenperature of 120°C for 12 hours. After cooling to
roomtenperature, 1,500 g of nethylisobutyl ket one was
added and the organic | ayer was washed with 300 g of
pure water five tinmes. The organic |ayer was dried
under reduced pressure to hardness to obtain a conpound
(B-9) for a flowability accel erator.

[ 0214]

The wei ght average nol ecul ar wei ght (Mw) and the
di spersity (M Mh) were determ ned by GPC, and the
follow ng results were obtained.

(B-9): Mw = 900, MW Mh = 1.04

%

*mg

2
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[ 0215]
Conparative Synthesis Exanple 1: Synthesis of
Conpar ative Conmpound (R-2)

I n an atnosphere of nitrogen, 77.5 g of the
conmpound (G8) in the starting material group, 47.0 g of
t he nodi fyi ng agent (H6), and 600 g of 2-methoxy-1-
propanol were mxed to yield a honbpgeneous sol ution at
an internal tenperature of 100°C, and then 5.7 g of
benzyl tri et hyl ammoni um chl ori de was added thereto,
followed by stirring at an internal tenperature of 120°C
for 12 hours. After cooling to roomtenperature, 1,500
g of methylisobutyl ketone was added and the organic
| ayer was washed with 300 g of pure water five tines.
The organic |layer was solidified under reduced pressure,
t her eby obtaining the conmpound (R-2).

[ 0216]

The wei ght average nol ecul ar wei ght (Mw) and the
di spersity (M Mh) were determ ned by GPC, and the
follow ng results were obtained.

(R-2): Mwv = 960, MW Mh = 1.03

‘ OH OH ‘
O o)
O 0. O O
OH O O | / O OH
D
[0217]

Conpar ative Synthesis Exanple 2: Synthesis of
Conpar ative Polynmer (R-4)
I n an atnosphere of nitrogen, 60.0 g of 2-
vi nyl napht hal ene, 40.0 g of vinyl benzyl al cohol, 300 g
of methyl ethyl ketone, and 5.0 g of dinmethyl 2, 2-
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azobi s(i sobutyrate) were added, and a reaction was
perfornmed for 8 hours at an internal tenperature of
80°C. The m xture was cooled to roomtenperature after
the reaction and a crystal was precipitated by 3,000 g
of heptane. The precipitated crystal was separated by
filtration, washed twice with 500 g of heptane, and
recovered. The recovered crystal was vacuumdried at
70°C, thereby obtaining the polymer (R-4).
[ 0218]

The wei ght average nol ecul ar wei ght (Mw) and the
di spersity (Mwv Mh) were determ ned by GPC, and the
follow ng results were obtained.
(R-4): Mw = 4,500, MM M1 = 2.0

[ 0219]
Conpar ative Synthesis Exanple 3: Synthesis of

OH

Conpar ative Polymer (R-5)

17.8 g of 4-hydroxyphenyl nethacrylate and 50 g of
tetrahydrofuran as a solvent were added to a 2L fl ask.
The reactor was cooled to -70°C in an atnosphere of
ni trogen, degassed under reduced pressure, and a
ni trogen gas was blown three tinmes. The reactor was
warmed to roomtenperature, and 1.2 g of AIBN
(azobi si sobutyronitrile) as a polynerization initiator
was added thereto, followed by heating to 60°C, and a
reacti on was performed for 15 hours. The resulting

reacti on solution was added to a 1L isopropyl alcoho
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solution for precipitation. The resulting white solid
was filtered and dried under reduced pressure at 60°C to
obtain a white polyner (RD5).
[ 0220]

The wei ght average nol ecul ar wei ght (Mw) and the
di spersity (Mwv Mh) were determ ned by GPC, and the
follow ng results were obtained.
(R-5): Mw = 11,000, MM M = 2.11

OH

[ 0221]

Tables 1 to 2 show the structures of the conmpounds
and polyners used for the resulting conposition for
formng a wafer edge protection film as well as their
wei ght average nol ecul ar wei ghts (Mv) and the
di spersities (Mwv M1). The conmpound (G5) in the starting
material group G used as the starting material in
Synt hesi s Exanpl es was used for the conparative pol yner
(R-1), and the conpound (G6) in the starting materi al

group G was used for the conparative polyner (R 3).
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[ 0222]
Table 1
Synthesis c
ompound or Polymer Mw Mw.” Mn
Examples
|
1 (B-1) & Q' B\ 580 1.03
Z 965 1.08
3 903 1.08
4 724 1.01
5 930 1.01
6 2500 3. 10
7 9400 3.59
OR
8 (B-8) ‘ \CH27\ Ry o H 9200 3.53
S 08 0.2
P o}
g e
=Y S A
9 69 Lo, L i 900 1.04
\,/L\/O ‘/ /
Sy
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[ 0223]
Table 2
Comparative
Synthesis Compound or Polymer Mw Mw. . Mn
Examples
- (R-1) 3700 2.82
1 R-2) 960 1.03
OH
_ (R=3) (J\iq_' 7000 1.50
LA TP
2 (R-4) kE% 4500 2.00
OH
mﬁ
Q0
3 (R-5) j 11000 2.11
.\1
OH
[ 0224]

(C) Crosslinking Agent
Each of the (C) cross |inking agents used for the

conposition for form ng a wafer

shown bel ow.

edge protection filmis
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[ 0225]
(D) High Boiling Point Solvent
The (D) high boiling point solvent (D ethylene
G ycol Monobenzyl Ether: boiling point 302°C) used for
t he conposition for form ng a wafer edge protection film

is shown bel ow.

()f/ﬁ\xwx’()“\vf/ﬁ\\c)fi

(D—1)
[ 0226]
(F) Thermal Acid Generator
The (F) thermal acid generator used for the
conposition for formng a wafer edge protection filmis

shown bel ow.
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/\N+H CFACF,CF,SOs
(o

(F—1)

[ 0227]
Conposition for Form ng Wafer Edge Protection Film EPF-1

As the resin (A), the conmpound (B-1) for a
flowability accel erator was dissolved at a proportion
shown in Table 3 in propylene glycol nononethyl ether
acetate (PGVEA) containing 0.5% by mass of a surfactant
FC- 4430 (manufactured by Sumitonmo 3M Limted), and the
solution was filtered through a 0.02 um membrane filter
to prepare a conposition for formng a wafer edge
protection film (EPF-1).
[ 0228]
Conpositions for Form ng Wafer Edge Protection Film EPF-
2 to 12, Conparative Exanples EPF-1 to 5

Each chem cal liquid was prepared in the sane
manner as that for EPF-1, except that the type and the
content of each conponent were as shown in Table 3. 1In

Table 3, “-” indicates that the conponent was not used.
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[ 0229]
Table 3
(D)
Compositicn (2) (C) (F) High (B)
for Forming Ressi Crosslinking Acid Boiling
esin (A) ) Solvent
Edge Agent Generator Point
) (part by (part by
Protection mass) (part by (part by Selvent mass)
Film mass) mass) (part by
mass)
PGMEA
EPF-1 B-1(100) - - - (300)
PGMEA
EPF-2 B-2(100) - - - (300)
PGMEA
EPF-3 B-3(100) - - - (300)
PGMERA
EPF-4 B-4(100) - - - (300)
PGMERA
EPF-5 B-5(100) - - - (300)
PGMEA
EPF-6 B-6(100) (300)
PGMEA
EPF-7 B-7(100) - - - (300)
PGMEA
EPF-8 B-8(100) (300)
PGMEA
EPF-9 B-9(100) (300)
PGMEA
EPF-10 B-3(100) C1(50) - - (300
PGMEA
EPF-11 B-6(100) C2(50) F-1(2) - (300)
PGMEA
EPF-12 B-8(100) - - D1(50) (250)
Comparative
Example R-1(100) - - - FGMER
EPF-1 (300)
Comparative
Example R-2(100) - - - PGMEA
EPF-2 (300)
Comparative
Example R-3(100) - - - PGMEA
EPF-3 (300)
Comparative
Example R-4(100) C2(10) F-1(2) - ?300)
EPF-4
Comparative GMEA
Example R-5(100) Cc2(10) F-1(2) - ?300)
EPF-5
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[ 0230]

Exanples 1-1 to 12, Conparative Exanples 1-1 to 5:
Eval uati on of Thickness and Defects O Wafer Edge
Protection Filns

Each of the above conpositions for form ng a wafer
edge protection film (EPF-1 to 12 and Conparative
Exanpl es EPF-1 to 5) was supplied by spin coating to a
peri pheral edge (wafer edge) of a silicon wafer to form
a protection filmon the wafer edge. Then, the
resulting protection filmformed on the wafer edge was
cured by baking for 60 seconds at the tenperature shown
in Table 4.

[ 0231]

The thickness of the protection filmfornmed on the
waf er edge was eval uated by observation of cross section
using an electron m croscope (S-4700) manufactured by
Hitachi, Ltd. The surface portion of the wafer edge
(1.5 mm fromthe periphery W toward the center of the
wafer) and the wafer apex were observed as the
eval uati on points, as shown in FIG 8.

[ 0232]

Al so, the nunber of defects in the above protection
filmformed on the wafer edge was eval uated using
Vi sedge manuf actured by KLA-Tencor. The case with |ess
than 30 defects on the wafer edge protection film was
eval uated as “A” (significantly desirable), the case
with 30 to |l ess than 100 defects was evaluated as “B”
(desirable), and the case with 100 or nore defects was
eval uated as “C’ (poor).
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[ 0233]
Tabl e 4

Example 1-5 EPF-5 350 396 1685
Example 1-6 EPF-6 350 443 2014
Example 1-7 EPF-7 350 391 1846
Example 1-8 EPF-8 350 415 2122
Example 1-9 EPF-9 350 363 1633
Example 1-10 EPF-10 350 376 1535
Example 1-11 EPF-11 350 403 2232
Example 1-12 EPF-12 350 396 2077
- tiv Comparative

A Examples 350 355 1813
rxample EPF-1

Com civ Comparative

R Examples 350 311 1465
rxample EPF-2

- - Comparative
paaee s Examples 350 371 1749
srampLe EPF-3

- civ Comparative
e Examples 250 346 1496
EHAmpLe EPF-4

- tiv Comparative

omparative Examples 250 351 1388
Example 1-5 EDF-5

[ 0234]

As shown in Table 4, the wafer edge protection film
form ng nmethod using the conpositions for formng a
waf er edge protection film (EPF-1 to EPF-12) of the
present invention enables desirable coverage fromthe
waf er edge surface to the apex, and al so enabl es
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formation of a protection filmwth an excell ent defect
suppression property. It is assuned that the organic
group represented by the general fornula (1) having an
excellent thermal flowability contained therein made it
possi ble to correct the shape change on the surface of
the protection film which is generated when the wafer
edge protection filmis applied by spin coating, by the
thermal flow of the resin. On the other hand, as shown
i n Conparative Exanples 1-1 to 1-5, in the wafer edge
protection filmformng nethods using the conparative
exanples EPF-1 to 5 not containing the organic group
represented by the general formula (1), the defects were
significantly observed on the wafer edge protection
films.
[ 0235]

Furthernmore, the conpositions for form ng a wafer
edge protection film (EPF-3, 4, 6, 8, 10 to 12)
containing a resin having a hydroxyl group in addition
to the organic group represented by the general fornula
(1) exhibited a particularly excellent filmformng
property. It is assunmed that containing a hydroxyl
group in addition to the organic group represented by
t he general fornula (1) inproved wettability and
adhesion with respect to the substrate, and that,
t herefore, a superior filmform ng property was
exhibited in the conpositions for form ng a wafer edge
protection film (EPF-3, 4, 6, 8, 10 to 12) contai ning
both the organic group represented by the genera
formula (1) and the hydroxyl group, in contrast to the
resin containing only the organic group represented by
t he general fornmula (1).
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[ 0236]
Exanples 2-1 to 12, Conparative Exanples 2-1 to 5:
Eval uati on of Etching Resi stance

Each of the conpositions for formng a wafer edge
protection film (EPF-1 to 12 and Conparative Exanples
EPF-1 to 5) prepared above was applied onto the surface
of a silicon substrate, followed by baking in the
at nosphere at the tenperature shown in FIG 5 for 60
seconds to forma 1200 nmcoating film and the film
t hi ckness A was neasured. Next, etching with CF4s gas and
O gas was performed for 1 mnute under the follow ng
conditions using an etching apparatus Teli us
manuf act ured by Tokyo El ectron Ltd., and the film
t hi ckness B was neasured. The filmthickness etched per
m nute (filmthickness B - filmthickness A was
cal cul ated as etching resistance. For CFs gas etching,
the case where the thickness difference between B and A
was | ess than 75 nm was evaluated as “A” (significantly
desirable), the case where the thickness difference was
75 nmor nore and | ess than 80 nm was eval uated as “B’
(desirable), and the case where the thickness difference
was 80 nm or nore was evaluated as “C’ (poor). For O
gas etching, the case where the thickness difference
between B and A was | ess than 110 nm was eval uated as
“A” (significantly desirable), the case where the
t hi ckness difference was 110 nmor nore and | ess than
120 nm was evaluated as “B” (desirable), and the case
where the thickness difference was 120 nm or nore was
evaluated as “C’ (poor). Table 5 shows the results.
[ 0237]
Conditions of Dry Etching with CFs Gas
Chanmber pressure: 100 mrl
RF- power (upper portion): 500W
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RF- power (| ower portion): 400W
CFs gas flow rate: 300 sccm
Time: 60 sec

[ 0238]

Conditions of Dry Etching with O Gas
Chanber pressure: 15 mrl

RF- power (upper portion): 300W
RF- power (| ower portion): 50W
O gas flow rate: 30 sccm

N> gas flow rate: 270 sccm
Time: 60 sec
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[ 0239]
Table 5
Composition Etching
for Forming Baking Resistance
Examples Edge Temperature
Protection (°C) CFs 0z
Film
Example 2-1 EPF-1 350 A A
Example 2-2 EPF-2 350 A A
Example 2-3 EPF-3 350 A A
Example 2-4 EPF-4 350 A A
Example 2-5 EPF-5 350 A A
Example 2-6 EPF-6 350 A A
Example 2-7 EPF-7 350 B B
Example 2-8 EPF-8 350 B B
Example 2-9 EPF-9 350 B B
Example 2-10 EPF-10 350 A A
Example 2-11 EPF-11 350 A A
Example 2-12 EPF-12 350 B B
c i Comparative
Eompaia ;VT Example 350 A a
¥ample <- EPF-1
Comparative
g°mpaiat2f§ Example 350 A A
xamp-e EPF-2
Comparative
g°mpaiat2f§ Example 350 c c
*amp-e EPF-3
Comparative
g°mpaia‘2f§ Example 250 c c
xamp e EPF-4
Comparative
g:mpaiztgfg Example 250 c c
anp EPF-5
[ 0240]

As shown in Table 5,

t he compositions for

form ng a

waf er edge protection film (EPF-1 to EPF-12) of the
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present invention have excellent dry etching resistance
Wi th respect to CFs gas and O gas. The conpositions are
capabl e of form ng a dense cured filmand exhibiting
excellent dry etching resistance presumably because of
the aromatic ring with a high carbon content and the
organi c group represented by the general fornula (1)
contained therein, as well as the excellent reactivity
of the organic group represented by the general fornula
(1). In particular, it was revealed that the
conpositions for formng a wafer edge protection film
(EPF-1 to 6, EPF-10 to 11) obtained by using a resin
containing a cardo structure and the organic group
represented by the general formula (1) exhibit
significantly excellent resistance. Since Conparative
Exanpl es EPF-1 and EPF-2 al so contain a cardo structure,
t hey exhi bited excellent dry etching resistance.

[ 0241]

On the other hand, the conpositions for formng a
waf er edge protection filmw thout a cardo structure and
t he organic group represented by the general fornmula (1)
(Conparati ve Exanples EPF-3 to 5) exhibited insufficient
dry etching resistance. |In conparison between EPF-7 and
Conpar ati ve Exanple EPF-3 having the sane scaffold
structure, EPF-7 having the organic group represented by
t he general fornmula (1) is superior in dry etching
resi stance; therefore, it is assuned that the organic
group represented by the general fornula (1) contributes
to the formation of a dense cured film
[ 0242]

As descri bed above, it was reveal ed that the
conpositions for formng a wafer edge protection film
(EPF-1 to EPF-12) used for the wafer edge protection
filmformng nmethod of the present invention have
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excellent dry etching resistance with respect to CFs gas
and O, gas. Therefore, the wafer edge protection film
form ng method using these conpositions is expected to
forma protection film capable of protecting the wafer
edge frometchant until etching on the substrate to be
processed is conpleted, even during a dry etching
process for formng fine patterns with high aspect
ratios typified by 3D-NAND nenory, which is becom ng
i ncreasingly highly stacked.
[ 0243]
Exanpl e 3-1, Conparative Exanple 3-1: Anmount of Surface
Metallic Inpurities on Wafer Peri pheral Edge

The amount of netal inmpurities on the wafer
peri pheral edge generated fromthe netal -containing
resi st upper layer filmwas evaluated. The netal -
cont ai ni ng conpounds (M 1) to (M3) used for this
eval uati on were synthesized as foll ows.
[ 0244]
Synt hesi s of Metal -Containing Conmpound (M 1)

340 g of titanium tetrabutoxide was dissolved in
500 g of 1-butanol, and a m xed solution of 27 g of
dei oni zed water and 500 g of 1-butanol was added thereto
dr opwi se over 2 hours at roomtenperature while
stirring. 1,200 g of propylene glycol nononethylether
acetate (PGVEA) was added to the resulting solution, and
the m xture was heated at 50°C under reduced pressure
until distillation of 1-butanol stopped, thereby
obtaining 1,000 g of titanium containing conmpound
di ssol ved in PGVEA. The nol ecul ar wei ght on pol ystyrene
basis of this conpound was neasured, with the result
that Mv = 1, 050.
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[ 0245]
Synt hesi s of Metal -Containing Conmpound (M 2)

480 g of 1-butanol solution of 80 % by mass of
zirconiumtetrai sopropoxi de was di ssolved in 400 g of 1-
but anol, and a m xed solution of 27 g of deionized water
and 500 g of 1-butanol was added thereto dropw se over 2
hours at room tenperature while stirring. 90 g of 1, 3-
but anedi ol was added to the resulting solution, foll owed
by stirring at roomtenperature for 30 m nutes. This
sol uti on was concentrated at 30°C under reduced
pressure, and further heated to 60°C. The heating was
continued under reduced pressure until no distillates
were produced. At a point where distillates were no
| onger observed, 1,200 g of PGVEA was added, and the
m xture was heated at 40°C under reduced pressure until
distillation of 1-butanol stopped, thereby obtaining
1,000 g of a zirconiumcontaining compound dissolved in
PGVEA. The nol ecul ar wei ght on pol ystyrene basis of
this conmpound was neasured, with the result that Mv =
1, 400.

[ 0246]
Synt hesi s of Metal - Contai ni ng Conpound (M 3)

480 g of 1-butanol solution of 80 % by mass of
haf ni um t etrai sopropoxi de was di ssolved in 400 g of 1-
but anol, and a m xed solution of 27 g of deionized water
and 500 g of 1-butanol was added thereto dropw se over 2
hours at room tenperature while stirring. 90 g of 1, 3-
but anedi ol was added to the resulting solution, foll owed
by stirring at roomtenperature for 30 m nutes. This
sol uti on was concentrated at 30°C under reduced
pressure, and further heated to 60°C. The heating was
continued under reduced pressure until no distillates

were produced. At a point where distillates were no
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| onger observed, 1,200 g of PGVEA was added, and the
m xture was heated at 40°C under reduced pressure until
distillation of 1-butanol stopped, thereby obtaining
1,000 g of a hafnium containing conpound di ssolved in
PGVEA. The nol ecul ar wei ght on pol ystyrene basis of
this conmpound was neasured, with the result that Mv =
1, 500.
[ 0247]
Preparati on of Metal -Containing Resist

Each of the netal -containing conmpounds (M1) to (M
3) obtained in the above Synt hesis Exanpl es was
di ssolved in a solvent in which 100 ppm of FC-4430 (a
fluorine-based surfactant manufactured by 3MLtd.) as a
surfactant was di ssol ved according to the fornul ations
shown in Table 6. Each solution was filtered through a
0.2 um filter to prepare metal-containing resists MR-1
to 3.
[ 0248]

The formulations in the follow ng Table 6 are as
fol | ows.
Aci d generator: PAG 1, 2 (see the followi ng structura
formul a)

Basi ¢ conpound: Base-1 (see the follow ng structura

formul a)
[ 0249]
e &S
I 9 E\f,/
| F_F ) 2 N .
'/Uxfjkﬂ/o\”//coo ST [ ) EyF U/ajfsﬂq aL
I O Uxﬁl__L\%? ~7 07 “coo oz &



110

[ 0250]
H
N
NS
N
Base-1
[ 0251]
Table 6
Metal-
Metal- - .. . . Solvent
.. Contalning Acid Generator Basic Compound
Containing (part by
. Compound (part by mass) (part by mass)
Resist mass)
(part by mass)
PGMEA
MR-1 M-1 (100) PAG-1 (10) Base-1 (2) (6000)
PGMEA
MR-2 M-2 (100) PAG-2 (5) Base-1 (2) (6000)
PGMEA
MR-3 M-3 (100) PAG-2 (5) Base-1 (2) (6000)
[ 0252]

As shown in FIG 9,

the conposition for formng a

protection film (EPF-1) 12 prepared above was applied

fromthe supply nozzle 3 to the peripheral

surface side and the peripheral

350°C for

(MR-1 to 3 described above) 13 was applied froma resist

60 seconds in the atnosphere to form
protection films 12A (FIG 9(AE)).

for formng a netal -containing resist

Then,
upper

| ayer

edge on the
edge on the backsi de of
a silicon substrate (FIG 9(AD)), followed by baking at

t he conposition

film

supply nozzle 14 to the surface portion of the silicon

substrate (FIG 9(AF)),

hot pl ate for

cont ai ni ng resi st

9(AG)). Subsequently,
upper | ayer
(butyl acetate) (FIG 9(AH)),

60 seconds under
upper

| ayer

foll owed by pre-baking on a

170°C to forma netal -
film13A of 35 nm (FIG
t he above netal -contai ning resi st
film13A was renoved using a devel oper

and then the protection
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films 12A formed on the peripheral edge on the surface
side and the peripheral edge on the backside of the
silicon substrate were renoved by dry etching using O
gas (FIG 9(Al)). The peripheral edge on the surface
side and the peripheral edge on the backside of the
silicon substrate were treated with a mxed |iquid of
hydrof l uoric acid and hydrogen peroxide water, and the
solution was recovered and eval uated usi ng Expert VPD-
| CP- MS manuf actured by I AS Inc.

[ 0253]

As a Conparative Exanple, a netal -containing resist
was applied to the surface portion of a silicon
substrate w thout using the conposition for formng a
waf er edge protection film The case where the anmount
of metal atominpurities in the above netal -containing
resist is 1.0 x 10E* 19(atoms/cn?) or | ess was eval uated
as “A” (desirable), and the case where the anmount of
nmetal atominpurities is more than 1.0 x
10E*19(at ons/ cn?) was eval uated as “B” (poor). Table 7
shows the results.

[ 0254]
Table 7

[ 0255]
As shown in Table 7, by form ng the conposition for
formng a wafer edge protection film (EPF-1) of the
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present invention as a protection filmon the periphera
edge on the surface side and the peripheral edge on the
backsi de, the amount of nmetal adhering when the netal-
containing resist is applied to the silicon substrate
significantly decreased conpared with the case in which
t he conposition for formng a protection filmwas not
used.

[ 0256]

As expl ai ned above, the wafer edge protection film
form ng nmethod using the conposition for form ng a wafer
edge protection filmof the present invention provides a
waf er edge protection film superior in dry etching
resi stance conpared with previously-known wafer edge
protection films, as well as excellent filmformng
property even at a wafer edge portion, which is
difficult to coat. Further, by form ng a protection
filmalso on the peripheral edge on the backside, it is
possi ble to prevent such a risk that the chemcal |iquid
supplied to the surface of the substrate may run into
t he peripheral portion on the backsi de during the
formation of a coating filmcontaining a nmetal, thus
formng a coating filmalso on the peripheral portion on
t he backside for which formation of a coating filmis
not intended, resulting in metal contam nation in these
areas. Therefore, they can be suitably used for the
formation of fine resist patterns in the |lithography
steps for various electronic devices, such as
sem conduct or devices, liquid crystal devices, and the
i ke, which are expected to undergo further
m niaturization in the future.

[ 0257]

The present invention enconpasses the foll ow ng

I nventi ons.
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[ 0258]

[1]. A wafer edge protection filmform ng nethod for
formng a protection filmon a peripheral edge of a
substrate, conprising the steps of:

(i) coating a peripheral edge of the substrate with a
conposition for formng a protection film conprising an
aromatic ring-containing resin (A) having an organic
group represented by the follow ng general fornmula (1),
and a sol vent; and

(ii1) curing the applied conposition for formng a
protection filmby heat or optical irradiation to form
the protection filmon the peripheral edge of the

substrate,

C=C—RA (1)
H H

wherein RA is a hydrogen atom or a nonoval ent organic

*—C=C—RA *

group having 1 to 10 carbon atons, and * represents a
bondi ng site.

[ 0259]

[2]. The wafer edge protection filmform ng nmethod
according to [1] above, wherein the resin (A further
conpri ses a hydroxyl group, and the ratio of the nunber
of the hydroxyl groups to the number of the organic
groups represented by the general formula (1) satisfies
a relationship a+b=1 and 0.1<b<0.9 wherein “a”
represents the proportion of the hydroxyl group and “Db”
represents the proportion of the organic group
represented by the general fornmula (1).

[ 0260]

[3]. The wafer edge protection filmform ng nmethod
according to [1] or [2] above, wherein the resin (A) is
an aromatic ring-containing resin having a hydroxyl
group and an organic group represented by the follow ng
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general formula (1A), and the ratio of the nunber of the
hydr oxyl groups to the nunmber of the organic groups
represented by the general formula (1A) satisfies a
relationship c+d=1 and 0.1<d<0.9 wherein “c” represents
t he proportion of the hydroxyl group and “d” represents
the proportion of the organic group represented by the

general formula (1A).

* -0 * —O
\ = aA)

wherein * represents a bonding site.

[ 0261]

[4]. The wafer edge protection filmform ng method
according to [1], [2] or [3] above, wherein the resin
(A) is a conpound having a ratio Mv M (i.e.,
dispersity) in a range of 1.00<Mw/Mn<1.25, the Mw/Mn
being a ratio of the wei ght average nol ecul ar wei ght Mw
to the nunber average nol ecul ar wei ght Mh on pol ystyrene
basi s according to gel perneation chromatography.

[ 0262]

[5]. The wafer edge protection filmform ng method
according to [1], [2], [3] or [4] above, wherein the
resin (A) is a polynmer having a wei ght average nol ecul ar
wei ght on pol ystyrene basis according to gel perneation
chromat ography of 1,000 to 12, 000.

[ 0263]

[6]. The wafer edge protection filmform ng method
according to [1], [2], [3], [4] or [5] above, wherein
the resin (A) conprises at | east one of the constituent
units represented by the foll owi ng general fornulae (A-
1, (A-2), (A-3), (A-4), and (A-5),
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v v .
f f a R%O
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Ao N1/ A-l ?iéiﬁi A2
\;?%%T / (A1) q )ij( (A-2)

wherein W and W each independently represent a benzene
ring or a naphthal ene ring, and hydrogen atons in the
benzene ring and the naphthal ene ring are optionally
substituted with a hydrocarbon group having 1 to 6
carbon atons; Ra represents a hydrogen atom or an organic
group represented by the follow ng general formula (2),
and satisfies a relationship e+f=1 and 0.1<f<£0.9,

wherein “e” represents the proportion of the hydrogen
atom and “f” represents the proportion of the organic
group represented by the general fornmula (2) anong the
structures constituting Re; Y is a group represented by
the follow ng general fornula (3); niis O or 1; n2is 1
or 2; and V independently represents a hydrogen atom or

a connection portion,
——-21—0 /((ORa
& nS (A-3)
V"QH /,
nd

wherein Zi1 is a group represented by the follow ng
general formula (4), and Ra represents a hydrogen atom or
an organic group represented by the foll owi ng general
formula (2) and satisfies a relationship e+f=1 and
0.1£f£0.9, wherein “e” represents the proportion of the
hydrogen atom and “f” represents the proportion of the
organi c group represented by the general fornmula (2)

anong the structures constituting R, ns is 0 or 1, ns is
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1 or 2, and V independently represents a hydrogen atom

or a connection portion,

*—RB-c=C-R* *RB-c=C-R* (2)
H H

wherein * represents a site bonded with the oxygen atom
RB represents a divalent organic group having 1 to 10
carbon atons, and RA represents a hydrogen atomor a
nmonoval ent organic group having 1 to 10 carbon atons,

o O OO OO e

wherein * represents a bondi ng arm

Z1= @

wherein W, W, Y, and ni1 are as defi ned above,

M o 3 s el B
[ R ;mS@Z @ R (A-4)

wherein mg and nmy represent 1 or 2; Z represents either a

single bond or the structure represented by the
follow ng general fornmula (5); and RX is any one of the

structures represented by the follow ng general formnula

(6).

/ A
o] o} * R R -~ R e
i 1 y a C N = P
7= w-C—te  w—S D *—f—$ *—[} —'— w -«,(»o—l i —}—/ 0O—mn (5)
o ‘\i/‘ﬁ 4 j Ry Ra " Ry \ "xv//J:w/ |
wherein * represents a bonding arm | represents an

integer of 0 to 3; Rato R each independently represent

a hydrogen atom or an optionally fluorine-substituted
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al kyl group having 1 to 10 carbon atons, an optionally
fluorine-substituted phenyl group, or an optionally
fluorine-substituted phenylethyl group, and R. and R, may
be bonded to each other to forma cyclic conpound,

OH Q

ji o) 0 rJ\/Oﬁ%
TS S

OH o

g;\ Qq

wherein * represents a site bonded with the aromatic
ring; Q is a linear saturated hydrocarbon group having 1
to 30 carbon atons, or the structure represented by the

foll ow ng general fornula (7),

OR )ns
-— ] @
™ RJJL4

wherein * represents a site bonded with the carbonyl
group; R represents a hydrogen atom or the organic group
represented by the general formula (2), and satisfies a
relationship e+f=1 and 0.1<f<0.9, wherein “e” represents
t he proportion of the hydrogen atom and “f” represents
the proportion of the organic group represented by the
general formula (2) anmpbng the structures constituting R;
R represents a |linear or branched hydrocarbon group
having 1 to 10 carbon atons, a hal ogen atom a nitro
group, an am no group, a nitrile group, an

al koxycarbonyl group having 1 to 10 carbon atons, or an
al kanoyl oxy group having 1 to 10 carbon atons; n3z and nas
are each an integer of 0 to 7 that represents the nunber
of substituents on the aromatic ring, provided that ns +

ng is O or nore and 7 or less; and ns represents 0 to 2,
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|

J (A-3)

wherein R! represents a saturated nonoval ent organic

group having 1 to 30 carbon atons or an unsaturated
nonoval ent organic group having 2 to 30 carbon atons; X
Is a divalent organic group having 1 to 30 carbon atons;
and Ra represents a hydrogen atom or the organic group
represented by the general formula (2), and satisfies a
relationship e+f=1 and 0.1<f<0.9, wherein “e” represents
t he proportion of the hydrogen atom and “f” represents
the proportion of the organic group represented by the
general formula (2) anmpbng the structures constituting Ry
pis an integer of O to 5, i1 is an integer of 1 to 6;
p+g: is an integer of 1 or nore and 6 or less; and Q2 is
0 or 1.

[ 0264]

[7]. The wafer edge protection filmform ng nmethod
according to [1], [2], [3], [4], [5] or [6] above,
wherein the content of the resin (A in the conposition
for formng a protection filmis 10% by mass or nore.

[ 0265]

[8]. The wafer edge protection filmform ng nmethod
according to [1], [2], [3], [4], [5], [6] or [7] above,
wherein the conposition for formng a protection film
further conprises one or nore of a crosslinking agent, a
hi gh boiling point solvent, a surfactant, an acid
generator, and a plasticizer.

[ 0266]

[9]. The wafer edge protection filmform ng method
according to [1], [2], [3], [4], [5], [6], [7] or [8]
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above, wherein, in the step (i), in addition to the

peri pheral edge on the surface side of the substrate,
the conposition for formng a protection filmis applied
al so to the peripheral edge on the backside of the
substrate, thereby formng the protection filmalso on

t he peripheral edge on the backside of the substrate in
the step (ii).

[ 0267]

[10]. The wafer edge protection filmform ng nmethod
according to [1], [2], [3], [4], [5], [6], [7], [8] or

[ 9] above, wherein the coating in the step (i) is
perfornmed using a spin coating nethod, and the
protection filmis not formed on areas other than the
peri pheral edge on the surface side of the substrate and
t he peripheral edge on the backside of the substrate.

[ 0268]

[11]. The wafer edge protection filmform ng met hod
according to [1], [2], [3], [4]., [5]., [6], [7], [8], [9]
or [10] above, wherein, in the step (ii), the applied
conposition for formng a protection filmis cured by
heat treatnment at a tenperature of 100°C or nore and
800°C or less for 10 seconds to 7,200 seconds.

[ 0269]

[12]. A patterning process for formng a protection film
on a peripheral edge of a substrate to be processed on
which a filmwith a pattern is fornmed, and formng a
pattern on the substrate to be processed, the patterning
process conprising the steps of:

(I-1) applying a conposition for formng a protection
filmconprising an aromatic ring-containing resin (A
havi ng an organic group represented by the follow ng
general formula (1) and a solvent to a peripheral edge
of a substrate to be processed on which a filmwth a
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pattern is forned;

(I-2) curing the applied conposition for formng a
protection filmby a heat treatnment or optical
irradiation to forma protection filmon the peripheral
edge of the substrate;

(I-3) formng a pattern on the substrate to be processed
by dry etching while using the filmwith a pattern as a
mask; and

(I-4) renmoving the protection film

C=C—RA (1)
H H

wherein RA is a hydrogen atom or a nonoval ent organic

+ —C=C—RA *

group having 1 to 10 carbon atons, and * represents a
bondi ng site.

[ 0270]

[13]. A patterning process for formng a protection film
on a peripheral edge of a substrate to be processed, and
formng a pattern on the substrate to be processed, the
patterni ng process conprising the steps of:

(I'l-1) applying a conposition for formng a protection
filmconprising an aromatic ring-containing resin (A
havi ng an organic group represented by the follow ng
general formula (1) and a solvent to a peripheral edge
of a substrate to be processed,;

(I'l-2) curing the applied conposition for formng a
protection filmby a heat treatnment or optical
irradiation to forma protection filmon the peripheral
edge of the substrate to be processed,;

(I'1-3) formng a resist upper layer filmpattern on the
substrate to be processed and form ng a pattern on the
substrate to be processed by dry etching while using the
resi st upper layer filmpattern as a mask; and

(I'1-4) renoving the protection film
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+—C=C—RA *——C=C—RA (1)
H H

wherein RA is a hydrogen atom or a nonoval ent organic

group having 1 to 10 carbon atons, and * represents a

bondi ng site.

[0271]

[ 14] . The patterning process according to [12] or [13]

above, wherein, in the step (1-1) or (I1-1), in addition

to the peripheral edge on the surface side of the

substrate, the conposition for formng a protection film

is applied also to a peripheral edge on the backsi de of

t he substrate, thereby form ng the protection filmalso

on the peripheral edge on the backside of the substrate

in the step (1-2) or (11-2).

[0272]

[15]. A conposition for form ng a protection filmto be

used for form ng a protection filmon a peripheral edge

of a substrate, conpri sing:

an aromatic ring-containing resin (A) having an organic

group represented by the follow ng general fornmula (1):

and

a sol vent,

C=C—RA (1)
H H

wherein RA represents a hydrogen atom or a nonoval ent

*—C=C—RA *

organi c group having 1 to 10 carbon atons, and *
represents a bonding site.
[ 0273]

It should be noted that the present invention is
not limted to the above-described enbodi ments. The
enbodi mrents are just exanples, and any exanples that

substantially have the sanme feature and denonstrate the
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same functions and effects as those in the techni cal
concept disclosed in claims of the present invention are
included in the technical scope of the present

I nventi on.
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CLAI Ms

[Claim1l] A wafer edge protection filmform ng nethod
for formng a protection filmon a peripheral edge of a
substrate, conprising the steps of:

(i) coating a peripheral edge of the substrate with a
conposition for formng a protection film conprising an
aromatic ring-containing resin (A) having an organic
group represented by the follow ng general formula (1),
and a sol vent; and

(ii1) curing the applied conposition for formng a
protection film by heat or optical irradiation to form
the protection filmon the peripheral edge of the

substrate,

C=C—RA" (1)
H H

*+—C=C—RA? *

wherein RA is a hydrogen atom or a nonoval ent organic
group having 1 to 10 carbon atons, and * represents a
bondi ng site.

[ Claim 2] The wafer edge protection filmform ng nmethod
according to claim 11, wherein the resin (A) further
conpri ses a hydroxyl group, and the ratio of the number
of the hydroxyl groups to the nunber of the organic
groups represented by the general formula (1) satisfies
a relationship a+b=1 and 0.1<b<0.9 wherein “a”
represents the proportion of the hydroxyl group and “b”
represents the proportion of the organic group

represented by the general fornmula (1).

[ Claim 3] The wafer edge protection filmform ng nmethod

according to claim 11, wherein the resin (A) is an
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aromatic ring-containing resin having a hydroxyl group
and an organic group represented by the foll ow ng
general formula (1A), and the ratio of the nunber of the
hydr oxyl groups to the nunber of the organic groups
represented by the general fornmula (1A) satisfies a
relationship c+d=1 and 0.1<d<0.9 wherein “c” represents
t he proportion of the hydroxyl group and “d” represents
t he proportion of the organic group represented by the

general formula (1A).

* —O * —{)
\ =@

wherein * represents a bonding site.

[ Cl ai m 4] The wafer edge protection filmform ng nmethod
according to claim 11, wherein the resin (A) is a
conpound having a ratio MV Mh (i.e., dispersity) in a
range of 1.00<Mw/Mn<1.25, the Mw/Mn being a ratio of the
wei ght average nol ecul ar wei ght Mwv to the nunber average
nol ecul ar wei ght Mh on pol ystyrene basis according to

gel perneation chromatography.

[ Clai m 5] The wafer edge protection filmform ng nmethod
according to claim 11, wherein the resin (A) is a polynmer
havi ng a wei ght average nol ecul ar wei ght on pol ystyrene
basi s according to gel perneation chromatography of
1,000 to 12, 000.

[ Cl aim 6] The wafer edge protection filmform ng nmethod
according to claim11, wherein the resin (A) conprises at
| east one of the constituent units represented by the
foll ow ng general fornulae (A-1), (A-2), (A-3), (A-4),
and (A-5),
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wherein W and W each independently represent a benzene
ring or a naphthal ene ring, and hydrogen atons in the
benzene ring and the naphthal ene ring are optionally
substituted with a hydrocarbon group having 1 to 6
carbon atons; Ra represents a hydrogen atom or an organic
group represented by the follow ng general fornula (2),

and satisfies a relationship e+f=1 and 0.1<f<£0.9,

wherein “e” represents the proportion of the hydrogen
atom and “f” represents the proportion of the organic
group represented by the general fornmula (2) anong the
structures constituting Re; Y is a group represented by
the follow ng general fornula (3); niis O or 1; n2is 1
or 2; and V independently represents a hydrogen atom or

a connection portion,

(R%O T’g > O—Z; @Qf /LORE'
}hﬁ(I : \I i s (A-3)
/
nd

V

wherein Z1 is a group represented by the foll ow ng
general formula (4), and Re represents a hydrogen atom or
an organic group represented by the foll ow ng general
formula (2) and satisfies a relationship e+f=1 and
0.1£f£0.9, wherein “e” represents the proportion of the
hydrogen atom and “f” represents the proportion of the
organi c group represented by the general fornula (2)
anong the structures constituting R, nsis O or 1, ns is
1 or 2, and V independently represents a hydrogen atom

or a connection portion,
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*—RB-c=C-R* *RB-c=C-RA (2)

H H
wherein * represents a site bonded with the oxygen atom
RB represents a divalent organic group having 1 to 10
carbon atons, and RA represents a hydrogen atomor a
nmonoval ent organic group having 1 to 10 carbon atons,

S O T e Y e

wherein * represents a bondi ng arm

@

wherein W, W, Y, and ni1 are as defi ned above,

wherein mg and nmy represent 1 or 2; Z represents either a

single bond or the structure represented by the
follow ng general fornula (5); and RX is any one of the

structures represented by the follow ng general formnula

(6),

z= --g—.. .._E_.. (ﬁ:\} *—E—z* *—|—[/\—Ti- .\ ['::L/j%O—- )
wherein * represents a bonding arm | represents an
integer of 0 to 3; Ra to R each independently represent

a hydrogen atom or an optionally fluorine-substituted

al kyl group having 1 to 10 carbon atons, an optionally
fluorine-substituted phenyl group, or an optionally
fluorine-substituted phenylethyl group, and R. and R, may
be bonded to each other to forma cyclic conpound,
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0 0 0 0—(
RX= *—O/\/\OJ\Qq *)J\Oﬁ/\OJL\Qq *+—N (6)
OH

OH
OH Q;
wherein * represents a site bonded with the aromatic
ring; Q is a linear saturated hydrocarbon group having 1
to 30 carbon atons, or the structure represented by the

foll ow ng general fornula (7),

C"Qilﬁ
-—] ] @
" RJJL4

wherein * represents a site bonded with the carbonyl
group; R represents a hydrogen atom or the organic group
represented by the general formula (2), and satisfies a
relationship e+f=1 and 0.1<f<0.9, wherein “e” represents
t he proportion of the hydrogen atom and “f” represents
the proportion of the organic group represented by the
general formula (2) anong the structures constituting R;
R represents a |linear or branched hydrocarbon group
having 1 to 10 carbon atonms, a hal ogen atom a nitro
group, an am no group, a nitrile group, an

al koxycarbonyl group having 1 to 10 carbon atons, or an
al kanoyl oxy group having 1 to 10 carbon atons; n3 and nas
are each an integer of 0 to 7 that represents the nunber
of substituents on the aromatic ring, provided that n3 +
ng is O or nore and 7 or less; and ns represents 0 to 2,
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|

J (A-9)

wherein R! represents a saturated nonoval ent organic
group having 1 to 30 carbon atons or an unsaturated
nonoval ent organic group having 2 to 30 carbon atons; X
Is a divalent organic group having 1 to 30 carbon atons;
and Ra represents a hydrogen atom or the organic group
represented by the general formula (2), and satisfies a
relationship e+f=1 and 0.1<f<0.9, wherein “e” represents
t he proportion of the hydrogen atom and “f” represents
the proportion of the organic group represented by the
general formula (2) anmpbng the structures constituting Ry
pis an integer of O to 5, i1 is an integer of 1 to 6;
p+g: is an integer of 1 or nore and 6 or less; and Q2 is

0 or 1.

[Claim 7] The wafer edge protection filmform ng nmethod
according to claim 11, wherein the content of the resin
(A) in the conposition for formng a protection filmis

10% by mass or nore.

[ Cl ai m 8] The wafer edge protection filmform ng nmethod
according to claim 11, wherein the conposition for
formng a protection filmfurther conprises one or nore
of a crosslinking agent, a high boiling point solvent, a
surfactant, an acid generator, and a plasticizer.

[ Claim 9] The wafer edge protection filmform ng method
according to any one of claims 1 to 8, wherein, in the

step (i), in addition to the peripheral edge on the
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surface side of the substrate, the conposition for
formng a protection filmis applied also to the

peri pheral edge on the backside of the substrate,

t hereby formng the protection filmalso on the

peri pheral edge on the backside of the substrate in the

step (ii).

[Claim 10] The wafer edge protection filmform ng method
according to any one of clains 1 to 8, wherein the
coating in the step (i) is performed using a spin
coating nethod, and the protection filmis not formed on
areas ot her than the peripheral edge on the surface side
of the substrate and the peripheral edge on the backsi de

of the substrate.

[Claim 11] The wafer edge protection filmform ng method
according to any one of claims 1 to 8, wherein, in the
step (ii), the applied conposition for form ng a
protection filmis cured by heat treatnment at a
tenperature of 100°C or nore and 800°C or less for 10

seconds to 7,200 seconds.

[Claim 12] A patterning process for form ng a protection
filmon a peripheral edge of a substrate to be processed
on which a filmwith a pattern is fornmed, and formng a
pattern on the substrate to be processed, the patterning
process conprising the steps of:

(I-1) applying a conposition for formng a protection
filmconprising an aromatic ring-containing resin (A
havi ng an organic group represented by the follow ng
general formula (1) and a solvent to a peripheral edge
of a substrate to be processed on which a filmwth a

pattern is forned;
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(I-2) curing the applied conposition for formng a
protection filmby a heat treatnent or optical
irradiation to forma protection filmon the peripheral
edge of the substrate;

(I-3) formng a pattern on the substrate to be processed
by dry etching while using the filmwith a pattern as a
mask; and

(I-4) renmoving the protection film

C=C—RA (1)
H H

*—C=C—R" *

wherein RA is a hydrogen atom or a nonoval ent organic
group having 1 to 10 carbon atons, and * represents a

bondi ng site.

[Claim 13] A patterning process for form ng a protection
filmon a peripheral edge of a substrate to be
processed, and form ng a pattern on the substrate to be
processed, the patterning process conprising the steps
of :

(I'l-1) applying a conposition for form ng a protection
filmconprising an aromatic ring-containing resin (A
havi ng an organic group represented by the follow ng
general formula (1) and a solvent to a peripheral edge
of a substrate to be processed,;

(I'1-2) curing the applied conposition for formng a
protection filmby a heat treatnent or optical
irradiation to forma protection filmon the peripheral
edge of the substrate to be processed,;

(I'1-3) formng a resist upper layer filmpattern on the
substrate to be processed and form ng a pattern on the
substrate to be processed by dry etching while using the
resi st upper layer filmpattern as a mask; and
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(I'1-4) renoving the protection film

+—C=C—RA *——C=C—RA (1)

H H

wherein RA is a hydrogen atom or a nonoval ent organic
group having 1 to 10 carbon atons, and * represents a
bondi ng site.

[Claim 14] The patterning process according to claim 12
or 13, wherein, in the step (1-1) or (I1-1), in addition
to the peripheral edge on the surface side of the
substrate, the conposition for formng a protection film
is applied also to a peripheral edge on the backsi de of

t he substrate, thereby form ng the protection filmalso
on the peripheral edge on the backside of the substrate
in the step (1-2) or (11-2).

[Claim 15] A conposition for formng a protection film
to be used for formng a protection filmon a periphera
edge of a substrate, conprising:

an aromatic ring-containing resin (A) having an organic
group represented by the follow ng general fornmula (1):
and

a sol vent,

C=C—RA* (1)
H H

wherein RA represents a hydrogen atom or a nonoval ent

*+—C=C—RA *

organi c group having 1 to 10 carbon atons, and *

represents a bonding site.



